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INTRODUCTION

John M. Kane MD

Abstract

Schizophrenia is a chronic and often severe mental disorder for which antipsychotic drugs are
the cornerstone of treatment. Although the essential mechanism of action of these drugs has
not changed much since they were first discovered in the 1950s, there have been numerous
advances in the context in which these drugs are prescribed, as well as in the considerations
for their optimal use. In this review, we summarize five selected issues in which the
psychopharmacological treatment of schizophrenia has most evolved. Namely, these are the
shift of outcomes of interest from symptoms to recovery, the development of stratified
approaches to select the most appropriate treatment for each individual, the recognition of
treatment nonadherence as a critical factor determining outcomes, the recommendations for
maintenance treatment, and, finally, the promise of new antipsychotic compounds that
innovate in their mechanisms of action, improving efficacy/safety profiles. Finally, we discuss
how some of these advances have already delivered to improved outcomes in the real world,
whereas others have demonstrated efficacy under optimal circumstances yet have not been
translated into better outcomes in the community. Thus, the road ahead includes both
identifying novel treatments that engage the psychopathology of the iliness and improve the
efficacy/tolerability profile of currently available agents, as well as developing interventions
that mitigate the barriers for the use of novel interventions, some of them already existing, in

the real world.
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of the treatment of schizophrenia. These drugs were initially
developed in the 1950s, in what became the beginning of the

Schizophrenia is a chronic disorder characterized by positive
symptoms (i.e., hallucinations, delusions), negative symptoms (i.e.,
affective flattening, amotivation), and cognitive symptoms (work-
ing memory, abstraction).’ These experiences have tremendous
impact on social and psychological functioning as do common
medical comorbidities. Given that schizophrenia typically begins
at an early age, the result can be long-term disability and

premature mortality.>® Antipsychotic drugs are the cornerstone

modern era in the pharmacological treatment of schizophrenia.*
In this article we aim to summarize the progress made over recent
years in selected areas in the psychopharmacology of schizo-
phrenia, namely recovery-oriented care, precision medicine,
management of treatment nonadherence, relapse prevention,
and novel mechanisms of action of antipsychotic drugs. We
highlight the most relevant examples for each one of these areas
in Table 1.
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TABLE 1 Key developments in the treatment of schizophrenia

Pharmacology in the context of recovery-oriented care

- Symptom control is necessary, but not sufficient for recovery,
which is increasingly being recognized as an outcome of interest

- Psychopharmacology interventions should be embedded within a
comprehensive approach that addresses all symptom domains in
schizophrenia, as well as social and psychological outcomes and
medical and psychiatric comorbidities, in alignment with each
individual's recovery goals

- Treatment teams should balance between shared decision-making
and motivational interviewing to address these goals

Precision medicine approaches

- Stratification approaches for the treatment of schizophrenia do
exist for treatment resistance (i.e., clozapine after two failed trials),
but this remains an underutilized resource

- Prognostic biomarkers of treatment response for personalized
medicine are being developed and show promise, in some cases
with validation of results in independent samples

Addressing the challenges of treatment adherence

- Nonadherence is prevalent and challenging to detect in a reliable
and scalable manner

- Long-acting injectable antipsychotics are the most effective
approach to reduce the impact of nonadherence on treatment

Evidence-based maintenance treatment recommendations

- Maintenance treatment with antipsychotics is highly effective in
preventing relapses

- Current guidance recommends using full doses for stabilization

- There is no direct data to recommend duration of treatment
beyond ~2 years after stabilization, but indirect evidence suggests
that most individuals with schizophrenia may need to continue
treatment over the long term

Novel mechanisms of action

- 60 years after the development of antipsychotic medicines, there
are promising developments in drugs with alternative mechanisms
of action to dopamine 2 receptor interaction

- TAAR-1 agonists still interact with the dopaminergic system, but
not through the dopamine 2 receptor, and have demonstrated
promising results in phase 3 studies

- Similarly, xanomeline-trospium, which interacts with the cholinergic
system, has shown promising efficacy data in phase 3 studies

FROM SYMPTOM-FOCUSED TREATMENT
TO PSYCHOPHARMACOLOGY IN THE
CONTEXT OF RECOVERY-ORIENTED CARE

The outcomes of interest in the treatment of schizophrenia have
evolved over the last several decades, from a focus on symptom
severity, to the broader impact of schizophrenia on various life
domains. Thus, in addition to positive, negative, and cognitive
symptoms, there is increasing attention on the social, vocational,

