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Background and Summary
Cariprazine is an oral atypical antipsychotic; this application was submitted by Forest Laboratories for the 
treatment of schizophrenia and bipolar mania.  Cariprazine is a New Molecular Entity (NME) that has not been 
approved elsewhere in the world for any indication.

Cariprazine is pharmacologically similar to other atypical antipsychotics in that it has activity at dopamine (D2 
and D3) and serotonin (5-HT1A) receptors.  The activity of cariprazine at D2 is partial agonism (as it is with 
aripiprazole) rather than primarily antagonism (as with the other atypical antipsychotics); the contribution of 
activity at D3 to clinical efficacy is unknown.  Cariprazine is pharmacokinetically distinct from the other 
atypical antipsychotics in that it has a long half-life for both the parent drug cariprazine (3-6 days) and the 
major accumulating active (equipotent to parent) metabolite didesmethylcariprazine (DDCAR: estimated half-
life of 2-3 weeks).  Because of its long half-life, DDCAR is major circulating active species at steady state, and 
because of the accumulation of DDCAR, exposure to total active drug increases over the course of weeks while 
taking the same dose of cariprazine daily.  

FDA issued a Complete Response (CR) Letter for the original application on November 19, 2013, citing 
significant dose-related toxicities identified in increasing frequency over time during the 6-week controlled 
trials.  From the data in patients with schizophrenia, we know that effectiveness can be demonstrated after 1-2 
weeks of dosing when blood levels of total active drug/metabolites are significantly less than concentrations at 
steady state.

The primary concern with the original application and the reason for the CR action was dose-related adverse 
events seen during the six-week schizophrenia trials.  Because of the long half-life of the major accumulating 
active metabolite DDCAR, adverse events (primarily akathisia and other extra-pyramidal symptoms) were seen 
as DDCAR was approaching steady state during weeks 4-6 of the trial.  There was also a fair amount of concern 
that the half-life of DDCAR had not been carefully characterized because the data did not lend themselves to 
simple compartment model calculations like most drugs in the class.

While efficacy in both indications was demonstrated, the Agency was concerned during the first cycle of review 
that accumulation of active metabolites (primarily DDCAR) mirrored the accumulation of adverse reactions.  
We had suggested that the applicant study loading doses followed by lower doses as treatment continued, to 

2
Reference ID: 3820840









provides some reassurance that if accumulating DDCAR causes adverse reactions, discontinuing the drug will 
result in a relatively quick reduction in exposure.  

The PK differences for this drug compared to the rest of the drugs in the class should be highlighted in labeling 
for obvious reasons.  Clinicians have to understand that accumulation of active DDCAR will be the primary 
driver of both efficacy and adverse reactions after about a week of treatment and that DDCAR will increase 
over time for perhaps as many as 4-8 weeks after starting the drug. We should include the figure above 
demonstrating plasma levels for 6 mg/day for 12 weeks on and off the drug in labeling to make these points 
clear to clinicians.

OCP Key Findings
 Cariprazine is primarily metabolized by CYP3A and CYP2D6 with only about 1% excreted in the urine 

unchanged.
 Half-lives of cariprazine and its major active metabolites are long; mean values for cariprazine, DCAR, 

and DDCAR were approximately 3-9 days, 2-4 days, and 2-3 weeks, respectively.
 Multiple-doses resulted in significant accumulation of cariprazine and its major metabolites; there was 

an approximate 25-fold increase in total exposure between Day 1 and Day 14.
 In a study in patients (n=4) dosed 12.5 mg/day for 27 days, DDCAR exposure was about 3-fold higher 

than cariprazine, accounting for about 70% of the total activity after acute treatment. 
 Slightly more than dose proportional increase in AUC and Cmax were observed for DDCAR after 

multiple dose administration in the range of 1.5 mg to 21 mg per day—this nonlinearity is minimal 
within the dose range of 3-5 mg/day which is being evaluated for approval.

 Effective half-life, as proposed by the applicant, does not completely describe the pharmacokinetic 
features of CAR, DCAR, and DDCAR.

 Total cariprazine (CAR + DCAR + DDCAR) plasma concentration declined in a multi-exponential 
manner following discontinuation of treatment.  Mean plasma CAR concentration dropped by about 
50% in the first day after discontinuing the drug.  Mean plasma concentration of total cariprazine (CAR 
+ DCAR + DDCAR) and DDCAR decreased by about 50% one week after the last dose.

 Several adverse events were exposure-dependent and therefore time-dependent: akathisia, 
extrapyramidal syndrome, parkinsonism, and nausea/vomiting.

 Food does not significantly change PK parameters.
 Total effective exposure (CAR + DCAR + DDCAR) was not impacted by mild or moderate hepatic 

impairment.
 Women had 13% higher total exposure than men.
 Ketoconazole increased total exposure by about 100%.
 There was a concentration-dependent improvement in schizophrenia patients in 6 week trials.
 There was no concentration-dependent improvement in bipolar patients in three week trials.
 There were no clinically meaningful exposure differences based upon body weight, gender, age, or race. 

The Office of Clinical Pharmacology concluded that there is sufficient clinical pharmacology and 
biopharmaceutics information provided in the NDA original and resubmission to support approval.

Other OCP recommendations:
 No dose adjustment based upon race, gender, renal dysfunction (through moderate impairment), hepatic 

dysfunction (through moderate impairment), CYP2D6 genotype status, or with coadministration of a 
CYP2D6 inhibitor.

