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Abstract

Non-adherence and even partial adherence to antipsychotic treatment can increase the risk of
relapse in patients with schizophrenia. One strategy to improve adherence is through the use of
long-acting injectable (LAI) antipsychotics. Multiple LAI antipsychotic options are available,
which differ in terms of their formulation, administration, initiation, and maintenance dosing
schedule. This article provides a practical guide to the conversion from oral to LAI antipsychotic
treatment for the available LAI formulations as well as evidence-based principles for mainte-
nance treatment.

Long-acting injectable antipsychotics reduce risk of relapse

Non-adherence and even partial adherence can increase the risk of relapse in patients with
schizophrenia."” Relapse in turn carries multiple potential consequences, including brain tissue
loss, rehospitalization, treatment resistance, functional disability, suicide, arrests/incarceration,
and homelessness.”” A proven strategy to prevent relapse is the use of long-acting injectable
(LAI) antipsychotics, which can provide steady-state therapeutic drug levels with an injection
schedule ranging from 2 to 26 weeks, depending on the particular formulation. Studies have
shown that patients prescribed an LAI formulation are more likely to be adherent than those
prescribed an oral formulation.”™” Indeed, the majority of data show that the risk of relapse and
rehospitalization is reduced with LAI antipsychotics compared to oral formulations.*"*

Although not every antipsychotic has an LAI formulation as an option, there are formulations
available for fluphenazine, haloperidol, risperidone, paliperidone, aripiprazole, and olanzapine;
in the cases of risperidone, paliperidone, and aripiprazole, multiple LAI formulations exist
(Table 1). Each LAI has a unique profile in terms of pharmacokinetics, administration factors,
initiation strategy, and maintenance dosing schedule. This article provides a practical guide to
the conversion from oral to LAI antipsychotic treatment for the available LAI formulations as
well as evidence-based principles for maintenance treatment.

Converting to LAls: general principles
Choosing the LAl dose

The dose equivalence of oral to LAI antipsychotic formulations is well defined for some but not
all of the LAI options. Choosing the appropriate LAI dose is best accomplished by understanding
the current extent of medication exposure—in other words, by obtaining plasma antipsychotic
levels.'” Prior to switching to an LAI plasma antipsychotic levels should be obtained as 12-hour
morning trough values for oral medications at steady state.'” If antipsychotic plasma levels are
low, repeating the trough plasma level can help determine whether this is due to an adherence
issue or a pharmacokinetic one: fluctuations of more than 30% typically represent poor
adherence, assuming the levels were drawn at comparable times.'”

Initial dosing

When converting from an oral antipsychotic to an LA, for most formulations, one must either
adequately load the dose or provide oral supplementation. A loading dose is the dose required to
immediately achieve a plasma concentration that is equivalent to the steady-state concentra-
tion."” Dose loading is possible for many but not all of the available LAI formulations; when not
available, oral supplementation is required. The failure to adequately load the dose or provide
oral supplementation can lead to subtherapeutic antipsychotic plasma levels for weeks or
months.
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Maintenance dosing

Obtaining antipsychotic plasma levels can be beneficial not only for
initiating the dosing of an LAI, but also during maintenance
treatment. Because plasma antipsychotic levels increase gradually
over time, dose requirements may eventually decrease, making it
valuable, when possible, to obtain periodic plasma levels to prevent
unnecessary plasma level creep. The appropriate time to get a blood
level for patients receiving an LAI is the morning of the day they
will receive their next injection; however, levels can be obtained up
to 72 hours prior to the next injection.'”

Converting to haloperidol decanoate (Haldol Decanoate)

The response threshold for haloperidol is typically 2 to 5 ng/mL,
while plasma levels greater than 18 ng/mL are generally not well
tolerated.'””' Haloperidol decanoate can be loaded; the recom-
mended loading dose in the literature is 10 times the oral daily dose,
given weekly for the first 3 weeks (Table 1).”*' Discontinuation of
oral antipsychotic can begin immediately if adequate loading is
pursued; however, the time to maximum concentration ranges
from 3 to 9 days, and oral coverage (one-half the oral dose) may
still be necessary for the first week for some patients.'”

