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Abstract: Medication nonadherence in schizophrenia can have serious implications including relapses and hospitalization. Long-
acting injectable (LAI) antipsychotics require fewer administrations, while ensuring sustained medication coverage. In this review, we
summarize the expected real-world benefits of longer dosing intervals in the management of schizophrenia. LAls are associated with
improved clinical outcomes of less frequent relapses and reduced functional impairment, encouraging patients to regain control of their
lives. Aripiprazole lauroxil and paliperidone palmitate three-monthly (PP3M) LAIs have longer dosing intervals of 2—3 months and
provide improved outcomes in patients with schizophrenia. Paliperidone palmitate six-monthly (PP6M) LAI provides the longest
dosing interval, twice-yearly dosing, among existing LAls. Decreasing the frequency of LAI administrations has the potential to
reduce occurrence of serious outcomes associated with poor medication adherence. By eliminating the need for daily oral antipsychotic
dosing, LAIs could increase the likelihood of patient acceptance, decrease stigma, and promote self-esteem. Longer intervals of
medication coverage may be desirable for patients with higher risk of relapse including adults with recent-onset schizophrenia, those
living in circumstances that may deprive them of regular access (eg, homeless), those that are in transitions between care settings or to
reduce interpersonal contact during public health emergencies (eg, COVID-19 pandemic).

Keywords: adherence, long-acting injectable, paliperidone palmitate, schizophrenia

Introduction

Schizophrenia is a psychiatric illness with a heterogeneous presentation and an etiology and pathophysiology that are
difficult to decipher. Patients with schizophrenia usually present negative symptom clusters, as well as lasting cognitive
and functional disability.'** Most patients with schizophrenia are unable to reach at least one milestone in their lives, such
as being in a stable relationship, having full-time competitive employment, or having self-supported independent
living.>* Patients with schizophrenia also have a shorter life expectancy due to low levels of physical activity and
associated comorbidities. Schizophrenia elevates the risk for substance abuse, homelessness, suicides, antisocial person-
ality disorder or psychopathy, and aggression or violent behavior that can lead to arrest or incarceration.” Progression of
schizophrenia worsens total functioning and is associated with episodes of partial or full remission interrupted by
relapses that often result in hospitalization and increasing risk of morbidity.>**

Introduced in 1950s, antipsychotics have been the cornerstone of schizophrenia treatment. Complete adherence to
prescribed antipsychotics reduces the severity and frequency of disease symptoms, and nonadherence to oral antipsy-
chotics was soon established to be a most frequent cause of relapse.”® In the early stages of schizophrenia, 40-60%
patients show nonadherence to oral antipsychotics. Subsequently, 74% discontinue treatment by 18 months, and

approximately 42% discontinue within 1 year after the first psychotic episode.””'" Nonadherence is known to have
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severe clinical and public health implications including personal suffering, increased caregiver burden, and utilization of
acute-care services (emergency room, hospitalization).'? Long-acting injectable (LAI) antipsychotics were developed
with an aim to achieve and maintain medication adherence and support better management of schizophrenia symptoms.
LAIs eliminate the need for daily dosing, achieve stable medication exposure, and allow regular monitoring of dose
administration. Furthermore, patients who are adherent to antipsychotics are more likely to be adherent to medications
for comorbid cardiometabolic conditions including antihypertensives, antihyperlipidemics, and antidiabetics, thus pre-
dicting better outcomes.'?

First-generation LAI antipsychotics including haloperidol decanoate, fluphenazine enanthate, fluphenazine decanoate,
clopenthixol decanoate, and perphenazine enanthate have been approved for 1-4 weeks of dosing intervals. Of these,
only generics — haloperidol decanoate and fluphenazine decanoate — are available in the United States. Although these
LAIs offer prospects for improved adherence, lower discontinuation, and readmission rates, their clinical benefits are
compromised by high rates of extrapyramidal adverse effects and tardive dyskinesia that can lead to treatment
discontinuation.'*'> Among patients with schizophrenia, second-generation LAIs have an acceptable safety profile and
an apparent advantage over first-generation LAISs, although efficacy is comparable among both classes of LAIs.'®!”
Dosing intervals with currently available second-generation LAI antipsychotics vary from every 2 weeks (risperidone
microsphere LAI), every 2—4 weeks (olanzapine pamoate), every 4 weeks (aripiprazole monohydrate and paliperidone
palmitate once monthly [PP1M]), every 4-8 weeks (aripiprazole lauroxil), every 3 months (paliperidone palmitate three-
monthly [PP3M]), and every 6 months (with the most recent paliperidone palmitate six-monthly [PP6M] formulation).
When compared with their oral counterparts, second-generation LAI antipsychotics have been shown to achieve longer
treatment continuity, reduced hospitalization, and relapse rates, as well as lower mortality among patients with
schizophrenia.'® 2"

