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Discussion:
This is the second tertiary pharm/tox review for this NDA. The NDA was originally 
issued a complete response on 11/19/2013. The sponsor resubmitted the NDA 
on 12/17/2014. The deadline was further extended due to the submission of 
additional information. 

Pharm/tox review during the second cycle focused primarily on lung findings in a 
one year dog study. Some findings where described as fibrosis and these 
findings were noted at doses providing little margin to the human exposure. 
Additional information about these findings was requested from the applicant. 
The applicant provided information along with additional histopathology review 
and interpretation of the findings. The FDA requested and was provided the glass 
slides and digital images of the dog lung histopathology samples. CFSAN 
pathologists provided assessment of these slides. The pharmacology/toxicology 
reviewer and supervisor concluded, based on the sponsor’s interpretation of the 
findings and the opinion provided by FDA pathologist, that the lung findings do 
not appear to represent a fibrotic response of a type or magnitude that would 
prevent approval of the drug for the indications listed above.

As previously noted, phospholipidosis was observed in several tissues in multiple 
animals species treated with cariprazine. The relevance to humans of the 
phospholipidosis observed in animals is not clear.

Conclusions:
The pharmacology/toxicology reviewer and supervisor conducted a thorough 
evaluation of the nonclinical information submitted in support of this NDA. The 
lung findings in dogs have been closely assessed and do not appear to present a 
risk that would preclude approval. I agree that this NDA may be approved for the 
above indication.

I have provided comments on labeling to the division separately.
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Supervisory Memo

Drug: Cariprazine

NDA: 204370

Indication: Schizophrenia and mania associated with bipolar 

Sponsor: Forest Labs

Review Date: August 24, 2015

PDUFA Date: September 17, 2015

Supervisor: Aisar Atrakchi, Ph.D.

Division Director: Mitchell Mathis MD (acting) 

Center/Division: CDER / Psychiatry Products

Regulatory History:

Cariprazine original NDA was received on November 19, 2012, Complete Response 
was issued to Forest on November 19, 2013. Resubmission of the NDA was received 
and acknowledged by the Division on December 17, 2014 with a PDUFA goal date of 
June 17, 2015. On June 8, 2015 the Division received a major amendment to 
information request and consequently the goal date was extended by three months to 
allow time for a full review of the submission. This established a user fee goal date of 
September 17, 2015. Reference is also made to another amendment dated July 21 
2015 and to Dr. Chalecka-Franaszek’s review dated August 24, 2015.

Recommendation:

This drug application for cariprazine is approvable from nonclinical perspective based on 
the overall assessment of the nonclinical information that have been submitted and 
reviewed to date. This assessment is in agreement with the August 24, 2015 review of 
Dr. Chalecka-Franaszek and is the same as that in my previous supervisory memos 
dated November 1, 2013 and June 30, 2015. Pending approval, and similar to 
recommendations in previous reviews and Supervisory memos, I recommend clinical 
monitoring of the eye and lipids as appropriate, post-marketing.
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Discussion:

This is an abbreviated review addressing only the new information provided during this 
cycle, see previous supervisory memos for more detail (November 1, 2013 and June 
30, 2015).
  
Reference is made to the most recent pharmacology toxicology review by Dr. Chalecka-
Franaszek dated August  24, 2015, to Information Request (IR), dated June 8, 2015, 
amendment dated July 21, 2015, and, to the internal expert pathology consult review by 
Drs. Sabine Francke and Steven Mog of CFSAN, FDA dated August 12, 2015.  

In the IR the Sponsor was asked to re-evaluate the lung histopathology slides from the 
dog 1 year toxicity study specifically with respect to the listed finding of fibrosis. The 
sponsor provided a narrative report from 4 veterinary pathologists who reassessed the 
slides. In this report, the expert pathologists concluded that the term “fibrosis” is not 
indicative of true pulmonary fibrosis and is an expected secondary effect of 
inflammation. Moreover, it represented only a small component of the subacute/chronic 
inflammation/fibrosis findings.  The sponsor offered the histopathology slides for our 
review if we chose to. Consequently the Division asked for these slides and they were 
delivered to us in a timely manner. The Division asked our Expert Veterinary 
Pathologists, Drs. Sabine Francke and Steven Mog of CFSAN to review the slides and 
provide their expert opinion. A comprehensive report of the review and assessment of 
the total 124 slides and 70 slide images of the lungs was submitted to the Division on 
August 12, 2015.  Drs. Francke and Mog’s conclusion is in agreement with the 
Sponsor’s expert pathologists that the “fibrosis” reported in the original study report is 
not primary pulmonary fibrosis. They also agree with the medical pathologist expert 
report from the sponsor that the findings are not suggestive of pathologic changes 
usually seen with chronic diffuse lung diseases or acute lung injury as a result of 
adverse drug reaction.  Additionally they indicate that the “quality of the fibrosis” is more 
consistent with “chronic inflammation” (see attachment 1 in Dr. Chalecka-Franaszek’s 
review for detail).  They disagreed however, with the conclusion of the medical 
pathologists report that indicated absence of histology suggestive of “ongoing 
organization with fibrosis”. This is because there were focal chronic foci where chronic 
inflammation was associated with minimal degree of “organization” interpreted in the 
first report as “fibrosis”, but was only a small component of the pathology and is 
considered secondary to inflammation. Based on this, the NOAEL for chronic 
inflammation is the lowest dose of 1 mg/kg/day in both sexes which is ~ 2.2 times the 
MRHD of 6 mg/day based on total cariprazine AUC. 
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I would also re-iterate from my previous memo that in this 1 year dog study there were no 
mortality in any animal at any dose, no relevant changes in body weight or food intake and 
that the animals overall, fared well till the end of the dosing period and through the 2 month 
drug free period, without visible signs of toxicities. Moreover, the lung findings appeared to be 
moving in the direction of reversibility following drug free period.

In conclusion, based on the comprehensive and detailed review and assessment by multiple 
veterinary and medical expert pathologists from the sponsor and FDA the safety concerns 
surrounding lung fibrosis in the 1 year dog study are no longer an issue. A NOEL for 
inflammation is 1 mg/kg/day which is ~ 2.2 times the MRHD of 6 mg/day based on total 
cariprazine AUC.  Cariprazine may therefore, be approved from nonclinical perspective 
acknowledging that it is a CAD drug and induced phospholipidosis with/without inflammation 
in all the animal test species, the functional consequences of which are unclear to human 
health. Therefore, it is the clinical assessment that would take into consideration the drug’s 
benefit compared to its risk and make final decision.  

 
 As in my 

previous memos, if approved, I recommend appropriate post-marketing monitoring of the eye 
and lipids.
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PHARMACOLOGY/TOXICOLOGY NDA REVIEW AND EVALUATION

AMENDMENT No. 1 to the pharmacology/toxicology review completed on June 4, 2015 
(date in DARRTS: June 30, 2015)

Application number: NDA 204370 resubmission
Supporting document/s: 1) SDN 68; eCTD Sequence No. 0067

2) SDN 76; eCTD Sequence No. 0075
3) SDN 78; eCTD Sequence No. 0077

Applicant’s letter date: 1) December 17, 2014
2) June 8, 2015
3) July 21, 2015

CDER stamp date: 1) December 17, 2014
2) June 8, 2015
3) July 21, 2015

Product: VRAYLAR (Cariprazine HCl capsules)
Indication: 1. Treatment of schizophrenia 

2. Acute treatment of manic or mixed episodes 
associated with bipolar I disorder 

Applicant: Forest Laboratories, LLC
Review Division: Division of Psychiatry Products (DPP)
Reviewer: Elzbieta Chalecka-Franaszek, Ph.D
Supervisor/Team Leader: Aisar Atrakchi, Ph.D
Division Director: Mitchell Mathis, M.D
Project Manager: Kimberly Updegraff, M.S

Introduction

The purpose of this Amendment No. 1 to the NDA 204370 resubmission pharmacology/
toxicology review completed on June 4, 2015 (date in DARRTS: June 30, 2015) is to provide 
updated nonclinical conclusions and recommendations, which were revised based on conclusions 
of the FDA expert pathologists’ review of the lung histopathology observed in the dog submitted 
to the Division on August 12, 2015.

During the review process of the original and resubmitted NDA 204370 applications, the 
Division requested more information regarding pulmonary toxicity observed in the one year 
cariprazine toxicity study in the dog.

On June 8, 2015, the Applicant submitted major amendment (SDN 76) to NDA 204370, 
containing a new assessment of the lung histopathology observed in the dog in this study, which 
was completed by the expert veterinary pathologists. The Division extended the user fee goal 
date by three months to provide time for a review of new information. The new goal date is 
September 17, 2015. On July 21, 2015, the Applicant submitted an additional amendment (SDN 
78) with a new review of the lung histopathology observed in the dog in the same study, which 
was completed by the expert medical pathologists.
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On July 21, 2015, in response to a request from the Division, the Applicant also provided a set of 
slides and access to digital slides for the lung histopathology observed in the dog in the one year 
cariprazine toxicity study. The Division requested an internal consultative review of these slides 
and evaluation of lung histopathology observed in the dog in this study, which was completed by 
the FDA expert veterinary pathologists on August 12, 2015 (see Attachments No. 1 and 2).

Background

Reports of toxicology studies submitted in support of NDA 204370 raised concerns about the 
risk of pulmonary toxicity in humans. Phospholipidosis, accompanied by other histopathological 
changes, was observed in the lungs of rats, dogs, and mice. For phospholipidosis, inflammation 
and fibrosis observed in the lungs of rats and/or dogs, there was no adequate margin of safety for 
administration of cariprazine to humans at the maximum recommended human dose (MRHD). 
Particularly concerning was the finding of “subacute (chronic active)/chronic 
inflammation/fibrosis” in the lungs, reported in the summary and individual animal 
histopathology data tables of the one year cariprazine toxicity study in the dog. 
 
The Applicant was asked to discuss pulmonary toxicity via several correspondences during the 
first review cycle. In the General Advice Letter issued on June 18, 2014, the Division requested 
that an assessment of the risks of adrenal and pulmonary toxicity at the proposed doses based on 
nonclinical findings (i.e., phospholipidosis in the adrenal cortex and phospholipidosis, 
inflammation, and fibrosis in the lungs) be included in the resubmission package for NDA 
204370.

In the NDA 204370 resubmission submitted on December 17, 2014, the Applicant acknowledged 
the presence of pulmonary toxicity in nonclinical studies, including inflammation and fibrosis, as 
follows:

1. In the clinical “Safety Update Report” (Module 5.3.5.3), the Applicant stated: 
“Daily administration of cariprazine in the repeat-dose nonclinical toxicology studies
resulted in phospholipidosis in the adrenal glands in dogs, lungs in rats, and lungs in dogs
at doses corresponding to 2 times, 0.4 times, and 2 times the maximum recommended
human dose of 6 mg/day, respectively, based on AUC of the active moieties. In addition,
inflammation and fibrosis were observed in the lungs of dogs with full reversibility noted
at a dose corresponding to a safety margin of 4.2 times the maximum recommended
human dose of 6 mg/day.”

2. In the “Nonclinical Information Amendment” of the resubmission, the Applicant 
provided safety margins for lung histopathology, including inflammation and fibrosis in dogs 
administered cariprazine for one year, in the following table:
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3. In section of the proposed cariprazine labeling, the Applicant described lung 
histopathology, including inflammation and fibrosis observed in dogs, as follows:

Reviewer’s comment:
As indicated above, a description of the lung histopathology provided by the Applicant in their 
NDA resubmission was different with respect to some findings (i.e. “inflammation and fibrosis”) 
when compared to the original description of the same findings in the study report (i.e. 
“inflammation/fibrosis”). This new description, in the absence of any additional Applicant’s 
explanation, made the “inflammation/fibrosis” appear to be separate entities, thus increasing the 
level of concern.

Therefore, in the Information Request Letter dated May 29, 2015, the Division requested more 
information with regard to the presence and human relevance of pulmonary toxicity in the dog 
and noted that “if inflammation and/or fibrosis were to occur in humans, this would be an 
unmonitorable event. Thus, if this toxicity is relevant to humans, the risks associated with 
cariprazine would probably outweigh its potential benefits.” In addition, the Division sent a 
request for information on June 4, 2015, which included the following recommendation: 
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“We recommend that you review the lung histopathology findings in the 1-year toxicity study, 
specifically in relation of phospholipidosis in the presence of inflammation and fibrosis and, if 
necessary, re-evaluate the slides.”

Evaluation of pulmonary toxicity in the dog by the Applicant’s expert 
pathologists

Information amendment (SDN 76; eCTD Sequence No. 0075):

On June 8, 2015, the Applicant submitted an “Expert Report on the Lung Findings” in the one 
year cariprazine toxicity study in the dog, as well as relevant clinical information. This pathology 
report was provided as a narrative. Following an initial review, the Division requested a 
submission of data tables with number of animals, severity scores, and pathology findings. In 
response, the Applicant clarified (in an email dated July 17, 2015) that the Expert Report 
submitted on June 8, 2015 "was an opinion report aimed at interpretation of the original 
pathology findings based on the limited lexicon used by the original study pathologist. As such, 
no new data was generated.”

The Expert Report of the lung lesions observed in dogs administered cariprazine for one year 
was conducted by four veterinary pathologists “to verify the original study pathologist’s findings 
and interpretations and further understand the nature of the changes and their relevance to 
humans, with a focus on the fibrosis as a component of the “subacute/chronic inflammation/ 
fibrosis composite description.” Two pathologists reviewed all lung glass slides and two others 
reviewed slide digital images. Their description of the histological change of fibrosis is 
summarized by this reviewer as follows: 

 Histological finding described as subacute (chronic active)/chronic inflammation/fibrosis 
was present in 2/4 male dogs at the low dose of 1 mg/kg/day and in all animals of main 
groups (4/group/sex) at 2, 4, and 6 mg/kg/day.

 “Only in some cases”, the chronic lung inflammation in dogs “was associated with 
minimal degrees of “organization” interpreted as fibrosis, but the “fibrosis” was only a 
minor component of the lesions and is interpreted as being a secondary consequence of 
the inflammatory reaction.”

 Histological change is “characterized as minimal to moderate infiltrations of leucocytes, 
including foamy macrophages and lymphocytes, in the alveolar septae and the alveolar 
spaces. The infiltrations resulted in thickening of the alveolar walls.”

 “At all severities, the lesions were focal, i.e. localized in the area.”
 At the lowest dose used in the study, the lesions were minimal in severity and “were 

comprised of inflammatory cells without fibrosis.”
 “Areas of the lung unaffected by the inflammatory processes were histologically normal 

and showed no evidence of a fibrotic process.”
 Phospholipidosis, described as alveolar/intraalveolar foamy macrophages, was “not 

associated with fibrosis in any animal.”
 Fibrosis reported originally in the dog study “was not an observation of primary 

pulmonary fibrosis and bears no resemblance to pulmonary fibrosis in humans.”
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 “After a 2-month recovery period, both findings exhibited decreased incidence and 
severity at 4 and 6 mg/kg/day and were absent at 1 and 2 mg/kg/day.”

Based on this Expert Report, the Applicant concluded that “the minimal degrees of organization 
(which was originally referred to as “fibrosis”) was only a minor component of the composite 
description of the subacute/chronic inflammation/fibrosis findings and is considered as an 
expected secondary effect to the inflammation reaction. The use of the term “fibrosis” in the 
composite observation of pulmonary fibrosis with structural organ changes and as such bears no 
resemblance to pulmonary fibrosis in humans.”

Therefore, the Applicant maintained their conclusion that the benefit of cariprazine in 
schizophrenia (at 1.5 to 6 mg/day) and bipolar mania (at 3 to 6 mg/day) “outweighs the risk that 
can be reasonably anticipated from the phospholipidosis findings in animals, observed with 
cariprazine and other widely used psychotropic drugs.”

Internal consultative reviews of the June 8, 2015 amendment:

This reviewer discussed the new information provided by the Applicant with the FDA (CDER) 
reviewer Dr. LuAnn McKinney, DVM, DACVP. Upon review of the written descriptions and 
opinions, submitted so far, Dr. McKinney concluded that: 

 There are two different inflammatory processes in the lungs in dogs, they are randomly 
distributed and anatomically distinct.  

 Both changes are dose-related and increase in severity from minimal to moderate. 
 There is a trend to recovery for both of them after cessation of dose (thus, these are not 

permanent or self-promulgating processes)
 At the lowest dose, the inflammatory processes are unlikely to be adverse.
 In the absence of associated fibrosis, the phospholipidosis is “less of a concern.”  
 At the mid and high doses, the microscopic changes are minimal to moderate, and would 

be considered to be adverse. 

Therefore, the reviewing experts imply that the phospholipidosis foamy macrophages were 
admixed with a minor component of other inflammatory cells – and were not associated with 
fibrosis. They distinguish these phospholipidosis foamy macrophages from the foamy 
macrophages that were a minor component of the alveolar inflammation that did result in some 
in situ fibrosis. The experts did not offer severity scores or slide-by-slide diagnoses, but they 
found changes in the lungs to be two separate histologic findings. One is primarily classic 
phospholipidosis with the odd (“occasional”) inflammatory cells, the other is subacute to chronic 
inflammation resolving in some modest degree of fibroplasia.  There are similar components in 
each (as they cite in the final paragraph of their discussion). So the unanswered question is why 
the inflammation is observed in the lungs of dogs. The Applicant’s expert pathologists 
speculated, but not very effectively. 

Moreover, the Division of Pulmonary, Allergy and Rheumatology Products (DPARP) provided 
their consultative assessment of pulmonary safety based on nonclinical and clinical information 
submitted by the Applicant on June 8, 2015 (see DPARP review of July 2, 2015). According to 
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DPARP, “based upon the focal nature of the lung findings, which consisted of inflammation and 
some thickening of the alveolar walls, and given that fibrosis was not a prominent feature, the 
level of concern would be reduced.” However, “the finding of pulmonary inflammation remains, 
which is a concern especially for a drug intended for long-term use.” Moreover, histological 
changes in the animal studies are not clinically monitorable and DPARP “cannot predict the 
likelihood of pulmonary inflammation in humans.”

Reviewer’s comment: 
Based on the June 8, 2015 submission, this reviewer concluded that chronic active pulmonary 
inflammation remains of concern, for the following reasons:

 The presence of chronic active inflammatory lesions in the lungs of cariprazine 
administered groups (but not in control animals), with a clear dose-response relationship 
in both incidence and severity, was confirmed. Moderate severity of this finding in some 
animals indicated that “the change is obviously present, and of appreciable size and/or 
number” (according to the study report histopathology grading).

 This lesion is characterized as minimal to moderate infiltrations of leucocytes, including 
foamy macrophages and lymphocytes, in the alveolar septae and the alveolar spaces in all 
main group animals at dose levels of 2, 4, and 6 mg/kg/day; at the lowest dose of 1 
mg/kg/day only 2/4 males were affected (at minimal degree).

 Inflammation resulted in thickening of the alveolar wall (severity scores were not 
provided).

 The recovery was incomplete at higher doses of 4 and 6 mg/kg/day after a 2-month drug-
free period, although recovery was observed at 1 and 2 mg/kg/day. 

 Safety margin for this finding in the dog (2.2 times based on cariprazine and metabolites 
AUC at the maximum recommended human dose of 6 mg/day) is inadequate.

However, based on a re-assessment provided by the Applicant on June 8, 2015, pulmonary 
fibrosis is no longer of major concern from the pharmacology/toxicology perspective.

July 21, 2015 information amendment (SDN 78; eCTD Sequence No. 0077):

On July 21, 2015, the Applicant submitted another amendment, which included the “Summary 
Pathology Report” of histopathology of the lung tissue from one year cariprazine toxicity study 
in the dog. This report was provided by the expert medical pathologists who evaluated 70 slide 
images from a total of 60 dogs. The lungs were assessed for any pathologic changes and 
specifically for the evaluation of the presence, extent, severity and significance of any lung 
“subacute/chronic inflammation/fibrosis.” Each lung slide was reviewed for alterations in the: 1) 
large airways (bronchi), 2) small conducting airways, 3) acinar parenchyma (respiratory 
bronchioles and alveoli), and 4) pleura and interstitium. 

Based on this report, the majority of slides showed normal lung tissue, no significant lesions 
were noted in the large airways or small conducting airways, there was no evidence of prior 
fibrosis or on-going damage to suggest a chronic fibrosing process, and the presence of 
macrophage accumulation is suggestive of mild phospholipidosis. The expert medical 
pathologists concluded that “Few histologic changes were noted in the lungs of these animals 

Reference ID: 3810256



7

with the exception of minimal to mild localized accumulations of macrophages admixed with 
mononuclear inflammatory cells in some animals. No higher grade lesions (grades 3-5) were 
noted. There was no evidence of significant airway changes. No parenchymal fibrosing process 
was identified.”

Review of histopathology slides and evaluation of pulmonary toxicity in the 
dog by the FDA expert pathologists

On July 21, 2015, in response to the Division’s request, the Applicant provided 124 lung slides 
(~2 per animal) from the one year cariprazine toxicity study in the dog. In addition, the Applicant 
indicated that at least one lung slide per animal was selected and scanned/uploaded to the 
APERIO website; therefore, there are a total of 70 slide images that are digitally available, 
representing all animals in the study. Among the two selected slides for each animal, the selected 
slide represents the most severe observations based on the number and/or severity of findings. 
The Applicant provided instructions for access to the digital slides. 