 Reduction of the cariprazine dose by half in patients coadministered a strong CYP3A4 inhibitor.
 PMCs to evaluate (in vitro) cariprazine (and its metabolites) inhibition/induction potential for CYP2C8, 

CYP2B6, CYP3A4 (induction), CYP 2C19 and CYP1A2.
 PMC drug-drug interaction study (in vivo) to evaluate coadministration with a proton pump inhibitor.
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OCP also recommended that there be further characterization of maintenance dosing regimens because of the 
accumulation of cariprazine and DDCAR.  They specifically asked that a lower dose or less frequent dosing 
interval be evaluated for maintenance efficacy.

Clinical
The clinical team (Drs. Levin and Becker for the original application and Dr. Kempf for the resubmission) have 
concluded that efficacy has been demonstrated for the treatment of schizophrenia and mania/mixed episodes of 
bipolar disorder and I agree with them.  Three pivotal studies in schizophrenia and three in bipolar mania were 
positive   Dr  Kempf has recommended an Approval action

6 mg/day. While the review team agrees that the drug can be 
approved with a maximum recommended dose of 6 mg/day and  

they also agree that the maintenance trial should explore multiple 
lower maintenance doses after initial loading to determine the lowest effective dose that will maintain efficacy 
after acute control of symptoms. 

Efficacy: Schizophrenia
Efficacy in the treatment of schizophrenia was demonstrated in three 6-week randomized, double-blind, 
placebo-controlled studies (MD-04, MD-05, and MD-16) at doses from 1.5 mg/day to 9 mg/day.  There were 
1,049 adult subjects with acute exacerbation of schizophrenia enrolled from around the world.  Two of the 
studies were of a fixed-dose design with active comparators; the third was a flexible-dose-range study 
comparing two ranges and did not have an active comparator.  These studies enrolled the same population of 
patients and used identical primary and secondary endpoints.  A modest dose response relationship is evident 
from the results (see below).  

Schizophrenia Trial Results
                                                                  Fixed-Dose Studies Flexible-Dose Study

                        RGH-MD-04                                    RGH-MD-16 RGH-MD-05

Cariprazine Cariprazine Cariprazine
Placebo

(N = 149) 3 mg/day
(N = 151)

6 mg/day
(N = 154)

Aripiprazole
10 mg/day
(N = 150)

Placebo
(N = 148) 1.5 mg/day

(N = 140)
3 mg/day
(N = 140)

4.5 mg/day
(N = 145)

Risperidone
4 mg/day
(N = 138)

Placebo
(N =145)

3 – 6 mg/
day

(N = 147)

6 – 9 mg/
day

(N = 147)
Baseline PANSS
total score, 
mean ± 

96.5 ± 9.1 96.1 ± 8.7 95.7 ± 9.4 95.6 ± 9.0 97.3 ± 9.22 97.1 ± 9.13 97.2 ± 8.66 96.7 ± 9.01 98.1 ± 9.50 96.6 ± 9.3 96.3 ± 9.3 96.3 ± 9.0

PANSS (MMRM)
Change at Week 6

LS mean (SE)
–14.3 
(1.5)

–20.2 
(1.5)

–23.0 
(1.5)

–21.2 
(1.4)

–13.29 
(1.82)

–21.27 
(1.77)

–21.45 
(1.74)

–23.77 
(1.74)

–29.27 
(1.74)

–16.0 
(1.6)

–22.8 
(1.6)

–25.9 
(1.7)

LSMD (95% CI) —
–6.0 

(–10.1,
–1.9)

–8.8 
(–12.9,
–4.7)

–7.0 
(–11.0,
–2.9)

—
–7.97 

(–12.94,
–3.01)

–8.16 
(–13.09,
–3.22)

–10.48 
(–15.41,
–5.55)

–15.98 
(–20.91,
–11.04)

—
–6.8 

(–11.3,
–2.4)

–9.9 
(–14.5,
–5.3)

P-valuea — 0.0044 < 0.0001 0.0008 — 0.0017 0.0013 < 0.0001 < 0.0001 — 0.0029 < 0.0001
Adjusted P-valueb — 0.0044 < 0.0001 — — — — — — — 0.0029 < 0.0001

PANSS (LOCF)
Change at Week 6

LS mean (SE)
–11.0 
(1.4)

–16.4 
(1.4)

–18.9 
(1.4)

–18.8 
(1.4)

–11.84 
(1.54)

–19.38 
(1.58)

–20.67 
(1.59)

–22.25 
(1.55)

–26.94 
(1.60)

–12.3 
(1.5)

–18.6 
(1.5)

–20.2 
(1.5)

LSMD (95% CI) —
–5.4 

(–9.3,
–1.4)

–7.9 
(–11.8,
–4.0)

–7.7 
(–11.7,
–3.8)

—
–7.55 

(–11.80,
–3.29)

–8.83 
(–13.09,
–4.57)

–10.42 
(–14.63,
–6.20)

–15.10 
(–19.38,
–10.82)

—
–6.3 

(–10.2,
–2.4)

–8.0 
(–11.9,
–4.0)

P-valuec — 0.0078 < 0.0001 0.0001 — 0.0005 < 0.0001 < 0.0001 < 0.0001 — 0.0016 < 0.0001
a P-values for MMRM were based on a mixed-effects model for repeated measurements with treatment
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   group, (pooled) study center, visit, and treatment group by visit interaction as fixed effects, and baseline
   and baseline-by-treatment as covariates using an unstructured covariance matrix.
b Adjusted p-values = adjusted by matched parallel gatekeeping procedure.
c P-values for LOCF were based on an ANCOVA model for change from baseline, with treatment group
   and pooled study center as factors and the baseline value as a covariate.