The efficacy of LAI antipsychotics in treating schizophrenia is supported by extensive evidence and long-standing
clinical experience validating their reliable medication delivery, sustained symptom control, and relapse prevention in
patients with schizophrenia.?' " Early introduction of LAls during treatment in recently diagnosed schizophrenia is
associated with meaningful improvements in social functioning.>® LAI formulations are an effective strategy for patients
with schizophrenia who relapse due to nonadherence, as well as to maintain long-term symptom control.>* Longer dosing
intervals may be beneficial in different subgroups, such as patients with recent onset schizophrenia, high-risk of suicide
or with severe psychotic or mood symptoms, as well as those with special circumstances such as limited access to
healthcare (eg, homeless or patients without caregivers, remote communities), socially isolated people, or those with
a history of violence or incarceration who may be more predisposed to be nonadherent.**' Given the increasing
emphasis on treatment continuity, PP6M LAI with a 6-month dosing interval and a unique twice-yearly regimen were
developed to achieve enhanced outcomes in the management of schizophrenia (Table 1). PP6M is intended for patients
adequately stabilized on PPIM or PP3M. In a non-inferiority phase 3 study, PP6M demonstrated relapse prevention
efficacy that was comparable to PP3M.** This review was not intended to be an all-encompassing review article, but
rather key studies have been highlighted to provide an overview of expected real-world benefits of longer dosing

intervals of LAIs, such as adherence in the management of schizophrenia.

Table | Marketed Doses of Paliperidone Palmitate LAls

PPIM Dose PP3M Dose PP6M Dose
Paliperidone Paliperidone Paliperidone Paliperidone Paliperidone Paliperidone
Palmitate (mg) (mg eq) Palmitate (mg) (mg eq) Palmitate (mg) (mg eq)
78 50 273 175 1092 700

17 75 410 263 1560 1000

156 100 546 350 - -

234 150 819 525 - -

Abbreviations: LAI, long-acting injectable; PPIM, paliperidone palmitate |-month formulation; PP3M, paliperidone palmitate 3-month formulation; PP6M, paliperidone

palmitate 6-month formulation.
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The Effect of Longer-Acting LAls on Adherence

The benefits of an LAI and especially an LAI with a longer dosing interval, are best observed in real-world evidence
studies, where typical patient adherence and persistence is imperfect. In this setting, the ability of the clinician to monitor
and intervene in the event of nonadherence distinguishes LAls from oral medications. With individual treatment plans
and routine clinical visits, LAIs with longer dosing intervals reduce the frequency of monitoring and intervention by the
clinician. In a post hoc analysis of real-world studies, patients on LAIs (aripiprazole, fluphenazine, haloperidol,
olanzapine, risperidone, and paliperidone) were 89% more adherent to medications (proportion of days covered [PDC]
>80%; OR [95% CI] 1.89 [1.52-2.35]) than oral antipsychotics and had lower odds of hospitalizations and emergency
room admissions.*® In a cohort analysis of the Truven MarketScan database, patients with schizophrenia on the once-
monthly aripiprazole monohydrate LAI had significantly higher (p<0.001) rates of adherence (PDC >0.80) and a lower
risk of treatment discontinuation when compared with oral antipsychotics.44 Furthermore, in a mirror image study,
switching to aripiprazole once-monthly LAI was associated with significantly lower (6.6% vs 28.1%, p<0.0001)
psychiatric hospitalization rates during a 3-month prospective period compared with the 3-month retrospective period,
when the same patients received oral antipsychotics (rate ratio=0.24).*> Among Medicaid patients with schizophrenia
from 6 states (2010-2015), those receiving once-monthly LAls (aripiprazole monohydrate, olanzapine LAI and PP1M)
had significantly higher odds (OR: 1.28; p<0.001) of being adherent (PDC >80%) to the antipsychotic treatment as
compared to patients receiving oral antipsychotics. Patients receiving the twice-monthly risperidone LAI had higher odds
of being adherent (OR: 1.16) than patients on oral antipsychotics, underscoring the benefits of a medication with a longer
dosing interval. Although the OR of 1.28 and 1.16, is statistically significant it may not always translate into a clinically
significant difference.*® In the pragmatic PRIDE study, the covariate-adjusted mean cumulative function for the number
of treatment failures (p=0.007) and the number of institutionalizations (criminal justice encounters or psychiatric
hospitalizations) (p=0.005) was statistically lower with PP1M versus oral antipsychotics.*” In a retrospective analysis
of six-state Medicaid data of patients who recently experienced a schizophrenia relapse, the odds of at least 1 subsequent
relapse was significantly lower (33%) in patients on PP1M (OR [95% CI]: 0.67 [0.49-0.92]; p=0.013) relative to those on
oral antipsychotics.*® Patients on PP1M also had a 29% (p=0.004) reduction in all-cause inpatient admissions. The mean
proportion of days covered was significantly higher in the PP1M versus the oral antipsychotics cohort (at 6 months:
52.6% vs 46.2%; p=0.013; at 12 months: 41.2% vs 34.7%, p=0.008), suggesting better medication adherence in patients
on PPIM.*® Concordant results were observed in a similar study of patients with a history of schizophrenia relapses
where the probability of an all-cause inpatient admission decreased by 89%, and the total number of inpatient days spent
reduced by 31% (all p<0.01) from pre- to post-PPIM periods.*’ The likelihood of adherence (mean PDC >80%) also
increased by 93% (p<0.001) from pre- to post-PPIM periods.*” In an assessment of the IQVIA™ PharMetrics Plus
claims database, switching patients from oral risperidone or oral paliperidone to PP1M was associated with higher
adherence based on the mean proportion of days covered (pre-PP1M = 0.68 vs post-PP1M = 0.81; mean difference =
0.13, p<0.001), improved comorbidity-related outcomes, and a reduction in the healthcare resource utilization.”® Among
veterans, improved clinical outcomes were also observed in patients with schizophrenia who transitioned from oral
risperidone or paliperidone to PP1M with a significantly lower frequency of inpatient stays (3.5 vs 1.4, p<0.0001) and
a reduced length of inpatient stays (43.4 vs 18.3 days, p<0.0001).>' Similarly, a retrospective analysis of electronic
medical records from Atrium Health showed that initiation of PP1M significantly reduced (p<0.001) inpatient visits
(67.6% to 22.4%), 30-day readmissions (12.4% to 2.4%), and emergency room visits (68.6% to 45.7%) with a more
substantial reduction observed in patients with a prior relapse compared with the overall cohort.”

