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Abstract
Antipsychotic drugs are recommended both for the treatment of the acute
episodes and the prevention of recurrence of psychosis. Long-term goals of
treatment of schizophrenia include relapse prevention, recovery, improved
adherence to therapy and improved patients’ quality of life. Antipsychotics in
combination with other therapeutic interventions are considered essential for
the achievement of these long-term goals.
However, relevant issues relating to the pharmacotherapy of schizophrenia still
remain unresolved. Poor adherence to antipsychotic therapy is an important
factor that contributes to possible inadequacy of treatment. A considerable effort has been put into the development of antipsychotic drugs with better tolerability, or in formulations that enable less frequent administration, including
long-acting injectable (LAI) antipsychotics. In recent years, the development
of these formulations with atypical antipsychotics and the promising results
obtained in well conducted trials with these compounds are changing the attitudes towards these drugs, traditionally reserved to patients with long-term
histories of non-adherence to treatment.

The discovery and development of antipsychotic drugs more than 50
years ago has significantly improved the quality of life of patients with
schizophrenia and currently there is little doubt about the substantial
benefits of antipsychotics 1. Antipsychotic drugs are generally recommended for all stages of schizophrenia, for the treatment of acute episodes of psychosis and for the prevention of recurrence 2. Important
long-term goals of current treatment for schizophrenia include relapse
prevention, recovery, improved adherence to therapy and improve patients’ quality of life. Antipsychotics in combination with other therapeutic
interventions are considered as essential for the achievement of these
long-term goals.
Several relevant issues relating to the pharmacotherapy of schizophrenia – especially when starting treatment and for how long to continue it
– still remain unresolved and often result in an inadequacy of treatment
for many patients, such as its premature termination or delayed access to treatment 1. Poor adherence to antipsychotic therapy is another
important factor that contributes to possible inadequacy of treatment
3
. A considerable effort has been put into the development of antipsychotic drugs with better tolerability in order to improve adherence, or
in formulations that enable less frequent, and by this a more reliable
administration, including long-acting injectable (LAI) antipsychotics. In
recent years the development of these formulations of atypical antipsychotics and the promising results obtained in well conducted trials
with these compounds are changing the attitude towards these drugs,
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traditionally reserved to patients with long-term histories of non-adherence to treatment 4.

The importance of continuity
of treatment
The course of schizophrenia is characterized in about
three quarters of the cases by phases of remission
alternating with phases of relapse: after the first episode, it is estimated that only 14-20% of patients will
recover completely 2. In addition, knowledge about
the neurobiological basis of schizophrenia has provided evidence of the often progressive nature of
the disease 5. There is clear evidence indicating that
the suspension of treatment is associated with a relapse in most cases 2. It is also increasingly evident
that early intervention in psychosis may have positive effects on the long-term course of illness, while a
delayed access to mental health services in recentonset schizophrenia seems to be associated with
slower or incomplete recovery, an increased risk of
recurrence and an overall poor outcome 6. Continuity of treatment already in the early stages seems
crucial and may alter the outcome of the disease. A
study published by Robinson et al. 7 clearly showed
that despite a generally good response to initial treatment, patients with a first episode of schizophrenia
had a cumulative recurrence rate greater than 80%
within five years. After the initial remission, discontinuation of antipsychotic medication was identified
as a significant risk factor for recurrence, resulting in
an almost five times increased risk.
There is a multitude of relapse prevention studies in
schizophrenia in general, but so far only a few controlled clinical trials have evaluated the possibility of
preventing relapse in patients suffering specifically
from a first episode of schizophrenia. In one of these
studies 8, 131 first episode patients in remission for
at least six months were randomized to discontinue
treatment or continue it, for the most part with lower
doses of atypical antipsychotics, and were followed
for 18 months. Discontinuation was associated with
a significantly higher recurrence rate (43% vs. 21%,
p < 0.011). A more recent randomized controlled trial
(RCT) 9 compared continued maintenance therapy
with intermittent treatment in patients with remitted
first episode schizophrenia who received maintenance therapy for only one year. Recurrence rates
were significantly higher in the group receiving intermittent treatment than in the group that received continuous maintenance treatment. In the light of these
results, indicating the importance of continuous treat-
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ment from the early phases of the disease onwards,
we might wonder whether a LAI antipsychotic should
be used already after the first episode of schizophrenia. In this regard, a recent observational community
cohort study conducted in Finland 10 investigated the
risk of rehospitalization and medication discontinuation in a nationwide cohort of 2,588 consecutive patients with schizophrenia who were hospitalized for
the first time between 2000 and 2007. The authors
reported that the use of LAI antipsychotic (haloperidol, risperidone, perphenazine, zuclopenthixol) was
associated with substantially better outcomes than
with the equivalent oral formulations.

