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Schizophrenia is a life-long mental disorder, affecting young adolescents to elderly
patients. Antipsychotic treatment is indicated for all patients with schizophrenia,
including the very young and old as well. Developmental issues in the young and
decline in organ functioning in the elderly could influence reactions to the drug, and
require different dosing regimens. The aim of the present article was to examine the safety
profile and dosing requirements in adolescent (13 to less than 18) and elderly (65 and
above) patients treated with cariprazine. Data from two clinical studies (one
pharmacokinetic pediatric study and one phase III clinical trial) on 49 adolescent
patients and 17 elderly patients (65 years of age or above) treated with cariprazine was
examined. Safety measures included assessment of adverse events (AEs), clinical
laboratory values, physical examinations, extrapyramidal symptom (EPS)-, depression-,
and suicidality rating scales. Safety parameters were summarized using descriptive
statistics. Results indicate that cariprazine was generally safe and well tolerated.
Adverse events in the marginal age populations were comparable to the adult
population, except for less insomnia in the young and no reports of akathisia in the
elderly. Laboratory parameters, vital sign values and EEG parameters were comparable to
previously published data in the adult population. In conclusion, cariprazine in the
approved adult dose-range of 1.5–6 mg might be a safe treatment option also in
adolescent and elderly patients with schizophrenia. Further studies are need to verify
these preliminary findings.
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INTRODUCTION

Schizophrenia is a life-long highly disabling mental disorder with an estimated median lifetime
prevalence between 0.72% and 0.75% (1, 2). Schizophrenia can occur at any age from childhood to
late adulthood. Typically the onset of symptoms is in late adolescence or early adulthood, although
cognitive impairments and behavioral changes can be recognized at an earlier age (3). While people
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with schizophrenia have two- to threefold higher mortality, the
course of the disease along with the arising comorbidities with
age require special attention in elderly patients (1).

Among pharmacologic interventions, antipsychotics are the
first-choice treatment option for schizophrenia, however there are
only limited data available in the pediatric (aged between 13 and 18)
and the elderly population (aged over 65). In both populations
cautious approach is needed when treated with antipsychotics due
to various risk factors, such as neurodevelopmental and hormonal
changes in the pediatric population and the increasing chance of
comorbidities and changing patterns of schizophrenia symptoms in
the elderly (4, 5). These factors may warrant a systematic review of
available data on antipsychotics to identify special dosing
recommendations or precautions.

Early onset schizophrenia (EOS) is a severe, frequently disabling,
chronic/recurrent condition with a prevalence that approaches 0.5%
in those under the age of 18 years (6). However, the prevalence of
child onset schizophrenia (COS—schizophrenia prior to the age of
13 years) is much less frequent with estimates of <0.01%.

While in the literature the prevalence of diagnosed EOS is
around 0.5%, some reports note that nearly a third of patients
with schizophrenia develop their first psychotic symptoms before
the age of 19 years (7–9). There are also references with lower
figures with a prevalence of 1 per 500–10,000 in mid-adolescence
(10). The prevalence of COS is even lower, generally quoted as 1
in 10,000 (3, 5–7).

The NICE clinical guideline on psychosis and schizophrenia in
children and young people notes that the prevalence of psychotic
disorders (including but not limited to schizophrenia) in children
aged between 5 and 18 years has been estimated to be 0.4%, while the
figure across all ages and populations in the UK is 0.7% (11).
Schizophrenia accounts for 24.5% of all psychiatric admissions in
young people aged 10 to 18 years (the overall admission rate is 0.46
per 1,000 for this age range), with an exponential rise across the
adolescent years. The rise in incidence increasesmost from the age of
15 years upwards.

Due to this very low prevalence of schizophrenia in children
below 13 years the European Guideline for the Clinical
Development of Medicinal Products for Schizophrenia also
recognizes that that pediatric antipsychotic drug development
should focus on children aged between 13 up to 18 years (12).

Antipsychotic drugs are widely used in the treatment EOS.
Nevertheless, the magnitude of efficacy and tolerability data in
this population is well below the information available in adults.
Based on this scarce amount of data, antipsychotic treatment is
efficacious in children and adolescents with schizophrenia, with
some specific aspects such as reduced efficacy and a more severe
safety profile compared to adults (13–15). Children and young
people are more sensitive to potential adverse effects of
antipsychotics, including weight gain, metabolic effects and
movement disorders (11). These might be partly explained by
the ongoing processes in the developing body of adolescent
patients (different maturation of neurotransmitter systems,
receptor regulations, metabolism, etc.) (16).

Some differences between adult and pediatric subjects with
schizophrenia with regard to neuropathology have been
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observed. Brain development is still ongoing in the late
adolescence making this population more vulnerable to
psychological diseases, such as schizophrenia. Neuroimaging
studies in subjects with COS who were followed from the age
of 6 years to their early 20s showed that during adolescence, there
was progressive ventricular enlargement and progressive
reduction of cortical grey matter that seemed to be an
exaggeration of the normal developmental “pruning” of brain
connections observed in late adolescence. This grey matter loss
was more severe than was seen in adult-onset schizophrenia in
later years. The loss in COS in adolescence seemed to slow down
and to be more localized to prefrontal and temporal cortices as
compared with most adult studies, establishing biological
continuity between childhood onset and adult onset forms.
Studies in an ultrahigh risk group, in whom imaging was
conducted before and after the onset of psychosis (mean age
19 years), showed grey matter loss in those progressing to
psychosis compared with those who did not, with maximal
changes localized to the prefrontal cortex. The changes
continued over the first 2–4 years of the disease. The pattern
of grey matter retraction was an amplification of the normal
pattern. In conclusion, the structural changes observed are
normal maturational changes in brain regions typical for this
age group however at an accelerated speed. Children who
develop schizophrenia during this period have a disturbance in
their normal maturation process both in grey and white matter,
not only structurally but in function as well (17).

These altered needs due to ongoing developmental processes
in the adolescent population may call for dose adjustments and
specific safety monitoring when treating adolescent patients
with schizophrenia.

As schizophrenia usually starts in the late adolescence/early
adulthood, the incidence of schizophrenia tends to decline with
age. Only about 20% of schizophrenia cases start after the age of
40 (18). Although Diagnostic and Statistical Manual of Mental
Disorders 5th edition (DSM–5) does not use the term of late-
onset schizophrenia, but states that there are cases when late-
onset cases can meet the schizophrenia criteria, the International
Late-Onset Schizophrenia Group gives a clear consensus
definition for both late-onset and very-late-onset schizophrenia
by an onset after 40 and 60 years, respectively (19).

Based on the above, schizophrenia in elderly can be divided
into two subgroups: patients with an onset of schizophrenia
before mid-life and after mid-life, with some confusion around
the exact cut-offs across the definitions.

Although elderly patients with schizophrenia will double by
2025, only about 1% of the publications focus on this
population (20).