Efficacy was demonstrated for the primary (change from baseline to Week 6 on the PANSS total score) and 
secondary (change from baseline to Week 6 CGI-S) endpoints, by both MMRM (specified) as well as LOCF 
(sensitivity) models for the analysis.  Efficacy was dose-related with higher doses resulting in modestly greater 
changes in the efficacy endpoints.  In addition, statistically significant improvement could be measured after 
one week of treatment with the higher doses in each trial (compared to 2-3 weeks with the lower doses—see 
below). 

In the fixed-flexible dose range study (MD-05) at Week 6, the mean dose in the lower-range group was 5.58 
mg/day and in the higher-range group the mean dose was 8.39 mg/day.  Subgroup analyses did not distinguish 
efficacy differences based upon gender, age, race, or geographic region.  

Time of onset of effect
A statistically significant change in PANSS scores is evident at the 6 mg dose and with aripiprazole in Study 
MD-04 by Week1, and at the 3 mg dose, by Week 3 (see below).  

Study MD-04 Mean Change in PANSS by Weekly Visit (MMRM)
Cariprazine, mg/dayPlacebo

3.0 6.0
Aripiprazole
10.0 mg/day

Baseline N Mean N Mean N Mean N Mean
149 96.5 151 96.1 154 95.7 150 95.6

Weeks 1-6 N ǻ p-value N ǻ p-value N ǻ p-value N ǻ p-value
Week 1 149 -3.7 --- 151 -4.7 0.3677 154 -5.7 0.0270 150 -6.2 0.0078
Week 2 137 -7.3 --- 139 -7.5 0.3494 146 -11.0 0.0007 140 -11.0 0.0012
Week 3 128 -9.1 --- 120 -14.1 0.0047 129 -15.2 < 0.0001 134 -15.4 < 0.0001
Week 4 114 -12.1 --- 116 -18.6 < 0.0001 114 -20.5 < 0.0001 128 -19.8 < 0.0001
Week 5 102 -15.6 --- 109 -21.5 0.0004 102 -24.0 < 0.0001 118 -22.9 < 0.0001
Week 6 95 -19.1 --- 103 -24.1 0.0044 99 -27.1 < 0.0001 115 -24.6 < 0.0001

ǻ = change from baseline in PANSS total score. Source: Section 5.3.5.1 rgh-md-04; Table 14.4.3.1A, pages 375-378
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A statistically significant change in PANSS scores is evident at the higher dose range in Study MD-05 by 
Week1, and at the lower dose range, by Week 2 (see below).  

    

Mean Change from Baseline in PANSS Total Score by Visit (MMRM) Study MD-05
Placebo Cariprazine mg/day

3-6 6-9
Baseline N Mean N Mean N Mean

146 96.6 147 96.3 147 96.3
Weeks 1-6 N ǻ p-value N ǻ p-value N ǻ p-value
Week 1 146 -2.7 ----- 147 -4.2 0.0720 147 -6.0 0.0001
Week 2 128 -6.9 ----- 132 -8.7 0.0228 131 -9.6 0.0006
Week 3 112 -11.4 ----- 121 -14.1 0.0244 113 -16.3 0.0010
Week 4 100 -16.3 ----- 109 -19.3 0.0083 104 -21.1 0.0011
Week 5 94 -17.9 ----- 103 -23.1 0.0008 92 -25.4 0.0004
Week 6 89 -19.2 ----- 97 -25.4 0.0029 86 -29.1 <0.0001

ǻ = change from baseline in PANSS total score
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Source: Section 5.3.5.1 rgh-md-05; Table 14.4.3.1A, pages 338-343

In study MD-16, the 3 and 4.5 mg doses show an effect by week 1 and the 1.5 mg dose by week 2.

Mean Change in PANSS Total Score by Visit (LOCF) Study MD-16

ǻ = change from baseline in PANSS total score; LOCF = last observation carried 
forward  Source: Section 5.3.5.1 rgh-md-16; Table 14.4.1.2A, pages 342-347
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Cariprazine, mg/dayPlacebo
(N = 148) 1.5

(N = 140)
3.0

(N = 140)
4.5

(N = 145)

Risperidone
4.0 mg/day
(N = 138)

Baseline Mean Mean Mean Mean Mean
97.3 97.1 97.2 96.7 98.1

Weeks 1-6 ǻ p-value ǻ p-value ǻ p-value ǻ p-value ǻ p-value
Week 1 -3.2 ----- -5.0 0.1035 -7.0 0.0004 -7.7 < 0.0001 -7.2 < 0.0001
Week 2 -4.9 ----- -9.0 0.0097 -11.2 < 0.0001 -11.8 < 0.0001 -12.3 < 0.0001
Week 3 -5.8 ----- -11.2 0.0029 -14.2 < 0.0001 -15.1 < 0.0001 -17.6 < 0.0001
Week 4 -7.9 ----- -13.2 0.0095 -17.0 < 0.0001 -18.3 < 0.0001 -20.8 < 0.0001
Week 5 -8.7 ----- -15.5 0.0016 -18.3 < 0.0001 -20.1 < 0.0001 -23.6 < 0.0001
Week 6 -9.5 ----- -17.3 0.0005 -18.7 < 0.0001 - 20.2 < 0.0001 -25.3 < 0.0001
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Conclusion:  Efficacy has been demonstrated in the range of 1.5 mg to 9 mg per day.  There is a detectible dose-
response relationship and higher doses work more quickly for acute control of symptoms.   This suggests that 
the highest doses, which initially provide the highest concentrations of the parent drug, are more effective and 
work more quickly.  Whether the highest doses need to be continued as DDCAR accumulates cannot be 
determined from these data but can be explored in a multi-dose randomized withdrawal trial post-marketing.

