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Summary

The aim of the study was to summarize the efficacy and tolerability of paliperidone pal-
mitate, an atypical long-acting antipsychotic drug. Paliperidone is a 9-hydroxy metabolite of
risperidone with a slightly different receptor profile and significantly different pharmacokinetic
profile. After the short review of its pharmacological properties, the efficacy of the drug in
comparison to placebo or to an active comparator was described. The studies revealed the
effectiveness of paliperidone palmitate in the treatment of psychotic symptoms, mainly schizo-
phrenia. The drug proved to be efficacious in both acute psychotic symptoms treatment and
long-term treatment. Its efficacy in patients with schizophrenia was similar and sometimes
even better than the efficacy of other long-acting drugs, such as risperidone or olanzapine.
In the pharmacoeconomic studies, paliperidone proved to be cost-effective in comparison
to risperidone or olanzapine. The review of the literature also underlined that paliperidone
palmitate is well tolerated, compared with placebo. Frequency and severity of side-effects
such as extrapyramidal symptoms, hyperprolactinemia and weight gain, was similar or less
than those found in treatment with other atypical antipsychotics, including long-acting ones.
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Introduction

The use of long-acting antipsychotics is a therapeutic option in psychiatry [1].
The introduction of paliperidone palmitate (PALI) for the treatment of psychotic
disorders constitutes a valuable broadening of therapeutic possibilities for patients
who are mainly suffering from schizophrenia. Therefore, it is important to know the
characteristics of this drug and its possibilities for use in clinical practice.

Pharmacology of paliperidone palmitate

Even small modifications of the chemical structure may significantly change the
receptor profile of a drug, its pathways in the body, including liver metabolism, the
biological half-life or the potential interactions with other medications [2]. The example
of risperidone and its active metabolite, 9-hydroxy risperidone (paliperidone), demon-
strates how a subtle difference in chemical structure can lead to clinically meaningful
differences in the formulation, frequency of administration, pharmacokinetics and
other pharmacological features [3—6].

The pharmacological differences between the oral forms of risperidone and
paliperidone — including serum level fluctuations, biological half-life, and risk of
interactions — are visible and underlined by several authors as clinically meaningful
[5, 7]. These differences between risperidone and paliperidone are even more visible
for long-acting injection forms (LAI). Independent of the method of administration,
these differences are the result of different formulations of both drugs. In comparison
to risperidone LAI, PLAI is administered as a water solution of nanocrystals [8, 9].

The medications differ by a hydroxyl group in position 9 which means that paliperi-
done is 9-OH risperidone chemically [4, 10]. Risperidone does not possess the hydroxyl
group (—OH), which could be used for the synthesis of fatty acid esters. The chemical
structure of PLAIT and the presence of a hydroxyl group allows it to be administered
as the fatty acid ester — palmitic acid. PLAI is injected as an aqueous solution of
nanocrystals of the ester. PLAI is relatively quickly released from nanocrystals into
the interstitial fluid. Free paliperidone is derived from the ester by tissue hydrolases
breaking ester bonds. The hydrolysis of paliperidone palmitate is relatively rapid;
therefore, supplementation with oral antipsychotics is not necessary. Interestingly,
one can prolong paliperidone release from PLAI and reduce the frequency of PLAI
injections by regulating the structure of nanocrystals [6, 9].

The individual reaction in the injection site, the frequency of administration, and
the time taken for the clinically significant serum concentration are some examples
of significant differences between risperidone and PLAI which may lead to individual
tolerability and efficacy of the drugs [11, 12].

Paliperidone — pharmacodynamic properties in comparison to risperidone

Independent from the method of administration, both risperidone and paliperidone
are characterized by similar but not identical receptor profiles. Paliperidone is a rather
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weaker 5-HT,, antagonist than risperidone, which causes the lower 5-HT,,/D, affin-
ity ratio. The importance of this difference for the clinical practice has not been fully
documented [13].

In contrast to other second-generation antipsychotics, risperidone and paliperidone
are rather strong dopamine receptor antagonists, which results in a rather high risk for
extrapyramidal side-effects (EPS) and hyperprolactinemia. Similarly to risperidone,
paliperidone is rather strong alpha-adrenoreceptor antagonist. The affinity of paliperi-
done and risperidone to cholinergic muscarinic receptors is weak [6, 13].

Paliperidone — pharmacokinetic properties in comparison to risperidone

From the clinical point of view, some significant differences can be seen in the
pharmacokinetic properties between risperidone and paliperidone [2, 14, 15]:

» risperidone is rapidly absorbed from the digestive tract while paliperidone is more
slowly absorbed; however, food significantly increases the rate of its absorption;

» the bioavailability of orally administered risperidone is 100%, while that of pali-
peridone < 30%;

» the plasma protein binding of risperidone is 90%; the plasma protein binding of
paliperidone is significantly lower (74%);

» risperidone is intensively metabolized in the liver with cytochrome P450 2D6
isoenzyme, by the hydroxylation sites 7 and 9 and by oxidative N-dealkylation;
paliperidone is metabolized to a much lower degree — about 60% of the drug is
eliminated through the kidneys in an unchanged form;

» the biological half-life, T1/2, of orally administered risperidone ranges from 3
to 24 hours because of clinically meaningful genetically conditioned changes
of CYP2D6 activity, while for oral paliperidone, the T1/2 change is small, with
a mean of about 24 hours;

* the metabolism of risperidone can be significantly changed by drugs which block
or induce the activity of cytochrome P450, which in turn indicates the tendency —
confirmed in clinical practice — for significant interaction properties, for instance
with carbamazepine, SSRI; paliperidone has a low risk (but not zero) for drug-drug
interactions which depend on the activity of cytochrome P450 [16].

