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Summary

Although the development of second-generation antipsychotics was a cornerstone in the 
treatment of schizophrenia, several unmet treatment needs in the field still exist. It is particu-
larly important to note that available antipsychotics have limited efficacy in the treatment of 
negative symptoms and cognitive impairment. At this point, it should be noted that primary 
negative symptoms, i.e., those that are not due to depression, extrapyramidal symptoms or 
psychotic withdrawal, might affect even one-fourth of patients with schizophrenia and are 
associated with poor clinical and functional outcomes. Cariprazine, is an emerging antip-
sychotic drug, D3/D2 receptor partial agonist, with affinity to several serotonin receptors. 
In this article, we provide an overview of pharmacokinetic and pharmacodynamic properties 
of cariprazine, showing its unique receptor profile. Next, we discuss results of double-blind, 
placebo-controlled, randomized clinical trials and post hoc analyses of cariprazine that have 
been published to date. These studies have provided evidence for efficacy of cariprazine in 
the treatment of schizophrenia exacerbations compared to placebo, with safety and good toler-
ability. In addition, one clinical trial published to date revealed superior efficacy of cariprazine 
compared to risperidone in the treatment of predominant negative symptoms that had been 
also associated with concomitant improvement of functional performance. Overall, current 
evidence in the field supports the use of cariprazine in exacerbation of schizophrenia and 
suggests promising efficacy in the treatment of predominant negative symptoms.
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Introduction

Schizophrenia is a  severe mental illness with multiple psychopathological 
symptoms, including positive, negative and affective symptoms as well as cognitive 
impairment. Although the development of antipsychotics as a  mainstay treatment 
of schizophrenia was a cornerstone in psychiatry, their efficacy and tolerability still 
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leave much to be desired. Both first – and second-generation antipsychotics (FGAs 
and SGAs) are efficacious in the treatment of positive symptoms. While the treatment 
with SGAs is associated with lower risk of extrapyramidal symptoms compared to 
FGAs, both groups of antipsychotics have limited efficacy in terms of improving 
negative symptoms and cognitive impairment. In addition, the treatment with some 
SGAs is associated with serious metabolic side effects that might be also associated 
with a severity of negative symptoms and cognitive deficits.

Negative symptoms of schizophrenia are a heterogeneous dimension that, accord-
ing to recently reached consensus, represents five constructs: blunted affect, alogia, 
anhedonia, asociality and avolition [1]. They might appear already in the premorbid 
phase of psychosis and are present in about 60% of schizophrenia outpatients [2]. 
Patients who develop primary negative symptoms, i.e., those that are not secondary to 
depression, drug-induced extrapyramidal symptoms or psychotic withdrawal, represent 
a relatively homogeneous group in terms of clinical characteristics and outcomes. This 
subgroup of patients comprises approximately 15–25% of all schizophrenia patients [3]. 
In some patients, negative symptoms are not only primary but also persistent. These 
patients were the basis of differentiating the so-called deficit schizophrenia (DS) by 
Carpenter et al. [4]. A diagnosis of DS is based on the following four criteria: 1) at least 
2 out of 6 negative symptoms (restricted affect, diminished emotional range, poverty 
of speech, curbing of interests, diminished sense of purpose and diminished social 
drive); 2) negative symptoms (2 or more) are stable and present for the preceding 12 
months and always after clinical stabilization; 3) negative symptoms are primary, and 
4) the patient meets the DSM criteria of schizophrenia.

According to various studies, the prevalence of DS has been estimated at 15% 
in first-episode psychosis, 25%–30% in clinical samples and 14–17% in population 
cohorts [5–7]. In general, patients with primary negative symptoms, especially those 
with deficit schizophrenia subtype, present several unfavorable clinical characteris-
tics, including poorer premorbid adjustment with insidious onset of psychosis, higher 
levels of neurological soft signs, more robust cognitive impairments, a number of 
electrophysiological disturbances, more pronounced structural brain abnormalities, 
worse psychosocial functioning and poorer long-term outcomes (for review see [7]).