Efficacy: Bipolar Mania
Efficacy in the treatment of bipolar mania was demonstrated by three 3-week, placebo-controlled studies (MD-
31, MD-32, and MD-33) in patients with acute manic or mixed episodes of Bipolar I Disorder.  The dose of 
cariprazine in these studies was 3-12 mg/day.  Two of the studies examined flexible doses of 3-12 mg/day and 
the third study was designed with two fixed-flexible dose ranges of 3-6 mg/day and 6-12 mg/day (see below).  

The three studies had very similar subject selection criteria: Young Mania Rating Scale (YMRS) total score had 
to be 20 or greater.  In all of the studies, the YMRS total score and the key secondary of CGI-S were assessed.  
Statistically significant differences from placebo in the YMRS total score were evident between 4 and 7 days in 
the studies, and the effect persisted to endpoint at Week 3.

Study RGH-MD-31
This study was conducted in 32 centers, 17 in the US.  Patients were randomized 1:1 to placebo or treatment 
with cariprazine.  The starting dose was 1.5 mg/day, by Day 2 the dose was increased to 3mg and could be 
increased in increments of 3 mg up to 12 mg/day based upon tolerability.  The mean daily dose was 8.8 mg/day 
and the mean final dose was 10.4 mg/day.  The data are in the table below.

MD-31

Placebo
(N = 117)

Cariprazine
3-12 mg/day

(N = 118)

Baseline YMRS Total Score
Mean ± SD 30.2 ± 5.24 30.6 ± 4.99

YMRS: Primary Analysis (LOCF)

Change at Week 3, 
LS mean (SE) –8.9 (1.08) –15.0 (1.08)

LSMD (95% CI) — –6.1 (–8.9, –3.3)
p-Value — < 0.0001

YMRS: Sensitivity Analysis (MMRM)

Change at Week 3, 
LS mean (SE) –8.5 (1.1) –15.5 (1.1)

LSMD (95% CI) — –7.0 (–10.0, –4.0)
p-Value — < 0.0001
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By-Visit Change from Baseline in YMRS Total Score (LOCF) Study MD-31

It is apparent that there is an effect at 1-1.5 weeks, a time when there is relatively little DDCAR present.

Study RGH-MD-32
This study was very similar in design to MD-31 (above); it was conducted 28 centers with 10 centers in the US.  
The results were statistically significant beginning at Day 4 and the trial was positive at its 3-week endpoint (see 
below).

MD-32

Placebo
(N = 117)

Cariprazine
3-12 mg/day

(N = 118)

Baseline YMRS Total Score
Mean ± SD 30.2 ± 5.24 30.6 ± 4.99

YMRS: Primary Analysis (LOCF)

Change at Week 3, 
LS mean (SE) –8.9 (1.08) –15.0 (1.08)

LSMD (95% CI) — –6.1 (–8.9, –3.3)
p-Value — < 0.0001

YMRS: Sensitivity Analysis (MMRM)

Change at Week 3, 
LS mean (SE) –8.5 (1.1) –15.5 (1.1)

LSMD (95% CI) — –7.0 (–10.0, –4.0)
p-Value — < 0.0001
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Study RGH-MD-33
This study was a fixed-flexible two-dose-range study.  It was conducted in 65 centers with 23 centers in the US.  
The two dose ranges were 3-6 mg and 6-12 mg.  Randomization to the ranges and placebo was 1:1:1.  Doses 
were titrated in the lower range group: 1.5 mg on day one, then 3 mg on days 2 and 3, then up by 1.5 mg based 
upon response and tolerability up to a maximum of 6 mg.  Doses were titrated in the higher range group:  1.5 
mg on day one, 3 mg on day 2, 6 mg on Day 3 and then increase in increments of 3 mg to a maximum of 12 
mg/day by day 5.  About 70% of patients in each dose group were titrated to the maximum dose permitted by 
the dose range.  The mean final daily dose in the lower range group was 5.4 mg/day; the mean final dose in the 
higher dose range group was 10.6 mg/day.  There was no evidence of dose response in this study.  The data are 
presented below.

MD-33
Cariprazine

Placebo
(N = 160) 3-6 mg

(N = 165)
6-12 mg

(N = 167)

Baseline YMRS total score, 
mean ± SD 32.6 ± 5.8 33.2 ± 5.6 32.9 ± 4.7

YMRS: Primary Analysis (MMRM)

Change at Week 3, 
LS mean (SE) –12.5 (0.8) –18.6 (0.8) –18.5 0.8)

LSMD (95% CI) — –6 1 –8.4, –3.8) –5.9 (–8.2, –3.6)

p-Valuea — < 0.001 < 0.001

Adjusted p-valueb — < 0.001 < 0.001

YMRS: Additional Analysis (LOCF)

Change at Week 3, 
LS mean (SE) –12.1 (0.8) –17.9 (0.8) –17.4 0.8)

LSMD (95% CI) — –5 8 –8.0, –3.6) –5.3 (–7.5, –3.2)

p-Valuec — < 0.001 < 0.001
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         Change from Baseline in YMRS Total Score by Visit Study MD-33

Conclusion:  Efficacy has been demonstrated for up to 6 mg per day in patients with bipolar mania/mixed 
episodes.  Higher doses gave no suggestion of a greater effect.

