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ABSTRACT (116 words)

In this review, the aim is to differentiate between the three second-generation
antipsychotics available as long-acting injectables (risperidone/paliperidone, aripiprazole, and
olanzapine) and their varied formulations. Differences and similarities among the available
products are discussed, including the amenities of care: route of administration (intramuscular or
subcutaneous), injection frequency, needle gauge and length, injection volume, injection site,
reconstitution procedures, initiation with oral medication or multiple injections, refrigeration
requirements, post-injection observation requirements, drug-drug interactions preventing use or
requiring dosing adjustments, adjustments requirements for late or missed doses, availability of
patient assistance programs, and access barriers for off-label use. Effectiveness in acute and
maintenance treatment are reviewed using the metrics of number needed to treat and number

needed to harm.

Key Words: depot, long-acting injectable antipsychotic, schizophrenia, schizoaffective disorder,

bipolar disorder, risperidone, paliperidone, aripiprazole, olanzapine
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Introduction

The availability of long-acting injectable antipsychotics (LAls) has transformed care for
many individuals with schizophrenia, schizoaffective disorder, and bipolar disorder. The
“guaranteed delivery” of a medication in a predictable and steady way can decrease the risk of
relapse, rehospitalization, as well as reduce mortality (1, 2). The revised American Psychiatric
Association guidelines for the care of people with schizophrenia calls out that LAIs should be
considered in instances of poor or uncertain adherence, as well for patients who would prefer this
modality (3). The guidelines further add that LAIs can be useful in the transition from inpatient
to outpatient care. Research has also demonstrated better outcomes when LAIs are used early in
the disease course (4-6). An important benefit for providers of care is that LAI antipsychotics can
eliminate the guesswork about adherence status and allows the clinician to focus on other reasons
why symptoms may be exacerbated, such as psychosocial stressors or substance use. In the end,

“preventing a relapse today can make a difference for a lifetime.” (7)

Of pragmatic concern is the limited array of molecules available as a LAI formulation.
However, the formulations themselves differ, including several that contain the same molecule
(Table 1). This article reviews the evidence regarding the agents available as LAIs and

considerations when selecting one over the other.

What are the molecules available as long-acting injectable antipsychotics?

Both first- (typical) and second- (atypical) generation antipsychotics are available as LAI
formulations. However, the choice among molecules is currently limited to very few when
compared to the plethora of oral treatments available for schizophrenia and bipolar disorder. In

the US, the clinician can choose among haloperidol, fluphenazine, risperidone/paliperidone,
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aripiprazole, and olanzapine (7). Haloperidol and fluphenazine are first-generation antipsychotics
and are often co-administered with anticholinergic agents in order to prophylactically address
drug-induced parkinsonism and acute dystonia, as well as actively treat these adverse effects
when they occur. Not only does this strategy increase pill burden, but anticholinergic load is also
associated with cognitive impairment (8-10). Moreover, risk for developing tardive dyskinesia is
greater for first-generation than for second-generation antipsychotics (11, 12). Other first-
generation LAI antipsychotics have been available outside the US (e.g., flupentixol,

perphenazine, pipotiazine and zuclopenthixol) (13).

Drug-induced parkinsonism and the need for anticholinergic medications can be
minimized by using second-generation LAI antipsychotics. Among the second-generation
antipsychotics, the molecules available in the US include risperidone/paliperidone, aripiprazole,
and olanzapine. These second-generation antipsychotics appear similar in terms of efficacy, with
the possible exception of olanzapine, which may be more efficacious (14, 15). Of note is that
paliperidone is the principal active metabolite of risperidone and shares with it many of its
characteristics (16). There is more heterogeneity regarding tolerability than with efficacy (17),
with liability for weight gain and metabolic adverse effects being more prominent for olanzapine,
followed by risperidone, and aripiprazole; prolactin elevation with risperidone/paliperidone,
followed by olanzapine, and aripiprazole; and somnolence with olanzapine, followed by

risperidone, and aripiprazole.

A major treatment conundrum is the prescribing of an oral medication that appears
efficacious and tolerable, but that does not have a corresponding long-acting formulation.
Considerations when switching to a LAI antipsychotic will include the uncertainty of adequate

response to a different molecule delivered by injection balanced by the issues around poor or

https://doi.org/10.1017/51092852925100400 Published online by Cambridge University Press


https://doi.org/10.1017/S1092852925100400

Accepted Manuscript: Authors' Copy

uncertain adherence with an oral agent. A not uncommon scenario is the patient who appears not
to respond to oral antipsychotics and thus considered potentially “treatment-resistant” (18). Care
should be taken to rule-out pseudo-resistance which can confound the assessment of a patient
who is covertly nonadherent, in which case a trial of a LAI antipsychotic is recommended to

determine if the person is truly treatment resistant (19).

A complete discussion of the similarities and differences among the oral formulations of
risperidone/paliperidone, aripiprazole, and olanzapine (and others) is beyond the scope of this
review. The reader is referred to a number of meta-analyses and other reviews that serve to
compare and contrast (17, 20), as well as indirect comparisons using the metrics of number

needed to treat and number needed to harm (21, and Figure 1 and Table 6 in [22]).

What are the formulations available?

Older first-generation antipsychotics such as fluphenazine decanoate (administered
generally every 2 weeks) and haloperidol decanoate (administered generally every 4 weeks)
remain available (23). They are relatively inexpensive and haloperidol decanoate remains
frequently prescribed. Both fluphenazine decanoate and haloperidol decanoate can be injected in
either the deltoid or gluteal muscle, and fluphenazine decanoate can also be injected
subcutaneously, although this is not commonly done (24). The first-generation antipsychotic
LAIs are dissolved in sesame seed oil and can be more challenging to inject than the second-

generation intramuscular LAI formulations which are all suspended in water

For fluphenazine decanoate the initial dose is 12.5-25 mg and can be increased in
increments of 12.5 mg but the total amount administered at one time should not exceed 100 mg

(23, 24). The initial dose for haloperidol decanoate should be 10-20-times the previous daily
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dose in oral haloperidol equivalents but the initial injection is limited to 100 mg, followed by the
balance 3—7 days later. The usual maintenance range is 10—15-times the previous daily dose in
oral haloperidol equivalents depending on clinical response (23, 25). Clinical experience with
haloperidol decanoate at doses greater than 450 mg/month is limited (25). In order to reduce
injection volume, a more concentrated formulation (100 mg/ml versus 50 mg/ml) is available

(25).

Among the three different second-generation antipsychotics currently available in LAI
formulations, risperidone/paliperidone, aripiprazole, and olanzapine, several choices are
currently available for risperidone/paliperidone and aripiprazole, and currently only one for
olanzapine, although a subcutaneous formulation is in late stage of development (26). The
different formulations containing the same active molecule can be differentiated in terms of their
“amenities of care” such as dosing intervals (from every 2 weeks to every 6 months), availability
of different dose strengths, choice of injection site (deltoid muscle, gluteal muscle,
subcutaneous), gauge and length of the needle, injection volume, storage and reconstitution
requirements, need for oral supplementation, guidance regarding early or late dosing, approved
indication, and requirement for observation post injection (7). A list of these pragmatic

considerations is contained in Table 2.