Effective treatment of negative symptoms is increasingly being recognized as one 
of major challenges of current psychopharmacology. Although several neurostructural 
and neurofunctional abnormalities have been found to serve as neural substrates of 
negative schizophrenia symptoms, aberrant dopaminergic neurotransmission still 
serves as one key pathophysiological mechanisms. Indeed, it has been widely reported 
that lower mesocortical dopaminergic activity gives rise to negative symptoms [8]. 
Recently a renewing interest in down-regulation of dopaminergic neurotransmission 
as an underlying mechanism of negative symptoms has spurred a growing body of 
studies on the pivotal role of dopamine D3 receptors. Indeed, D3 receptors located 
within the ventral striatum, the bed nucleus of stria termonalis, the hippocampus and 
the hypothalamus act in a number of processes that condition attention, memory and 
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language skills [9]. Studies in this field have led to the development of cariprazine, 
a novel dopamine D3 and D2 receptors partial agonist, that has been approved in Europe 
for the treatment of schizophrenia in adults. In this article, we provide an overview of 
cariprazine as an emerging antipsychotic drug with particular attention on its promis-
ing role in the treatment of negative symptoms.

Mechanisms of action

An overview of cariprazine’s receptor profile that underlies its efficacy was pro-
vided in Table 1.

Table 1. An overview of cariprazine’s receptor profile underlying its efficacy

Receptor Activity Clinical effects

D3 Partial agonist Improvement of positive, negative and depressive symptoms, 
pro-cognitive effects

D2 Partial agonist Improvement of positive symptoms
5-HT1A Partial agonist Improvement of negative and depressive symptoms
5-HT2A Antagonist Lower risk of extrapyramidal symptoms
5-HT2B Antagonist Improvement of depressive symptoms, pro-cognitive effects
5-HT2C Antagonist Improvement of depressive symptoms
5-HT7 Antagonist Improvement of depressive symptoms, pro-cognitive effects

Cariprazine is a partial agonist of D2 and D3 receptors with almost 10-fold higher 
affinity to D3 than D2 receptors [10]. A unique feature of partial agonists is that they 
elicit differential activities depending on the environment: they block receptors in the 
presence of agonists with higher intrinsic activity but itself they act as agonists [11]. 
This property of the D3/D2 partial agonists accounts for improvement of psychotic 
symptomatology with little or no adverse effects, such as extrapyramidal symptoms 
or hyperprolactinemia. It is also important to note that the D3 receptors are mainly 
located within the ventral striatum, while extrapyramidal side effects are mainly related 
to the dorsal striatum [12].

In animal models, interactions of cariprazine with D3 receptors have been shown 
to exert pro-cognitive properties in terms of improving working memory impairments, 
attention set-shifting, recognition memory, and learning abilities [13, 14]. In addi-
tion, the D3 partial agonism mediated by cariprazine might lead to improvement 
of depressive symptomatology by attenuating chronic stress – and anxiety-induced 
anhedonic-like behaviors [15]. Finally, it has been reported that the D3/D2 partial 
agonism might account for cariprazine’s anti-abuse activities by reducing the reward-
ing effects in rats [16].

Cariprazine also exerts its biological activity via interactions with serotonin recep-
tors, including 5-HT1A, 5-HT2A, 5-HT2B, 5-HT2C, and 5-HT7 (for review see [17, 18]). 
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Partial agonism of 5-HT1A receptors might enhance dopaminergic neurotransmission 
in mesocortical pathways leading to improvement of negative and depressive symp-
tomatology. The 5-HT2A antagonism may promote dopaminergic neurotransmission 
in the nigrostriatal circuitry, providing further explanation of lower risk of motor side 
effects in the course of treatment with cariprazine. In turn, antagonism of 5-HT2C and 
5-HT7 receptors is believed to play a role in antidepressant activity. Interestingly, the 
5-HT7 antagonism might be related to pro-cognitive properties of cariprazine since 
this mechanism has been found in the action of vortioxetine [19].

Finally, cariprazine exerts some antagonism of histamine H1 receptors, muscarine 
M1 receptors and α1 receptors. However, due to a relatively low affinity for these re-
ceptors, it is expected that the treatment with cariprazine will be associated with low 
risk of sedation, metabolic side effects and hypotension.