In an analysis of pharmacy and medical claims data in the Symphony Health Solutions database, patients with
schizophrenia who transitioned from PP1M to PP3M reported reduced healthcare resource utilization.>® Patients initiated
on PP3M demonstrated treatment persistence, with a high proportion of patients (>80%) adherent to their PP3M
treatment (proportion of days covered [PDC] at 6 months >0.80).>® In a similar study of veterans with schizophrenia
transitioning from PP1M to PP3M, a significant increase (p<0.0001) was displayed in adherence from 6 months before
PP3M initiation (PDC: 0.90) to 6 months after PP3M initiation (PDC: 0.97).>* Notably, patients were taking PP1M prior
to switching to PP3M, which indicates that the reduction of injection frequency can have a meaningful impact on
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adherence.”® During the 12-month follow-up period, patients with schizophrenia from a four-state Medicaid database
who transitioned from PP1M to PP3M were 2.4 times more likely to be adherent (p<<0.001) and 4.6 times more likely to
be persistent than patients on PP1M.>> Patients initiated on the longer-acting PP3M had a significantly lower likelihood
of at least one inpatient admission (p=0.0011), at least 1 day with home care services use (p=0.012), and at least 1 day of
other healthcare services as compared to patients in the PPIM cohort.>

A large retrospective analysis of the IBM MarketScan Multi-State Medicaid database in the United States was
performed to evaluate the relapse risk associated with PP1M and PP3M in adult patients with schizophrenia. Treatment
with PP3M was associated with significantly greater rates of adherence as measured by PDC (Figure 1) and a lower risk
of relapse as compared to PP1M and oral PP treatment;’® the relapse rate negatively correlated with the PDC (Figure 2).
The proportion of patients with PDC >80% was 55.3% and 79.7% for patients treated with PP1IM and PP3M,
respectively. Although the rates of adherence in this real-world study were lower than those reported in clinical trials,
visit reminders, blister packs, and extra time spent with study staff, among others, may have contributed to the more
favorable outcomes in the latter.

Impact of Adherence on Comorbidity-Related Outcomes

Being adherent to antipsychotics has been associated with better adherence to cardiometabolic medications and
a potential reduction in emergency department utilization in patients with schizophrenia and pre-existing cardiometabolic
conditions.”” Improved adherence to statins, hypertensives, and beta blockers is associated with a decreased risk of
developing cardiovascular disease (25-19%) and all-cause mortality (29-45%).® In an analysis of a nationwide Finnish
database, the use of first and second-generation LAls reduced discontinuation of statins (adjusted HR [95% CI]J:
risperidone LAI, 0.71 [0.52-0.97]; olanzapine LAI, 0.58 [0.28-1.21] aripiprazole LAI, 0.74 [0.25-2.25], PP1M, 1.19
[0.51-2.76]), antidiabetic (risperidone LAI, 0.29 [0.06—1.53]; olanzapine LAI, 0.38 [0.20—0.73], aripiprazole LAI, 0 0.59
[0.32-1.09], PP1M, 0.37 [0.28-0.50]), and antihypertensives (risperidone LAI, 0.38 [0.21-0.70]; olanzapine LAI, 0.57
(0.45-0.70) aripiprazole LAI, 0.58 [0.34-0.99], PPIM, 0.58 [0.35-0.96]).°° In a retrospective analysis, commercially
insured patients with schizophrenia who transitioned from PP1M to PP3M were less likely to have future claims with
a diagnosis for substance-related and addictive disorders, psychoses, drug abuse, and diabetes without chronic
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Figure 2 Relapse rates by injection frequency at PDC categories.
Abbreviations: PDC, proportion of days covered; PPIM, paliperidone palmitate |-month formulation; PP3M, paliperidone palmitate 3-month formulation.

