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At the time the research was conducted

Aim: The recently approved first-in-class combination therapy xanomeline/trospium chloride (KarXT)
demonstrated superiority over placebo in three randomized controlled trials (RCTs) of adults with
schizophrenia. This analysis investigates its relative efficacy, safety and tolerability compared with eight
second-generation antipsychotics for the acute treatment of schizophrenia via network meta-analyses
(NMAs). Materials & methods: A 2019 systematic literature review was adapted and updated to identify
RCTs of eight antipsychotics in adults with schizophrenia. NMAs were conducted to compare KarXT against
these antipsychotics for 11 endpoints of interest, measured at 4-6 weeks, covering efficacy (Positive and
Negative Syndrome Scale [PANSS]; Clinical Global Impressions — Severity [CGI-S]), safety (weight change,
sedation and somnolence) and tolerability (discontinuation; all-cause and due to adverse events). Results:
A network of 49 RCTs including 14,680 patients was formed. KarXT was associated with greater odds
of clinical response (=30% improvement in PANSS total score) than aripiprazole (odds ratio [OR]: 1.85;
95% credible interval [Crl]: 1.11, 3.11), brexpiprazole (OR: 2.23; 95% Crl: 1.34, 3.83) and cariprazine (OR:
2.05; 95% Crl: 1.19, 3.57); improved change from baseline (CFB) PANSS positive symptoms score versus
brexpiprazole; improved CFB CGI-S score against aripiprazole, brexpiprazole, cariprazine and olanzapine;
reduced odds of clinically significant (=7%) weight gain over all comparators except clozapine (no
data); improved CFB weight against brexpiprazole, clozapine, olanzapine, quetiapine and risperidone;
and greater odds of all-cause discontinuation than aripiprazole, brexpiprazole, clozapine, lumateperone,
olanzapine, quetiapine and risperidone. Conclusion: In this NMA, for patients receiving acute treatment
for schizophrenia, KarXT compared favorably with second-generation antipsychotics on key efficacy
endpoints and in terms of unwanted weight gain.

Plain language summary

What is this article about? This study compared a newly approved medication, xanomeline/trospium
chloride (KarXT), with eight oral antipsychotics commonly used in the US for the treatment of adults
during acute episodes of schizophrenia. KarXT works differently than existing antipsychotics and has been
shown in clinical trials to be effective versus placebo. In this study, an existing systematic literature review
was adapted to find clinical trials of antipsychotics that were high-quality and had comparable study
designs. An established statistical technique (network meta-analysis) was used to compare data from these
trials with data from three KarXT trials, focusing on symptom improvement, adverse events and treatment P
tolerability after 4-6 weeks. %e.Becaris
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What were the results? The analyses found that KarXT led to a higher chance of meaningful symptom
improvement than aripiprazole, brexpiprazole and cariprazine. It also showed that KarXT led to larger
improvements in some symptom severity scores compared with several other drugs. Importantly, it was
less likely to cause significant weight gain than most comparators, a side effect that often reduces
antipsychotic adherence. Safety and tolerability outcomes were generally comparable between the
treatments, though findings suggested KarXT had a higher chance of all-cause discontinuation.

What do the results mean? The results suggest KarXT could be a valuable option for patients and
clinicians. Its use is associated with potential improvements in certain symptoms and a lower risk of
problematic weight gain compared with other therapies, which may help support ongoing treatment
and quality of life for adult patients.

First draft submitted: 27 February 2026; Accepted for publication: 17 July 2026; Published online:
30 July 2026

Keywords: acute treatment e KarXT e network meta-analysis (NMA) e oral antipsychotics e schizophrenia
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Schizophrenia is a complex, chronic mental health condition associated with a substantial burden on patients
and their families [1,2]. Schizophrenia symptoms vary and include positive symptoms (delusions, hallucinations
and disorganized behavior); negative symptoms (flattened affect, social isolation); and cognitive impairment [1,3].
It affects approximately 23.1 million people globally and results in 15.1 million disability-adjusted life years (4],
making it a leading cause of mental-disorder-associated disability [5,6]. Approximately 1.2% of US adults meet the
criteria for a schizophrenia-spectrum disorder (7], and US adults with schizophrenia are 3.5-times more likely to die
prematurely than the general population [s].

American Psychiatric Association guidelines recommend a patient-centric approach involving pharmacological
and nonpharmacological treatments, with current standard of care centering around first-generation (FGA) and
second-generation (SGA) antipsychotics targeting dopamine receptors [91. Although effective at treating positive
symptoms, FGAs can exacerbate negative symptoms, do not improve cognition, and result in well-known drug-
induced movement disorders including extrapyramidal side effects (such as dystonia, parkinsonism and tardive
dyskinesia) [10]. While SGAs have a reduced likelihood of extrapyramidal symptoms and tardive dyskinesia, they
are associated with metabolic adverse events (AEs) such as weight gain and metabolic syndrome (including glucose
and lipid abnormalities) [11]. The range of AEs resulting from these drugs’ action on dopaminergic receptors leads
to low treatment tolerability, poor adherence and subsequent symptom relapses [12,13]. There is therefore a need for
treatment options with novel modes of action, better safety profiles and improved clinical outcomes.

Several pharmacological approaches have been researched, including targeting muscarinic receptors, trace amine-
associated receptor 1 (TAAR1), serotonin 5-HT1A and 5-HT2A receptors and glycine transporter 1 [(14. However,
few candidates have demonstrated efficacy in clinical trials including adults with schizophrenia, and only one of
these has received US FDA approval [15-18]. In September 2024 the FDA approved xanomeline/trospium chloride
(KarXT) 191 based on efficacy and safety data from three double-blind, placebo-controlled trials: EMERGENT-
1/-2/-3 [20-22). Xanomeline is an agonist of M; and M4 muscarinic receptors that crosses the blood—brain barrier,
while trospium chloride is a nonselective, peripherally restricted muscarinic receptor antagonist [23]. Xanomeline is
thought to ameliorate psychotic symptoms by indirectly modulating neurotransmitter levels including dopamine,
gamma-aminobutyric acid and glutamate [24], whereas trospium chloride mitigates the peripheral cholinergic
(especially gastrointestinal) side effects of xanomeline.