Steady state is reached after 4 weeks with loading. The terminal
half-life with multiple dosing is 21 days; therefore, the maintenance
dosing schedule for haloperidol decanoate is every 4 weeks.”” The
maintenance dose during the early phase of treatment is 20 times
the oral daily dose and should start 2 weeks after the last loading
injection. 7 Depending on the appropriate maintenance dose, some
patients may require a different dosing schedule. Single injection
volumes greater than 3 ml (300 mg) are not tolerated,” so patients
who require higher doses typically receive the monthly dose as split
injections every 2 weeks.

Trough plasma levels should be checked every 2-3 months
during the first year of treatment with haloperidol decanoate. In
the event of level creep, the maintenance dose may need to be
adjusted downward. According to the package insert, the usual
maintenance dose is 10-15 times the previous daily dose.”

Converting to fluphenazine decanoate (Prolixin Decanoate)

For fluphenazine decanoate, the response threshold is
1 ng/mL. Plasma levels greater than 2 to 3 ng/mL may not be well
tolerated, with 4 ng/mL considered the “point of futility.”'” With a
single dose, the time to maximum concentration is only 0.3 to
1.5 days, after which the concentration drops steeply.”” This early
peak relative to other LAIs may make fluphenazine decanoate
preferable in acute situations, but it also carries the risk of drug-
induced parkinsonism or akathisia in the first 48 hours."” In
addition, the steep drop in levels can lead to relapse. Without
loading, the time to steady state is more than 12 weeks; therefore,
when converting to fluphenazine decanoate, one should initiate
treatment with weekly loading injections."

The formula for converting patients from oral to long-acting
fluphenazine is not as well established as for some other LAIs, and
the best way to determine the loading schedule is by obtaining a
plasma level. Studies have shown that 3 weekly loading injections of
50 mg will yield a plasma level above the response threshold of
1 ng/mL."* Some patients, such as those with first-episode or less
severe illness, may receive lower doses.'” The package insert for
fluphenazine states that, for most patients, 12.5 to 25 mg can be
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used as the initiation dose, with subsequent injections and dosing
intervals based on the patient’s response.'’

The first maintenance dose should be administered 2 weeks
after the last loading injection. The usual maintenance dose is 12.5
to 75 mg every 2 weeks and should be guided by plasma levels.
25 mg/2 weeks is associated with trough plasma levels of 1-1.2
ng/mL.”>*

Single injections cannot exceed 3 ml due to tolerability, so
higher doses must be administered weekly; the maximum dose is
75 mg/week.'” As with other LAI antipsychotics, trough plasma
levels should be checked every few months to avoid level creep.

Converting to risperidone formulations

There are three available LAI formulations of risperidone, two of
which are administered intramuscularly and one subcutaneous.
The established plasma level response threshold for risperidone is
15 ng/mL. The point of futility is 112 ng/mL; however, there is no
available dosage form of risperidone LAI that approaches that level
(Table 2)."” This means that patients who are taking higher doses of
oral risperidone (more than 5-6 mg/day) may not be good candi-
dates for the LAI formulations, since more than one injection
would be required.

Risperidone microspheres: Consta and Rykindo

Risperidone microspheres are administered intramuscularly. The
lag time in active release means that maximum concentration is not
achieved until 14-17 days for Rykindo and 21 days for Consta.”
However, the terminal half-life with multiple doses is 3 to 6 days,
which is why these LAIs need to be dosed every 2 weeks.”>*” Steady
state is achieved after 4 injections, at 6 weeks.

Risperidone microspheres cannot be loaded, so oral supplemen-
tation is required to maintain therapeutic plasma levels (Table 1).
Consta requires 21 days of oral overlap, while Rykindo requires
7 days of oral coverage.”*”” Plasma concentrations can be esti-
mated as approximately 7 times the oral dose, which can in turn be
used to predict the appropriate long-acting dose (Table 2)."” For
example, a 2-mg oral dose should correspond to an active moiety
plasma level of approximately 14 ng/mL, which in turn corresponds
to 25 mg of risperidone microspheres. However, this is an average
and can vary by individual patient, so obtaining plasma levels is ideal
when deciding on the maintenance dose of the LAI formulation.

