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Background

Figure 1. The M1 Muscarinic Receptor Modulates Microcircuitry of the Hippocampus

• Schizophrenia is characterized by broad cognitive deficits in

CA1

executive function, attention, memory, and processing speed,
which often precede onset of psychosis and are associated
with substantial functional impairment1
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functioning in patients with schizophrenia, there are currently
no treatments available for cognitive impairment associated
with schizophrenia
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• The central cholinergic system plays a key role in cognition

and has been the target of numerous drug development
efforts, including cognitive impairment in Alzheimer’s disease
and schizophrenia3
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Within the dentate gyrus (DG), M1 receptors are found on both pyramidal neurons
and GABAergic interneurons. Activation of M1 receptors within the DG will modulate
glutamate output to CA3. The modulation of CA3 by DG is gated by which neuronal
population containing the M1 receptor is activated. Activation of M1 receptors on
fast-spiking interneurons is able to promote generation of theta and gamma rhythms,
thereby enhancing hippocampal functioning and associated performance.
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M1 receptors are expressed on CA3 pyramidal neurons. Activation of M1 receptors
will reduce NMDA responses via CA2+-dependent activation of tyrosine phosphatase.
Additionally, M1 receptors will potentiate glutamatergic transmission onto CA1
pyramidal neurons via activation of IP3, leading to insertion of AMPA receptors
onto spines.
Activation of M1 receptors in CA1 can facilitate activity (ie, long-term potentiation)
by 2 mechanisms: (a) increased NMDA receptor functioning by inhibiting SK channels
and (b) potentiation of AMPA receptor–mediated synaptic transmission onto pyramidal
CA1 neurons.

muscarinic receptors may be important therapeutic targets
for treatment of cognitive impairment and psychosis4-6
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Preliminary data suggest that M4 receptors may have a role in modulating neural networks involved in cognitive impairment in schizophrenia.
• Data from pharmacological, genetic, and preclinical behavioral models suggest that M4 improves cognitive deficits
• Preclinical data suggest that M4-selective compounds restore deficits in micro and macro circuits that are disrupted in learning and memory circuits

• Converging lines of evidence suggest that M1 and M4

synaptic plasticity in both prefrontal and hippocampal circuits
(Figures 1 and 2) and M4 receptor activators may impact
attention and memory
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• Despite the considerable impact of neurocognitive deficits on

• In preclinical models, activation of M1 receptors enhances
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Figure 2. Role of M1 Muscarinic Receptors in the Prefrontal Cortex
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In the prefrontal cortex, M1 receptor activation induces a form of long-term depression of glutamatergic inputs from
subcortical areas, such as the ventral hippocampus. M1 receptor activation also increases the excitability of pyramidal
neurons (ie, more glutamate release to downstream structures) and GABAergic interneurons (ie, increased inhibition
onto glutamatergic neurons, meaning less glutamate output to downstream structures). Activation of M1 receptors
via GABAergic interneurons also can increase gamma oscillation synchrony in the cortex.

AMPA, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; CA2+, calcium ion; GABA, gamma-aminobutyric acid; GLU, glutamate;
IP3, inositol trisphosphate; NMDA, N-methyl-D-aspartate; SK, small-conductance calcium-activated potassium.

Figure 3. Key Milestones: Role of the Central Cholinergic System in Cognition and Development of KarXT
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• KarXT (xanomeline–trospium), an investigational dual

M1/M4–preferring muscarinic receptor agonist with no direct
dopamine receptor binding activity, may be a potential
treatment for psychosis and cognitive impairment (Figure 3)
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• In the randomized, double-blind, placebo-controlled, 5-week

1980s

inpatient EMERGENT-1 study (NCT03697252), KarXT was
associated with robust improvements in positive and negative
symptoms of schizophrenia and a trend toward greater
cognitive improvement compared with placebo7
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M1 Agonists Targeting Cognitive Loss in AD
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Deafferentation of cholinergic projections from
nucleus basalis and longitudinal band to hippocampus
Loss of ACh and stimulation of muscarinic and
nicotinic receptors

General lack of selectivity across M1/M5
receptors, driving M2/M3 parasympathetic
overstimulation of periphery and
associated AEs
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KarXT
Phase 2 Trial
Primary endpoint
met in acute
psychosis in
patients with
schizophrenia