Given these advances, it would be beneficial to individuals living with schizophrenia, clinicians and health-
care decision-makers to understand how KarXT compares against existing antipsychotics for schizophrenia. As
EMERGENT-1/-2/-3 were placebo-controlled, there is a lack of head-to-head evidence comparing KarXT with
common antipsychotics. Huhn ez al. conducted the largest network meta-analysis (NMA) to date indirectly com-
paring antipsychotics used for the treatment of acute schizophrenia; however, this study predated the EMERGENT-
1/-2/-3 studies and hence did not include KarXT [25]. Three more recent NMAs included KarXT but considered
a substantially smaller group of comparators. These are our previous work comparing KarXT with aripiprazole
and cariprazine for eight endpoints of interest [26], an NMA performed for an Institute for Clinical and Economic
Review technology appraisal comparing KarXT with aripiprazole, olanzapine and risperidone [27], and another
independent NMA comparing KarXT with cariprazine, lumateperone and asenapine [2s].
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Objective

The objective of the present work was to build on earlier efforts by integrating data from EMERGENT-1/-2/-3
into an updated evidence base of blinded randomized controlled trials (RCTs) and to compare, via a suite of NMAs,
KarXT against an expanded group of eight clinically relevant oral SGAs (aripiprazole, brexpiprazole, cariprazine,
clozapine, lumateperone, olanzapine, quetiapine and risperidone) used for the treatment of acute schizophrenia in
the US. Building on the comprehensive evidence base established by Huhn ez 4/. 25), the present work incorporated
data from that systematic review to ensure alignment with a rigorously curated set of clinical trial evidence in
schizophrenia. Outpatient populations and long-acting injectable SGA formulations were not included in the
scope of the present work to align with the acute schizophrenia setting of the EMERGENT-1/-2/-3 trials. The
review and analyses focused on 12 prespecified endpoints of interest, covering efficacy (PANSS response [>30%
improvement in PANSS total score from baseline]; change from baseline [CFB] total PANSS score; CFB PANSS
positive symptoms score; CFB PANSS negative symptoms score; Clinical Global Impressions — Severity [CGI-
S] response [achieving CGI-S of 1 or 2]; CFB CGI-S score), safety (clinically meaningful weight gain [>7%
CFB]; CFB weight; sedation; somnolence), and tolerability (all-cause discontinuation; discontinuation due to
AEs). Extrapyramidal symptom and subtype AEs (i.e., akathisia, tardive dyskinesia, etc.) were considered clinically
relevant safety outcomes but were excluded from the current scope as previous work had demonstrated that there
were insufficient events observed over the 5-week EMERGENT-1/-2/-3 studies to support meaningful indirect
treatment comparison [26]. By updating the evidence base established by Huhn ez a/. with newly available trial data
and focusing indirect treatment comparisons on eight comparators reflective of current US treatment practice, this
work aimed to inform clinical decision-making, support cost-effectiveness assessments, guide formulary evaluations
and delineate remaining evidence gaps, with findings expected to be informative beyond the US schizophrenia
treatment setting.

Materials & methods

Systematic literature review

An adaptation of the published SLR by Huhn ez al. [25] was undertaken, covering the period from database
inception to 20 March 2024. While retaining the general methodological framework of Huhn ez al. the scope
was deliberately focused to ensure that the included studies were comparable to the EMERGENT-1, -2 and -3
trials in key respects, including trial design, therapeutic mechanism and comparator relevance. Specifically, the
update incorporated inclusion of the three recently completed EMERGENT trials; restriction to a comparator
set of eight key oral SGAs representing current standard of care for acute schizophrenia in the US (aripiprazole,
brexpiprazole, cariprazine, olanzapine, quetiapine, risperidone, lumateperone and clozapine) and restriction to
blinded RCTs enrolling hospitalized adults with acute schizophrenia and reporting outcome data for the early acute
treatment phase. This alignment in design and population was intended to facilitate valid indirect comparisons with
EMERGENT-1, -2 and -3 trial results while minimizing heterogeneity from differences in treatment setting, study
design or intervention class. The updated review searched the following bibliographic databases: MEDLINE®,
Embase®, MEDLINE In-Process, PsycInfo® and CENTRAL. Full search strings for all databases are provided
in Appendix 2. In addition, the World Health Organization International Clinical Trials Registry Platform and
Clinical Trials.gov were both searched and considered as sources of grey literature, alongside planned citation chasing
from relevant reviews and reference lists.

Retrieved publications were evaluated against pre-defined PICOS (population, intervention, comparators, out-
comes, study design) criteria. Table 1 presents the inclusion/exclusion criteria. The screening process was conducted
by two independent reviewers, with discrepancies resolved by a third reviewer.

Because full data extraction grids from Huhn ez /. were not available in the published Supplementary Materials,
and additional endpointand study characteristic information was required for the feasibility assessment, all data were
newly extracted for this update. Data extraction was performed using pre-specified forms designed to systematically
capture all relevant study details. One reviewer extracted the data, which were independently verified by a second
reviewer to ensure accuracy and consistency with the source articles. In cases of discrepancies, a consensus was
reached through discussion or by arbitration from a third reviewer.

Risk of bias for studies included in NMAs was assessed using the Cochrane Risk of Bias tool version 2
(RoB 2), which evaluates potential bias across domains such as randomization process, deviations from intended
interventions, missing outcome data, measurement of the outcome and selection of the reported results [29]. This
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Table 1. Inclusion and exclusion criteria f

Category

Population

Interventions

Inclusion criteria

Adult (=18 years) hospitalized patients with schizophrenia®

Oral formulations for the acute treatment of schizophrenia,
specifically: aripiprazole, cariprazine, olanzapine, risperidone,
brexpiprazole, quetiapine, clozapine, lumateperone and KarXT*

the acute treatment systematic literature review.