The usual maintenance dose range is 12.5-50 mg every 2 weeks,
with 50 mg per vial as the highest available dosing option.”**’
Changes in blood levels due to dosage changes (or missed dose) are
not apparent for 3—4 weeks; if dose adjustments are needed after a
patient has started risperidone microspheres, titration should occur
at intervals of no less than 4 weeks.'” If a dose is missed by 2 or more

Table 2. Dose equivalence for risperidone LAl formulations®/2¢-035-3¢

Microspheres

Average dose every 2 Subcutaneous Subcutaneous
Daily oral steady-state weeks dose once dose once
risperidone plasma level  (Consta or monthly every 2 months
dose (mg) (ng/mL) Rykindo) (mg) (Uzedy) (mg) (Uzedy) (mg)
2 14 25 50 100
3 21 37.5 75 150
4 28 50 100 200
5 35 50 125 250
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weeks, then oral coverage while reinitiating injections may be
necessary.

Risperidone subcutaneous: Uzedy

Although there are two approved subcutaneous risperidone for-
mulations, one (Perseris) is no longer being marketed.”””” With the
copolymer technology utilized for subcutaneous risperidone, the
delivery system is applied as a liquid and hardens upon contact with
bodily fluids.'”*>*” This allows for an initial release of the active
drug that reaches therapeutic plasma levels within 24 hours, thus
obviating the need for oral coverage or a second loading injection,
followed by controlled release for up to 2 months.' """

The injection volumes are smaller than with the intramuscular
formulations (typically less than 1 ml); this allows for less-invasive
injection sites (abdominal or upper arm rather than gluteal or
deltoid).'””" There are two absorption peaks: the first occurs
within 6-24 hours due to an initial release of the active drug during
the depot formation process.””* The second occurs 8—14 days after
the injection, with similar magnitude and at levels that approach
steady state (Table 1).”" Steady state is reached in 2 months.

Uzedy can be administered every month (50—-125 mg) or every
two months (100-250 mg) in either the abdomen or the upper
arm.”’ The average exposure values over the dosing period are
comparable for once-monthly and once every two months admin-
istration at corresponding doses.

Converting to paliperidone palmitate formulations

Paliperidone palmitate exists as a 1-month, a 3-month, and a
6-month formulation (Table 1). The 1-month formulation is an
option for patients who are switching from oral medication, from a
different LAI, or who are not on active medication.””” The
3-month formulation is only to be used for patients who have
already received adequate treatment with 1-month paliperidone
palmitate for at least 4 months.”* The 6-month formulation is only
for patients who have received adequate treatment with the
1-month formulation for at least 4 months or the 3-month formu-
lation for at least one 3-month cycle.”’

1-month paliperidone palmitate (Invega Sustenna and Erzofri)

For patients switching from oral medication or who are not on
active medication, the 1-month formulation of paliperidone pal-
mitate can be loaded, with a standard loading schedule of 234 mg
on day 1 and 156 mg on day 8, plus or minus 2 days (Sustenna).”*
In 2024, another formulation of 1-month paliperidone palmitate
(Erzofri) was approved, which has a single initiation loading dose of
351 mg.” The initiation dose for either 1-month formulation must
be administered in the deltoid muscle, as deltoid absorption is 28%
greater than gluteal absorption. The maintenance dose should start
4 weeks after the second loading injection, but the dosing window is
flexible and can vary by plus or minus 1 week.”*”” Patients who are
switching from an LAI antipsychotic do not require the 1-week dose
initiation schedule and instead can receive the first injection of pali-
peridone palmitate in place of their next scheduled depot injection.

