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Abstract

Antipsychotics effective for schizophrenia approved prior to 2024 shared the common mech-
anism of postsynaptic dopamine D2 receptor antagonism or partial agonism. Positive psychosis
symptoms correlate with excessive presynaptic dopamine turnover and release, yet this post-
synaptic mechanism improved positive symptoms only in some patients, and with concomitant
risk for off-target motor and endocrine adverse effects; moreover, these agents showed no
benefit for negative symptoms and cognitive dysfunction. The sole exception was data support-
ing cariprazine’s superiority to risperidone for negative symptoms. The muscarinic M1/M4

agonist xanomeline was approved in September 2024 and represents the first of a new
antipsychotic class. This novel mechanism improves positive symptoms by reducing presyn-
aptic dopamine release. Xanomeline also lacks anyD2 receptor affinity and is not associatedwith
motor or endocrine side effects. Of importance, xanomeline treated patients with higher
baseline levels of cognitive dysfunction in clinical trials data saw cognitive improvement, a
finding likely related to stimulation of muscarinic M1 receptors. Treatment resistance is seen in
one-third of schizophrenia patients. These individuals do not have dopamine dysfunction
underlying their positive symptoms, and therefore show limited response to antipsychotics
that target dopamine neurotransmission. Clozapine remains the only medication with proven
efficacy for resistant schizophrenia, and with unique benefits for persistent impulsive aggression
and suicidality. New molecules are being studied to address the array of positive, negative and
cognitive symptoms of schizophrenia; however, until their approval, clinicians must be familiar
with currently available agents and be adept at prescribing clozapine.

Introduction

Schizophrenia spectrum disorders are characterized by core central nervous system (CNS)
domains: positive symptoms (hallucinations, delusions, disorganized speech/behavior); negative
symptoms (apathy/avolition, diminished expression); and cognitive dysfunction (deficits in
working memory, processing speed, executive function).1 Positive symptoms are necessary to
establish the diagnosis, but patients vary considerably in both the presentation of those symptoms,
and the extent and severity of negative symptoms and cognitive deficits. Other associated features
of schizophrenia include high rates of substance use disorders,2 persistent depressive symptoms,3

and twofold higher rates of aggression,4 with the latter being a product of inadequately controlled
positive symptoms or of impulsivity not motivated by psychosis.5 A distinct neurobiological
substrate underlies each of these symptom clusters, andmultiple neurotransmitters are implicated
in the dysfunction of relevant circuits, particularly dopamine, glutamate, acetylcholine (ACh), and
serotonin.6-9

Given the complex neurobiology of schizophrenia, and the reality that each individual has
their own distinct clinical presentation, no antipsychotic effectively remediates the totality of the
three primary symptom domains, with cognitive dysfunction and negative symptoms exhibiting
limited benefit from most agents.10,11 This limitation is likely rooted in the common mechanism
of action for most antipsychotics approved prior to 2024: dopamine D2 receptor blockade. This
mechanism is responsible for any improvements in positive symptoms, but has limited indepen-
dent benefit for negative and cognitive symptoms. D2 receptor blockade is also inadequate to
manage positive symptoms in roughly one-third of patients (ie those with treatment resistant
schizophrenia [TRS]).12-14 Although D2 receptor binding has been the model for most antipsy-
chotics, there are two agents whose primary antipsychotic mechanism lies outside of this domain:
clozapine, and the first of a new class of medication that lacks any D2 receptor affinity
(xanomeline) but instead works by stimulating a subset of muscarinic cholinergic receptors.15,16

Clozapine binds weakly to the D2 receptor, but it clearly possesses other mechanisms. To date
clozapine remains the onlymedicationwith proven efficacy in TRS, namely thosewith inadequate
positive symptom response to D2 binding antipsychotics.