LAI atypical antipsychotics in early
psychosis
As for LAI atypical antipsychotics, there are currently
very few data available on their use in first-episode
schizophrenia.
An open-label study 11 conducted over two years in
patients with first episode schizophrenia showed that
those assigned to risperidone LAI had a significantly
lower recurrence rate and a higher percentage of adherence compared to the control group treated with
oral risperidone.
In another open-label study 12 conducted on patients
with newly diagnosed schizophrenia or schizophreniform disorder, treatment for two years with risperidone LAI led to a remission in 64% of patients.
A RCT reported on the acceptance and the initial adherence outcomes with risperidone LAI treatment in
patients with first episode schizophrenia 13. Individuals who took risperidone LAI were significantly more
likely to remain adherent at 12 weeks compared with
patients treated with oral antipsychotics. These results support the feasibility and acceptability of LAI
atypical antipsychotics as a treatment strategy already at the early stages of schizophrenia.

Duration of treatment
One of the open questions about how best to ensure
the continuity of the treatment is the question of how
long to treat patients in the maintenance phase of
schizophrenia 1. Based on evidence of clinical studies
showing that even those patients who have been stable on antipsychotics for the period of two to five years
after an acute episode relapse more frequently if they
are taken off medication than if they continue it 14. According to the guidelines of the Canadian Psychiatric
Association 15 antipsychotic drugs for the treatment of
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a first episode of psychosis should be continued for
at least two years after the first symptom remission,
while one should observe a minimum of five years of
stability without relapses before making a slow withdrawal of antipsychotic drugs over a 6-24 months in
patients with a history of previous recurrences.
As in the treatment of other chronic diseases, a significant problem with continued long-term antipsychotic
treatment is that of undesirable effects of drugs. In
addition to the well-known neurological side effects
of typical antipsychotics, there is clear evidence of
metabolic side effects associated with some atypical
antipsychotics 16. Some studies have also suggested
that chronic exposure to antipsychotics may contribute to the reduction of the volume of brain tissue founf
in the disease 17. However, one study 18 conducted in
patients with newly diagnosed schizophrenia verified
that prolonged treatment with long-acting risperidone
was associated with stability of white matter volume,
in contrast to a volume reduction observed in patients treated with the oral formulation of the same
drug; the study concluded that changing the adherence to risperidone may act on myelination and give
reason for the better prognosis associated with the
LAI antipsychotic than the oral formulation.
It is clear, however, that the risk-benefit ratio of longterm treatment should be carefully considered and that
the clinician should be careful in prescribing the lowest
dose of antipsychotic needed to control symptoms.

Adherence to treatment
One of the main factors that determine inadequate
treatment and its untimely suspension is poor adherence to the treatment itself 3. Poor adherence to
medication is one of the most important problems
in the treatment of patients with mental illness. The
majority of hospital admissions are caused by some
degree of non-adherence, although it is often unclear
whether the non-adherence is causing a relapse or
is a consequence of symptom worsening 19. The percentage of patients with schizophrenia who are partially or completely non-adherent is estimated to vary
between 40 and 60% 20.
Factors that contribute to poor adherence to drug therapy in schizophrenia are: patient-related factors (poor
insight, depression, substance abuse), treatment-related factors (side effects, lack of efficacy, complexity of the regimen) and lack of support or therapeutic
alliance with the doctor or the medical team 1. Some
of these factors can be acted upon by improving drug
delivery strategies, such as with long-acting formu-

lations. However, it should be kept in mind that for
prompt recognition and correction of poor adherence
educational efforts directed to patients and to medical staff are also extremely useful 21. Poor adherence
has been identified as an important risk factor for recurrence 3 22. The use of LAI antipsychotics has been
shown to improve adherence to treatment, leading to
a lower percentage of drug withdrawal, relapse and
hospitalization 23.

