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Learning Objectives

• Review evolving hypotheses on the neurobiology 
and treatment of schizophrenia

• Employ novel treatments for the management of 
schizophrenia

• Determine how to improve medication adherence 
for patients with schizophrenia



Agenda

• Can we treat psychosis without directly blocking 
dopamine receptors?

• New solutions for side effects
• Improving adherence
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Neurotransmitter Systems Linked to Psychosis



Schizophrenia: The Classical Dopamine Story

• For over 50 years, psychosis, particularly 
auditory hallucinations and paranoid 
delusions, have been thought to be the 
result of hyperactivation of the 
dopaminergic mesolimbic pathway

• The mesolimbic pathway projects from 
the ventral tegmental area (VTA) to the 
ventral striatum

• The dorsal striatum is not thought to be 
affected by this hyperactivity because it 
is innervated via the nigrostriatal 
pathway from the substantia nigra and 
controls motor movements

Stahl SM. CNS Spectr 2018;23(3):187-91.



Schizophrenia: What About Glutamate?

• Psychosis in schizophrenia may be the 
result of hypofunctional NMDA receptors 
on GABA interneurons in the cerebral 
cortex 

• This hypofunction may lead to 
overactivation of downstream glutamate 
signaling to the ventral tegmental area

• Overactivation of this pathway may result 
in turn in excess dopamine in the ventral 
striatum via the mesolimbic pathway

Stahl SM. CNS Spectr 2018;23(3):187-91.



Schizophrenia: What About Serotonin?

• Psychosis can be the result of 
hyperactivation of 5HT2A receptors on 
glutamate neurons

• This hyperactivation may be due to excess 
serotonin, upregulated 5HT2A receptors, 
or a psychedelic hallucinogenic 5HT2A 
agonist, all of which could lead to 
downstream release of glutamate

• Glutamate release in the VTA may activate 
the mesolimbic pathway, resulting in 
excess dopamine in the ventral striatum

Stahl SM. CNS Spectr 2018;23(3):187-91



Schizophrenia: All Roads Lead to Dopamine

• Can block dopamine receptors directly and treat psychotic symptoms
• This is how we believe currently available antipsychotics work

• Can modulate the glutamatergic pathway, and hence modulate dopamine
• In theory, yes 
• In reality, NMDA and other glutamate receptor modulators have failed in trials of 

the treatment of schizophrenia
• Can antagonize serotonin 5HT2A receptors 

• Almost all SGAs already do this, in combination with at least some D2 receptor 
antagonism

• Pimavanserin, a 5HT2A/5HT2C antagonist/inverse agonist, can treat Parkinson’s 
disease psychosis, is being studied for dementia-related psychosis, and has been 
used to augment antipsychotic response in schizophrenia

McCutcheon RA et al. World Psychiatry 2020;19(1):15-33;
Kantrowitz JT. CNS Drugs 2020;34(9):947-59.



Schizophrenia: 
The Roads Less Travelled (Until Now)

• Trace amine-associated receptors 
(TAAR) are predominantly 
intracellular receptors that 
modulate neurotransmission in 
monoaminergic neurons

• Pre- and post-synaptic effects are 
possible

• Crosstalk between the dopamine 
and TAAR1 systems is complex 
and is not fully understood

Krogmann A et al. CNS Spectr 2019;24(S1):38-96;
Gainetdinov RR et al. Pharmacol Rev 2018;70(3):549-620.



Ulotaront: An Agonist at TAAR1 Receptors

• Agonist at TAAR1 receptors; it also 
has 5HT1D, 5HT1A, and 5HT7 
receptor binding properties

Stahl SM. Stahl’s essential Psychopharmacology. 5th ed. 2021.



Ulotaront

• Randomized, double-blind, placebo-
controlled 4-week, flexible-dose study 
comparing effects of SEP-363856 (50 or 
75 mg/day) to placebo in patients with an 
acute exacerbation of schizophrenia

• The mean difference in the change from 
baseline in the PANSS negative subscale 
score at week 4 was -1.5 (95% CI, -2.6 to -
0.4)

• AEs: somnolence and gastrointestinal 
symptoms; EPS and metabolic outcomes 
no differences from placebo

Koblan KS et al. N Engl J Med 2020;382(16):1497-506.