It is worth mentioning that the 9-OH risperidone (paliperidone) constitutes about
31% of risperidone metabolites. This means that any patient who is treated with risp-
eridone also receives paliperidone. On the other hand, 31% of all metabolites create
a mean value. Some of the patients, so-called slow metabolizers, will not produce
significant doses of paliperidone, while those patients who are rapid metabolizers,
will produce a lot of paliperidone [2, 9].

The above-mentioned differences can pertain the LAI forms of risperidone and
paliperidone. The site of administration of the drug plays also an important role because
of the different formulations of both drugs.

Clinically significant paliperidone serum levels are already present after the first
injection. The release of the drug from the injection site lasts for up to 4 months, with
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the maximal serum level noted approx. 12" day after injection. The injections into the
deltoid muscle enable serum levels that are 30% higher than after gluteal injection.
This difference is used in practice to reach the therapeutic serum level of paliperidone
and to achieve a more stable level of the drug. The two first injections of 150 mg and
100 mg paliperidone administered to the deltoid muscle with a 7 day interval lead to
the quick achievement of therapeutic levels of the drug. Subsequent administration
of the drug requires one-monthly injections. In some countries, the one-3-month
formulation (PP3M) is available. This formulation, which is not available in Poland,
is used after stabilization of the mental state has been reached with PLAI monthly
injections (PP1M) [6, 12]. Taking into consideration the drug absorption, the time to
stabilize the serum drug level, the need for oral supplementation and the frequency of
administration, risperidone LAI and PLAI can be valuable options for many patients
suffering from schizophrenia.

The most important pharmacological properties of PLAI in comparison to risp-
eridone are presented in Table 1.

Table 1. The most important pharmacological differences
between risperidone LAI and PLAI

Risperidone LAl PLAI

Chemical structure and its consequences for pharmacokinetic characteristics

No hydroxyl group in position 9 Hydroxyl group in position 9

Esterification possible in position 9; ester with

No fatty acid esters which could be used in LAI palmitic acid used in LAY

LAl forms based on unchanged drug molecules
encapsulated in polymer to form microspheres with
delayed onset of drug release

LAl based on nanocrystals of paliperidone palmitate
— ester of paliperidone and fatty acid

Drug release delayed for a couple of weeks until
microspheres break; relatively short-lasting drug
release from microspheres

Fast onset of drug release, long-term drug release
from nanocrystals of paliperidone palmitate

Supplementation with oral forms necessary No supplementation with oral forms needed

Frequent injections, every 2 weeks Injections every 4 weeks

Other pharmacokinetic characteristics of drugs independent of pharmaceutical form

Risperidone Paliperidone

Risperidone metabolite — limited hepatic metabolism;

Intense hepatic metabolism to active and inactive dose reduction in patients with hepatic insufficiency

metabolites N

not necessary
High genetic variability of hepatic metabolism No genetic variability of hepatic metabolism
High risk of drug-drug interactions Low risk of drug-drug interactions

High variability of drug concentrations, half-life, and

response to the drug Low variability of drug concentrations

table continued on the next page
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Drug receptor profile

Risperidone Paliperidone

Weaker, compared to risperidone, affinity for

high affinity for serotonin 5-HT,, receptors serotonin 5-HT,, receptors

* dose modification of paliperidone is recommended in patients with renal failure [5-7].

Effectiveness in comparison to placebo

The methodologically correct, double-blind, randomized clinical trials of 9 to
13 weeks have proved the efficacy of PLAI in doses 25 to 100 mg in comparison to
placebo, in terms of improvement of acute schizophrenia symptoms. Similarly, PLAI
proved to be efficacious in comparison to placebo in the maintenance treatment of
schizophrenia, causing significant elongation of the stable period of the illness until
the moment of worsening [17]. The analysis of two placebo-controlled clinical trials
with PLALI or oral paliperidone showed better efficacy of PLAI than of the oral form,
both in terms of a decrease in the severity of symptoms measured by the PANSS and
an improvement of patient’s functioning. The risk of relapse after the discontinuation
of oral paliperidone was higher than the risk of relapse when switching from PLAI
to placebo [18]. The review of 19 placebo-controlled or active comparator vs. PLAI
clinical trials showed that patients who received PLAI demonstrated significant im-
provements of psychotic symptoms, while the treatment tolerance was similar to that
found in the placebo group [19]. The new formula of paliperidone administered every
3 months (means four times a year) also proved to be efficacious in elongation of the
period to relapse in schizophrenia, in comparison to the administration of placebo [20].

Efficacy of PLAI, compared to active comparator

The selection of an active comparator in the majority of studies was aimed at those
antipsychotics which possess good clinical efficacy.