The maintenance dose of 1-month paliperidone palmitate is
determined based on the oral dose (Table 3), although ideally
plasma levels would be obtained. The therapeutic threshold is
20 ng/ml; point of utility is not well established for paliperidone,
and ir}stf]ad, the risperidone level is generally used as the best
guide.'”
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Table 3. Dose equivalence for paliperidone formulations**2>%37
1-month 6-month
Invega 3-month Invega

Daily oral Daily oral Sustenna or Invega Hafyera
risperidone paliperidone Erzofri dose Trinza dose
dose (mg) dose (mg) (mg) dose (mg) (mg)
~1 3 39
~2 3 78 273
~3 6 117 410
~4 9 156 546 1,092
~6 12 234 819 1,560

Three-month paliperidone palmitate (Invega Trinza)

Three-month paliperidone palmitate is only for patients who have
received adequate treatment with 1-month paliperidone for at least
4 months.”® The last 2 doses of 1-month paliperidone should
ideally be the same dosage strength, so that a consistent mainte-
nance dose is established prior to starting the 3-month formulation.
The injection of 3-month paliperidone palmitate is given in place of
the next-scheduled 1-month injection, with dosing based on the
previous 1-month injection dose (Table 3). The dosing window is
also flexible for the 3-month formulation, and it can be given up to
2 weeks before or after the 3-month time period. Dose adjustments
can be made every 3 months if needed.

If a dose is missed for 4-9 months, a reinitiation schedule with
the 1-month formulation must be followed (Table 4).°° If more
than 9 months has passed since the last dose, treatment must be
reinitiated with the 1-month formulation according to its prescrib-
ing information;”** patients can convert to the 3-month formu-
lation once they have been adequately treated with the 1-month
LAI for at least 4 months.

Six-month paliperidone palmitate (Invega Hafyera)

The injection of the 6-month formulation of paliperidone palmi-
tate is given in place of the next-scheduled 1-month or 3-month
injection, with dosing based on the previous 1-month or 3-month

Table 4. Reinitiation schedule for 3-month paliperidone palmitate (4-9

months since last dose)”®

Last dose of

Invega

Trinza (mg) Day 1 Day 8 1 month after day 8

273 78 mg Invega 78 mg Invega 273 mg Invega
Sustenna/ Sustenna/ Trinza (deltoid or
Erzofri Erzofri gluteal)
(deltoid) (deltoid)

410 117 mg Invega 117 mg Invega 410 mg Invega
Sustenna/ Sustenna/ Trinza (deltoid or
Erzofri Erzofri gluteal)
(deltoid) (deltoid)

546 156 mg Invega 156 mg Invega 546 mg Invega
Sustenna/ Sustenna/ Trinza (deltoid or
Erzofri Erzofri gluteal)
(deltoid) (deltoid)

819 156 mg Invega 156 mg Invega 819 mg Invega
Sustenna/ Sustenna/ Trinza (deltoid or
Erzofri Erzofri gluteal)
(deltoid) (deltoid)
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product (Table 3).” When switching from the 1-month LAI, the
last two 1-month doses should be the same dosage strength so thata
consistent maintenance dose is established prior to starting
the 6-month formulation. When switching from the 3-month
LAI, the 6-month injection can be given up to 2 weeks before or
after the next-scheduled 3-month dose. Dose adjustments can be
made every 6 months if needed; response to an adjusted dose may
not be apparent for multiple months.

Patients taking the 6-month formulation can receive their next
injection up to 2 weeks before or 3 weeks after the next-scheduled
6-month dose. If more than 6 months and 3 weeks has passed since the
last dose, reinitiation with 1-month Sustenna is necessary (Table 5).””

Converting to aripiprazole formulations

Aripiprazole is available in more than one LAI formulation, which
differ in terms of their formulation, kinetics, and initiation strate-
gies. Response threshold for aripiprazole is 110 ng/ml, which
corresponds to 10 mg/day of oral aripiprazole, and point of futility
is 500 ng/ml, which is the plasma level associated with 100%
dopamine 2 (D2) receptor occupancy.'’