Exclusion criteria

Pediatric population
Healthy volunteers

Patients with other diseases
Outpatients

Interventions not mentioned in the list
Long-acting injectables

Studies where interventions were used for chronic
or maintenance therapy

Comparators Any comparator Not applicable
Outcomes Change from baseline total PANSS score Trials assessing outcomes not relevant to the
Achieving >30% improvement in PANSS total score from baseline  review
(PANSS response)
Change from baseline PANSS positive score
Change from baseline PANSS negative score
Treatment discontinuation due to all causes
Treatment discontinuation due to AEs
Change from baseline weight
>7% increase in weight from baseline
Change from baseline CGI-S score
Achieving CGI-S of 1 or 2 during acute treatment (CGI-S response)
Experienced sedation
Experienced somnolence
Trial design Blinded RCTs Open-label RCTs
Systematic reviews$ Single-arm trials
Observational studies (cohort, case-control)
Reviews, letters, comments, and editorials
Case studies or case reports
Pharmacokinetic studies
Economic studies
Language No restrictions None
Timeframe 2019 onwards for full-text articles and conference abstracts Full-text articles and conference abstracts

published before 2019

TStudies assessing mixed populations (any schizoaffective disorder) with >80% of the population of interest or reporting separate subgroup data for the
population of interest were included and extracted.

The efficacy and safety data for KarXT were derived from clinical study reports (CSRs) from the EMERGENT-1, EMERGENT-2 and EMERGENT-3 trials.

SRelevant SLRs and meta-analyses were included at the title/abstract review stage to identify any additional studies not found in the database searches. Reference
lists were hand-searched, and studies were excluded at full-text review unless they reported primary, original research.

AE: Adverse event; CGI-S: Clinical Global Impressions — Severity; KarXT: xanomeline and trospium chloride; PANSS: Positive and Negative Syndrome Scale; RCT:
Randomized controlled trial; SLR: Systematic literature review.

assessment was conducted using the same two-reviewer process described above. Comparison-adjusted funnel plots
were additionally used to evaluate publication bias [30).

Feasibility assessment for indirect comparison

A feasibility assessment was conducted to evaluate the identified studies’ heterogeneity and, ultimately, suitability
to form networks with EMERGENT-1/-2/-3. Reflecting the process outlined by Cope ¢ al. 31, study differences
were considered in terms of trial design, treatment dose/regimen and patient population characteristics, in addition
to endpoint data availability, definition (i.e., response or clinically relevant weight gain thresholds), and assessment
timepoints. Studies with clear differences in likely treatment effect modifiers (study sample size, severity of illness at
baseline, mean age, sex, degree of placebo response) were excluded from the NMAs to avoid transitivity violations [25].
Outpatient treatment was also considered a likely indirect treatment effect modifier, given its association with high
nonadherence [321. Supplementary Tables 3-1 & 3-2 of Appendix 3, Supplementary Table 4-1 & Supplementary
Figures 4-1-4-11 of Appendix 4 provide comparative summaries of SLR-identified studies.

Indirect comparison methods
Endpoint-specific network diagrams were produced to investigate network geometry. Several key assumptions were
implemented to aid network connectivity:

o Comparator study endpoint data reported following 4—6 weeks of acute treatment were included in the NMA,
under the assumption that results would be reasonably comparable with the Week 5 data available from

10.57264/cer-2026-0045
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EMERGENT-1/-2/-3. This avoided the need to substantially restrict the evidence base to the few studies
reporting Week 5 data. Where qualifying data were available for multiple timepoints, Week 5 data were preferred.
e Within studies, endpoint data were pooled for treatment arms sharing the same treatment but with different
dosing regimens within FDA-label dose ranges. Study arms investigating doses outside FDA-label ranges were
excluded (see Supplementary Table 3-2, Appendix 3 for details of excluded treatment arms and Appendix 12 for
pooling methods).
e For studies that reported no uncertainty information for a continuous endpoint, the ‘prognostic method’ from

Ma et al. [33] was used to impute missing standard errors, to facilitate inclusion of these studies (see Appendix 12
for details).

Studies selected from the feasibility assessment were included in Bayesian random-effects and fixed-effects NMAs.
Summary relative effect measures were odds ratios (ORs) for binary endpoints, and mean differences (MDs) for
continuous endpoints. 95% credible intervals (Crls) captured the associated uncertainty. NMAs were conducted
according to National Institute for Health and Care Excellence Technical Support Document 2, a widely used
standard for health technology assessment and regulatory reviews [(34]. Analyses were conducted using the gemic
package in R [35]. I2 statistics estimated from pairwise meta-analysis in each network were used to assess statistical
heterogeneity [36], while inconsistency factors (IFs) from node-splitting analyses were used to assess consistency [37].
Transitivity within each network was assessed comparing key treatment effect modifiers across treatment nodes via
analysis of variance or Kruskal—Wallis tests [38]. Full details of the analysis methods used are provided in Appendix 12,
and all items of the PRISMA extension checklist for NMA reporting are addressed (see Supplementary Table 1-1,
Appendix 1) [39].

Planned sensitivity analyses excluded studies with potential to contribute heterogeneity or inconsistency to base-
case networks. Where this was found for a base-case network but resolved or improved by a sensitivity analysis, that
sensitivity analysis is preferred and highlighted in the Results.

Results
Systematic literature review & feasibility assessment
Results of systematic literature review

The SLR database searches identified 3664 references. After de-duplication, 2232 records were available for title
and abstract screening, which excluded 1836 records. Full-text evaluation excluded 368 records, leaving 28 studies
eligible for inclusion. Additionally, 520 records were identified through other sources, including references cited in
Huhn ez al. 25). Of these, 114 met the inclusion criteria, reflecting the more focused scope of this SLR. Combining
references from database searches and other sources, 142 total publications representing 111 unique studies were

included (Appendix 33, Supplementary Table 3-1). Figure 1 provides the PRISMA diagram.

Feasibility assessment

The feasibility assessment led to 62 of 111 studies being excluded prior to conducting NMAs (Figure 1). Of these,
37 were excluded because they could not be connected to a network via any comparator arm; they could only form
‘spider arms’ in a network, adding only redundant comparative effectiveness information for comparator treatments
not captured by the NMA decision problem; or their inclusion would have added interventions not captured by
the PICOS criteria to the network and added no relevant comparative effectiveness information that was not
already provided via a more direct and robust link (i.e., placebo or another intervention named in the PICOS).
Six further studies were excluded as they permitted patients to be treated in an outpatient setting throughout the
acute treatment study — a key difference from the inpatient-only EMERGENT-1/-2/-3. Another five excluded
studies enrolled populations with substantially better or worse baseline severity, as determined by baseline PANSS
(total, positive or negative) or CGI-S scores. Appendix 6, Supplementary Table 6-1 details less common reasons
for exclusion. Several studies were excluded for multiple reasons.