The Division requested an internal FDA consultative review of these slides and evaluation of 
lung histopathology observed in the dog. Two FDA expert pathologists, Dr. Sabine Francke, 
D.V.M., Ph.D., FIATP and Dr. Steven Mog, D.V.M., DACVP, Senior Science and Policy Staff, 
Office of Food Additive Safety, CFSAN, FDA, reviewed the slides and slide images as well as 
the original study report and background information provided by the Division. On August 12, 
2015, the Division received their final pathology Memorandum, with answers to specific 
Division’s questions, and Consensus Lung Slide Scores (see Attachments No. 1 and 2 to this 
review).

Methodological considerations.  The FDA expert pathologists reviewed all glass slides and 
digital images provided by the Applicant. Since “total tissue affected” is a driving consideration 
in the determination of lung functionality, the FDA expert pathologists anchored the severity 
scoring scale around the parameter of “percent of change, occupying the total amount (100%) of 
the tissue presented.” Note: The study pathologist did not provide a semi-quantitative numerical 
gauge for the grading parameters used in his scale. 

Moreover, the study pathologist recorded an observation of fibrosis, multinucleated giant cells 
and cholesterol clefts in the individual animal and summary tables of findings, but failed to 
describe this observation further in the pathology report. In addition, the study pathologist 
recorded only one severity score, which was “moderate” in some animals, for combined findings 
of “inflammation/fibrosis”. Note: This resulted in this reviewer’s conclusion that not only 
“inflammation”, but also “fibrosis”, was “obviously present, and of appreciable size and/or 
number” in some dose groups, based on the study histopathology grading definition of the 
“moderate” change provided in the study report. The “moderate” change is also defined by the 
FDA expert pathologists as affecting 25 to 50% of the total tissue present on each slide section 
examined (see definition of the “moderate” change in the Attachment 1).

The FDA expert pathologists identified components of cell morphology (for example 
multinucleated giant cells, cholesterol clefts) and components of inflammation (for example 
fibrosis); however, in contrast to the study pathologist, they recorded them separately and only 
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qualitatively (based on their presence or absence) “to not artificially influence the distribution 
severity upward or downward.”

There are also differences in the FDA expert pathologists’ conclusions, when compared to the 
two pathology reports submitted by the Applicant on June 8 and August 21, 2015. For example, 
the FDA expert pathologists disagreed with the Applicant’s medical pathologists stating that 
there was “no histologic evidence to suggest ongoing organization with fibrosis” (see 
Attachments No. 1 and 2).

Cariprazine related lung pathology findings in the dog. The FDA expert pathologists 
described the following findings in their Memorandum:

 Alveolar foamy macrophage aggregates: 
This predominant treatment related, phospholipidosis-like change was observed in all 
treatment groups (both sexes dosed at 1, 2, 4, and 6 mg/kg/day). Foamy macrophage 
aggregates occupied the alveolar lumen as well as the interstitial space. 

At the lowest dose (1 and 2 mg/kg/day) of cariprazine, very few and very small to small 
macrophage aggregates were the only change observed. This finding was of minimal 
severity (defined as change barely discernible and affecting less than 10% of the total 
tissue present on each slide section examined), and is considered a typical feature of 
phospholipidosis. 

At the dose of 2 mg/kg/day, macrophage aggregates were also of minimal severity. 
However, they were accompanied by an active inflammation (see below).

At higher doses of 4 and 6 mg/kg/day, macrophage aggregates were of minimal to slight 
severity (“slight” is defined as change more noticeable and affecting 10 to 25% of the 
total tissue present on each slide section examined). The morphology of the macrophage 
aggregates changed to also include multinucleated giant cells with intracellular 
cholesterol clefts and was associated with chronic active inflammation (see below).

At the end of the 2-month drug free recovery period, foamy macrophage aggregates were 
present only in the high dose groups (4 and 6 mg/kg/day) of both sexes. 

Reviewer’s note: In a subsequent (August 14, 2015) email communication, the FDA 
pathology experts explained that they would consider the change (just foamy alveolar 
macrophage aggregates) seen at 1 mg/kg/day as an “adaptive response” or a 
phospholipidosis like-effect. However, since the higher doses have foamy alveolar 
macrophage aggregates accompanied by chronic active inflammation, they consider the 
addition of an inflammation as an adverse effect of the cariprazine administration. 

 Multinucleated giant cell with/or without cholesterol clefts:
Multinucleated giant cells were observed only in macrophage aggregates in the groups of 
both sexes dosed at 4 and 6 mg/kg/day. These cells are macrophages that were 
significantly larger (2-15x the size of foamy macrophages) containing 2-20 nuclei. Giant 
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cells often contained an angular clear space of crystalline shape (ranging in length from 
10-50 microns) consistent with intracellular cholesterol clefts.  

Multinucleated giant cell with/or without cholesterol clefts were still present in both male 
and female high dose groups (4 and 6 mg/kg/day) at the end of 2-month drug free 
recovery period.

Multinucleated giant cells generally result from macrophage fusion secondary to inability 
of the macrophage to digest phagocytosed material; Intracellular cholesterol clefts in 
macrophages are indicative of a lipid rich material stored within macrophages. 

In general, multinucleated giant cells are considered inflammatory cells comprising 
granulomatous inflammation; as their presentation in this case indicates morphological 
continuum, the FDA expert pathologists could not determine if this change would be 
better described as foci of “granulomatous inflammation.”

Multinucleated giant cells and cholesterol clefts observed at higher doses are not a typical 
feature of phospholipidosis; therefore, their presence may, according to the FDA 
pathology experts, warrant further investigation and consideration in the safety 
assessment. However, the level of concern is decreased and the overall relevance of this 
observation is uncertain because the multinucleated giant cell and cholesterol clefts foci 
were very small and infrequent in the lung parenchyma affected. 

 Chronic active inflammation:
Inflammation was observed in groups of both sexes administered cariprazine at 2, 4, and 
6 mg/kg/day. This change was described as variable numbers of mixed individual 
inflammatory cells consisting mostly of lymphocytes, neutrophils and plasma cells, most 
often loosely scattered around the macrophage aggregates. Inflammation was minimal at 
2 mg/kg/day (LOAEL) and minimal to slight at two higher doses [slight in 2/12 and 4/12 
(25%) animals at 4 and 6 mg/kg/day, respectively]. Neutrophils were at times more 
apparent in the inflammatory infiltrate warranting the term “chronic active”. There was 
no inflammation at 1 mg/kg/day.

Fibrosis (newly produced collagen deposition), the hallmark of chronic inflammation, 
was present only in 7/24 animals in groups dosed at 4 mg/kg/day (both males and 
females) and 6 mg/kg/day (males only). This finding, minimal in severity, was secondary 
to organizing, chronic inflammation. The “inflammatory chronicity” (fibrosis) manifested 
in some foci of inflammation, was further described by the FDA expert pathologists as 
“cellular ‘organization’ characterized by the occasional production of minor amounts of 
collagen by fibroblasts/fibrocytes resulting in the embedding of the remaining 
macrophages and other inflammatory cells in fibrous connective tissue.” Some 
thickening of septal walls due to chronic inflammation was also noted.

The incidences of lung findings in the main groups of dogs are summarized in the following 
table excerpted for the Memorandum:
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The incidences of lung findings in the recovery groups of dogs are summarized in the following 
table excerpted for the Memorandum:

Main conclusions outlined by the FDA expert pathologists in their Memorandum
 Compared to the study pathologist, an overall higher number of incidences of findings in 

the lungs were recorded, but the overall severity score was lower.
 Findings were of minimal to mild (slight) severity and of focal (one focus only) to 

multifocal (2 or more foci) distribution. Compared to the study pathologist, no findings of 
“moderate” severity were recorded.

 Minimal fibrosis observed in the lungs at high doses is secondary to the inflammation 
[some degree of collagen deposition (fibrosis) constitutes the hallmark of chronic 
inflammation, by definition]. In contrast, the study pathologist diagnosed “Subacute 
(Chronic Active)/Chronic Inflammation/Fibrosis”, which made the inflammation and the 
fibrosis appear to be separate entities. 

 All cariprazine related findings were overall a minor component of the tissue section 
presented, most often occupying less than 10% of the tissue evaluated. Therefore, the 
lung tissue overall was histologically normal. 

 No functional deficits are anticipated given the extreme rare occurrence of alveolar 
macrophage aggregates, inflammation, thickening of the alveolar walls and fibrosis 
secondary to inflammation in the entirety of the lung tissue evaluated.
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 The morphological manifestation of multinucleated giant cell and cholesterol clefts at 
higher doses is unusual for phospholipidosis and may therefore warrant consideration in 
the safety assessment.

Integrated summary and safety evaluation

In the previous pharmacology/toxicology review of the NDA 204370 resubmission, this reviewer 
concluded that pulmonary toxicity, reported as “alveolar/intraalveolar foamy macrophages 
with/without cholesterol clefts” and “subacute (chronic active)/chronic inflammation/fibrosis”, 
observed in the dog in the one year cariprazine toxicity study, raises safety concerns. Both 
findings showed a clear dose-response relationship in the incidence and severity and, according 
to the study pathologist, they were of minimal to moderate severity, thus of appreciable size 
and/or number, and affecting up to 50% of the lung tissue in some animals. There was no 
adequate safety margin for these findings at the MRHD of 6 mg/day; therefore, this reviewer 
recommended that the NDA 204379 not be approved (see review completed on June 4, 2015; 
date in DARRTS: June 30, 2015).

Moreover, in the previous review of the application, this reviewer concluded that the NOEL for 
findings of phospholipidosis, chronic inflammation and fibrosis is 1 mg/kg/day for female dogs 
and was not determined for male dogs because the study report indicated the absence of these 
changes only in female dogs at 1 mg/kg/day. However, based on evaluation of slides by the FDA 
expert pathologists, only foamy macrophages are present at 1 mg/kg/day. They are observed in 
both male and female dogs at this dose; therefore, this reviewer now concludes that the NOEL 
was not determined in this study in either sex for foamy macrophages (phospholipidosis). 

The FDA expert pathologists concluded that the dose of 1 mg/kg/day is the NOAEL for the lung 
findings in the dog. Because at this dose only foamy alveolar macrophages are observed in 
animals of both sexes, this change is considered as an “adaptive response” or a phospholipidosis-
like effect and is not adverse. The 1 mg/kg/day dose is also the NOEL for the active 
inflammation. The exposure at 1 mg/kg/day in the dog is ~2.2 times the human exposure 
observed at the MRHD of 6 mg/day based on combined AUC0-24h for cariprazine and its 
metabolites (DCAR and DDCAR).

Moreover, the FDA expert pathologists concluded that the 2 mg/kg/day dose is the LOAEL for 
the active inflammation in lungs in the dog. Although inflammation observed at this dose is an 
adverse effect, the incidence of this finding is very low and its severity is minimal, thus affecting 
less than 10% of tissue. Moreover, no chronic inflammation (fibrosis) or multinucleated giant 
cells and cholesterol clefts were observed at this dose, which is the NOEL for these adverse 
findings. The exposure at 2 mg/kg/day in the dog is ~4.2 times human exposure observed at the 
MRHD of 6 mg/day based on combined AUC0-24h for cariprazine, DCAR and DDCAR.

Histopathology findings at the higher doses of 4 and 6 mg/kg/day are considered by the FDA 
expert pathologists as adverse treatment effects. At this dose, foamy alveolar macrophage 
aggregates are accompanied by chronic active inflammation of minimal severity in most animals 
but of slight severity (thus affecting 10 to 25% of tissue) in 2/12 and 4/12 animals at 4 and 6 
mg/kg/day, respectively. The fibrosis observed in a total of 7/24 animals was always of minimal 
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severity. Moreover, inflammation with unusual multinucleated giant cells and cholesterol clefts 
was observed in the lungs at 4 and 6 mg/kg/day. Margin of safety for these adverse findings at 
the MRHD of 6 mg/day, based on their absence in the 2 mg/kg/day group, is relatively low (~4.2 
times). 

New information provided by the Applicant on June 8, 2015 decreased the level of concern 
related to the presence of fibrosis in the lungs in the dog study because, according to the 
veterinary pathologists, “the fibrosis component of the composite description “subacute/chronic 
inflammation/fibrosis” was not an observation of primary pulmonary fibrosis and bears no 
resemblance to pulmonary fibrosis in humans”, which is a progressive condition with 
obliteration of normal architecture. The FDA expert pathologists agreed with this conclusion.

Moreover, the FDA expert pathologists demonstrated absence of fibrosis at 1 and 2 mg/kg/day 
and, at higher doses, low incidence of the finding of fibrosis and consistently minimal severity of 
this change, affecting less than 10% of the total tissue present on each slide section examined. In 
contrast to the study pathologist, they did not record findings of “moderate” severity at any dose 
level. They also clarified that fibrosis observed in the dog is a collagen deposition secondary to 
inflammation (hence term “chronic inflammation”). Based on their review of slides, a low 
percentage of overall lung tissue was adversely affected by cariprazine administration even at 4 
and 6 mg/kg/day and most of the lung tissue was normal. Therefore, no functional pulmonary 
deficits are anticipated.

However, this reviewer notes that lung inflammation following administration of cariprazine, 
although generally of minimal severity in the dog, was also observed in nonclinical studies 
conducted in the rat, with low or absent margins of safety. Cross-species concordance of adverse 
effects increases level of concern. 

In conclusion, some concern related to chronic active pulmonary inflammation observed in 
nonclinical studies remains because cariprazine will be administered chronically, targeted 
population of patients includes significant number of smokers, and histological changes in the 
lungs observed in the nonclinical studies are not clinically monitorable. However, partial 
reversibility of the chronic active inflammation observed after eight-week drug-free period in 
nonclinical study suggests that this adverse effect may resolve upon discontinuation of the 
treatment.

Recommendations 

Based on conclusions of the review of lung histopathology in the dog conducted by the FDA 
expert pathologists, this reviewer recommends the NDA 204370 for approval from the 
pharmacology/toxicology perspective. 

However, this reviewer cannot predict the likelihood of the chronic active pulmonary 
inflammation (with unexplained presence of multinucleated giant cell with/or without cholesterol 
clefts) in humans based on relatively low safety margin (4.2 fold) for this adverse effect at the 
MRHD of 6 mg/day; therefore, as indicated above, some concerns with regard to pulmonary 
toxicity caused by cariprazine in nonclinical studies and their relevance to humans remain.
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If cariprazine is approved for the treatment of schizophrenia and acute treatment of manic or 
mixed episodes associated with bipolar I disorder, this reviewer recommends that finding of 
chronic active inflammation with multinucleated giant cells and cholesterol clefts be described in 
the cariprazine labeling. Because the definition of “chronicity” with regard to inflammatory 
processes is the presence of some degree of fibrosis, there is no need to describe “fibrosis” in the 
labeling. 

All other recommendations of the primary pharmacology/toxicology review of the NDA 204370 
resubmission remain unchanged.

Elzbieta Chalecka-Franaszek, Ph.D., Pharmacologist {see appended electronic signature page}

Aisar Atrakchi, Ph.D., Supervisor {see appended electronic signature page}

List of attachments: 

(1) FDA, CFSAN Pathology Memorandum dated August 12, 2015
(2) Consensus Lung Slide Scores 
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Attachment 1: FDA, CFSAN Pathology Memorandum dated August 12, 2015:
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Attachment 2: Consensus Lung Slide Scores
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Supervisory Memo

Drug: Cariprazine

NDA: 204370

Indication: Schizophrenia and mania associated with bipolar 

Sponsor: Forest Labs

Review Date: June 30, 2015

PDUFA Date: June 17, 2015

Supervisor: Aisar Atrakchi, Ph.D.

Division Director: Mitchell Mathis MD (acting)

Center/Division: CDER / Psychiatry Products

Regulatory History:

Cariprazine original NDA was received on November 19, 2012, Complete Response 

was issued to Forest on November 19 2013. Resubmission of the NDA was received 

and acknowledged by the Division on December 17, 2014 with a PDUFA goal date of 

June 17, 2015. On June 8, 2015 the Division received a major amendment to 

information request and consequently the goal date was extended by three months to 

allow time for a full review of the submission. This established a user fee goal date of 

September 17, 2015. 

Discussion and Recommendation:

Reference is made to the pharmacology toxicology original NDA review by Dr. 

Chalecka-Franaszek dated July 22, 2013, the Supervisory memo of Dr. Atrakchi dated 

November 1, 2013 and the Tertiary Review of Dr. Brown the Associate Director of 

Pharmacology Toxicology dated November 6, 2013.  The drug application from 

nonclinical perspective was considered approvable acknowledging cariprazine toxicities 

observed in test animals but with an overall assessment that these toxicities do not 

significantly affect safe administration of the drug to humans.  Reference is also made 

to Dr. Chalecka-Franaszek review dated June 30, 2015 where she recommended “not 

approvable”. In this supervisory memo I disagree with her recommendation and 
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maintain my original recommendation to approve cariprazine which was based on the 

overall assessment of the nonclinical information and, there are NO new or additional 

nonclinical information or data that were submitted with the NDA resubmission on 

December 17, 2014. It is also noted that Dr. Chalecka-Franaszek review of June 30, 

2015 where she recommended not approvable, has the same content as the original 

review dated July 22, 2013 but with more detail discussion of the drug toxicities that 

lead her to reach a different recommendation than the original review.

Upon resubmission of the NDA the review team began evaluating the information in the 

resubmission as well as took another look at the consults sent during the 1st cycle to the 

Divisions of Ophthalmology Products, Endocrine and Metabolism Products and, 

Pulmonary, Allergy and Rheumatology Products. The experts in these Divisions were 

asked among other questions, to evaluate the drug toxicity findings observed in the eye, 

adrenals, and lung in animals and determine their clinical relevance as appropriate. The

finding that raised the most safety concern in this re-review, was the observation of 

“fibrosis” listed as a component of inflammation and phospholipidosis (PLD), in the lung

of dogs at the end of 1 year of daily exposure to cariprazine (pulmonary Division consult 

August 23, 2013 and pharmacology toxicology review July 22, 2013). This description 

was noted in the study report histopathology table for incidence summary for the lung as

“subacute/chronic inflammation/fibrosis”. Fibrosis is an irreversible pathology and one 

that cannot be clinically monitored. This description of fibrosis was not mentioned 

elsewhere in the pathology report nor in the sponsor’s response to information request 

dated May 22, 2013. Therefore, a request for information was sent to the sponsor on 

May 29, 2015 to explain this discrepancy in the data and if necessary, to re-examine the 

lung histopathology slides. The sponsor replied on June 8, 2015 where 4 veterinary 

pathologists conducted a thorough re-evaluation of the lung histopathology slides from 

the dog 1 year study to verify the assessment of the original study pathologist’s finding, 

interpretation, and clinical relevance with emphasis on the fibrosis listed as a 

component of the subacute/chronic inflammation/fibrosis. An Expert report by these 4 

pathologists was generated and they all concurred that the finding of “subacute/chronic 

inflammation/fibrosis is minimal to moderate infiltration of leucocytes, including foamy 

macrophages and lymphocytes, in the alveolar septae and alveolar spaces. This 

infiltration resulted in thickening of the alveolar walls and the finding was always “focal”

even at the end of 1 year of daily dosing. The report also stated that chronic 

inflammation was only rarely associated with minimal degree of “organization” which 

was originally referred to as “fibrosis” and this organization is only a minor component of 

the entire histopathology observation and considered secondary to inflammation. The 

expert report concluded that the term “fibrosis” in the composite observation is NOT

“pulmonary fibrosis with structural organ changes and therefore, bears no resemblance 

to pulmonary fibrosis in humans”. Moreover, foamy macrophages are the result of PLD 
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known to be caused by cariprazine and were not associated with fibrosis in any animal. 

It should be noted that progress towards recovery both with respect to incidence and 

severity was seen at the end of 2 month drug free period even though this recovery was 

only partial. Also a NOEL was determined in both male and female dogs, which is the 

lowest dose of 1 mg/kg/day representing 2.2 times the maximum recommended human 

dose of 6 mg/day based on AUC. I would also add, that in this 1 year dog study there 

were no mortality in any animal at any dose, no relevant changes in body weight or food 

intake and that the animals overall, fared well till the end of the dosing period and 

through the 2 month drug free period, without visible signs of toxicities.