Safety
The most frequent treatment-emergent adverse events with cariprazine were akathisia, extrapyramidal disorder, 
constipation, and nausea/vomiting.  Many of the TEAEs were dose-related, including akathisia and 
extrapyramidal disorder.  The table below summarizes the common AEs for the pooled data from both 
development programs.
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% Adverse Events, Pooled Data
                 CariprazinePlacebo

N = 1026
1.5 to 3 mg
  N = 583

4.5 to 6 mg
N = 794

9 to 12 mg
N = 563

Overall
N = 1940

Risperidone
   N = 140

Aripiprazole
   N = 152

Nervous System
 Akathisia 4.1 10.3 14.2 18.1 14.2 8.6 7.2
 Restlessness 2.7 3.8 6.3 6.2 5.5 2.9 3.3
 Extrapyramidal Symptoms 9.4 15.6 20.9 25.9 20.8 27.1 5.9
 Parkinsonism 8.1 13.6 17.4 23.3 17.9 24.3 5.3
 Extrapyramidal Disorder 4.3 7.2 8.3 13.3 9.4 12.9 3.9
 Dystonia 0.5 1.9 2.4 2.3 2.2 2.9 0.7
 Musculoskeletal Stiffness 1.0 0.7 2.5 1.8 1.8 0.7 0
 Dyskinesia 0.3 0.5 0.5 0.9 0.6 0 0
 Tardive Dyskinesia 0.1 0.2 0 0 0.1 0.7 0
 Dizziness 2.9 3.5 5.7 6 5.2 5.7 3.9
 Tremor 2.5 3.6 4.8 6.2 4.8 22.8 1.3
 Sedation 5 5.9 7.7 9.4 7.7 2.6
 Insomnia 9.2 11.7 11.9 9.3 11.2 15.7 10.5
 Anxiety 2.9 5.5 3.9 2 3.8 2.8 7.9
 Mania 1.9 0.2 0.6 2.3 1 0 0
Gastrointestinal
Constipation 5.2 5.5 6.8 10.8 7.6 9.3 4.6
Nausea 6 6 8.2 9.6 7.9 5.7 7.2
Vomiting 3.8 4.6 6.2 7.1 6 3.6 2
Dyspepsia 3.8 3.4 5.5 7.3 5.4 3.6 2
Diarrhea 3.8 1.7 4.2 5.7 3.9 2.9 3.3
Hypersalivation 0.2 0.5 2.4 2.1 1.8 2.1 0
Other
 Fatigue 1.2 1.4 2 3.2 2.2 2.9 1.3
 Pyrexia 1.9 1.2 1.3 2.8 1.7 2.1 1.3
 Appetite Decreased 2.2 1.7 2.8 3.2 2.6 2.9 2
 Pain in Extremity 2.2 2.4 2.9 2.8 2.7 2.9 1.3
 Back Pain 1.7 2.7 2.5 2.3 2.5 0.7 2
 Vision Blurred 0.7` 1.2 2.4 3 2.2 2.1 1.3
Investigations
 Hypertension or Blood  
 Pressure Increased

1.2 2.4 3.3 4.6 3.4 1.4 0.7

 CPK increased 1.6 1.5 2.0 3.0 2.2 3.6 2
 Transaminase increased 0.9 1.2 2.4 2.7 2.1 2.9 0.7
 Weight increased 1.8 2.9 2.3 2.8 2.6 5 3.9

Most impressive from the table above is the percentage of patients with akathisia.    Akathisia is evident even at 
the low doses and is higher than the percentage seen with aripiprazole (the approved drug with the most obvious 
association with akathisia to date) as the comparator in this trial (although the percentage of akathisia from 
aripiprazole labeling is 8-13 percent).  Dr. Levin has made the point in his review that akathisia is a very 
disturbing adverse reaction for patients, and that if left untreated it can lead to suicide and other dangerous 
behavior (motor restlessness, pacing, intentional self-injury, violence directed at others).  The tables below 
focus on EPS events in the schizophrenia and bipolar programs.  It is obvious from the tables that akathisia is a 
common adverse reaction in both programs, but happens at a greater rate in the bipolar program as it did with 
aripiprazole.  Although Total EPS is a significant percentage of patients in the trials, EPS is a known and 
treatable adverse reaction with drugs in this class, and the percentages are similar between cariprazine and 
risperidone
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   EPS and Akathisia in the Controlled     
Schizophrenia Studies 

Group 1A

Open Label 
Extension 
(48 weeks)

Group 1B 

Cariprazine

Preferred Term

Placebo 
(N = 584) 

n (%)

1.5-6 mg 
(N = 1032) 

n (%)

6-12 mg 
(N = 285) 

n (%)

Overall 

(N = 1317) 
n (%)

Risperidone

4 mg

(N = 140)

n (%)

Aripiprazole

10 mg (N 
= 152) n 

(%)

Cariprazine

(N = 679)

n (%)

EPS including 
akathisia/restlessness

79 (13.5) 278 (26.9) 97 (34.0) 375 (28.5) 45 (32.1) 24 (15.8) 225 (33.1)

Any EPS excluding 
akathisia/restlessness

45 (7.7) 165 (16.0) 63 (22.1) 228 (17.3) 38 (27.1) 9 (5.9) 135 (19.9)

