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are now being developed and introduced.

Aims

injections (LAIS).

Method

available up to October 2008.

Results

Psychopharmacology and adverse effects
of antipsychotic long-acting injections: a review

Depot antipsychotics are widely used in clinical practice.
Long-acting formulations of second-generation antipsychotics

To review the pharmacology, pharmacokinetics and adverse
effect profiles of currently available antipsychotic long-acting

The psychopharmacological properties of first- and second-
generation antipsychotic LAIs are reviewed using data

First-generation antipsychotic (FGA) LAIs are associated with
a high rate of acute and chronic movement disorders.
Risperidone LAl is better tolerated in this respect, but is

associated with hyperprolactinaemia and weight gain.
Olanzapine LAl causes weight gain and other metabolic
effects but appears not to be associated with an important
incidence of movement disorders.

conclusions

Dosing of LAIs is complicated by delayed release of drug,
changes in plasma levels without change in dose, and by the
lack of data establishing clear dose requirements. All LAIS
offer the prospect of assured adherence (although patients
may still default on treatment) but their use is complicated
by adverse effects, complex pharmacokinetics and confusion
over dose-response relationships.
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There are currently eight antipsychotic long-acting injections
(LAIs) in widespread use around the world. Six of these are LAI
preparations of first-generation antipsychotics (FGAs), including
flupentixol, fluphenazine, haloperidol, perphenazine, pipotiazine
and zuclopenthixol, and the remaining two are LAI formulations
of the second-generation antipsychotics (SGAs) risperidone and
olanzapine. The dosing characteristics of these LAls are

summarised in Table 1.

Pharmacokinetic characteristics

Almost all antipsychotics have short plasma half-lives of 1-2 days
at most. This means that antipsychotics have to be administered
frequently in order to attain and maintain therapeutic effects.
Although the elimination half-lives of these drugs cannot be
altered to any important degree, chemical manipulation of the
parent compound and changes in pharmaceutical formulation
can significantly alter drug release or absorption characteristics.
When absorption and/or release are extensively prolonged,
effective plasma half-life can be extended (half-life is dependent

on release rather than elimination).

Some FGAs possess a terminal alcohol (-OH) group which
allows them to be combined with carboxylic acids by a process
of esterification. Long-chain esters show high oil solubility and
low water solubility. Long-acting injectable formulations of FGAs
contain long-chain drug esters (e.g. decanoate, palmitate)
dissolved in a vegetable oil. When injected intramuscularly, the
oil forms a depot of drug: the drug ester slowly diffuses into the
blood stream and is then rapidly hydrolysed to release the parent
drug.' Most SGAs lack terminal —OH groups suitable for
esterification. Modification of release characteristics is brought
about by other means: encapsulating the drug into a biodegradable
polymer (risperidone) or injecting a suspension (i.e. water-insoluble
particulate matter in water) of drug compound (olanzapine

pamoate).

https://doi.org/10.1192/bjp.195.52.513 Published online by Cambridge University Press

First-generation LAls
Flupentixol

Flupentixol is a thioxanthine antipsychotic. Flupentixol LAI is
formulated as flupentixol decanoate in a low-viscosity vegetable
oil (fractionated coconut oil). Flupentixol decanoate provides
peak plasma levels 3-7 days after intramuscular injection and
shows an apparent half-life of 17 days.>” Steady-state plasma levels
can be expected to be achieved after 2 months or so of regular
dosing. In practice, plasma levels may show marked variability
independent of dose changes.*

Fluphenazine

Fluphenazine is a piperazine phenothiazine compound. Fluphen-
azine decanoate is available as an LAI in sesame oil. Plasma levels
peak within 24 h of intramuscular injection,5 and the half-life is
approximately 7-14 days."® Plasma levels obtained vary up to
40-fold in patients receiving the same dose.” Smoking significantly
reduces plasma fluphenazine levels.”