PANSS Total Score



Schizophrenia: 
The Roads Less Travelled (Until Now)

• Muscarinic modulation 
of dopamine and 
glutamate is also a 
therapeutic target

• Technological challenge 
is to develop an agonist 
that will work in the brain 
without causing 
gastrointestinal (GI) 
symptoms

Krogmann A et al. CNS Spectr 2019;24(S1):38-96;
Shin JH et al. Proc Natl Acad Sci U S A 2015;112(26):8124-9.

The proposed model considers the existence of midbrain axonal projections that 
release DA only (left), DA + glutamate (middle), and glutamate only (right)

CIN: cholinergic interneurons; SPN: spiny projection neuron

Dopamine (DA) Glutamate (Glu)



M1/M4 Muscarinic Agonists for the Treatment of 
Schizophrenia

• M2/M3 receptors are the major peripheral subtypes hypothesized to 
underlie dose-limiting clinical side effects (e.g., GI)

• Patients with schizophrenia have lower levels of muscarinic M1 
receptors, muscarinic M4 receptors, or both receptors in the cortex, 
hippocampus, and striatum

• Xanomeline is a muscarinic M1/M4 agonist that improved Brief 
Psychiatric Rating Scale (BPRS) and Positive and Negative Syndrome 
(PANSS) scores in patients with schizophrenia

• GI side effects limited further clinical development
• Ultimately, the addition of trospium made this viable; trospium is a muscarinic 

receptor antagonist that has minimal, if any, penetration of the blood brain barrier, 
blocking unwanted peripheral cholinergic side effects of xanomeline

Dean B, Scarr E. Psychiatry Res 2020;288:112989;
Shekhar A et al. Am J Psychiatry 2008;165(8):1033-9. 



Efficacy and Safety of KarXT

Brannan SK et al. N Engl J Med 2021;384(8):717-26.



Schizophrenia: 
The Roads Sort of Well Travelled (and Failed)

Miyamoto S, et al. Mol Psychiatry. 2012;17(12):1206-27.
Bugarski-Kirola D, et al. Lancet Psychiatry. 2016;3(12):1115-1128.  

• GlyT1 inhibition can increase 
the availability of glycine at the 
NMDA receptor, increasing the 
functioning of a 
“hypofunctioning” NMDA 
receptor

• This may lead to improvement 
in cognitive impairment 
associated with schizophrenia 
and/or negative symptoms 
and/or antipsychotic 
augmentation (however, 
bitopertin was unsuccessful in a 
large Phase 3 development 
program)



Another Attempt Being Made With BI 425809

Fleischhacker WW, et al. Lancet Psychiatry. 2021;8(3):191-201. 

• Randomized, double-blind, placebo-controlled 
add-on once-daily oral BI 425809 2 mg, 5 mg, 
10 mg, or 25 mg or placebo (1:1:1:1:2) for 12 
weeks instable patients with schizophrenia

• BI 425809 improved cognition; doses of 10 mg 
and 25 mg showed the largest separation from 
placebo. 

• Generally well tolerated; the frequency of AEs 
similar between treatment groups; dose-
dependent reduction in haemoglobin levels 
was observed (an expected class effect of 
GlyT1 inhibitors) 



Schizophrenia: 
The Roads Well Travelled (With a Twist)

• Lumateperone approved 
12/23/2019

• Sixty-fold higher affinity to 
5HT2A than to D2 
receptors

• Modest levels of dopamine 
receptor occupancy (30–
40%)

Snyder GL et al. Psychopharmacology (Berl) 2015;232(3):605-21.



D2 Occupancy of Lumateperone and Other 
Antipsychotics

Vanover KE et al. Neuropsychopharmacology 2019;44(3):598-605.