The analysis of 19 clinical trials shows the efficacy of PLAI to be non-inferior to
treatment of schizophrenia with risperidone LAI [19]. The PRIDE study was based on
the 15-month observation of 450 schizophrenic patients receiving PLAI once monthly
or oral antipsychotic medication (randomized to: aripiprazole, haloperidol, olanzapine,
oral paliperidone, perphenazine, quetiapine, and risperidone); the results showed the
longest period to relapse in PLAI group, and the percentage of therapeutic failures
in the PLAI group was also lower than in the group of orally treated patients (39.8%
vs. 53.7%) [21]. In another large study (353 schizophrenic patients who were ill for 1
to 5 years), the efficacy of PLAI was compared to that of various orally administered
antipsychotics. The relapse rate was significantly lower in the PLAI group (14.8%)
than in orally treated patients (20.9%). Those who received PLAI treatment showed
significantly better clinical improvement (measured by the PANSS) already by the 8%
day of treatment [22].
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In 212 acute schizophrenia patients who were unsuccessfully treated with oral
antipsychotics, the clinical improvement after switching to PLAI at doses from 50 to
150 mg daily was observed by the 8th day of treatment. After 6 months of therapy,
66.7% of PLAI treated patients showed at least a 30% improvement in the PANSS
vs. baseline, and 43.5% showed even better improvement of 50% of the PANSS basal
score. The improvement regarded the severity of schizophrenia symptoms, the subjec-
tive feelings of patients under PLAI treatment, and patients’ functioning [23]. In more
than 300 schizophrenia patients with a high risk of worsening, the treatment with PLAI
at doses from 39 to 234 mg daily vs. haloperidol decanoate in the dose range from 25
to 200 mg daily, showed similar outcomes: 33.8% in the PLAI group and 32.4% in
the haloperidol group suffered from treatment failure [24].

In the study of Li et al. [25], the efficacy of PLAI vs. the active comparator was
evaluated in 452 adult Chinese acute schizophrenia patients. In this open, rater-blinded,
randomized trial of parallel patients, the one monthly deltoid injection of PLAI was com-
pared to gluteal muscle injections of risperidone LAI (RLAI). The doses of drugs were
50, 100, or 150 mg daily of PLAI and 25, 37.5 or 50 mg daily risperidone LAI. Similar
efficacy was shown in both studied groups, which also reflected patients’ functioning.

Fleischhacker et al. [26] conducted a study of 747 adult US acute schizophrenia pa-
tients, with both positive and negative symptoms evaluated with the use of the PANSS.
Patients were randomly assigned to the groups of treatment with PLAI 50 mg gluteal
injection on the first and 8" day of treatment, and subsequent doses of 25 to 100 mg
PLAI injected monthly. In the risperidone LAI group, doses of 25 to 50 mg every two
weeks were administered and oral supplementation of risperidone at the beginning of
the treatment was allowed. The PLAI doses of less than 150 mg monthly proved to be
optimal. While the study of Li et al. [25] demonstrated the non-inferiority of PLAI vs.
risperidone LAL in the study of Fleischhacker et al., the non-inferiority criterion was
not fulfilled [26]. This might be due to the low initiation dose of PLAI (50 mg), which
did not assure the proper drug level. Nevertheless, the efficacy of PLAI and risperidone
LAI evaluated with the use of the PANSS, was similar. The only difference was the
lower decrease of schizophrenia positive symptoms in the PLAI vs. risperidone LAI
groups. The drug tolerance was similar and did not jeopardize patient safety. A similar
efficacy of PLAI and RLAI was showed by Pandina et al. [27]. The mean decrease of
the PANSS score after PLAI treatment was 18.6 points while this was 17.9 points in
the risperidone LAI group.

In another study, the outcome of switching from risperidone LAI to PLAI or an
oral antipsychotic was studied. Those patients who switched to PLAI had fewer events
(e.g., out-patient visits, hospitalizations) than patients treated orally. The mean time to
such an event was longer in the PLAI group than in orally treated patients (70 vs. 47
days). A lower risk of relapse was also seen in the PLAI group [28].

Kim et al. [29] proved the beneficial effect of PLAI on patients’ cognitive function-
ing. Schizophrenia patients were treated for 12 weeks with risperidone; some of them
were then switched to PLAI while the others continued on risperidone. A number of
cognitive functions (verbal learning test) and patients’ global functioning improved
in the PLAI group.
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The results of the above-mentioned studies indicate higher efficacy of PLAI in
comparison to other antipsychotic drugs; some studies indicate similar efficacy. This
is important because there is a perspective of the administration of paliperidone once
every three months instead of monthly injections. This kind of treatment is recom-
mended for patients who have been previously treated for at least 4 months with once
monthly injections of PLAI. The doses of paliperidone administered every 3 months
range from 175 to 525 mg. It is also important to note that this kind of dosing regimen
allows deviation from the injection schedule for up to two weeks, which gives a certain
amount of freedom when the treatment is planned [6].