Long-acting injectable risperidone and paliperidone formulations, as approved by the US

Food and Drug Administration

Table 3 outlines the 9 different formulations approved by the US FDA that contain risperidone or
paliperidone (two are either discontinued or never commercialized in the US). They differ

broadly in approved indications, dosage forms/strengths, reconstitution requirements, injection
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sites and method of injection (intramuscular versus subcutaneous), needle gauge/length, injection
volume, injection interval, requirement for oral supplementation, need for refrigeration when

stored, and instructions for early or late dosing.

In 2003, risperidone microspheres (Risperdal Consta, Janssen) became the first second-
generation antipsychotic to be available in a LAI formulation at doses of 12.5 mg, 25 mg, 37.5
mg, or 50 mg, administered every 2 weeks (27, 28) In addition to the indication for
schizophrenia, in 2009, risperidone microspheres was also approved as monotherapy or as
adjunctive therapy to lithium or valproate for the maintenance treatment of bipolar I disorder (29,
30). Of note, storage of the product requires refrigeration but it can remain at room temperature
for up to 7 days (30). Because the main release of the drug does not begin until 3 weeks after
administration, supplemental oral risperidone is required for 21 days after the first injection
(hence overlapping the second injection) and after any dose increase (30). After mixing the
risperidone microspheres powder with the supplied aqueous diluent, it can be administered in the
deltoid or gluteal muscle. The recommended starting dose is 25 mg/2 weeks, and the maximum
recommended dose is 50 mg/2 weeks. With respect to total exposure, injections of 25, 50 or 75
mg every 2 weeks were found to be equivalent to daily oral doses of 2, 4 or 6 mg of risperidone,

respectively (31).

In 2023, another formulation of risperidone microspheres (Rykindo, Luye) from a
different pharmaceutical company was approved by the FDA for the same indications as the
original (32). Approval was based on a pharmacokinetic study that demonstrated similar plasma
levels as the original product (33). Although both formulations of risperidone microspheres share
many common characteristics they do differ in their pharmacokinetic profile. This newer version

requires only one week of oral supplementation and is currently only approved for gluteal
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injection. The dosing recommendations for the two risperidone microsphere products are
otherwise identical save for the original formulation where upward dose adjustment of
risperidone microspheres (Janssen) should not be made more frequently than every 4 weeks and
that the clinical effects of this dose adjustment should not be anticipated earlier than 3 weeks
after the first injection with the higher dose (30). When switching to the newer formulation
(Luye), the dose should be the same as that of the previous treatment with the first injection

given 4 weeks (no later than 5 weeks) after the last injection of the previous treatment (32).

Three more novel risperidone formulations have been approved by the FDA for the
treatment of schizophrenia and importantly do not require oral supplementation upon initiation: a
subcutaneous preparation (34) that can be administered monthly but requires reconstitution
(approved in 2018 and now discontinued [35] and thus not described here in detail), a
subcutaneous preparation (Uzedy, Teva, referred to later as 1-month/2-month risperidone
subcutaneous) that comes in a pre-filled syringe and that can be administered on Day 1 either
every month or every 2 months (approved in 2023 [36], and described below), and an
intramuscular formulation that requires reconstitution and can be administered monthly (Risvan,
Rovi); although FDA approved in 2024, this formulation is currently not anticipated to be

available commercially in the US and thus not described here in detail (33, 37).

I-month/2-month risperidone subcutaneous is available to match oral risperidone doses
of 2,3, 4, and 5 mg/d, with once monthly 50 mg, 75 mg, 100 mg, and 125 mg, and 2-month 100
mg, 150 mg, 200 mg, and 250 mg, respectively (36). Oral supplementation or a loading dose is
not required upon initiation at any dose. This formulation can be stored at room temperature for

up to 90 days, otherwise it must be refrigerated (36).

https://doi.org/10.1017/51092852925100400 Published online by Cambridge University Press


https://doi.org/10.1017/S1092852925100400

Accepted Manuscript: Authors' Copy

The product labels for the risperidone formulations contain similar advice that a dose
adjustment may be necessary in the presence of drug-drug interaction(s) with CYP2D6 and/or
CYP3 A4 inhibitors and/or if the patient is CYP2D6 poor metabolizer, or if the patient is taking a

CYP3A4 inducer (30, 32, 34, 36, 37).

Paliperidone (9-OH risperidone) is the main active metabolite of risperidone and a once-
monthly injectable formulation (Invega Sustenna, Janssen) became available in the US in 2009
(38-40). In contrast to risperidone microspheres which must be reconstituted as well as stored in
a refrigerator, paliperidone palmitate is an aqueous suspension that comes in prefilled syringes
and does not require refrigeration. Paliperidone palmitate has relatively small needle bores to
select from. Instead of using oral supplementation, the initiating doses are all by injection: 234
mg on treatment day 1 and 156 mg 1 week later (+ 4 days), both administered in the deltoid
muscle. Although the recommended monthly maintenance dose is 117 mg for the treatment of
schizophrenia, the maintenance dose can be within the range of 39 mg to 234 mg, equivalent to
the dose range of 3-12 mg/d for oral paliperidone (38). When converting from oral risperidone to
paliperidone palmitate, oral risperidone doses of 1, 2, 3, 4, and 6 mg/d result in similar exposures
as 39, 78, 117, 156, and 234 mg of paliperidone palmitate, respectively (41). The regular
monthly maintenance doses can be administered in either the deltoid or the gluteal muscle. The
product label recommends avoiding the use of a strong inducer of CYP3A4 and/or P-
glycoprotein, such as carbamazepine, during a dosing interval. In addition to the indication for
treatment of schizophrenia, paliperidone palmitate once monthly received approval in 2014 for
use in schizoaffective disorder as monotherapy or as an adjunct to mood stabilizers or

antidepressants (29, 42, 43).
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In 2024, a new formulation of paliperidone palmitate (Erzoftri, Luye) was approved in the
US for the treatment of schizophrenia and schizoaffective disorder (44, 45) and differs from the
original in that it can be initiated with one 351 mg dose administered in the deltoid muscle.
Approval was based on a pharmacokinetic study (45), and this new formulation carries the

identical dosing recommendations after initiation as the original (38, 44)

An extension to the monthly injection interval became available in 2015 in the form of a
3-month formulation of paliperidone palmitate (Invega Trinza, Janssen). The indication is
restricted to schizophrenia and for individuals who have been treated with the once-monthly
formulation of paliperidone palmitate for > 4 months (29, 46). The three-month formulation is
packaged in water-based prefilled syringes; however, the product is denser than the once-
monthly formulation and has a larger particle size (47). The doses that are available remain
sufficiently small in volume so that they can be administered in the deltoid muscle, although
gluteal injection remains an option. Dose for the 3-month formulation is calculated by
multiplying the once-monthly dose by 3.5, and is available for the dose equivalent of 78 mg, 117
mg, 156 mg, and 234 mg of once-monthly paliperidone palmitate. The 3-month formulation
requires the use of special-purpose thin-walled needles that come packaged with the product and
these needles cannot be interchanged with those supplied with the once-monthly formulation or
with other regular commercially available needles. A 6-month version of paliperidone palmitate
(Invega Hafyera, Janssen) was approved in 2021 (48, 49) with doses of 1092 mg and 1560 mg,
equivalent to 156 mg and 234 mg of the once-monthly formulation, and 546 mg and 819 mg of
the 3-month formulation, respectively. Similar to the 3-month formulation, the 6-month

formulation is restricted to schizophrenia and for individuals who have been treated with the
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once-monthly formulation of paliperidone palmitate for > 4 months, although it is possible to go

from the 3-month to the 6-month formulation at the time of the next scheduled injection (48).