Drug Dose Range Mean D2 Receptor Occupancy 
in Caudate and Putamen a

Lumateperone 60 mg/day ~40%
Clozapine 75–90 mg/day 48–61%
Quetiapine 150–750 mg/day 30–62%
Ziprasidone 40–160 mg/day 56 to >59%
Risperidone 4 mg/day 72–81%
Olanzapine 5–60 mg/day 61–80%
Lurasidone 40–80 mg >65%
Cariprazine 1.5–3 mg/day 69 to >99%
Aripiprazole 10–30 mg 88–90%
a Measured by displacement of [11C]-raclopride



Lumateperone: Placebo-Controlled Clinical Trials

Randomized 
Controlled Trial

Sample 
Size Design Primary Endpoint Results

005 N=335 60 mg ITI-007, 120 mg ITI-007, 4 mg 
risperidone, or placebo for 4 weeks

60 mg dose: significant improvement over 
placebo at Day 28 on PANSS total score

301 N=450 60 mg ITI-007, 40 mg ITI-007, or 
placebo for 4 weeks

40 and 60 mg dose: significant improvement 
over placebo at Day 28 on PANSS total score

302 N=696 60 mg ITI-007, 20 mg ITI-007, 4 mg 
risperidone, or placebo for 6 weeks

Neither dose of ITI-007 separated from 
placebo at Day 28 on PANSS total score a

a High placebo response in Study 302. ITI-007: lumateperone; PANSS: Positive and Negative Syndrome Scale.

Vanover K et al. CNS Spectr 2019;24(1):190-1;
Correll CU et al. JAMA Psychiatry 2020;77(4):349-58.

Lumateperone has a favorable safety profile; the most common adverse effects (≥5%) are 
somnolence, sedation, fatigue, and constipation  



Schizophrenia: 
Other Roads, Some Leading to Nowhere

• Phosphodiesterase 10A (PDE10A) inhibition 
• Sigma 2/5HT2A antagonism 
• d-amino acid oxidase (DAAO) inhibition
• α7 nicotinic acetylcholine receptor modulation
• Cannabinoid receptor antagonism

Krogmann A et al. CNS Spectr 2019;24(S1):38-96;
Koola MM. Hum Psychopharmacol 2021;36(1):1-16.



Agenda

• Can we treat psychosis without directly blocking 
dopamine receptors?

• New solutions for side effects
• Improving adherence



Side Effects of Treatments for Schizophrenia Can 
Impose a Significant Overall Burden on Patients

77% 61% 30%reported medication
side effects

reported impairment
in their daily life

as a result of
medication side effects

reported moderate
or severe impairment
in their daily life as a 

result of medication side effects

In a study of 1825 participants with psychosis: 

Morgan VA et al. Aust N Z J Psychiatry 2012;46(8):735-52. 



Side Effects of Treatments for Schizophrenia Can 
Impose a Significant Overall Burden on Patients

Morgan VA et al. Aust N Z J Psychiatry 2012;46(8):735-52; Awad AG, Hogan TP. Acta 
Psychiatr Scand Suppl 1994;380:27-32; Barnes TR, Schizophrenia Consensus Group of 

British Association for Psychopharmacology. J Psychopharmacol 2011;25(5):567-620.

77% 61% 30%reported medication
side effects

reported impairment
in their daily life

as a result of
medication side effects

reported moderate
or severe impairment
in their daily life as a 

result of medication side effects

In a study of 1825 participants with psychosis: 

Side effects—disabling; markedly affect quality of life

If not addressed early, side effects can cause long-term distress and 
contribute to chronic health complications

Small shift in functional status—may have marked effects on quality of life



Unfortunately, Patients With Specific AE Risk Factors 
Are Often Treated With Agents Associated With That AE
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Citrome L et al. Neuropsychiatr Dis Treat 2015;11:3095-104.



Suboptimal Choices Are Made Because of a 
Very Limited Number of Options for Patients at Risk

Citrome L et al. Neuropsychiatr Dis Treat 2015;11:3095-104.