There is one study conducted among elderly people suffering
from schizophrenia in the Amsterdam area, the Netherlands.
This study found that the one-year prevalence was 0.55% for
schizophrenia (0.71% if schizoaffective and delusional disorders
were also taken into account), if divided by onset time the
prevalence was for early-onset 0.35%, for late-onset 0.14% and
for very-late-onset 0.05%. These numbers are comparable to the
prevalence data gained from the younger population (21).
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Elderly patients usually suffer from multiple diseases, and use
more medications (polypharmacy). As a result of aging, these
patients already have dysfunctional organ functioning, which
might make them more vulnerable to side effects of drugs.
There is an increased risk (about 3.5 times when taking
psychotropic medication) that elderly patients develop side
effects necessitating hospitalization. In case of antipsychotics
most of these events are associated with the typical
anticholinergic effects, such as Parkinsonism, tardive dyskinesia,
orthostatic hypertension, cardiac conduction disturbances,
reduced bone density, sedation and cognitive dysfunction. This
is because the pharmacodynamic and pharmacokinetic profiles are
significantly altered in the elderly, especially in the presence of
various age-related comorbidities and pathologies. As such,
reduced absorption and distribution is observed that can be
attributed to the reduction of total body water by about 10-15%
and the decreased serum albumin levels. The elimination and
biotransformation of drugs in the liver is also altered/slower
among the elderly because of significant liver volume and blood
flow decline. Furthermore, it has been found that other factors
such as long-term attachment to bed, dehydration, congestive
heart failure, and muscle atrophy, also have a significant effect on
pharmacokinetics. Polypharmacy is also really common in elderly,
which can have major consequences on the pharmacokinetics of
the antipsychotics. Non-compliance is really common in patients
with schizophrenia; however, there are further factors can increase
the risk of medication non-compliance such as visual impairment,
weakened motor skills and cognitive problems (22).

These altered needs due to age associated decline in the
elderly may call for dose adjustments and specific safety
monitoring when treating elderly patients with schizophrenia.

Cariprazine is an orally active, potent dopamine D3/D2 receptor
partial agonist with preferential binding to D3 receptors and partial
agonism at serotonin 5-hydroxytryptamine (5-HT1A) receptors. It
has been approved for the treatment of schizophrenia, bipolarmania
and bipolar depression in adults by the Food and Drug
Administration (FDA) and for the treatment of schizophrenia in
adults by the European Medicinal Agency (EMA).

Cariprazine's efficacy in schizophrenia, which served for
approval by the regulatory Agencies, was proven in three
double-blind, placebo controlled (two of the studies involved
an active arm for assay sensitivity as well) 6-week pivotal studies
in acute exacerbation of schizophrenia, one double-blind,
placebo controlled, long-term maintenance of effect study and
a double-blind, risperidone-controlled 26-week study in patients
with predominant negative symptoms of schizophrenia.
Furthermore, there were two additional open-label 52-week
safety studies in patients with schizophrenia. The FDA and
EMA approved dose range for the treatment of schizophrenia
is 1.5 to 6.0 mg daily (23–29).

In the targeted dose range of 1.5–6 mg/day, the most frequent
treatment-emergent adverse events (TEAEs)—defined as
occurring in more than 10% of patients—were akathisia
(14.6%), insomnia (14.0%), and headache (12.1%) (30).

The incidence of patients with TEAEs associated with
hyperlipidemia was approximately 1% across all treatment
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groups. The incidence of patients with TEAEs associated with
hyperglycemia and diabetes mellitus was < 1% with cariprazine
and 1% with placebo. There was no clinically significant
difference in the mean change from baseline to end or in shifts
from normal values at baseline to high values during the study in
fasting triglycerides, cholesterol or serum glucose between
cariprazine and placebo-treated patients (31, 32).

There were slightly greater mean increases in body weight and
BMI in the cariprazine group compared to the placebo group in
the controlled short-term schizophrenia studies. In the long term
maintenance of effect study there was no clinically relevant
difference in change of body weight from baseline to end of
treatment (0.3 kg for placebo, 1.1 kg for cariprazine). In the long
term active controlled study, mean change from baseline to end
in body weight was -0.36 kg for cariprazine and + 0.64 kg for
risperidone (28).

During the short-term and long-term studies, cariprazine
treatment was not associated with serum prolactin level
increases. Thyroid function changes were small and similar to
placebo (25, 28, 31, 32).

In conclusion, cariprazine was generally safe and well tolerated,
with most common adverse events related to extrapyramidal
symptoms typical for antipsychotics. Otherwise, cariprazine did
not increase prolactin levels, did not cause significant weight gain
and proved to be metabolically silent, suggesting a safety profile that
can be beneficial for both the pediatric and the elderly population.

Only a limited number of patients below the age of 18 or above
65 were enrolled into the cariprazine clinical development program.
However, data exists of one pediatric study as well as a study
including elderly patients with schizophrenia which is summarized
in this article. The aim of this article is to review the available safety
data in these patient populations. Since data was collected in a
clinical trial setting, the data is well-detailed and of good quality.
Safety measures were tailored for the schizophrenic patient
population, special attention was given to the uniqueness of the
pediatric population when designing of the trial, including the
applied safety scales. Data are presented in an age-stratified manner
as much as possible in order to be able to determine the similarities
between the adolescent, adult, and elderly populations. Differences
will also be addressed and potential explanations given where
possible. Analyses are focused on the safety and tolerability
profile as well as on dosing recommendations of cariprazine in
these patient populations.
METHODS

Cariprazine in Adolescent Population
Cariprazine was examined in an open-label, multinational,
multicenter phase I clinical study in pediatric patients with
schizophrenia between the age of 13 and less than 18
(EudraCT Number: 2016-002327-29). The primary objectives
of the study were to assess the pharmacokinetics, safety and
tolerability of cariprazine in adolescents and to determine the
dosing recommendations for the pediatric population. No
efficacy data was collected in this study.
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Patients in the study were enrolled into 3 cohorts based on the
cariprazine dose they received. Cohort 1 received 1.5 mg/day,
Cohort 2 received 3.0 mg/day, and Cohort 3 received 6.0 mg/day
of cariprazine. Each cohort was further divided into age groups.
Each cohort included patients in each of the following age ranges:
13 to < 15 years (Age-group A), 15 to < 18 years (Age-group B),
and 18 to 40 years (Age-group C). Altogether there were nine
subgroups (1A, 1B, 1C, 2A, 2B etc.) based on dose and age-range,
with the aim to enroll six patients in all subgroups completing
the 28 days treatment and suitable for pharmacokinetic
(PK) analyses.

Dosing
Dosing duration was 28 d, including an up-titration of
cariprazine up to 4 d. Patients taking antipsychotic medication
had to have their previous drug down-titrated and discontinued
by the fifth day of cariprazine dosing. Due to the enrollment of a
pediatric population, a very cautious approach was applied for
dose escalation: not only by dose strength as the usual approach
for such studies but by age groups as well. The dosing of the first
patient in the younger pediatric age group was only allowed after
the first patient in the older pediatric age group had reached his
or her fifth day of dosing in the given dose strength. The second
and subsequent patients in the younger age group were only
allowed to be enrolled once the first patient had reached the fifth
day of dosing without any tolerability concerns or major
safety findings.