Pharmacokinetics

Cariprazine is an orally-administered antipsychotic drug that reaches peak concen-
trations in 3–4 hours [17, 20, 21]. The recommended dosage in schizophrenia is between 
1.5 to 6 mg/day. It has two major metabolites: desmethyl cariprazine and didesmethyl 
cariprazine that have similar pharmacological and dose-dependent pharmacokinetic ac-
tivities. Cariprazine and its metabolites are mainly eliminated by the CYP3A4 enzymes 
and to a lesser extent by the CYP2D6 enzymes. It is also a weak competitive inhibitor 
of CYP2D6 and CYP3A4 isozymes. Therefore, it is contraindicated to use cariprazine 
with potent or moderate CYP3A4 inhibitors, including boceprevir, diltiazem, erythro-
mycin, fluconazole, indinavir, itraconazole, ketoconazole, clarithromycin, cobicistat, 
nefazodone, nelfinavir, posaconazole, ritonavir, saquinavir, telaprevir, telithromycin, 
verapamil or voriconazole. The use of grapefruit juice should be also avoided during 
the treatment with cariprazine. Additionally, cariprazine should not be used together 
with potent or moderate CYP3A4 inducers, including bosentan, efavirenz, etravirine, 
phenobarbital, phenytoin, carbamazepine, modafinil, nafcillin, rifampicin or St John’s 
wort. CYP2D6 inhibitors should not affect the metabolism of cariprazine because of 
negligible share of this metabolic pathway. Cariprazine strongly binds to proteins and 
its half-life is between 2 and 4 days. However, didesmethyl cariprazine has even longer 
half-life, which is 1–3 weeks.

Randomized clinical trials

To date, results of four randomized, double-blind, placebo-controlled trials of 
cariprazine in exacerbation of schizophrenia were published [21–24]. All studies lasted 
6 weeks and shared similar methodology in terms or primary and secondary endpoints. 
In three studies [21, 23, 24], recruited patients had similar mean illness duration that 
varied between 9.9 and 12.5 years for various treatment arms, while in one study [22], 
mean illness duration was relatively longer (17.2–18.0 years in various treatment arms).
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In the first study (phase II) addressing the efficacy of cariprazine in exacerbation 
of schizophrenia [21], 732 patients were randomized to receive placebo, different 
doses of cariprazine (1.5 mg/d, 3.0 mg/d and 4.5 mg/d) and risperidone (4.0 mg/d). 
Authors found significant improvements of the PANSS total score and the CGI score 
in patients receiving all selected doses of cariprazine and risperidone. Although the 
authors stated that the study was not designed to detect differences between cariprazine 
and risperidone, mean changes in symptoms severity were greater in patients receiving 
risperidone. Most frequent adverse effects of cariprazine (≥5% and at least twice the rate 
observed in the placebo group) were insomnia, extrapyramidal symptoms, akathisia, 
sedation, nausea, dizziness and constipation. Interestingly, there were small changes 
in metabolic parameters that were similar in all subgroups of patients.

Another clinical trial (phase III) performed in acutely relapsed patients compared 
cariprazine (3 mg/d and 6 mg/d) and aripiprazole (10 mg/d) with placebo [24] in 617 
randomized patients. All doses of cariprazine and aripiprazole proved to be effective 
in terms of improving the PANSS total score and the CGI score. The largest least 
square mean difference in changes of the PANSS total score and the CGI score was 
observed in patients receiving cariprazine 6 mg/d (-8.8 and – 0.5, respectively). Com-
mon adverse effects (≥10%) included insomnia (in all groups), akathisia (6 mg/d) and 
headache (placebo, cariprazine 6 mg/d). However, it should be noted that differences 
between cariprazine and aripiprazole were assessed using the PANSS total score and 
thus comparisons of scores in distinct PANSS subscales have not been made. There-
fore, this clinical trial did not allow to compare differences between cariprazine and 
aripiprazole in terms of improving specific symptom domains (positive and negative 
symptoms).

In another study of schizophrenia exacerbation, various doses of cariprazine have 
been tested in 446 randomized patients [23]. Patients were randomized to placebo, 
cariprazine 3–6 mg/d and cariprazine 6–9 mg/d. Importantly, there were no significant 
differences in the rate of completers between distinct treatment arms. Withdrawal of 
consent as a reason of premature discontinuation was significantly more common in 
patients receiving cariprazine 6–9 mg/d and insufficient therapeutic response appeared 
to be most common in the placebo group. However, there were no significant differ-
ences in the rates of premature discontinuation due to adverse effects between distinct 
treatment arms. At week 6, significant differences favoring cariprazine over placebo 
were found for the PANSS total score (least squares mean; cariprazine 3–6 mg/d: 
– 6.8 and cariprazine 6–9 mg/d: – 9.9) and the CGI score (cariprazine 3–6 mg/d: – 0.3 
and cariprazine 6–9 mg/d: – 0.5). Common treatment adverse effects (≥5%) included 
akathisia, extrapyramidal disorder and tremor with mild to moderate severity. This 
clinical trial confirmed the presence of small and similar changes in metabolic param-
eters across all studied groups.