First generation and second generation
antipsychotics
Although atypical antipsychotics are widely used, the
debate over their alleged better tolerability compared
to typical antipsychotics is still alive 24. A meta-analysis
by Leucht et al. 25 compared the effectiveness of nine
atypical or second generation antipsychotics (SGAs)
with first generation antipsychotics (FGAs) in patients
with schizophrenia. The authors found that four of
SGAs were better than FGAs for overall efficacy, with
small to medium effect sizes (amisulpride, clozapine,
olanzapine and risperidone). The other SGAs were
not more efficacious than the FGAs, even for negative symptoms. Authors concluded that SGAs differ in
many properties and are not a homogeneous class.
The meta-analysis provides data for individualised
treatment based on efficacy, side effects, and cost.
Moreover the results from another recent meta-analysis 26 suggest that, whereas individually SGAs were
not consistently superior to FGAs, as a group, SGAs
were associated with less relapse, overall treatment
failure and hospitalization than FGAs, having a modest but clinically relevant effect size.
In recent years, the propensity of atypical antipsychotics to induce weight gain and changes in glucose
and lipid metabolism raised doubt about their alleged
advantage over typical antipsychotics, leading to a
reconsideration of the positioning of some atypical
antipsychotics in the treatment of schizophrenia 27.
Overall, the results of recent analyses comparing
typical and atypical antipsychotics demonstrate the
high heterogeneity of the two classes of drugs, which
does not allow any generalization. The choice of
medication should be made on the basis of a careful
assessment of each case, and of the various treatment options available 2.

LAI antipsychotics
LAI antipsychotics were introduced over 40 years
ago for reasons of potential advantages compared
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Table I. Benefits of LAI antipsychotics.
Assuring drug delivery in patients who are unreliable pill
takers or are drug reluctant - better adherence
Early identification of non-adherence
Providing a mechanism for monitoring adherence with
injections
No need to remember to take medication every day
Regular interactions between patient and medical staff
Reduced relapse frequency and rehospitalization rates
Clear attribution of the cause of relapse or non-response, discriminating between non adherence or lack
of response
Reduce the risk of accidental or deliberated overdose
Treating patients with more stable plasma concentrations than oral medications
Avoidance of first-pass metabolism - better relationship
between dose and blood level of drug
Lower and less frequent peak plasma level - reduced
side effects

vs. their oral counterparts, including their ability to
improve compliance and to distinguish between nonadherence and lack of response, and to monitor the
regular contact between patient and their caregivers,
to reduce the risk of accidental or deliberate overdose, to achieve better bioavailability and obtain a
more predictable correlation between drug dosage
and plasma concentrations 20. Table I summarizes
the benefits of LAI antipsychotics.
LAI antipsychotics, however, have also some limitations, such as slow dose titration, a greater time
required to reach steady state, and side effects persisting for a while if they have to be suspended for
safety concerns. Traditionally, LAI formulations are
used in the maintenance treatment of patients with
schizophrenia, usually after clinical stabilization with
oral antipsychotics. More recently, LAI formulations
of atypical antipsychotics, including risperidone,
olanzapine, paliperidone and aripiprazole, have been
developed 28. Table II lists the characteristics of available LAI antipsychotics.