Haloperidol

Haloperidol is a butyrophenone and is available as haloperidol
decanoate in sesame oil. Peak plasma levels are seen up to 7 days
after intramuscular injection and plasma half-life is around 3
weeks."” Steady-state plasma levels can be expected to be reached
after 2-3 months of regular dosing.® As with fluphenazine,
clearance of haloperidol is significantly increased by smoking.’
Nonetheless, variation in plasma levels is smaller in patients
receiving haloperidol decanoate than in those receiving oral
haloperidol.'°

Perphenazine

Perphenazine is a piperazine phenothiazine available as perphen-
azine decanoate in sesame oil, used mainly in northern Europe
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Table 1 Pharmacokinetic and pharmacodynamic characteristics of antipsychotic long-acting injections

Time to  Plasma Time to Test Typical clinical Licensed dosing
peak, half-life, steady state, dose, dose per intervals (UK),
days days months mg 2 weeks, mg weeks Comments
First-generation antipsychotics
Flupentixol decanoate 3-7 ~17 2 20 60 2-4 Available as low-volume injection
Fluphenazine decanoate 1 7-14 2 12.5 50 2-5 Available as concentrate
Haloperidol decanoate 7 ~21 2-3 Not stated 100 2-4
Perphenazine decanoate 1-7 ~14 3 Not stated 150 2-4 Not used in UK or USA
Pipotiazine palmitate 7-14 ~14 2 25 50 4
Zuclopenthixol decanoate 7 ~14 2 100 300 1-4 Available as concentrate
Second-generation antipsychotics
Olanzapine pamoate 2-4 14-28 2-3 Not 300 20r4 Limited clinical experience
recommended as recently introduced
Risperidone microspheres 28 4-6 2 Not 37.5 2 Drug release delayed for 2-3
appropriate weeks

and Scandinavia. After intramuscular injection, peak plasma levels
are obtained in 1-7 days and the half-life is approximately
2 weeks."! Steady-state levels are obtained after 3 months.'
Variations in plasma levels during regular dosing are small,"'
and plasma levels are directly correlated with dose."

Pipotiazine

Pipotiazine is a piperidine phenothiazine antipsychotic. The LAI
formulation contains pipotiazine palmitate in coconut oil. This
provides peak plasma levels after 1-2 weeks although no drug is
released for at least 3 days.'* Other sources suggest peak levels
are seen within 24 h."'> Plasma half-life is around 2 weeks and
the time to steady state is 2 months."'*"

Zuclopenthixol

Like flupentixol, zuclopenthixol is a thioxanthine compound.
Zuclopenthixol LAT is formulated as the decanoate ester dissolved
in thin vegetable oil (fractionated coconut oil). Peak plasma levels
of zuclopenthixol are achieved a week after injection.'® Plasma
half-life has been estimated at 7.4 days and 19 days.!”'®
Zuclopenthixol LAI shows moderate inter- and intra-individual
differences in plasma levels,'® and marked differences between
peak and trough plasma levels when given every 2 weeks (peak
levels more than 3 times higher than trough).!” Steady-state
plasma levels are achieved after around 2 months of regular
dosing."’

Second-generation LAIs
Olanzapine

Olanzapine LAI is a salt of pamoic acid and olanzapine
(olanzapine pamoate) suspended in water. This formulation
provides peak plasma levels some 2—4 days after intramuscular
administration and a plasma half-life of 2—4 weeks.*® Plasma levels
obtained are directly proportional to dose given and time to
steady state is around 2-3 months.”® In 2-weekly dosing trough
levels are around 50% of peak level; in monthly dosing trough
levels are 75% lower than peak.”® Olanzapine pamoate dissociates
readily in aqueous environments (e.g. plasma) so its pharmaco-
kinetic properties depend on the method of administration (see
below).

Risperidone

As with olanzapine LAI, the formulation of risperidone LAI is
materially different from the ester-in-oil preparations of first-
generation antipsychotics so far described. Its LAI formulation
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contains risperidone encapsulated into polymeric microspheres
which requires cold storage to retain its intended release
characteristics. These microspheres are made up of biodegradable
copolymer which is slowly hydrolysed in vivo to release
risperidone.”' After intramuscular injection a small amount of
risperidone is released from the surface of the microspheres,!
but then further release is delayed for 2-3 weeks, during which
time erosion of the microspheres takes place. In 2-weekly dosing
peak plasma levels are seen at around 4 weeks after the first
injection and the plasma half-life is of the order of 46 days.**
Steady-state plasma levels are obtained after 8 weeks, at which
time peak-to-trough levels vary threefold.*

Dose and administration

As with oral antipsychotics, dosing requirements for LAIs in
individuals vary enormously. Examination of population data
(as below) can provide some guidance on optimum dosing, but
individual variation should always be borne in mind and dose
adjustments should be according to patient response and
tolerability.