Of the remaining 58 studies, all were considered suitably similar for NMA, but a further nine studies were
excluded due to lack of reporting appropriate endpoint data to facilitate inclusion in NMA for any of the endpoints
of interest (detailed in Appendix 5). This was predominantly due to studies only reporting endpoint data for
timeframes outside of the 4-6 week range. Networks could be constructed for 11 of the 12 endpoints of interest;
comparator studies reported insufficient endpoint data to facilitate an NMA for achieving a CGI-S score of 1 or 2

at Week 5.

10.57264/cer-2026-0045
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Identification of studies via database search Identification of studies via other methods
. . Other records identified
Records identified from (n = 520)
s database sources Huhn et al. 2019 (n = 394)*
=] (n = 3664): Citation chasing (n = 106)
8 Embase (n = 1737) Duplicate records removed Clinicaltrials.gov (n = 17)
-.E :\:edlgltz)ln-pfogress before screening (n = 1432) Emergent CSR (n = 3)
= Psyclinfo (n = 400)
CENTRAL (n = 881)
Records screened at Records excluded during the
title/abstract level — title/abstract screening
(n=2232) (n=1836)
. . Reports sought for
Reports sought for retrieval Reports not retrieved - Reports not
(n = 396) (n=1) retrieval ™ retrieved (n = 14)
= = (n=128)
s
¢
3
Full-text reports assessed for | _,. R'ep.o'r Fs assessed for Reports excluded
eligibility (n = 395) Reports excluded during the eligiility (n=114)  ——= "
full-text screening (n = 367):
Population (n = 66)
Treatment (n = 104)
Outcomes (n = 30)
Study design (n = 81)
Publication type (n = 86)
Studies included in review
(n=111)
Reports of included studies Studies excluded in NMA feasibility assessment (n = 62)
(n=142) — Primary** reason for exclusion:
- Study did not meaningfully contribute to connected network (n = 37)
g No FDA/EMA licensed treatment regimen investigated (n = 1)
% Differed from EMERGENT-1/-2/-3 by permitting outpatient care (n = 6)
£ Investigated more or less severe population than EMERGENT-1/-2/-3 (n = 5)
Included patients experiencing first schizophrenic episode (n = 1)
Included only female patients (n = 1)
Substantially shorter duration of schizophrenia diagnosis at baseline (n = 1)
Studies included in NMA*** Small sample, <10 randomized patients (n = 1)
(n = 49) Did not report suitable endpoint data to facilitate NMA of any endpoint of interest (n = 9)

Figure 1. PRISMA flow diagram.

*Huhn et al. [25] listed 394 references, which were screened. This number is lower than the total number of included
studies (n = 402) because some publications reported results from more than one study.

**Some studies were excluded from NMA for multiple reasons. See Appendix 6 for detailed reasons of study exclusion.
***No single NMA included all 49 studies, rather a subset of these studies which reported the relevant endpoint data
were included in each endpoint-specific NMA.

CSR: Clinical study report; EMA: European Medicines Agency; FDA: US Food and Drug Administration; NMA: Network
meta-analysis; PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

The feasibility assessment motivated several sensitivity analyses:

o Excluding studies with predominantly Asian populations. This represents a considerable point of heterogeneity in
the evidence base, which predominantly comprises studies with populations spanning multiple racial categories
(Appendix 4, Supplementary Figure 4-3).
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e Specific to the >7% increase in weight from baseline endpoint, investigating exclusion of those studies reporting
weight gain data without a defined threshold.

e Excluding studies considered to have outlier placebo effect size (relative to EMERGENT-1/-2/-3), as this could
indicate population or trial design differences that were unidentifiable due to lack of reporting (see Appendix 8).

Risk of bias assessment

Top-line results of the quality assessments of studies included in the NMA are presented in Appendix 7, Supple-
mentary Table 7-1. Quality evaluations were conducted using the RoB 2.0 tool and were based solely on data
extracted from published RCTs identified in the SLR.

Most trials were judged as having an overall bias judgement of ‘Some concerns’. The included RCTs were generally
well designed and blinded, with most using a double-blind design that reduced the likelihood of performance
and detection bias. Remaining issues were mainly linked to incomplete reporting of allocation concealment,
randomization procedures and prespecified analysis plans rather than problems in study conduct. Domain 3
(missing outcome data) was also frequently judged as raising concerns across studies due to high dropout rates and
a reliance on imputation methods rather than observed data for primary and secondary analyses.

A smaller number of studies were judged as ‘High risk’, and these were almost entirely studies available only in
abstract format or clinical trial registries, where methodological and outcome information was limited compared
with full peer-reviewed publications. In some cases, a high-risk judgement was also assigned where dropout exceeded
70%, which affected the credibility of the results. Overall, the evidence base is characterized by ‘Some concerns’ for
most RCTs, with ‘High risk’ assessments occurring where reporting was insufficient or where dropout rates were
very high. The scatter of individual study effect size on comparison-adjusted funnel plots (provided in Appendix 13)
was broadly symmetrical for all endpoints, indicating little evidence of publication bias.

Network meta-analyses
Construction of analysis networks

A master network was formed from 49 RCTs and 14,680 patients (Figure 2). Since data for all endpoints of interest
were not available from all 49 RCTs, endpoint-specific networks (provided in Appendix 9) were formed including
the subset of RCTs that reported the relevant endpoint data (between 17 and 45) for the 11 endpoints of interest
for which NMA was feasible. Appendix 11, Supplementary Table 11-1 details all analyses conducted (base-case and
sensitivity analyses) for each endpoint along with the number of included studies and patients in each network.
The master network connected treatment nodes for KarXT, clozapine, lumateperone, aripiprazole, brexpiprazole,
risperidone, cariprazine, quetiapine, olanzapine and placebo. The majority were directly connected to more than
one other treatment node with two exceptions: lumateperone and KarXT were only directly connected to placebo.
As such, only indirect evidence was available to inform comparisons of lumateperone or KarXT with any other active
treatment in the network. Clozapine data were only available for discontinuation due to all causes, discontinuation
due to AFEs, and CFB weight. Therefore, clozapine was only included in endpoint-specific networks for these three
endpoints.