and psychological consequences of the illness, such as limited social

support, unemployment, homelessness, or stigma, as intervention
targets.” Despite the growing attention to recovery in schizophrenia,
the data on how often this outcome is achieved are still disappoint-
ing. In a 2013 meta-analysis,® recovery in schizophrenia, understood
as at least 2 years of mild symptoms plus social functioning outcome
greater to an equivalent of 61 in the global assessment of function
(GAF), occurred in 13.5% of the meta-analyzed studies. Furthermore,
there was no evidence that recovery rates had improved over the
preceding five decades. Early intervention services (EIS), which
contextualize psychopharmacological treatment within the need to
address the social and psychological aspects of the illness, have
emerged in response to such low recovery rates in an attempt to
improve psychopathology as well as functional outcomes. The focus
of these programs is on the early phase of the illness as a critical time
for recovery-oriented interventions, since individuals generally
respond better to treatment and they have not yet endured years
of functional decline.” In addition, it has been suggested that better
control over the illness in the first 2 years is an important prognostic
indicator.® EIS constitutes at minimum regularly monitored psycho-
pharmacological treatment, family psychoeducation, and counseling.
However, very often they may also include cognitive behavior
therapy for psychosis, family therapy, supportive education and
employment, social skills training, and crisis management.”
Recovery-oriented care in general, and in particular EIS for the
treatment of schizophrenia, is progressively permeating the mental
healthcare system in the United States. In 2015, the United States
Congress began setting aside funds to support the implementation of
coordinated specialty care (CSC), a specific package of EIS, across the
country.” This healthcare policy decision was supported by the
results of the Recovery After an Initial Schizophrenia Episode (RAISE)
study, funded by the National Institute of Mental Health.'° In a
cluster randomized clinical trial, the RAISE-early treatment program
(ETP) study compared CSC to treatment as usual (TAU) in 34
nonacademic clinics across the United States with real-world funding
contingencies. For this study, CSC was formulated as a recovery-
oriented treatment program that promotes shared decision-making
and uses a single point of access for coordinated psychotherapy,
family education and support, case management, supportive educa-
tion and employment, and specialized medication management.
Individuals receiving treatment in clinics randomized to CSC
remained in treatment longer, experienced greater improvement in
quality of life and psychopathology, and experienced greater
involvement in school or work than those who received usual care.*
Such gains were particularly prominent among those who had
experienced shorter duration of untreated psychosis, highlighting
the relevance for early intervention. In fact, EIS at large, not just CSC,
have demonstrated superior effectiveness in the treatment of
schizophrenia. In a 2018 meta-analysis of 10 studies conducted in
several different countries’> comparing EIS to TAU, EIS were
significantly superior to TAU in all 13 meta-analyzed outcomes,
ranging from treatment discontinuation to involvement in school or
work to severity of psychopathology, with small to moderate effect

sizes.
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In this context, the pharmacological treatment of schizophrenia
focuses on the following: (1) using of evidenced-based practices and
measurement-based care to inform the shared decision-making
process; (2) aiming for symptom remission rather than only response;
(3) using antipsychotics with favorable side effect profiles; (4) using
low doses; (5) monitoring side effects closely; (6) monitoring medical
and substance use comorbidities; (7) using clozapine after two failed
antipsychotic trials; and (8) normalizing nonadherence and interven-
ing accordingly.'® Such recommendations are based on a compelling
amount of literature, some of which we will expand on later in this
review. Nevertheless, despite this body of literature, there is still
work to do to translate these best practices into real-world
outcomes. In the RAISE-ETP study, ~40% of individuals had a
psychopharmacology regimen that deviated from these basic
recommendations,’® and a cohort of 6246 individuals from a
Medicaid claims data set found that a similar proportion of patients
with early phase schizophrenia were receiving treatment that
deviated from these principles.’® This finding is not completely
surprising given the known statistic that evidence-based recommen-
dations may take close to two decades to transition from publication
to adoption in routine care.*®

Additional outcomes of interest for the care of those living with
schizophrenia, beyond psychopathology and functional outcomes, are
those related to substance use and medical comorbidities. Almost half
of the individuals with schizophrenia will also suffer from a substance

use disorder at some point in their lives.'”

Importantly, this
comorbidity is linked to poorer clinical outcomes in the domains of
psychopathology,® functional outcomes,'” and physical health.?° For
example, substance use comorbidity increases by more than twofold
the risk of schizophrenia relapse,?* and is associated with greater rates
of persistent depression and poorer quality of life over time,?? as well
as greater rates of poorer treatment compliance, violence, incarcera-
tion, housing instability, and homelessness.?® The reason for the strong
association between these two types of disorders is complex. The
mesolimbic dopamine pathway has been involved in the reward
mechanism for drugs®* as well as in the aberrant salience associated
with positive symptoms in schizophrenia.?® Thus, it is conceivable that
the two share genetic liability that manifests in maladaptive reward
processing,>® and/or one predisposes to the other (e.g., substance use
to compensate for deficits resulting from aberrant signaling in the
mesolimbic dopamine pathway).>” One of the comorbidities with most
implications, because of its impact and prevalence, is nicotine smoking.
Although overall the prevalence of smoking is decreasing in many
countries,?® this still represents an important problem for those living
with schizophrenia. In the RAISE study, despite the relatively young
age of study participants, the prevalence of smoking was about 50%,””
compared to about 14% in the general population.®° Such high rates of
smoking have been associated with lung cancer, chronic obstructive
pulmonary disease, and cardiovascular disease, making nicotine
smoking one of the most powerful drivers of premature mortality
among those living with schizophrenia.**