complications. PP3M patients were likely to be more adherent to antipsychotic medications compared to the period when
they were taking PP1M (OR=2.01, p=0.007).>"

Medication Adherence in Schizophrenia

Medication Continuation Rates with Longer Acting Formulations
It is important to understand the impact of lengthening the duration of dosing from daily to once every 2 weeks (ie, twice
monthly), or once monthly, or three-monthly on medication continuation and the subsequent benefits. In a 2-year follow-
up analysis of the Hungarian National Health Fund database, the median time to discontinuation of second-generation
LAIs was longer as compared with oral formulations: 176 days (risperidone LAI), 287 days (olanzapine LAI); in the case
of PPIM, the discontinuation rate did not reach the median value as more than 50% of the patients stayed on the
treatment during the 2-year observation period. Notably, patients who were treated previously with LAI and switched to
another LAI (373 median number of days to treatment discontinuation not reached) achieved a longer time on treatment
than patients who were either switched from oral treatment or no previous treatment (172 to 503 days).°® More than half
of patients initiated on aripiprazole LAI continued treatment and reported no hospital admissions during the 2-year
follow-up versus the period before treatment initiation in a 4-year real-world study. In an indirect comparison, there were
no significant differences in hospitalization rates between patients on aripiprazole LAI and PP1M at Zyears.61 In
a mirror-image study of normal clinical practice, the use of PP3M in patients clinically stabilized on PPIM was
associated with less frequent re-hospitalization during the 2-year follow-up period.®* Converging with these findings,
the longer-acting LAI PP3M was associated with lower rates of hospitalization and required lower doses of concomitant
medications as compared with the use of oral antipsychotics and shorter-acting LAls — aripiprazole-1-month and
biweekly LAls in a Spanish real-world study.®® In a Medicaid claims database study, adult patients with schizophrenia
using a once-monthly LAI had lower healthcare resource utilization, better adherence (proportion of days covered: 0.56
vs 0.50, p<0.01), and longer median persistence (7.5 months vs 5.5 months) compared to those using twice-monthly
(risperidone) LAL®
once-monthly versus twice-monthly LAI (37.6% vs 29.6%, p<0.01).%*

In a similar analysis of Truven MarketScan Commercial, Medicare Supplemental, and Medicaid Multi-State insur-

Kaplan—Meier rates of antipsychotic treatment persistence at 1 year were higher for patients on the

ance databases, patients treated with PP1M had significantly lower discontinuation rates (36.5% vs 53.3%; p<0.001),
longer days of LAI coverage (233.6 days vs 131.7 days; p<0.001) and were more likely to be adherent than patients on
twice-monthly risperidone LAL® Patients in the PP1M cohort also had reduced odds of hospitalization (adjusted odds
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ratio [95% CIJ: 0.72 [0.55-0.95]), fewer emergency department visits (adjusted incidence rate ratio [aIRR]: 0.67 [0.61—
0.73]), and reduced length of inpatient stay (alRR: 0.86 [0.82—0.90]) compared to the risperidone LAI cohort.®

In a nationwide analysis from South Korea comparing three LAIs—PP1M, risperidone (twice weekly), and haloper-
idol (once every 3—4 weeks)—patients on PP1M showed the highest continuation rates at 6 months (57.5%) versus those
using the shorter-acting LAIs risperidone (34.5%) and haloperidol (36.8%).%