Long-acting injectable aripiprazole formulations, as approved by the US Food and Drug

Administration

Table 4 outlines the 4 different formulations available that contain aripiprazole, with one
of them (aripiprazole lauroxil nanocrystal dispersion) reserved for the initiation of aripiprazole
lauroxil (29, 50-57). Principal differences between the formulations include approved
indications, dosage forms/strengths, reconstitution requirements, injection sites, needle
gauge/length, injection volume, injection interval, requirement for oral supplementation,

concomitant use instructions with CYP3A4 inducers, and instructions for early or late dosing.

Aripiprazole monohydrate (Abilify Maintena, Otsuka/Lundbeck) was approved in the US
in 2013 (23, 29, 50, 53). In addition to being approved for the treatment of schizophrenia,
aripiprazole monohydrate was approved in 2023 for maintenance monotherapy treatment of
bipolar I disorder (29, 53). Following reconstitution with water using either a 300 mg or 400 mg
vial kit for doses as low as 160 mg, or pre-filled dual-chambered syringes for the 300 mg and
400 mg dose strengths, the monthly injection can be administered in either the deltoid or gluteal
muscle. The recommended initial and maintenance doses are 400 mg, although a reduction to
300 mg can be considered to manage tolerability concerns. Starting doses of 300 mg, 200, and
160 mg are intended to be used in the presence of drug-drug interaction(s) with CYP2D6 and/or
CYP3A4 inhibitors and/or if the patient is a CYP2D6 poor metabolizer. Use is to be avoided in
the presence of a drug-drug interaction with a CYP3A4 inducer. There are two ways to initiate

treatment with aripiprazole monohydrate: a 1-day initiation where two separate intramuscular
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injections of 400 mg (or 300 mg if there is a drug-drug interaction with a CYP2D6 or CYP3A4
inhibitor or if the patient is a CYP2D6 poor metabolizer) is administered along with a single oral
dose of aripiprazole 20 mg; or a 14-day initiation where in conjunction with the first
administration of aripiprazole monohydrate 400 mg (or 300 mg if there is a drug-drug interaction
with a CYP2D6 or CYP3A4 inhibitor or if the patient is a CYP2D6 poor metabolizer), 14
consecutive days is required of either oral aripiprazole (10 mg to 20 mg) or the current oral
antipsychotic. Blood levels achieved with aripiprazole monohydrate 400 mg are comparable with
those of oral aripiprazole 15 to 20 mg/d (58). The 1-Day initiation regimen was approved by the

FDA in 2025, after having been available in Europe since 2020 (59).

In 2023, a 2-month formulation of aripiprazole monohydrate (Abilify Asimtufii,
Otsuka/Lundbeck) was approved for the treatment of schizophrenia and for the maintenance
treatment for bipolar I disorder (54). Approval was based on a pharmacokinetic bridging study
comparing the 2-month and once-monthly formulations (60-62), and legacy data regarding the
once-monthly formulation (54). On average, 960 mg of the 2-monthly formulation provides
sustained plasma concentrations comparable to 400 mg of the once-monthly formulation, but
over a period of two months. In contrast to the once-monthly preparation, it is packaged in a
ready-to-use pre-filled syringe. The available doses of 960 mg and 720 mg are equivalent to the
monthly doses of 400 mg and 300 mg, respectively. Lower dose strengths are not available.
Injection is into the gluteal muscle only (54). The 2-month formulation can be started on Day 1
by either administering an additional injection 400 mg (or 300 mg if there is a drug-drug
interaction with a CYP2D6 or CYP3A4 inhibitor or if the patient is a CYP2D6 poor metabolizer)
of the monthly formulation in a separate gluteal or deltoid muscle along with one dose of oral

aripiprazole 20 mg; or a 14-day initiation can be used where in conjunction with the first
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administration of 960 mg of the 2-month formulation, 14 consecutive days is required of either
oral aripiprazole (10 mg to 20 mg) or the current oral antipsychotic. For patients already
receiving the monthly formulation, the 2-month formulation can be given at the time of the next
scheduled injection. Of note, the 2-month formulation can be administered within a window of 2

weeks before to 2 weeks after the scheduled date (54).

Aripiprazole lauroxil (Aristada, Alkermes) is a different aripiprazole LAI formulation
that was approved in the US in 2015 (29, 50, 55, 63). Aripiprazole lauroxil is supplied in
prefilled syringes as an aqueous suspension (55). Once injected into the deltoid muscle
(approved for the 441 mg dose) or gluteal muscle (approved for any of the doses), the conversion
of aripiprazole lauroxil to aripiprazole is governed by the slow dissolution of aripiprazole
lauroxil and subsequent enzyme-mediated cleavage by esterases. When the product was
launched, dose strengths of 441, 662, and 882 mg were initially available. These doses, when
administered monthly, yield exposures to aripiprazole equivalent to oral aripiprazole 10, 15 and
>20 mg/d, respectively. The dose of 882 mg administered every 6 weeks yields similar exposures
as 662 mg administered monthly. In 2017, a dose strength of aripiprazole lauroxil 1064 mg
administered every 2 months became available and yields equivalent exposures as 662 mg
monthly or 882 mg every 6 weeks (63, 64). Instructions for the use of aripiprazole lauroxil
suggest that any dose can be initiated on Day 1, including 1064 mg every 2 months. Selection of
a dose is also dependent on the presence of drug-drug interaction(s) with CYP2D6 and/or
CYP3 A4 inhibitors and/or if the patient is a CYP2D6 poor metabolizer, or if the patient is taking
a CYP3A4 inducer (55). Initiation of aripiprazole lauroxil requires either 21 days of
supplementation with oral aripiprazole or the use of the aripiprazole lauroxil nanocrystal

dispersion (ALNCD) formulation (Aristada Initio, Alkermes), available since 2018 (51, 52, 55,
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56, 65). ALNCD contains smaller particles than that used in standard aripiprazole lauroxil, and
these particles have faster dissolution properties when injected into the muscle (52). An injection
of the 675 mg ALNCD formulation into either the deltoid or gluteal muscle, plus administration
of oral aripiprazole 30 mg that same day, can substitute for the 21 days of oral supplementation
that would otherwise be required upon initiation (65). The first injection of standard aripiprazole
lauroxil may be administered on the same day as the ALNCD formulation or up to 10 days
thereafter (55, 56). ALNCD is available in only one dose strength, thus its use is not possible in
the presence of potential drug-drug interactions, such as with strong CYP2D6 or CYP3A4

inhibitors and strong CYP3A4 inducers, or if the patient is a CYP2D6 poor metabolizer (55, 56).