Efficacy and safety of LAI vs. oral
antipsychotics
Although it is reasonable to expect that LAI antipsychotics, may improve the clinical outcome of schizophrenia by improving adherence to treatment, the
evidence obtained over the years of wide spread
use of LAI typical antipsychotics is not completely
clear 35 36. On the other hand, systematic analyses
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of the effectiveness of the recently introduced LAI
atypical antipsychotics are still in progress. A series
of analyses and systematic reviews of the literature
has been conducted to compare the effectiveness of
LAI atypical antipsychotics to both typical and atypical oral antipsychotics 37- 39.
A large metareview 35, including 8 Cochrane reviews of RCTs of individual LAI antipsychotics in
patients with schizophrenia or schizophreniform
disorder found recurrence rates and tolerability of
LAI antipsychotics to be similar to the oral medications, while overall clinical improvement was significantly more frequent and marked with LAI than
oral antipsychotics.
The results of a systematic review 36, carried out to
compare LAI typical antipsychotics with typical and
atypical oral antipsychotics, showed an overall higher
clinical benefit of LAI typical antipsychotics, but these
results were highly variable and inconclusive mainly
because of the heterogeneity of methods and interventions used in the various studies.
In a systematic review and meta-analysis of 10 RCTs
of at least 12 months duration, published between
1975 and 2010, including a total of 1,700 patients,
a significant reduction in relapse rate (21.6% vs.
33.3%, RR 0.70, 95% CI 0.57 to 0.87, p = 0.0009)
and rate of dropouts for inefficacy of LAI antipsychotics compared to typical oral antipsychotics was demonstrated 37.
Another systematic review of studies published between 2000 and 2011 38 that compared the efficacy
of LAI and oral antipsychotics on relapse, hospitalization and discontinuation of drug for any cause in
schizophrenia revealed a clear difference between
observational studies (4 prospective and 4 retrospective), which showed a significant benefit for the
LAI formulations (prospective studies: RR = 0.62,
95% CI 0.48-0.81, p < 0.001; retrospective studies:
RR = 0.56, 95% CI 0.44 to 0.71, p < 0.001), and
RCTs (5 studies), which showed a non-significant
difference favouring LAI formulations (RR = 0.89,
95% CI 0.64 to 1.22, p = 0.416). The authors of this
meta-analysis concluded that the study design may
affect considerably the results obtained: in particular, the controlled clinical trials, while avoiding the
confounding factors and selection bias often present in observational studies, do not take into account the characteristics and variability of setting of
real world treatment.
In a recent meta-analysis by Kishimoto et al. 39 of 21
RCTs (n = 5,176 patients), LAI antipsychotics did not
reduce relapse compared with oral antipsychotics in
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schizophrenia patients. The exceptions were firstgeneration LAI antipsychotics, mostly consisting of
fluphenazine-LAI studies, which were superior to oral
antipsychotics regarding relapse and hospitalization.
Considering these findings and in order to evaluate
the real world effectiveness of LAI compared with
oral antipsychotics, the authors underline the need
of large and long pragmatic trials, which better represent common clinical practice.

Efficacy and safety of the individual LAI
atypical antipsychotics
Risperidone LAI: despite some studies have demonstrated significant reductions in recurrence rates with
the risperidone LAI formulation compared to the oral
one 37 40-42 other studies have not confirmed this superiority 43-45. The diverging results might be due to
differences in quality, type of design and methods of
the various studies 1.
Olanzapine LAI: the efficacy and tolerability of olanzapine LAI (olanzapine pamoate) was assessed
by two randomized, double-blind, controlled trials,
one compared to placebo 46, the other compared
to oral olanzapine 47. In the former olanzapine was
significantly more effective than placebo in reducing
scores on the PANSS (Positive And Negative Syndrome Scale); however, with a higher rate of side
effects due to weight gain and alteration of lipid metabolism. The latter demonstrated a higher efficacy
and tolerability of olanzapine LAI compared to oral
olanzapine in the maintenance treatment of up to 24
weeks duration.
In an 8-week randomized, double-blind, placebocontrolled trial 48, olanzapine LAI improved the level
of functioning in acutely ill patients with schizophrenia. In a recent 2-year, open-label, randomized study
of olanzapine LAI, outpatients with schizophrenia
maintained or improved their baseline level of functioning over time, but results did not significantly differ between olanzapine LAI and oral olanzapine 49.
Paliperidone LAI: several studies have demonstrated
the greater efficacy of paliperidone LAI (paliperidone
palmitate) compared to placebo and its non-inferiority compared to risperidone LAI in improving the
scores of the PANSS in schizophrenia patients with
acute symptomatology and a delay in time to recurrence in stabilized patients 50-52. It should be noted
that paliperidone LAI has a relatively neutral metabolic profile, resulting in only limited weight gain and
no effects on glucose and lipid metabolism, both in
short and long-term studies 53.