Cost-effectiveness of PLAI treatment

For a couple of years, the pharmacoeconomic aspects of the use of long-acting
atypical antipsychotics (LAI) have been analyzed, and this analysis also applied
to paliperidone palmitate. In a study conducted in Sweden, paliperidone palmitate
(75 mg/month) was compared with risperidone LAI (37.5 mg/2 weeks) and with
olanzapine LAI (150 mg/2 weeks or 300 mg/month). During the 5 year observational
period, the better effectiveness of PLAI in comparison to the other drugs was shown:
this concerned the lower number of relapses and higher QALY (quality-adjusted life
years) [30]. A similar 5-year observational period was used in Germany: PLAI proved
to be superior to risperidone or olanzapine in terms of the number of relapses and the
number of QALY, but the costs of the use of PLAI were slightly higher than those
of olanzapine [31]. In Norway, PLAI was compared to olanzapine embonate during
a l-year period and a slight advantage of PLAI was demonstrated [32]. During a 1-year
study in the Czech Republic, lower costs of the treatment with PLAI compared to
risperidone or olanzapine were demonstrated with similar QALY indexes but a lower
number of relapses [33]. In a systematic analysis by Achilla and McCrone [34] of 28
studies including LAl risperidone, olanzapine and paliperidone, the latter demonstrated
the best cost-effectiveness. In the newly published American study, the pharmacoeco-
nomic aspects of PLAI were evaluated in comparison to aripiprazole LAI. This study
showed a greater reduction of relapses as well as slightly lower treatment costs in
patients treated with aripiprazole LAI vs. PLAI (0.181 and 0.277, respectively) [35].

Features which differentiate paliperidone from other
atypical LAI antipsychotics

To date, the position of long-acting injections of paliperidone among antipsychotic
treatments seems to be favorable. Above-mentioned clinical studies have shown its ef-
fectiveness in schizophrenia. The switch from other antipsychotic drugs which have not
proven to be as effective as paliperidone palmitate results in both clinical and subjective
improvement [36, 37]. Paliperidone palmitate is well tolerated and the percentage of
patients who demonstrate extrapyramidal side-effects or weight gain is low. The drug
is conveniently administered (once monthly) and the clinical effect is visible within the
first days of treatment; also, contrary to risperidone LAI, oral supplementation within
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the first weeks of treatment is not necessary. The drug can be administered both to the
deltoid or gluteal muscle, and the observation of patient’s reactions during the first
hours after injection (as it is recommended after olanzapine LAI injection) is also not
needed. In comparison to risperidone LAI or olanzapine LAI, paliperidone palmitate
treatment is characterized by favorable pharmacoeconomic indices.

Paliperidone in the early stage of schizophrenia

During the last few years, atypical LAIs have been more frequently recommended
for the long-term treatment of the early stages of schizophrenia [38, 39]. Approximately
80% of patients with a first schizophrenia episode experience symptomatic remission
when atypical antipsychotics are used, but in the majority of them, the relapse occurs
within 2 years. The rationale for the use of LAIs in those patients continues to be more
obvious; however, some psychiatrists are still skeptical of such a procedure. More
recently, a randomized 1-year clinical trial was published in “JAMA Psychiatry”,
comparing the effects of risperidone LAI vs. risperidone oral treatment in first episode
patients. The percentage of relapses was significantly lower in the LAI group (5% vs.
33%). Among patients treated with risperidone LAI, the mean severity of psychotic
symptoms was significantly lower, and the drop-out rate was also lower in this group
[40]. Ugok et al. [41] published the results of a 1-year study of 80 patients who were
hospitalized up to 3years previously and underwent treatment with PLAI. The results
indicated the effectiveness of such a treatment in terms of the reduction of psychotic
symptoms, both positive and negative, and the improvement in patients’ functioning.

Safety of use of paliperidone palmitate

For evaluation of the safety of PLAI, those studies which included a thorough
analysis of drug tolerance were selected: 4 open studies, 4 placebo-controlled rand-
omized trials, and 3 double-blind PLAI vs. risperidone LAI intramuscular injection
trials. The analysis of drug tolerance also included the rare side-effects, for instance
post-injection syndrome, tardive dyskinesia, and studies comparing PLAI vs. first-
generation antipsychotics (3 studies). In general, 20 published papers (15 clinical trials,
5 descriptive studies and meta-analyses) were considered (Table 2).

The safety of treatment was evaluated with regard to the duration of treatment,
most frequently on the 1+ day after administration of the drug, on the 8" day of treat-
ment, and then monthly afterwards, with the possible range of + 7 days.

Table 2. Studies considered in the analysis of the safety of PALI

Number of Time of

subjects (PLAI) PLAI Dose (mg eq) | Comparator | Type of study evaluation Comments Author
- | ) Open, Coppola

N =212 (104) Range 50-150 prospective 12 months etal. [42]
_ Open, Treated earlier with Schreiner

N'=231(231) 50-150 ) prospective Bmonths | "oy Al or “depots” etal. [43]

table continued on the next page
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RLAI - risperidone long-acting injections

Side-effects profile

In all of the analyzed studies, similar effectiveness of PLAI in terms of the reduc-
tion of psychotic symptoms and also similar side-effect profile has been underlined.
The type and severity of side-effects depended on the selected patient groups: first-
episode patients, subjects with a duration of illness of less than 5 years vs. those who
are chronically ill, the type of the comparator used, e.g., placebo or antipsychotic drug
— first — or second-generation, and also the duration of observational period (from 13
to 72 weeks).

Both in the open studies and in randomized placebo-controlled trials, the most
commonly observed PLAI side-effects were: nasopharyngitis (17.5%), insomnia
(10.8%-15.2%), injection-site pain (13.7%—18.6%), headache (6.1%—-13%), and
tachycardia (13%) [23, 42, 44]. Less frequently observed side-effects were: dizziness
(PLAU/placebo: 2.5% vs. 1.2% ), sedation (PLAI/placebo: 2.3% vs. 0.6%), limb pain
(PLAI/placebo: 1.6% vs. 0%), and muscle pain (PLAl/placebo: 1% vs. 0%) [27, 45-47].