Long-acting injectable olanzapine formulations, as approved by the US Food and Drug

Administration

Table 5 outlines the characteristics of olanzapine pamoate (Zyprexa Relprevv, Eli Lilly)
(66-68). There are currently no alternative LAI formulations of olanzapine commercially
available, although a subcutaneous formulation is in late stage of development (26). Olanzapine
pamoate was approved in the US in 2009. It differs from the other LAI antipsychotics in that its
use is governed by a Risk Evaluation and Mitigation Strategy program (REMS), requiring a 3-
hour post-injection monitoring period after each injection (68). This is to better manage the
potential risk of Post-injection Delirium Sedation Syndrome (PDSS), as described below, a risk

that appears to be absent with the experimental subcutaneous formulation (69).

Olanzapine pamoate is a crystalline salt formulation composed of olanzapine and pamoic
acid (66, 67). After reconstitution in water, it is injected into the gluteal muscle and the salt

slowly dissolves, releasing olanzapine over a period of weeks. However, when olanzapine
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pamoate comes into contact with a substantial amount of blood or plasma, the salt dissolves more
quickly, resulting in the release of a larger amount of olanzapine, potentially leading to PDSS
characterized by sedation, confusion, slurred speech, altered gait or unconsciousness. PDSS can
be expected to occur in approximately 0.07% of injections and is time-limited but may require
symptomatic treatment (70, 71). Because there are no clear identifiable risk factors, a REMS was
instituted and olanzapine pamoate can only be provided at registered healthcare facilities and
patients must be monitored by appropriately qualified staff for at least 3 hours after injection (66,
68). In addition, patients must be accompanied to their next destination upon leaving the facility.
Because the risk of PDSS is cumulative, patients receiving olanzapine pamoate every 2 weeks
can decrease their risk of PDSS by 50% by switching to monthly injections. PDSS is not
common; from a provider perspective, a clinic with 60 patients receiving an injection every 2
weeks might expect approximately one event per year (70). Although all the other LAI
antipsychotics have hypersensitivity listed as a contraindication, no contraindications are noted

in the product label for olanzapine pamoate (66).

Initiation of olanzapine pamoate does not require oral supplementation, however a higher
dose is administered for the first injection, with the exception of the highest dose available (66).
The starting and maintenance dose is dependent on the dose of oral olanzapine required for
stabilization: for patients requiring olanzapine 10 mg/d, the starting olanzapine pamoate dose is
210 mg every 2 weeks or 405 mg every 4 weeks, and then if clinically indicated, patients can be
evaluated 2 months later for a reduction to a maintenance dose of 150 mg every 2 weeks or 300
mg every 4 weeks; for patients requiring oral olanzapine 15 mg/, the starting olanzapine
pamoate dose is 300 mg every 2 weeks, and then if clinically indicated, patients can be evaluated

2 months later for a reduction to a maintenance dose of 210 mg every 2 weeks or 405 mg every 4
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weeks; for patients requiring oral olanzapine 20 mg/d, the recommended starting and

maintenance dose of olanzapine pamoate is 300 mg every 2 weeks (66).

Acute treatment with long-acting injectable antipsychotics: what is the evidence?

Among the approved second-generation antipsychotic LAI formulations in the US,
efficacy in acutely exacerbated patients with schizophrenia has been formally evaluated for once-
monthly paliperidone palmitate (72-75), olanzapine pamoate (76), aripiprazole monohydrate
once-monthly (77), aripiprazole lauroxil (78), risperidone subcutaneous injection (Indivior) (79),
and risperidone IM (Rovi) (80). Although the initiation procedures vary among the different
products, starting a LAI antipsychotic while hospitalized with an acute exacerbation of
schizophrenia has consistently demonstrated robust superiority over placebo in reducing
psychotic symptoms (81). Of additional interest is the ability to reduce hostility and agitation
(82, 83). For those agents not formally assessed in an acute trial, but for which there is a similar
method of administration and initiation as other molecules/formulations, it would be expected
that they too would be suitable for acute use (for example, 2-month aripiprazole monohydrate
and 1-month/2-month risperidone subcutaneous injection).

Aside from potential adverse effects related to the injection itself (such as pain, redness,
induration, or nodule in case of subcutaneous injection), there are adverse reactions related to the
molecule itself. Number need to harm versus placebo can be used to indirectly compare risk for
weight gain, sedation, and akathisia (Table 6) (30, 34, 38, 53, 55, 66, 80, 84-89). NNH values
less than 10 denote events that would be more commonly encountered; this would be the case for
weight gain > 7% from baseline for risperidone subcutaneous injection (Indivior), aripiprazole

monohydrate, and olanzapine pamoate, as calculated from their short-term acute registration
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studies. The weight gain data is counter-intuitive for risperidone subcutaneous injection and
aripiprazole monohydrate and appears to differ somewhat from what has been calculated from
registration studies of the oral formulations of risperidone and aripiprazole, where the NNH
versus placebo estimates for weight gain > 7% were 18 and 21, respectively (86, 88); this could
be a reflection of study design where patients remained hospitalized throughout the study and
potential skewing of the characteristics of the study participants towards those more prone to
weight gain (77, 79). It has also been suggested that the acute use of LAI antipsychotics may be

better tolerated than oral formulations (90).

Prevention of relapse with long-acting injectable antipsychotics: what is the evidence?
Although LAI antipsychotics can be used acutely, LAI antipsychotics are more often
considered as part of a long-term treatment strategy to minimize the risk of relapse. Real-world
prospective and retrospective studies comparing LAI antipsychotics versus oral antipsychotics
generally demonstrate decreases in relapse, hospitalization, and all-cause discontinuation for
patients receiving LAI antipsychotics (91, 92), as well as a decrease in all-cause mortality (93).
Although not without controversy (94), placebo-controlled randomized withdrawal study
designs are often used to establish efficacy for the maintenance indication. The typical study
design would be one where patients with the disease of interest are stabilized on the test
medication and then subsequently randomized to either continue the test medication or receive
placebo. The primary outcome measure is usually time to relapse, impending relapse, or
recurrence, depending on the disorder and the study. This has been formally assessed versus
placebo in registration studies in individuals with schizophrenia for paliperidone palmitate

administered monthly (95) or every 3 months (96), olanzapine pamoate (97), aripiprazole
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monohydrate (98), and 1-month/2-month risperidone subcutaneous (99). Registration studies
using similar designs were also done in individuals with bipolar disorder for risperidone
microspheres (monotherapy or adjunctive use) (100, 101) and aripiprazole monohydrate
(monotherapy) (102), and in individuals with schizoaffective disorder for once monthly
paliperidone palmitate (monotherapy or adjunctive use) (103). Number needed to treat versus
placebo for prevention of relapse or recurrence for any of the tested medications for any of the
indications range from 4 to 8, with overlap of the 95% confidence intervals (Table 7) (29, 39, 40,
50, 67, 68, 99, 104, 105). These effect sizes are consistent with the broader literature on
maintenance treatment (106). In general, there appears to be no clear differences between
antipsychotics for relapse prevention, and thus choice of antipsychotic for maintenance treatment

can be guided mainly by tolerability (107).