Cariprazine has two active metabolites: desmethyl-
cariprazine (DCAR) and didesmethyl-cariprazine (DDCAR).
The functional half-life of cariprazine and the first metabolite
(DCAR) is ~2 d, of the second metabolite (DDCAR) 8 d and
overall ~1 week for total cariprazine (the sum of all three). The
plasma concentration of total cariprazine will gradually decline
following the discontinuation of the drug. The plasma
concentration of total cariprazine decreases by 50% in ~1 week
and greater than 90% decline in total cariprazine concentration
occurs in ~3 weeks. Due to this pharmacokinetic profile, after
28 d of dosing, cariprazine was discontinued without down-
titration taking special attention for potential withdrawal
symptoms during the 14-d follow-up period.

Safety Measures
Safety assessments were carefully selected for this patient
population. Standard clinical trial safety measurements were
included such as spontaneous adverse event reporting, physical
examination, clinical laboratory (hematology, serum chemistry,
prolactin measurement and urinalysis), electrocardiogram
(ECG), and vital signs (blood pressure, pulse rate, body
temperature, and body weight) collection. Movement disorders
are common side effects of antipsychotics, therefore specific
scales were applied: the Barnes Akathisia Rating Scale (BARS),
the Abnormal Involuntary Movement Scale (AIMS) and the
Simpson Angus Scale (SAS). The definition for treatment-
emergent akathisia was if the patient’s BARS score was ≤ 2 at
baseline and > 2 at any treatment phase assessment. A patient
was considered to have treatment-emergent Parkinsonism if the
patient's SAS score was ≤ 2 at baseline and > 2 at any treatment
Frontiers in Psychiatry | www.frontiersin.org 4
phase assessment. Further measurements evaluating
antipsychotic related side effects were the Columbia Suicide
Severity Rating Scale (C-SSRS) used for the assessment of
suicidality, and the Children's Depression Rating Scale-Revised
(CDRS-R) for the evaluation of depressive symptoms.

Side effects can highly affect drug compliance which is crucial
in clinical studies primarily aiming to assess the pharmacokinetic
parameters of a drug. Moreover, for various reasons pediatric
patients might not be able to identify or willing to verbalize
adverse events as adults, resulting in underreporting of adverse
events. For this reason, additionally to the standard adverse event
questioning, a systematic adverse event collection was also done
by using the Udvalg for Kliniske Undersøgelser (UKU) side
effects rating scale which is a comprehensive rating scale to assess
the side effect of psychotropic medications (33).

Cariprazine in the Elderly Population
Cariprazine was examined in a 48-week open-label trial conducted
in Japan enrolling patients with chronic phase of schizophrenia and
elderly patients—ages between 65 and 74 years (ClinicalTrials.gov.
NCT01625897, study A002-A7). The primary objective of the study
was to assess the long-term safety, tolerability, and efficacy of
cariprazine in this patient population. The cariprazine
schizophrenia development program, as mentioned above, did not
include patients under the age of 18 and above the age of 65. Adults
above 65 years of age were not included in the studies, due to safety
considerations associated with antipsychotic use in the elderly,
including increased cardio- and cerebrovascular diseases,
increased risk of mortality especially in elderly patients with
dementia, increased hepatic and renal impairment; and
polypharmacy. However there were three patients (one from a
short-term placebo-controlled study and the additional two patients
in the predominant negative symptoms study) above 65 years of
age, who provide additional data.

Dosing
Patients had been randomized to either cariprazine or risperidone
and after a fix dose period of 2–4 weeks patients continued up to 48
weeks on the respective treatment armwith a flexible dosing of 1.5–9
mg/day (1.5mg, 3mg, 6mg, or 9mg) of cariprazine or 2–12mg/day
(2 mg, 4 mg, 6 mg, 8 mg, 10 mg, or 12 mg) of risperidone. However,
while risperidone doses were allowed to be changed after two weeks
of treatment, for the cariprazine treated patients this was only
allowed after week 4 due to the pharmacokinetics of the compound.

Safety Measures
Most of the safety measures were consistent with previous
studies of the clinical development of cariprazine. Standard
clinical trial safety measurements were included such as
spontaneous adverse event reporting, clinical laboratory
(hematology, serum chemistry, prolactin measurement, and
urinalysis), vital signs, and ECG collection. Vital sign
assessment included systolic and diastolic blood pressure,
pulse ra te , body temperature , body weight , wais t
circumference and BMI. PCS criteria were set for blood
pressure, pulse rate, and body weight. Furthermore,
ophthalmologic assessment, measurements evaluating
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antipsychotic related side effects were also applied: BARS,
AIMS and the Drug-induced Extrapyramidal Symptoms Scale
(DIEPSS) instead of the SAS and C-SSRS for suicidality. A
patient was considered to have treatment-emergent
Parkinsonism if the patient scored on items 1–5 of the
DIEPSS three or higher for at least one item or two or higher
for at least two items at any postbaseline time point, or had an
increase from baseline of at least 3 points in the total score of
items 1–5. The same definition was used for the treatment-
emergent akathisia as in the pediatric study (BARS total score
was ≤2 at baseline and >2 postbaseline).
RESULTS

Cariprazine in the Pediatric Population
Patient Disposition and Demographics
Twenty-two (88.0%) patients in Age group A, 21 (87.5%)
patients in Age group B, and 20 (90.9%) patients in Age group
C had been enrolled into the study and received at least one dose
of the investigational medicinal product (IMP): Safety Analysis
Population (Table 1). One (10.0%) patient in Age group A
(Cohort 2) terminated the study early due to an AE of acute
tonsillitis and one (11.1%) patient in Age group B (Cohort 2)
terminated the s tudy ear ly due to wi thdrawa l of
informed consent.

Overall, the demographic characteristics were comparable
across Cohorts in each of Age groups A, B, and C (Table 2).

Patients in Age group A had a mean age of 13.4 years and the
majority of patients were male (81.8%). Patients in Age group B
had a mean age of 16 years and while overall the majority were
male (57.1%), in Cohort 1 the majority of patients were female
(66.7%). Patients in Age group C had a mean age of 29 years with
male dominance as well (70.0%).

Except for one Asian patient in subgroup 3B all other patients
were Caucasian. In order to be eligible in this study, all patients
had a medical history of schizophrenia, schizoaffective disorder,
or schizophreniform disorder. No patients had clinically
significant previous medical and surgical history. In all age-
groups psycholeptics (the most common were risperidone,
aripiprazole, and olanzapine) were the most frequently
reported concomitant medication (between 63.6 and 90.5%
depending in the age-group).

Safety Measurements
Adverse Events and UKU Side Effects Rating Scale
No deaths or serious adverse events were reported in this study.
More TEAEs and study drug-related TEAEs were reported for
Age group B than were reported for Age groups A and C; the
number of patients who reported AEs in Age groups A and C
were similar. No clear trend with dose in the number of TEAEs
or study drug-related TEAEs was observed (Table 3).

In Age-group A the most frequent TEAE (occurring in ≥ 5%
of patients in either cohort) was sedation in 3 (13.6%) patients.
All TEAEs were of mild or moderate intensity, except for the
Frontiers in Psychiatry | www.frontiersin.org 5
TEAEs of headache and tonsillitis, which were of severe intensity,
reported in one patient in Cohort 2; both of these TEAEs were
unrelated to the study drug, according to the judgment of
the investigator.