Akathisia 21 3.6) 109 (10.6) 39 13.7) 148 (11.2) 12 (8.6) 11 (7.2)  105 (15.5)

Restlessness 18 (3.1) 45 (4.4) 20 (7.0) 65 (4.9) 4 (2.9) 5 (3.3) 38 (5.6)

Dystonia cluster 2 (0.3) 14 (1.4) 7 (2.5) 21 (1.6) 4 (2.9) 1 (0.7) 12 (1.8)

Parkinsonism cluster 39 (6.7) 141 (13.7) 56 (19.6) 197 (15.0)   34 (24.3) 8 (5.3)   122 (18.0)

Tardive dyskinesia 1 (0.2) 1 (0.1)     0 1 (0.1) 1 (0.7)     0 2 (0.3)

Controlled Mania Studies 
Group 2A

Open Label 
Extension (16 
Weeks)

 Group 2B 

Placebo 
(N = 442) 

n (%)

Cariprazine

(N = 623)

 

Cariprazine

(N = 402)

 EPS, including akathisia and 
restlessness

           76 (17.2)           267 (42.9)       195 (48.5)

EPS, excluding akathisia and 
restlessness

         49 (11.1)          170 (27.3)            91 (22.6)

Akathisia 21 (4.8) 126 (20.2) 131 (32.6)

Restlessness 10 (2.3) 40 (6.4) 26 (6.5)

Dystonia cluster 3 (0.7) 22 (3.5) 9 (2.2)

Parkinsonism cluster           42 (9.5)         146 (23.4)           77 (19.2)
Dyskinesia 2 (0.5) 2 (0.3) 2 (0.5)

Hypokinesia 1 (0.2) 1 (0.2) 0

Musculoskeletal stiffness 6 (1.4)           12 (1.9) 9 (2.2)

Tardive dyskinesia 0 0 1 (0.2)
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Reviewer Comment:  Because the primary moiety contributing to efficacy (DDCAR) is not yet at steady state 
during the 3-6 week controlled trials submitted to support this application, it is likely that rates of akathisia 
would be higher if it had been assessed for a longer period—from the tables above, the rates of akathisia 
continue to increase in the long-term open label extension studies (2A and 2B) for both indications.  Identifying 
the lowest dose effective for maintaining efficacy will be critical as it relates to this and other dose-related 
adverse reactions.  Even with the limited period of 3 weeks for the bipolar studies, the rate of akathisia is 1 in 5 
patients (1 in 4 if the term “restlessness” is included), which is more than twice the rate observed with 
approved drugs. 

Relationship of Akathisia to Time on Drug
Because the half-lives are significantly longer for this drug and its metabolites compared to approved drugs in 
the class, the review team was interested in time of onset of new cases of akathisia in the longer controlled trials 
(6-week schizophrenia trials).  For this drug with an accumulating active metabolite (DDCAR, half-life between 
2 and 3 weeks) responsible for the majority of activity over time, the team reasoned that there could be late-
onset cases of akathisia and that if new events continued to occur throughout the studies, this would be evidence 
that safety has not been adequately assessed (6-week trials are too short to assess adverse reactions due to 
accumulating DDCAR).  To explore time of onset of new akathisia cases in the clinical trials, the safety 
database for the 6 week trials (schizophrenia) was analyzed for cases of akathisia and restlessness as the key 
terms.  The data by trial were sorted to censor each patient after the first occurrence of an event of akathisia or 
restlessness.  The data from the three schizophrenia trials are plotted below (the bipolar trials were only 3 weeks 
long, which was too short to answer the question of onset over time).
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From the figure above, new cases (first report) of akathisia/restlessness can be identified throughout the 
controlled phase of this 6-week trial in patients with schizophrenia.  From Study MD-04, it is clear that 
cariprazine patients in the 6 mg group had twice as many akathisia-related events in six weeks as those patients 
assigned to the 3 mg arm of the trial, and patients in both cariprazine arms of the trial had more late-onset 
events than patients in the aripiprazole group.  Moreover, after about 28 days, the event rate in the aripiprazole 
group has stabilized (no new events after 28 days), but new onset akathisia events in the cariprazine groups, but 
particularly in the 6 mg group, continue to occur until the end of the trial.  From the figure, the 3 mg/day group 
looks very similar to placebo and minimally worse than aripiprazole 10 mg.

A similar pattern can be seen from this figure representing new akathisia related events in Study MD-16.  Dose-
relatedness is less clear, but as was seen in MD-04, the cariprazine dose groups have more akathisia and more 
late-onset cases of akathisia after no more new events occurred in the risperidone arm.
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Although there is no active control in Study MD-05, the same dose-related late-onset of new akathisia events is 
evident over time, and new cases are continuing to accumulate at the end of the trial.

The most likely explanation for these late-onset new cases of akathisia is that DDCAR is accumulating through 
the end of the trial for cariprazine patients well after patients on aripiprazole and risperidone are at steady state.  
This would be predicted by the long half-life calculated for DDCAR. 