Selecting a long-acting injectable antipsychotic

The simplest scenario is if the patient is already receiving an antipsychotic that is
available as a LAI formulation. Then it is a matter of educating the patient (and caregiver) about
the availability of this different way of receiving medication. If there are competing LAI
formulations for the same or related molecule, then a review of the “amenities of care” (Table 2)
is in order. There may be a preference for a specific injection interval that is available with only
some of the products. Patients and caregivers sometimes need to be reassured that a longer
interval between injections does not necessarily mean that visits will be scheduled less often. If
naive to the molecule, it will be necessary to administer test doses of the oral formulation in

order to rule out potential hypersensitivity as well as assess acute tolerability in general.
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There may be some personal preferences regarding subcutaneous versus intramuscular

injection on the part of both the patient and the provider (108).

Principally because of injection volume, not all formulations or doses can be given in the
arm, and must be administered in the gluteal muscle. Patients who are new to LAI antipsychotics
may not be aware that injection is into the upper outer quadrant of the gluteal muscle, and that
this location is relatively easy to access without embarrassment. The gauge and length of the
needle may be of interest to the patient who may be reassured when shown the different options

available to select from.

In some situations, it may be unrealistic to expect adherence to oral supplementation and
alternatives should be considered. Some choices require an infrastructure (refrigeration for
storage of almost all the formulation of risperidone, examination table for administering
subcutaneous injections in the abdomen, ability to observe the patient for 3 hours after each
injection of olanzapine pamoate). For patients receiving oral fluphenazine or haloperidol and a
switch to a LAI antipsychotic is being considered, despite the relatively low cost of haloperidol
decanoate or fluphenazine decanoate, the clinician needs to weigh the potential disadvantages of
using concomitant oral anticholinergics as discussed earlier. On occasion, the supply chain for
older generic medications sometimes gets interrupted (109); the American Society of Health-

System Pharmacists maintains a web resource that tracks drug shortages (110).

Additional pragmatic concerns for the provider are the presence of drug-drug interactions
that cannot be easily remedied because of dosing constraints, as well as the lack of dosing
flexibility when considering longer injection intervals. The requirements for reconstitution may

be time-consuming and burdensome for some of the agents. Complex re-initiation requirements
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are present for some formulations, however, in general, the longer the injection interval, the

greater the flexibility in the timing of an early or late injection (Table 8) .

If the patient is receiving acute treatment, available options in the US that do not require
any oral supplementation are paliperidone palmitate, risperidone subcutaneous, and olanzapine
pamoate; LAI antipsychotic formulations that can be initiated with the administration with only a
single injection are paliperidone palmitate (Luye), risperidone subcutaneous, and olanzapine
pamoate. Requiring only one dose of oral medication are the one-day initiation options for
aripiprazole monohydrate and aripiprazole lauroxil. Prior knowledge of tolerability and efficacy
is important, because once injected, the medication cannot be withdrawn. Oral or intramuscular
short acting antipsychotic medications are in most situations the most prudent way to initiate
antipsychotic treatment in an individual who is treatment-naive or if a medication history cannot
be reliably obtained. A shortened initiation period is especially useful for hospitalized patients

being transitioned to out-patient care, and in forensic settings such as jails.

Long-term considerations in maintenance treatment include weight gain and metabolic
adverse effects, especially with olanzapine; first-generation LAI antipsychotics could possibly be
considered under these circumstances and where a switch among the second-generation LAIs
was not helpful. If prolactin-related adverse effects are a clinical concern, one of the aripiprazole
LAI formulations would be the first choice; to be avoided under these circumstances would be

paliperidone palmitate, risperidone microspheres, or the first-generation LAI antipsychotics.

Cost considerations are sometimes obstacles and access to patient-assistance programs can
be helpful. An important factor is whether reimbursement or enrollment in a patient-assistance
program is possible with off-label use of a formulation even when it would be logical to use it.

For example, only risperidone microspheres and aripiprazole monohydrate are approved for
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maintenance treatment of bipolar I disorder, with risperidone microspheres the only LAI
approved in combination with lithium or valproate for this indication, and only paliperidone once
monthly is approved for the treatment of schizoaffective disorder. Reimbursement may prevent
the use of risperidone subcutaneous, 3- or 6-month paliperidone palmitate, or aripiprazole

lauroxil under these circumstances.

Conclusion

Only three second-generation antipsychotics are available as LAI preparations, however
there are multiple options in terms of formulation. Choosing among the different LAI
antipsychotics is partly based on pragmatic concerns. For example, olanzapine pamoate would
not be a practical option if the mandatory 3-hour post-injection observation period cannot be
provided. For patients receiving oral risperidone, using risperidone microspheres can be
inconvenient as that formulation is administered every 2 weeks, requires refrigeration and
reconstitution, and must be accompanied by oral supplementation for the first 3 weeks after the
initial injection. Instead of risperidone microspheres, either 1-month/2-month risperidone
subcutaneous or paliperidone palmitate can be considered as these choices do not require oral
supplementation upon initiation, entail less frequent injections (either monthly or every other
month for 1-month/2-month risperidone subcutaneous, or every 1, 3, or 6 months for
paliperidone palmitate), are supplied in prefilled syringes, have a relatively small needle gauge,
and 1s normally stored at room temperature (paliperidone palmitate) or can remain at room
temperature for up to 90 days (1-month/2-month risperidone subcutaneous). Regarding
aripiprazole LAI, there are 2 competing formulations available in the US — aripiprazole

monohydrate and aripiprazole lauroxil; although both can be initiated in one day and
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administered at the outset every month or every other month, there are differences in terms of

dosage strengths and approved indications.
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Table 1a. Antipsychotic molecules with long-acting formulations
available/approved in the US as of April 2025

+ First-generation antipsychotics
» Haloperidol
* Fluphenazine
« Second-generation antipsychotics
* Risperidone/paliperidone
* Aripiprazole
+ Olanzapine

Table 1b. Long-acting injectable antipsychotics approved in the US as of April
2025

* First-generation antipsychotics
» Haloperidol decanoate
* Fluphenazine decanoate
+ Second-generation antipsychotics
» Risperidone- or paliperidone-containing formulations
* Risperidone microspheres (2 products, each administered every 2
weeks)
* Risperidone subcutaneous (2 products, one administered every
month*, the other every month or every 2 months)
* Risperidone ISM*
» Paliperidone palmitate (2 products, one administered every month,
the other administered every month, every 3 months, or every 6
months)
» Aripiprazole-containing formulations
» Aripiprazole monohydrate (administered every month or every 2
months)
» Aripiprazole lauroxil (administered every month, every 6 weeks, or
every 2 months)
« Olanzapine pamoate (administered every 2 weeks or every month)

*Discontinued or never commercialized in the US
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Table 2. Long-acting injectable antipsychotics: “amenities of care”

(adapted from Citrome L. Long-acting injectable antipsychotics: what, when, and how.
CNS Spectr. 2021 Apr;26(2):118-129. doi: 10.1017/S1092852921000249. Epub 2021
Mar 15. PMID: 33715640. Citrome L. Long-acting injectable antipsychotics: what, when,
and how - Addendum. CNS Spectr. 2021 Apr;26(2):184. doi:
10.1017/51092852921000456. PMID: 33928884).