5%–25% in college or other school
20%–55% with part or full-time jobs
60% fatigue, 47% sedation

Segment 3
Need to avoid excessive 
sedation

Aripiprazole, iloperidone, paliperidone, ziprasidone
4 options

34%–58% extrapyramidal symptoms
7%–35% akathisia

Segment 4
High risk of extrapyramidal 
symptoms / akathisia

Iloperidone, quetiapine
2 options

22% diabetes
13% cardiovascular disease
23%–53% overweight
18%–40% orthostatic hypotension
3%–5% QTc prolongation

Segment 1
Diabetes, cardiovascular 
disease, overweight, 
orthostatic hypotension, QTc 
prolongation

Aripiprazole, asenapine, lurasidone, paliperidone
4 options

31%–39% increased prolactin
52% osteoporosis, 40% osteopenia
30%–80% sexual dysfunction
18% menstrual irregularities

Segment 2
Considerations related to 
prolactin elevation

Aripiprazole, asenapine, iloperidone, lurasidone, 
olanzapine, quetiapine, ziprasidone
7 options

Individual Patient
Segments Having:

Tolerable Treatment Options
(prior to the availability of brexpiprazole, 
cariprazine, or lumateperone)

Proportion of Patients with
Schizophrenia within a Segment



Treatment Options Are Even More Limited for Patients With 
Multiple Commonly Co-occurring Risk Factor Segments

High risk of 
extrapyramidal 
symptoms / akathisia

3 and 4Need to avoid excessive 
sedation

Iloperidone
1 option combining segments 3 and 4

High risk of 
extrapyramidal 
symptoms / akathisia

1 and 4

Diabetes, cardiovascular 
disease, overweight, 
orthostatic hypotension, QTc 
prolongation

No options combining segments 1 and 4

Considerations related 
to prolactin elevation1 and 2

Diabetes, cardiovascular 
disease, overweight, 
orthostatic hypotension, QTc 
prolongation

Aripiprazole, asenapine, lurasidone
3 options combining segments 1 and 2

Considerations related 
to prolactin elevation3 and 2Need to avoid excessive 

sedation
Aripiprazole, iloperidone, ziprasidone
3 options combining segments 3 and 2

Patients with Characteristics from Multiple Segments
Tolerable Treatment Options
(prior to the availability of brexpiprazole, 
cariprazine, or lumateperone)

Citrome L et al. Neuropsychiatr Dis Treat 2015;11:3095-104.



Updated Treatment Options for Patients With Multiple
Commonly Co-occurring Risk Factor Segments

High risk of 
extrapyramidal 
symptoms / akathisia

3 and 4Need to avoid excessive 
sedation

Can also now consider 
brexpiprazole

Iloperidone
1 option combining segments 3 
and 4

High risk of 
extrapyramidal 
symptoms / akathisia

1 and 4

Diabetes, cardiovascular 
disease, overweight, 
orthostatic hypotension, QTc 
prolongation

Can also now consider 
brexpiprazole or

lumateperone

No options combining segments 
1 and 4

Considerations related 
to prolactin elevation1 and 2

Diabetes, cardiovascular 
disease, overweight, 
orthostatic hypotension, QTc 
prolongation

Can also now consider 
brexpiprazole,
cariprazine, or
lumateperone

Aripiprazole, asenapine, lurasidone
3 options combining segments 1 
and 2

Considerations related 
to prolactin elevation3 and 2Need to avoid excessive 

sedation

Can also now consider 
brexpiprazole or

cariprazine

Aripiprazole, iloperidone, 
ziprasidone
3 options combining segments 3 
and 2

Patients with Characteristics from Multiple Segments Tolerable Treatment Options

Updated from Citrome L et al. Neuropsychiatr Dis Treat 2015;11:3095-104.



Let’s Make Olanzapine Great Again
Mitigation of olanzapine-induced weight gain with samidorphan, an opioid antagonist

a Error bars indicate standard error; b p<0.05 compared with olanzapine plus placebo; c p<0.01 compared with olanzapine plus placebo.

In vitro, samidorphan 
binds with high affinity 
to human μ-, κ-, and 
δ-opioid receptors and 
acts as an antagonist 
at μ-opioid receptors 
and a partial agonist 
at κ- and δ-opioid 
receptors

Olanzapine plus placebo (N=74)
All Olanzapine plus samidorphan (N=225)
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Change in body weight from baseline for patients treated with olanzapine plus samidorphan or with 
olanzapine plus placebo, by visit, during the 12-week treatment and extension phases a

12-Week Treatment Phase

103 7 91 5

b c

Martin WF et al. Am J Psychiatry 2019;176(6):457-67.