Flupentixol decanoate is given initially as a test dose of 20 mg.
After 7 days a further dose of 20-40 mg is given. Dosing is then at
intervals of 2—4 weeks, at doses ranging from 50 mg every 4 weeks
to 400 mg weekly. Dose-response relationships are less than clear.
One study showed 40 mg every 2 weeks to be as effective in relapse
prevention as 40 mg every 4 weeks.”> Other trials lend some support
to the use of 40mg every 2 weeks as the optimal dose of this
compound.24’25 Both studies were double-blind. In one study,
40 mg every 2 weeks was shown to be as effective in improving ‘ward
behaviour’ and better tolerated than 200 mg every 2 weeks in female
patients over 13 weeks treatment.** In the other study a 50% dose
reduction to 6 mg per week led to substantially increased risk of
relapse compared with participants not undergoing dose
reduction receiving on average 9mg per week.”> In contrast,
another study in patients stabilised on higher doses showed that
reducing the dose of flupentixol below 200mg every 2 weeks
significantly increased the risk of relapse.® This study was also a
double-blind randomised trial but included only 18 participants.

Fluphenazine decanoate is initiated with a test dose of
12.5 mg. Maintenance doses are in the range 12.5-100 mg given
every 2-5 weeks — the maximum dose is thus 100 mg every 2
weeks. Much lower doses appear to be effective — 25 mg every 2
weeks is no more effective than 25 mg every 6 weeks.”” There is
some support for even lower doses,”® but controlled trials suggest
that doses substantially less than 25mg every 2 weeks greatly
increase the risk of relapse.”*°
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For haloperidol decanoate no formal test dose is specified.
Treatment is usually begun with a dose of 50 mg and maintenance
doses are usually in the range 50-300 mg every 4 weeks (in the
USA up to 20 times the previous oral haloperidol dose can be
used). Doses of around 100mg every 4 weeks are probably
optimal;*"*? relapse prevention is not improved by higher doses.
A dose of 25 mg every 4 weeks is probably ineffective,”' whereas
doses of around 50 mg every 4 weeks may be effective in some
patients.*"?

Perphenazine plasma levels of 1-5 nmol/l have been associated
with good therapeutic response,® although a higher therapeutic
range has been suggested.” In a study that aimed to discover
the minimum effective dose of perphenazine decanoate, it was
found that this was around 100 mg every 2 weeks (range 21.6—
270.5 per 2 weeks)."> Plasma levels ranged from around 2 nmol/l
to 18 nmol/l depending on dose. In a further study of responding
patients receiving 108.5 mg perphenazine decanoate every 2 weeks,
plasma levels averaged 5nmol/l and ranged from around 2 nmol/l
to 6nmol/L."" Other studies have shown that doses of around
100 mg every 2 weeks are effective and provide plasma levels in
the range 3-11 nmol/1.>**”

Pipotiazine palmitate is usually first given as a test dose of
25 mg. Maintenance doses are usually within the range 50-200 mg
every month (up to 250mg in Canada). The dose-response
relationship is poorly defined. An early study suggested that the
optimal dose of pipotiazine palmitate was between 100 mg and
600 mg every 4 weeks.’® Later trials found doses of 50-200mg
every 4 weeks to be adequately effective.””*°

Zuclopenthixol decanoate is initiated with a test dose of
100 mg and maintenance doses vary from 200 mg every 4 weeks
to 600 mg a week. In an open dose-reduction study of 23 patients,
the minimum effective dose was shown to be, on average, 200 mg
every 2 weeks (range 60-400 mg).*' In practice zuclopenthixol is
often given at weekly or 2-weekly intervals. However, doses of
100-600 mg (mean 284 mg) given every 4 weeks have been shown
to be as effective in preventing relapse as haloperidol decanoate
(38-200 mg per month).** Fortnightly or monthly administration
thus seems reasonable in practice in the out-patient setting for
maintenance treatment.

Olanzapine pamoate is licensed to be given in doses ranging
from 150 mg every 2 weeks to 300 mg every 2 weeks. Supplement-
ation with oral olanzapine is not usually required owing to prompt
early release of olanzapine from the formulation. In a placebo-
controlled trial, doses of 210 mg per 2 weeks, 300 mg per 2 weeks
and 405 mg per 4 weeks were equally effective and well tolerated."’