12,17 Moreover, clozapine exhibits other
unique clinical properties in patients with schizophrenia, including reduction in suicidal behavior
and impulsive aggression, and alleviation of psychogenic polydipsia (ie excessive water drinking
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related to poorly controlled psychosis).4,17 Clozapine’s mechanisms
of action remain incompletely understood despite US approval for
TRS over 35 years ago on September 26, 1989, although one
hypothesis is discussed below in the section on TRS.18 Importantly,
despite advances in the neuropharmacology of schizophrenia, there
is no compelling evidence that any other antipsychotic, including
the new muscarinic receptor activators, are effective substitutes for
clozapine in TRS, or for schizophrenia patients with persistent
aggression or suicidality not responsive to D2 receptor modulating
agents.17

Positive symptoms

Although clozapine’s efficacy profile has not been replicated, D2

receptor binding antipsychotics and muscarinic antipsychotic
agents share a core property: reduction in dopamine neurotrans-
mission. How this is achieved varies greatly between the two classes
of medication, but that difference is best understood in the context
of the dopamine dysfunction inherent to positive symptoms.13

Human imaging studies demonstrate that the positive symptoms
in schizophrenia patients who are not treatment resistant are
associated with excess presynaptic production of dopamine in
the associative striatum (Figure 1).13,18 This understanding was
not present in the early 1950s when two competing antipsychotic
mechanisms became commercially available: depletion of dopa-
mine from presynaptic neurons by reserpine,19 or blockade of
postsynaptic dopamine receptors by chlorpromazine.20 The first
widely imitated antipsychotic, chlorpromazine (Thorazine®), was
initially synthesized in 1950 as an improvement on an earlier
compound promethazine (Phenergan®). The goal was to develop
a more potent medication to induce a nonnarcotic state of “artifi-
cial hibernation” and thereby ease anesthetic induction and post-
surgery recovery.20 The connection with dopamine was only later
elucidated by Arvid Carlsson, a discovery that garnered Carlsson
the Nobel Prize in Physiology or Medicine in 2000.20 Carlsson’s
insight was to connect the finding that motor symptoms of Par-
kinson’s disease were related to loss of dopamine producing neu-
rons, and the observation that medications effective for positive
psychotic symptoms (eg chlorpromazine or reserpine) were asso-
ciated with a reversible form of drug-induced parkinsonism (DIP).
From those facts he deduced in 1963 that antipsychotic medica-
tions must be blocking dopamine receptors, or, in the case of
reserpine, act by depleting dopamine from presynaptic stores.21

Carlsson’s inductive leap was that the underlying pathophysiology

of positive symptoms must somehow relate to excessive dopamine
in a specific brain circuit, thereby formulating the dopamine
hypothesis of schizophrenia. Animal models characterized the
dopamine tracts involved in positive symptoms, and modern
human imaging studies confirmed the association of positive
symptoms with excessive dopamine turnover in the associative
striatum and adjacent portions of the sensorimotor striatum.13

Although positive symptoms are a presynaptic problem of
dopamine overproduction and release, the presynaptic mechanism
inherent to reserpine (blockade of the vesicular monoamine trans-
porter type 2 [VMAT2]) was abandoned as the basis for future
antipsychotics by the early 1960s after trials of another VMAT2
inhibitor tetrabenazine.22 Tetrabenazine shared reserpine’s core
mechanism and lacked reserpine’s effects on blood pressure, but
it proved no more effective than reserpine or chlorpromazine, and
was often associated with akathisia (restlessness) and DIP at the
doses needed to control psychosis.23,24 With VMAT2 inhibition
reaching a dead end, Carlsson’s discovery that chlorpromazine’s
impact on positive psychotic symptoms rested in dopamine recep-
tor blockade facilitated development of compounds that shared its
mechanism (D2 receptor antagonism), but without chlorproma-
zine’s risk for sedation, orthostasis, and anticholinergic adverse
effects (eg dry mouth, memory impairment, constipation).25 Sub-
sequent generations of D2 acting antipsychotics were later devel-
oped that possessed lower risk for DIP, tardive dyskinesia (TD),
and other movement disorders related to D2 receptor blockade

14;
however, when used in equivalent dosages, all antipsychotics were
comparably effective in non-TRS patients (Table 1).26

Following the demise of presynaptic acting VMAT2 inhibitors,
the mechanism of action for every antipsychotic approved through
2023 involved blockade of postsynaptic dopamine D2 receptors. As
illustrated in Figure 2, these agents did not address the presynaptic
basis of positive symptoms, but managed this problem by interfer-
ing with dopamine binding at postsynaptic receptors.14 These
antipsychotics were nonselective, and acted at D2 receptors
throughout the CNS and in the periphery yielding several unfor-
tunate consequences. At the level of the dopamine synapse, D2

antagonists blocked postsynaptic D2 receptors but also blocked the
shorter variant D2S receptors present on presynaptic neurons.