Therefore, the expert pathologist’s report adequately responded to the Division’s 

concern with respect to lung PLD associated with inflammation/fibrosis. This report 

further supports my original and current recommendation to approve cariprazine from a 

nonclinical perspective acknowledging that it is a CAD drug that induced

phospholipidosis with/without inflammation in all animal test species, the functional 

consequences of which are unclear to human health. Therefore, it is the clinical 

assessment that would take into consideration the drug’s benefit compared to its risk

and make final decision. It is also noted that the maximum clinical dose  

6 mg/day providing for better/higher safety margin for drug toxicities relative 

to humans. As in my original memo, if approved, I recommend appropriate post-

marketing monitoring of the eye and lipids. 
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Applicant’s letter date: December 17, 2014
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Product: VRAYLAR (Cariprazine HCl capsules)

Indication: 1. Treatment of schizophrenia 
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Disclaimer

Except as specifically identified, all data and information discussed below and necessary for 
approval of NDA 204370 are owned by Forest Laboratories, Inc. or are data for which Forest 
Laboratories, Inc. has obtained a written right of reference. Any information or data necessary 
for approval of 204370 that Forest Laboratories, Inc. does not own or have a written right to 
reference constitutes one of the following: (1) published literature, or (2) a prior FDA finding of 
safety or effectiveness for a listed drug, as reflected in the drug’s approved labeling. Any data or 
information described or referenced below from reviews or publicly available summaries of a 
previously approved application is for descriptive purposes only and is not relied upon for 
approval of NDA 204370.
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Subsequent to completion of the pharmacology/toxicology review of the original NDA on July 
22, 2013, new consultative reviews of the most concerning adverse effects of cariprazine 
identified in nonclinical studies and their relation to human safety became available to this 
reviewer. The Division of Pulmonary, Allergy and Rheumatology Products (DPARP) completed 
an assessment of pulmonary safety (see DPARP review dated August 23, 2013). The Division of 
Metabolism and Endocrinology Products (DMEP) completed an assessment of relation of 
nonclinical findings in the adrenal gland to human safety (see DMEP review dated September 
10, 2013). The Division of Transplant and Ophthalmology Products (DTOP) completed an 
assessment of ocular safety (see DTOP review dated August 27, 2013). The Controlled 
Substances Staff (CSS) completed an assessment of abuse potential of cariprazine based on
cocaine self-administration studies in rats (see CSS review dated August 13, 2013).
These consults contributed to the overall safety evaluation of cariprazine described in this 
review.

Due to changes in the MRHD and mechanism of action as well as new information (consultative 
reviews) available to this reviewer subsequent to completion of the original NDA 
pharmacology/toxicology review on July 22, 2013, this review of the resubmission differs from 
the previous review, including modification of some conclusions and recommendations.
However, the description of nonclinical findings remains generally unchanged, except for a few 
editorial changes made for clarity.

1.2 Brief Discussion of Nonclinical Findings

Cariprazine has high in vitro binding affinity for human recombinant dopamine D3 receptors (Ki

= 0.085 nM), dopamine D2 receptors (Ki = 0.49 and 0.69 nM for D2L and D2S, respectively), 
serotonin 5-HT2B receptors (Ki =0.58 nM) and serotonin 5-HT1A receptors (Ki =2.6 nM). 
Cariprazine shows moderate affinity for σ1, 5-HT2A, and H1 receptors (Ki values: 18.3 nM, 18.8 
nM, and 23.2 nM, respectively). Cariprazine has lower affinity for serotonin 5-HT7, 5-HT2C, and 
adrenergic α1 receptors (Ki values: 111 nM, 134 nM, and 208 nM, respectively). According to 
the Applicant, significant affinity for D3, D2, and 5-HT1A receptors, combined with partial 
agonist activity at these receptors and antagonist activity at serotonin 5-HT2B and 5-HT2A

receptors mediates the clinical efficacy of cariprazine.

Cariprazine is extensively metabolized in rats, dogs, and humans. Studies conducted in rats and 
dogs demonstrated qualitative, but not quantitative, similarity in the metabolic profile of 
cariprazine in animals and humans. Two metabolites of cariprazine, desmethyl cariprazine 
(DCAR) and didesmethyl cariprazine (DDCAR), identified in humans and nonclinical species,
have pharmacological activity similar to that of the parent drug. DDCAR is the major human 
metabolite, since its steady state AUC in plasma is ~63% to70% of total drug-related AUC. 
Adequately high levels of DDCAR have been achieved in nonclinical studies in dogs, mice, and 
rabbits, but not in rats.

In rats and dogs, the terminal elimination half-life (T1/2) of cariprazine, DCAR, and DDCAR is
less than 24 hours after multiple doses and accumulation is generally less than 2-fold between 
Day 1 and the end of a study. However, in humans the T1/2 of cariprazine and its metabolites is 
longer. Mean T1/2 values for cariprazine, DCAR, and DDCAR are about 3-9 days, 2-4 days, and 
2-3 weeks, respectively, and significant accumulation was observed in humans for cariprazine, 
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DCAR, and DDCAR after multiple doses (for example, ~25-fold increase in the total effective 
exposure was observed between Day 1 and Day 14 following daily dosing at 0.5 mg).

Quantitative whole body phosphor imaging studies demonstrated high binding of cariprazine to 
many tissues of pigmented and albino rats with slow elimination. The choroid layer of the eye 
and the adrenal gland were among the organs with the highest cariprazine- and/or metabolite-
related tissue radioactivity concentration and retention in these studies.

Standard general toxicology studies were conducted following oral administration of cariprazine 
to Wistar rats (gavage), Beagle dogs (capsule), and Cynomologus monkeys (capsule). 
Carcinogenicity studies were conducted following oral (gavage) administration of cariprazine to 
transgenic Tg.rasH2 mice and Wistar rats. Dose-range-finding studies for the mouse 
carcinogenicity study were conducted in nontransgenic CByB6F1 hybrid mice and transgenic 
Tg.rasH2 mice (oral gavage). In general, administration of cariprazine did not induce mortality in 
animals at clinically relevant exposure levels; however, cariprazine significantly decreased body 
weight, body weight gain, and food consumption. Target organs of cariprazine toxicity identified 
in nonclinical studies include the central nervous system (CNS), eye, adrenal gland cortex, lungs,
reproductive organs, and sciatic nerve. Many of these organs were affected in rats, dogs, and
mice, with the exception of the sciatic nerve affected only in rats. Moreover, significant decrease 
in plasma cholesterol and triglycerides levels was observed in rats, dogs, and mice.

Clinical signs, characteristic of the CNS depression, were observed following single and multiple 
cariprazine doses in rats, dogs, mice, and monkeys; however, in general they were reduced 
following an escalating dose regimen, during which tolerance was noted to develop. The eye is a 
target organ of cariprazine toxicity in rats and dogs. Cariprazine caused adverse effect on the eye 
structure in the 13-week and 1-year toxicity studies in dogs (cataracts, cystic degeneration, and 
detachment of the retina), in the 28-day toxicity study in rats (eye opacity), and in the 2-year 
carcinogenicity study in rats (retinal degeneration/atrophy). Phospholipidosis was observed in 
the lungs in rats, dogs, and mice, and in the adrenal glands in dogs. This finding had no impact 
on viability; however, it was accompanied by inflammation and fibrosis in the lungs. For 
phospholipidosis, inflammation and fibrosis observed in the lungs of rats and/or dogs, there is no 
adequate margin of safety for administration of cariprazine to humans. In addition, following
administration of cariprazine to dogs for one year, phospholipidosis and reversible 
hypertrophy/hyperplasia and vesiculation/vacuolation of the cortical zona fasciculata and zona 
glomerulosa of the adrenal gland were observed with low margin of safety for human 
administration based on AUC (see Integrated Summary and Safety Evaluation).

Cariprazine adversely affected fertility in female rats. Male fertility and male-mediated 
developmental parameters in rats were unaffected. In rats, but not in rabbits, external (localized 
thorax fetal edema) and skeletal (bent bones) malformations and developmental variations were
observed at many dose levels, including these that did not cause any maternal toxicity, and at 
exposures relevant to clinical exposures based on AUC. Other adverse findings in the 
reproductive system and mammary glands of animals are likely to be mediated by changes in 
levels of prolactin. Cariprazine significantly increased prolactin in rats, consistent with its 
dopamine D2 receptor blocking activity; however, hyperprolactinemia was not observed in 
clinical studies. 
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Cariprazine was nongenotoxic in the in vitro bacterial reverse mutation assay, human 
lymphocyte chromosomal aberrations assay, or in the in vivo mouse bone marrow micronucleus 
assay. The in vitro mouse lymphoma assay was positive for mutagenicity (small but statistically 
significant increase in mutation frequency was observed under conditions of metabolic 
activation). Based on the weight of evidence, cariprazine is considered to have negligible 
mutagenic potential. The major active metabolite DDCAR was nonmutagenic in the in vitro
bacterial reverse mutation assay. However, this metabolite was positive in the in vitro human 
lymphocyte chromosomal aberrations assay, based on observation of a small increase in the 
percentage of cells with structural chromosomal aberrations under conditions of metabolic 
activation.

In the 28-week carcinogenicity study conducted in transgenic Tg.rasH2 mice, no increases in 
tumors, relative to vehicle controls and historical control ranges, were noted in cariprazine-
treated mice. In the 2-year carcinogenicity study conducted in rats, no test-article increases in 
neoplasms were observed, except for a slight numerical increase in the incidence of benign and 
malignant pheochromocytomas of the adrenal medulla in female rats administered the high dose 
of cariprazine. However, there were no statistically significant drug-related neoplasms.

Note: In nonclinical studies cariprazine was administered as a salt (HCl); doses are expressed in 
terms of a free base.

1.3 Recommendations

1.3.1 Approvability

It is recommended that the NDA 204370 for cariprazine for the treatment of schizophrenia and 
acute treatment of manic or mixed episodes associated with bipolar I disorder not be approved
from the pharmacology/toxicology perspective.

This recommendation is based on significant safety concerns raised by the nonclinical studies 
conducted with cariprazine. In a previous review of this application, this reviewer described 
adverse effects of cariprazine on the structure of the eye, adrenal gland cortex and lungs, that 
may potentially affect their function, identified in nonclinical studies and concluded: “although 
generally adequately conducted, the nonclinical studies did not predict or assure safe 
administration of cariprazine to humans with regard to the organs listed above” (see Conclusions 
of the pharmacology/toxicology review dated July 22, 2013).  

cariprazine toxicity still presents cause for concern.

Particularly concerning is pulmonary toxicity (lung phospholipidosis and chronic inflammation 
and fibrosis) observed in rats and/or dogs following administration of cariprazine. Although 
phospholipidosis is frequently considered an adaptive response to drug exposure, the possibility 
that excessive phospholipidosis can lead to tissue damage, cannot be excluded. Chronic 
inflammation and fibrosis are of major concern. Safety margins for the lung histopathology
observed in animals are absent or remain inadequate (see Integrated Summary and Safety 
Evaluation). Should cariprazine be approved for the treatment of schizophrenia and acute 
treatment of manic or mixed episodes associated with bipolar I disorder, the clinical benefits 
would have to outweigh the risk of pulmonary injury to humans.
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Subsequent to completion of the pharmacology/toxicology review of the original NDA on July 
22, 2013, the Division of Pulmonary, Allergy and Rheumatology Products (DPARP) completed 
an assessment of pulmonary safety based on nonclinical and clinical cariprazine data (see 
DPARP review of August 23, 2013). According to DPARP, the review of clinical data did not 
identify a pulmonary safety signal; however, given the nature of the nonclinical findings, the 
clinical database cannot assure pulmonary safety. DPARP considers cariprazine-induced adverse 
microscopic pulmonary findings in the animals as unmonitorable in patients because available 
methods are unlikely to detect these types of changes, unless there is considerable progression. 

The question of whether or not lesions in the adrenal gland cortex caused by cariprazine in dogs 
(phospholipidosis, hypertrophy/hyperplasia and vesiculation/vacuolation) may result in adrenal 
insufficiency remains unresolved. The prevailing theory is that the phospholipidosis is primarily 
an adaptive response to drug exposure rather than a toxic response. However, excessive 
phospholipidosis and/or other histopathological structural effects (hypertrophy/hyperplasia and 
vesiculation/vacuolation) may affect adrenal gland function. The relation of adrenal gland 
toxicity observed in dogs to human safety is still uncertain, despite requests for information sent
to the Applicant. Although there is a safety margin for hypertrophy/hyperplasia and 
vesiculation/vacuolation (~3.6 to 4.9 X), adrenocortical histopathology still presents cause for 
concern because this margin alone is not high enough to assure human safety in the absence of 
relevant clinical information with respect to the adrenal gland function. Factors that decrease 
level of concern are also noted by this reviewer. In dogs, reversibility of hypertrophy/hyperplasia 
and vesiculation/vacuolation of the adrenal gland cortex was observed after the two-month drug-
free period. However, no reversibility was observed for adrenocortical phospholipidosis in dogs 
and there is no safety margin for this finding (see Integrated Summary and Safety Evaluation).

Subsequent to completion of the pharmacology/toxicology review of the original NDA on July 
22, 2013, the Division of Metabolism and Endocrinology Products (DMEP) completed an 
assessment of adrenal gland toxicity based on nonclinical and clinical cariprazine data (see 
DMEP review of September 10, 2013). DMEP agreed that, given the nonclinical information, it
is reasonable to be concerned about potential adrenal toxicity in association with cariprazine use 
in humans. DMEP also could not provide a definitive answer to the question of what is the 
significance of the preclinical findings of phospholipidosis to humans. According to DMEP, 
there is uncertainty whether the absence of a clear signal of adrenal insufficiency in the clinical 
trials should be interpreted as reassuring or as a false sense of security; DMEP recommended 
conducting endocrine assessment in clinic.

Adrenocortical toxicity observed in nonclinical studies has been reported to the Division. 
Whether potential adrenocortical toxicity can be adequately monitored in clinic to alleviate 
safety concerns, or is an approvability issue, depends on the clinical assessment. 

1.3.2 Additional Non Clinical Recommendations

Should the application be approved based on risk to benefit assessment, it is recommended that 
the information on the following adverse effects of cariprazine is included in the Animal 
Toxicology and/or Pharmacology section of the labeling: (1) cataracts/degenerative retinal 
changes in the eyes observed in dogs and retinal degeneration observed in rats, (2) 
phospholipidosis, inflammation and/or fibrosis observed in the lungs in rats, dogs, and mice, and 
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(3) phospholipidosis observed in the adrenal glands cortex in rats, dogs, and mice, with
hypertrophy/hyperplasia and vesiculation/vacuolation of the adrenal gland cortex observed in 
dogs, as well as adrenal gland hypertrophy observed in several animal species.

The Division of Pulmonary, Allergy and Rheumatology Products consultative review suggested
conducting a study in dogs to identify a dose of cariprazine not associated with lung 
histopathology findings and safety margin to select a supported clinical dose. However, the 
adverse effects observed in the lungs of dogs in the 1-year study exhibited clear dose-response 
and, while the lowest dose used was a NOEL only in females, the effects were minimal at this 
dose in males. Therefore, this reviewer does not recommend repeating the dog study to identify a 
NOAEL.

From the pharmacology/toxicology perspective, and based solely on the nonclinical data, this 
NDA would not be recommended for approval based on cataracts and retinal degeneration 
observed in dogs and rats. Safety margins calculated based on systemic exposures appear to be 
adequate for cataracts and cystic degeneration/detachment of the retina observed in dogs, but not 
for retinal degeneration and atrophy in rats. However, based on The Division of Transplant and 
Ophthalmology Products consultative review, the ocular adverse events are monitorable in clinic
and existing data from clinical trials appear to be sufficient to alleviate safety concerns for the 
cataracts and retinal effects observed in dogs and rats. Therefore, labeling recommendations
described above are sufficient to address the ocular toxicity caused by cariprazine in nonclinical 
studies.

1.3.3 Labeling

Sections of the labeling supported by nonclinical data are being negotiated with the Applicant at 
the time of completion of this review. This document will be amended with a final version of the 
labeling when it becomes available.

2 Drug Information

2.1 Drug

CAS Registry Number: 839712-12-8 (cariprazine); 1083076-69-0 (cariprazine hydrochloride)
Generic Name: Cariprazine
Code Name: RGH-188 HCl; Other codes used during development: GED-129, RGH-188, FRI 
7000188, FRX-1, 70003543, MP-214, C. Codes for the metabolites of cariprazine: desmethyl 
cariprazine: M7, desmethyl MP-214, 70004862, GED-153, DCAR, DC; didesmethyl cariprazine: 
M6, didesmethyl MP-214, 70004212, GED-152, RGH-189, DDCAR, DiC; 4-OH cariprazine: 
70004293; 4 OH desmethyl cariprazine: 70005662; 4-OH-didesmethyl cariprazine: 70005737
Codes for active controls used in the studies: aripiprazole: GED-135, 70002457, 70002647
(risperidone)
Chemical Name: (IUPAC): trans-N-{4-[2-[4-(2,3-dichlorophenyl)-piperazin-1-yl]-ethyl]-
cyclohexyl}-N’,N’-dimethylurea hydrochloride
Molecular Formula/Molecular Weight:
C21H32Cl2N4O (cariprazine) M.W. = 427.41 g/mol
C21H32Cl2N4O • HCl (cariprazine hydrochloride) M.W. = 463.87 g/mol
Structure:
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Previous Reviews Referenced

Pharmacology/toxicology IND 71958 Review and Evaluation: Elzbieta Chalecka-Franaszek, 
Ph.D., August 15, 2005 (Original IND submission: cariprazine pharmacology, safety 
pharmacology, and genotoxicity studies)

Pharmacology/toxicology IND 71958 Review and Evaluation: Elzbieta Chalecka-Franaszek, 
Ph.D., August 6, 2010 (Study RGH-TX-28: Pharmacokinetics and metabolism of [14C] RGH-188 
HCl following oral administration male and female rats; Metabolite Profile Report, December 
2009; Study RGH-TX-30: Pharmacokinetics and metabolism of [14C] RGH-188 HCl following 
oral administration male and female non naive beagle dogs; Metabolite Profile Report, 
December 2009)

Pharmacology/toxicology IND 71958 Review and Evaluation: Elzbieta Chalecka-Franaszek, 
Ph.D., June 18, 2012 (Study RGH-TX-46: Didesmethyl Cariprazine: Bacterial Reverse Mutation 
Assay; Study RGH-TX-47: Didesmethyl Cariprazine: In Vitro Mammalian Chromosome 
Aberration Test)

4 Pharmacology

4.1 Primary Pharmacology

Studies in vitro
In vitro receptor binding profile of cariprazine and its metabolites, desmethyl cariprazine 
(DCAR) and didesmethyl cariprazine (DDCAR) for receptors, enzymes, transporters, and ion 
channels was tested using standard methods. Cariprazine has high affinity for human 
recombinant dopamine D3 receptors (Ki = 0.085 nM) and high (but 6-8 times lower relative to D3

receptor) affinity for dopamine D2 receptors (Ki = 0.49 and 0.69 nM for D2L and D2S, 
respectively) and serotonin 5-HT2B (Ki =0.58 nM) and 5-HT1A (Ki =2.6 nM) receptors. 
Cariprazine shows moderate affinity for σ1, 5-HT2A, and H1 receptors (Ki values: 18.3 nM, 18.8 
nM, and 23.2 nM, respectively). Cariprazine has lower affinity for serotonin 5-HT7, 5-HT2C, and 
adrenergic α1 receptors (Ki values: 111 nM, 134 nM, and 208 nM, respectively). Cariprazine 
shows selectivity for rat dopamine D3 versus D2 receptors (~13-fold) as observed for the human
receptors; however, overall cariprazine affinity for the rat receptors is about 8-fold (D3) and 13-
19-fold (D2) lower, than that for the equivalent human receptors. No interspecies difference was 
observed for serotonin 5-HT1A receptors. Two metabolites of cariprazine, DCAR and DDCAR,
identified in humans and toxicology species, represent 72 to 77% of the total systemic exposure 
(AUC) in humans at steady state. Both metabolites have receptor binding profiles and functional 
activity similar to that of the parent drug. Inhibition constants (Ki given in nM) of cariprazine, 
DCAR and DDCAR are shown in the following Applicant’s table.
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The 4-OH, 4-OH-DCAR, and 4-OH-DDCAR metabolites, although pharmacologically active in 
vitro, may contribute less to the overall cariprazine-related activity than DCAR and DDCAR due 
to their lower plasma level. Relative to other atypical antipsychotics, cariprazine has low potency 
at serotonin 5-HT2A receptors; antagonism at these receptors has been considered to be 
associated with decreased level of EPS observed following treatment with atypical relative to 
conventional antipsychotics. Cariprazine has also relatively low affinity for cholinergic, 
adrenergic, histamine H1, and 5-HT2C receptors.

Cariprazine does not exhibit appreciable binding affinity (IC50 > 1 μM) for any other receptors, 
transporters, or ion channels tested, including adenosine A1, A2 and A3, adrenergic α2A and β, 
cannabinoid CB1 and CB2, cholecystokinin CCK1 and CCK2, corticotrophin CRF1, dopamine D1, 
D4 and D5, estrogen ERα and ERβ, GABA A and GABA B, galanin GAL1 and GAL2, 
glucocorticoid, glutamate AMPA, kainate and NMDA, histamine H2, H3 and H4, serotonin 5-
HT3, 5-HT4, 5-HT5A and 5-HT6,  muscarinic M1, M2, M3, M4 and M5, nicotinic, orphanin ORL1, 
opiate δ, κ and μ, progesterone, and sigma σ2 receptors, adenosine, choline, DA, 5-HT and 
noradrenaline transporters, and selected calcium, potassium and sodium channels. Cariprazine 
did not inhibit (IC50 > 10 μM) calcium- and sodium/potassium-ATPase, acetylcholinesterase, 
HMG-CoA reductase and acyl-CoA-cholesterol acyltransferase. 