Efficacy endpoints

KarXT demonstrated improved odds of achieving >30% improvement in PANSS total score from baseline
(Figure 3) versus aripiprazole (OR: 1.85; 95% Crl: 1.11, 3.11), brexpiprazole (OR: 2.23; 95% CrI: 1.34, 3.83)
and cariprazine (OR: 2.05; 95% Crl: 1.19, 3.57). Crls exceeded 1, indicating a greater than 95% probability that
the true relative treatment effect favors KarXT. OR point estimates versus lumateperone, olanzapine, quetiapine
and risperidone were numerically favorable for KarXT, but the 95% Crls included one.

Figure 3 also shows the results of NMAs for CFB PANSS total score, positive symptoms score and negative
symptoms score. For the base-case analysis of CFB PANSS total score, node-splitting analyses produced strong
evidence of network inconsistency (IF: -7.58;95% Crl: -14.35, -0.81), while the sensitivity analysis excluding studies
with predominantly Asian populations did not (Appendix 13, Supplementary Table 13-1). This sensitivity analysis
was therefore preferred over the base-case. KarXT had numerically favorable point estimates versus aripiprazole,
brexpiprazole, cariprazine, lumateperone, quetiapine and risperidone; however, the Crls all crossed zero. KarXT
was associated with a greater improvement in PANSS positive symptoms score from baseline versus brexpiprazole
(MD: -2.08; 95% Cirl: -3.82, -0.35). The CrI fell below 0, indicating a greater than 95% probability that the true
treatment effect difference favors KarXT. Although point estimates versus aripiprazole, cariprazine, lumateperone,
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Sacchetti 2008 Olanzapine
Quetiapine
Corrigan 2004
Landbloom 2016,
Meltzer 2011,
Sacchetti 2008 D;,?gseoioggé7 . )
McDonnell 201é NCTO1625000,| ~ Cariprazine
Sacchetti 2008  Fleischhacker 2009, Schmidt 2012, Durgam 2014
McQuade 2004 Shen 2014,
Marder 2007, Durgam 2015,
Egan 2013, NCT01625000,
Kinon 2011 Durgam 2016,
Potkin 2003, Marder 2016, Durgam 2014,
Risperidone NCT01625000, Loebel 2013, Durgam 2015 Kane 2015
Durgam 2014, Lindenmayer 2008,
Lieberman 2016, Kahn 2007
NCT00711269, Marder 2016
NCT03055338,
NCT00563706,
Casey 2008,
NCT01175135,
Chan 2007, Downing 2014, Correll 2016 (NCT00905307),
Potkin 2003 Potkin 2007, Ishigooka 2018, f
NCT04512066 Placebo Correll 2015, Brexpiprazole
Kane 2015 (BEACON),
Cantillon 2017, Marder 2016
Cutler 20086,
Durgam 2015,
McEvoy 2007, Correll 2016 (NCT00905307)
Kane 2002,
Marder 2003,
o Potkin 2003,
Aripiprazole | Correll 2016 (NCT00905307)
Correll 2020
Heinrich 1994 Kluge 2007
EMERGENTA Lumateperone
EMERGENT-2,
EMERGENT-3

Clozapine

Figure 2. Master network diagram.

The thickness of each connection in the network graph is proportional to number of studies informing that treatment
comparison.

KarXT: Xanomeline plus trospium chloride.

olanzapine, quetiapine and risperidone were similar to or numerically favorable for KarXT, the Crls all crossed zero.
Point estimates for CFB negative symptoms score were either numerically favorable for or similar to KarXT versus
all active comparators except clozapine (no data available); all 95% Crls crossed zero.

KarXT demonstrated greater improvement in CFB CGI-S score compared with aripiprazole (MD: -0.33; 95%
Crl: -0.57, -0.11), brexpiprazole (MD: -0.38; 95% Cirl: -0.62, -0.15), cariprazine (MD: -0.37; 95% CrI: -0.61,
-0.13) and olanzapine (MD: -0.28; 95% Cirl: -0.52, -0.03) (Figure 4). CrIs fell below 0, indicating a greater than
95% probability that the true treatment effect difference favors KarXT. Point estimates against lumateperone,
quetiapine and risperidone were numerically favorable for KarXT, but the Crls crossed zero.

Safety & tolerability endpoints

KarXT had higher odds of all-cause discontinuation (Figure 5) than all active comparators (Crls exceeded 1,
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Figure 3. Network meta-analysis results — KarXT versus comparators, PANSS endpoints. Results shown for CFB
PANSS total score endpoint are from the sensitivity analysis excluding studies with predominantly Asian populations,
preferred to the base-case analysis due to the presence of inconsistency in the base-case network. Of note however,
the base-case analysis produced similar results with only minimal differences in mean difference point estimates
produced.

Bold values indicate relative effect estimates where 95% Crls exclude 0 for continuous outcomes, or 1 for binary
endpoints.

CFB: Change from baseline; Crl: Credible interval; KarXT: Xanomeline/trospium chloride; NMA: Network
meta-analysis; PANSS: Positive and Negative Syndrome Scale.