Effect of Longer Acting Formulations on Relapse

Extended dosing intervals are expected to provide a longer medication exposure and optimized patient-centric outcomes.
Aripiprazole lauroxil (1064 mg dose) administered with a 2-month (8-week regimen) dosing interval achieved higher
maximal plasma concentrations versus 4- and 6-week regimens (441 mg [4-week]: 125.8 ng/ml, 882 mg [6-week] 131.1
ng/ml, 1064 mg [8-week]: 140.7 ng/ml). Furthermore, multiple-dose simulations showed that aripiprazole lauroxil
achieved concentrations within the range achieved by 4- and 6-week regimens that demonstrated efficacy in a phase 3
study.®” These findings were further substantiated in a pharmacokinetic study, wherein the 2-monthly aripiprazole
lauroxil LAI provided continuous exposure with the highest average concentration of the drug (140.7 ng/mL) as
compared with the 4- and 6-week regimens.®® Long-term treatment effectiveness of olanzapine monthly LAI when
compared with oral olanzapine showed median time to all-cause discontinuation as olanzapine LAI: 645 days, oral: 678
days (p=0.61), discontinuation rate as olanzapine LAI: 53.8%, oral: 51.2% (p=0.60), and relapse rate as olanzapine LAI:
20.1%, oral: 18.5% (p=0.66).*" A systematic review and network meta-analysis found an absence of clear evidence for
superiority between antipsychotics in terms of relapse prevention or other efficacy outcomes, suggesting clinicians
consider tolerability when choosing an antipsychotic for the maintenance treatment of patients with schizophrenia.”®

A post hoc analysis of three similarly designed primary relapse prevention studies of paliperidone ER, PP1M, and
PP3M was conducted to indirectly compare the three formulations with an aim to determine if longer-acting formulations
provide longer protection from relapse due to nonadherence and premature discontinuation.”' The three studies used
a group sequential design that allowed early termination if significant evidence of efficacy was obtained based on a pre-
planned interim analysis when 50% or 60% of the projected relapse events had occurred. This corresponded to 43 relapse
events in the paliperidone ER study, 68 in the PP1M study, and 42 in the PP3M study. The median time to relapse in the
placebo group during the double-blind phase provided an estimate of how long it would take for a patient with
schizophrenia to relapse after suddenly discontinuing treatment (ie, a nonadherent patient in the real-world). The
estimated median time to relapse in the placebo group was notably longer following the discontinuation of PP3M
(395 days) than after the discontinuation of PPIM (172 days) or oral paliperidone ER (58 days) (Figure 3).”!

Thus, a progressive increase in the estimated median time to relapse was observed that equated with the dosing
intervals of the LAIs, suggesting that longer the dosing interval, longer the protection from relapse after discontinuation.
Indirectly, this suggests that PP6M may offer an advantage over PP3M, PP1M (and paliperidone ER) in patients with
schizophrenia who are nonadherent or vulnerable to relapse by potentially allowing more time for the healthcare
treatment team to identify a patient who has missed an injection and to resume treatment prior to a relapse.

Effect on Quality of Life and Functionality

Functional remission along with adequate subjective well-being, quality of life, and treatment satisfaction are increas-
ingly valued as important components of full clinical remission in schizophrenia.”* The convenience of LAIs is expected
to have a greater impact on social functioning and quality of life that contribute to the overall clinical stability in patients
with schizophrenia. Furthermore, by reducing hospitalizations and improving medication adherence, LAls can improve
long-term functionality and facilitate better social integration and patient empowerment. In a real-world observational
study, early introduction of PP3M in recently diagnosed schizophrenia was associated with clinically meaningful
improvements in social functioning and high level of treatment satisfaction, while maintaining symptomatic stability.>®
Comparable findings were also observed in a 52-week naturalistic study wherein patients on continued use of PP3M
achieved both symptomatic and functional remissions.?® Furthermore, switching from a shorter LAI (PP1M) to a longer
LAI (PP3M) was associated with meaningful gains in symptom control and other aspects of schizophrenia management
including quality of interpersonal communications (with physician, nurse, family, friends, and other people), patient
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activity, and reductions in caregiving time to support the patient.”” These observations place importance on early
initiation and inclusion of LAIs in long-term treatment plan to address needs of patients with schizophrenia.

Effect of Longer Acting Formulations on Patients with Recent-Onset Schizophrenia

Treatment with LAIs has been shown to promote white matter development in patients with recent-onset schizophrenia,
and therefore, potentially impede biological trajectories of decline into more chronic disease states.”*”> Despite their
benefits, LAls are often introduced later in the treatment course often in response to treatment failure, hospitalizations, or
nonadherence. In a retrospective analysis of the large Truven Health Analytics MarketScan Medicaid, commercial, and
Medicare databases, timely initiation (within the first year of a new schizophrenia episode) versus delayed initiation
(>1 year following a new episode) of LAIs was associated with reduced all-cause hospitalization rates and healthcare
utilization costs.”® These findings concur with European studies that have shown superior healthcare outcomes and
enhanced medication adherence to LAI treatment in patients with recent-onset schizophrenia, highlighting the benefits of

LAI use during early illness, a crucial period that determines the course and future outcomes of schizophrenia.’”-’®

Effect of Longer Acting Formulations on Other Specific Sub-Populations
Patients with schizophrenia and a history of recent incarceration are more likely to experience another arrest or
incarceration as a treatment failure event rather than hospitalization or change in medication, consistent with the high
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rates of incarceration of the mentally ill in the United States.””®® Previously incarcerated individuals with psychotic
disorders including schizophrenia also have a higher risk of repeat offending. The risk of repeat offending among
individuals with psychosis was observed to be 60% higher compared to those without a psychiatric disorder (OR=1.6,
95% CI=1.4-1.8).%!