When PLAI injections were located only in the deltoid muscle, injection-site pain
was less frequently reported than in patients who received the drug injection in the
gluteal muscle.

Among the rarely reported treatment side-effects (less that 10% of subjects), the
following were noted: psychotic exacerbation (3%—7% of subjects) and slight weight
gain (< 7%) in 22% of patients. The elevation of prolactin level was observed in both
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female and male patients, but a significant increase in PRL level was observed in
women: 32.8% W, 14.3% M — the PRL increase was found in an average of 19% of
treated subjects [42]; in 3% [43]; 25.6% W; 4.7% M; in 11.9% of treated subjects [44].
In the study of Hargarter et al. [23], the hyperprolactinemia-induced side-effects were
reported in 5.7% of patients treated with PLAI. Nevertheless, amenorrhea, galactor-
rhea, gynecomastia, and sexual dysfunction have been reported only in less than 2% of
patients. In general, the hyperprolactinemia-induced side-effects were rarely reported,
but were more frequently seen in patients with a short duration of illness (7.9%) than in
chronic schizophrenia patients (3.5%); amenorrhea was noted in 3.2% of females [45].

The extrapyramidal side-effects were seen during the consecutive injections of
PLAI in 24-31% of treated patients. The most frequently observed were akathisia
(13.4%) and parkinsonism (16%). Other symptoms (dyskinesia, tremor, restlessness,
muscle stiffness, and dystonia, were seen in less than 7% of subjects [42, 44]. In chronic
schizophrenia patients, extrapyramidal symptoms were less frequently observed
(PLAI/placebo: 2.3%/4.6%), but akathisia was seen more frequently (PLAI/placebo:
3.3%/1.9%). When the antiparkinsonian drugs were used, extrapyramidal symptoms
showed a tendency toward decreasing severity during consecutive PLAI injections.
Significant changes of glucose level and changes in body weight were not found for
individuals under PLAI treatment [42, 47].

Part of the analyses also included those randomized, double-blinded studies which
used risperidone LAI as a comparator. The profile and the severity of drug-induced
side-effects were similar in both groups. Similar was also the percentage of treatment
drop-out patients (PLAI/RLAI: 6.8%/4.8%). Extrapyramidal symptoms were observed
in about 7% of patients treated in both groups. The most frequent extrapyramidal
symptoms were: akathisia and hyperkinesia (PLAI/RLAI: 6%/10%) [26, 27].

Although worsening of schizophrenia symptoms under antipsychotic treatment
was rarely seen, it was among the most common symptoms and ranged from (PLAI/
RLAIT) 2.5%/2.1% to 14%/12% of subjects. The studies did not reveal the impact of the
studied drugs on the cardiovascular system or on the glucose serum level. High PRL
levels were seen more frequent among risperidone LAI — than PLAl-treated patients:
(PLAI/RLALI: 31%/53% of males and 42%/51% of females) [26].

The analysis of safety indicated that during long-term PLAI treatment, metabolic
and extrapyramidal symptoms may be the most crucial. The meta-analysis of 3-month
trials aimed at the evaluation of metabolic syndrome revealed that weight gain under
PLAI treatment was less pronounced than after treatment with other second-generation
antipsychotics, e.g., asenapine or iloperidone [49]. However, body mass changes were
not significant. The changes of blood cholesterol were similar in patients treated with
various antipsychotics. Statistically, but not clinically, the blood glucose changes were
greater after PLAI than after asenapine treatment.

In the meta-analysis aimed at investigating the presence of tardive dyskinesia
(TD) in oral paliperidone — and paliperidone palmitate-treated patients, the frequency
of TD after PLAI treatment was slightly higher than after oral paliperidone treatment
(0.18% vs. 0.10%), but decreased in both groups along with the duration of treatment
(-0.12% vs. — 0.05%) [50]. The frequency of TD during PLAI treatment was lower
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than during treatment with the second-generation antipsychotics: 1-year risk of TD in
second-generation antipsychotics — 3.9%, in first-generation antipsychotics — 5.5%.
In general, the number of extrapyramidal symptoms during long-term (> 3 months)
oral paliperidone treatment was higher than in patients treated with PLAI As a result,
antiparkinsonian drugs were less frequently used in PLAI-treated patients (12% vs.
17%) [51]. During the treatment with PLAI, the post-injection delirium/sedation syn-
drome was not observed [52, 53].

The safety of PLAI treatment was confirmed in the 29-week study (including
an open phase) of Berwaerts [20], where 605 schizophrenia patients were studied.
During the study, where PLAI was administered every three months, stabilization of
the mental state and diminution of treatment-emergent side-effects were seen in the
PLAI-treated group. During the double-blind phase of the trial, the side-effects were
observed in 63% of patients in PLAI group vs. 58% of patients in the placebo group.
Among the side-effects which were more frequent in the PLAI group were: headache
(PLAI/placebo: 9%/4%), weight gain (PLAI/placebo: 9%/3%), nasopharyngitis (PLAI/
placebo: 6%/1%) and akathisia (PLAI/placebo: 4%/1%) [54]. In a recently published
meta-analysis, it was demonstrated that because of good drug tolerance, PLAI is better
accepted by the patients than other antipsychotics [19].