More recently, the LAI formulation of aripiprazole has
been approved by EMA for the maintenance treatment of schizophrenia in adult patients stabilized with
oral aripiprazole 34. The clinical efficacy of aripiprazole LAI was established in two randomized, double-blind, controlled studies conducted in patients
with schizophrenia. In one study 54, aripiprazole LAI
was found to be non-inferior to oral aripiprazole for
both the relapse rate and the PANSS change after
26 weeks of treatment. In the other study 55, the recurrence rate with aripiprazole LAI at 52 weeks was
5.03 times lower than with placebo. The main adverse events observed in the two clinical trials were:
weight gain (9.0%), akathisia (7.9%), insomnia (5.8%),
and pain at the injection site (5.1%). Furthermore, to
evaluate the efficacy of aripiprazole LAI as an acute
treatment in patients with schizophrenia, a 12 weeks
double-blind RCT 56 was performed. The authors
found that aripiprazole LAI improved symptoms and
functioning in patients with acute schizophrenia, with
acceptable safety and tolerability.

Current and recommended use of LAI
antipsychotics
Current guidelines 2 14 15 generally recommend LAI
antipsychotics for the maintenance treatment of
schizophrenia among other available treatment options and/or when it is necessary to improve adherence to medication.
LAI antipsychotics can also be considered for the
acute phase of schizophrenia if there is a repeated history of non-adherence or poor adherence 14,
while data on the potential of new LAI formulations
in the first episode of schizophrenia still appear to
be too limited to represent the basis for specific recommendations 57. However, many experts believe
that these guidelines are too restrictive and that we
should widen the indication of LAI antipsychotics in
the treatment of schizophrenia 19. With the increasing
availability of effective and well tolerated LAI atypical
antipsychotics, international guidelines should consider at which stage of the disease LAI atypical antipsychotics should be used, and which patients may
benefit from treatment with such compound.
Another fact that has emerged from a number of surveys conducted in several Western countries, including Italy, is the relative lack of use of LAI antipsychotics
even in patients who could clearly benefit from it. This
finding may be explained by the number of misunderstandings and prejudices prevalent among physicians,
patients and caregivers. LAI antipsychotics are gener-
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Table II. Characteristics of LAI antipsychotics drugs.
Agent

Formulation

Release
mechanism

Available
doses

Injection
site (IM)
according
to SPC

Starting modalities

Fluphenazine
decanoate 29

Sesame oil solution
(insoluble in water)

Prodrug:
hydrolysis by
esterases

25 mg/mL vials

Gluteal

Several strategies
for the LD. OS not
necessary

Haloperidol
decanoate 30

Sesame oil solution
(insoluble in water)

Prodrug:
hydrolysis by
esterases

50 mg/mL,
100 mg/mL
vials

Gluteal

Several strategies
for the LD. OS not
necessary

Risperidone LAI 31

Aqueous suspension;
risperidone
encapsulated into
biodegradable
microspheres

Microspheres:
diffusion and
erosion

12.5, 25, 37.5
or 50 mg

Deltoid
or gluteal

Olanzapine
pamoate 32

Micro-crystalline
salt of olanzapine
and pamoic acid
suspended in
aqueous solution

Dissociation into
olanzapine and
pamoic acid

210, 300
or 405 mg

Gluteal

Several strategies for
the LD

Paliperidone
palmitate 33

Nanocrystal
Poorly soluble in
molecules in aqueous water: hydrolysis
suspension
by esterases,
dissociation into
paliperidone and
palmitic acid

39, 78, 117, 156
or 234 mg

Deltoid
or gluteal

Initial injection on day
1 and day 8. OS not
necessary

Aripiprazole
monohydrate 34

Aqueous suspension;
lyophilized powder
of aripiprazole
monohydrate crystals

Poorly soluble in
water: crystals
particles
dissociate,
with slow and
prolonged
dissolution and
absorption

300 or 400 mg

Gluteal

OS is necessary for 2
weeks

It is required a period of
3 weeks of overlap with
oral risperidone

G: gauge; IM: intramuscular; LD: loading dose; OS: oral supplementation; SPC: Summary of Product Characteristics; TW: thin wall; UTW: ultra-thin wall.

ally considered as old and coercive drugs, and used
to be reserved for patients with poor adherence, and
have often been associated with a reduced involvement of the mental health staff in patient care 58. Some
psychiatrists consider them to be “a last resort” treatment, to be used when all other pharmacological therapies have failed, and reserve them for patients who
have already presented with multiple episodes.
The high cost of LAI atypyical antipsychotics represent a further major obstacle to the prescription of
these formulations. However, recent pharmacoeconomic studies have shown that LAI atypical antipsy-
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chotics may constitute a superior therapeutic strategy also from the economic point of view, if the various direct and indirect cost items of patients’ care are
taken into account 59.