In Age-group B the most frequent TEAEs (occurring in ≥ 5%
of patients in either cohort) were akathisia and somnolence in five
(23.8%) patients, tension headache in four (19.0%) patients,
nausea in three (14.3%) patients, and dizziness postural,
sedation, fatigue, abnormal dreams, sleep disorder, and
hypotension in two (9.5%) patients. All TEAEs were of mild or
moderate intensity, except the TEAE of somnolence, which was of
severe intensity, reported in 1 patient in Cohort 3, and which was
related to the study drug, according to the judgment of
the investigator.

In Age-group C the most frequent TEAEs (occurring in ≥ 5%
of patients in either cohort) were asthenia and somnolence in
two (10.0%) patients and sinus arrhythmia, tachycardia,
constipation, dry mouth, nausea, nasopharyngitis, disturbance
in attention, paraesthesia, tremor, sleep disorder, tension,
hyperhidrosis, and hypotension in one (5.0%) patient each. All
TEAEs were of mild or moderate intensity.

The UKU did not reveal any further significant side effects not
already captured by the adverse event collection or cannot be
attributed to the underlying condition. In the pediatric age-
groups only tension headache, emotional indifference,
sleepiness/sedation and concentration difficulties were reported
as severe by one patient each.

Clinical Laboratory
Mean change from baseline to end in all of the clinical laboratory
parameters were small and not clinically meaningful.

Vital Signs and ECG
Mean change from baseline to end of treatment for vital signs
were small and not clinically meaningful. Overall, there were a
higher number of patients with predefined potentially clinically
(PCS) significant postbaseline vital sign values in Age group B
compared to Age group A and Age group C, however, no trend
could be observed in any of the PCS values.

12-lead ECG recordings did not show any clinically meaningful
differences between the dose cohorts and the age-groups either.
PCS values were measured only in few patients and more
frequently in the adults compared to the pediatric age-groups.

Treatment-Emergent Parkinsonism and Akathisia
Treatment-emergent Parkinsonism was not captured by the SAS
in any of the patients. Treatment-emergent akathisia was only
observed in age-group B in all dose levels without showing a
dose relationship.

Cariprazine in the Elderly Population
Patient Disposition and Demographics
In study A002-A7 125 patients had been randomized, 83
patients received cariprazine, and 42 risperidone. Out of the
125 patients, 27 were in the elderly age group (≥ 65 years at
informed consent) of whom 17 received cariprazine and 10
risperidone (Table 4).
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In the elderly group, the baseline characteristics were similar
between the two treatment groups with some minor differences:
there weremore females in the cariprazine group thanmales and the
duration of illness was slightly shorter for the cariprazine group than
for the risperidone group (Table 5). All patients in the elderly
population had previously taken antipsychotic medication.

Safety Measurements
Adverse Events
In the elderly population 16/17 (94.1%) patients in the cariprazine
group and 10/10 (100%) in the risperidone group experienced at
least one TEAE (Table 6). Eleven of the cariprazine treated and
nine of the risperidone treated patients had at least one adverse
drug reaction, while the number of patients with at least one
serious adverse event was four and one, respectively. The number
of patients having an adverse event leading to discontinuation was
higher in the cariprazine group compared to the risperidone arm.
There were no death cases. Due to the limited patient numbers, the
most common adverse events were defined as adverse events that
had been reported by more than two patients. In the cariprazine
arm the most frequent adverse events were schizophrenia,
nasopharyngitis, insomnia, hypertension and weight increased.
In the risperidone group the most frequently reported TEAEs were
hyperprolactinaemia, insomnia and Parkinsonism, which in line
with the safety profile of risperidone.

Clinical Laboratory
The overall changes were small and not clinically significant in
the clinical laboratory parameters. The metabolic parameters
(including total cholesterol, LDL, HDL and triglycerides) did
not show significant changes during the study. The only
exception is glucose, which increased in the cariprazine
Frontiers in Psychiatry | www.frontiersin.org 6
treatment group from a mean baseline of 104.9 mg/dl by
20.8 mg/dl by the end of the study. Prolactin levels increased
with risperidone treatment from 23.614 to 62.486 ng/ml, while
on the cariprazine group the prolactin levels decreased from
19.325 to 5.429 ng/ml.

The number of PCS laboratory changes during the entire
treatment period were generally low. The parameters with PCS
values in at least two patients were hemoglobin decrease,
hematocrit decrease and LDL increase in the risperidone
treatment group and blood glucose increase, creatine kinase
increase, glucose in urine and occult blood in urine in the
cariprazine treated patients.

Vital Signs and ECG
The mean changes from baseline to end were small and not
clinically relevant. PCS values measured by at least two patients
during the study period were systolic blood pressure decrease,
diastolic blood pressure decrease, body weight increase in the
risperidone group and diastolic blood pressure increase, body
weight decrease in the cariprazine group.

The ECG analyses did not show any PCS values in the elderly
population except for one patient with a QTcF value of 503 ms at
one study visit in the cariprazine group.

Treatment-Emergent Parkinsonism and Akathisia
There were more patients who experienced treatment-emergent
Parkinsonism in the risperidone (40%) than in the cariprazine
group (17.6%). No treatment-emergent akathisia was measured
by the BARS on any of the treatment arms.

Among the three elderly patients from the other phase II/III
studies, one patient experienced one TEAE of shortness of
breath, that was considered to be related to the study drug.
TABLE 1 | Patient disposition, Safety Analysis Population (All Screened Patients).

Parameter Cohort 1
1.5 mg/day

n (%)

Cohort 2
3.0 mg/day

n (%)

Cohort 3
6.0 mg/day

n (%)

Overall
n (%)

Age-group A (13 to < 15 years) 6 10 6 22
Patients Screened – – – 25
Screen Failure – – – 3 (12.0)
Safety Analysis Population 6 10 6 22 (88.0)
Patients completing the Treatment Phase 6 (100.0) 9 (90.0) 6 (100.0) 21 (84.0)
Patients completing the Follow-up Phase 6 (100.0) 9 (90.0) 6 (100.0) 21 (84.0)
Patients terminating the study early 0 1 (10.0) 0 1 (4.0)
Age-group B (15 to < 18 years) 6 9 6 21
Patients Screened – – – 24
Screen Failure – – – 3 (12.5)
Safety Analysis Population 6 9 6 21 (87.5)
Patients completing the Treatment Phase 6 (100.0) 8 (88.9) 6 (100.0) 20 (83.3)
Patients completing the Follow-up Phase 6 (100.0) 8 (88.9) 6 (100.0) 20 (83.3)
Patients terminating the study early 0 1 (11.1) 0 1 (4.2)
Age-group C (18 to 40 years) 6 8 6 20
Patients Screened – – – 22
Screen Failure – – – 2 (9.1)
Safety Analysis Population 6 8 6 20 (90.9)
Patients completing the Treatment Phase 6 (100.0) 8 (100.0) 6 (100.0) 20 (90.9)
Patients completing the Follow-up Phase 6 (100.0) 8 (100.0) 6 (100.0) 20 (90.9)
Patients terminating the study early 0 0 0 0
March 2020 | Volume 11 |
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TABLE 2 | Demographics and other baseline characteristics (Safety Analysis Population).