Placebo ° | -0.63 (-0.82, -0.44)
Aripiprazole — L 1 -0.33 (-0.57,-0.11)
@ Brexpiprazole | O I -0.38 (-0.62, -0.15)
8  Cariprazine o : -0.37 (-0.61,-0.13)
m Lumateperone — i -0.33 (-0.68, 0.02)
3 Olanzapine | -0.28 (-0.52, -0.03)
Quetiapine ® ! -0.16 (-0.41, 0.09)
Risperidone — L -0.10 (-0.34, 0.14)

-0.|75 -0.|50 -0.|25 0.60

-— Favors KarXT

Mean difference (95% Crl)

Figure 4. Network meta-analysis results — KarXT versus comparators, CGI-S score.
Bold values indicate relative effect estimates where 95% Crls exclude 0.
CFB: Change from baseline; CGI-S: Clinical Global Impressions — Severity; Crl: Credible interval; KarXT:
Xanomeline/trospium chloride; NMA: Network meta-analysis.
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Figure 5. Network meta-analysis results — KarXT versus comparators, all-cause discontinuation.
Bold values indicate relative effect estimates where 95% Crls exclude 1.
Crl: Credible interval; KarXT: Xanomeline/trospium chloride; NMA: Network meta-analysis.
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Figure 6. Network meta-analysis results — KarXT versus comparators, sedation.
Crl: Credible interval; KarXT: Xanomeline/trospium chloride; NMA: Network meta-analysis.

indicating a greater than 95% probability that the true relative treatment effect favors KarXT) except cariprazine;
for this cariprazine comparison, KarXT had numerically higher odds, but the 95% CrI crossed one.

Point estimate ORs of experiencing sedation (Figure 6) versus aripiprazole, brexpiprazole, cariprazine, lumate-
perone, olanzapine, quetiapine and risperidone were numerically favorable for KarXT; however, 95% Cirls for each
comparison crossed one, indicating a less than 95% probability the true relative treatment effect favors KarXT.

Figure 7 provides results from NMAs for clinically meaningful weight gain and CFB weight. KarXT demonstrated
lower odds of experiencing clinically meaningful weight gain versus all active treatments except clozapine (no data
available). ORs between KarXT and comparators ranged from 0.08 (95% Crl: 0.03, 0.22) versus quetiapine to
0.21 (95% Cirl: 0.08, 0.55) versus cariprazine. All Crls fell below 0, indicating a greater than 95% probability
that the true treatment effect difference favors KarXT. For the continuous CFB weight endpoint, due to evidence
of inconsistency in the base-case network (Appendix 13, Supplementary Table 13-18), the sensitivity analysis
excluding studies with outlier placebo effect size was preferred. KarXT had improved CFB weight compared with
brexpiprazole, clozapine, olanzapine, quetiapine and risperidone (Crls exceeded 1, indicating a greater than 95%
probability that the true relative treatment effect favors KarXT). Point estimates versus aripiprazole, cariprazine
and lumateperone were numerically favorable for KarXT; however, their 95% Crls crossed zero.

For the NMAs of somnolence and discontinuation due to AEs, strong evidence of inconsistency was found
within the base-case network and all sensitivity analyses. They were considered unreliable due to violation of
the consistency assumption; however, for completeness, results for these endpoints are provided in Appendix 13,
Supplementary Figures 13-1 & 13-2.

Sensitivity analyses

Appendix 11 summarizes the NMAs performed and details the studies excluded for each sensitivity analysis.
Complete sets of results (including league tables, I* and IF statistics) produced by each analysis are provided in
Appendix 13. Fixed-effects NMAs of the base-case network for each endpoint generally produced similar point
estimates to the corresponding random-effects NMAs, though with narrower Crls. Although this occasionally
resulted in additional comparative estimates for which 95% Crls did not include zero or one (for continuous and
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Figure 7. Network meta-analysis results - KarXT versus comparators, weight endpoints. Results shown for CFB

weight endpoint are from the sensitivity analysis excluding studies with outlier placebo effect size, preferred to the
base-case analysis due to the presence of inconsistency in the base-case network. Of note however, the base-case
analysis produced similar results with only minimal differences in mean difference point estimates produced.

Bold values indicate relative effect estimates where 95% Crls exclude 0 for continuous outcomes, or 1 for binary
endpoints.

CFB: Change from baseline; Crl: Credible interval; KarXT: Xanomeline/trospium chloride; NMA: Network
meta-analysis.

binary endpoints, respectively), the random-effects assumption is considered more appropriate, based on evidence
that varying degrees of between-study heterogeneity remained present in all endpoint networks.

Sensitivity analyses omitting studies with predominantly Asian populations, undefined weight gain threshold,
or outlier placebo effect size produced largely similar comparative results to the base-case random-effects NMA for
each endpoint, with small variations in point estimates and 95% Cirls.

Discussion

Summary of findings

This work reports the results from a series of NMAs, based on an updated SLR, comparing KarXT with eight
key oral SGAs for the acute treatment of schizophrenia. The SLR yielded 111 unique studies, of which 49 RCTs
were found suitable for NMAs and reported data for at least one of the efficacy, safety and tolerability endpoints of
interest. As no head-to-head trials of KarXT versus the comparators of interest were identified, indirect comparison
methods were required; while not a replacement for high-quality RCTs, NMA can address gaps in an evidence base
and is widely used in health technology assessment for this purpose.

The NMAs demonstrate improvements with KarXT versus SGAs. Patients receiving KarXT were more likely
to experience clinical response (defined as >30% improvement in PANSS total score) at 4-6 weeks than patients
receiving aripiprazole, brexpiprazole or cariprazine. KarXT was also associated with reduced odds of patients
experiencing clinically significant weight gain compared with aripiprazole, brexpiprazole, cariprazine, lumateperone,
olanzapine, quetiapine and risperidone. Further favorable results include improved CFB CGI-S versus aripiprazole,
brexpiprazole, cariprazine and olanzapine; greater CFB PANSS positive symptoms score versus brexpiprazole; and
improved CFB weight versus brexpiprazole, clozapine, olanzapine, quetiapine and risperidone.

The analyses suggest that patients receiving KarXT had higher odds of all-cause discontinuation versus arip-
iprazole, brexpiprazole, clozapine, lumateperone, olanzapine, quetiapine and risperidone. However, the absolute
all-cause discontinuation rates observed for KarXT during EMERGENT-1-2/-3 were similar to or lower than other
active treatment arms included in the network [20-22). This apparent incongruity results from lower discontinuation
rates in the placebo arms of EMERGENT-2 and -3, where most other trials in the network had lower discontin-
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uation rates in their active treatment arms (Appendix 8, Supplementary Figure 8-9). No sensitivity analyses were
performed omitting the EMERGENT-1/-2/-3 trials based on comparatively low placebo effect size, as doing so
would have precluded comparisons with KarXT. Study design differences may be a primary reason for the substan-
tial cross-study variation in the absolute placebo arm discontinuation rates, particularly over the short assessment
timeframe considered in the NMAs. Notably, in both the placebo and KarXT groups of EMERGENT-1/-2/-3,
the primary reason for discontinuation was withdrawal of consent, with comparably few patients discontinuing
due to AEs, investigator decision or other reasons.