An independent clinical trial by Durgam et al. [22] also tested the effects of vari-
ous cariprazine doses on symptomatic outcomes in acute schizophrenia. In this study, 
392 patients were randomized to cariprazine 1.5–4.5 mg/d, cariprazine 6–12 mg/d 



Błażej Misiak et al.6

and placebo. Rates of completers were similar in all subgroups of patients. Patients 
receiving cariprazine 1.5–4.5 mg/d had significantly higher reductions in the PANSS 
total score and the PANSS negative symptoms scores in the unadjusted data analysis 
using the method of multiple testing. Akathisia, restlessness, tremor, back pain and 
extrapyramidal disorder were common treatment adversities (incidence ≥5% and twice 
the rate observed in the placebo group). No significant between-group differences in 
metabolic changes were found.

It is also of great importance that one 26-week, double-blind, placebo-controlled, 
randomized trial tested the efficacy of cariprazine vs. risperidone monotherapy in 
schizophrenia patients with persistent and predominant negative symptoms [25]. 
In this study authors enrolled 461 stable patients with schizophrenia (aged 18–65 
years, duration of illness >2 years) at 66 study centers. The inclusion criterion was 
a stable course of the illness within 6 months before the study with persistent and 
predominant negative symptoms. The PANSS negative factor score (representing 
a total score of the following PANSS items: N1 – blunted affect, N2 – emotional 
withdrawal, N3 – poor rapport, N4 – passive/apathetic social withdrawal, N6 – lack 
of spontaneity and flow of conversation, G7 – motor retardation, and G16 – active 
social avoidance) was at least 24 (with 3 or more negative symptoms scored at least 
4). They were randomly assigned to the treatment with fixed dose of cariprazine 
(3 mg/d, 4.5 mg/d or 6 mg/d) or risperidone (3 mg/d, 4 mg/d or 6 mg/d). Target 
dosage of cariprazine and risperidone was 4.5 mg/d and 4 mg/d, respectively. These 
antipsychotics were administered in monotherapy; previous treatment was discon-
tinued over 2 weeks before the study.

The primary outcome was a change in the PANSS negative factor score at week 26. 
There were greater least squares mean changes of the PANSS negative factor score in 
the cariprazine group compared to the risperidone group (-8.90 vs. – 7.44, effect size 
estimated at 0.31). Improvement of negative symptoms in the cariprazine group ap-
peared to be independent of changes in other psychopathological symptoms. The effect 
size estimate of this difference is considered significant in placebo-controlled trials. 
In this study, a comparison to the group treated with antipsychotic drug with proven 
efficacy (risperidone) has been designed and thus this observation seems to have even 
greater clinical relevance. Interestingly, statistical significance between cariprazine and 
risperidone groups appeared already at week 14. Additionally, improvement of predomi-
nant and persistent negative symptomatology was accompanied by improvement of 
functional performance as assessed by means of the Personal and Social Performance 
Scale (PSP). The PSP captures the following areas of functioning: self-care, socially 
useful activities, personal and social relationships as well as aggressive behaviors. 
This clinical trial revealed significant differences in favor of cariprazine (estimated by 
means of least squares mean) in the following areas: self-care (-0.20), socially useful 
activities (-0.35) as well as personal and social relationships (-0.25).

These results suggest that improvement of predominant and persistent negative 
symptoms in the course of treatment with cariprazine is associated with significant 
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improvement of functioning in various areas of daily life activities. Adverse effects of 
treatment included insomnia, akathisia, headache and anxiety. Extrapyramidal symp-
toms occurred at similar rates in both treatment groups. However, discontinuation and 
the use of rescue medications were rare.

Post hoc analyses

One post hoc analysis addressed the effects of cariprazine on hostility compared 
to placebo in exacerbation of schizophrenia [26]. Authors included data from three 
placebo-controlled, double-blind, randomized clinical trials described above [21, 23, 
24]. They analyzed change of the PANSS hostility item (P7) score from baseline to 
week 6, controlling for changes of the PANSS positive symptoms score and sedation 
level. The mean difference of results in the PANSS P7 item score was significant for 
both adjusted and unadjusted data.