Risperidone LAI is usually begun at a dose of 25 mg or 37.5 mg
according to the dose of antipsychotic previously received. Ideally,
patients should first be treated with oral risperidone to assess dose
requirements and tolerability. Supplementary oral antipsychotic
treatment is required for 4-6 weeks after the first risperidone
LAL Dosing is licensed only at 2-weekly intervals, although there
is emerging evidence that monthly dosing might be effective.**
Doses of 25mg, 37.5mg, 50 mg and 75mg every 2 weeks have
been shown to be broadly equal in effectiveness in clinical
trials.”*™” The maximum licensed dose is 50 mg every 2 weeks
(a dose of 75mg per 2 weeks causes significantly more extra-
pyramidal symptoms).*® In practice, the lowest licensed dose of
25mg every 2 weeks may be relatively ineffective,*>*’

Pharmacodynamics

Both first-generation and second-generation antipsychotics
administered by any route are presumed to exert their anti-
psychotic action by blocking central dopamine receptors of the
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D, receptor subtype. All LAIs are potent in vitro antagonists of
D, receptors. In vivo, potency in humans is usually determined
by measuring striatal D, occupancy using methods such as
positron emission tomography (PET) and single photon emission
computerised tomography (SPECT). Therapeutic response seems
to be associated with striatal D, occupancies of 65% or greater,
whereas hyperprolactinaemia and extrapyramidal side-effects
occur at occupancies of 72% and 78% respectively,™ although
these observations are based on a single study including a limited
number of individuals. Antipsychotic action may not be derived
from activity in the striatum, but striatal occupancies correlate
closely with response to antipsychotic treatment.!

Few studies have examined striatal D, occupancy afforded by
the use of LAIs. The earliest PET study found occupancies of 50—
80% for patients receiving haloperidol decanoate 50-200 mg a
month, pipotiazine palmitate 100 mg a month and fluphenazine
decanoate 200mg a month.>® Occupancy levels appeared to
increase in the 20 days following injection. A later study of four
patients receiving 30-50mg haloperidol decanoate a month
showed that peak D, occupancies were in the range 66-82% a
week after injection.”® In an extension of this study (n=8,
including two patients who participated in the previous study),
D, occupancies peaked at 60—-82% a week after injection (doses
30-50mg every 4 weeks).”* Four weeks later occupancies were
in the range 20-74%. The patients remained well despite these
low occupancies.

A relatively recent study of patients responding to perphen-
azine decanoate found that at plasma levels of 1.8-9 nmol/l striatal
D, occupancy ranged from 66% to 82%.>> Doses used were in the
range 38-108 mg per 2 weeks.

One study has examined D, occupancy produced by olanzapine
pamoate.® Participants were switched from oral olanzapine to the
LAI (300mg every 4 weeks) and followed up for 6 months.
Dopamine D, receptor occupancy averaged 69% for oral olanzapine
(5-20 mg per day) but then fell to around 55% in the first month
before rising to just over 60% (all trough samples). There was no
change in patients’ clinical condition over the study period.

Two studies have determined D, occupancy associated with
the use of risperidone LAIL In the first, 28 patients received
2-weekly injections of 25mg, 50mg or 75mg risperidone and
D, occupancy was estimated 2 weeks after the fifth injection
(i.e. at steady-state trough plasma levels): the D, occupancies were
25-48% for 25 mg, 59-83% for 50 mg and 62-72% for 75 mg.>> In
the second study D, occupancies were determined for nine
participants up to 3 days after injection and less than 5 days before
the next injection.”” All participants had at least five injections
before PET determinations were carried out. Occupancies were
53-75% for two patients receiving 25 mg, 59—-85% for five patients
receiving 50 mg and 71-85% for two patients receiving 75 mg.

Data on D, occupancies associated with the use of LAIs are
somewhat perplexing. They appear to show apparently sub-
therapeutic D, occupancies associated with some doses, at least
at some time points, without attendant relapse. This may mean
that persistently high striatal D, receptor occupancy is not
required for full therapeutic effect, or that other D, activity
outside the striatum or other receptor activities are relevant. On
the other hand, the low occupancies seen with low doses of
haloperidol and risperidone do fit with clinical data which suggest
that these doses are suboptimal.*"*>4%4?