14 As
these presynaptic D2S receptors are inhibitory, blocking dopa-
mine’s activity further disinhibits presynaptic dopamine release.
The level of receptor occupancy required for D2 antagonists to
overcome this effect was not understood when antipsychotics first
became available, and efficacy was established for dosage ranges
that managed positive symptoms while minimizing as much as
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Figure 1. Imaging findings note presynaptic dopamine dysfunction (excessive turnover and release) in the associative and adjacent sensorimotor areas of the striatum for patients
with schizophrenia when compared to control subjects.13

2 J. M. Meyer

https://doi.org/10.1017/S1092852924002244 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852924002244


possible motor adverse effects.14 Only in the late 1980s did imaging
studies find that at least 65% postsynaptic D2 receptor occupancy
was associated with positive symptom reduction, while >80%
receptor occupancy was associated with higher rates of motor
adverse effects resulting from D2 blockade in the dorsal striatum
(referred to as extrapyramidal side effects in the older literature):
DIP, akathisia, and TD. The proverbial “sweet spot” for D2 receptor
occupancy was thus in the range of 65%–80%, but with significant
interindividual heterogeneity noted in the correlation between
occupancy, response, and tolerability.27 First-generation antipsy-
chotics (FGAs) had significantly higher rates of D2-related motor
effects compared to second-generation antipsychotics (SGAs), as
the latter possessed an inherent mechanism to mitigate this risk in
the form of serotonin 2A (5HT2A) receptor antagonism.28,29 Three
dopamine partial agonist antipsychotics (DPAs) were developed
(aripiprazole, brexpiprazole, cariprazine) that also have lower risk
of motor side effects than FGAs due to their weak intrinsic dopa-
minergic activity.14 Because these agents weakly stimulate postsyn-
aptic D2 receptors, imaging studies noted that DPAs became
effective for positive symptoms at 80%–100% D2 receptor occu-
pancy. This level of D2 occupancy would pose significant tolera-
bility problems for antagonist antipsychotics, but the intrinsic
dopamine activity of the DPAs results in relatively low rates of
DIP and akathisia.14

Two other unfortunate consequences of D2 receptor antago-
nism are sexual dysfunction from blockade of D2 receptors in the
hypothalamic–pituitary axis (HPA), and glucose dysregulation.14

As dopamine inhibits prolactin release from the HPA, D2 receptor
blockade can induce hyperprolactinemia of sufficient severity to
lower sex hormone levels resulting in menstrual irregularities,
gynecomastia or galactorrhea, decreased libido, and bone density
loss.14,30 Blockade of D2 receptors on insulin secreting pancreatic
β-cells and in glucose sensing hypothalamic cells impairs glycemic
control, thereby putting patients at risk for metabolic syndrome
and diabetes mellitus.31

Xanomeline is amuscarinicM1 andM4 receptor agonist initially
developed to improve cognition in Alzheimer’s disease, but was
surprisingly found to exert antipsychotic properties in those
patients despite being devoid of any D2 receptor binding.

32 Subse-
quent animal research discovered that the dopamine neurons
associated with positive symptoms receive cholinergic and gluta-
matergic stimulatory input, and that stimulation of M1 and M4

receptors lessen the extent of this input. Cholinergic input to the

relevant dopamine tracts originates from a midbrain structure, the
laterodorsal tegmental nucleus (LDT).8,16 LDT neurons possess an
abundance of inhibitory M4 autoreceptors—therefore, any agent
which stimulates M4 receptors will decrease LDTACh output, with
the net result being decreased ACh stimulation of presynaptic
dopamine outflow and a reduction in positive symptoms.16,33