Reviewer Comment:  The akathisia seen for cariprazine at doses below 6 mg/day is fairly comparable to that 
already labeled for aripiprazole, but the accumulation of DDCAR appears responsible for later-onset of this 
distressing adverse reaction and the potential late onset of adverse reactions will be an unusual clinical feature 
of this drug.  The evaluation of late-onset adverse reactions should more comprehensively be evaluated in a 
multi-dose maintenance trial post approval.  Although akathisia is expected, is treatable, and can be adequately 
described in adverse reactions sections of labeling as it has been for other drugs with comparable rates of this 
adverse reaction.   
.
Safety Issues of Interest

Pulmonary Toxicity
Drs. Seymour and Robinson from the Division of Pulmonary, Allergy, and Rheumatology Products (DPARP) 
reviewed the original submission and recommended that we investigate the reports of pulmonary fibrosis found 
in the 1-year dog study.  That investigation was completed during the second review cycle where it was 
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Changes in Blood Pressure and Pulse Rate in the Controlled Schizophrenia Studies
Cariprazine

Placebo
(N = 584) 1.5-6 mg

(N = 1032)
6-12 mg

(N = 285)
Overall

(N = 1317)

Risperidone
4 mg

(N = 140)

Aripiprazole
10 mg

(N = 152)
Parameter, 
Unit

n
Mean ± 

SD n
Mean ± 

SD n
Mean ± 

SD n
Mean ± 

SD n
Mean ± 

SD n
Mean ± 

SD

Supine systolic blood pressure, mm Hg

Baseline
120.6 ±

11.2
121.0 ±

10.6
120.5 ±

11.1
120.9 ±

10.7
120.8 ±

10.5
119.8 ±

9.4

Change 
from 
baseline

574

0.9 ± 10.4

1005

0.8 ± 10.3

280

2.4 ± 12.0

1285

1.2 ± 10.8

138

–2.2 ±
10.1

150

1.7 ± 8.9

Supine diastolic blood pressure, mm Hg

Baseline 76.6 ± 7.9 76.2 ± 8.0 75.6 ± 8.8 76.1 ± 8.2 77.5 ± 8.3 74.3 ± 6.7

Change 
from 
baseline

574

0.4 ± 8.0

1005

0.8 ± 7.9

280

3.4 ± 9.3

1285

1.3 ± 8.3

138

–1.6 ± 7.7

150

0.8 ± 7.4

Supine pulse rate, bpm

Baseline
76.6 ±
10.6

77.5 ±
10.5

77.9 ±
10.2

77.6 ±
10.4

77.5 ±
12.3

75.2 ±
10.0

Change 
from 
baseline

574

–0.1 ±
12.6

1005

0.5 ± 11.5

280

1.5 ± 11.8

1285

0.7 ± 11.6

138

0.2 ± 12.8

150

0.0 ± 11.7

Change From Baseline to Endpoint in Blood Pressure and Pulse Rate Parameters in
Groups 2A and 2B (Bipolar Mania Studies)—Safety Population

Group 2A Group 2B

Placebo
(N = 442)

Cariprazine
(N = 623)

Cariprazine
(N = 402)

Parameter, Unit

n Mean ± SD n Mean ± SD n Mean ± SD

Supine systolic blood pressure, mm Hg

Baseline 439 121.8 ± 11.3 619 121.8 ± 10.5 400 121.7 ± 11.1

Change from baseline to 
endpoint 439 –0.5 ±10.8 619 1.4 ± 10.3 400 1.4 ± 10.9

Supine diastolic blood pressure, mm Hg

Baseline 439 76.5 ± 7.8 619 76.8 ± 8.0 400 75.9 ± 8.5

Change from baseline to 
endpoint 439 0.9 ± 7.7 619 1.7 ± 8.1 400 1.8 ± 8.6

Supine pulse rate, bpm

Baseline 439 76.8 ± 10.4 619 77.6 ± 10.8 399 75.5 ± 10.2

Change from baseline to 
endpoint 439 –0.7 ± 11.0 619 2.0 ± 11.6 399 –0.9 ± 12.2
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Sustained Hypertension
CariprazineSustained Hypertension Criterion Placebo

N = 584 1.5-6 mg 
N = 1032

6-12 mg 
N = 285

Risperidone 
4 mg              

N = 140

Aripiprazole
10.0 mg     
N = 152

SBP ≥ 140 mmHg and increase ≥ 15 mm Hg OR            
DBP ≥ 90 mmHg and increase ≥ 10 mmHg at least 3 
consecutive visits

0.9% 2.3% 1.9% 0 0

Reviewer Comment: Very few patients in the controlled trials had sustained hypertension as defined above.  The 
lower doses have a placebo-like small increases compared to the higher doses, and this could be described in 
labeling so that physicians would know to monitor blood pressure.  

CPK Elevations
There was a dose-related increase in mean serum CPK demonstrated in the clinical trials (see below).  In 
addition, the review team identified three cases of rhabdomyolysis in the open label safety phase of the trials—
one of these patients (0831125) developed renal failure but recovered (details are lacking), the other two were 
treated with fluids and recovered (one was reported as recovering by Day 18, the other was reported as 
recovered by Day 28).  

The mean CPK serum levels were increased in the 6 week schizophrenia studies, and these mean increases were 
dose-related and not seen in the active comparators.  In the cariprazine 1.5-6 mg and 6-12 mg groups, the mean 
percentage increases in serum CPK were 32% and 53%, respectively (compared to 16% in the placebo group). 
The mean serum CPK was decreased in the risperidone and aripiprazole groups. In the long-term schizophrenia 
studies (up to 48 weeks), the mean CPK increased by12% from baseline.

An examination of CPK outliers from the controlled schizophrenia program reveals a dose-related increase in 
the proportion of subjects with CPK greater than 5 times the upper limit of normal. In the lower dose and higher 
dose groups, 4.3% and 6.5% respectively had increases of CPK to at least 1000 U/L (risperidone 4mg was 4.5% 
and aripiprazole 10 mg was 2%).  The proportion of patients with CPK of at least 10 times the upper limit of 
normal was 1.8%, 1.3%, and 2.6% in the placebo, cariprazine 1.5-6mg, and cariprazine 6-12 mg groups, 
respectively (risperidone 4 mg was 1.5% and aripiprazole 10 mg was 1.4%).