Olanzapine-Samidorphan Combination

https://www.lybalvi.com/lybalvi-prescribing-information.pdf; Citrome L, et al. Neuropsychiatr Dis Treat. 2021;17:2885-2904.

• Approved by FDA June 1, 2021 for the treatment of schizophrenia in 
adults, bipolar I disorder in adults (includes acute treatment of manic or 
mixed episodes as monotherapy and as adjunct to lithium or valproate, 
and maintenance monotherapy treatment)

• Contraindications: Patients using opioids or patients undergoing acute 
opioid withdrawal

• Available strengths (olanzapine/samidorphan): 5 mg/10 mg, 10 mg/10 
mg, 15 mg/10 mg, 20 mg/10 mg

• Drug-drug interactions: Strong CYP3A4 inducers - not recommended; 
strong CYP1A2 inhibitors - consider dosage reduction of olanzapine 
component of olanzapine/samidorphan; CYP1A2 inducer - consider 
dosage increase of the olanzapine component of 
olanzapine/samidorphan



Agenda

• Can we treat psychosis without directly blocking 
dopamine receptors?

• New solutions for side effects
• Improving adherence



When Treatments Fail

• Wrong diagnosis and thus incorrect treatment
• Wrong dose of the right medication
• Inadequate duration of treatment
• “Treatment resistance”
• Think about nonadherence

Nosé M et al. Psychol Med 2003;33(7):1149-60;
Weiden P et al. Psychiatr Serv 1995;46(10):1049-54.



When Treatments Fail

• Wrong diagnosis and thus incorrect treatment
• Wrong dose of the right medication
• Inadequate duration of treatment
• “Treatment resistance”
• Think about nonadherence

Nosé M et al. Psychol Med 2003;33(7):1149-60;
Weiden P et al. Psychiatr Serv 1995;46(10):1049-54.

Medication adherence is poor across most chronic physical 
and psychiatric disorders

~ 75% of patients with schizophrenia become nonadherent 
within 2 years of hospital discharge



Unfortunately, We Overestimate Adherence
• Nonadherence viewed as failure → consistent bias to 

overestimate adherence/underestimate nonadherence
• We assume lack of adequate response as “treatment-resistance” 

and lack of efficacy for the antipsychotic for that patient
• This is a possible explanation for high dosing of antipsychotics, 

polypharmacy with other antipsychotics, and combination treatment with 
anticonvulsants 

• This is a no-win cycle: adherence is even more of a challenge with 
complex regimens

• Poor adherence to antipsychotic medication is common 
and likely exists in your practice

• Poor adherence will drive poor outcomes

Velligan DI et al. Psychiatr Serv 2007;58(9):1187-92.



Risk Factors for Nonadherence 
(but differs for each patient and can change over time)

Velligan DI et al. J Clin Psychiatry 2009;70(Suppl 4):1-48;
Lee S et al. Soc Sci Med 2006;62(7):1685-96. 

Patient-related
• Poor insight
• Negative attitude toward medication 
• Prior nonadherence 
• Substance abuse
• Cognitive impairment

Environment/Relationship-related
• Lack of family/social support
• Problems with therapeutic alliance
• Chaotic living situation, nowhere to store Rx
• Practical problems (financial, transportation, 

delays in filling Rx)

Treatment-related
• Side effects
• Lack of efficacy/continued 

symptoms

Community/Societal-related
• Stigma attached to illness
• Stigma caused by medication side effects



Medication-Related Side Effects and 
Nonadherence

Velligan DI et al. J Clin Psychiatry 2009;70(Suppl 4):1-48;
Weiden PJ, Buckley PF. J Clin Psychiatry 2007;68(Suppl 6):14-23. 

• Most commonly associated with nonadherence
• Weight gain (patient attitudes vary and 

may be offset by efficacy after many 
failures)

• Sedation
• Akathisia
• Sexual dysfunction
• Parkinsonian symptoms
• Cognitive problems

• Influencing clinician response to a side effect is 
objective severity and ultimately safety and 
risk

• Potential drivers

• Level of distress rather than 
severity (as perceived by the 
patient and not by the 
clinician; e.g., what is “mild” 
or “severe” is in the eye of 
the beholder)

• Attribution to the medication 
(e.g., “my teeth itch” can 
drive poor adherence)

• Varies from patient to patient



What’s The Next Step?