In fact, physical health and premature mortality have gained
attention in recent years, given the worrisome statistic that
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individuals with schizophrenia live an average of about 15 years less
than those without schizophrenia.>? In addition to nicotine smoking,
other modifiable factors are also involved. There are consistent data
from Scandinavian registries reporting shorter life expectancy for
those with lower cumulative doses of antipsychotic treatment,®®
suggesting that long-term adherence with relapse-prevention treat-
ment may result in longer life expectancy. Other modifiable risk
factors include obesity and metabolic syndrome. The relationship
with metabolic disturbance, mortality, and antipsychotic drugs is
complex, since although antipsychotics are known to cause metabolic
disturbance,** this is very likely offset in terms of risk of premature
mortality by better symptom control and higher levels of functioning,
which would facilitate primary prevention and better management of
medical comorbidities in this population. Clients and prescribers
should be careful about monitoring the impact of antipsychotic side
effects by screening for metabolic effects regularly,®> managing or
referring to primary care if disorders of metabolism are identified, and
choosing antipsychotic agents carefully. In addition, it is important to
treat co-occurring substance use, address sedentary lifestyles, and
involve case management when possible and/or appropriate to
facilitate coordinating care among psychiatric and medical
providers.>¢

What is the role of the prescriber in the framework of recovery-
oriented care, given the intervention targets of symptoms, function-
ing, substance use comorbidities, and physical health? In addition to
an expansion of the outcomes of interest, recovery-oriented care
emphasizes the active role of the client in treatment choice.” Thus,
the role of the prescriber, in what is known as shared decision-
making,®” is to identify the patient preferences and values in regard
to control of psychopathology, goals of psychosocial and vocational
functioning, and physical health in order to support the patient's
choice among various treatment options, each of them with
alignments and misalignments with the patient's goals. It is not
infrequent to observe ambivalence in the goals of care, or
misalignments between the goals and the known consequences of
the healthcare choices. An example is someone who wants to be able
to go back to work after an acute psychotic episode, but who
chooses to discontinue antipsychotic maintenance treatment after
having relapsed in the past on previous treatment interruptions. This
scenario may call for motivational interviewing,>® in which the role of
the prescriber is not to only provide information about treatment
options, but also to help the client solve the ambivalence between
goals and choices by formulating questions whose answers may point

towards those contradictions.

FROM ONE SIZE FITS ALL TO PRECISION
MEDICINE APPROACHES

Precision medicine consists of the exercise of clinical decisions in
response to the individual's specific biological and environmental
make-up.®? This seems necessary considering the heterogeneity of

clinical outcomes to treatment interventions. The prognosis of



oz | PCN @9

PSYCHIATRY AND CLINICAL NEUROSCIENCES REPORTS

<
Psychiatry and Clinical Neurosciences \C\/

schizophrenia ranges from a small minority of individuals for whom
there will never be a second episode of acute psychosis, to another
proportion that will experience persistent and debilitating symptoms
despite exhausting all treatment options.” In addition, antipsychotic
drugs, which are the main treatment in schizophrenia, often are
associated with side effects such as weight gain, metabolic distur-

bance, or tardive dyskinesia,35'40

which makes it necessary to be able
to inform treatment decisions so that efficacy and effectiveness are
maximized while the price paid in terms of side effects is minimized.
Other areas of medicine, like oncology or cardiology, have incorpo-
rated into their clinical decision process input about the genetic
profile of the individual in order to recommend a specific
treatment.** In the treatment of schizophrenia, such stratification
of treatment is conducted primarily based on clinical markers,
although there is promising research indicating that biomarkers may
inform those treatment decisions in the future. The first of such
clinical markers was history of failure to respond to two trials of
sufficient dose and time with antipsychotic drugs.*? There is
abundant data indicating that individuals who will fail to respond to
nonclozapine antipsychotics may be more likely to respond to
clozapine,”® suggesting possibly a distinct neurobiology®* and
certainly the need to stratify treatment accordingly. The criteria to
define so-called “treatment resistance,” and thus of clozapine
eligibility, has been recently agreed on,*> and in essence it applies
to subjects for whom the trials were at least 6 weeks in duration, with
an equivalent daily dose of at least 600 mg of chlorpromazine, for
which adherence could be demonstrated (either by a therapeutic
plasma level of antipsychotic medicine or by a long-acting injectable
[LAI] trial), and for whom there was residual psychotic symptoms as
well as functional impairment. Recent research has advocated to
modify such a clinical marker for clozapine eligibility to one failed
trial.*® However, this remains controversial given the limitations of
the data used to make such a recommendation, including lack of a
control condition or the possibility of treatment nonadherence with
only one trial, which is particularly high in the earlier phases of

treatment.*”