Parameter Cohort 1
1.5 mg/day

n (%)

Cohort 2
3.0 mg/day

n (%)

Cohort 3
6.0 mg/day

n (%)

Overall
n (%)

Age-group A (13 to < 15 years) n = 6 n = 10 n = 6 N = 22
Age (years) at Informed Consent
Mean 13.5 13.4 13.3 13.4
SD 0.55 0.52 0.52 0.50
Sex
Female 1 (16.7) 1 (10.0) 2 (33.3) 4 (18.2)
Male 5 (83.3) 9 (90.0) 4 (66.7) 18 (81.8)
Race
Black or African American 0 0 0 0
Asian 0 0 0 0
White 6 (100.0) 10 (100.0) 6 (100.0) 22 (100.0)
Other 0 0 0 0
Multiple 0 0 0 0
Height (cm) at Screening
Mean 162.5 162.1 155.2 160.3
SD 11.20 9.01 2.32 8.74
Weight (kg) at Screening
Mean 58.80 55.31 52.17 55.40
SD 11.024 7.205 7.839 8.491
Age-group B (15 to < 18 years) n = 6 n = 9 n = 6 N = 21
Age (years) at Informed Consent
Mean 16.7 15.8 15.8 16.0
SD 0.52 0.67 0.41 0.67
Sex
Female 4 (66.7) 4 (44.4) 1 (16.7) 9 (42.9)
Male 2 (33.3) 5 (55.6) 5 (83.3) 12 (57.1)
Race
Black or African American 0 0 0 0
Asian 0 0 1 (16.7) 1 (4.8)
White 6 (100.0) 9 (100.0) 5 (83.3) 20 (95.2)
Other 0 0 0 0
Multiple 0 0 0 0
Height (cm) at Screening
Mean 165.7 166.8 169.3 167.2
SD 10.03 8.69 6.74 8.30
Weight (kg) at Screening
Mean 59.80 63.53 64.57 62.76
SD 11.448 8.467 8.376 9.103
Age-group C (18 to 40 years) n = 6 n = 8 n = 6 N = 20
Age (years) at Informed Consent
Mean 28.8 27.8 30.8 29.0
SD 8.61 9.00 7.70 8.17
Sex
Female 2 (33.3) 2 (25.0) 2 (33.3) 6 (30.0)
Male 4 (66.7) 6 (75.0) 4 (66.7) 14 (70.0)
Race
Black or African American 0 0 0 0
Asian 0 0 0 0
White 6 (100.0) 8 (100.0) 6 (100.0) 20 (100.0)
Other 0 0 0 0
Multiple 0 0 0 0
Height (cm) at Screening
Mean 170.2 173.1 173.8 172.5
SD 6.59 11.03 12.32 9.93
Weight (kg) at Screening
Mean 73.10 75.26 71.47 73.48
SD 14.201 12.746 12.750 12.584
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CONCLUSIONS

Due to the natural course of schizophrenia, spanning from early
adolescence to the elderly population, it is important to understand
the differences in the safety profile and effectiveness of a given
antipsychotic across the different age ranges. Authorities
acknowledge this need and request drug manufacturers to develop
Frontiers in Psychiatry | www.frontiersin.org 8
antipsychotic medication for the adolescent population as part of
pediatric investigational commitments. For the elderly, the limited
information arising from the standard clinical development
programs leads to a dosing recommendation more cautious than
for the younger adult population.Authorities donot usually request
specific studies, however recommend to collect all data in the elderly
population as these are classifiedmissing information.

In the pediatric population, cariprazine was generally well
tolerated throughout the 4-week treatment period, without any
serious adverse events or early terminations related to the study
drug. Generally findings were in line with previous safety
findings in the adult population.

There was no clear trend observed that the number of TEAEs
would be higher in the younger age group, or that the incidence
of TEAEs would increase with the dose. Furthermore, most of
the TEAEs reported were mild to moderate of intensity.
Akathisia was only captured in the older adolescent population
by the predefined treatment-emergent akathisia criterion on the
BARS without suggesting a dose relationship to this side effect.
No clinically significant differences were observed in any of the
clinical laboratory, vital sign, or ECG assessments.

Of note, insomnia did not occur as a reported adverse event;
but rather TEAEs of sedation, somnolence or fatigue. Although
TABLE 3 | Overall summary of treatment-emergent adverse events (Safety Analysis Population).

Cohort 1
(1.5 mg/day)

(N = 6)

Cohort 2
(3.0 mg/day)

(N = 10)

Cohort 3
(6.0 mg/day)

(N = 6)

Overall
(N = 22)

Patients
n (%)

Events
n

Patients
n (%)

Events
n

Patients
n (%)

Events
n

Patients
n (%)

Events
n

Age-group A (13 to < 15 years)

TEAE 2 (33.3) 2 6 (60.0) 15 3 (50.0) 3 11 (50.0) 20
ADR 1 (16.7) 1 2 (20.0) 5 2 (33.3) 2 5

(22.7)
8

SAE 0 0 0 0 0 0 0 0
NEAE 0 0 1 (10.0) 2 1 (16.7) 1 2(9.1) 3
TEAE Leading to Early Termination 0 0 1 (10.0) 4 0 0 1 (4.5) 4
Age-group B (15 to < 18 years) (N = 6) (N = 9) (N = 6) (N = 21)

Patients
n (%)

Events
n

Patients
n (%)

Events
n

Patients
n (%)

Events
n

Patients
n (%)

Events
n

TEAE 4 (66.7) 26 2 (22.2) 22 5 (83.3) 18 11 (52.4) 66
ADR 4 (66.7) 25 2 (22.2) 20 4 (66.7) 16 10 (47.6) 61
SAE 0 0 0 0 0 0 0 0
NEAE 0 0 0 0 1 (16.7) 1 1 (4.8) 1
TEAE Leading to Early Termination 0 0 0 0 0 0 0 0
Age-group C (18 to 40 years) (N = 6) (N = 8) (N = 6) (N = 20)

Patients
n (%)

Events
n

Patients
n (%)

Events
n

Patients
n (%)

Events
n

Patients
n (%)

Events
n

TEAE 2 (33.3) 6 4 (50.0) 6 3 (50.0) 6 9 (45.0) 18
ADR 1 (16.7) 2 3 (37.5) 5 2 (33.3) 5 6 (30.0) 12
SAE 0 0 0 0 0 0 0 0
NEAE 2 (33.3) 3 1 (12.5) 1 0 0 3 (15.0) 4
TEAE Leading to
Early Termination

0 0 0 0 0 0 0 0
March 2020
 | Volume 11 | A
TEAE, Treatment-emergent Adverse Event; SAE, Serious Adverse Event; NEAE, Newly-emergent Adverse Event; ADR, Adverse Drug Reaction.
Treatment-emergent adverse events (TEAE) are adverse events that were not present before the first dose of the investigational medicinal product or if it was present the severity increased
after the first dose of IMP. Newly-emergent adverse events (NEAS) are defined as adverse events occurring during the follow-up period if the AE was not present before the start of the
follow-up period or was present before the start of the follow-up period and increased in severity during the follow-up period. Adverse drug reactions (ADR) are adverse events that are
rated by the investigator as related to treatment.
TABLE 4 | Patient disposition (Safety Analysis Population, A002-A7).