A combination of personalized behavioral interventions and LAI antipsychotics was associated with reduced rates of
substance abuse and incarceration and improvements in medication adherence in homeless individuals with serious
mental illnesses.®” In the PRIDE study, a 15-month prospective, real-world, randomized, comparative study of daily oral
antipsychotics vs the PP1M LAI, PP1M delayed the median time to treatment failure (HR, 1.43; 95% CI, 1.09-1.88; log
rank p=0.011). The results showed the longest period to relapse in the PP1M group. Also, the percentage of therapeutic
failures in the PP1M group was also lower than in the group of orally treated patients (39.8% vs 53.7%). This, in turn,
could decrease the chances of institutionalization in hospitals and incarceration, as continuous and effective treatments
may reduce patients’ risk for relapse.*’

In a study of jail records of Summit County, Ohio, patients treated with LAI antipsychotics after the initiation of
treatment had a significantly lower risk of criminal justice encounters compared with the period prior to LAI initiation
(relative risk [95% CIJ: 1 year, 0.74 [0.59-0.93]; p<0.01; 2 years, 0.74 [0.62-0.88]; p<0.0001).** In a retrospective
community-based study comparing the pre- versus the post-LAI antipsychotic initiation period, a decline in the overall
incidence of arrests from 8.7 (6-month), 13.5 (1-year), and 20.0 (2-year) to 7.5, 10.0, and 14.8 per 100 persons was
observed at 6 months, 1 year, and 2 years, respectively.®

Mental illnesses including schizophrenia are among the most common risk factors for homelessness, which further
acts as a psychosocial barrier in the management of schizophrenia.®® In a retrospective analysis of electronic health
record data from the Veteran’s Health Administration, PP1M treatment in veterans with schizophrenia was associated
with a lower likelihood of homelessness (OR = 0.82, p<0.001) compared to oral atypical antipsychotics.*® Furthermore,
transitioning from oral antipsychotics to LAIs was also associated with improvements in criminal behavior, medication
adherence, spirituality, and housing stability in a safety-net population of individuals experiencing trauma, homelessness,
incarceration, and poverty.®’

Effect of Longer Acting Formulations on Caregiver Burden

Suboptimal adherence and persistence of symptoms in patients with schizophrenia is associated with increasing burden
on caregivers. In a national survey, caregivers of patients with schizophrenia in the United States, who considered
themselves responsible for the patient’s adherence and treatment, identified fewer barriers with LAI use and viewed the
patients as more capable of being treatment adherent when on LAIs.*® As seen from data pooled from two large clinical
trials, caregiver burden can be substantially reduced by switching from an oral antipsychotic to either PP1M or PP3M.*
In the pragmatic REMISSIO study, patients stabilized on PPIM prior to the start of the study had mild-to-moderate
caregiver burden, which reduced significantly (p<0.0001) when the patients were switched from PP1M to reduced dosing
frequency with the longer acting PP3M.”® Post hoc analyses of a prospective phase 4 study conducted in patients with
schizophrenia from the People’s Republic of China, who switched from oral antipsychotics to PP1M displayed
substantial reduction in the caregiver burden.”! A pooled analysis in Asian patients also established that choosing either
PP3M or PPIM reduced the psychosocial burden associated with caregiving.”

Development of a Twice-Yearly Long-Acting Injectable
The extensive clinical database of PP1M and PP3M LAIs has supported the development of the modified, longer acting
LAI PP6M. PP6M was developed as a dorsogluteal intramuscular injection and is currently the only 6-monthly LAI
antipsychotic approved by the US Food and Drug Administration for the treatment of schizophrenia in adults.

Efficacy of PP6M was evaluated in a 12-month, randomized, double-blind, non-inferiority phase 3 global study from
20 countries that randomized 702 adults (ages 18—70) living with schizophrenia. Patients were required to be stabilized
with PP1M for at least 4 months or at least one injection cycle of PP3M before receiving PP6M. Clinically stabilized
adult patients were randomized in a 2:1 ratio to receive PP6M (478 patients) or PP3M (224 patients). The results
displayed non-inferiority of PP6M compared to PP3M on the primary endpoint of time to first relapse at the end of the
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12-month period. Results demonstrated that 92.5% of patients treated with PP6M and 95% of those treated with PP3M
were relapse-free at 12 months. The safety profile observed in the trial was consistent with previous studies of PP1M and
PP3M with no new safety signals emerging.*?