KarXT
Phase 1 Trial
Trospium coadministration
mitigates xanomeline’s
anticholinergic AEs

2016
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agonists emerge
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Allosteric ligands offer new hope of selectivity and physiologic control

Bodick NC, et al. Arch Neurol. 1997;54(4):465-473. bShekhar A, et al. Am J Psychiatry. 2008;165(8):1033-1039.
ACh, acetylcholine; AD, Alzheimer’s disease; AE, adverse event; IND, investigational new drug application; mACh, muscarinic acetylcholinesterase.
a

Objective

Results

• To further assess the impact of KarXT on cognitive performance in

• Baseline characteristics were similar across impairment

EMERGENT-1 study participants with or without significant cognitive
impairment at study baseline

Table 1. Baseline Characteristics by Impairment Subgroup

and treatment groups, with no significant differences in
demographics or PANSS scores observed (P >0.14) (Table 1)

Evaluable Population

Methods

Placebo
n=65

KarXT
n=37

Placebo
n=28

KarXT
n=23

Placebo
n=37

45.0 (10.3)

42.5 (9.8)

45.0 (10.8)

42.3 (9.8)

44.9 (9.6)

42.7 (10.0)

Male, n (%)

48 (80%)

45 (69.2%)

28 (78.4%)

22 (78.6%)

19 (82.6%)

23 (62.2%)

PANSS total

96.4 (8.8)

95.7 (7.3)

95.9 (7.9)

94.5 (6.1)

97.3 (10.2)

96.7 (8.0)

and placebo in change from baseline in CCB composite score
was not statistically significant in the total population. However,
when IIV outliers were excluded, a statistically significant
treatment effect of KarXT vs placebo was observed (P =0.04)
(Table 2)

• EMERGENT-1 was a randomized, double-blind, placebo-controlled phase 2

inpatient study of KarXT in acutely psychotic patients with schizophrenia. The
primary outcome was Positive and Negative Syndrome Scale (PANSS) total
score change at week 5 (end of study)7
• Patients were randomized 1:1 to receive oral KarXT or matched placebo
twice daily (BID) for 5 weeks
• KarXT (mg xanomeline/mg trospium) was dosed flexibly, starting with
50 mg/20 mg BID and increasing to a maximum of 125 mg/30 mg BID

PANSS negative

22.7 (4.4)

22.5 (4.2)

22.1 (3.1)

22.3 (4.8)

23.6 (5.9)

22.7 (3.7)

PANSS positive

25.8 (3.3)

26.1 (3.5)

26.0 (3.0)

25.6 (3.7)

25.7 (3.9)

26.4 (3.3)

and statistically significant improvements in cognitive
performance, both relative to baseline and compared with
placebo. In contrast, in the minimally impaired group, there
was no significant difference in cognitive performance between
KarXT and placebo after 5 weeks of treatment (Table 2)

• Participants with scores for all CCB subtests at baseline and endpoint (n=125)

were divided into 2 groups based on baseline cognitive impairment: those
performing >1 SD below normative standards (impaired) and those performing
higher (minimally impaired)
• This cutoff has been used previously to differentiate cognitively impaired
and nonimpaired patients with schizophrenia and has been used as a
threshold for identifying clinically significant cognitive impairment in clinical
neuropsychological testing8-10

• Linear regression analysis was used to assess the relationship between

cognitive performance and PANSS scores

Sample

Treatment

n

LSM Change
From Baseline
at Day 35

mITT
completers

KarXT

60

0.13 (0.11)

Placebo

65

-0.05 (0.11)

KarXT

23

0.57 (0.19)

Placebo

37

0.07 (0.13)

KarXT

37

-0.18 (0.13)

Placebo

28

-0.22 (0.15)

Impaired

b

• Outliers with excessive variability in performance across subtests were identified

subgroup (impaired vs minimally impaired groups, with vs without removal of
outliers) with covariates of age, sex, site, and baseline CCB composite score

All values reflect group means and (standard deviation) unless otherwise indicated. CCB values reflect Z-scores.
CCB, Cogstate Computerized Battery; PANSS, Positive and Negative Syndrome Scale.