Despite the compelling evidence and clear criteria to
stratify treatment according to previous treatment history, especially
after two failed trials, the use of clozapine is often delayed for years*®
and overall usage is much lower than would be expected based on
the incidence of treatment-resistant schizophrenia.*’

Another clinical marker that can be used to inform clinical
decisions is early nonresponse (ENR). Failure to minimally respond to
antipsychotic treatment during the initial weeks of treatment has
been confirmed as a valid prognostic paradigm of treatment
response. For instance, in a recent meta-analysis of 43 studies,

Samara et al.>°

examined the prognostic capability of early
nonresponse (ENR) to predict failure to a trial of antipsychotic drugs.
The authors found that improvements in psychotic symptom severity
<20% after 2 weeks of treatment had a specificity of 86% and a
negative predictive value of 90% in predicting poor treatment
response. The authors found that the predictive ability of ENR was
consistent across study populations and characteristics. Such low

likelihood of treatment response in patients who do not even

minimally improve during the initial weeks of treatment has resulted
in recommendations to expedite treatment change for these
individuals in recently updated guidelines.””

Unfortunately, one limitation of using clinical markers to inform
subsequent treatment decisions is that they rely on trial and error,
which means longer time experiencing symptoms until the optimal
treatment is identified. One promise of prognostic biomarkers is that
they can leverage objective measurements related to the patho-
physiology of the illness to inform treatment decisions before engaging
in trial and error. In schizophrenia, the converging evidence for
aberrant striatal function in the pathophysiology of schizophrenia?’
have informed the development of biomarkers. Neurochemical
imaging with positron emission tomography (PET) consistently shows
an association between elevated dopamine synthesis capacity in the
striatum, preferentially in the associative portion,”> and symptom
severity of psychosis.”® Also, similar studies relate the clinical efficacy
of antipsychotic drugs to the postsynaptic dopamine 2/3 receptor
modulation within a critical window.”* Functional MRI (fMRI) data
suggest aberrant striatal functional connectivity in relation to symptom
severity and normalization of such baseline aberrant functional
connectivity with antipsychotic treatment response.”>>° Similarly,
studies of fMRI signal in the striatum in response to reward
anticipation also suggest such a pattern of blunted response at
baseline that is corrected along with treatment response.’”*® These
advances in understanding the pathophysiology of the illness have
supported the development of prognostic neuroimaging biomarkers.
For instance, Sarpal and colleagues developed an fMRI measure of
functional connectivity, known as the Striatal Connectivity Index (SCI),
as a prognostic biomarker of treatment response.’” In a cohort of 41
individuals with first episode schizophrenia receiving 12 weeks of
antipsychotic medication, lower SCI values prior to treatment onset,
reflecting more aberrant striatal resting state functional connectivity,
were associated with treatment response, predicting it with ~80%
sensitivity and specificity, which was replicated in an independent
cohort. Further validity of the SCI has been provided by its application
to study the effects of cannabis use on treatment response in
schizophrenia.”® Most recently, the development of prognostic
biomarkers for treatment response in the context of psychotic relapse
has shown promise.® The ultimate goal of this research is developing
biomarkers of relapse risk that facilitate decision-making about long-
term treatment, for example to inform whether antipsychotics should
be maintained long-term after remission for a given individual.®’

FROM ASSUMING THAT A PRESCRIPTION
RESULTS IN THE DRUG REACHING THE
BRAIN, TO ADDRESSING THE CHALLENGES
OF CONTINUOUS TREATMENT
ADHERENCE

It has been recognized for a long time that taking medications as
prescribed is a major challenge in all areas of medicine.®” Medication

use behavior that deviates from the prescriber's recommendations is
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observed in as many as 50% of medication users at any given time. Of
all medication-related hospital admissions in the United States,
33%-69% are due to poor medication adherence, with a resultant
cost of approximately $100 billion a year.®>** The factors influencing
medication nonadherence are complex and include insight, lifestyle,
psychological well-being, health literacy, support systems, and side
effects of medications.®” In schizophrenia, issues like lack of insight,
insufficient social support, cognitive symptoms, or side effects of
medication play a negative role in the ability to be adherent with
antipsychotic maintenance over the long term. This is worrisome,
since nonadherence with antipsychotic medication is the strongest
risk factor of relapse in schizophrenia.’