According to the Applicant: “Cariprazine is the first and only atypical antipsychotic that 
demonstrates this balanced dual engagement of the D3 and D2 receptor systems, which may 
confer additional benefits such as an enhanced effect on improving cognitive deficits and 
negative/depressive symptoms of schizophrenia and bipolar disorder”. The Applicant also states 
that significant affinity for D3, D2, and 5-HT1A receptors combined with partial agonist activity at 
these receptors mediates the desired effects of cariprazine in humans, and described several 
unique pharmacological effects of cariprazine to establish a distinction in the mechanism of 
action of cariprazine relative to other atypical antipsychotic drugs, which are summarized as 
follows:
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1. Cariprazine has the highest in vitro binding affinity and selectivity for D3 versus D2 receptor.
At antipsychotic-like effective doses, cariprazine occupies D3 and D2 receptors to a similar extent 
whereas other atypical antipsychotic display greater D2 versus D3 receptor occupancy.
2. Cariprazine causes an upregulation (up to ~2-fold) of both D2 and D3 receptors in the rat brain 
following 28-day oral administration in contrast to other antipsychotics, which upregulate D2 

without any effects on D3 receptors; therefore, cariprazine can modulate the activity of D3

receptors in vivo to a greater extent than other antipsychotics.
3. Cariprazine, similar to several atypical antipsychotics (risperidone, olanzapine and
quetiapine), upregulates 5-HT1A receptors in the cerebral cortex suggesting that 5-HT1A receptors 
are common targets of these agents. However, cariprazine also induces an upregulation (up to 
~2-fold) of 5-HT1A receptors in the hippocampal CA3 region. 

Moreover, according to the Applicant, “The affinity and degree of partial agonist activity of 
cariprazine at the human D2 receptors is comparable to that of aripiprazole, both displaying 
high affinity and low intrinsic activity at this receptor. These features are most likely responsible 
for the antipsychotic efficacy of both compounds observed in clinical trials. The degree of partial 
agonist activity of cariprazine at D3 receptors is also comparable to that of aripiprazole, 
although cariprazine shows greater potency and selectivity at D3 vs. D2 receptors in the in vitro 
functional assays as observed in the in vitro receptor binding assays”. Cariprazine, similar to 
aripiprazole, displays a high affinity for 5-HT2B and lower affinity for 5-HT1A receptors with 
antagonist and partial agonist activity, respectively, at these receptors. The Applicant also states 
that the 5-HT1A receptor partial agonist activity of cariprazine (and aripiprazole), “is believed to 
provide therapeutic benefits against the negative/depressive symptoms and cognitive deficits as 
well as anxiety”. Reviewer’s comment: For comparison, aripiprazole has high affinity for 
dopamine D2 and D3, and serotonin 5-HT1A and 5-HT2A receptors with Ki values of 0.34 nM, 0.8 
nM, 1.7 nM, and 3.4 nM, respectively; aripiprazole functions as a partial agonist at the dopamine 
D2 and the serotonin 5-HT1A receptors, and as an antagonist at serotonin 5-HT2A receptor (see
Abilify labeling and SBA). 

Based on review of the literature, the Applicant concluded that, “although, most of the clinically 
used antipsychotics display fairly high affinity for D3 receptors in vitro, they lack significant D3

receptor binding in vivo. They also do not occupy D3 receptors in schizophrenic patients at 
clinically-relevant doses, despite having significant and expected D2 receptor occupancy. The 
lack of in vivo D3 receptor occupancy of currently used antipsychotics may be due to their 
inability to displace endogenous DA from these sites; especially since DA has approximately 20-
fold higher affinity for D3 vs D2 receptors and D3 (but not D2) receptors exist predominantly in a 
high affinity state for DA”. Reviewer’s comment: Although cariprazine has ~7 fold higher 
binding affinity for dopamine D3 receptors relative to that for D2 receptors, several other 
approved atypical antipsychotics also have high affinity for D3 receptor, which is ~3-fold greater 
for D3 versus D2 receptor for asenapine (0.42 and 1.3 nM) and similar for both D3 and D2

receptor for risperidone (14 and 5.9 nM), ziprasidone (7.2 and 4.8 nM), paliperidone (6.4 and 4.8 
nM), aripipraziole (0.8 and 0.34 nM), and iloperidone (7.1 and 6.3 nM). Interestingly, the D3

receptor-mediated mechanism of action has not been described in the labeling for any of these 
drugs.
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In the original NDA submission, the Applicant stated:  “Although the function of 5-HT2B

receptors in the brain is poorly understood, several other atypical antipsychotics including 
olanzapine, clozapine, and risperidone have also been reported to display relatively high affinity 
for 5-HT2B receptors (Wainscott et al., 1996). Whether the 5-HT2B receptor antagonism of 
cariprazine (and aripiprazole), in addition to its D3, D2, and 5-HT1A affinities, contributes to its 
antipsychotic-like activity and side-effect profile is presently unclear”. However, in the 
resubmission, the Applicant included an antagonist activity at serotonin 5-HT2B receptors in the 
mechanism of action section of the labeling.

Functional activity of cariprazine. In vitro functional activity of cariprazine at the recombinant 
human D2 and D3 receptors was evaluated in both cell free and cell based systems. In the cell 
free systems, cariprazine displayed antagonism at both D2 and D3 receptors in [35S]GTPγS 
binding assays [antagonist potency (Kb value): D3 = 0.32 nM; D2 = 0.88 nM]. In cell based 
assays, cariprazine demonstrated partial agonist activity at both D2 and D3 receptors, with 
varying degrees of intrinsic activities. In CHO cells expressing human D3 receptors, cariprazine 
had partial agonist activity: it inhibited cAMP accumulation (EC50 = 4.8 nM) of 7-OH-DPAT 
and potently antagonized 7-OH-DPAT-induced suppression of cAMP formation (Kb = 0.27 nM).
Similarly, in murine A9 cells expressing human D2L receptors, cariprazine as partial agonist, 
stimulated inositol phosphate (IP) production (EC50 = 3.2 nM) and antagonized quinpirole-
induced IP accumulation (Kb = 0.6 nM). Cariprazine also showed partial agonist activity for 
inhibiting isoproterenol-induced cAMP accumulation in HEK293 cells expressing murine D2L 
receptor (EC50 = 1.39 nM). Cariprazine and aripiprazole displayed partial agonist activity for 
native rat hippocampal 5-HT1A receptors, when tested in the [35S]GTPγS binding assay, with 
comparable potencies (EC50 values: 50-90 nM and 80 nM, respectively). In the in vitro
functional assays using CHO cells expressing human 5-HT2A receptors both cariprazine and 
aripiprazole displayed antagonist activities inhibiting the DOI-induced IP formation with IC50

values of 403 nM and 55.2 nM, respectively.

Functional activity of cariprazine metabolites. Functional activity of cariprazine and its 
metabolites was compared in vitro. In the study RGD68960/E, cariprazine, DCAR, and DDCAR 
produced in vitro concentration-dependent Ca2+elevation (agonist activity) in recombinant 
murine cells (1/A9/49), with the following EC50 values: 2.04±1.91 nM for cariprazine, 497±1003 
nM for DCAR, and 3.12±48.0 nM for DDCAR, similarly to the reference compound quinpirole 
(full agonist at dopamine D2 receptors; EC50 7.9±0.15 nM). Cariprazine, DCAR, and DDCAR 
also inhibited the rise of Ca2+ induced by 30 nM quinpirole (antagonist effects), with the 
following IC50 values: 760±234 nM for cariprazine, 4110±1469 nM for DCAR, and 82.6±20.2
nM for DDCAR.Therefore, cariprazine and the metabolites demonstrated in vitro both agonist 
and antagonist functional activity. These data confirm their “partial agonist” activity at dopamine 
D2 receptors; therefore, their functional activity profile can be considered “similar”, although 
their potency (EC50 and IC50) in this study was somewhat different. 

In the study RGD68690/E, effects of cariprazine (RGH-188), DDCAR (70004212) and reference 
agonists on the 10 μM forskolin-induced cAMP accumulation were examined in vitro in CHO 
cells expressing human D3 receptors. The inhibition produced by cariprazine and DDCAR, 
however, was partial, with the Amax value for DDCAR of 82.3 ± 9.7 relative to the full agonist 
7-OH-DPAT. Reversal (antagonist) effect of cariprazine, DDCAR and reference antagonists on 
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the 100 nM 7-OH-DPAT-induced inhibition of forskolin-stimulated cAMP accumulation was 
also examined in these cells. Results demonstrated that cariprazine and DDCAR have both 
partial agonist and antagonist activity on CHO cells; therefore, their in vitro profile shows 
functional similarity. However, DDCAR proved to be somewhat less potent than cariprazine as 
partial agonist and more potent as antagonist based on IC50 values. These data are summarized in 
the following Applicant’s tables:

Studies in vivo
According to the Applicant, the in vivo studies described below provide experimental evidence 
for the assumption that therapeutic action of cariprazine is primarily mediated by a partial 
agonist activity at central dopamine D3 and D2 receptors and – to a lesser extent – by serotonin 5-
HT1A receptors.

Occupancy of brain dopamine and serotonin receptors. The ability of cariprazine to occupy 
rodent brain D2 and D3 receptors in vivo was tested in rodents using the D3 receptor-preferring 
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agonist radioligand, [3H](+)-PHNO. Acute treatment with cariprazine inhibited binding of 
[3H](+)-PHNO in the D3 receptor-rich lobules 9 and 10 of the cerebellum as well as in the D2

receptor-rich striatum with similar ED50 values of 0.4 and 0.2 mg/kg, respectively. Aripiprazole 
displayed a different profile than cariprazine. It was active in the striatum but showed low 
activity in the cerebellum. Other clinically used antipsychotics also were found to possess higher 
potencies (~5-20-fold) to inhibit striatal versus cerebellar [3H](+)PHNO binding in the rat brain, 
indicating their higher preference to occupy D2 receptors as compared to D3 receptors under in 
vivo conditions. However, the mouse brain proved to be more difficult to distinguish D3 from D2

receptor binding as compared to the rat, since no significant binding signal was observed in the
same cerebellum region in the mouse.

PET imaging study was conducted to examine the brain occupancy of D2/D3 receptors by 
cariprazine in vivo in Cynomolgus monkey. Two radioligands were used: [11C]MNPA, a 
selective D2 receptor agonist, and [11C] raclopride, a non-selective D2/D3 receptor antagonist. 
The occupancy of 5-HT1A receptors was also examined using [11C]WAY-100635, a selective 5-
HT1A receptor antagonist. Administration of cariprazine at 30 μg/kg i.v. induced higher striatal 
D2 receptor occupancy of ~90%, irrespective of the radioligand used, compared to only 21% for 
5-HT1A receptor in the raphe nuclei. Direct in vivo binding of cariprazine to brain D2/D3

receptors was also evaluated using [11C]cariprazine PET ligand in Cynomolgus monkey. This 
radioligand was found to bind to D2/D3 rich regions in the primate brain and binding could be 
blocked by unlabeled D2/D3 receptor ligands. Therefore, cariprazine is CNS penetrable in
nonhuman primate and able to occupy brain D2/D3 receptors.

In the neurochemical studies in vivo, like many other dopamine D2 receptor antagonists, 
cariprazine increased the brain dopamine turnover (DOPAC+HVA)/DA ratio) in rodent striatum, 
olfactory tubercles (limbic region) and frontal cortex, consistent with its postsynaptic D2 receptor 
antagonist properties. Moreover, cariprazine behaves as a partial agonist when the dopaminergic 
tone is low (in reserpine model) but shows antagonist activity when the dopamine tone is high 
(antagonism of effect of apomorphine in the GBL model).

Antipsychotic-like activity of cariprazine in electrophysiological and behavioral animal models.
Administration of cariprazine to anesthetized rats p.o. at 0.1-1 mg/kg for 21 days in the 
electrophysiological screening model for antipsychotics, dose-dependently decreased the number 
of spontaneously firing DA neurons in the VTA (A10 DA cell bodies) known to correlate with 
antipsychotic efficacy, without affecting firing of the substantia nigra compacta neurons (A9 DA 
cell bodies) known to correlate with EPS. The efficacy of cariprazine in this model was 
comparable to that of haloperidol and greater than that reported for aripiprazole. In standard 
behavioral models detecting dopamine D2 receptor antagonist activity in vivo, oral administration 
of cariprazine inhibited apomorphine-induced climbing in mice and hyperactivity in rats, and 
reversed amphetamine-induced hypermotility in rats with the ED50 ranging from 0.12 to 0.27 
mg/kg. Cariprazine, like aripiprazole, reversed apomorphine-induced deficits in prepulse 
inhibition (PPI) in rats at 0.3-1 mg/kg (but failed to reverse MK-801-induced PPI deficits) and 
inhibited conditioned avoidance response in rats (ED50: 0.84 mg/kg). The potency of cariprazine 
in these models was similar to that of risperidone and 4-10-fold greater than that of olanzapine 
and aripiprazole. In addition, cariprazine inhibited the hyperlocomotion caused by PCP in rats (in 
the dose range of 0.05-0.8 mg/kg) and MK-801 in mice (ED50: 0.049 mg/kg). Cariprazine
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reversed cognitive and social deficits induced by PCP in rodents in models of working memory 
(T-maze test in mice and novel object recognition test in rats), executive function (attentional set 
shifting test in mice and reversal learning test in rats) and social behaviors (social interaction test 
in mice and rats) with the effective dose range in mice from 0.005 to 0.02 mg/kg i.p. and in rats 
from 0.05 to 0.25 mg/kg p.o. The potency of aripiprazole, when it was evaluated in parallel, was 
at least 20-fold lower than that displayed by cariprazine. However, in the dopamine D3 receptor 
knockout mice, cariprazine failed to reverse PCP-induced cognitive deficits in working memory, 
attentional set shifting test, and social memory tests in contrast to aripiprazole, which inhibited 
the PCP-induced cognitive deficit in both the wild-type and D3 receptor knockout mice. The 
Applicant concluded that cariprazine, unlike aripiprazole, mediates its cognitive effects via
dopamine D3 receptors. Similar to other antipsychotics, cariprazine inhibited spontaneous 
locomotor activity in rats (ED50 was 0.18 mg/kg for horizontal activity and 0.14 mg/kg for 
rearing) and mice (ED50 value was ~0.1 mg/kg p.o. for inhibition of both horizontal activity and 
rearing) following oral administration.

In animal models of antimanic-like potential, cariprazine activity was comparable to that of 
mood stabilizers and its potency was within the same range as an antipsychotic-like efficacy in 
other models. In the ouabain-induced hyperactivity model in rats, cariprazine decreased ouabain-
induced hyperactivity (similar to lithium). In the amphetamine/chlordiazepoxide-induced 
hyperactivity model in mice, cariprazine reduced this hyperactivity (similar to valproate).

Cognitive effects of cariprazine were examined in animal models of cholinergic deficits. 
Cariprazine tested at a single dose of 0.1 mg/kg p.o. significantly improved the scopolamine-
induced learning impairment in the rat Morris water-maze test. In addition, in the rat water-
labyrinth learning paradigm, cariprazine at 0.02-0.075 mg/kg p.o. significantly improved the 
performance of rats, impaired by pretreatment with scopolamine (3 mg/kg i.p.), by reversing the 
scopolamine induced amnesia (unlike other antipsychotics: olanzapine, risperidone and 
aripiprazole). The Applicant proposed that the efficacy of cariprazine in these models could be 
related to its D3 receptor activity since selective D3 receptor antagonists have demonstrated 
cognitive-enhancing potential.

Antidepressant-like effects: In addition, cariprazine demonstrated antianhedonia/antidepressant-
like activity in the rat model of chronic mild stress (CMS)-induced anhedonia/depression with a 
similar magnitude to that produced by marketed antidepressants and with greater potency than 
that of aripiprazole. In addition, effects of cariprazine in the chronic unpredictable stress (CUS)
model were evaluated in D3 receptor knockout mice, in comparison with wild type litter mates. 
CUS induces an anhedonic-like state in mice reflected by decreased sucrose consumption. In 
wild type mice, similar to the rat CMS model, chronic treatment with cariprazine (0.2 mg/kg i.p., 
21 days b.i.d) showed antidepressant/antianhedonia-like activity by reversing CUS-induced 
reduction in sucrose drinking. In contrast, cariprazine treatment did not reverse the effects of 
CUS on sucrose consumption in D3 receptor knockout mice, suggesting that D3 receptors may be
required for activation of cariprazine-dependent antidepressant/antianhedonia-like effects.

The potential role of dopamine D3 and 5-HT2B receptor in schizophrenia
In section 12.1 of the label (Mechanism of Action) submitted in 2012 (the original NDA 
submission) the Applicant proposed  
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did not reveal any difference and no correlations were found between the BPND and positive and 
negative syndrome scale subscales. The authors concluded that these results do not find support 
for the hypothesis linking psychosis to a selective increase in D2 high and/or D3 in schizophrenia. 
It is also possible that receptors with high affinity are not accessible by [11C]-(+)-PHNO because 
they are occupied by dopamine (Graff-Guerrero A., et al., Neuropsychopharmacology, 2009).
Therefore, further studies are needed to demonstrate a role of the D3 receptor in schizophrenia.

Recently the Applicant submitted a protocol for the clinical Study RGH-PK-17 entitled “A Study 
to Characterize the Dopamine D3 and D2 Receptor Occupancy in Various Regions of the Brain 
After a Single Oral Dose of Cariprazine or Aripiprazole in Healthy Adult Subjects Using 
Positron Emission Tomography with the D3/D2 Receptor Ligand [11C]-(+)-PHNO” to investigate 
a role of dopamine receptors in human brain. However, this study has not been initiated at the 
time of completion of this review.

4.2 Secondary Pharmacology

The Applicant proposed an involvement of dopamine D3 receptors in the therapeutic activity of 
cariprazine. Dopamine D3 receptors have been implicated in drug addiction and selective D3-
receptor antagonists were considered for the treatment of drug abuse. Cariprazine was 
investigated by the Applicant in cocaine self-administration paradigms in rats, in comparison 
with aripiprazole. These studies were reviewed by the Controlled Substances Staff (CSS). 
According to CSS, the self-administration studies conducted with cariprazine do not evaluate 
whether cariprazine produces rewarding properties indicative of abuse potential. CSS also 
concluded that, although the receptor binding and self-administration studies provide information 
about effects of cariprazine, they are not designed to evaluate the drug for abuse potential. Thus, 
CSS could not make conclusion regarding the abuse potential of cariprazine (see CSS review 
dated August 13, 2013).

Some behavioral data suggested the involvement of the dopamine D3 receptor in experimental 
anxiety states. Cariprazine was evaluated via the Vogel test, a punishment-based conflict 
procedure used for the identification and characterization of anxiolytic agents. 
A brief summary of the studies, as presented by the Applicant, is provided below.

Assessment of the relapse preventing potential of cariprazine in a cue-induced reinstatement of 
cocaine-seeking behavior (Study RGD 71976/E, 2010). The effect of cariprazine on cue-induced 
relapse to cocaine self-administration was studied in rats. Cariprazine given in doses of 0.1, 0.17 
and 0.3 mg/kg dose-dependently attenuated cocaine-seeking in abstinent animals with an ID50

value of 0.2 mg/kg p.o. The Applicant concluded that cariprazine effectively decreased cocaine-
seeking behavior potentially by reducing the reward value of cocaine and indicating that this 
compound may possess some antiabuse potential. The reference dopamine D2/D3 receptor partial 
agonist aripiprazole given at doses of 1, 3, and 10 mg/kg produced a dose-dependent attenuation 
of the same behavior with an ID50 value of 4 mg/kg p.o. 

Effects of cariprazine (RGH-188) on cocaine self administration in rats (Study RGD 74326/E, 
2010). Cariprazine dose-dependently and dose-proportionally increased cocaine self-
administration in the dose range of 0.03-1 mg/kg p.o. reaching significance at the dose of 0.17 
mg/kg, when administered to rats in a continuous cocaine self-administration regimen. This 
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effect was similar to that of haloperidol and aripiprazole. According to the Applicant, antagonists 
of the dopamine D2 receptors decrease the reward value of cocaine and thereby produce a 
compensatory increase in the cocaine-intake. Thus, cariprazine behaves pharmacologically in 
this study as a dopamine D2 receptor antagonist. These results, according to the Applicant,
suggest that cariprazine most likely does not have an abuse potential.

Punished drinking (Vogel) tests in rats (Study RGD 74327/E, 2011 and RGD 74666/E, 2011). 
These studies were conducted to determine whether cariprazine induces anxiolytic-like effects in 
the punished drinking test in rats. Cariprazine showed significant but non dose-dependent 
anxiolytic-like effects in the dose range of 0.2-1.6 mg/kg. Moreover, the DDCAR, like its parent 
drug, showed significant anxiolytic-like effect in the dose range of 0.2-3.2 mg/kg with a peak 
effect at 0.4 mg/kg. The minimum effective dose (MED) was found to be 0.2 mg/kg.

Effect of cariprazine (RGH-188) on foot shock-induced ultrasonic vocalization in the adult rat
(Study RGD 74328/E, 2011). The anxiolytic effect of cariprazine was investigated in the foot 
shock induced ultrasonic vocalization (USV) paradigm. The test is based on adult rats emitting 
22 kHz ultrasonic sounds in stressful conditions. Duration of USV can be reduced by anxiolytics. 
Cariprazine dose-dependently decreased USV with an ED50 value of 0.26 mg/kg. In contrast, the 
typical antipsychotic, haloperidol increased USV. These data suggest that the USV reducing 
effect of cariprazine resulted from its anxiolytic-like properties, not from sedation. Moreover, the 
effect of DDCAR in the Vogel test was measured in rats. DDCAR, like its parent compound, 
showed significant anxiolytic-like effects in the dose range of 0.2-3.2 mg/kg with a peak effect at 
0.4 mg/kg. 