Aripiprazole monohydrate: Maintena and Asimtufii

Aripiprazole monohydrate is available in a 1-month (Maintena)
and a 2-month (Asimtufii) formulation. Aripiprazole monohy-
drate is poorly soluble, resulting in slow and prolonged dissolution
and absorption, with maximum concentration achieved after about
a week with Maintena and after 28 days with Asimtufii.'” Until
recently, it could not be loaded and thus required oral coverage for
the first 14 days; however, it is now an option to use a 2-injection
loading strategy in lieu of oral coverage (Table 1).">'°

The 1-day initiation of Maintena requires two separate 400-mg
injections with a single oral dose of 20 mg aripiprazole. The other
option is a 14-day initiation, which requires an initial injection of
400 mg along with 14 days of overlapping oral antipsychotic. The
maintenance dosing schedule is typically 300 to 400 mg every
4 weeks."” The maximum dose, 400 mg, is equivalent to 20 mg of
oral aripiprazole, which generally corresponds to a plasma level in
the 200s.''” Steady state is achieved after 4 monthly injections. In
the event of a missed dose (more than 5 weeks between doses if
steady state is not yet achieved and more than 6 weeks between
doses once steady state is achieved), it is necessary to restart
treatment with either the 1-day initiation or the 14-day initiation."”

A. J. Cutler and M. M. Grady

Asimtufii can be initiated in patients receiving oral antipsy-
chotic. The 1-day initiation requires one injection of 960 mg
Asimtufii, one injection of 400 mg Maintena, and a single oral dose
of 20 mg aripiprazole. Alternatively, the 14-day initiation requires
one initial injection of 960 mg Asimtufii and oral antipsychotic
coverage for 14 days. When converting from Maintena to Asimtu-
fii, a 960-mg Asimtufii injection should be administered in place of
the next-scheduled Maintena injection.'®

The maintenance dose of Asimtufii is 720 mg or 960 mg every
2 months. The dosing window is flexible, and the next injection can be
given up to 2 weeks before or after the 2-month time period.'® If more
than 14 weeks has elapsed between injections, it is necessary to restart
treatment with either the 1-day initiation or the 14-day initiation.'®

Aripiprazole monohydrate cannot be used with strong cyto-
chrome 450 (CYP) 3A4 inducers and requires dose adjustment in
the presence of CYP2D6 and CYP3A4 inhibitors, as well as in
patients who are poor CYP2D6 metabolizers (Table 6)." >

Aripiprazole lauroxil: Aristada and Aristada Initio

Aripiprazole lauroxil is a prodrug formulation, which allows for the
formation of crystals that dissolve slowly. Once the prodrug is
released from the crystal, it is immediately cleaved by hydrolysis,
releasing active aripiprazole that reaches maximum concentration
after 44 to 50 days, with four monthly injections required to reach
steady state.'” There are two options for how to initiate treatment:
(1) oral coverage for the first 21 days or (2) use of the 675-mg
single-dose initiation injection in combination with a 30-mg dose
of oral aripiprazole (Table 1)."* The first maintenance aripiprazole

Table 6. Dose adjustments for aripiprazole monohydrate due to CYP
interactions'>'°

Adjusted dose for patients taking:

300 mg 400 mg
Maintena Maintena Asimtufii
Poor 2D6 metabolizers N/A 300 mg N/A
Patients taking strong 2D6 or 3A4 200 mg 300 mg 720 mg
inhibitors
Poor 2D6 metabolizers taking N/A 200 mg Avoid use
concomitant 3A4 inhibitors
Patients taking 2D6 AND 3A4 160 mg 200 mg Avoid use
inhibitors
Patients taking 3A4 inducers Avoid use  Avoid use  Avoid use

Table 5. Reinitiation schedule for 6-month paliperidone palmitate (at least 6 months and 3 weeks since last dose)*’

Up to 8 months since last dose of Invega Hafyera

Last dose of Invega Hafyera (mg) Day 1

1 month after day 1

1,092

156 mg Invega Sustenna/Erzofri (deltoid)

1,092 mg Invega Hafyera (gluteal)

1,560

234 mg Invega Sustenna/Erzofri (deltoid)

1,560 mg Invega Hafyera (gluteal)

8-11 months since last dose of Invega Hafyera

Last dose of Invega Hafyera (mg)  Day 1 Day 8 1 Month After Day 8

1,092 156 mg Invega Sustenna/Erzofri (deltoid) 156 mg Invega Sustenna/Erzofri (deltoid) 1,092 mg Invega Hafyera (gluteal)