Two recent post hoc analyses suggest safety and tolerability of cariprazine [27, 
28]. A post hoc analysis by Nasrallah et al. [27] included data from two 48-week, 
flexible-dose extension studies (RGH-MD-11 and RGH-MD-17). The only adverse 
effects associated with discontinuation of at least 2% of patients were akathisia, wors-
ening of schizophrenia and psychotic disorder. Treatment-emergent adversities (≥10% 
of patients) included akathisia, insomnia, weight gain and headache. Mean levels of 
prolactin, total cholesterol, low – and high-density lipoproteins decreased with no dose-
response relationship. Mean changes of cardiovascular parameters, aminotransferase 
and alkaline phosphatase levels were insignificant.

Another post hoc analysis [28] included above-mentioned double-blind, placebo-
controlled, randomized trials performed in patients with exacerbation of schizophrenia 
[21–24]. The incidence of treatment-emergent adverse effects versus placebo was 
similar for cariprazine 1.5–3 mg/d and higher for doses 4.5–6 mg/d or 9–12 mg/d. 
A dose-response relationship was found for akathisia, extrapyramidal symptoms and 
diastolic blood pressure. Mean changes in metabolic parameters were similar in the 
cariprazine groups and the placebo group. Importantly, there were no increases of 
prolactin levels and the QTc interval prolongation. Small increases in body weight 
(1–2 kg) compared to placebo were observed.

One meta-analysis addressed tolerability and safety profile of cariprazine in pa-
tients with psychotic disorders, bipolar disorder and major depression episode [29]. 
Authors found that the risk of discontinuation due to adverse effects was similar to 
that observed in the placebo group. Cariprazine was associated with higher risk of 
extrapyramidal symptoms, including akathisia, tremor and anxiety. The cariprazine 
group had higher risk of clinically significant weight gain but no significant differ-
ences were found for other metabolic parameters and cardiovascular adversities when 
compared to the placebo group.

To date, one meta-analysis of double-blind, placebo-controlled randomized clinical 
trials performed in patients with exacerbation of schizophrenia (representing 2,144 



Błażej Misiak et al.8

patients) tested the effects of various cariprazine doses (low doses <6 mg/d and high 
doses ≥6 mg/d) on symptomatic outcomes [30]. Both high and low doses were effective 
in improving all symptom domains of schizophrenia. Effect size estimates of sympto-
matic improvement vs. placebo were compared to those observed in meta-analyses of 
other antipsychotics. Authors found that effect size estimates of overall symptomatic 
improvement were similar to lurasidone, asenapine, ziprasidone, and aripiprazole but 
lower than risperidone, quetiapine and olanzapine. However, the effect size estimates 
for negative symptoms were superior to many antipsychotics including aripiprazole 
with a slightly more favorable effect of cariprazine low doses.

Summary of evidence and future directions

Convincing evidence from clinical trials supports the efficacy of cariprazine in the 
treatment of schizophrenia exacerbations. These trials have also found that caripra-
zine treatment is safe and well tolerated. As similar to the majority of antipsychotics, 
the development of extrapyramidal symptoms and disturbances that are captured in 
frame of the so-called metabolic syndrome should be monitored during the treatment 
with cariprazine. The efficacy of cariprazine seems to be particularly high in terms 
of improving negative symptomatology. At this point, it is important to note that one 
clinical trial provided reliable evidence for high efficacy of cariprazine monotherapy 
in the treatment of persistent and predominant negative schizophrenia symptoms as 
compared to risperidone that was also associated with improvement of functional 
outcomes [25]. This point is particularly convincing in light of current evidence in the 
field. On the basis of meta-analysis, it has been shown that only some second-generation 
antipsychotics, including amisulpride, clozapine, olanzapine, and risperidone, might 
be more effective in the treatment of negative symptoms compared to first-generation 
of antipsychotics [31].

It is also important to note that the majority of clinical trials addressing the ef-
fects of second-generation antipsychotics on negative symptoms did not analyze the 
efficacy in terms of improving persistent and predominant negative symptomatology 
and included placebo comparisons. Only amisulpride has been investigated for efficacy 
towards predominant negative symptoms; however, a placebo-controlled study design 
has been also implemented [32]. A 12-week trial comparing amisulpride and ziprasi-
done revealed similar improvements of negative symptoms, overall psychopathology 
and global illness severity [33].

In summary, cariprazine is an emerging antipsychotic drug that can change clinical 
decisions, especially in schizophrenia patients with predominant negative symptoms. 
There is also some evidence from preclinical studies that suggests potential pro-
cognitive and antidepressant properties of cariprazine that need to be addressed in 
future clinical trials.
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