Total Elderly

Cariprazine
(N = 83)
n (%)

Risperidone
(N = 42)
n (%)

Cariprazine
(N = 17)
n (%)

Risperidone
(N = 10)
n (%)

Safety Analysis
Population

83 (100.0) 42 (100.0) 17 (100.0) 10 (100.0)

Completed
Treatment Period

31 (37.3) 28 (66.7) 8 (47.1) 8 (80.0)

Discontinued
Treatment Period

52 (62.7) 14 (33.3) 9 (52.9) 2 (20.0)

Withdrawal of
Consent

25 (30.1) 3 (7.1) 2 (11.8) 1 (10.0)

Adverse Event 27 (32.5) 10 (23.8) 7 (41.2) 1 (10.0)
Other 0 (0.0) 1 (2.4) 0 (0.0) 0 (0.0)
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these TEAEs were also reported in the adult studies, their
frequency was significantly lower than that of insomnia. One
explanation could be the requirement for patients in the pediatric
study to take cariprazine capsules in the morning, while such
strict criterion was not set in the adult studies.

In the elderly population the same conclusion can be drawn.
Adverse events were generally in line with what has been
observed in the adult population previously, with the
exception of akathisia, which did not occur in the elderly and
9

was also not captured by BARS. This could be attributed to the
limited patient numbers. Another possible reason could be that
this patient population is in the chronic phase of schizophrenia
with decades of antipsychotic treatment. EPS is the most
common side effect of antipsychotics but for which patients
can develop tolerability over time. Therefore chronic patients
might not be as sensitive to EPS-related side effects of a partial
dopamine agonist. In terms of body weight, some weight
increase was reported, however PCS weight gain did not
occur. There was a slight increase in blood glucose values and
reports of diabetes mellitus in two patients. There were two
cases of PCS diastolic blood pressure increases during the
treatment period but none were present at the end of the
study. For ECG results, one cariprazine treated patient had an
intermittent elevation of QTcF value.

The main limitation of the presented data—and this is relevant
for both age groups—is that efficacy parameters were not assessed
since the main goal was to characterize the safety of cariprazine in
these patient populations. Further general limitations are that both
studies were open-label studies and the number of targeted subjects
was low. Therefore, the presented safety data can provide only a
signal about the safety profile of cariprazine in these age groups and
further studies are needed to verify the results. On the other hand,
the presented safety data doesn't reflect different safety profile for
cariprazine as it was characterized on a large number of adult
subjects during short or long-term treatment.

There are also some study-specific limitations of the presented
data. In study A002-A7 only 17 elderly patients—ages between 65
and 74 years—were treated with cariprazine and the selected dose
range was 1.5–9 mg/day which is broader than the finally approved
1.5–6 mg/day dose range for cariprazine for the treatment of
schizophrenia. Because the dosing design was flexible, treated
subjects were not equally distributed to the investigated dose
levels of 1.5, 3, 6, and 9 mg/day. The 4.5 mg/day dose was not
investigated at all. The presented safety data is related to Japanese
patients only which can be also a limiting factor.

In the pediatric study only 6–10 subjects were treated with
1.5, 3, or 6 mg/day cariprazine per age groups (13 to < 15 years
and 15 to < 18 years). This patient number is low to judge the
possible tolerance difference between the 13 to < 15 years and 15
to < 18 years age groups. The 4.5 mg/day dose was not
investigated in the pediatric study either. The duration of the
study was 28 days, and this is probably not sufficiently long to
assess the long-term safety of cariprazine that can be crucial in
case of some safety measures such as metabolic parameters or
weight gain. All in all, although there are limiting factors, the
presented safety data of the adolescent population did not differ
significantly from the adult safety data.

In conclusion, based on the results above the safety profile of
cariprazine is similar throughout the age groups from 13 to 74
years. Further specific studies are needed to better understand the
long-term safety of cariprazine in the pediatric population and the
elderly. So far the data is encouraging also in terms of dosing
recommendations—the same dose range can potentially be applied.
Nevertheless a cautious approach to both groups is advisable,
following the generally accepted approach of “go low and slow”.
TABLE 6 | Overall summary of treatment-emergent adverse events (Safety
Analysis Population).

Elderly

Cariprazine
(N = 17)
n (%)

Risperidone
(N = 10)
n (%)

Treatment Period and Follow-up Period
Patients with at least one TEAE 16 (94.1) 10 (100.0)
Patients with at least one NEAE 10 (58.8) 5 (50.0)
Patients with at least one ADR 11 (64.7) 9 (90.0)
Patients with at least one SAE 4 (23.5) 1 (10.0)
Patients who Died 0 (0.0) 0 (0.0)
Patients leading to discontinuation due to TEAEs 7 (41.2) 1 (10.0)
N, Number of patients in Safety Analysis Population; n, Number of patients within each
category.
TEAE, Treatment-emergent Adverse Event; NEAE, Newly Emergent Adverse Event; ADR,
Adverse Drug Reaction; SAE, Serious Adverse Event.
Patients who were ≥ 65 years at informed consent were defined as Elderly.
TABLE 5 | Demographics and other baseline characteristics (Safety Analysis
Population, A002-07).

Demographic
Parameter

Total Elderly

Cariprazine
(N = 83)
n (%)

Risperidone
(N = 42)
n (%)

Cariprazine
(N = 17)
n (%)

Risperidone
(N = 10)
n (%)

Race, n (%)
Japanese 83 (100.0) 41 (97.6) 17 (100.0) 10 (100.0)
Asian (Non-
Japanese)

0 (0.0) 1 (2.4) 0 (0.0) 0 (0.0)

Non-Asian 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Gender, n (%)
Male 39 (47.0) 24 (57.1) 6 (35.3) 5 (50.0)
Female 44 (53.0) 18 (42.9) 11 (64.7) 5 (50.0)
Age (years)
Mean (SD) 47.7 (14.6) 48.9 (13.9) 67.8 (2.5) 66.8 (2.0)
Min, Max 20, 72 27, 70 65, 72 65, 70
Height (cm)
Mean (SD) 162.24

(8.96)
163.04
(9.34)

155.54
(7.67)

158.04
(8.04)

Weight (kg)
Mean (SD) 65.24

(14.48)
64.94
(13.87)

58.64
(11.73)

56.85
(10.97)

BMI (kg/m2)
Mean (SD) 24.65 (4.49) 24.38 (4.55) 24.07 (3.56) 22.76 (4.18)
Duration of Schizophrenia (years)
Mean (SD) 19.53

(14.53)
21.50
(15.28)

35.58
(11.59)

39.72
(10.66)
March 2020 | Volume 11 | Article 61

https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Szatmári et al. Cariprazine in Adolescents and Elderly
DATA AVAILABILITY STATEMENT

The datasets generated for this article are available on request to
the corresponding author.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by:

• the Republic of Bulgaria Ministry of Health Ethics Committee
for Multicenter Trials,

• the National Medical Research Centre for Psychiatry and
Neurology named after V.M. Bekhterev,

• the Ethics Committee of the State Healthcare Institution
Saratov City Clinical Hospital #2 named after V.I.
Razumovsky,