• If the adherence problem is that the patient will not, 
focus intervention on strengthening perceived benefits of 
medication and minimizing perceived costs/harms—use 
Motivational Interviewing

• If the adherence problem is that the patient cannot, then 
address barriers to adherence 

• Pill boxes in obvious locations 
• Self-monitoring tools
• Establishment of routines
• Consider Long-Acting Injectable Medication

Weiden PJ. J Clin Psychiatry 2007;68(Suppl 14):14-9.



• First-generation antipsychotics (all are in sesame seed oil)
• Haloperidol decanoate
• Fluphenazine decanoate

• Second-generation antipsychotics (all intramuscular [IM] 
formulations are water-based)

• Risperidone- or paliperidone-containing formulations
• Aripiprazole-containing formulations
• Olanzapine pamoate

LAI Options in the United States

Citrome L. Expert Rev Neurother 2017;17(10):1029-43;
Citrome L. Clin Schizophr Relat Psychoses 2018;12(3):130-41. 



Amenities of Care
• How often are the injections administered?
• What is the needle gauge?
• What is the injection volume?
• Is there a choice of injection site?
• Does this product require reconstitution?
• Is oral supplementation required?
• Does this product need refrigeration?
• Are there any special requirements for observation?
• Are there any important drug-drug interactions, and can they be 

remedied?
• Missed doses: What is the “grace period?”
• Is reimbursement an issue if used “off-label”?

Citrome L. CNS Spectr. 2021;26(2):118-29. 



What’s Different Among the Risperidone- or 
Paliperidone-Containing LAIs?

Citrome L. Clin Schizophr Relat Psychoses 2018;12(3):130-41. 

Risperidone 
Subcutaneous Risperidone Microspheres Paliperidone Palmitate 

Monthly 
Paliperidone Palmitate 

Every 3 Months
Brand Name (US) Perseris™ Risperdal Consta® Invega® Sustenna® Invega Trinza®

Year Approved 2018 2003 2009 2015
Active Moiety Risperidone and paliperidone Risperidone and paliperidone Paliperidone Paliperidone

Approved 
Indications (All 
Adult)

Schizophrenia

Schizophrenia; bipolar I disorder 
maintenance treatment 

(monotherapy or adjunctive to 
lithium or valproate)

Schizophrenia; schizoaffective 
disorder (monotherapy or 

adjunctive to mood stabilizers 
or antidepressants)

Schizophrenia

Dosage 
Forms/Strengths Syringe kits: 90 mg, 120 mg Vial kits: 12.5 mg, 25 mg, 

37.5 mg, 50 mg

Injectable suspension: 39 mg, 
78 mg, 117 mg, 156 mg, 

234 mg

Injectable suspension: 273 
mg, 410 mg, 546 mg, 819 mg

Requires Adding 
Diluent/Liquid Yes Yes No No
Injection Type Subcutaneous Intramuscular Intramuscular Intramuscular
Injection Sites Abdomen Deltoid or gluteal muscle Deltoid or gluteal muscle Deltoid or gluteal muscle 
Needle Gauge and 
Length 18G and 5/8-inch 20G and 2-inch, 21G and 

1-inch
22G and 1.5-inch, 23G and 

1-inch 22G and 1 or 1.5-inch

Injection Volume 0.6 mL (90 mg), 
0.8 mL (120 mg) Approximately 2 mL 156 mg/mL; range 0.25 mL (39 

mg) to 1.5 mL (234 mg)
312 mg/mL; range 0.9 mL 

(273 mg) to 2.6 mL (819 mg)
Injection Interval 4 weeks 2 weeks 4 weeks 12 weeks



What’s Different Among the Risperidone- or 
Paliperidone-Containing LAIs? (cont’d)

Citrome L. Clin Schizophr Relat Psychoses 2018;12(3):130-41.