4.3 Safety Pharmacology

Numerous safety pharmacology studies have been previously reviewed; a brief summary of these 
studies is provided. Studies that have not been previously reviewed are reviewed below in detail.

Central nervous system (CNS) 
Irvin tests: Cariprazine was investigated in two Irwin tests in Sprague-Dawley (SD) and Wistar 
rats after oral administration. Significant gross behavioral and physiological changes, 
characteristic of the CNS depression, including abnormal gait and decreases in motor activity, 
startle response, body tone, grip strength and several reflexes were observed during the 24 h 
post-dose period in SD rats administered single dose of cariprazine at 0.5, 2.5, and 12.5 mg/kg. A 
NOAEL for the effects was not established under the conditions of this study. However, 
cariprazine did not induce any CNS effects over the dose range 0.025 – 0.4 mg/kg in Wistar rats. 
The only dose showing clear, but reversible, effects was 0.8 mg/kg (the highest dose tested), 
which induced weak CNS depressant effects. Therefore, the NOAEL for the effects on the CNS 
was 0.4 mg/kg in rats in this study (HED: 3.9 mg/day based on a body surface area, assuming 60 
kg human) (see pharmacology/toxicology review dated August 15, 2005). Therefore, for the 
CNS adverse effects observed in rats in these studies, there is no safety margin for administration 
of cariprazine to humans at the MRHD of 6 mg/day.

Pro- and anticonvulsant potential: Cariprazine was evaluated in the pentylenetetrazol (PTZ) 
seizure test in male Wistar rats (non-GLP Study 05.551/2, 2006). Oral administration at 0.25, 
0.5, and 2.5 mg/kg to 15 animals/dose 60 min before the PTZ administration at 75 mg/kg s.c. did 
not affect the latency to clonic convulsions, the number of clonic or tonic convulsions or the 
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number of deaths, relative to the vehicle control. The reference proconvulsant Ro 15-4513 (16
mg/kg p.o.) administered 60 min prior to the PTZ test significantly increased the number of tonic 
convulsions and the number of deaths, relative to the vehicle control. The reference 
anticonvulsant diazepam (16 mg/kg p.o.) administered also 60 min prior to the PTZ abolished 
clonic and tonic convulsions and the number of deaths. These results indicate the absence of pro-
and anticonvulsant effects for cariprazine up to the highest tested dose tested of 2.5 mg/kg p.o. 
(HED: 24 mg/day based on a body surface area, assuming 60 kg human)

Hexobarbital-induced sleep time test: Cariprazine was evaluated for sedative activity by testing 
its effect in potentiating the hexobarbital-induced sleep time in CD-1 mice (non-GLP Study 
1067696-ADD, 2006). Sodium hexobarbital (90 mg/kg i.p.) was administered to CD-1 mice 
(10/dose) for 60 minutes following administration of cariprazine at 0.8, 1.5, and 3 mg/kg p.o. 
Sleep time was measured in each animal as the duration of the loss of the righting reflex. 
Cariprazine did not significantly potentiate the hexobarbital-induced sleep time at any of the 
doses tested relative to the vehicle control. The positive control, chlordiazepoxide (10 mg/kg 
p.o.), produced a significant potentiation of the hexobarbital sleep time. These results indicate 
that cariprazine has no significant effects on hexobarbital-induced sleep time up to the highest 
tested dose of 3 mg/kg (HED: 14.6 mg/day based on body surface area, assuming 60 kg human)

Motor coordination test: Cariprazine was tested for potential effects on motor coordination in 
male Wistar rats in the rotarod test (GLP Study 05.553/4, 2007). Cariprazine administered orally 
at 0.25, 0.5, and 2.5 mg/kg 60 minutes prior to the test, dose-dependently decreased (–27%, –
59% and –63%, respectively) the drop-off time relative to the vehicle control. The effect was 
statistically significant (p < 0.001) in the 0.5 and 2.5 mg/kg groups. The positive control, 
diazepam (8 mg/kg p.o.) significantly decreased (–68%, p < 0.001) the drop-off time relative to 
vehicle controls. These results suggest that cariprazine impairs motor coordination in the rat at 
all dose levels tested, including the lowest dose tested of 0.25 mg/kg (HED: 2.4 mg/day based on 
a body surface area, assuming 60 kg human).

Cataleptogenic activity of cariprazine and the metabolite DDCAR: Induction of catalepsy is a 
standard preclinical test used to predict the extrapyramidal motor side-effect liability of 
antipsychotic drugs. The cataleptogenic activity of cariprazine and/or DDCAR was investigated 
in Wistar rats in six separate non-GLP studies. In the Study RGD 62002/E (2004), cariprazine 
was administered orally to rats at 12 and 85 mg/kg; the effect of the compound was assessed up 
to 5 hours and at 24 hours post-treatment and compared with that of reference antipsychotic 
drugs (aripiprazole, olanzapine, and risperidone). Cariprazine did not show catalepsy in rats at 
doses up to 85 mg/kg p.o. (HED: 823 mg/day based on body surface area, assuming 60 kg 
human), which is a 100-fold dose of its ED50 in the conditioned avoidance response test. In 
contrast, all reference antipsychotics produced catalepsy with the minimum effective doses 
(MED) of 160, 40, and 6 mg/kg for aripiprazole, olanzapine, and risperidone, respectively, which 
were 7-40-fold their antipsychotic-like potency in conditioned avoidance response test. 
Moreover, cariprazine administered at doses 0.5, 1, and 2 mg/kg dose-dependently inhibited 
haloperidol (3 mg/kg i.p.)-induced catalepsy in rats (Study RGD 74291/E, 2011). On the other 
hand, risperidone at 0.3, 1, and 3 mg/kg (Study RGD 74290/E, 2011) and aripiprazole at 19, 20, 
and 40 mg/kg (Study RGD 74289/E, 2011) did not inhibit haloperidol (1-3 mg/kg i.v.)-induced 
catalepsy. These data indicate that cariprazine has lower cataleptogenic activity in rats as 
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compared to the reference atypical antipsychotics under conditions of these studies. The 
metabolite DDCAR did not show any cataleptic effect at the dose of 100 mg/kg in rats (Study 
RGD: 74493/E, 2011). In terms of the ratios of cataleptogenic and antipsychotic doses, DDCAR 
showed approximately 140-fold and 45-fold separation compared to its inhibitory potency on 
amphetamine-induced hypermotility (Study RGD: 74489/E, 2011) and conditioned avoidance 
response (Study RGD: 74492/E, 2011), respectively. Similarly to cariprazine, DDCAR appears 
to lack cataleptogenic potential under the conditions of this study. DDCAR administered at oral 
doses of 4, 8 and 16 mg/kg, 60 minutes before haloperidol treatment (1 mg/kg, i.p.) dose-
dependently inhibited haloperidol-induced catalepsy with the MED of 8 mg/kg. Therefore, 
DDCAR was 4-fold less potent than cariprazine in reducing the cataleptic effect of haloperidol 
(Study RGD: 74493/E, 2011).

Cardiovascular system
In vitro studies: Effects of cariprazine and its metabolites, DCAR and DDCAR, on hERG tail 
current, recorded from HEK293 cells stably transfected with hERG cDNA, were investigated 
using standard patch clamp procedures. The estimated IC50 values for inhibition of hERG tail 
current were 3.4, 3.6, and 3.5 µM for cariprazine, DCAR, and DDCAR, respectively. 
Cariprazine had no overt effects on any of the parameters investigated at any concentrations 
studied in the isolated dog cardiac Purkinje fibers and did not prolong the QT or QTc intervals in 
the Langendorff isolated rabbit heart preparation. In vivo studies: Cardiovascular evaluation in 
the anesthetized dog following i.v. infusion of cariprazine had marked dose- and plasma 
concentration-dependent depressant effects on the heart rate, contractility, and mean blood 
pressure. The reduction in femoral artery resistance indicates that peripheral vasodilatation may 
have been involved in the lowering of blood pressure. However, according to the Applicant, a 
direct depressant effect on the heart was also apparent. Cariprazine did not have any major overt 
effect on the ECG and was considered devoid of effects on QTc under conditions of this study. 
In another study conducted in conscious dogs monitored by telemetry, the administration of 
cariprazine at 0.3, 1, and 3 mg/kg had variable effects on blood pressure and a clearly test article-
related change could not be established. Cariprazine caused a dose-related tendency towards an 
increase in heart rate with a long-lasting and significant increase at the highest dose of 3 mg/kg 
but had no noteworthy effects on the PR, QRS, and QTc intervals of the ECG. In the subsequent 
studies of ECG and blood pressure in conscious dogs, orally administered cariprazine was devoid 
of arrythmogenic risks associated with delayed repolarization and had no clinically significant 
effect on blood pressure in conscious dogs. It is unclear why the effects on heart rate differ from 
those in the previous studies. In conscious normotensive male Wistar rats implanted with a radio-
telemetry transducer, cariprazine at the oral dose of 1 mg/kg is devoid of effects on the blood 
pressure, heart rate, or body temperature in rats (see pharmacology/toxicology review dated 
August 15, 2005).

Contribution of 5-HTlA (partial) agonism to the cardiovascular depressor effects of cariprazine.
The contribution of 5-HTlA (partial) agonism to the blood pressure (BP) and heart rate (HR) 
depressant effects of cariprazine observed in other studies in anaesthetized animals was 
investigated in pentobarbital anaesthetized rats. The effects of cariprazine were compared to 
those of a selective 5-HT1A agonist 8-0H-DPAT and their antagonism by WAY-I00635, a 
selective 5-HT1A antagonist, was also studied (non GLP Study RGD 65061/E, 2006). Cariprazine 
at 0.1, 0.3, 0.5, and 1 mg/kg depressed both BP and HR. The effects were dose dependent at 0.1 
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and 0.3 mg/kg but no further increase of the effect was seen at the dose increments of 0.5 and 1 
mg/kg. At the higher doses, the decrease in BP (-30 mmHg) was comparable to that with 10 
µg/kg 8-0H-DPAT. However, the cariprazine induced decrease in HR was much more 
pronounced, i.e. -90 to -100 beats/min, than that caused by 8-0H-DPAT (-50 beats/min). 
Subsequent administration of 0.1 mg/kg WAY-100635 caused a complete or almost complete 
reversal of the effect of cariprazine on BP and HR in all dose groups. These data indicate that the 
sustained BP depressant effect of cariprazine is mediated by its agonist (or partial agonist) effect 
at 5-HT1A receptors, whereas its depressant effect on the HR is only partly mediated by 5-HT1A

receptor agonism, suggesting that other, yet unrevealed, mechanism(s) may also be involved.

Respiratory system   
Effects of cariprazine on respiration rate and tidal volume were investigated in rats following 
oral administration at 0.5, 2.5, and 12.5 mg/kg in a whole body plethysmography study. 
Cariprazine at all dose levels had a significant effect on respiration in rats causing 
hypoventylation by decreasing the respiration rate and caused marked depression in the 
respiration rate without effect on tidal volume at 12.5 mg/kg (for 0.5 mg/kg and 12.5 mg/kg, the 
HED is 4.8 and 121 mg/day, respectively, based on body surface area, assuming a 60 kg human) 
(see pharmacology/toxicology review dated August 15, 2005).

Gastrointestinal system
Cariprazine had no effects on the charcoal propulsion at doses of 0.5 and 2.5 mg/kg. However, a 
slight (21%) statistically non-significant decrease of propulsion distance was observed at 12.5 
mg/kg (see pharmacology/toxicology review dated August 15, 2005). The effects of cariprazine 
on gastric acid secretion were examined in male Wistar rats following oral administration at 
0.25, 0.5 and 2.5 mg/kg (non GLP Study 05.555/2, 2006). Sixty minutes later, pylorus was tied 
and gastric fluid volume and acidity were measured 4 hours later. Atropine sulfate was used as a 
reference substance. Cariprazine had no statistically significant effects on gastric fluid volume, 
gastric fluid pH, and acidity relative to the vehicle control. A tendency towards a slight dose-
dependent decrease in gastric fluid volume was observed, but the effect did not reach statistical 
significance. Atropine sulfate (12 mg/kg p.o.) significantly reduced gastric fluid volume relative 
to vehicle control and increased gastric fluid pH. Subsequently, atropine significantly decreased 
acidity. These results suggest that, in the male rats, cariprazine had no substantial effects on 
gastric acid secretion in the dose range tested 0.25 - 2.5 mg/kg p.o. (2.5 mg/kg: HED is 24 
mg/day based on a body surface area, assuming a 60 kg human).

The ulcerogenic effects of cariprazine were examined in male Wistar rats following oral 
administration at 0.25, 0.5, and 2.5 mg/kg once daily for 1 day (acute treatment) or for 4 days 
(subchronic treatment) (non GLP Study 05.554/2, 2006). Six hours after administration on Day 1 
or Day 4, the stomach and the duodenum were removed and scored for irritation or ulcers. 
Indomethacin (12 mg/kg p.o.), used as a reference substance, caused the occurrence of gastric 
and duodenal ulcers. Cariprazine had no ulcerogenic effects in both the stomach and duodenum 
following 1 or 4-day administration up to the highest dose tested of 2.5 mg/kg (HED is 24 
mg/day based on body surface area, assuming a 60 kg human).

Endocrine system
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Cariprazine was evaluated for effects on serum prolactin levels in Wistar rats (8/sex/group) 
following administration of a single oral dose of 0, 0.5, and 5 mg/kg (GLP Study p041454, 
2005). Doses were selected based on results of the previously conducted 28-day toxicity study, 
where pathological changes were observed in the uterus, ovaries, vagina, and mammary glands 
of female rats administered cariprazine at a dose of 0.5 mg/kg. Female rats were in estrus for two 
days before dosing and in diestrus on the day of administration. Blood was collected at 2 hours 
after administration (around Tmax). There was no obvious difference in the prolactin levels 
between males and females (in diestrus) in the control groups, indicating no sex difference in the 
serum prolactin levels. The mean group serum prolactin levels increased significantly in 
cariprazine male groups (14- and 19-fold at 0.5 and 5 mg/kg, respectively) and female groups 
(160-fold and 85-fold at 0.5 and 5 mg/kg, respectively), relative to control group levels (see 
Applicant’s figure below). These results indicate that the low cariprazine dose of 0.5 mg/kg 
administered to rats would be enough to induce hyperprolactinemia in both sexes, and increases 
of serum prolactin levels in the female rats were higher than those in the males (HED: 14.6 
mg/day based on body surface area, assuming a 60 kg human).

Renal effects
The effect of cariprazine on diuresis and urinary electrolyte excretion was examined in the male 
Wistar rat following oral administration at 0.25, 0.5, and 2.5 mg/kg (non-GLP Study 05.556/3, 
2006). Urine was collected over a 6-hour period following administration. Furosemide (32 mg/kg 
p.o.) was used as a reference substance. Cariprazine had no statistically significant effects on 
urinary volume, urinary pH, and creatinine excretion as compared with the vehicle control group 
(distilled water). Slight variation in sodium excretion of no biological significance and a slight 
increase in potassium excretion were noted. Furosemide significantly increased the urinary 
volume, sodium and potassium excretion and had no significant effects on creatinine excretion
and urinary pH. These results suggest that cariprazine had no substantial effects on diuresis and 
urinary electrolytes excretion in the dose range tested from 0.25 to 2.5 mg/kg, although a slight 
increase of potassium excretion was observed (2.5 mg/kg: HED is 24 mg/day based on body 
surface area, assuming 60 kg human).
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5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

Absorption:
Single-dose studies: Single dose PK studies were conducted following administrations of [14C]
cariprazine or cariprazine to Wistar rats (i.v.: 1 mg/kg and p.o.: 1 or 3 mg/kg) and Beagle dogs
(i.v.: 0.1 mg/kg and p.o.: 0.25 or 1 mg/kg). Absorption of cariprazine was rapid in both species. 
After p.o. administration, the Tmax values were in the range of 0.5-1 hour for rats and 1-4 hours 
for dogs. The T1/2 values were in the range of 2-4 hours for rats and 4-9 hours for dogs. The Tmax

and T1/2 did not differ significantly between male and female rats or dogs. The absolute oral
bioavailability was 52 and 63% in male and female rats, respectively, and 80 and 64% in male 
and female dogs, respectively. Bioavailability of cariprazine in humans is unknown. 
Approximately 65% of the dose was absorbed after oral administration of 12.5 mg cariprazine in 
the mass balance study (see Dr. Huixia Zhang’s review of the IND 71958 dated 6/7/2010). In a 
study conducted in dogs to determine effects of food on the oral absorption of cariprazine
capsules, food ingestion had no major effects on PK parameters. The median Tmax was 2 and 1.5 
hours under the fasted and fed condition, respectively. The mean T1/2 was 4.1 and 3.9 hours 
under the fasted and fed condition, respectively.

Metabolites: Plasma concentrations of the two active metabolites of cariprazine, desmethyl 
cariprazine (DCAR) and didesmethyl cariprazine (DDCAR), were investigated in rats and dogs 
following administration of a single oral dose of cariprazine. The exposure (AUC0-last) to DCAR 
was greater in dogs than in rats (dogs: 31% and 47% of cariprazine AUC0-tlast in males and 
females, respectively; rats: 14% and 6% of cariprazine AUC0-tlast in males and females, 
respectively). The Tmax and T½ of DCAR were similar to that of cariprazine in both species (Tmax: 
1-2 hours in rats and dogs; T1/2: ~3 hours in rats and 4-7 hours in dogs). The exposure to 
DDCAR was also greater in dogs than in rats (rats: ~2-4% of cariprazine AUC0-t; dogs: ~1.2-
fold of cariprazine AUC0-t last). The Tmax of DDCAR (6 hours in rats and 8-12 hours in dogs) was 
greater than that of cariprazine (0.5-1 hour for rats and 1-4 hours for dogs). The T1/2 of DDCAR 
in dogs (12-35 hours) was longer than that of cariprazine (4-9 hours for dogs); it was not 
estimated in rats. Following both oral and i.v. administration of [14 C] cariprazine, the long T1/2 of 
total radioactivity (17-18 hours) and the extended recovery of radioactivity in excreta are 
indicative of tissue retention, most likely retention of the metabolites.

Repeat-dose studies: Oral administration of multiple doses of cariprazine to mice, rats, dogs, and 
monkeys, demonstrated generally greater accumulation of DDCAR than cariprazine or DCAR. 
In the 6-month study conducted in Wistar rats and the 1-year study conducted in Beagle dogs, 
plasma concentrations of cariprazine, DCAR, and DDCAR were generally higher at the end of 
the administration period (Days 180 and 360, respectively) than on Day 1, indicating some 
accumulation. For example, following 1-year administration of cariprazine to dogs, the mean 
AUC0-24h ratios (Day 360 vs. Day 1) for cariprazine, DCAR, and DDCAR were 1.5, 1.6, and 2.0,
respectively. In the 14-day study conducted in Cynomologus monkeys, TK analysis showed no 
accumulation of cariprazine, minimal (1.2-fold) accumulation of DCAR, and 2-fold 
accumulation of DDCAR (see review of the repeat-dose toxicity studies for more information).

Distribution:
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Mean concentrations of radioactivity are shown in the following Applicant’s table. The 
concentration of total radioactivity is expressed in terms of the amount of cariprazine free base 
per unit of weight (ng equivalent of cariprazine free base/g).

Table 2 continued

     
              

Table 2 continued
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Mean tissue to blood ratios of total radioactivity in pigmented male Long Evans rats are shown 
in the following Applicant’s table.
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Table 3 continued
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Brain penetration: Brain penetration of cariprazine and DDCAR was evaluated in Wistar rats 
following oral administration of cariprazine (1 or 10 mg/kg) or DDCAR (0.934 or 3 mg/kg). 
Cariprazine and DDCAR readily crossed the blood-brain barrier in rats following oral
administration of cariprazine or DDCAR. The data summarized in the Applicants table below
show that the brain-to-plasma AUC ratios of cariprazine and DDCAR following administration 
of cariprazine ranged from 7.6 to 10.9 and 9.6 to 10.9, respectively, while the brain-to-plasma 
AUC ratio of DDCAR following oral administration of DDCAR ranged from 3.8 to 5.3. 
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Note: Dose of cariprazine in study KUT9913 was 10 mg/kg (not 1 mg/kg, as shown in the 
Applicant’s table above) based on the original report (see figure from the report below):

In another study, extracellular levels of cariprazine in the prefrontal cortex and the striatum,
brain regions relevant to the in vivo effects of the drug, were estimated using a dual-probe 
microdialysis following intragastric administration of cariprazine at 1 mg/kg to awake, freely 
moving Wistar rats. Cariprazine appeared in the extracellular space 80 min after administration 
and was uniformly distributed in the brain. The extracellular concentration of cariprazine peaked 
at about 4 hours in both regions studied and remained elevated for at least 5 hours post-dose, 
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then declined below the limit of quantification by 7–11 hours post-dose. The concentration of 
unbound cariprazine in the extracellular space of brain tissue was in the range of 1.13-4.25 
ng/mL (2.64-9.94 nM). The PK parameters of cariprazine were similar in both regions. However, 
the metabolite DDCAR could not be detected in any regions examined. Therfore, the conducting 
laboratory attributed the acute pharmacological effects mainly to cariprazine, and concluded that 
DDCAR plays only a minor, if any, role in pharmacological effects. The long-lasting
pharmacological effect of cariprazine can be explained by the sustained elevated brain 
extracellular concentration of this drug.