Although there is cholinergic stimulation of dopaminergic neurons
in motor areas of the striatum, this cholinergic pathway (the
pedunculopontine nucleus) is primarily controlled by activity at
M2 autoreceptors. Muscarinic M4 receptor stimulating molecules
(agonists or positive allosteric modulators) thus work presynapti-
cally to reduce positive symptoms, yet they do so without D2

receptor binding, and they act selectively, sparing motor areas
from effects on dopamine neurotransmission.33

Muscarinic M1 receptor activation also acts selectively to
decrease presynaptic dopamine output, but the antipsychotic effect
arises via modulation of the stimulatory glutamate signal that
originates in the prefrontal cortex (PFC).16 Glutamate signaling
from the PFC is decreased by stimulating M1 receptors on inhib-
itory GABA-ergic interneurons in the PFC. Increased activity of
these GABA-ergic interneurons acts as a brake on glutamate out-
flow, with the net result seen as less glutamate stimulated dopamine
release and less positive symptoms.16 Stimulation ofM1 receptors is
associated with gastrointestinal adverse effects, so xanomeline was
subsequently combined with trospium, an anticholinergic medica-
tion that does not appreciably cross the blood brain barrier and
thus mitigates the procholinergic adverse effects of peripheral M1

agonism without interfering with xanomeline’s CNS mecha-
nism.15,34,35 Use of anticholinergics with extensive CNS penetra-
tion (eg benztropine, diphenhydramine) is strongly discouraged
when treating patients with schizophrenia due to their deleterious
cognitive effects,36 but there is now another reason to eschew these
agents: they will interfere with the action of muscarinic receptor
stimulating antipsychotics.37 On the basis of three positive trials,
xanomeline-trospium received FDA approval on September
26, 2024, exactly 35 years after that for clozapine. Unlike the
example of clozapine, xanomeline’s mechanism is better under-
stood and forms the basis for a new class of muscarinic receptor
stimulating agents currently undergoing clinical trials for schizo-
phrenia and other psychotic disorders.16 The obvious advantage
lies in the fact that their selective presynaptic mechanism reduces
dopamine overactivity, but without themotor or endocrine adverse
effects seen with D2 receptor binding antipsychotics.

16 Moreover,
the presynaptic mechanism provided by muscarinic receptor stim-
ulating antipsychotics canwork cooperatively with postsynaptic D2

receptor blockade to lessen the impact of excessive dopamine
signaling.38 For that reason, clinicians and researchers who work
in the field of schizophrenia are eagerly awaiting data from a
randomized study of xanomeline-trospium or placebo added
adjunctively toD2 acting antipsychotics. This trial (A Study toAssess
Efficacy and Safety of Adjunctive KarXT in Subjects With Inade-
quately Controlled Symptoms of Schizophrenia; NCT05145413) is
due to report data in 2025.

Clozapine for TRS or schizophrenia with persistent aggression

One-third of patients living with schizophrenia are treatment
resistant, and thus realize little to no positive symptom reduction
from D2 receptor modulation.12 Imaging studies indicate that TRS
is associated with relatively normal striatal dopamine synthesis, not
the excessive presynaptic dopamine turnover and release typically
associated with positive symptoms, thus explaining why these

Table 1. Antipsychotics Listed Alphabetically and by Primary Mechanism for
Positive Symptom Reduction

First generation
(D2 receptor
antagonists)

Second
generation
(D2 receptor
antagonists)

Second
generation
(D2 receptor

partial
agonists)

Muscarinic
M1/M4 receptor
stimulating
agents

Chlorpromazine
Fluphenazine
Haloperidol
Perphenazine

Asenapine
Clozapinea

Iloperidone
Lumateperone
Lurasidone
Olanzapine
Paliperidone
Quetiapine
Risperidone
Ziprasidone

Aripiprazole
Brexpiprazole
Cariprazine

Xanomeline-
trospium

aClozapine is the only effective medication for treatment resistant schizophrenia
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patients derive limited benefit from D2 receptor blockade.
6 At least

40% of those with TRS will respond to clozapine, while response to
other antipsychotics, even at high dosages, is typically <5%.39,40