• the Ethics Committee of the State Budgetary Healthcare
Institution of Sverdlovsk region “Sverdlovsk Regional
Clinical Psychiatric Hospital”,

• the Ethics Committee of the State Healthcare Institution
“Regional Clinical Psychiatric Hospital of St. Sofia”,

• the Ethics Committee of “Scientific-Educational Center for
Psychotherapy Podderzhka”.
Frontiers in Psychiatry | www.frontiersin.org 10
Written informed consent to participate in this study was
provided by the participants' legal guardian/next of kin.
AUTHOR CONTRIBUTIONS

BSz, ÁB, JH, IL, BSe, MG, KS and GN have made substantial,
direct, and intellectual contribution to the work and approved it
for publication.
FUNDING

The EudraCT Number: 2016-002327-29 study was sponsored by
Gedeon Richter Plc (Budapest, Hungary) and the study
NCT01625897 was sponsored by Mitsubishi Tanabe Pharma
Corporation (Tokyo, Japan).
ACKNOWLEDGMENTS

We would like to thank the employees involved in the study
design, planning and execution for their support. Additionally,
we would like to thank the investigators, on-site staff, patients,
and caregivers who contributed to these studies.
REFERENCES

1. Mcgrath J, Saha S, Chant D, Welham J. Schizophrenia: a concise overview of
incidence, prevalence, and mortality. Epidemiol Rev (2008) 30(1):67–76. doi:
10.1093/epirev/mxn001

2. Moreno-Küstner B, Martín C, Pastor L. Prevalence of psychotic disorders and
its association with methodological issues. A systematic review and meta-
analyses. PloS One (2018) 13(4):1–25. doi: 10.1371/journal.pone.0195687

3. Carlisle LL, Mcclellan J. Psychopharmacology of schizophrenia in children
and adolescents. Pediatr Clinics North America (2011) 58(1):205–18. doi:
10.1016/j.pcl.2010.11.006

4. Rosenbloom A. Hyperprolactinemia with antipsychotic drugs in children and
adolescents. Int J Pediatr Endocrinol (2010) 2010(1):159402. doi: 10.1186/
1687-9856-2010-159402

5. Jeste DV, Maglione JE. Treating older adults with schizophrenia: challenges
and opportunities. Schizophr Bull (2013) 39(5):966–8. doi: 10.1093/schbul/
sbt043

6. Häfner H, Heiden WAD. Epidemiology of Schizophrenia. Can J Psychiatry
(1997) 42(2):139–51. doi: 10.1177/070674379704200204

7. Madaan V, Dvir Y, Wilson DR. Child and adolescent schizophrenia:
pharmacological approaches. Expert Opin Pharmacother (2008) 9(12):2053–
68. doi: 10.1517/14656566.9.12.2053

8. Amor LB. Antipsychotics in pediatric and adolescent patients: a review of
comparative safety data. J Affect Disord (2012) 138:S22–30. doi: 10.1016/
j.jad.2012.02.030

9. Masi G, Liboni F. Management of Schizophrenia in children and adolescents.
Drugs (2011) 71(2):179–208. doi: 10.2165/11585350-000000000-00000

10. Algon S, Yi J, Calkins ME, Kohler C, Borgmann-Winter KE. Evaluation and
treatment of children and adolescents with psychotic symptoms. Curr
Psychiatry Rep (2012) 14(2):101–10. doi: 10.1007/s11920-012-0258-y

11. National Institute for Health and Care Excellence. Psychosis and schizophrenia
in children and young people: recognition and management. Leicester and
London (UK): The British Psychological Society and The Royal College of
Psychiatrists (2013/updated 2016). .

12. European Medicines Agency. (2012). Guideline on clinical investigation of
medicinal products, including depot preparations in the treatment of
schizophrenia. EMA/CHMP/40072/2010 Rev. 1 Retrieved from https://www.
ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-
investigation-medicinal-products-including-depot-preparations-treatment_
en.pdf.

13. Schimmelmann BG, Schmidt SJ, Carbon M, Correll CU. Treatment of
adolescents with early-onset schizophrenia spectrum disorders. Curr Opin
In Psychiatry (2013) 26(2):219–30. doi: 10.1097/yco.0b013e32835dcc2a

14. Leucht S, Cipriani A, Spineli L, Mavridis D, Örey D, Richter F, et al.
Comparative efficacy and tolerability of 15 antipsychotic drugs in
schizophrenia: a multiple-treatments meta-analysis. Lancet (2013) 382
(9896):951–62. doi: 10.1016/s0140-6736(13)60733-3

15. Correll CU, Kratochvil CJ, March JS. Developments in pediatric
psychopharmacology. J Clin Psychiatry (2011) 72(05):655–70. doi: 10.4088/
jcp.11r07064

16. Bylund D, Reed A. Childhood and adolescent depression: why do children and
adults respond differently to antidepressant drugs? Neurochem Int (2007) 51
(5):246–53. doi: 10.1016/j.neuint.2007.06.025

17. Gogtay N, Vyas NS, Testa R, Wood SJ, Pantelis C. Age of onset of
schizophrenia: perspectives from structural neuroimaging studies. Schizophr
Bull (2011) 37(3):504–13. doi: 10.1093/schbul/sbr030

18. Maglione JE, Thomas SE, Jeste DV. Late-onset schizophrenia: do recent
studies support categorizing LOS as a subtype of schizophrenia? Curr Opin
In Psychiatry (2014) 27(3):173–8. doi: 10.1097/YCO.0000000000000049

19. Howard R. Late-onset schizophrenia and very-late-onset schizophrenia-like
psychosis: an international consensus. Am J Psychiatry (2000) 157(2):172–8.
doi: 10.1176/appi.ajp.157.2.172

20. Cohen CI, Vahia I, Reyes P, Diwan S, Bankole AO, Palekar N, et al. Focus on
geriatric psychiatry: schizophrenia in later life: clinical symptoms and social
well-being. Psychiatr Serv (2008) 59(3):232–4. doi: 10.1176/ps.2008.59.3.232

21. Meesters PD, Haan LD, Comijs HC, Stek ML, Smeets-Janssen MM, Weeda
MR, et al. Schizophrenia spectrum disorders in later life: prevalence and
distribution of age at onset and sex in a dutch catchment area. Am J Geriatric
Psychiatry (2012) 20(1):18–28. doi: 10.1097/jgp.0b013e3182011b7f