Depending on how it is measured, nonadherence is present in
between 10% and 60% of individuals receiving pharmacological
treatment for schizophrenia at any given time.®® Circumstances that
increase the risk for nonadherence in schizophrenia are being at an

t,°7%® comorbid substance use,®” social

earlier phase of treatmen
exclusion (i.e., homelessness), and high side effect burden.®® The
assessment of nonadherence with oral medications is indeed a
challenge, with no method that is clearly reliable and scalable to
routine practice. For instance, antipsychotic plasma levels are
probably the most reliable method to provide at least cross-
sectional data on adherence, but measurement of these is not yet
routine in most healthcare systems. Alternatively, pharmacy records
or self-reports are easier to obtain in clinical practice but are less
reliable. A study of clinician adherence assessment for patients who
were brought to an emergency room because of acute psychosis
revealed that when checked against plasma levels, the clinician's
routine assessment of adherence was not much better than chance.
In this sample, only one-third of individuals had therapeutic
concentrations of antipsychotic drugs in plasma, and only four in
10 who were nonadherent were correctly identified by clinicians.”®
These data highlight how even when identifying treatment adherence
status is most critical, such as in an emergency caused by acute
psychosis, clinician assessment is very unreliable, very often by
overestimating treatment adherence.

How can this important challenge in the treatment of schizo-
phrenia be addressed? We have learnt important lessons. One is that
we should normalize nonadherence rather than stigmatizing it. As
evident also from other areas of medicine, taking oral medications on
a regular basis is challenging for many reasons. It is much more
productive to try to understand these reasons rather than label this
as “bad behavior.” Very likely, a frank conversation may highlight
important issues that should be discussed and addressed in the
context of recovery-oriented care. Second, these conversations can
only occur if the prescriber asks explicitly about them. Unfortunately,
asking about adherence is less frequent than it should be, probably
because many clinicians often overestimate adherence rates.®”?
Third and most importantly, evidence-based interventions should be
used to mitigate nonadherence. Although several options, including a
medication event monitoring system (MEMS), tablets that can
register when they are ingested,”” or digital applications that can
document when a pill is ingested,”® the most reliable and scalable
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option to address nonadherence is use of an LAl antipsychotic. In our
opinion, there are few reasons not to use an LAl formulation
whenever an antipsychotic is necessary over the mid- to long-term.
There are robust data indicating that LAls are superior to their oral
counterparts in preventing hospitalization. For instance, within-
individual participant analyses of treatment utilization and hospital-
ization for psychosis in a Swedish national cohort concluded that, for
a given individual, treatment periods on LAls may be about 30% more
effective than treatment periods on their oral counterparts in
delaying hospitalization.”* This finding has been consistently repli-
cated in mirror-image study and epidemiological sample meta-
analyses. Data from randomized clinical trials (RCTs) are less
consistent, but also supportive.”” It is very likely that inconsistency
in RCTs is related to individuals agreeing to participate in clinical trials
being less at risk of treatment nonadherence than those who are
represented in epidemiological datasets.”® In addition, the clinical trial
itself changes the ecology of care and might promote better
adherence in the control condition than usual care. In addition to
the data on preventing relapse and hospitalization, there are data
suggesting that LAI treatment episodes, compared to treatment
episodes of oral antipsychotics, take longer to be discontinued.”” This
benefit may be particularly important for individuals in the earlier
phases of treatment, who are much more likely to interrupt treatment
and experience a subsequent relapse.®”® Another advantage of LAls
is related to mortality. Given the much shorter life expectancy for

2 and the known overall association

people with schizophrenia,®
between greater use of antipsychotic medication and longer life
expectancy in schizophrenia, it is hypothesized, with some data
supporting,®® that by guaranteeing continuous drug delivery and
being used for longer periods of time compared to their oral
counterparts, the use of LAls is associated with longer life expectancy
than the use of oral antipsychotics. Finally, another potential
advantage of LAls is that by guaranteeing drug delivery, they may
limit the impact of the risk factors of relapse that are mediated
through nonadherence. For instance, co-occurring substance use and
treatment nonadherence are both risk factors of relapse in
1 and it is deemed that about one-third of the

variance of co-occurring substance use in relapse is mediated

s4:hizophrenia,2

through interrupting antipsychotic treatment rather than through
the direct effects of drugs of abuse in the brain.®” It is possible that
by assuring continuous treatment delivery, LAls mitigate some of the
risk of relapse associated with co-occurring substance use. Regarding
potential disadvantages of LAls compared to oral antipsychotics, a
meta-analysis did not find many meaningful differences in terms of
side effects between LAls and oral antipsychotics,”® and recent data
on neuroleptic malignant syndrome, probably one of the most serious
side effects of antipsychotic treatment, showed longer time to
recovery but no differences in morbimortality for individuals who
were on LAls compared to those who were on oral drugs.””€°
These data suggest that LAls should probably be used from the
early phase of treatment since this is one of the periods with greater