When imaged with proton magnetic resonance spectroscopy,
response to clozapine in TRS patients is associated with reduction
of the glutamate signal in the caudate, but the exact mechanism by
which clozapine exerts this effect is not sufficiently characterized to
the extent it has been replicated by other molecules.18 Given the
high prevalence of TRS, use of clozapine becomes critical to com-
petency restoration when persistent positive symptom severity
impedes adjudication.41

Clozapine possesses another unique benefit—an effect on
aggression that is independent of its impact on psychosis symp-
toms.4 Multiple factors, especially substance misuse, underlie
behaviors that bring patients with psychotic disorders into contact
with the criminal justice system.42 Poorly controlled positive symp-
toms are an important contributor to elevated violence risk in
patients living with schizophrenia, so aggression remains a core
target of antipsychotic therapy.43 However, it should be noted that
the most common form of interpersonal violence in forensic inpa-
tient populations is not psychotically driven—it is impulsive

aggression related to inadequate control over response to provoc-
ative stimuli.5,42 A detailed analysis of 839 assaults among chron-
ically aggressive state hospital patients noted that only 17% were
motivated by psychosis (or mania), while 54% were impulsive, and
the remaining 29% were planned or predatory in nature.44 When
persistent aggression or violence in schizophrenia patients is due to
undertreated psychosis, the usual treatment algorithm is followed to
address positive symptoms.5 When aggressive behaviors in that
patient population are impulsive, the most strongly evidence-based
pharmacological intervention is clozapine.4,5 A 2024 review of
clozapine’s anti-aggression effects found that this property existed
for impulsive aggression in patients whose positive symptoms were
adequately controlled.4 One of the most compelling pieces of evi-
dence was the findings from a prospective, double-blind trial of
clozapine, olanzapine and haloperidol in persistently aggressive
male state hospital patients with modest levels of psychotic symp-
toms.45,46 That study found clozapine superior to the other medi-
cations for acts of aggression, with no differences between the three
medications on psychosis symptoms; moreover, clozapine’s anti-
aggression effect was particularly evident in patients with greater
baseline levels of cognitive dysfunction.45,46

Tyrosine

Dopamine synapse

L-DOPA

Dopamine

Presynaptic terminal

Postsynaptic D2 receptors
Postsynaptic
membrane

Postsynaptic signal

Synapse

Dopamine
degradation

65%-80% occupancy by
antagonists reduces dopamine
signaling sufficiently to improve
positive symptoms of psychosis

Regulation of release by
presynaptic D2S autoreceptors

Figure 2. How dopamine D2 receptor binding antipsychotics work at dopamine synapses.14

Scheme: Dopamine—red dots; blue circles—presynaptic vesicles containing dopamine; yellow triangles—vesicular monoamine transporter type 2 (VMAT2); dopamine D2

receptors—green triangles;
Abbreviations: MAO: monoamine oxidase; COMT: catechol O-methyltransferase.
Legend: Dopamine is produced in the presynaptic neuron by conversion from tyrosine to L-dopa and then to dopamine. Dopamine is inserted into presynaptic vesicles by VMAT2, and is
released into the synapse upon neuronal stimulation. Excess synaptic dopamine is broken down via the enzymes COMT or MAO. D2 antagonist antipsychotics bind to both presynaptic
and postsynaptic D2 receptors. Blocking dopamine on the presynaptic autoreceptor further disinhibits presynaptic dopamine release. To improve positive symptoms, D2 antagonist
antipsychotics must block 65%–80% of postsynaptic receptors. The three dopamine partial agonist antipsychotics require 80%–100% postsynaptic receptor occupancy for effective
antipsychotic activity.