Protein binding and blood cell binding: In vitro protein binding of [14C] cariprazine to plasma 
proteins was high (approximately 96%) in the rat, dog, and human plasma, with no apparent
difference in the extent of binding between genders or species; the binding was concentration 
independent over the range of 100 to 1000 ng/mL of cariprazine. The binding of [14C] 
cariprazine to blood cells was moderate at approximately 30% for human blood and 45% for rat 
and dog blood and was independent of gender and cariprazine concentration.

In vitro protein binding of cariprazine, DCAR, and DDCAR in human plasma was also evaluated 
at lower concentration ranges. At 20, 50, and 100 ng/mL of cariprazine, human plasma protein 
binding of cariprazine was 96.3 to 96.9%; at 10, 25, and 50 ng/mL of DCAR, human plasma 
protein binding of DCAR was 93.8 to 96.1%; and at 15, 60, 150, and 300 ng/mL of DDCAR, 
human plasma protein binding of DDCAR was 91.5 to 93.5%.

Metabolism
Among all identified cariprazine metabolites, desmethyl cariprazine (DCAR) and didesmethyl 
cariprazine (DDCAR) are the two active metabolites based on similar in vitro receptor binding 
and pharmacological functional activity profiles as the parent drug so that the total amount of all 
three is most relevant to clinical effects. This is referred to as “total cariprazine” in the drug 
label. In humans, cariprazine, DCAR, and DDCAR represent at steady state approximately 23%, 
7%, and 70% of the total systemic exposure based on population PK data submitted on 
November 19, 2012 (report RGH-MS-01). Based on new human PK data included in the 
December 17, 2014 resubmission (Study A002-A11), cariprazine, DCAR, and DDCAR  
represent at steady state approximately 28%, 9%, and 63% of the total systemic exposure 
observed at the proposed maximum recommended human dose (MRHD) of 6 mg/day.

Metabolism studies have been previously reviewed; a brief summary of these studies is provided. 
(see Pharmacology/Toxicology review dated August 6, 2010). 

In vitro studies conducted in the mouse, rat, dog, monkey, and human liver microsomes 
demonstrated qualitative, but not quantitative, similarity in the metabolic profile of cariprazine.
In rats and dogs, the metabolites produced in vitro were also present in vivo in both species.

In vivo, cariprazine is extensively metabolized in rats, dogs, and humans. The metabolism of
cariprazine involves demethylation, hydroxylation, and a combination of demethylation and
hydroxylation. An additional metabolite, desdichlorophenyl piperazine cariprazine (DDCPPC) 
acid, is produced by dealkylation and subsequent oxidation of cariprazine. In rats and dogs, 
cariprazine metabolites include DDCPPC acid, desmethyl cariprazine (DCAR), didesmethyl 
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cariprazine (DDCAR), hydroxy cariprazine (HC), hydroxy desmethyl cariprazine (HDC), 
hydroxy didesmethyl cariprazine (HDiC), hydroxy cariprazine sulfate (HC-S), hydroxy 
desmethyl cariprazine sulfate (HDC-S), hydroxy cariprazine glucuronide (HC-G), hydroxy 
desmethyl cariprazine glucuronide (HDC-G), and hydroxy didesmethyl cariprazine glucuronide
(HDiC-G) observed in plasma, urine, and/or feces of these preclinical species.

In humans, cariprazine was also extensively metabolized by similar pathways such as 
demethylation, hydroxylation, and a combination of demethylation and hydroxylation. 
Hydroxylated metabolites were subsequently biotransformed to their corresponding sulfate and 
glucuronide conjugates. In addition to the rats and dogs metabolites listed above, hydroxy 
didesmethyl cariprazine sulfate (HDiC-S) was detected in the biological samples of humans. 
According to the Applicant, it is possible that HDiC-S was not detected in the biological matrices 
of rats and dogs because of the lower sensitivity of the radio-HPLC method used for the 
metabolite profile study of rats and dogs compared to the higher sensitivity of the LC-MS/MS 
method used for the metabolite profile study of humans, and/or HDiC-S was hydrolyzed to 
HDiC in rats and dogs.

The metabolites observed following oral administration of 12.5 mg daily dose to humans (Study 
RGH-MD-01) from Day 4 to Day 30 of the study and their limit of detection (LOD) for the LC-
MS/MS analysis of plasma, urine, and feces samples are summarized in the following 
Applicant’s table:

The concentration of cariprazine and its metabolites in plasma samples from 3 schizophrenia 
patients were as follows: 
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Among all identified metabolites, DCAR (DC) and DDCAR (DiC) are the two active metabolites 
based on similar in vitro receptor binding and functional activity profiles compared to 
cariprazine. DDCAR is the major human metabolite since its steady-state AUC in plasma is
greater than 10% of total drug-related exposure. Adequately high levels of DDCAR have been 
achieved in dogs, mice, and rabbits, but not in rats, in nonclinical studies. The proposed 
metabolic pathway of cariprazine is summarized in the following Applicant’s figure:

Human recombinant CYP enzymes, human liver microsomes, and P450 specific inhibitors were
used to identify CYP enzymes involved in the metabolism of cariprazine, DCAR, DDCAR, and 
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HC. CYP3A4 is the major enzyme involved in the metabolism of cariprazine and its metabolites,
and CYP2D6 plays a minor role. In vitro studies showed that cariprazine, DCAR, DDCAR, and
HC do not have the potential to induce CYP1A2 or CYP3A4 in human hepatocytes or the 
potential to inhibit major human CYP enzymes.

Excretion:
Excretion of radioactive material following administration of oral doses of radiolabeled [14C]
cariprazine was studied in Wistar rats and Beagle dogs. The radioactivity of cariprazine and its 
metabolites was recovered in feces and urine in both species. The primary route for elimination 
was biliary since approximately 77% and 62% of the dose was recovered in feces in rats and 
dogs, respectively. Only ~ 15% and 21% of the dose was recovered in urine in rats and dogs, 
respectively, indicating minor role of renal excretion. The biliary excretion was confirmed as the 
primary route of elimination in bile-duct cannulated rats; approximately 72% of the dose was 
excreted in bile following administration of a single dose of [14C] cariprazine. A similar 
excretion profile was also observed following i.v. administration of [14C] cariprazine to dogs; 
approximately 49% and 20% of the dose was excreted in feces and urine, respectively.

In humans, based on the data derived from three patients with schizophrenia following oral
administration of 12.5 mg unlabeled cariprazine for 26 days, approximately 60.9% of the
cariprazine daily dose was excreted in urine and feces as cariprazine and its active metabolites.
Urinary excretion of cariprazine (1.2% of the dose), DCAR (0.4% of the dose), and DDCAR
(4.1% of the dose) accounted for a small portion of the total excretion in urine (20.8% of the 
dose). Fecal excretion of cariprazine (3.7% of the dose), DCAR (0.7% of the dose), and DDCAR 
(3.5% of the dose) also accounted for a small portion of the total excretion in feces (40.1% of the 
dose). In addition, DCAR was eliminated by metabolism as DDCAR, hydroxy desmethyl 
cariprazine (HDC), and hydroxy didesmethyl cariprazine (HDiC) and DDCAR was eliminated 
by metabolism as HDiC. Furthermore, hydroxy-metabolites were excreted as their glucuronide 
and sulfate conjugates. Overall, the data indicate that cariprazine is extensively metabolized and 
excretion is not the major route of elimination for the active moieties: cariprazine, DCAR, and 
DDCAR. Excretion data from rats, dogs, and humans are shown in the Applicant’s table below.
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Pharmacokinetic Drug Interaction:
Cariprazine, DCAR, and DDCAR as substrates of transporters: Evaluation by the Caco-2 model
indicated that cariprazine, DCAR, and DDCAR are not P-glycoprotein (P-gp) substrates. 
Cariprazine, DCAR, and DDCAR were also shown to be weak P-gp inhibitors. Evaluation by the 
human embryonic epithelial kidney (HEK-293) cells transfected with proteins of human 
transporters OATP1B1 and OATP1B3 indicated that cariprazine, DCAR, and DDCAR were not 
OATP substrates. Cariprazine, DCAR, and DDCAR were not OATP1B1, OATP1B3, OAT1, 
OAT3, and OCT2 inhibitors. Evaluation by the Caco-2 model indicated that cariprazine, DCAR, 
and DDCAR are not breast cancer resistance protein (BCRP) substrates, and that cariprazine is a 
borderline weak BCRP inhibitor (IC50 ≥ 3.42 μg/mL as free base), and DCAR and DDCAR are 
weak BCRP inhibitors. The results suggest that transporter-mediated drug interactions with 
cariprazine are unlikely.

Other Pharmacokinetic Studies: 
Hydrochloride salt of cariprazine was developed by Gedeon Richter, while the base form of the
compound was also used for certain studies. Comparison of the two forms of the compound was 
conducted to evaluate the PK properties of the two forms. Four female Beagle dogs were treated 
with hydrochloride salt and base forms of the cariprazine at an oral dose of 1 mg/kg, in gelatin 
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capsule. The mean AUC0-t, Cmax, and Tmax of cariprazine for the hydrochloride salt form were 
491 ng•h/mL, 99.6 ng/mL, and 2 hours, respectively; the corresponding values for the base form 
were 463 ng•h/mL, 95.2 ng/mL, and 2 hours, respectively, indicating that there was no 
significant difference in the PK parameters between the two different forms of cariprazine.

Toxicokinetics:
The highest exposure levels (Cmax, AUC) of cariprazine, DCAR, and DDCAR in humans 
(observed data) and toxicology species is shown in the following reviewer’s tables.

Summary of the highest exposure levels (Cmax, AUC) to cariprazine 
Species Sex Dose 

(mg/kg/day)
Day of 
study 

Cmax

ng/mL
AUC0-24h

ng·h/mL
AUC0-∞

ng·h/mL
aHuman

N=4
12.5

mg/day
22 or 30 b40.3±8.4 c593.3±

55.6

d979.7±
225.5

eRat M 10.0 180 701.37 4724.02 5094.11
F 12.5 180 1131.99 6264.19 6392.60

f Dog M 6.0 360 679.14 6435.59 7032.47
F 6.0 360 643.74 6400.27 6967.24

gRabbit Pregnant F 5.0 GD 20 460.4±91.7 3947±1122 4065±1193
hTg 

Mice
M 15 191 1020 6590
F 50 191 2210 15400

Summary of the highest exposures levels (Cmax, AUC) to DCAR 
Species Sex Dose 

(mg/kg/day)
Day of 
study 

Cmax

ng/mL
AUC0-24h

ng·h/mL
AUC0-∞

ng·h/mL
aHuman

N=4
12.5

mg/day
22 or 30 b12.7±4.6 c250.6±

102.3

d467.1±
66.4

eRat M 10.0 180 144.91 1193.36 1249.07
F 12.5 180 82.57 536.17 548.92

fDog M 6.0 360 274.07 3258.44 3644.76
F 6.0 360 273.29 3156.04 3406.25

gRabbit Pregnant F 5.0 GD 20 45.3±8.3 446.3±71.4 468.8±81.6
hTg 

Mice
M 15 191 185 1350

F 50 191 360 3500

Summary of the highest exposures levels (Cmax, AUC) to DDCAR 
Species Sex Dose 

(mg/kg/day)
Day of 
study 

Cmax

ng/mL
AUC0-24h

ng·h/mL
AUC0-∞

ng·h/mL
aHuman

N=4
12.5

mg/day
22 or 30 b83±13.4 c1826.3±

284.1

d5996.9±
1977.5

eRat M 10.0 180 47.5 680.23 732.02
F 12.5 180 23.58 313.18 364.53

fDog M 6.0 360 353.2 6413.65 10179.95
F 6.0 360 381.4 7349.65 11422.70

gRabbit Pregnant  F 5.0 GD 20 72±14 1443±287 2895±1306
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hTg 
Mice

M 15 191 127 2070

F 50 191 260 4810
aStudy RGH-MD-01
b Cmax ng/mL cohort G day 30
cAUC0-24h ng·h/mL cohort G day 30
dAUC0-168 ng·h/mL cohort F day 22
eStudy CSCNRGHPCTX24 (6-month oral toxicity study in Wistar rats)
fStudy CSCNRGHPCTX23 (12-month oral toxicity study in Beagle dogs)
gStudy RGHPCTX18 (embryo-fetal development study in New Zealand White rabbits)
hStudy RGH-TX-33 (28-week oral toxicity study in transgenic Tg.rasH2 mice)
Note: Three out of four subjects on Day 30 of cohort G were missing the 72-, 96-, 120-, and/or 
168-hour time points, making estimates of AUC0-168 unreliable. Therefore, AUC0-168 data from 
Cohort F were used for comparison among species. 

The observed mean exposure levels (Cmax and AUC0-24h) to cariprazine, DCAR, and DDCAR in 
plasma from 4 schizophrenia patients administered cariprazine at 12.5 mg/day (Study RGH-MD-
01) appear to be similar to the population PK model data (Population PK report RGH-MS-01) 
proposed by the Applicant for the calculation of the animal to human margins of exposure at the 
time of the original NDA submission in November 2012. These population data were obtained
from 12 clinical trials and provided the following steady state human PK parameters at the 
maximum recommended human dose (MRHD) of 12 mg/day: Cariprazine Cmax = 29.2 ng/mL; 
AUC0-24h (SD) = 536.08 (165) ng•h/mL; DCAR Cmax = 7.7 ng/mL; AUC0-24h (SD) = 152.21 (71) 
ng•h/mL;  Didesmethyl Cariprazine Cmax = 61.8 ng/mL; AUC0-24h (SD) = 1479.8 (815) ng•h/mL. 
The AUC0-24h values extrapolated for the 9 mg/day MRHD (assuming linear kinetics) are as 
follows: Cariprazine AUC0-24h = 402 ng•h/mL, DCAR AUC0-24h = 114 ng•h/mL, and DDCAR 
AUC0-24h = 1110 ng•h/mL. For all three active moieties combined, the AUC0-24h value (total 
exposure at steady state) is 1626 ng.h/mL.

In the NDA resubmission, the Applicant provided recalculated safety margins (AUC multiples) 
based on human and animal systemic exposures to cariprazine and active metabolites using 
human AUC0-24 h values observed following administration of the new MRHD of 6 mg/kg/day in 
the clinical study A002-A11. This reviewer recalculated safety margins using the same human 
exposure data. The AUC0-24h values observed at the 6 mg/day MRHD in the study A002-A11 and 
used in the reviewer’s calculations are as follows: Cariprazine AUC0-24h = 358 ng•h/mL, DCAR 
AUC0-24h = 115 ng•h/mL, and DDCAR AUC0-24h = 800 ng•h/mL. For all three active moieties 
combined, the AUC0-24h is 1273 ng•h/mL (sum of AUC values at steady state).

Comparison of systemic drug exposure at the NOEL/NOAEL for toxicity in the test species to 
that in humans at the MRHD in this review was based on the most relevant metric (AUC0-24h or 
body surface area-adjusted dose). Calculation of relative systemic exposure ratios (animal: 
human) considered both the parent compound (cariprazine) and its metabolites, DCAR and 
DDCAR, because both matabolites are pharmacologically active. Therefore, the AUC0-24 values 
for cariprazine, DCAR, and DDCAR in test species were combined for each applicable study and 
compared to the combined human systemic exposure to all three active moieties (AUC0-24h = 
1273 ng•h/mL) observed at the MRHD of 6 mg/day proposed for the treatment of schizophrenia
and acute treatment of manic or mixed episodes associated with bipolar I disorder .
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Relative exposure to cariprazine, DCAR, and DDCAR at steady state in humans and animals
In humans, based on the mean AUC0-24h values the cariprazine, DCAR, and DDCAR AUC0-24h

values represent approximately  respectively, of the total cariprazine-related 
AUC0-24h at steady state at the previously proposed MRHD of mg/day. Cariprazine, DCAR, 
and DDCAR represent at steady state approximately 28%, 9%, and 63% of the total cariprazine-
related systemic exposure observed at the MRHD of 6 mg/day.

In the 6-month study in Wistar rats, the exposure (AUC0-24h) for cariprazine, DCAR, and 
DDCAR represents approximately 72%, 18%, and 10% for males and 88%, 8%, and 4% for 
females, respectively, of the total AUC0-24h observed at steady state in rats dosed at the high dose 
of 10 mg/kg/day (males) and 12.5 mg/kg/day (females) on Day 180 of the study.

In the one-year study in Beagle dogs, the exposure (AUC0-24h) for cariprazine, DCAR, and 
DDCAR represents approximately 40%, 20%, and 40% for males and 38%, 19%, and 43% for 
females, respectively, of the total AUC0-24h observed at steady state in dogs dosed at the high 
dose of 6 mg/kg/day on Day 360 of the study.

In the embryo-fetal development study in Wistar rats, the exposure (AUC0-24h) for cariprazine, 
DCAR, and DDCAR represents approximately 68%, 18%, and 14% of the total AUC0-24h 

observed at steady state in male rats dosed at the high dose of 10 mg/kg/day. See individual
repeat dose toxicity studies for more TK information.

6 General Toxicology

6.1 Single-Dose Toxicity

Single dose toxicology studies were conducted in the rat and mouse to estimate the approximate 
minimum lethal dose level of cariprazine.

Single dose oral (gavage) toxicity study in Wistar rats: In the preliminary study, the test article 
was administered at dose levels of 70, 100, or 140 mg/kg to 1 animal/sex/group and at 200 and 
300 mg/kg 1 male rat at each dose. The females dosed at 100 and 140 mg/kg were found dead on 
Days 6 and 4, respectively. The male dosed at 300 mg/kg was found dead on Day 2. In the main 
study, 5 male and 5 female were administered 200 and 70 mg/kg, respectively. One male dosed 
at 200 mg/kg was found dead on Day 2. There were no deaths among females dosed at 70 mg/kg.
The acute minimum lethal oral dose of cariprazine was considered to be 200 mg/kg in the male 
rat and greater than 70 mg/kg but less than 100 mg/kg in the female rat.

Single dose oral (gavage) toxicity study in CD-1 mice: In the preliminary study, the test article 
was administered at dose levels of 70, 100, or 140 mg/kg to 1 animal/sex/group. Both animals 
dosed at 100 mg/kg and the male dosed at 140 mg/kg were found dead on Days 4 or 5. In the 
main study, 5 male and 5 female mice were administered 70 mg/kg and survived to scheduled 
sacrifice on Day 15. Therefore, the acute minimum lethal dose of cariprazine in the mouse was 
considered to be approximately 70 mg/kg.
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6. 2      Repeat-Dose Toxicity

General toxicology program for cariprazine included repeat-dose general toxicity studies up to 
14 days in the rat, mouse, and monkey, 28-day studies in the rat and dog, 6-week study in the 
mouse, 7-week study in the mouse, 13-week studies in the rat and dog, 6-month study in the rat,
and 1-year study in the dog. 

Exploratory studies in rats

Study title:  Pilot toxicity study with 70003543 by oral administration to rats for 4 days 

Study no.: RGD: 60847/E
Study report location: Archives at Gedeon Richter Ltd.

Conducting laboratory and location: Gedeon Richter Ltd., Budapest, Hungary
Date of study initiation: June 27, 2003

GLP compliance: No (exploratory study)
QA statement: No

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl, 70003543), 
lot TI-1249, purity not provided

Methods:
Cariprazine was administered to male Wistar Han rats (5/group) by oral gavage at doses of 0, 1, 
10, 30, and 100 mg/kg/day (Control, LD, lowMD, highMD, and HD, respectively) for 4 days. 
Parameters evaluated: clinical observations, body weight, food consumption, body temperature, 
serum chemistry, hematology, organ weights, gross necropsy, histopathology, and TK.

Results:
Test article-related effects were observed at 10, 30, and 100 mg/kg/day and included clinical 
signs of the CNS depression, decreased body weight, decreased food consumption, decreased 
reticulocyte count, gastric hemorrhage and/or erosion, and lymphoid atrophy (thymus). These 
effects were in general absent or slight at the lowMD, moderate at the highMD, and severe at the 
HD. Enlarged adrenals, slightly increased mean absolute and relative adrenal weights, and 
hypertrophy of the zona fasciculata in the adrenal cortex were noted at 100 mg/kg/day. The 
adrenal findings were considered by the Applicant to be the consequences of the hypothermic 
effect (a very strong stressor) of the drug. This hypothermia was observed at the highMD and 
HD with body temperature less (-0.45C and -0.95, respectively) than that in the control. The 
LD of 1 mg/kg/day did not cause any signs of toxicity and was determined to be the NOEL in 
this study. According to the study report, target organs of toxicity were not identified. However, 
this reviewer considers the central nervous system, hematopoietic system, thymus, stomach, and 
adrenal gland to be the target organs of cariprazine toxicity. The TK data shown in the 
Applicant’s table below indicate accumulation of the test article following administration of 4 
daily doses.
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Study title:  Pilot toxicity and toxicokinetic study with RGH-188 hydrochloride by oral 
administration to rats for 14 days (draft report)

Study no.: RGD: 62502/E
Study report location: Archives at Gedeon Richter Ltd.