67,68

risk of treatment nonadherence, and because preventing

relapses early in the course of illness may mitigate their impact on
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social and occupational functioning in these young individuals.
Traditionally LAls have been used after several relapses, when they
may have less of a long-term impact.®* However, there is growing
recognition of the importance of making LAls the preferred
formulation for the treatment of schizophrenia in earlier phase
treatment, before several relapses have occurred. Recently, the
PRELAPSE trial demonstrated that LAls are well accepted in early
phases psychosis individuals, with about 90% of those for whom the
LAI formulation was offered taking at least one injection.”* The main
intervention of this cluster-randomized trial was training clinicians on
how to talk to patients about LAls in the experimental clinics as
compared to those in the clinics delivering usual care. Emphasis was
made in focusing on the potential benefits of LAls rather than the
method of delivery (i.e., injection). In addition, the immediate
advantages in the life of the user were emphasized (i.e., more
convenient than taking pills every day, no daily reminder of
the illness, no confrontation with caregivers or prescriber about
whether treatment is being used properly, and so forth). Further-
more, misconceptions about LAls (i.e., the drug is controlling me
rather than treatment allows me to control my symptoms, injections
are very painful, | will not be able to stop) were addressed.
Addressing these crucial elements to make a high-quality presenta-
tion of LAls in fact translates into better clinical outcomes. In the
PRELAPSE study, individuals in the early phase of schizophrenia
receiving treatment in clinics who were trained on these issues were
significantly less likely to be hospitalized over follow-up than those
who received treatment under usual care conditions.®”
Unfortunately, despite the advantages of LAls guaranteeing
treatment delivery in the relapse-prevention phase of illness, some
individuals will relapse despite ongoing treatment. This is known as
breakthrough on antipsychotic maintenance medication (BAMM).%®
This phenomenon has been challenging to study, given the
confounder of nonadherence in relapse in schizophrenia. As
discussed above, nonadherence is the strongest predictor of relapse
in schizophrenia.?! It is very common, with as many as half of the
individuals at any given time not taking medicine as prescribed.®® It
has been difficult to determine the actual contribution of nonadher-
ence to relapse since there are no scalable means to reliably quantify
it. In these circumstances, the use of LAl antipsychotics is indeed
convenient, since actual drug exposure can be easily and reliably
qguantified at the time of relapse with the record of injection
administration, thus removing the confounder of nonadherence.
Using this approach, data have suggested that relapse despite
ongoing antipsychotic treatment is relatively common. In an
individual participant data meta-analysis of time to relapse among
individuals randomized to an LAl in relapse-prevention clinical trials,
there were almost 25 relapse events per 100 participant years of LAl
continuous treatment.®* In this study, presence of tardive dyskinesia
was the strongest predictor of relapse despite ongoing treatment,
pointing out a possibly shared mechanisms between the patho-
physiology of tardive dyskinesia and relapse in psychosis. BAMM was
also studied in a national Scandinavian cohort of individuals with
schizophrenia treated with LAls over up to 20 years, with about one

in three of those treated with an LAl experiencing relapse at some

point in their lives despite ongoing treatment.®”

FROM LACK OF GUIDANCE FOR
MAINTENANCE TREATMENT, TO
EVIDENCE-BASED RECOMMENDATIONS

Once there has been success in treating acute psychotic symptoms
with antipsychotic drugs, the next important question is, what dose
should be used and for how long? Most of those treating or living
with schizophrenia, as well as families have asked this question at
some point. There has been an accumulation of data over the last
several decades that facilitate answering this important question.
Two separate meta-analyses have addressed the question of
dosing of antipsychotic maintenance medication for relapse preven-
tion, with similar conclusions. One of them compared relapse rates
between individuals randomized to standard or low (i.e., <50% of
standard) dose, across 24 trials and 3282 individuals. Compared with
the standard dose, a low dose increased the risk of relapse by 44%
and the risk of all-cause discontinuation by 12%.%¢ Similarly, a
frequentist dose-response meta-analysis of 72 dose arms, corre-
sponding to 4776 individuals, of randomized controlled trials of
antipsychotics for relapse preventions in schizophrenia found
hyperbolic efficacy-related dose-response curves, meaning that the
risk of relapse decreased rapidly with increasing dose of antipsycho-
tics during maintenance, up to an equivalent of 5 mg of risperidone,
above which there was no increased benefit in relapse prevention but
increasing rates of side effects. Interestingly, the analysis of studies
who recruited individuals in remission of psychotic symptoms,
showed the curve bent earlier, suggesting that equivalents of
2.5 mg of risperidone may be the optimal balance between efficacy
and potential side effects among individuals who sustain full
remission (generally in the studies selected mild or fewer symptoms
for longer than 1 year).?” Thus, it can be concluded from this body of
research that unless there has been sustained remission of
symptoms, it is generally recommended to continue with the same
dose of antipsychotics that was used for symptom stabilization.
Regarding how long maintenance treatment should be continued,
the randomized controlled data for up to 3 years after acute
psychosis shows clear superiority of antipsychotic maintenance
compared to treatment discontinuation in preventing relapse and
treatment disengagement.®® It has been observed that the effect size
for the advantages of antipsychotic continuation decrease with
longer studies.®® Also, some uncontrolled and/or unrandomized data
have shown better recovery outcomes in individuals who discontinue
antipsychotics over the long term compared to those who continue
treatment.2”?C  Altogether, these data questioned whether the
benefit of maintenance treatment would dissipate over time or, as
has been proposed by some, whether it could have long-term