22. Vrdoljak D, Borovac JA. Medication in the elderly - considerations and therapy
prescription guidelines. Acta Med Acad (2015) 44(2):159–68. doi: 10.5644/
ama2006-124.142
March 2020 | Volume 11 | Article 61

https://doi.org/10.1093/epirev/mxn001
https://doi.org/10.1371/journal.pone.0195687
https://doi.org/10.1016/j.pcl.2010.11.006
https://doi.org/10.1186/1687-9856-2010-159402
https://doi.org/10.1186/1687-9856-2010-159402
https://doi.org/10.1093/schbul/sbt043
https://doi.org/10.1093/schbul/sbt043
https://doi.org/10.1177/070674379704200204
https://doi.org/10.1517/14656566.9.12.2053
https://doi.org/10.1016/j.jad.2012.02.030
https://doi.org/10.1016/j.jad.2012.02.030
https://doi.org/10.2165/11585350-000000000-00000
https://doi.org/10.1007/s11920-012-0258-y
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-medicinal-products-including-depot-preparations-treatment_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-medicinal-products-including-depot-preparations-treatment_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-medicinal-products-including-depot-preparations-treatment_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-medicinal-products-including-depot-preparations-treatment_en.pdf
https://doi.org/10.1097/yco.0b013e32835dcc2a
https://doi.org/10.1016/s0140-6736(13)60733-3
https://doi.org/10.4088/jcp.11r07064
https://doi.org/10.4088/jcp.11r07064
https://doi.org/10.1016/j.neuint.2007.06.025
https://doi.org/10.1093/schbul/sbr030
https://doi.org/10.1097/YCO.0000000000000049
https://doi.org/10.1176/appi.ajp.157.2.172
https://doi.org/10.1176/ps.2008.59.3.232
https://doi.org/10.1097/jgp.0b013e3182011b7f
https://doi.org/10.5644/ama2006-124.142
https://doi.org/10.5644/ama2006-124.142
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Szatmári et al. Cariprazine in Adolescents and Elderly
23. Durgam S, Starace A, Li D, Migliore R, Ruth A, Németh G, et al. An evaluation
of the safety and efficacy of cariprazine in patients with acute exacerbation of
schizophrenia: a phase II, randomized clinical trial. Schizophr Res (2014) 152
(2-3):450–7. doi: 10.1016/j.schres.2013.11.041

24. Durgam S, Cutler AJ, Lu K, Migliore R, Ruth A, Laszlovszky I, et al.
Cariprazine in acute exacerbation of schizophrenia. J Clin Psychiatry (2015)
76(12):e1574–82. doi: 10.4088/jcp.15m09997

25. Durgam S, Earley W, Li R, Li D, Lu K, Laszlovszky I, et al. Long-term
cariprazine treatment for the prevention of relapse in patients with
schizophrenia: A randomized, double-blind, placebo-controlled trial.
Schizophr Res (2016) 176(2-3):264–71. doi: 10.1016/j.schres.2016.06.030

26. Durgam S, Greenberg WM, Li D, Lu K, Laszlovszky I, Nemeth G, et al. Safety
and tolerability of cariprazine in the long-term treatment of schizophrenia:
results from a 48-week, single-arm, open-label extension study.
Psychopharmacology (2017) 234(2):199–209. doi: 10.1007/s00213-016-4450-3

27. Kane JM, Zukin S, Wang Y, Lu K, Ruth A, Nagy K, et al. Efficacy and safety of
cariprazine in acute exacerbation of schizophrenia. J Clin Psychopharmacol
(2015) 35(4):367–73. doi: 10.1097/jcp.0000000000000346

28. Németh G, Laszlovszky I, Czobor P, Szalai E, Szatmári B, Harsányi J, et al.
Cariprazine versus risperidone monotherapy for treatment of predominant
negative symptoms in patients with schizophrenia: a randomised, double-
blind, controlled trial. Lancet (2017) 389(10074):1103–13. doi: 10.1016/s0140-
6736(17)30060-0

29. Cutler A, Durgam S, Wang Y, Migliore R, Lu K, Laszlovszky I, et al. Evaluation
of the long-term safety and tolerability of cariprazine in patients with
schizophrenia: results from a 1-year open-label study. CNS Spectrums
(2018) 23(1):39–50. doi: 10.1017/S1092852917000220

30. European Medicines Agency. (2017). Reagila Assessment report EMA/CHMP/
353055/2017. Retrieved from https://www.ema.europa.eu/en/documents/
assessment-report/reagila-epar-public-assessment-report_en.pdf.
Frontiers in Psychiatry | www.frontiersin.org 11
31. Earley W, Durgam S, Lu K, Laszlovszky I, Debelle M, Kane JM. Safety and
tolerability of cariprazine in patients with acute exacerbation of schizophrenia.
Int Clin Psychopharmacol (2017) 32(6):319–28. doi: 10.1097/yic.
0000000000000187

32. Nasrallah HA, Earley W, Cutler AJ, Wang Y, Lu K, Laszlovszky I, et al. The
safety and tolerability of cariprazine in long-term treatment of schizophrenia:
a post hoc pooled analysis. BMC Psychiatry (2017) 17(1):305. doi: 10.1186/
s12888-017-1459-z

33. Lingjærde O, Ahlfors UG, Bech P, Dencker S, Elgen K. The UKU side effect
rating scale: a new comprehensive rating scale for psychotropic drugs and a
cross-sectional study of side effects in neuroleptic-treated patients. Acta
Psychiatrica Scandinavica (1987) 76(s334):1–100. doi: 10.1111/j.1600-
0447.1987.tb10566.x

Conflict of Interest: Authors BSz, ÁB, JH, IL, BSe, MG and GN are employed
by the company Gedeon Richter Plc. Author KS is employed by the company
Mitsubishi Tanabe Pharma Corporation. The authors declare that study
RGH-188-201 received funding from Gedeon Richter Plc. and study A002-
A7 received funding from Mitsubishi Tanabe Pharma Corporation. The
funder had the following involvement in the study: study design, data
collection and analysis, decision to publish and the preparation of
the manuscript.

Copyright © 2020 Szatmári, Barabássy, Harsányi, Laszlovszky, Sebe, Gál, Shiragami
and Németh. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
March 2020 | Volume 11 | Article 61

https://doi.org/10.1016/j.schres.2013.11.041
https://doi.org/10.4088/jcp.15m09997
https://doi.org/10.1016/j.schres.2016.06.030
https://doi.org/10.1007/s00213-016-4450-3
https://doi.org/10.1097/jcp.0000000000000346
https://doi.org/10.1016/s0140-6736(17)30060-0
https://doi.org/10.1016/s0140-6736(17)30060-0
https://doi.org/10.1017/S1092852917000220
https://www.ema.europa.eu/en/documents/assessment-report/reagila-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/reagila-epar-public-assessment-report_en.pdf
https://doi.org/10.1097/yic.0000000000000187
https://doi.org/10.1097/yic.0000000000000187
https://doi.org/10.1186/s12888-017-1459-z
https://doi.org/10.1186/s12888-017-1459-z
https://doi.org/10.1111/j.1600-0447.1987.tb10566.x
https://doi.org/10.1111/j.1600-0447.1987.tb10566.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

	Cariprazine Safety in Adolescents and the Elderly: Analyses of Clinical Study Data
	Introduction
	Methods
	Cariprazine in Adolescent Population
	Dosing
	Safety Measures

	Cariprazine in the Elderly Population
	Dosing
	Safety Measures


	Results
	Cariprazine in the Pediatric Population
	Patient Disposition and Demographics
	Safety Measurements
	Adverse Events and UKU Side Effects Rating Scale
	Clinical Laboratory
	Vital Signs and ECG
	Treatment-Emergent Parkinsonism and Akathisia


	Cariprazine in the Elderly Population
	Patient Disposition and Demographics
	Safety Measurements
	Adverse Events
	Clinical Laboratory
	Vital Signs and ECG
	Treatment-Emergent Parkinsonism and Akathisia



	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