1,560 156 mg Invega Sustenna/Erzofri (deltoid) 156 mg Invega Sustenna/Erzofri (deltoid) 1,560 mg Invega Hafyera (gluteal)

More than 11 months since last dose of Invega Hafyera

Reinitiate treatment with Invega Sustenna or Erzofri according to its prescribing information; Invega Hafyera can be used after the patient has been adequately
treated with Invega Sustenna or Erzofri for at least 4 months
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lauroxil injection can be administered on the same day as the
single-dose injection or up to 10 days later. One should avoid
injecting both the single-dose injection and maintenance-dose
injection into the same deltoid or gluteal muscle."*

The dosing equivalence of oral aripiprazole to aripiprazole
lauroxil is well defined (Table 7)."*

Dose adjustments are needed in the presence of CYP2D6 inhib-
itors, CYP3A4 inhibitors, and CYP3A4 inducers (Table 8)."°
However, dose adjustments are not possible for the single-dose
injection, so this treatment initiation option should be avoided in
patients who are known CYP2D6 poor metabolizers or who are
taking strong CYP3A4 inhibitors, strong CYP2D6 inhibitors, or
strong CYP3A4 inducers."”

Converting to olanzapine pamoate (Zyprexa Relprevv)

For olanzapine pamoate, the response threshold is generally
20 ng/mL, although much higher levels may be tolerated; the point
of futility is 150 ng/mL."” The time to maximum concentration is
3 to 4 days, and the time to steady state is 3 months. The dose
should be loaded for the first 8 weeks, with the specific dosage
determined based on the previous oral dose (Table 9).* Mainte-
nance dosing can be every 2 weeks or every 4 weeks.

Table 7. Dose equivalence for aripiprazole lauroxil*®

Daily oral dose (mg) Aristada dose Intramuscular site

10 441 mg per month Deltoid or gluteal
15 662 mg per month OR Gluteal

882 mg every 6 weeks OR

1064 mg every 2 months
20-30 882 mg per month Gluteal

Table 8. Dose adjustments for aripiprazole lauroxil due to CYP interactions™®

Adjusted dose for patients taking:

441 mg 662 mg 882 mg 1064 mg
Aristada  Aristada  Aristada  Aristada
Poor 2D6 metabolizers  N/A N/A N/A N/A
Patients taking strong  N/A 441 mg 662 mg 882 mg
2D6 or 3A4 inhibitors
Poor 2D6 metabolizers ~ N/A 441 mg 441 mg 441 mg
taking concomitant
3A4 inhibitors
Patients taking 2D6 AND N/A Avoid use  Avoid use Avoid use
3A4 inhibitors
Patients taking 3A4 662 mg N/A N/A N/A

inducers

Table 9. Dosing equivalence for olanzapine formulations®*

Daily oral Zyprexa Relprevv dose: Zyprexa Relprevv dose:
dose (mg) first 8 weeks after 8 weeks
10 210 mg every 2 weeks OR 150 mg every 2 weeks OR
405 mg every 4 weeks 300 mg every 4 weeks
15 300 mg every 2 weeks 210 mg every 2 weeks OR
405 mg every 4 weeks
20 300 mg every 2 weeks 300 mg every 2 weeks
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The main limitation to using olanzapine pamoate is that it has a
Risk Evaluation and Mitigation Strategy (REMS) program that
requires 3-hour post-injection monitoring due to the rare risk of
post-injection delirium/sedation syndrome from vascular breach.'”**

Summary

LAIs can reduce the risk of relapse and rehospitalization in patients
with schizophrenia and should be discussed with patients as poten-
tial treatment options. Multiple first- and second-generation anti-
psychotics are available in LAI formulations, with others in
development; in some cases, there are multiple LAI formulations
for a particular active moiety. Each LAI has a unique profile in
terms of formulation, administration, initiation, and maintenance
injection schedule, with pharmacokinetics playing a vital role in
these profiles.
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