Conducting laboratory and location: Gedeon Richter Ltd., Budapest, Hungary
Date of study initiation: November 21, 2003

GLP compliance: No (exploratory study)
QA statement: No

Drug, lot #, and % purity: Cariprazine HCl (RGH-188-HCI), lot R3A0270,
purity 99.1%

Methods:
Cariprazine was administered to groups of Wistar Han rats (5/sex/group) by oral gavage at doses
of 0, 1, 10, and 50 mg/kg/day (Control, LD, MD, and HD, respectively) for 14 days followed by
a 7-day recovery period (5 additional animals/sex/group from the control and HD groups). 
Satellite animals (males only) were bled for TK evaluations.

Results:
The test article-related toxicity profile observed in this exploratory study was consistent with 
findings in the subsequent toxicology studies of longer duration. The summary of observations, 
which appears to be accurate, is shown in the Applicant’s table below to support an evaluation of 
the time- and dose-dependence of major test article-related adverse effects observed in the
pivotal studies. In addition, the report described in greater detail cariprazine-related lesions noted 
in the adrenal gland at 50 mg/kg: hypertrophy of the adrenals was observed in the cortical zonae
fasciculata and reticularis in the 5/5 male rats, while in the 5/5 female rats, hypertrophy of the 
zonae fasciculata and reticularis was accompanied by necrotic cells and hemorrhages. These
findings are consistent with the increased weight and enlargement of adrenals noted at necropsy. 
After the recovery period, hypertrophy of zona fasciculata and reticularis was still present in 2/5 
females at 50 mg/kg, while this change was no longer detected in males.

Reference ID: 3774483



NDA No. 204370 resubmission          Reviewer: Elzbieta Chalecka-Franaszek, Ph.D.

44

Reference ID: 3774483



NDA No. 204370 resubmission          Reviewer: Elzbieta Chalecka-Franaszek, Ph.D.

45

Reference ID: 3774483



NDA No. 204370 resubmission          Reviewer: Elzbieta Chalecka-Franaszek, Ph.D.

46

TK analysis for cariprazine levels indicated a non-proportional increase of exposure with dose, 
with some accumulation. The mean TK parameters are shown in the Applicant’s table below.
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Pivotal studies in rats

Study title:  28-day oral toxicity study with RGH-188 hydrochloride by daily gavage in 
the Wistar rat followed by a 2-week recovery period

Study no.: RGD: 62210/E
Study report location:

Conducting laboratory and location:
Date of study initiation: February 27, 2004

GLP compliance: Yes (OECD)
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot W3C008K, 
purity 99.24%

Key study findings
 Deaths of 15 animals dosed at 12.5 mg/kg/day and 50 mg/kg/day. Emaciation and 

enlarged adrenals were observed in the majority of animals that died before scheduled 
necropsy. 

 Severe CNS-related clinical signs observed in animals at 12.5 and 50 mg/kg/day.
 Decreased body weight and body weight gain noted during entire treatment period in 

males at 12.5 and 50 mg/kg/day.
 Decreased food consumption observed in males at 12.5 and 50 mg/kg/day and in females 

at 50 mg/kg/day, and decreased water consumption in all cariprazine-dosed groups except 
females dosed at 0.5 mg/kg/day. 

 Opacity of the eyes observed from the second week to the end of the treatment phase in 
all cariprazine-dosed groups. 

 Marked decreases in total cholesterol, phospholipids, and triglycerides in animals at 50 
mg/kg/day and decreased cholesterol and phospholipids in females at 12.5 mg/kg/day.

 Adrenal glands: enlargement observed in all animals at 50 mg/kg/day and in females at
12.5 mg/kg/day, marked increase in the absolute and/or relative adrenal weights at 50 
mg/kg/day and 12.5 mg/kg/day, multifocal cystic degeneration, diffuse dilated sinusoids, 
and vacuolation of the adrenal gland cortex at 50 mg/kg and cortical hypertrophy at 12.5 
and/or 50 mg/kg/day.
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 Increased incidence of sciatic nerve myelin fragmentation in males at all dose levels and 
in females at 50 mg/kg/day.

 Lungs: Increased incidence and severity of alveolar macrophage foci and increased 
alveolar inflammation in animals at 12.5 and/or 50 mg/kg/day.

 Male reproductive system: single seminiferous cell necrosis/degeneration observed in the 
testes at 50 mg/kg/day, testes atrophy observed at 2.5, 12.5 and 50 mg/kg/day, and 
diffuse acinar atrophy of prostate gland and seminal vesicles atrophy observed at 12.5 
and 50 mg/kg/day.

 Female reproductive system: reduced numbers of corpora lutea in the ovaries, epithelial 
cell atrophy and mucification in the vagina, and abnormal estrus cycling, observed at all 
dose levels.

 Mammary gland: vacuolation/ductular development in males and glandular proliferation 
in females at all dose levels. 

The MTD was clearly exceeded in this study based on deaths and severe clinical signs observed 
at 12.5 and 50 mg/kg/day.

The NOAEL was not determined in this study due to presence of adverse effects on the 
reproductive system and mammary glands at the lowest dose. Excluding these pharmacologically 
mediated changes, the NOAEL is 2.5 mg/kg/day for male and female rats based on several 
findings, including phospholipidosis and alveolar inflammation in the lungs and the adrenal 
gland hypertrophy, observed at higher doses. The 2.5 mg/kg/day dose is ~4.1 times the MRHD 
of 6 mg/day based on mg/m2. The AUC0-24h for cariprazine at 2.5 mg/kg/day on Day 28 is 597 
and 858 ng•h/mL in male and female rats, respectively, which is ~1.7 and 2.4 times the 
cariprazine AUC0-24h (358 ng•h/mL) observed in humans at the MRHD of 6 mg/day. Therefore, 
for the phospholipidosis and inflammation observed in the lungs and the adrenal gland 
hypertrophy, there is low safety margin for administration of cariprazine to humans at the 
MRHD of 6 mg/day.

The NOEL for the death and multifocal cystic degeneration, diffuse dilated sinusoids, and 
vacuolation of the adrenal gland cortex is 12.5 mg/kg/day, which is ~20 times the MRHD of 6
mg/day based on mg/m2. The AUC0-24h for cariprazine at 12.5 mg/kg/day on Day 28 is 4088 and 
3878 ng•h/mL in male and female rats, respectively, which is ~11.4 and 10.8 times the 
cariprazine AUC0-24h (358 ng•h/mL) observed in humans at the MRHD of 6 mg/day. Therefore, 
for mortality and severe adverse effects observed in the adrenal glands, there is ~ 11-fold margin 
of safety for administration of cariprazine to humans at the MRHD of 6 mg/day.

Note: The systemic exposure of rats to DCAR and DDCAR was not measured in this study.
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Methods
Doses: 0, 0.5, 2.5, 12.5, and 50 mg/kg/day (Control, LD, 

lowMD, highMD, and HD, respectively; doses are 
expressed in terms of the free base.

Frequency of dosing: Once daily for 28 consecutive days
Route of administration: Oral (gavage)

Dose volume: 10 mL/kg
Formulation/Vehicle: Solution of cariprazine in the vehicle/ water

Species/Strain: rat/Wistar Crl:(WI)BR
Number/Sex/Group: 10/sex/group in main groups

Age: 6 weeks-old at the beginning of treatment
Weight: Males: 201-252 g; Females:134-188 g 

Satellite groups: 6 rats/sex/group in the satellite TK groups; 
5 rats/sex/group/2-week recovery (Control, HD only)

Unique study design: None
Deviation from study protocol: It is this reviewer’s assessment that the deviations from 

the protocol did not compromise the study validity.

Observations and Results

Mortality
There were 18 unscheduled deaths during treatment. Three deaths were attributed to gavage or 
blood sampling errors and were not test article-related. All other 15 deaths (1/10 MDF; 6/10 
HDM, and 8/10 HDF) occurred generally from Day 24 to 28 of the study and were cariprazine-
related based on microscopic findings, clinical signs noted prior to death, or loss of body weight 
and reduction of food intake. Emaciation was considered to be the chief contributory cause of 
deaths or morribundity in 9/18 animals. Adrenal glands were enlarged in 10/18 of these animals. 

Clinical Signs
Clinical signs were examined twice daily. No clear treatment related clinical signs were noted in 
the Control, LD, and lowMD groups. At the highMD, hunched posture, lethargy (graded slight to 
moderate), uncoordinated movement (observed incidentally), yellow staining of the coat, 
piloerection, ptosis, and chromodacryorrhea were observed in females. Low incidence of 
hunched posture was noted in highMD males. At the HD, slight to moderate lethargy, slight 
uncoordinated movement, brown/yellow staining of the coat, greasy coat, piloerection, lean 
appearance, hypothermia, spasm/tremors, hunched/abnormal posture, ptosis, slight abnormal 
gait, reduced fecal production, or diarrhea were observed in both sexes. Spasm/tremors and 
hunched/abnormal posture were observed mainly during the first week of treatment. According 
to the Applicant, these findings are known to be temporary effects of antipsychotic drugs. During 
the first week of recovery period, lethargy, hunched posture, ptosis, piloerection, greasy coat, 
brown staining of the fur and reduced feaces production were still observed in both sexes. In the 
second week of the recovery period, there was almost full recovery except for brown staining of 
the snout. Occurrences of labored or shallow respiration, quick breathing, cough and/or rales 
were noted among individual MD and HD animals. The Applicant considered these findings as 
related to the taste and irritancy of the formulation and the method of dosing rather than to be 
toxicologically relevant. 
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In addition, several eye abnormalities were noted in all dose groups during the treatment and 
recovery period which comprised of exophthalmos, opacity, dark eyes, dull eyes, watery 
discharge from eyes, chromodacryorrhea, and swelling of eyes. According to the Applicant,
these findings were related to the method of blood sampling rather than being toxicologically 
relevant. Indeed, exophthalmos and dark eyes were observed only at the end of the treatment 
phase of the study. Reviewer’s comment: This reviewer notes that slight to moderate opacity, 
dull eyes, chromodacryorrhoea, watery discharge from eyes, swelling of eyes, and ptosis were 
observed from the second week to the end of the treatment phase. Blood samples of main and 
recovery animals were drown from the retro-orbital sinus only at the end of treatment period 
prior to scheduled necropsy and at the end of recovery prior to scheduled necropsy. Therefore, 
eye abnormalities listed above could not result from blood sampling, as proposed by the 
Applicant, and may be test article-related.

Body Weights
Body weights were determined on Days 1, 3, 8, 15, 22, 28, 29, 36, and 42 of the study. 
Decreased body weight was noted during entire treatment period in the highMDM and HDM.
(up to 10% and 24% below Control, respectively, during Week 4). Body weight gain was also
significantly decreased in M in all treatment groups during this study. During the 14 days 
recovery period, the body weight and body weight gain of HDM remained lower, when 
compared to the Control. There were no toxicologically significant body weight changes in 
female rats in this study.

Food and Water Consumption
Food consumption was examined weekly; water consumption was examined daily. Lower 
absolute and relative food consumptions were noted in the highMDM and HDM, and HDF
during the treatment period. During the recovery period, food consumption partially increased
towards Control values. Water consumption decreased in a dose related manner in all dosed 
groups (up to ~ 50% less water consumed than in the Control group) except LDF.

Ophthalmoscopy
Ophthalmoscopic examinations were conducted at pretest, at Week 4, and at Week 6. There were 
no biologicaly important ophthalmoscopic findings.

ECG  Not conducted

Hematology
Hematology investigations were performed on all main study animals at the end of treatment 
prior to scheduled necropsy and on all recovery animals at the end of recovery prior to scheduled 
necropsy. Parameters examined: WBC, RBC, HGB, HCT, MCV, MCH, MCHC, PLT, RDW, 
differential leukocyte count (ANEU, ALYM, AMONO, AEOS, ABASO), and RETIC. 
Coagulation parameters examined: PT and APTT. There were no test article-related findings 
except statistically significant effects on hematopoetic system noted in the HD groups when 
compared to the Control group level: decreased RBC (- 12% in M, - 17% in F), HCT (- 19% in 
M, - 18% in F), HGB (- 19% in M, - 20% in F), MCV (in M only), MCH, ABASO and AEOS;
increased RET (+ 22% in M, + 52% in F), and RDW. In addition, PLT and APTT were 
decreased and PT was increased in HDM. However, PLT was statistically significantly 
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increased in HDF. Decreased APTT was also noted in the high MDM. After recovery period of 
14 days, RBC was still decreased (- 8% below Control) and RETIC were increased (+ 65% 
above control group level) in HDM. 

Clinical Chemistry
Clinical chemistry analyses were performed on all main animals at the end of treatment prior to 
scheduled necropsy and on all recovery animals at the end of recovery prior to scheduled 
necropsy. Parameters examined: AST, ALT, ALKP, TBILI, GLU, CREAT, BUN, TP, ALB, 
GLOB, A/G, CHOL (total, LDL, HDL), TRIG, phospholipids, Na+, K+, CL-, Ca++, and PHOS.
There were no test article-related findings in rats administered cariprazine at the LD and lowMD.
Adminstration of the HD resulted in the following statistically significant changes below (or 
above) the Control group level: decreased levels of glucose (-17% in M, -29% in F), total 
cholesterol (-84.2% in M, -84.8% in F), HDL and LDL cholesterol, phospholipids (-59% in M, -
59% in F), triglycerides (- 30% in M, -24% in F), sodium (-4% in M, -2.4% in F), calcium (-11% 
in F, -9% in F), total protein (-18% in M, -13% in F), and globulin (-20% in M, -14% in F) and 
increased levels urea (+202% in M, +47% in F), inorganic phosphorus (+30% in M, +126.5% in 
F), and potassium (+50% in M, +17.6% in F). Administration of the highMD resulted in 
decreased total cholesterol (-47%), HDL cholesterol, phospholipids (-34%), calcium and 
globulin levels in F rats, and in increased inorganic phosphorus concentration in M rats. 
Creatinine levels were slightly increased in M and decreased in F rats. The Applicant attributed 
these findings to general malnutrition and dehydration of animals due to reduced food and water 
consumption. After recovery, potassium, total protein, globulin, and glucose concentrations were 
low in male animals and alkaline phosphatase levels were increased in males.

Urinalysis
Urine samples were collected overnight (approximately 15 to 24 hours) using a metabolism cage 
at the end of the treatment period (all main study animals) and at the end of recovery (all 
recovery animals). The following urinalysis parameters were determined: VOL, color, clarity, 
Sp.G., pH, TP, GLU, ketones, BILI, blood (occult), urobilinogen, nitrite, leukocytes, Na+, K+, 
Ca+, Cl-, and sediment. After admnistration of the lowMD, highMD, and HD, the urinary
volume was decreased in a dose-related manner in animals of both sexes. Calcium levels and 
excretion were increased in highMDM and HDM. Potassium and sodium excretion were 
decreased in HDM and HDF. Protein levels were increased HDM. Specific gravity, sodium and 
chloride concentrations were increased in highMD and HD animals. These findings are likely 
caused by the lower urinary volume consistent with lower water consumption in treatment 
groups or potentially indicate effects on kidneys.

Gross Pathology
Complete necropsies were performed on all main group rats after 4 weeks of treatment and on 
recovery group animals after 6 weeks of treatment. Rats found dead were subject to a full post 
mortem examination. Representative tissue samples of the organs listed in the histopathology 
section were collected from all animals at necropsy, fixed, and processed as described below. 
Bone marrow smears were prepared from the right femur of all animals surviving until scheduled 
termination. Bone marrow cytology was not performed.
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Treatment-related necropsy findings in HDM included prostate (2/7) and seminal vesicles (4/7), 
which were reduced in size. In 2/9 HDF, ovaries were also reduced in size. In addition, adrenals 
were enlarged in all male and female at the HD and in 5/9 of the highMDF.

Organ Weights
The following organ weights (and terminal body weight) were recorded from all animals killed at 
the scheduled sacrifice: adrenal glands, brain, epididymides, heart, kidneys, liver, lungs, ovaries, 
spleen, testes, thymus, and thyroid. Absolute and relative to body mean adrenal weights were 
markedly increased in HDM (absolute: +289%, relative: +417%) and HDF (absolute: +206%, 
relative +213%) above Control level. In addition, relative (to body weight) adrenal weights were 
also increased (+35%) above Control levels highMD M and F. Lung and liver absolute and 
relative (to body weight) weights were slightly increased in HD animals of both sexes. Absolute 
and relative (to body weight) ovary weights were decreased by 64% in HDF. 

Histopathology
Adequate Battery: yes
For histopathology assessment, the Control and HD groups contained 15 rats/sex/group, while 
the LD and two MD groups contained 10 rats/sex/group. Five M and five F of the Control and 
HD groups were sacrificed after a 2-week treatment-free recovery period. Representative tissue 
samples of the organs listed below were preserved in neutral 10% formalin. Testes, 
epididymides, eyes, optic nerves, and Harderian glands were initially fixed in modified 
Davidson’s solution before transfer to formalin. Following fixation, organs (except those listed in 
parenthesis) from Control and HD group rats, all unscheduled deaths and all organs with 
macroscopic abnormalities from all rats were trimmed, processed and embedded in paraffin wax. 
Sections were cut, stained with H&E, and examined by light microscopy. The following organs 
were preserved: adrenal glands, aorta, bone-sternum and femur including joint, bone marrow-
sternal, brain, (clitoral glands), epididymides, esophagus, eyes with optic nerve and Harderian 
glands, heart, kidneys, (lacrimal glands-exorbital), large intestine-cecum, colon and rectum, 
(larynx), liver, lungs, lymph nodes-mandibular and mesenteric, female mammary area, 
(nasopharynx), ovaries, pancreas, pituitary gland, (preputial glands), prostate gland, salivary 
glands-mandibular and sublingual, sciatic nerve, seminal vesicles, skeletal muscle, skin, small 
intestine-duodenum, jejunum and ileum with Peyer’s patches, spinal cord-cervical, midthoracic 
and lumbar, spleen, stomach, testes, thymus, thyroid glands with parathyroid glands, (tongue), 
trachea, urinary bladder, uterus with uterine cervix, vagina and all organs or tissues with 
macroscopic abnormalities. Following examination of the above tissues, sections of adrenal 
glands, epididymides, liver, lungs, mammary gland area (male and female), ovaries, prostate, 
sciatic nerve, seminal vesicles, testes, uterus, and vagina from intermediate dose groups and the 
recovery group animals were prepared and examined.

Peer Review: Not conducted

Histological Findings

Sciatic nerve: Myelin fragmentation graded minimal or slight was observed in all groups, 
including Controls. However, the incidence of this observation increased in a dose-dependent 
manner in all male groups and in the HD female group administered cariprazine. In the recovery 
animals (only Control and HD were examined), minimal myelin fragmentation was seen in 2/5 
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Control M and 1/5 Control F (total No.: 3/10 Controls, 33%), and minimal (2) or slight (1) 
myelin fragmentation was seen in 3/4 HDM (75%); (Note: other recovery animals did not
survive). These results are presented in the following reviewer’s table.

Incidence and severity of sciatic nerve myelin fragmentation
Sex Males Females 
Cariprazine dose 
mg/kg/day

0 0.5 2.5 12.5 50 0 0.5 2.5 12.5 50

Termination
Number 
examined

10 10 10 10 10 10 10 10 10 10

minimal 2 3 4 3 4 0 1 1 1 5
slight 0 0 0 2 2 0 0 0 0 0
total 2

20%
3

30%
4

40%
5

50%
6

60%
0 1 1 1 5

50%
Recovery
Number 
examined

5 0 0 0 4 5 0 0 0 1

minimal 2 2 1 0
slight 0 1 0 0
total 2 3 1 0

According to the Applicant, “this is a not uncommon finding in Wistar rats of this age and given 
the fact that the severity was only slightly increased with dose, its relationship to treatment with 
the test item was considered to be equivocal”. Reviewer’s comment: This reviewer requested 
relevant historical control data from the laboratory that conducted the study. A detailed 
tabulation of the historical control data for the incidence of myelin fragmentation of the sciatic 
nerve provided by the Applicant indicated that this observation can occur at an incidence of up to 
60% in control groups.

Lungs: Alveolar macrophage foci were seen at increased incidence and severity in groups 
administered the highMD and HD. This effect was accompanied by increased alveolar 
inflammation. The results are presented in the following reviewer’s table:

Lungs: Alveolar macrophage foci

Males (10/group) Females (10/group)

Cariprazine
mg/kg/day

0 0.5 2.5 12.5 50 0 0.5 2.5 12.5 50

minimal 0 0 0 1 0 0 1 0 2 0
slight 1 0 0 4 0 0 0 2 3 0
moderate 0 0 0 1 9 0 0 0 2 9
severe 0 0 0 0 0 0 0 0 0 1
total 1 0 0 6 9 0 1 2 7 10

Lungs: Alveolar inflammation
Males (10/group) Females (10/group)
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Cariprazine
mg/kg/day

0 0.5 2.5 12.5 50 0 0.5 2.5 12.5 50

minimal 1 2 0 2 4 1 1 2 4 1
slight 1 1 0 5 5 0 0 0 3 7
moderate 0 0 0 0 0 0 0 0 0 2
total 2 3 0 7 9 1 1 2 7 10

Liver: Single cell necrosis was observed in LDM (1/10, minimal), highMDM (1/10, minimal), 
and HDM (3/10 minimal; 1/10 slight) along with diffuse, midzonal/centrilobular hepatocellular 
hypertrophy observed in highMDM (1/10, minimal) and HDM (1/10 minimal; 1/10 slight; 2/10 
moderate).