Adverse effects

Long-acting injection formulations of FGAs might be expected to
give rise to acute extrapyramidal symptoms, tardive dyskinesia
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and symptoms related to hyperprolactinaemia.”® The frequency of
movement disorders and tardive dyskinesia with FGA-LAIs is
similar to that seen with oral FGAs.”® Consequently the clinical
utility of the LAIs is often seen to be severely limited by the
likelihood of these important adverse effects (Appendix 1).

Flupentixol decanoate typically causes extrapyramidal
symptoms, sedation and dry mouth.®® In one study of patients
receiving 40mg every 3 weeks, 97% showed signs of extra-
pyramidal symptoms and 82% received anti-Parkinsonian
medication.®’ Fluphenazine decanoate (25mg every 3 weeks) in
the same trial caused extrapyramidal symptoms in 97% of patients
and 93% required anti-Parkinsonian medication. Rates of other
important side-effects such as incident depression were virtually
identical for flupentixol and fluphenazine (53% v. 55%).°!
Fluphenazine decanoate is also associated with blurred vision
and excess salivation.”” Weight gain of more than 1kg is
common.®®> Changes in prolactin levels seem to be dose-related.®*

Haloperidol decanoate is also associated with a dose-dependent
rise in plasma prolactin and in one study caused extrapyramidal
symptoms severe enough to warrant anti-Parkinsonian drugs in
around 90% of patients (dose averaging around 250 mg every
2-4 weeks).*® Although haloperidol decanoate is often assumed
to give the highest risk of extrapyramidal symptoms, this has
not been demonstrated in comparative studies.>*>*> Weight gain
may be less common than with fluphenazine decanoate.®®

Perphenazine decanoate, like other first-generation drugs, is
associated with acute extrapyramidal symptoms. Reported
prevalences of such symptoms or use of anticholinergic drugs
range from 29%° to 55%."7 Other studies suggest high rates
of extrapyramidal symptoms and hyperprolactinaemia with
perphenazine enanthate,®””°® but this ester of perphenazine is
known to result in much higher plasma levels of perphenazine
than perphenazine decanoate.”” The total number of patients
examined in well-conducted trials with either ester appears to be
only 313.7° Injection site abscesses have been reported for
perphenazine enanthate.”’ Weight gain seems not to occur with
perphenazine decanoate.*®

Pipotiazine palmitate (mean dose 65 mg per month) has been
shown to cause similar rates of extrapyramidal symptoms as
haloperidol decanoate (mean dose 100 mg per month): 36% and
29% respectively.®* In the same study weight gain of more than
5kg was more common in those receiving pipotiazine (39% v.
16%). As a piperidine phenothiazine, pipotiazine might be
expected to show a low incidence of extrapyramidal symptoms.
There is limited evidence that pipotiazine has a relatively low
potential for causing these symptoms compared with other LAIs.*’

Zuclopenthixol typically causes extrapyramidal symptoms and
mild autonomic effects such as postural dizziness and blurred
vision.*” In one study of doses ranging from 50 mg to 300 mg
every 2 weeks, 61% of participants experienced extrapyramidal
symptoms and 78% required anti-Parkinsonian medication.*'

A meta-analysis of comparative trials of FGA-LAI doses
revealed no differences in the rates of extrapyramidal symptoms
and tardive dyskinesia compared with oral medication and few
important differences between individual LAIs.>® Other sources
suggest an increased incidence of extrapyramidal symptoms and
tardive dyskinesia with LAIs compared with oral antipsychotics."
Both reviews reported an increased risk of movement disorders
with fluphenazine decanoate compared with other FGA-LAIs.”®
All FGA-LAIs are associated with acute and chronic local
reactions at injection sites, particularly when used in high doses
or injection volumes.””

Adverse effects seen with olanzapine pamoate are similar to
those seen with oral olanzapine. Common side-effects include
increased plasma triglycerides, weight gain, sedation and increased
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appetite.*> Extrapyramidal symptoms have not been reported
more frequently than with oral olanzapine and the incidence of
tardive dyskinesia is not known.