Conclusions

Paliperidone is an active metabolite of risperidone, which is a widely-used
antipsychotic drug that has been used for years in the treatment of psychoses. Pali-
peridone palmitate is a long-acting formulation which possesses certain features
that are important from the pharmacological and clinical point of view, differenti-
ating the drug from other antipsychotics, and also from those which are available
in long-acting injection forms. The effectiveness of paliperidone palmitate in the
recommended doses, measured by a decrease in the severity of symptoms and an
elongation of the duration of improvement period has been proved in many meth-
odologically correct clinical trials. Paliperidone palmitate is recommended for the
treatment of schizophrenia and is also recommended for early stages of the illness.
The frequency and tolerance of paliperidone palmitate side-effects is similar to those
found in placebo groups or in patients treated with an active comparator. Because of
the good tolerance, paliperidone palmitate was better accepted by the patients that
other antipsychotic drugs.

References

1. Jarema M, Wichniak A, Dudek A, Samochowiec J, Bienkkowski P, Rybakowski J. Guidelines for
the use of second-generation long-acting antipsychotics. Psychiatr. Pol. 2015; 49(2): 225-242.

2. Schatzberg AF, Nemeroff CB. Textbook of psychopharmacology. 4" edition. Washington, DC:
The American Psychiatric Publishing; 2009.



18

Marek Jarema et al.

w

I1.

12.

13.

14.

15.

16.

18.

19.

20.

21.

. Janssen PAJ, Niemegeers CJE, Awouters F, Schellekens KH, Megens AA, Meert TF. Phar-

macology of risperidone (R64 766), a new antipsychotic with serotonin S2 and dopamine D2
antagonist properties. J. Pharmacol. Exp. Ther. 1988; 244: 685-693.

. Borison RL. Risperidone pharmacokinetics. J. Clin. Psychiatry 1994; 12: 46-48.

. Chwieduk CM, Keating GM. Paliperidone extended release. a review of'its use in the manage-

ment of schizophrenia. Drugs 2010; 70: 1295-1317.

. Gopal S, Vermeulen A, Nandy P, Ravenstijn P, Nuamah I, Buron Vidal JA. et al. Practical guid-

ance for dosing and switching from paliperidone palmitate 1 monthly to 3 monthly formulation
in schizophrenia. Curr. Med. Res. Opin. 2015; 2: 1-12.

. Dolder C, Nelson M, Deyo Z. Paliperidone for schizophrenia. Am. J. Health Syst. Pharm.

2008; 65(5): 403—413.

. Gilday E, Nasrallah HA. Clinical pharmacology of paliperidone palmitate a parenteral long-

acting formulation for the treatment of schizophrenia. Rev. Rec. Clin. Trials 2012; 7(1): 2-9.

. Park EJ, Amatya S, Kim MS, Park JH, Seol E, Lee H. et al. Long-acting injectable formulations of

antipsychotic drugs for the treatment of schizophrenia. Arch. Pharm. Res. 2013; 36(6): 651-659.

. Burns MJ. The pharmacology and toxicology of atypical antipsychotic agents. Clin. Toxicol.

2001; 39(1): 1-14.

Kane JM, Eerdekens M, Lindenmayer JP, Keith SJ, Lesem M, Karcher K. Long-acting injectable
risperidone: efficacy and safety of the first long-acting atypical antipsychotic. Am. J. Psychiatry
2003; 160(6): 1125-1132.

Nussbaum AM, Stroup TS. Paliperidone palmitate for schizophrenia. Schizophr. Bull. 2012;
38: 1124-1127.

Corena-McLeod M. Comparative pharmacology of risperidone and paliperidone. Drugs R. D.
2015; 15(2): 163-174.

Mannens G, Huang ML, Meuldermans W. Absorption, metabolism and excretion of risperidone
in humans. Drug. Metab. Dispos. 1993; 21(6): 1134-1141.

Heykants J, Huang ML, Mannens G, Meuldermans W, Snoeck E, Van Beijsterveldt L. et al. The phar-
macokinetics of risperidone in humans: a summary. J. Clin. Psychiatry 1994; 55(supl.): 13—17.
Spina E, Avenoso A, Scordo MG, Ancione M, Madia A, Gatti G. et al. Inhibition of risperidone

metabolism by fluoxetine in patients with schizophrenia: a clinically relevant pharmacokinetic
drug interaction. J. Clin. Psychopharmacol. 2002; 22(4): 419-423.

. Owen RT. Paliperidone palmitate injection.: its efficacy, safety and tolerability in schizophrenia.

Drugs Today (Barc.) 2010; 46(7): 463—-471.

Markowitz M, Fu DJ, Levitan B, Gopal S, Turkoz I, Alphs L. Long-acting injectable paliperidone
palmitate versus oral paliperidone extended release: a comparative analysis from two placebo-
controlled relapse prevention studies. Ann. Gen. Psychiatry 2013; 12(1): 22.
Gonzalez-Rodrigues A, Catalan R, Penades R, Garcia-Rizo C, Bioque M, Parellada E. et al.
Profile of paliperidone palmitate once-monthly long-acting injectable in the management of
schizophrenia: ling-term safety, efficacy, and patient acceptability — a review. Patient Prefer.
Adherence 2015; 9: 695-706.