detrimental effects.”*

These theories have been hypothesized
because of antipsychotic withdrawal, which would result in rebound

psychosis,”? but this theory has not been validated by either clinical
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research of abrupt versus progressive treatment discontinuation,®®
nor neurobiological research on dopamine receptor occupancy in
response to antipsychotic discontinuation and risk of relapse.’® In our

“in agreement with other experts,”® there is insufficient

opinion,’
data to suggest that the benefits of antipsychotic drugs would
disappear over time or that they would indeed become harmful. For
instance, it is very likely that the decreasing effect size of
antipsychotics in maintenance treatment over time in randomized
controlled studies is related to accumulating nonadherence in the
treatment continuation arms, which would result in less difference
between antipsychotic and placebo. Also, the long-term cohort
studies that have been most often used to argue for long-term
detrimental effects of antipsychotics are highly exposed to con-
founder by indication, meaning that those with better prognosis
would self-select to the treatment discontinuation group, and those
with worse prognosis would be more likely to be in the antipsychotic
maintenance group (i.e., reverse causation). Similarly, data from a
highly cited clinical trial of dose reduction/treatment discontinuation
versus maintenance treatment for up to 7 years, in which recovery
outcomes were better for the dose reduction/treatment dis-

continuation group,”®

is inconclusive given the low representative-
ness of the baseline cohort of individuals with schizophrenia (as
opposed to psychosis not otherwise specified or schizophreniform
disorder), the exposure to confounder by indication since individuals
and prescribers could decide whether to stay on dose maintenance or
treatment discontinuation, and by the fact that there was not an
effective difference in treatment exposure between the two groups,
both of which differed only in 1 mg equivalent of haloperidol. In fact,
the analysis of this dataset for the initial 2 years, while individuals
could not self-select to either group depending on their illness
severity, shows significantly better outcomes for those who remained
on treatment than for those who discontinued.”® In our interpreta-
tion, given the serious validity concerns about the data supporting
long-term discontinuation of antipsychotic maintenance treatment
after the initial 2-3 years, and the robustness of the data supporting
antipsychotic maintenance prior to that time point, we would argue
against an indiscriminate discontinuation of long-term antipsychotic
medication.

Nevertheless, a small minority of individuals can recover without
antipsychotic maintenance treatment.”” The question is whether the
risk of relapse following antipsychotic discontinuation can be
determined at the level of the individual, so that informed decisions
can be made about for whom it would be recommendable to
discontinue treatment. Unfortunately, most clinical predictors of
successful treatment discontinuation have not been replicated,
except for history of relapse following previous treatment dis-
continuation,”” which leaves trial and error as the only method to
determine for whom antipsychotic discontinuation may be suitable.
Given the short- and long-term impacts of relapse in schizophrenia,
ranging from potential risk to self or others to lower chance of
treatment responsiveness on relapse, we thus recommend caution
with regard to when and for whom to discontinue antipsychotic
maintenance treatment.

a S
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FROM DOPAMINE TYPE 2 RECEPTOR
BLOCKADE HEGEMONY TO NOVEL
MECHANISMS OF ACTION

One of the main criticisms of the progress in the psychopharmacology
of schizophrenia has been the lack of novel mechanisms of action for
antipsychotic drugs since the first antipsychotics were synthesized in
the 1950s, and a surge of “me too” new drugs without clear
advantages over already approved agents.”® Until recently, the most
relevant progress was the development of second-generation anti-
psychotic drugs in the 1980s, which in addition to having dopaminergic
modulation also had serotoninergic effects, which are not considered
as mechanistic towards antipsychotic efficacy but may result in a more
favorable tolerability profile,”” as well as the so-called “third
generation,” such as aripiprazole, brexpiprazole or cariprazine, which
are partial agonists, rather than blockers of the dopamine 2/3
receptor.'® At the same time, we are still uncertain as to the
mechanistic reasons for clozapine's established superiority in
treatment-resistant schizophrenia (TRS) patients, despite many years
of availability. We seem to be now living in a pivotal moment in this
regard, with promising results in early phase studies of drugs that do
not rely on direct dopaminergic receptor modulation. In particular,

1 6,'9% a trace

xanomeline,"®* a muscarinic agonist, and SEP-36385
amine-associated receptor 1 (TAAR 1) agonist, have gone through
phase 2 studies with promising results.