Is this injection intramuscular or subcutaneous?

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 storage of this product require refrigeration?

Are there any special requirements for post-injection 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”?

In case of reimbursement obstacles, can | easily access a patient-assistance
program?
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Table 3. Long-acting injectable risperidone and paliperidone formulations, as approved by the US Food and Drug
Administration (adapted from Table 2 in: Faden J, Citrome L. A new paliperidone palmitate formulation: how is it different
and where does it fit in our array of choices for long-acting formulations of risperidone and paliperidone? Curr Med Res
Opin. 2025 Mar 24:1-9. doi: 10.1080/03007995.2025.2482654. Epub ahead of print. PMID: 40126382; Open Access
distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Risperidone SC Paliperidone Paliperidone Paliperidone Paliperidone

Risperidone Risperidone

Formulation IM 2 week IM 2 week monthly Risperidone SC monthly or Risperidone Palmitate Palmitate Palmitate-3 Month Palmitate-6 Month
(manufacturer) (Janssen)'® (Luye)'® (Indivior)*'” every 2 months (Teva)'® ISM (Rovi)®'® (Luye)"? (Janssen)” (Janssen)'® (Janssen)''
Brand name (US) Risperdal Consta Rykindo Perseris Uzedy Risvan Erzofri Invega Sustenna Invega Trinza Invega Hayfera
Year Approved 2003 2023 2018 2023 2024 2024 2009 2015 2021
Approved Indications  Schizophrenia, maintenance Schizophrenia, Schizophrenia Schizophrenia Schizophrenia Schizophrenia, Schizophrenia, Schizophrenia Schizophrenia
of bipolar | disorder maintenance of schizoaffective disorder schizoaffective disorder
(monotherapy or adjunct  bipolar | disorder
to lithium/valp [{ herapy or
adjunct to lithium/
valproate)
Basis for FDA approval One RCT in patients with Pharmacokinetic studies One phase 3, RCT (acute) One phase 3, RCT One phase 3, RCT (acute) Pharmacokinetic studies 4 short-term monotherapy, ~ One long-term, One long-term,
(study type) schizophrenia (acute), (maintenance) 1 maintenance phase 3, RCT phase 3, RCT
one RCT maintenance monotherapy
monotherapy in patients (schizophrenia);
with bipolar | disorder, maintenance treatment as
and one RCT monotherapy and as
maintenance adjunctive adjunct to mood stabilizer
therapy in patients with or antidepressant
bipolar | disorder (schizoaffective disorder)
Injection intervals 2weeks 2 weeks 1 month 1month 1month 3 months 6 months
Injection type, sites  IM, deltoid, gluteal IM, gluteal SC, abdomen, upper arm SC, abdomen, upper arm IM, deltoid for initiation IM, deltoid for initiation IM, deltoid, gluteal IM, gluteal
dose, deltoid or gluteal dose, deltoid or gluteal
for maintenance dose for maintenance dose
Number of injections 1 1 1 1 1 (after at least 4 months 1 (after at least 4 months
necessary at start on monthly of monthly
paliperidone palmitate) paliperidone palmitate
or after receiving
paliperidone
palmitate-3 month)
Needle gauge and 21G, 1-inch deltoid; 20G, 2-inch 18G, 5/g-inch 21G, 5/g-inch 21G, 1-inch deltoid; For deltoid muscle, Tinch,  For deltoid muscle, 1inch, For deltoid muscle, 20G, 1 1/2- inch
length 20G 2-inch gluteal 20G, 2-inch gluteal 23 gauge if patient is 23 gauge if patient is Tinch, 22 gauge if
< 90kg, and 1 V2 inch, < 90kg, and 11/ inch, patient is < 90kg,
22 gauge, if patient is 22 gauge, if patient is and 11/ inch, 22
> 90kg; for gluteal > 90kg; for gluteal gauge, if patient is
muscle injections, 11/ muscle injections, 11/ = 90kg; for gluteal
inch, 22 gauge inch, 22 gauge muscle injections,
1 inch, 22 gauge
Injection volume 2mL (all doses) 2mL (all doses) 06mL (90mg), 0.8mL  0.14mL (50mg), 0.21mL  0.55mL (75mg), 0.73mL  0.25mL (39 mg), 0.5mL 0.25mL (39 mg), 0.5mL 0.875mL (273 mg), 3.5mL (1092 mg), 5SmL
(120 mg) (75mg), 0.28 mL (100 mg) (78mg), 0.75mL (117 mg), (78 mg), 0.75 mL 1.32mL (410 mg, (1560 mg)
(100 mg), 0.35mL 1.0mL (156 mg), 1.5mL (117 mg), 1.5mL (156 or 1.75mL (546 mg),
(125mg), 0.42mL (234mg), 2.25mL 234mg) 263 mL (819mg)
(150 mg), 0.56 mL (351 mg)
(200 mg), 0.7 mL
(250 mg)
Oral supplementation 21days 7 days None None None None None None None
Length of time it can 7 days 7 days 30days 90 days NA - always stored at NA - always stored at room NA - always stored at NA - always stored at NA - always stored at
be kept at room room temp perature room temperature room temperature room temperature
temperature rather
than refrigerated
Reconstitution Yes (combine the Yes (combine the Yes (place the Liquid No reconstitution Yes (place the Solvent No reconstitution required; No reconstitution required; No reconstitution required; No reconstitution required;
required powder in the vial with  powder in the vial Syringe on top of the required; ready to use Syringe on top of the ready to use after shaking  ready to use after ready to use after ready to use after
the diluent provided in  with the diluent Powder Syringe [to after whipping the Powder Syringe [to the prefilled syringe shaking the prefilled shaking the prefilled shaking the prefilled
the syringe) provided in the prevent powder prefilled syringe 3 prevent powder vigorously for a minimum  syringe vig ly for a syringe vigorously for syringe vigorously for
syringe) spillage] and connect times spillage] and connect of 10s minimum of 10s a minimum of 15s a minimum of 155,
the syringes and push the syringes and push resting briefly, then
back and forth for 60 back and forth for 50 shaking again for a
cydles) cycles) minimum of 15s
Doses available 125, 25, 37.5, 50 mg (There 125, 25, 37.5, 50mg 90, 120mg (equivalent 50 mg, 75mg 100mg, 75mg, 100mg 39mg, 78mg, 117 mg, 39mg, 78 mg, 117 mg, 273 mg, 410mg, 546mg, 1092mg, 1560 mg
is no dose equivalency (There is no dose to oral risperidone 125mg, 150mg, 200mg,  (equivalent to oral 156 mg, 234mg, 351 mg 156 mg, 234mg 819mg