There has been no report of any important difference in
adverse events between oral olanzapine and the LAI formulation,
with the exception of a safety risk that emerged in clinical trials:
post-injection syndrome.”® This came to light when an unantici-
pated degree of sedation was observed in a small number of
patients following an injection. This adverse event has occurred
in 24 patients (up to end September 2007), an incidence of
1.2% of patients treated with olanzapine pamoate or 0.07% of
injections given. Post-injection syndrome consists of sedation,
confusion, dizziness, altered speech/dysarthria, somnolence and/
or unconsciousness. These effects usually occur within an hour
of injection, but the median time ranged from 20 min to 3 h after
injection. To date all patients have fully recovered from this
adverse event, usually within 3-72 h, without permanent sequelae
and the majority (67%) have continued to receive the LAI
formulation. Blood samples of olanzapine plasma concentrations
were taken during the events and were found to be substantially
elevated (Fig. 1).

Solubility experiments have revealed that when olanzapine
pamoate LAI is injected into the muscle as intended, the dissolu-
tion of the salt is gradual and results in a slow release of drug into
the blood stream. However, if the salt comes into contact with a
considerable amount of blood or plasma, as occurs if the needle
punctures a vessel or enters a rich capillary bed during administra-
tion, the salt dissolves and therefore dissociates more quickly.
Other factors thought to affect the dissolution rate of the pamoate
salt are the volume and rate of blood flow and the degree of
vascular injury.”*

The patient should be advised about the potential risk of post-
injection syndrome and needs to be observed for 3h in a health-
care facility each time that the injection is administered.”* Prior to
giving the injection the clinician should determine that the patient
will not have to travel alone to his or her next destination. During
the post-injection observation period it should be confirmed that
the patient is alert and oriented and that there is no sign or
symptom of overdose. If post-injection syndrome is suspected,
close medical supervision and monitoring should continue until
examination indicates that signs and symptoms have resolved.
For the remainder of the day after injection, patients should be
advised to be vigilant for signs and symptoms of overdose
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Fig. 1 Olanzapine plasma concentration profiles for a period
during which six injections were administered to a patient who

experienced an inadvertent intravascular (IAIV) event after the
second injection.”®
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secondary to post-injection adverse reactions, should be able to
obtain assistance if needed and should not drive or operate
machinery.

Risperidone LAI is associated with relatively low rates of
movement disorder.*> In one study extrapyramidal symptoms
were seen in 10% of participants receiving 25 mg every 2 weeks
and in 24% of those receiving 50 mg."® Other studies confirm this
low rate of movement disorder.*”””® Weight gain averages around
3kg in the longer term (up to 1 year).*> Risperidone LAI is
associated with an incidence of increased plasma prolactin similar
to that seen with oral risperidone but the magnitude of this
increase is lower,”” perhaps because risperidone LAI is associated
with lower plasma levels of the active drug moiety.*’ Injection site
pain and local reactions have been carefully evaluated — pain is not
usually severe and injection site reactions are rare.*> Outside clin-
ical trials, injection site pain leading to treatment withdrawal is
uncommon.*®”” Tardive dyskinesia has been shown to emerge
in 1.19% of treated individuals over 1 year.”® A similarly low
incidence is also seen in more susceptible populations such as
elderly patients.”” (Comparative data for FGA-LAIs are scant.
One study observed an increase in the prevalence of oral tardive
dyskinesia from 8% to 22% over a 3-year period during which
fluphenazine LAI or flupentixol LAI were used.)®°

Initiation and switching to LAIs

The use of LAIs is confined to those who have already received
antipsychotic medication: these injections should never be given
to antipsychotic-naive patients. Treatment with LAIs is therefore
initiated in those already taking antipsychotics or those who, for
whatever reason, have recently stopped taking them. Initiation
of LAIs is complicated by a number of factors (Appendix 2).
First-generation antipsychotic LAIs are usually first given as a test
dose, or at least at a dose at the lower end of the licensed range.
These test doses are aimed at establishing patient tolerability of
the drug and vehicle administered. However, test doses given in
this way only really establish or otherwise the tolerability of a
single, small dose of the LAI. Their use has little bearing on likely
tolerability in multiple, higher-dose treatment because plasma
levels at steady state are considerably higher than after a single
dose. For example, in one study in which patients were given
fluphenazine decanoate 50 mg every week, plasma levels quad-
rupled between the end of the first week and the end of the sixth
week.®' This substantial rise in plasma levels despite there being
no change in dose is likely to be seen with all LAIs because of their
shared long plasma half-lives, and makes sensible dose titration
almost impossible. An added difficulty here is that population
dose—response relationships are poorly defined for most LAIs
(olanzapine, risperidone and haloperidol are the exceptions). In
practice, therefore, dose optimisation is a matter largely of
conjecture, and patient tolerability is often used as a proxy for
dose limitation. Furthermore, the use of oral antipsychotics as
‘cover’ during the early stages of LAI treatment often leads to
prolonged polypharmacy (there is evidence that prescribers tend
not to change regimens once patients improve, presumably
because to do so would be to risk relapse).82