Practical recommendations on the use
of LAI atypical antipsychotics
There is large consensus among specialists that the
optimal use of new formulation LAI require a substantial change in the general attitude towards the treatment with depot antipsychotics 1 19. LAI atypical an-
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Injection
interval

Dose
range

T max

T½
(multiple
dosing)

2-4 weeks

12.5-100 mg

0.3-1.5 days

14 days

Available in
multi-dose
vials

21 G

Refrigeration
is not
required; room
temperature
(15-30°C)

No

4 weeks

50-200 mg

3-9 days

21 days

Available in
multi-dose
vials

21 G

Refrigeration
is not
required; room
temperature
(15-30°C)

No

2 weeks

12.5-50 mg

21 days

3-6 days

Must be
reconstituted:
vial with
microspheres
and syringe
with 2 ml of
diluent

Deltoid: 21 G
1-inch (25 mm)
UTW;
Gluteal: 20 G
2-inch (50 mm)
TW

Refrigeration is
required;
(2-8°C)

No

2-4 weeks

150-405 mg

7 days

30 days

Must be
reconstituted

19 G (38 or
50 mm)

Refrigeration
is not
required; room
temperature
(15-30°C)

Yes (3 hours)

4 weeks

39-234 mg

13 days

25-49 days

Pre-filled
syringes

Deltoid: 23 G
1-inch (25 mm)
or 22 G 2 ½-inch
(according to
patient weight)
Gluteal:
22 G 1 ½-inch
(38 mm)

Refrigeration
is not
required; room
temperature
(15-30°C)

No

Must be
reconstituted

21 G 1 ½-inch
(38 mm) in nonobese patients;
21 G 2-inch
(50 mm) in obese
patients

Refrigeration
is not
required; room
temperature
(15-30°C)

No

4 weeks

300 or 400 mg 6.5-7.1 days

29.9-46.5 days

Supply

tipsychotics should also be considered as a potential
first choice and should be used for suitable patients
whenever treatment is indicated in the long-term and
not just for patients with poor adherence 2 19 60. An effective pharmacological maintenance therapy is the
starting point for success of multimodal treatment
and rehabilitation programs for people suffering from
schizophrenia. It is general expert consensus that oral
antipsychotics should be initiated as soon as possible
in patients with a newly and firmly diagnosed schizophrenia 2. Even though the data on the effectiveness
of LAI atypical antipsychotics in this area are still lim-

Needle
supplied or
recommended

Storage

Monitoring
post
injection

ited, it can be assumed that they are at least as favorable as oral antipsychotics. In patients with an acute
exacerbation of schizophrenia, in which the treatment
guidelines propose treatment with oral antipsychotics, the use of LAI atypical antipsychotics should be
considered when these exacerbations are due to prior
repetitive non-adherence or poor adherence 1.
Finally, it is worth recalling that the switch from an
oral antipsychotic to a LAI formulation requires specific strategies to maintain or improve the therapeutic efficacy and to minimize the effects of a potential
cholinergic or histaminergic rebound 61.
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Conclusions
In conclusion, the recent emergence of LAI formulations
of atypical antipsychotics has increased the treatment
portfolio available for individualized and personalized
treatment of schizophrenia, a long neglected key aspect
in the management of patients with mental illness. Early
intervention and continuity of treatment are decisive for
achieving long-term remission, preventing a malicious
course of the disease and reducing the costs and the
burden of the disease. Traditionally, LAI have been reserved for non-adherent patients who have already experienced multiple episodes, The availability of new LAI
drugs, with a better tolerability than the earlier typical
depot antipsychotics in terms of extrapyramidal side effects, provides the option of extending such treatment
to young patients in the initial stages of schizophrenia.
This is particularly relevant considering the risk of relapse after discontinuation of treatment and the devastating consequences of a relapse. Further education of
doctors and patients is needed to consider LAI antipsychotics from a new perspective: not any more as drugs
of last resort, but rather a first step to achieve continuity
of treatment and clinical remission. More well-designed
long-term studies in first episode patients will be needed to confirm the preliminary, yet encouraging results
with LAI formulations of atypical antipsychotics.
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