4 J. M. Meyer

https://doi.org/10.1017/S1092852924002244 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852924002244


Clozapine’s treatment-related adverse effects and hematological
monitoring requirements are a burden for patients with schizo-
phrenia, and often dissuade clinicians from its use despite the
absence of evidence-based options for TRS or persistent impulsive
aggression.17 As decades of research have failed to uncover the mix
of receptor activities that result in its unparalleled effectiveness, it is
incumbent that clinicians working with forensic populations
develop expertise in prescribing clozapine.47,48 As noted in the
literature, the failure to prescribe clozapine to TRS patients or
schizophrenia patients with persistent aggression is deemed to be
below the standard of care as it deprives incarcerated patients of the
fundamental right to effective treatment.49,50

Negative symptoms

The differential diagnosis of negative symptoms includes those
which are inherent to the diagnosis of schizophrenia (ie primary)
or those due to other causes such as depression, anxiety, or med-
ication induced adverse effects.51 It should be noted that antipsy-
chotic trials of acutely exacerbated adult schizophrenia patients
find negative symptom improvement, but the extent of this
improvement is highly correlated with positive symptom reduc-
tion, a phenomenon known as pseudospecificity.52-54 Stable, mod-
estly symptomatic patients with persistent moderate/severe
primary negative symptoms achieve limited negative symptom
benefit from most antipsychotics.51 Although the complex neuro-
biology of negative symptoms has thwarted attempts at developing
approved agents, they remain an important treatment target given
the high prevalence and associated disability. It is worth noting that
the DPA cariprazine demonstrated comparative benefit on nega-
tive symptoms versus the D2 receptor antagonist SGA risperidone
in a 26-week randomized, double-blind, controlled trial (n = 461),
with a modest effect size of 0.31.55 Among the three DPAs, car-
iprazine possesses the highest affinity for the D3 receptor, and it is
the only one in this antipsychotic class effective asmonotherapy for
bipolar depression.56,57 Although patients with moderate or severe
depressive symptoms were excluded from that trial, it is unclear if
cariprazine’s negative symptom impact lies outside of its antide-
pressant mechanisms, or is an epiphenomenon of these receptor
activities.57

Cognitive dysfunction

Cognitive impairment associated with schizophrenia (CIAS) is a
common and disabling feature of the disorder clinically recognized
for over a century. It was the presence of prominent cognitive
disturbance that led Emil Kraepelin to arrive at the term dementia
praecox (premature dementia) for this psychotic disorder.14 CIAS
has two aspects in common with negative symptoms: (1) there can
be secondary causes of cognitive dysfunction that must be
addressed (eg benzodiazepines, CNS acting anticholinergics, seda-
tives) and (2) the complex neurobiology of CIAS and the hetero-
geneity of symptoms has hindered progress in producing effective
agents.9 Nonetheless, ongoing studies continue to focus on this
disabling feature of schizophrenia, with medications in clinical
trials that work by stimulating N-methyl-D-aspartate (NMDA)
glutamate receptors.58,59 The underlying hypothesis driving devel-
opment of these agents is that hypofunction of NMDA receptors
residing on PFC GABA-ergic interneurons contributes to CIAS.60

The NMDA receptor possesses a binding site for glutamate, and a
co-agonist site that binds either glycine or D-serine.61 The leading

candidates stimulate the co-agonist site by one of two strategies:
inhibiting glycine reuptake to increase synaptic levels of glycine
(iclepertin), or inhibiting the metabolism of D-serine thereby
increasing its synaptic levels (luvadaxistat).58,59 Sadly, luvadaxistat
failed to meet its primary endpoints in a second phase 2 study and
further research was abandoned by the manufacturer.62

The discovery of xanomeline’s antipsychotic properties not
only opened new avenues for positive symptom control, it also
refocused attention on one aspect of schizophrenia neurobiology
that relates to CIAS, and which may be improved by xanomeline’s
M1 receptor agonism: low muscarinic M1 receptor expression.