Berwaerts J, Liu Y, Gopal S, Nuamah I, Xu H, Savitz A. et al. Efficacy and safety of the 3-month
formulation of paliperidone palmitate vs placebo for relapse prevention of schizophrenia:
a randomized clinical trial. JAMA Psychiatry 2015; 72(8): 830-839.

Alphs L, Benson C, Cheshire-Kinney K, Lindenmyer JP, Mao L, Rodriguez SC. et al. Realworld
outcomes of paliperidone palmitate compared to daily oral antipsychotic therapy in schizo-



Paliperidone palmitate: effectiveness, safety, and the use for treatment of schizophrenia 19

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

phrenia: a randomized, open-label, review board-blinded 15-month study. J. Clin. Psychiatry
2015; 76(5): 554-561.

Schreiner A, Aadamsoo K, Altamura AC, Franco M, Gorwood P, Neznanov NG. et al. Pali-
peridone palmitate vs oral antipsychotics in recently diagnosed schizophrenia. Schizophr. Res.
2015; 169(1-3): 393-399.

Hargarter L, Cherubin P, Bergmans P, Keim S, Rencans E, Bez Y. et al. Intramuscular long-
acting paliperidone palmitate in acute patients with schizophrenia unsuccessfully treated with
oral antipsychotics. Prog. Neuropsychopharmacol. Biol. Psychiatry 2015; 58: 1-7.

Mc Evoy JP, Byerly M, Hamer RM, Dominik R, Swartz MS, Rosenheck RA. et al. Effectiveness
of paliperidone palmitate vs haloperidol decanoate for maintenance treatment of schizophrenia:
a randomized clinical trial. JAMA 2014; 311(19): 1978-1987.

LiRui Q, Ning X, Xu H, Gu N. 4 comparative study of paliperidone palmitate and risperidone
long-acting injectable therapy in schizophrenia. Prog. Neuropsychopharmacol. Biol. Psychiatry
2011; 35(4): 1002—-1008.

Fleischhacker WW, Gopal S, Lane R, Gassmann-Mayer C, Lim P, Hough D. et al. 4 randomized
trial of paliperidone palmitate and risperidone long-acting injectable in schizophrenia. Int. J.
Neuropsychopharmacol. 2012; 15(1): 107-118.

Pandina G, Lane R, Gopal S, Gassmann-Mayer C, Hough D, Remmerie B. et al. 4 double-blind
study of paliperidone palmitate and risperidone long-acting injectable in adult with schizophre-
nia. Prog. Neuropsychopharmacol. Biol. Psychiatry 2011; 35(1): 218-226.

Voss EA, Ryan PB, Stang PE, Hough D, Alphs L. Switching from risperidone long-acting
injectable to paliperidone ling-acting injectable or oral antipsychotics: analysis of a Medicaid
claims database. Int. Clin. Psychopharmacol. 2015; 30: 151-157.

Kim SW, Chung YC, Lee JH, Kim SY, Bae KY, Kim JM. et al. Paliperidone ER versus risp-
eridone for neurocognitive function in patients with schizophrenia: a randomized, open-label,
controlled trial. Int. Clin. Psychopharmacol. 2012; 27(5): 267-274.

Mehnert A, Nicholl D, Pudas H, Martin M, McGuire A. Cost effectiveness of paliperidone
palmitate versus risperidone long-acting injectable and olanzapine pamoate for the treatment
of patients with schizophrenia in Sweden. J. Med. Econ. 2012; 15(5): 844-861.

Zeidler J, Mahlich J, Greiner W, Heres S. Cost effectiveness of paliperidone palmitate for the
treatment of schizophrenia in Germany. Appl. Health Econ. Health Policy 2013; 11(5): 509-521.
Einarson TR, Vicente C, Zilbershtein R, Piwko C, Be CN, Pudas H. et al. Pharmacoeconomic
analysis of paliperidone palmitate versus olanzapine pamoate for chronic schizophrenia in
Norway. Acta Neuropsychiatr. 2013; 25(2): 85-94.

Einarson TR, Zilbershtein R, Skoupa J, Vesela S, Garg M, Hemels ME. Economic and clinical
comparison of atypical depot antipsychotic drugs for treatment of chronic schizophrenia in the
Czech Republic. J. Med. Econ. 2013; 16(9): 1089-1095.

Achilla E, McCrone P. The cost effectiveness of long-acting/extended-release antipsychotics
for the treatment of schizophrenia: a systematic review of economic evaluations. Appl. Health
Econ. Health Policy 2013; 11(2): 95-106.

Citrome L, Kamat SA, Sapin C, Baker RA, Eramo A, Ortendahl J. et al. Cost-effectiveness of
aripiprazole once-monthly compared with paliperidone palmitate once-monthly injectable for
the treatment of schizophrenia in the United States. J. Med. Econ. 2014; 17(8): 567-576.

Na KS, Kim CE, Kim YS, Lee JI, Han WS, Kang UG. et al. Effectiveness of paliperidone

extended-release for patients with schizophrenia: focus on subjective improvement. Hum. Psy-
chopharmacol. 2013; 28(2): 107-116.



20

Marek Jarema et al.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Mauri M, Mauri MC, Adami M, Reggiardo G, Giulio C. Efficacy and tolerability of paliperi-
done ER in patients with unsatisfactorily controlled schizophrenia by other antipsychotics:
a flexibledose approach. Int. Clin. Psychopharmacol. 2015; 30(6): 329-337.