Weight gain is a key concern for individuals using antipsychotic medications and a common reason for non-
adherence and treatment discontinuation [40,41]. Given the demonstrated role of weight gain contributing to
antipsychotic non-adherence [42,43], the reduced odds of clinically significant weight gain with KarXT versus
comparator SGAs and favorable CFB weight results offer a potential advantage with respect to longer-term
tolerability and adherence. Ultimately, comparison of longer-term discontinuation data and adherence are needed
to assess holistically the tolerability of KarXT versus SGAs.

These results for KarXT demonstrate muscarinic receptor agonism as a clinically viable alternative treatment
to commonly used SGAs that work through dopamine antagonism. For all comparators, KarXT demonstrated
at minimum a comparable effect in terms of efficacy and safety. Furthermore, the considerable improvements in
PANSS and CGI-S against some SGAs show that positive and negative symptoms can be reduced without directly
blocking dopamine receptors. These findings are consistent with a previous NMA that compared KarXT versus
aripiprazole, olanzapine and risperidone [27].

Increased treatment choice covering multiple mechanisms of action is helpful as it widens the options available
to both prescribing clinician and patient. If a patient experiences AEs or lack of efficacy on one class of therapy,
being able to offer a distinctly different therapy is particularly valuable. As noted in the NMA published by Wright
et al. 127, longer-term data are needed to understand how muscarinic receptor agonism affects other important
side effects, such as metabolic AEs and tardive dyskinesia. While RCTs remain the gold standard of evidence (and,
indeed, are the sole type of evidence informing this study), complementary forms of evidence using real-world
data such as electronic health records can be useful to gain insight on such outcomes. Continued development of
approaches targeting muscarinic signaling pathways could further expand the schizophrenia treatment landscape,
including efficacy for the broad range of symptoms and an improved safety/tolerability profile — a much-needed
development for patients.

Strengths & limitations

The strengths of this work include the use of Bayesian NMAs conducted in adherence to established methodological
guidelines with random effects models preferred, given the presence of heterogeneity, but fixed effects models also
fit (34). Data for trial design, treatment dose/regimen, patient population characteristics, endpoint definition and
assessment timepoint(s) were extracted for studies identified by the SLR and assessed in a feasibility assessment
to ensure studies included in NMA were sufficiently transitive for inclusion in NMA. Connected networks were
possible for all but one of 12 endpoints of interest; hence, this study addresses evidence gaps of the comparative
effect of KarXT versus eight SGAs commonly used in the US, across a broad range of efficacy, safety, and tolerability
endpoints.

The analysis has several limitations. The present review was not a de novo SLR; it focused and updated the
SLR previously conducted by Huhn ez al. [25]. It therefore retains the methodological framework of the original
SLR, including any strengths and limitations inherent to that approach. The adapted SLR focused on an acutely
treated population, in line with the EMERGENT trials; targeted eight comparators of interest; and exclusively
included blinded RCTs. This approach was intended to facilitate direct, meaningful comparisons across similar
studies, though it inherently limited the breadth of evidence by excluding studies outside these criteria. This limits
the generalizability of the findings. Outpatient populations and long-acting injectable antipsychotic formulations
are not considered, nor is real-world evidence. The present SLR and NMAs did not investigate extrapyramidal
symptoms or subtype AE endpoints (i.e., akathisia, tardive dyskinesia, etc.) despite their clinical relevance. Learnings
from previous work had demonstrated that there were insufficient events observed over the 5-week EMERGENT-
1/-2/-3 studies, to support meaningful indirect treatment comparison [26]. Longer-term data are needed to inform
cross-trial comparisons of extrapyramidal symptom frequency.

The 49 RCTs included after feasibility assessment covered seven of the eight comparators reasonably well. For
clozapine, the exception, data were only available for all-cause discontinuation, discontinuation due to AEs, and
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CFB weight. Thus, no comparison of efficacy against clozapine could be made, only select safety/tolerability
endpoints.

While the feasibility assessment was thorough, considerable heterogeneity was identified from the Higgins 1*
statistics from meta analyses of available pairwise comparisons within six of 11 endpoint networks: CFB PANSS
score (total, positive symptoms, negative symptoms); CFB CGI-S score; CFB weight; and >30% improvement in
PANSS total score. In each case, sensitivity analyses — excluding studies with predominantly Asian populations or
(where applicable) studies with outlier placebo effect size — did not substantially reduce heterogeneity; I* values
exceeding 50% remained for at least one of the head-to-head comparisons. While heterogeneity affected few of
the direct comparisons (primarily impacting olanzapine, quetiapine and/or risperidone vs placebo) within the
large networks, the heterogeneity observed should be considered when interpreting these results. For the five
remaining endpoints, low-to-moderate heterogeneity was present, suggesting that the random-effects model results
are sufficiently robust and should be preferred over the fixed-effects model results.

The feasibility assessment, based on identified treatment effect modifiers, ensured that incomparable studies
(with respect to patient population, treatment setting and/or treatment regimens) were excluded, thus avoiding
related violations of the transitivity assumption and removing sources of NMA bias. Race, however, remained a
potential source of heterogeneity in all networks. While not identified as a key effect modifier for acute treatment
of schizophrenia, race is linked to factors known to impact mental health outcomes, such as socioeconomic
status [44]. Sensitivity analyses omitting studies with predominantly Asian patient populations returned results
largely consistent with the base-case analyses. However, limited inferences can be made concerning the impact of
other racial disparities between studies; in particular, all three EMERGENT trials had relatively high proportions
of Black/African American participants compared with other included studies. Post-hoc analysis of variance F-tests
and Kruskal-Wallis tests comparing baseline treatment effect modifier distributions across treatment nodes within
each endpoint-specific network demonstrated no evidence of transitivity in the CFB PANSS positive symptoms
score, CFB CGI-S, CFB weight, discontinuation due to all causes, weight gain and sedation networks. Several test
p-values < 0.05 suggested potential for some residual transitivity within the base-case CFB PANSS total score,
CFB PANSS negative symptoms score and >30% improvement in PANSS total score networks. However, these
significant results were for a single measure of baseline severity where several were tested (PANSS total score,
PANSS positive symptoms score, PANSS negative symptoms score and CGI-S score) and/or related to a clinically
insubstantial higher mean age in the KarXT node (44 years compared with ~38-42 years for other treatment
nodes). Importantly, after accounting for multiple testing via Bonferroni correction, none of these findings were
significant.