conclusion

All antipsychotic LAIs enable infrequent administration and assur-
ance of adherence (or at least ready detection of non-adherence).
However, appropriate prescribing of LAI preparations is clearly
complicated by their shared prolonged apparent half-lives, their
delayed release (particularly with risperidone) and the risk of
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post-injection syndrome (olanzapine). The use of test doses
appears not to mitigate this complexity nor to minimise
tolerability difficulties. Moreover, the lack of robust dose-response
data for most preparations makes for rather approximate dosing
in practice. Even with risperidone and haloperidol LAIs (for which
fixed-dose studies have established the dose-response relation-
ship) doubts persist over the clinical value of doses at the lower
end of the dose range.

First-generation antipsychotic LAIs are clearly linked to high
rates of extrapyramidal effects and tardive dyskinesia, among
other adverse effects. There appear to be few differences between
individual FGA-LAIs, although fluphenazine decanoate may be
associated with a relatively higher rate of movement disorder
and pipotiazine palmitate a relatively lower rate. Risperidone
LAI has, on the face of it, important advantages over FGA drugs
in respect of movement disorders, but its use is complicated —
and clinical utility compromised — by excessively delayed release
and by the requirement for cold storage of the product.
Olanzapine LAI also appears to have advantages over FGA
formulations but its use is complicated by the risk of
post-injection syndrome and by the risk of metabolic adverse
effects. The apparent advantages of SGA-LAIs need to be
confirmed in large-scale randomised controlled trials. It is notable
that the claimed advantages of oral SGAs become less apparent
when these drugs are directly compared with oral FGAs in
well-conducted trials.*>**

David Taylor, BSc, MSc, PhD, MRPharms, Pharmacy Department, Maudsley Hospital,
Denmark Hill, London SE5 8AZ, UK, email: David.taylor@slam.nhs.uk and Division of
Pharmaceutical Sciences, King's College London, UK

Appendix 1

Adverse effects
Extrapyramidal symptoms

Symptoms are tremor, rigidity, mask-like face, reduced arm swing,
drooling, dystonia (muscular spasm), oculogyric crisis, akathisia (severe
inner restlessness).

Tardive dyskinesia
Tardive dyskinesia is characterised by:

a. abnormal masticatory movements (lip-smacking, licking),
b. tongue protrusion;
¢. vermicular (worm-like) movement;

d. abnormal postures (tardive dystonia): opisthotonos (arching of back
and neck), retrocollis (backward arching of head and neck), torticollis
(sideways turn of head and neck);

e. digital abnormalities (‘pill-rolling’, ‘piano playing’, ‘guitar playing’);
f. grimacing.

Metabolic adverse effects
Effects include impaired glucose tolerance/diabetes mellitus, weight gain,

increased triglyceride levels, increased cholesterol levels.
Appendix 2
Factors complicating long-acting injection dosing

(@) The effect of any dose is likely to be prolonged. Test doses are usually
required but may not properly assess tolerability in longer-term use.

(b) Some long-acting injections (LAIS) show delayed as well as prolonged
release. Cover with oral antipsychotics may be necessary.
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(C) Attainment of steady-state plasma levels is usually delayed for up to

2

1

1

1

1

1

1

1

1

1

1

2

2

-

N

w

(3]

o

~N

o

0

0

N

2

w

4

o

6

~N

-]

9

0

-

2-3 months. During this time, plasma levels are likely to rise
substantially even when dosages are not increased.

Dose-response relationships are poorly defined for most LAIS.
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