Reviewer Comment: From these outlier analyses, higher-doses of cariprazine had more cases of significantly 
elevated CPK, but the lower doses are in the range of what we see for other drugs in the class.

Liver Enzyme Elevations
Dose-related increases in transaminases were seen in the schizophrenia and bipolar programs (more pronounced 
in the 6 week trials).  The Division consulted Dr. John Senior from the Office of Surveillance and Epidemiology 
as our hepatic expert.  Dr. Senior reviewed the findings and concluded that the liver findings from these studies 
were not impressive—they reflect a mostly modest and transient elevation of serum ALT/AST, indicating some 
hepatocellular injury but no progressive damage that leads to loss of liver function (no increased bilirubin 
concentration nor increases in prothrombin times).  Dr. Senior said that the findings do not suggest or predict a 
risk of serious drug-induced liver injury.  He recommended that the label report that elevation in serum 
transaminases may occur; he did not think that routine clinical laboratory monitoring was useful.

Reviewer Comment: Transaminase increases have been identified in labeling.
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PHASE FOUR REQUIREMENTS/COMMITMENTS
Multiple post-marketing requirements (PMRs) have been identified by the review team, including a multiple-
dose maintenance of effect study conducted as a PMR because of the dose-related safety issues.  We have 
negotiated and the sponsor has agreed to conduct the following studies post-marketing:

1. Deferred 3-month cariprazine toxicity study in the juvenile rat starting at the appropriate age that 
corresponds to children age of 10 years.  A dose range finding/toxicokinetic (TK) study should 
be conducted prior to a definitive toxicity/TK study.  TK assessment should include cariprazine 
and the metabolites DCAR and DDCAR.

2. Deferred 6-month study in the juvenile dog starting at the appropriate age that corresponds to 
children age of 10 years.  A dose range finding/TK study should be conducted prior to a 
definitive toxicity/TK study.  TK assessment should include cariprazine and the metabolites 
DCAR and DDCAR.

3. Deferred pediatric study under PREA (ages 10 to 17 years) with a diagnosis of schizophrenia or 
bipolar disorder to obtain pharmacokinetic, safety, and tolerability data to inform the selection of 
doses in efficacy and safety studies in pediatric schizophrenia and bipolar disorder.

4. Deferred pediatric study under PREA for the treatment of schizophrenia in patients aged 13 to 
17.  A study of the efficacy and safety of cariprazine in the relevant pediatric population. 

5. Deferred pediatric study under PREA for the treatment of bipolar disorder, manic episodes in 
patients aged 10 to 17.  A study of the efficacy and safety of cariprazine in the relevant 
population. 

6. Deferred long-term, open-label safety study in pediatric patients with schizophrenia (ages 13 to 
17) or bipolar disorder, recent manic episodes (ages 10 to 17).   

7. Conduct a placebo-controlled, randomized withdrawal, dose-response trial in patients with 
schizophrenia to assess the long-term, dose-related serious adverse effects of cariprazine, 
including tardive dyskinesia, akathisia, and extrapyramidal symptoms. The trial will assess both 
the efficacy and tolerability of several fixed doses of cariprazine as maintenance treatment. 
Patients stabilized on treatment with cariprazine for at least 12 weeks would be randomized to 
fixed doses of cariprazine. These would include doses lower than those used to achieve a 
response in the acute phase. The trial should also assess adrenal function.

8. Conduct a placebo-controlled, randomized withdrawal, dose-response trial in patients with 
bipolar I disorder to assess the long-term, dose-related serious adverse effects of cariprazine, 
including tardive dyskinesia, akathisia, and extrapyramidal symptoms. The trial will assess both 
the efficacy and tolerability of several fixed doses of cariprazine as maintenance treatment. 
Patients stabilized on treatment with cariprazine for at least 12 weeks would be randomized to 
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fixed doses of cariprazine. These would include doses lower than those used to achieve a 
response in the acute phase. The trial should also assess adrenal function.

9. An in vivo drug-drug interaction study to assess cariprazine exposure when cariprazine is 
coadministered with a proton pump inhibitor.

10. In-vitro evaluation of:
1) inhibition potential of cariprazine, DCAR and DDCAR toward CYP2C8;
2) inhibition potential of DCAR and DDCAR toward CYP2B6 and CYP2C19;
3) induction potential of cariprazine , DCAR and DDCAR toward CYP2B6;
4) induction potential of cariprazine toward CYP3A4 and CYP1A2.

CONCLUSIONS
I recommend an Approval action.  Cariprazine is clearly effective for the treatment of schizophrenia and bipolar 
manic/mixed episodes and the safety at doses  6 mg/day is similar to approved drugs in the class.  
While it is true that the long half-life of the major accumulating metabolite makes it less clear what dose would 
be adequate in maintenance treatment, up to 6 mg/day is safe and the sponsor has agreed to conduct a very 
detailed multi-dose maintenance treatment randomized withdrawal study to elaborate the lowest effective dose 
for maintenance treatment and to assess longer-term safety at doses lower than what is required for acute 
control of symptoms. In the meantime, the label limits the maximum recommended dose to 6 mg/day and warns 
of the the potential for active metabolite accumulation with time.  
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