Jeong HG, Lee MS. Long-acting injectable antipsychotics in first-episode schizophrenia. Clin.
Psychopharmacol. Neurosci. 2013: 11(1): 1-6.

Heres S, Lambert M, Vauth R. Treatment of early episode in patients with schizophrenia: the
role of long acting antipsychotics. Eur. Psychiatry 2014; 29(supl. 2): 1409-1413.

Subotnik KL, Casaus LR, Ventura J, Luo JS, Hellemann GS, Gretchen-Doorly D. et al. Long-
acting injectable risperidone for relapse prevention and control of breakthrough symptoms
after a recent first episode of schizophrenia: A randomized clinical trial. JAMA Psychiatry
2015; 72(8): 822-829.

Ugok A, Saka MC, Bilici M. Effects of paliperidone extended release on functioning level and
symptoms of patients with recent onset schizophrenia: An open-label, single-arm, flexible-dose,
12-months follow-up study. Nord. J. Psychiatry 2015; 69(6): 426-432.

Coppola D, LiuY, Gopal S, Remmerie B, Samtani MN, Hough DW. et al. 4 one-year prospective
study of the safety, tolerability and pharmacokinetics of the highest available dose of paliperidone
palmitate in patients with schizophrenia. BMC Psychiatry 2012; 12: 26.

Schreiner A, Bergmans P, Cherubin P, Keim S, Llorca PM, Cosar B. et al. Paliperidone palmitate
in non-acute patients with schizophrenia previously unsuccessfully treated with risperidone
long-acting therapy or frequently used conventional depot antipsychotics. J. Psychopharmacol.
2015; 29(8): 910-922.

Zhang F, Si T, Chiou CF, Harris AWF, Kim CY, Jahagirdar P. et al. Efficacy, safety, and impact
on hospitalizations of paliperidone palmitate in recent-onset schizophrenia. Neuropsychiatr.
Dis. Treat. 2015; 11: 657-668.

Bossie CA, Fu DJ, Sliwa JK, Ma YW, Alphs L. Tolerability of initiation doses of once-monthly
paliperidone palmitate in patients with recently diagnosed schizophrenia in an acute treatment
trial. Ther. Adv. Psychopharmacol. 2011; 1(4): 111-124.

Sliwa JK, Bossie CA, Fu DJ, Turkoz I, Alphs L. Long-term tolerability of once-monthly inject-
able paliperidone palmitate in subjects with recently diagnosed schizophrenia. Neuropsychiatr.
Dis. Treat. 2012; 8: 375-385.

Takahashi N, Takahashi M, Saito T, lizumi M, Saito Y, Shimizu H. et al. Randomized, place-
bocontrolled, double-blind study assessing the efficacy and safety of paliperidone palmitate in
Asian patients with schizophrenia. Neuropsychiatr. Dis. Treat. 2013; 9: 1889-1898.

Fu DJ, Bossie CA, Sliwa JK, Ma YW, Alphs L. Paliperidone palmitate versus oral risperidone
and risperidone long-acting injection in patients with recently diagnosed schizophrenia: a toler-
ability and efficacy comparison. Int. Clin. Psychopharmacology 2014; 29(1): 45-55.

De HertM, Yu W, Detraux J, Sweers K, vanWinkel R, Correll CU. Body weight and metabolic
adverse effects of asenapine, iloperidone, lurasidone and paliperidone in the treatment of
schizophrenia and bipolar disorder: a systematic review and exploratory meta-analysis. CNS
Drugs 2012; 26(9): 733-759.

Gopal S, Xu H, Bossie C, Burén JA, Fu DJ, Savitz A. et al. Incidence of tardive dyskinesia:

a comparison of long-acting injectable and oral paliperidone clinical trial databases. Intern.
J. Clin. Pract. 2014; 68(12): 1514-1522.

Gopal S, Liu Y, Alphs L, Savitz A, Nuamah L, Hough D. Incidence and time course of extrapy-
ramidal symptoms with oral and long-acting injectable paliperidone: a posthoc pooled analysis
of seven randomized controlled studies. Neuropsychiatr. Dis. Treat. 2013; 9: 1381-1392.



Paliperidone palmitate: effectiveness, safety, and the use for treatment of schizophrenia 21

52. AlphsL, Gopal S, Karcher K, Kent J, Sliwa JK, Kushner S. et al. Are the long-acting intramuscu-
lar formulations of risperidone or paliperidone palmitate associated with post-injection delirium/
sedation syndrome? An assessment of safety databases. Curr. Drug Saf. 2011; 6(1): 43-45.

53. Novakovic V, Adel T, Peselow E, Lindenmayer JP. Long-acting injectable antipsychotics and
the development of postinjection delirium/sedation syndrome (PDSS). Clin. Neuropharmacol.
2013; 36(2): 59-62.

54. Pandina GJ, Lindenmayer JP, Lull J, Lim P, Gopal S, Herben V. et al. A randomized, placebo-
controlled study to assess the efficacy and safety of 3 doses of paliperidone palmitate in adults
with acutely exacerbated schizophrenia. J. Clin. Psychopharmacol. 2010; 30(3): 235-244.

Address: Marek Jarema

Third Department of Psychiatry
Institute of Psychiatry and Neurology
02-957 Warszawa, Sobieskiego Street 9