with oral risperidone equivalency with oral 3mg and 4 mg/day, 250mg (equivalent to risperidone 3mg and
documented in product  risperidone documented  respectively) oral risperidone 2mg to 4 mg/day, respectively)
labeling)° in product labeling)® 5mg/day)
Abbreviations. IM, intramuscular; SC, subcutaneous; RCT, randomized controlled trial.
0On July 9, 2024, the manufacturer announced the cessation of all sales and marketing activities regarding this product, but will continue to supply it for the foreseeable future to avoid disruption to patient care (see
https://otp.tools.investis.com/clients/uk/indivior2/rns/regulatory-story.aspx?newsid=1840448).
0n November 7, 2024, the manufacturer announced that the product will not be marketed in the United States and will focus on European development (https:/www.rovi.es/en/content/first-nine-months-2024-results-press-release).
“Product labeling states that the recommended dose for the treatment of schizophrenia is 25mg IM Q2W; patients not responding to 25 mg may benefit from 37.5mg or 50 mg.
Table adapted from Faden et al. 2024°°.
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Table 4. Long-acting injectable aripiprazole formulations, as approved by the US Food and Drug Administration
(adapted from Citrome L. Long-acting injectable antipsychotics: what, when, and how. CNS Spectr. 2021 Apr;26(2):118-
129. doi: 10.1017/51092852921000249. Epub 2021 Mar 15. PMID: 33715640. Citrome L. Long-acting injectable

antipsychotics: what, when, and how - Addendum. CNS Spectr. 2021 Apr;26(2):184. doi: 10.1017/S1092852921000456.

PMID: 33928884)

Aripiprazole Monohydrate Aripiprazole Monohydrate Aripiprazole Lauroxil Aripiprazole Lauroxil
Monthly 2-month Nanocrystal Dispersion
Brand name (US) Abilify Maintena Abilify Asimtufii Aristada Aristada Initio
Year commercialized 2013 2023 2015 2018
Approved indications (all Schizophrenia; bipolar | disorder Schizophrenia; bipolar | disorder Schizophrenia Schizophrenia

adult)

maintenance treatment (monotherapy)
(2017)

maintenance treatment (monotherapy)

Dosage forms/strengths

Vial kits and dual-chambered pre-filled

Injectable suspension: 720 mg,

Injectable suspension: 441 mg,

Injectable suspension: 675 mg

syringes: 300 mg, 400 mg 960 mg 662 mg, 882 mg, 1064 mg
Requires adding Yes No No No
diluent/liquid
Injection type Intramuscular Intramuscular Intramuscular Intramuscular

Approved injection sites

Deltoid or gluteal muscle

Gluteal muscle

Deltoid (441 mg only) or gluteal
muscle

Deltoid or gluteal muscle

Needle gauge and length

21G/2-inch, 22G/1.5-inch, or 23G/1-
inch

21G/2-inch, 22G/1.5-inch

20G/1.5 or 2-inch, 21G/1-inch

20G/1.5 or 2-inch, 21G/1-inch

Injection volume 200 mg/mL; range 0.8 mL (160 mg) to | 2.4 mL (720 mg); 3.2 mL (960 mg) 276 mg/mL: range 1.6 mL (441 24 mL

2 mL (400 mg) mg) to 3.9 mL (1064 mg)
Injection interval (weeks) 4 8 4,6,0r8 Not applicable
Starting dose 400 mg 960 mg 441 mgl4 weeks, 662 mg/4 weeks, | Not applicable

882 mg/4 weeks, 882 mg/6 weeks,
1064 mg/8 weeks

Maintenance dose

300 or 400 mg/4 weeks (adjust for
CYP2D6 or CYP3A4 inhibitors; cannot
give with CYP3A4 inducers)

720 or 960 mg/8 weeks (adjust for
CYP2D6 or CYP3A4 inhibitors; cannot
give with CYP3A4 inducers)

Same as above (adjust for
CYP2D6 or CYP3A4 modulators)

Not applicable

Oral dose equivalent

Blood levels achieved with aripiprazole
monohydrate 400 mg are comparable

with those of oral aripiprazole 15 to 20
mg/d

Blood levels achieved with aripiprazole
monohydrate 960 mg are comparable

with those of oral aripiprazole 15 to 20
mg/d

Aripiprazole lauroxil 441 mg
monthly is equivalent to oral
aripiprazole 10 mg/d; 662 mg
monthly, 882 mg every 6 weeks, or
1064 mg every 2 months is
equivalent to oral aripiprazole 15

Not applicable
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mg/d; 882 mg monthly is
equivalent to oral aripiprazole = 20
mg/d

Oral supplementation

14 days after the initial injection or 1
day when used with an additional IM
dose of 400 mg and one 20 mg dose
of oral aripiprazole

14 days after the initial injection or 1
day when used with an additional IM
dose of 400 mg and one 20 mg dose
of oral aripiprazole

21 days after the initial injection or
1 day when used with the nano-
crystal dispersion formulation and
one 30 mg dose of oral
aripiprazole

One day of aripiprazole 30 mg

Stored refrigerated

No

No

No

No
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Table 5. Long-acting injectable olanzapine formulations, as approved by the US
Food and Drug Administration (adapted from Citrome L. Long-acting injectable
antipsychotics: what, when, and how. CNS Spectr. 2021 Apr;26(2):118-129. doi:
10.1017/S1092852921000249. Epub 2021 Mar 15. PMID: 33715640. Citrome L. Long-
acting injectable antipsychotics: what, when, and how - Addendum. CNS Spectr. 2021

Apr;26(2):184. doi: 10.1017/S1092852921000456. PMID: 33928884)

Olanzapine Pamoate

Brand name (US) Zyprexa Relprewv
Year commercialized 2009
Active moiety Olanzapine

Approved indications (all adult)

Schizophrenia

Dosage forms/strengths

Vial kits: 210 mg, 300 mg, 405 mg

Requires adding diluent/liquid Yes

Injection type Intramuscular
Approved injection sites Gluteal muscle
Needle gauge and length 19G/1.5-inch

Injection volume

150 mg/mL; range 1.0 mL (150 mg) to 2.7 mL (405 mg)

Injection interval (weeks)

20r4d

Starting dose 210 mg/2 weeks, 405 mg/4 weeks, 300 mg/2 weeks

Maintenance dose 150 mg/2 weeks, 300 mg/4 weeks, 210 mg/2 weeks, 405 mg/4 weeks, 300 mg/2 weeks

Oral dose equivalent For oral olanzapine 10 mgA, the starting olanzapine pamoate dose is 210 mg every 2
weeks or 405 mg every 4 weeks, with a maintenance dose of 150 mg every 2 weeks or
300 mg every 4 weeks; for olanzapine 15 mgA, the starting olanzapine pamoate dose
is 300 mg every 2 weeks, with a maintenance dose of 210 mg every 2 weeks or 405
mg every 4 weeks; for oral olanzapine 20 mgA, the starting and maintenance dose of

olanzapine pamoate is 300 mg every 2 weeks

Oral supplementation No

Stored refrigerated No

Mandated observation period post injection 3 hours
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Table 6. Rates and number needed to harm versus placebo for weight gain,
somnolence/sedation, and akathisia, for approved long-acting injectable second-
generation antipsychotics and their oral counterparts in adults as observed in
acute short-term studies of long-acting injectable antipsychotics for
schizophrenia (doses pooled) (adapted from Citrome L. Long-acting injectable
antipsychotics: what, when, and how. CNS Spectr. 2021 Apr;26(2):118-129. doi:
10.1017/S1092852921000249. Epub 2021 Mar 15. PMID: 33715640. Citrome L. Long-
acting injectable antipsychotics: what, when, and how - Addendum. CNS Spectr. 2021
Apr;26(2):184. doi: 10.1017/S1092852921000456. PMID: 33928884).