Drugs with muscarinic effects have been targeted as potential
antipsychotic agents, with experimentation that dates back to the

1950s with anti- and pro-muscarinic drugs,'®®

although given the
problems with tolerability, particularly peripheral effects, this line of
research was abandoned for decades. Most recently, interest in the
contribution of neural circuits modulated by muscarinic receptors to
the pathophysiology of schizophrenia has surged,'®*'°° and with it
the experimentation of muscarinic agonists as antipsychotic drugs.
The agent that so far has made the most progress is xanomeline,
which has been tested in combination with trospium, a peripheral
anticholinergic agent, to mitigate the peripheral pro-cholinergic
effects that would limit acceptability. In a phase 2 5-week, double-
blind placebo-controlled randomized trial, xanomeline-trospium had a
statistically significant difference with placebo of -5.9 points in total
psychopathology measured with the positive and negative syndrome
scale (PANSS), with secondary endpoints aligning with the main
outcome.’®! Of note, the most relevant side effects were peripheral
anticholinergic, but they were modest and other adverse events were
minimal. These promising results have substantiated further research,
with four phase 3 clinical trials underway.'®

The other promising compound with a novel mechanism of action
is SEP-363856, a TAAR-1 agonist. TAAR-1 are intracellular receptors
expressed widely in peripheral organs, which in the central nervous
system are particularly expressed in monoaminergic neurons. One of
the effects of this intracellular receptor is to regulate presynaptic
dopamine release capacity. In particular, TAAR-1 agonists effectively
decrease the firing rate of mesolimbic dopaminergic neurons, which

have been involved in the pathophysiology of schizophrenia. In a phase
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2 placebo-controlled randomized clinical trial, SEP-363856, a TAAR-1
agonist, demonstrated superiority compared to placebo, with a
difference with placebo of -7.9 points in total psychopathology
measured with the PANSS. Interestingly, there was a statistical trend
(which did not survive significance correction for multiple comparisons)
that favored this compound in global assessment of functioning, as
well as in negative symptoms. Another important consideration is that
this compound did not seem to have greater effects on extrapyramidal
symptoms and changes in lipid profile, glycated hemoglobin, and
prolactin than placebo.’®? Thus, this compound has shown promise
related to a novel mechanism of action and a tolerability profile that
would provide added value to the antipsychotics currently available in
the market. Currently, there are five phase 3 clinical trials for SEP-
363856 which are expected to provide results by the end of 2022,

beginning of 2023.1%”

THE ROAD AHEAD

The progress in the treatment of schizophrenia described here has
been an iterative process of identifying areas of concern, developing
interventions that showed promise under optimal circumstances, and
finally rolling them out to real-world settings. Some of the progress
described here has been the result of fulfilling this entire cycle,
whereas in other areas more work may be necessary in order to
translate the identification of areas of concern into better outcomes
for those living with schizophrenia in the community. In fact, there
are some areas for which we still struggle to generate interventions
that would show efficacy under optimal testing circumstances,
specifically negative or cognitive symptoms. A broad range of
pharmacological interventions, including antidepressant,'°® stimu-
lant*®” drugs in augmentation of antipsychotics, have been tested
with limited success. Another area of concern are residual symptoms
despite clozapine treatment. To date we do not have effective
interventions for clozapine treatment failures besides adjunctive ECT
and possibly aripiprazole.’*®*** These are examples of critical
barriers in developing therapeutics that hopefully will be better
addressed along with discoveries on their pathophysiological under-
pinnings. However, we believe that for many of the areas of need,
there are interventions that have already shown promise under
optimal testing circumstances, but that have not yet been rolled out
to the real world. We would argue that the most relevant examples
are clozapine and long-acting injectables. The data supporting the
effectiveness of these drugs is as robust as it gets in psychiatry
research, nonetheless they are widely underutilized in the field. For
instance, despite the prevalence of treatment-resistant schizophrenia
being one in three, in the United States the utilization rate of
clozapine (the only drug with regulatory approval for this indication)
is between 1% and 11% of those receiving antipsychotic treatment
for schizophrenia.*’ Similarly, LAls have been consistently associated
with longer time to treatment discontinuation,®® lower risk of
rehospitalization,”® and even lower mortality rates,®®> with no

disadvantage compared to their oral counterparts,’® yet in the

United States their utilization rate is between 4% and 22%.%° Thus,
the road ahead should involve innovation in drug development to
target the pathophysiology of the illness more directly in ways
previously unaddressed, but very importantly to also develop
strategies to overcome the barriers to the utilization of interventions
that have already demonstrated superior effectiveness.
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