The unique proposition of PP6M is that patients need to receive an injection just twice per year. Decreasing the
number of injections (lesser number of injections) is very useful for patients, considering convenience, especially for
patients facing transportation issues to their healthcare provider (HCP) or injection center, patients living in rural areas
with a low density of HCPs or injection centers. Some patients may prefer telehealth appointments and visit their HCPs
or injection nurses less often. Patients with busy schedules may perceive frequent injections as a nuisance. Nevertheless,
regular contact between patients and clinicians plays an important role in adherence to treatment. Therefore, the time
saved for administration can be utilized for other therapeutic activities like rehabilitation and psychotherapy. Also, the
PP6M administration schedule provides a more flexible dosing window compared to PP3M and PP1M to help avoid
a missed maintenance dose.

Continuous exposure via an effective long-acting antipsychotic medication like PP6M may improve adherence and
stabilize adult patients with schizophrenia and related comorbidities, thus preventing them from relapsing and/or
requiring hospitalization and reducing caregiver/family burden. Although nonadherence is pervasive in schizophrenia,
there are sub-populations that are specifically vulnerable, eg, homeless patients, patients with a history of violence or
incarceration, patients at high risk of suicide due to nonadherence, patients in underserved rural areas with limited access
to psychiatric care, and recent-onset patients. Fewer injections are associated with lesser social stigma, which is also
a barrier in patients with severe mental illness. Thus, longer acting LAIs can potentially reduce the burden on patients,
their families, caregivers, as well as the treating clinician.

Effect of Longer Acting LAIls in Public Health Emergencies Such as
COVID-19

The Coronavirus Disease 2019 (COVID-19) global outbreak has unprecedented implications on the management of
psychiatric illnesses including schizophrenia, necessitating treatment evolution to minimize the impact of psychosocial
adversities and maintain continuous treatment monitoring. A clinical guideline recently issued by Serious Mental Illness
(SMI) Adviser (an initiative from the American Psychiatric Association [APA] and the Substance Abuse and Mental
Health Services Administration [SAMHSA]) suggested that longer acting formulations of antipsychotics may be helpful
to limit the possibility of exposure to coronavirus.**** Older patients or those with pre-existing conditions, people in self-
quarantine or isolation at their home, group home, or facility are particularly of concern. Under these circumstances, it is
recommended that patients should have as few direct interpersonal contacts as medically prudent, while maintaining
treatment continuity. Some solutions proposed to reduce the number of visits include switching patients on risperidone
LAI (twice-monthly dosing) to PPIM or PP3M and switching patients on PP1M to PP3M. Thus, improved access to
LAIs is recommended in the prevention of relapses in patients with previous nonadherence and for young patients in the
early stages of schizophrenia, ensuring treatment continuity during pandemic restrictions.

Co-occurring medical conditions, such as heart disease, liver disease, and diabetes, contribute to the higher premature
mortality rate among individuals with schizophrenia.”**> The American Psychiatric Association (APA) Committee on
Psychiatric Dimensions of Disaster and COVID-19, therefore, encourages hospitals and other facilities to include the
ongoing use of LAIs for patients with high-risk chronic illness as a necessary procedure.”® The APA focuses on treatment
continuity to reduce the risk of serious consequences (eg, hospitalization, relapse, agitation, violence, etc.). Tele-
psychiatric practices (remote consultation via telephone or audio/visual platform, including motivational interviewing)
and virtual follow-ups after LAI administration will be an essential part of schizophrenia management that could also
continue post-pandemic. Psychiatrists may need to adopt a collaborative care approach with telehealth consultations by
including general medical health services and counselling on cardiovascular health and comorbidities.”” Thus, longer-
acting LAIs such as PP6M can greatly assist this model by reducing the need for patients with schizophrenia to come into
the clinic biweekly, monthly or 3-monthly, and substantially decreasing the risk of contact and exposure during the
pandemic. LAIs are extremely beneficial in a healthcare setting where there is an acute shortage of staffing as alternative
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models of care (eg, visiting injection nurses or mobile clinics) can be implemented. The once-every-6-months dosing
frequency of PP6M could help ensure medication continuity in these patients and offer sustained symptom control.