63,64

Although initially noted in postmortem specimens,64 subsequent
imaging studies found modestly decreased M1 receptor density in
unmedicated antipsychotic naïve schizophrenia patients com-
pared to age-matched peers without schizophrenia.65 Further
research noted that 25% of schizophrenia patients have ≥75%
decreased M1 receptor density, a subgroup referred to as having
the muscarinic receptor deficit subgroup (MRDS).64 Schizophre-
nia patients with MRDS show widespread decreases in cortical
M1 receptors, altered patterns of M1 receptor gene promoter
methylation, and lower levels of muscarinic M1 receptor mRNA
compared to controls.65 Notably, non-MRDS patients with schizo-
phrenia do not differ in these measures from control individuals.
Not surprisingly, lower levels of muscarinic M1 receptor expres-
sion are associated with poorer performance in verbal learning and
memory and more severe negative symptoms in medication free
psychotic patients.65

Since any pool of schizophrenia patients possessing severe
cognitive deficits would be enriched with those having MRDS,
the hypothesis that xanomeline’s M1 receptor stimulation might
improve CIAS was explored as a secondary outcome measure in
clinical trials.66 Neuroimaging for low M1 expression was not
possible, but analysis of the double-blind phase 2b study found
differential cognitive benefits from xanomeline stratified by level of
impairment.66 As seen in Table 2, the cognitive impact of xanome-
line devolved only to the subgroup with clinically significant cog-
nitive impairment (defined as a baseline composite cognitive
battery score more than one standard deviation below the norma-
tive mean).66 This finding of cognitive benefit in cognitively
impaired patients, presumably from xanomeline’s M1 activity,

Table 2. Xanomeline-trospium treatment effect on cognitive performance by
baseline impairment in a double-blind, placebo controlled phase 2b triala 66

LS mean change from baseline
at day 35

Treatment arm
Estimate

(SE) p Value Cohen’s d

Minimally
impaired

KarXT (n = 34) �0.18 (0.13) 0.19 0.22

Placebo (n = 65) �0.22 (0.15) 0.15 0.28

KarXT vs.
placebo

0.04 (0.16) 0.79 0.05

Impaired

KarXT (n = 23) 0.57 (0.19) 0.01 0.61

Placebo (n = 37) 0.07 (0.13) 0.59 0.09

KarXT vs.
placebo

0.50 (0.22) 0.03 0.50

Least squares (LS) means and p values are derived from post hoc analysis of covariance
(ANCOVA) models, with covariates of site, gender, age, and baseline performance.
aFor this exploratory analysis, individuals with a high degree of test subdomain intraindivi-
dual variability were removed as this is typically reflective of noncompliance with test
procedures or otherwise invalid data.
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aligns with the concept that more severe forms of CIAS are asso-
ciated with MRDS, while schizophrenia patients with limited cog-
nitive dysfunction likely have CNS M1 expression and activity
closer to the norm. Importantly, the association of xanomeline
treatment with improved cognitive function in impaired patients
was replicated in exploratory analyses from the two phase three
studies.67 These positive results represent the first breakthrough in
CIAS treatment, findings that should be particularly noteworthy to
the field of forensic psychiatry. For schizophrenia patients who are
not treatment resistant but whose level of cognitive dysfunction
remains an impediment to competency restoration, xanomeline
may offer potential hope to address CIAS symptoms that interfere
with mastery of court material and effective interaction with attor-
neys and other court personnel.

Conclusion

Despite the disability resulting from negative symptoms and cog-
nitive dysfunction, the clinical effect of antipsychotics was histor-
ically dependent on D2 receptor blockade and the benefit largely
confined to positive symptom reduction. Yet 2024 saw a revolution
in positive symptom treatment, providing clinicians two means to
manage the consequences of presynaptic dopamine overactivity:
blocking dopamine from binding to postsynaptic dopamine D2

receptors, or reducing presynaptic dopamine release by stimulation
of muscarinic M1 and M4 receptors. Importantly, muscarinic
receptor stimulation not only avoids the motor and endocrine
adverse effects of nonselective D2 blockade, clinical trials of
xanomeline-trospium noted cognitive benefits among patients
with significant levels of cognitive dysfunction. The promise of
cognitive improvement had not been realized previously and hope-
fully diminishes the level of clinical nihilism when confronted with
this important problem. Despite these advances, clozapine remains
the only effective medication for resistant schizophrenia or schizo-
phrenia patients with persistent impulsive aggression, and its com-
plex interplay of pharmacological activities has defied replication in
molecules with improved tolerability. Given the absence of other
effective options for TRS or persistent impulsive aggression, all
clinicians who treat patients with schizophrenia must be adept at
using clozapine—it is the standard of care.
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