Risperidone 
Subcutaneous Risperidone Microspheres Paliperidone Palmitate 

Monthly 
Paliperidone Palmitate 

Every 3 Months
Brand Name (US) Perseris™ Risperdal Consta® Invega® Sustenna® Invega Trinza®

Starting Dose 90 or 120 mg 25 mg 234 mg day 1 and 156 mg 
day 8 (deltoid)

After treatment with 1-month 
paliperidone palmitate for at 

least 4 months: 273 mg,  
410 mg, 546 mg, 819 mg 
(3.5 × the last dose of the 
once monthly formulation)

Maintenance Dose 90 or 120 mg 25 mg,
maximum 50 mg/2 weeks

117 mg,
range 39–234 mg/4 weeks Same as above

Half-Life 9–11 days 3–6 days 25–49 days 84–95 days (deltoid), 
118–139 days (gluteal)

Oral 
Supplementation? No

21 days after the initial 
injection and after any change 

in dose
No No

Stored 
Refrigerated? Yes Yes No No



What’s Different Among the Risperidone- or 
Paliperidone-Containing LAIs? (cont’d)

Paliperidone Palmitate Every 6 Months
Brand Name (US) Invega Hafyera™
Year Approved 2021
Active Moiety Paliperidone
Approved Indications (all adult) Schizophrenia
Dosage Forms/Strengths Injectable suspension: 1092 mg, 1560 mg
Requires Adding Diluent/Liquid No
Injection Type Intramuscular
Injection Sites Gluteal muscle 
Needle Gauge and Length 20G and 1.5-inch
Injection Volume 3.5 mL (1092 mg), 5 mL (1560 mg)
Injection Interval 6 months

Starting Dose*

Option A: After treatment with 1-month paliperidone palmitate for at least 4 months: 
1092 mg if the last dose was 156 mg, or 1560 mg if the last dose was 234 mg; 

Option B: After treatment with 3-month paliperidone palmitate for at least one 3-month cycle: 
1092 mg if the last dose of was 546 mg, or 1560 mg if the last dose was 819 mg 

Maintenance Dose Same as above
Half-life 148–159 days
Oral Supplementation? No
Stored Refrigerated? No

*Switching from the PP1M 39 mg, 78 mg and 117 mg or PP3M 273 mg and 410 mg doses was not studied  
https://www.janssenlabels.com/package-insert/product-monograph/prescribing-information/INVEGA+HAFYERA-pi.pdf



What’s Different Among the Risperidone- or 
Paliperidone-Containing LAIs? (cont’d)

TV-46000/mdc-IRM Every 1 or 2 Months
New Drug Application Accepted August 31, 2021
Active Moiety Risperidone and paliperidone
Potential Indications Schizophrenia
Requires Adding Diluent/Liquid No
Injection Type Subcutaneous
Injection Interval 4 or 8 weeks

Clark I, Taylor D. CNS Drugs 2020;34(8):841-52; https://ir.tevapharm.com/news-and-events/press-releases/press-release-details/2021/Teva-
and-MedinCell-Announce-Positive-Results-for-Registration-Trial-of-Investigational-Extended-Release-Subcutaneous-Injectable-Risperidone-for-

Patients-with-Schizophrenia/default.aspx; Citrome L, et al. Poster Presentation. US Psych Congress and NEI, 2021.

• The investigational subcutaneous risperidone injection utilizes a novel polymer delivery platform that allows the product to 
be delivered subcutaneously and allows for control of the rate and duration of drug release and a range of dosing options

• A phase 3 study (NCT03503318) showed that treatment with TV-46000 resulted in a significant delay in time to relapse 
versus placebo (primary endpoint) when delivered monthly (risk reduction 80.0%; p<0.0001) or once every 2 months (risk 
reduction 62.5%; p<0.0001) in individuals with schizophrenia aged 13–65 years (N=543); Patient-Reported Outcomes 
(quality of life, personal and social performance, attitude) demonstrated improvement as well

• A second phase 3 study (NCT03893825) evaluating long-term safety and tolerability of TV-46000 is ongoing; interim 
results suggest safety profile is consistent with study NCT03503318



What’s Different Among the Long-Acting IM 
Aripiprazole-Containing Formulations? 