Conclusion

In conclusion, having more LAI treatment options available for patients with schizophrenia will help achieve treatment
continuity, relapse prevention, and reduced functional impairment via improved consistent medication delivery for
extended intervals (or periods). Notably, having fewer (less frequent) injections is important to patients. Thus, there is
evidence supporting the development of longer LAIs with extended dosing intervals to optimize clinical outcomes and
address challenges in the management of schizophrenia. These longer acting treatments can have an advantage over
existing oral or other LAIs in providing a longer safety net for clinicians to intervene and resume treatment, thereby
reducing occurrences of more serious outcomes (eg, relapse and hospitalization) in vulnerable patients with schizo-
phrenia who are nonadherent. By virtue of assured medication delivery, sustained therapeutic effects, and the reduced
frequency of injections, longer-acting LAIs are expected to result in meaningful clinical benefits in terms of improved
patient adherence and reduced risk of relapse compared with oral or other LAI antipsychotics. These LAls may also
provide a unique treatment option for adult patients with recent-onset schizophrenia, who are more likely nonadherent to
antipsychotic medications and who may benefit more from consistent antipsychotic coverage to help prevent relapse.
Fewer injections could also positively influence patient preference and help overcome social stigma associated with LAI
use.”® Less frequent dosing may also be advantageous for patients from access-deprived rural areas who may receive
services through telepsychiatry but have infrequent in-person contact with healthcare professionals. By preserving
functionality and boosting self-esteem and overall quality of life, patients may be more accepting of the patient-
centered care offered by PP6M and other longer-acting LAIs to achieve meaningful life goals. Nonetheless, further
studies, two-arm head-to-head superiority trials, and mirror studies, based on real-world samples of patients, are needed
to assess long-term safety, impact on quality of life and on functioning, and to define patient sub-populations that would
benefit maximally from this new option of treatment. Large pragmatic trials, longer follow-up studies, etc. are needed to
elucidate the true clinical benefits of PP6M and other longer acting injectable antipsychotics.

Expert Opinion

Antipsychotic medications are a mainstay of schizophrenia management; however, nonadherence can lead to increased
number of relapses and exacerbation of symptoms. The consequences of exacerbation and increase of relapses caused by
nonadherence to antipsychotic medication may include hospitalization, aggressive behavior, substance abuse, suicide,
and disease progression. Addressing treatment nonadherence has been the catalyst for research and development of long-
acting injectable (LAls) medications. LAIs reduce risk of nonadherence, allowing healthcare professionals to monitor
and intervene appropriately if patients fail to take their medication.'>'* Longer dosing regimens help patients with
schizophrenia and their healthcare teams to focus less on medication administration and more on other aspects of their
treatment plans, such as psychosocial interventions and physical health.'*'? Other benefits include more consistent
bioavailability, predictable correlation between dosage and plasma levels, reduced peak-trough plasma levels, improved
patient outcomes, improved patient and physician satisfaction, lower relapse rates, and more regular contact with the
mental healthcare team.*> 33775 For most LAI the administration schedule also provides a more flexible dosing window
to help avoid a missed maintenance dose compared to oral treatments.

Although LAI antipsychotics are often prescribed to patients with chronic schizophrenia who have been unable to
adhere to oral medications, there is strong evidence supporting the use of LAI antipsychotics earlier in the disease
process. Patients with recent-onset schizophrenia, who are more likely nonadherent to antipsychotic medications, may
benefit from consistent antipsychotic coverage with LAIs to help prevent relapse, leading to improvements mid- and
long-term in outcomes, especially in the first 2 to 3 years of illness.

Although LAIs have several therapeutic advantages over oral antipsychotics, their use may be limited by lack of
awareness and negative perceptions including dose selection, time of initiation, resource and cost issues, stigma, and fear
of needles.”” Educating clinicians, patients, and families/caregivers on the usage and potential benefits of LAls can

increase familiarity and its acceptance.'®%'""!
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LAI formulations that provide optimal efficacy to support early use, less frequent injection for better patient
convenience, and improved safety and tolerability profiles are the current advances in this field. Currently, the PP6M
LAI has the longest available dosing interval of 6 months and is intended for use in stable patients with schizophrenia
who have been adequately treated with PP1M and PP3M for at least 4 and 3 months, respectively. Findings from real-
world observational studies have shown that early introduction of PP3M in patients with recently diagnosed schizo-
phrenia was linked to clinically significant improvements in social functioning and a high degree of treatment satisfac-
tion, while maintaining symptomatic stability.”®® Studies revealed that patients preferred less-frequent injectable over
daily orals and preferred to switch from PP1M to PP3M, a less frequent and longer dosing intervals option.'®* Similarly,
the twice-yearly dosing regimen of PP6M represents a significant advancement over existing treatments for schizo-
phrenia and therefore would allow patients with limited access to healthcare due to geographic or economic factors,
pandemics such as COVID-19 and healthcare facilities anticipating or experiencing staffing shortages to have more
consistent treatment coverage. Its widespread use will require a paradigm shift in how clinicians and patients place oral
antipsychotics and LAIs in the management of schizophrenia.

Further long-term studies are warranted that can assess LAI treatment safety and impact on patients’ adherence,
functioning, quality of life and satisfaction versus oral daily antipsychotics. Similarly, further studies in special
populations (eg, young adults) could help to define new patient sub-populations that would benefit maximally from
this new option of treatment. Adopting LAIs can be an impactful decision towards improved quality of life and
overall outcomes for patients with schizophrenia and can potentially reduce overall costs and caregiver burden in the
future.
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