IF estimates from node-splitting analyses provided strong evidence of inconsistency in base-case networks
(CrIs excluded the value for direct and indirect evidence equivalence) for CFB PANSS total score, CFB weight,
discontinuation due to AEs, and somnolence. This suggested that the base-case analyses of these endpoints were
unreliable. In the case of the CFB PANSS total score and CFB weight endpoints, sensitivity analyses performed
did not show such clear evidence of inconsistency, were considered preferable to the base-case analyses, and were
presented as primary results in this manuscript. Conversely, all sensitivity analyses performed for the discontinuation
due to AEs and somnolence endpoints showed evidence of inconsistency and are considered unreliable — hence,
results are only presented in Appendix 13 for completeness. Notably, of the random-effects NMAs conducted for
these two endpoints, only the somnolence base-case analysis yielded a KarXT-versus-comparator OR with 95%
Ctl excluding 1, and this favored KarXT.

Few comparator studies reported endpoint data at Week 5, the timepoint at which endpoints were assessed
in EMERGENT-1/-2/-3. Therefore, comparator data reported following 4-6 weeks of treatment were included.
This assumption was generally consistent with approaches used for prior NMAs in schizophrenia and facilitated a
large connected network to be formed [25,271. However, this remains a likely source of heterogeneity. The NMAs
contained several RCTs with greater than two arms, for which endpoint data were pooled; this introduced a
network-simplifying assumption of a common effect size for label-compliant doses of the comparator drug. RCTs
with greater numbers of treatment arms are associated with larger placebo effect size, which may have contributed
heterogeneity to the networks [45]. However, sensitivity analyses removing studies with outlier placebo effect size
yielded results consistent with the base-case analyses. Similatly, a sensitivity analysis omitting trials not reporting
the weight gain threshold yielded results consistent with the clinically meaningful weight gain base-case, mitigating
concerns of potentially influential endpoint definition discrepancies. Although studies that permitted outpatient
care throughout acute treatment were excluded during the feasibility assessment, others were included if they
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allowed patients to be discharged after a protocol-defined period had elapsed and stabilization criteria were met.
This is understood to affect only a small proportion of enrolled patients toward the end of each study period;
nonetheless, these studies may have contributed heterogeneity to the networks.

Conclusion

The results of these NMAs in acute exacerbation of schizophrenia and eight oral SGAs show that, following
4-6 weeks of therapy, KarXT is associated with a greater clinical response than aripiprazole, brexpiprazole and
cariprazine; greater CFB PANSS positive symptoms than brexpiprazole; greater CFB CGI-S score than aripiprazole,
brexpiprazole, cariprazine and olanzapine; and a lower likelihood of unwanted weight gain compared with all
comparators except clozapine (no data available). Although findings are limited to short-term, acute inpatient
treatment and may not directly translate to maintenance therapy or outpatient care, this work suggests that
KarXT provides comparable — and, in some cases, potentially improved — efficacy and safety compared with oral
pharmaceuticals used in current standard-of-care approaches to acutely treating schizophrenia, and offers a viable,
mechanistically distinct treatment option for patients and clinicians.

The comparative tolerability picture remains unclear as although the NMA suggests that KarXT has higher odds
of all cause discontinuation than aripiprazole, brexpiprazole, clozapine, lumateperone, olanzapine, quetiapine and
risperidone, the absolute observed discontinuation rates were similar to or lower than other active treatments and
NMA results — driven primarily by unusually low placebo discontinuation in the EMERGENT-1/-2/-3 trials.
Further research should comprehensively explore efficacy for the range of symptoms of schizophrenia, including
negative, cognitive, function, quality of life and long-term tolerability/safety.

Summary points

e Current treatments for schizophrenia primarily consist of dopamine-receptor-targeting second-generation
antipsychotics, which often cause side effects that limit tolerability and adherence. There is therefore a need for
treatments with novel mechanisms and improved safety profiles.

e In the absence of head-to-head trials, this study aimed to conduct indirect comparisons of a newly approved
combination therapy for acute schizophrenia, xanomeline/trospium chloride (KarXT), with eight oral
second-generation antipsychotics commonly used in acute episodes of schizophrenia in the US.

e A prior systematic literature review was first updated to identify double-blind randomized controlled trials of
relevant therapies in acutely hospitalized adults with schizophrenia. Following a comprehensive feasibility
assessment, 49 randomized controlled trials were included in Bayesian network meta-analyses across 11 efficacy,
safety and tolerability endpoints measured at 4-6 weeks.

e In terms of efficacy, KarXT produced considerably higher odds of achieving a >30% Positive and Negative
Syndrome Scale (PANSS) total score improvement than aripiprazole, brexpiprazole and cariprazine. It also
improved PANSS positive symptoms versus brexpiprazole and Clinical Global Impressions — Severity (CGI-S) scores
versus aripiprazole, brexpiprazole, cariprazine and olanzapine.

e KarXT also reduced the odds of clinically meaningful weight gain compared with all drugs except clozapine (no
data available); and had better change from baseline weight than brexpiprazole, clozapine, olanzapine,
quetiapine and risperidone.

e Rates of sedation with KarXT were generally comparable to other treatments.

e While the odds of all-cause discontinuation with KarXT were higher than most comparators, the absolute rates
were similar to or lower than other active treatments, with differences driven by unusually low placebo
discontinuation in the EMERGENT-1/-2/-3 trials.

e These analyses suggest that KarXT can provide improved clinical outcomes and a reduced chance of unwanted
weight gain compared with common second-generation antipsychotics, as an effective treatment option for
patients experiencing acute schizophrenia.
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