*NCD = a single 30 mg dose and initial injection of nano-crystal formulation (Aristada Initio®) can substitute for 21-day oral 
aripiprazole supplementation.

Aripiprazole Monohydrate Aripiprazole Lauroxil
Brand name (US) Abilify Maintena® Aristada® (and Aristada Initio®)
Year Approved 2013 2015 (2018)
Other Indications Bipolar disorder No

Injection Sites Deltoid or gluteal Deltoid (441 mg dose and NCD 675 mg dose*) or gluteal 
(all doses)

Needle Gauge 21G, 22G, or 23G 20G or 21G
Injection Volume 2 mL (400 mg) 1.6 to 3.9 mL

Injection Interval Every 4 weeks Every 4 weeks (all doses), every 6 weeks (882 mg), or 
every 2 months (1064 mg)

Starting Dose 400 mg 441, 662, 882, or 1064 mg

Maintenance Dose 300 or 400 mg (adjust for CYP2D6 or CYP3A4 
inhibitors; can’t give with CYP3A4 inducers)

441, 662, 882, or 1064 mg (adjust for CYP2D6 or 
CYP3A4 modulators)

Half-Life 29.9 days (300 mg), 46.5 days (400 mg) 53.9–57.2 days; 15–18 days (NCD formulation)
Oral Supplementation Yes (14 days) 1 day with NCD 675 mg*, otherwise 21 days
Reconstitution Yes, but dual-chamber syringe available No
Refrigeration No No

Citrome L. Expert Rev Clin Pharmacol 2016;9(2):169-86; Citrome L. Expert Rev Neurother 2017;17(10):1029-43. 



What About Patches?

Citrome L et al. J Clin Psychiatry 2019;80(4):18nr12554. 

• The Holman Liver Pad Company claimed 
“more than 100,000 cures” for ailments such 
as malaria, yellow fever, and neuralgia via 
their transdermal “absorption system” and 
produced stamps showing the upper half of 
Dr. Holman wearing the system affixed to his 
torso with straps and a belt

• To raise necessary funds for the Civil War, the United 
States passed the Revenue Act of 1862, which levied 
taxes on many products, including patent medicines

• Payment was documented through the use of 
revenue stamps, which also served as an advertising 
medium



Asenapine Transdermal Patch

• Compared to sublingual administration…
• Improved adherence by reducing dosing frequency
• More consistent plasma drug concentration
• No risk of dysgeusia and oral hypoesthesia
• No need for food and drink restrictions

• Option to immediately cease dosing by simply removing 
the patch

• Good option for patients who are unable or unwilling to 
take oral medications and averse to receiving injections

Citrome L et al. J Clin Psychiatry 2020;82(1):20m13602; 
Carrithers B, El-Mallakh RS. Patient Prefer Adherence 2020;14:1541-51. 



Efficacy of Asenapine Transdermal Patch

* p<.05

** p<.01

*** p<.001

Primary endpoint results from a phase 3, randomized, placebo-controlled 
study of adults with acutely exacerbated schizophrenia who were treated 

with transdermal asenapine for 6 weeks.

Citrome L et al. J Clin Psychiatry 2020;82(1):20m13602. 



Summary

• Agents that directly target dopamine and serotonin 5HT2A 
receptors are effective for treating psychosis

• New agents indirectly targeting dopamine and glutamate (i.e., 
ulotaront, xanomeline/trospium) may also be effective

• Medication side effects significantly contribute to 
nonadherence

• Selecting the appropriate antipsychotic treatment based on 
patient risk factors for specific adverse effects can help 
minimize side effects

• Care should be taken to determine whether patients will not
or cannot take their medication to successfully address 
nonadherence



A Parting Quote

Winston Churchill, November 1942

“This is not the end. 
It is not even the beginning of the end.

But it is, perhaps, the end of the beginning.”



Be sure to join the American Society of 
Clinical Psychopharmacology (ASCP). 

Residents and other trainees are dues-exempt! 
https://ascpp.org/join-ascp/




Questions?

citrome@cnsconsultant.com
or

nntman@gmail.com
K9NNT
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