Antipsychotic, length of study(ies) Weight gain 27% from Somnolence/sedation Akathisia

baseline adverse events adverse events

Rate (%) NNH Rate (%) NNH Rate (%) NNH

Placebo | Drug | (95% Cl) | Placebo | Drug | (95%CI) | Placebo | Drug | (95% ClI)
Risperidone/paliperidone formulations
Risperidone microspheres, 12 weeks 6 9 33 (ns) 3a 542 | 42 (ns) 6 7.6° 69 (ns)
Risperidone subcutaneous (Indivior), 8 18.0 376 | 6(4-10) Oa 732 | 14(10-26) | 4.2 4.7 199 (ns)
weeks
Risperidone ISM, 12 weeks 4.1 13.7 | 11(7-25) 22 342 | 72(ns) 1.4 55 25 (14-108)
Risperidone oral, up to 8 mg/d, up to 8 weeks | 2.9¢ 87¢ | 18(13-30) |2 10 13 (9-23) 3 10 15 (10-32)
Paliperidone palmitate, 9 and 13 weeks 3.3 8.7 19 (13-33) | 3e 472 | 59 (ns) 3 3.1 1839 (ns)
Paliperidone oral, 3-12 mg/d, up to 6 weeks 5 7.9 35 (ns) 72 942 | 42(ns) 3.9 6.5 40 (ns)
Aripiprazole formulations
Aripiprazole monohydrate, 12 weeks 8.5 215 | 8(5-21) 1.2 54 24 (13-225) | 3.5 11.4 13 (8-43)
Aripiprazole lauroxil, 12 weeks 5.8 9.2 30 (ns) 1.4 2.2 139 (ns) 4.3 11.6 14 (9-33)
Aripiprazole oral, 2-30 mg/d, up to 6 weeks 3.2 8.1 21(14-42) | 8.0 11.0 | 34 (ns) 6.8 10.0 31 (16-622)
Olanzapine formulations
Olanzapine pamoate, 8 weeks 12.4 286 | 7(5-13) 72 11.32 | 24 (ns) NR NR NR
Olanzapine oral, 2.5-20 mg, up to 6 weeks 22c¢ 3ec 6 (NC) 15.3 26.2 | 10(6-41) 5 1 25 (14-134)

aPooled term of somnolence/sedation as reported in the product label.
bPooled term of akathisia/restlessness as reported in the product label.

¢Pooled schizophrenia and bipolar as reported in the product label.

Cl - confidence interval; NC — the 95% Cl is not calculable as denominators were not provided in product
labeling; NR - not reported (did not meet threshold for reporting); NNH — number needed to harm; ns — not
significant at the p < 0.05 threshold and thus the 95% Cl is not shown
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Table 7. Prevention of relapse or recurrence as quantified using number needed
to treat versus placebo (or versus 45 mg/4 weeks for olanzapine pamoate), data
from US registration studies of long-acting injectable antipsychotics (adapted

from Citrome L. Long-acting injectable antipsychotics: what, when, and how. CNS

Spectr. 2021 Apr;26(2):118-129. doi: 10.1017/S1092852921000249. Epub 2021 Mar

15. PMID: 33715640. Citrome L. Long-acting injectable antipsychotics: what, when, and
how - Addendum. CNS Spectr. 2021 Apr;26(2):184. doi: 10.1017/51092852921000456.

PMID: 33928884.)

Disorder Antipsychotic Relapse or recurrence
Rate (%) NNT
Placebo | Drug (95% CI)
Schizophrenia Paliperidone palmitate monthly, flexibly dosed, 39-156 mg/4-weeks 34.0 9.6 5 (4-7)
Paliperidone palmitate 3-Month, flexibly dosed, 273-819 mg/12-weeks 29.0 8.8 5(4-9)
Risperidone subcutaneous monthly (Teva), dose range 50 mg-125 mg 29.3 7.1 5 (4-7)
Risperidone subcutaneous 2-month, dose range 100 mg-250 mg 29.3 12.8 7 (5-13)
Aripiprazole monohydrate, 400 mg/4-weeks 39.6 10.0 4 (3-5)
Olanzapine pamoate 150 mg/2-weeks 29.2 15.7 8 (5-26)
Olanzapine pamoate 300 mg/2-weeks 29.2 5.0 5 (4-7)
Olanzapine pamoate 405/4-weeks 29.2 12.3 6 (4-12)
Schizoaffective disorder | Paliperidone palmitate monthly, flexibly dosed, 78-156 mg/4-weeks 33.5 15.2 6 (4-11)
Bipolar Disorder Risperidone microspheres, as adjunctive therapy, flexibly dosed, 25-50 mg/2-weeks | 45.8 231 5 (3-16)
Risperidone microspheres, as monotherapy, flexibly dosed, 25-50 mg/2-weeks 56.3 30.0 4 (3-7)
Aripiprazole monohydrate, 400 mg/4-weeks 511 26.5 5(3-8)

Cl - confidence interval; NNT — number needed to treat
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Table 8. Formulations of long-acting injectable antipsychotics and
recommendations regarding early or late dosing as per US product labels

Formulation (Manufacturer) Early dosing permitted? Grace period if late (defined as the amount of
time that can elapse after an injection is due
before any supplemental medication is required)

Risperidone microspheres (Janssen) No data None

Risperidone microspheres (Luye) No data None

Risperidone subcutaneous (Indivior) No data NA*

Risperidone subcutaneous (Teva) No data NA*

Risperidone ISM (Rovi) No NA*

Paliperidone palmitate 1-month (Janssen) 21 days after last injection 2 weeks

Paliperidone palmitate 3-month (Janssen) 2.5 months after last injection 4 weeks

Paliperidone palmitate 6-month (Janssen) 5.5 months after last injection 3 weeks

Paliperidone palmitate 1-month (Luye) 21 days after last injection 2 weeks

Aripiprazole lauroxil (Alkermes) 14 days after last injection 2-4 weeks, depending on dose

Aripiprazole monhydrate 1-month (Otsuka/Lundbeck) 26 days after last injection 1-2 weeks, depending on number of injections

Aripiprazole monhydrate 2-month (Otsuka/Lundbeck) 1% months after last injection 6 weeks

Olanzapine pamoate (Eli Lilly) No data No data

*NA - no oral supplementation or loading dose is required upon initiation with this formulation
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