All Patients

subtest score using mean and standard deviation (SD) from age-group‒stratified
normative data to determine impairment level relative to population norms

• Separate analysis of covariance models assessed treatment effects for each

-1.00 (1.00) -1.25 (0.96) -0.41 (0.49) -0.45 (0.36) -1.95 (0.86) -1.86 (0.81)

Table 2. KarXT Treatment Effect on Cognitive Performance by Baseline Impairment

• A healthy control–relative Z -score was computed for each patient and CCB

by applying the 1.5 interquartile range rule for intraindividual variability (IIV)
• IIV is a measure of variability in performance across cognitive subdomains
and is higher in patients with schizophrenia
• Extremely high IIV scores suggest potential task nonengagement in ≥1
cognitive task, ie, a potentially nonvalid subdomain score

CCB composite
(Z-score)

• In the impaired group, KarXT was associated with meaningful

• Cognitive performance was assessed as an exploratory endpoint using an

abbreviated version of the Cogstate Computerized Battery (CCB)
• Domains assessed: Identification (attention), Detection (processing speed),
Groton Maze Learning (executive function), One-Back (working memory),
International Shopping List (verbal learning)

Age

• Prior to removal of IIV outliers, the difference between KarXT

Impaired

KarXT
n=60

• As previously published, the primary endpoint was met with

a PANSS total score change of 11.6 points from baseline to
week 5 with KarXT over placebo (P <0.0001)7

Minimally Impaired

Minimally
impaired

Outliersa Excluded From Analysis
KarXT vs Placebo

Z-Score

Cohen’s
d

0.18
(0.13)
0.50
(0.22)
0.04
(0.16)

0.20

0.50

0.05

P Value
0.16

0.03

0.79

Treatment

n

LSM Change
From Baseline
at Day 35

KarXT

54

0.22 (0.12)

Placebo

63

-0.05 (0.11)

KarXT

20

0.66 (0.18)

Placebo

35

0.06 (0.12)

KarXT

34

-0.02 (0.15)

Placebo

28

-0.08 (0.15)

KarXT vs Placebo
Cohen’s
d

P Value

0.27
(0.13)

0.31

0.04

0.60
(0.22)

0.79

0.009

0.06
(0.17)

0.07

0.73

Z-Score

Outliers with excessive variability in performance across subtests were identified by applying the 1.5 interquartile range rule for intraindividual variability. bPatients performing >1 standard deviation below normative standard were
designated as impaired.
LSM, least squares means; mITT, modified intention to treat.
a

• There was a small but statistically significant relationship between PANSS total and CCB composite scores at baseline (not shown; β=-0.19, P =0.03, adjusted R 2=0.07)

and between the change from baseline to week 5 in PANSS total and CCB composite scores (β=-0.20, P =0.03, adjusted R 2=0.03) in the evaluable sample and when
outliers were excluded (β=-0.22, P =0.02, adjusted R 2=0.04) (Figure 4)

Figure 4. Relationship Between CCB Composite Score Change and PANSS Total Score Change, Between Baseline and After 5 Weeks of Treatment

Conclusions
• KarXT was associated with a significant benefit in cognitive performance vs

placebo, both when analyses were limited to impaired patients and in those
without excessive baseline variability
•

In patients with higher baseline cognitive impairment, KarXT was
associated with larger treatment effects

• More than half of the study participants in the evaluable sample performed

within 1 SD of the normative mean at baseline and did not benefit from
treatment with KarXT
•

This finding is consistent with the literature, which suggests that drugs
such as acetylcholinesterase inhibitors that are effective in patients
exhibiting cognitive decline or impairment may be less beneficial in those
without cognitive impairment8

• Although these post hoc analyses must be interpreted with caution, the results

presented here suggest that M1 and M4 muscarinic receptor agonists are a
potential target for treating cognitive impairment in patients with schizophrenia

• Although there was a significant correlation between PANSS total score and

CCB composite score at baseline and between the change from baseline to
week 5 in PANSS total and CCB composite scores, the relationship was modest,
accounting for 7% and 3% of the variance, respectively

• Further development of the dual M1/M4 muscarinic receptor agonist KarXT for

treatment of cognitive impairment in patients with schizophrenia is warranted
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CCB, Cogstate Computerized Battery; PANSS, Positive and Negative Syndrome Scale.
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