Adrenals: Multifocal cystic degeneration of the zona fasciculata was noted in the adrenal cortex 
of HD animals (8/10 M, 10/10 F) (for severity, see table below). Diffuse dilated sinusoids 
(graded minimal to moderate) were observed in the HD animals with the same incidence. The 
incidence of diffuse vacuolation of the cortex was increased in HD animals of both sexes (5/10 
M, 6/10 F). Diffuse cortical hypertrophy was noted in the highMD (2/10 M, 5/10 F) and HD 
animals (9/10 M, 10/10 F). These findings are consistent with enlarged adrenals and increased 
adrenal weights at the highMD and HD in both sexes. The incidence and severity of findings in 
the adrenals is summarized in the reviewer’s tables below.

Adrenal glands, zona fasciculata: multifocal cystic degeneration 

Males (10/group) Females (10/group)

Cariprazine 
mg/kg/day

0 0.5 2.5 12.5 50 0 0.5 2.5 12.5 50

minimal 0 0 0 0 1 0 0 0 0 0
slight 0 0 0 0 0 0 0 0 0 3
moderate 0 0 0 0 4 0 0 0 0 5
severe 0 0 0 0 3 0 0 0 0 2
total 0 0 0 0 8 0 0 0 0 10

Adrenal glands, cortex: diffuse vacuolation

Males (10/group) Females (10/group)

Cariprazine 
mg/kg/day

0 0.5 2.5 12.5 50 0 0.5 2.5 12.5 50

minimal 1 1 1 2 0 0 0 0 0 0
slight 0 1 0 0 2 0 0 0 0 6
moderate 0 0 0 0 3 0 0 0 0 0
total 1 2 1 2 5 0 0 0 0 6

Adrenal glands, cortex: diffuse hypertrophy 

Males (10/group) Females (10/group)

Cariprazine 0 0.5 2.5 12.5 50 0 0.5 2.5 12.5 50
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mg/kg/day
minimal 0 0 0 2 0 0 0 0 5 1
slight 0 0 0 0 0 0 0 0 0 9
moderate 0 0 0 0 9 0 0 0 0 0
total 0 0 0 2 9 0 0 0 5 10

According to the laboratory that conducted this study, changes in the lungs and adrenals were 
considered to be indicative of phospholipidosis. In pulmonary phospholipidosis, there is an 
excess of surfactant production by type II pneumocytes which accumulates in the alveolar 
spaces. Furthermore, findings noted in the adrenals were also considered to be related to stress.
At the end of the recovery period, changes in the adrenals and lungs were still observed in the 
HD groups (only HD animals were examined).

Male reproductive system: Testes: single seminiferous cell necrosis/degeneration (minimal to 
slight) was obseved in 9/10 HDM. Testicular atrophy (minimal to moderate) was observed in 
1/10, 1/10, and 2/10 male rats at the lowMD, highMD, and HD, respectively. Epididymides: 
minimal to moderate seminiferous cell debries were noted in 1/10 highMDM and 10/10 HDM. 
Prostate gland: diffuse acinar atrophy (minimal to moderate) was observed in 2/10 highMDM 
and 8/10 HDM. Seminal vesicles: atrophy (minimal to moderate) was observed in 2/10 
highMDM and 10/10 HDM.

Female reproductive system: Ovaries: a dose dependent reduction in the number of corporea 
lutea was observed in all groups administered cariprazine (incidence: 2/10, 2/10, 5/10, and 10/10 
in the LD, lowMD, highMD, and HD animals, respectively). This observation was generally 
graded as minimal except in the HD group, in which it was graded as severe in 6/10 female rats. 
Vagina: epithelial cell atrophy graded as slight to severe was noted in 1/10, 1/10, and 4/10
females administered the LD, lowMD, and HD, respectively, along with no instances of 
proestrus or estrus epithelium in any treated group (indicating abnormal estrus cycling) and 
epithelial mucification noted at minimal to severe degree in 5/10, 8/10, 4/10, and 3/10 females
administered the LD, lowMD, highMD, and HD, respectively.

Mammary gland: Females: glandular proliferation at a minimal to moderate degree was noted in 
1/10, 8/10, 7/10, 6/10, and 4/10 F in the Control, LD, lowMD, highMD, and HD groups, 
respectively. Males: ductular developmnet of the mammary gland was noted in 7/10 HDM. An 
increase in the severity of vacuolation in the male mammary gland at moderate or severe degree 
(increased over the minimal or slight degree in 4/8 Controls) was also seen in 8/10, 9/9, and 5/9
males administered the LD, lowMD, highMD, but not in the HD group. Therfore, the 
relationship of this finding to treatment with test article is unclear.

Recovery: According to the Applicant, following the 2-week recovery period alveolar 
macrophage foci in the lungs were observed in the HD males, as did sominiferous cell debris in 
the epididymides and ductular development in the M mammary gland. Other treatment related 
findings appeared to be undergoing resolution. However, only one HD recovery allocation 
female survived to scheduled sacrifice.             

Special Evaluation   None
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Key study findings
 Decreases in absolute body weight and body weight gain observed in males at all dose 

levels, which did not correlate with changes in food consumption.
 Decrease in plasma cholesterol observed in males at 12.5 mg/kg/day and in females at 3 

and 12.5 mg/kg/day, and decrease in plasma triglycerides in males at 3 and 12.5 
mg/kg/day and in females at 12.5 mg/kg/day.

 Lungs: Increased incidence of discolored tan foci observed in lungs at 12.5 mg/kg/day
and increased incidence alveolar/intraalveolar macrophages and foamy cytoplasm with 
and without inflammatory cell infiltration observed in lungs of males at 12.5 mg/kg/day
and in females at all dose levels. This finding was associated with pulmonary 
hemorrhaging in males at 3 mg/kg/day and in both sexes at 12.5 mg/kg/day, and
attributed to phospholipidosis.

 Mammary gland acinar hyperplasia associated with ductal ectasia with and without 
secretions observed in females at all dose levels.

The MTD was 12.5 mg/kg/day based on significant decreases in body weight in males, decreases 
in clinical chemistry parameters, and mammary gland histopathology in females.

The NOAEL was 1 mg/kg/day in male rats and also in female rats if the mammary gland
findings and phospholipidosis in the lung are excluded. This dose is ~1.6 times the MRHD of 6
mg/day based on mg/m2. The AUC0-24h for cariprazine at 1 mg/kg/day on Day 90 is 259 and 390 
ng•h/mL in male and female rats, respectively, which is ~0.7 and 1.1 times the cariprazine 
AUC0-24h expected in humans at the MRHD of 6 mg/day (358 ng•h/mL). The combined AUC0-24h

for cariprazine, DCAR, and DDCAR at 1 mg/kg/day on Day 90 is 319 and 409 ng•h/mL in male 
and female rats, respectively, which is  ~0.25 and 0.3 times the combined AUC0-24h for these 
moieties, expected in humans at the MRHD of 6 mg/day (1273 ng•h/mL). Therefore, based on 
results of this study, there is no margin of safety for administration of cariprazine to humans at 
the MRHD of 6 mg/day.

The NOAEL for phospholipidosis in the lungs was 3 mg/kg/day for male rats, and could not be 
determined for female rats in this study. This dose is ~4.9 times the MRHD of 6 mg/day on a 
mg/m2 basis. The AUC0-24h for cariprazine at 3 mg/kg/day on Day 90 is 971 ng•h/mL in male 
rats, which is ~2.7 times the cariprazine AUC0-24h expected in humans at the MRHD of 6 mg/day 
(358 ng•h/mL). The combined AUC0-24h for cariprazine, DCAR, and DDCAR at 3 mg/kg/day on 
Day 90 is 1251 ng•h/mL in male rats, which is ~1.0 times the combined AUC0-24h for these 
moieties, expected in humans at the MRHD of 6 mg/day (1273 ng•h/mL). Therefore, based on 
phospholipidosis observed in the lungs, there is no margin of safety for administration of 
cariprazine to humans at the MRHD of 6 mg/day.
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Methods
Doses: 0, 1, 3, and 10→12.5 mg/kg/day (Control, LD, MD, and HD, 

respectively; doses are expressed in terms of the free base). The 
dose for HD group (10 mg/kg/day) was increased to 12.5 
mg/kg/day after 3 weeks due to “lack of significant effects”.

Frequency of dosing: Once daily for 13 weeks
Route of 

administration:
Oral gavage

Dose volume: 10 mL/kg
Formulation/Vehicle: Solution of cariprazine in the vehicle/deionized water

Species/Strain: rat/Wistar Albino Crl: (WI)BR
Number/Sex/Group: 10/sex/group in main groups

Age: approximately 6 weeks-old at initiation of dosing
Weight: Males: 251-343 g; Females: 168-249 g 

Satellite groups: 6/sex/control and 27/sex/treated group in the satellite TK 
groups; 5 rats/sex/group in the 4-week recovery groups   

Unique study design: A 2-week dose adaptation period preceeded the full 13-week 
dosing period for all treated groups. Rats were administered 1/3 
of the dose for one week (week -1) and then were administered 
2/3 of the dose for a second week (week 0) prior to the full 
dose for 13 weeks to avoid to dose-limiting clinical signs.

Deviation from study 
protocol:

It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity.

Observations and Results

Mortality
All main study rats survived to scheduled sacrifice; one male rat from the TK group died on Day 
0 after the predose blood collection.

Clinical signs
Clinical signs were observed daily at time of dosing and occurred infrequently in both control 
and treated groups and were considered by the Applicant to be “common findings in laboratory 
rats”. There was one LDM rat that experienced tremors on study Day 76 that persisted until
termination.

Body Weight
Body weight was recorded weekly. Males: There was a dose dependent decrease in absolute 
body weight and body weight gain in males at all doses. Absolute body weight decreased by 3%, 
8%, and 18% on Day 90 in the LD, MD, and HD groups, respectively, compared with control, 
while body weight gain decreased by 9%, 19%, and 41%, respectively, compared with control.
There was a slight recovery of body weight gain loss in all treated groups at the end of the 4-
week recovery period. During the first 3 weeks rats were administered 10 mg/kg/day, and when 
the dose was increased to 12.5 mg/kg/day on Day 20, there was a more pronounced decrease in 
body weight compared with control.
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Females: Absolute body weight and body weight gain were much less affected in female rats. 
There was an increase in absolute body weight on Day 90 (+8% and +4% at the LD and MD,
respectively, compared with control) and an increase in body weight gain of +14% and +9% at at 
the LD and MD, respectively, compared with control. At the HD, there was a decrease in both 
absolute body weight and body weight gain (-6% and -21%, respectively, compared with 
control). During the first 3 weeks rats were administered 10 mg/kg/day and there was no change 
in body weight compared with control (233 g and 240 g, respectively, for controls and 10 
mg/kg/day rats on Day 20). A decrease in absolute body weight compared with control was only 
seen in the HD rats after the dose was increased to 12.5 mg/kg/day on Day 20. At the end of the 
4-week recovery period, body weight in the HD group was comparable to the control group.

Food consumption
Food consumption was recorded weekly. There were no significant effects on food consumption 
in either male or female rats. The only findings were equivocal increases in food consumption 
compared with control at the end of the dosing period for both males and females at the HD.

Ophthalmology
An ophthalmologic exam was done on every main study rat at the end of the dosing period. The 
only abnormality was one MD male that had a myelinated retinal nerve fiber which was not 
considered to be the test article-related.

Hematology
Clinical pathology (hematology and coagulation, clinical chemistry and urinalysis) was done on 
all main study rats (10/sex/group at end of dosing on Week 13 and 5/sex/group on Week 17 after 
a 4-week recovery period). Parameters evaluated: HGB, HCT, RBC, PLT, MPV, MCV, MCH, 
MCHC, RDW, WBC, RETIC, and differential WBC. Coagulation parameters: PT and APTT. 
There was a decrease in several hematological parameters in males and females, which included 
slight decreases in red blood cells at the MD and significant decreases in red blood cells, 
reticulocytes, hemoglobin, and hematocrit at the HD. For HDM on Day 90 there was a decrease 
of 7%, 11%, 4%, and 5% for red blood cells, reticulocytes, hemoglobin, and hematocrit,
respectively, compared with control. For HDF on Day 90 there was a decrease of 3%, 19%, 6%,
and 6% for red blood cells, reticulocytes, hemoglobin, and hematocrit, respectively, compared 
with control. All of the hematological effects returned almost to control levels at the end of the 
recovery period. There was only a slight increase in prothrombin time (5%) in HDM compared
with control at termination, and returned to control levels at the end of the recovery period.

Clinical Chemistry
Parameters evaluated: ALT, AST, ALKP, BUN, CREAT, GLU, CHOL, TRIG, TP, ALB, TBILI, 
Na+, K+, Cl-, Ca++, and PHOS. There were marked increases in the liver enzymes, AST and 
ALT in HDM (223% and 333%, respectively, compared with control). However, the increase
was only due to 3/10 rats which had increases in AST of 1721%, 103%, and 336% and increases 
in ALT of 2600%, 85% and 517% compared with control. The other 7/10 rats had levels similar 
to control. There were no changes in total bilirubin in those 3 rats. There were also no 
histopathological changes in 2/3 rats and only minimal hepatocellular fatty vacuolation 
(periportal) in the third rat. There was a slight increase in BUN in HDM (13%) and in females at
all doses (13-27%); these slight increases were within the historical control range provided by 
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the Applicant. There was also a decrease in glucose levels at all doses in males and females, a 
decrease in cholesterol in HDM, MDF, and HDF and a decrease in triglycerides in MDM, HDM,
and HDF (See Applicant’s table below). The levels returned to control level for the cholesterol 
and triglycerides and almost to control level for glucose after the 4-week recovery period.

(Note: Group 2, 3, 4 = 1, 3, and 10/12.5 mg/kg, respectively)

There were also slight, equivocal decreases in total protein and albumin, and/or globulin levels at 
the HD in both males and females (≤10%), however the levels were within the historical control
range and returned to control levels at the end of the recovery period.

Urinalysis
HDM had slightly concentrated urine on Day 90 with a low urine volume (65% compared with 
control) and slightly high specific gravity (3% compared with control). The levels returned close 
to control values at the end of the recovery period and were also not present in females.

Macroscopic pathology
Complete macroscopic examination was performed on all study animals at necropsy after 13 
weeks of treatment and following the recovery period. There was a greater number of rats with 
discolored tan foci in the lungs in the HD groups compared with controls (Incidence: males: 
2/10, 1/10, 0/10, and 7/10; females: 0/10, 1/10, 3/10, and 7/10 in the Control, LD, MD, and HD
groups, respectively). This finding was still present in the recovery group rats: in 1/5 males and 
5/5 females. The relevance of this finding is unclear but it may be related to phospholipidosis. 
Five/10 females in the HD group had enlarged adrenal glands which correlated with the increase 
in adrenal weight, but there were no corresponding microscopic changes (low incidence of 
hyperplasia and vacuolation of zona fasciculata were observed in both control and dosed groups).

Organ weights
The following organs were weighed for all animals: adrenal glands, brain, epididymides, heart, 
kidneys, liver, ovaries, pituitary gland, prostate gland, seminal vesicles, spleen, testes, thymus, 
thyroid/parathyroid gland, and uterus. Test article-related changes in weights were observed in 
the adrenals, liver, and uterus. Absolute and relative (to body weight) weights of the adrenals and 
liver were increased in both males and females at the HD. The increase in relative adrenal weight
for males and females was 29% and 46%, respectively, compared with control. The increase in
adrenal weight was still present after the 4-week recovery period: 31% and 23% in males and 
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females, respectively, compared with control. The slight increase in the relative liver weight for 
males and females was 9% and 27%, respectively, compared with control. There was no change 
in liver weight after the 4-week recovery period. There was also a decrease in the absolute and 
relative (to body weight) uterus weight in females at all doses. The decrease in relative uterus 
weight was 38%, 40%, and 32% for females at the LD, MD, and HD, respectively. The decrease 
in uterus weigh was still present in the 4-week recovery group: 24%, 47%, and 35% in females at 
the LD, MD, and HD, respectively. However, there were no corresponding histopathological 
changes present in the adrenals, liver, or uterus. Relative (to body weight) thymus weight was 
decreased by 10% compared with control in HDF (but not in male rats or recovery animals).

Histopathology:
Histopathology was performed on all main study rats using standard methods of preservation and 
staining. Organs/tissues evaluated: adrenal glands, aorta, bone marrow smear, bone, bone 
marrow, brain, epididymides, esophagus, eyes, heart, kidneys, lacrimal gland/Harderian glands, 
large intestine, liver, lungs, lymph nodes (mesenteric, mediastinal), mammary gland, nerve 
(sciatic), optic nerve, ovaries, pancreas, pituitary gland, prostate and seminal vesicles, salivary 
gland (mandibular), skeletal muscle, skin, small intestine, spinal cord, spleen, stomach, testes, 
thymus, thyroid/parathyroid glands, trachea, urinary bladder, uterus with cervix, vagina, tissues 
with macroscopic findings including tissue masses, and target organs.

The major histopathological changes occurred in the lungs and mammary glands. There was an 
increased incidence of lungs with “alveolar/intraalveolar macrophages and foamy cytoplasm 
with and without inflammatory cell infiltrate” at the HD (10/10 HDM and 10/10 HDF) and in 
some LD and MD females (see Applicant’s table below). There was only a partial recovery in 
the LDF and MDF groups after the 4-week recovery period, and no recovery in the HD groups. 
The Applicant attributed these effects to drug-induced phospholipidosis. This finding was 
associated with pulmonary hemorrhage in several rats (incidence in males: 2/10, 1/10, 7/10, and 
7/10; in females: 2/10, 2/10, 1/10, and 6/10 in the control, LD, MD, and HD, respectively).
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There was also a dose related increase in the severity of mammary gland hyperplasia; all female 
rats from every dose group had acinar hyperplasia (see Applicant’s table below). This was 
associated with ductal ectasia with and without secretions in 0/10, 5/10, 5/10 and 7/10 female
rats in the control, LD, MD, and HD, respectively. There was partial recovery after the 4-week 
recovery period, since the severity of the acinar hyperplasia substantially decreased and there 
was no longer any associated ductal ectasia. The Applicant attributed the mammary gland 
hyperplasia to the hormonal/pharmacological action of cariprazine.

In the recovery animals, optic nerve hemorrhage was observed in 3/5 HDM and 2/5 HDF, and 
minimal to slight optic nerve vacuolar degeneration was observed in 3/5 HDM rats, without 
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changes in the concurrent controls and without clearly test article-related changes in optic nerve 
in main group animals (observerd in 3/10 HDM and 2/10 control females at termination). This 
finding is mentioned here because the drug has adverse effects on eyes in other studies. No 
histopathological changes were observed in the adrenals, liver, or uterus. There were no changes 
in the sciatic nerve or thymus that were observed in other studies in rats. 

Toxicokinetics
Systemic exposure to cariprazine, DCAR and DDCAR was demonstrated in both male and 
female rats. Female rats had slightly higher exposure levels to cariprazine relative to males, with 
the effect being greater on after single dose than on Day 90. There was accumulation of the drug 
after repeated administration. The T1/2 ranged from 2.1 to 4.7 hours for males and 2.2 to 3.7 
hours for females. The exposure level to both metabolites was greater in males than females. The 
DDCAR could not always be detected in the LDM and LDF. TK parameters are shown in the 
Applicant’s table below.

Dosing Solution Analysis

Analysis of the accuracy of dose preparations revealed an acceptable level of accuracy.

Study title:  RGH-188 HCl:  A 6-month oral toxicity study in rats with a 1-month 
recovery.
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Study no.: CSCNRGHPCTX24
Study report location:

Conducting laboratory and location:
Date of study initiation:

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Cariprazine (RGH-188 HCl), lot W45021A and 
W55007K, purity: 97.7 and 100.5%, respectively 

Key Study Findings

 Marked decreases in body weight and body weight gain in males at all dose levels and in 
females at the high dose of 12.5 mg/kg/day; body weight gain returned to Control levels 
at the end of the recovery period.

 Marked decrease (up to -64%) in cholesterol in males at 10 mg/kg/day and in females at 3 
and 12.5 mg/kg/day at the end of treatment period, and in males at 3 and 10 mg/kg/day at 
the end of the recovery period. 

 Marked decrease (up to -53%) in triglycerides observed at all dose levels in males at the 
end of treatment and at 10 mg/kg/day at the end of recovery, and in females at all dose 
levels at the end of recovery.

 Marked increases in the adrenal gland weight in females at 12.5 mg/kg/day at the end of 
the treatment and recovery periods.

 Increases in the incidence and severity of the sciatic nerve axonal degeneration in females 
at 12.5 mg/kg/day; not observed following the recovery period. 

 Lungs: Increased incidence and severity of alveolar/intra-alveolar macrophages with 
foamy cytoplasm observed in the lungs in males at 10 mg/kg/day and in females at all 
dose levels, attributed to phospholipidosis and not reversible during the recovery period.
Presence of lysosomal concentric lamellar bodies within the cytoplasm of type 2 
pneumocytes and macrophages, typical of those seen with pulmonary phospholipidosis,
observed in ultrastructural TEM examination. There was no indication of any significant 
concurrent lung toxicity despite presence of phospholipidosis.

 Acinar or ductular hyperplasia of the mammary gland observed in females at all dose 
levels, with secretion in some animals; partially reversible at the end of the recovery 
period.

The MTD was 10 and 12.5 mg/kg/day in males and females, respectively, based on significant 
decreases in body weight. A NOAEL could not be established due to effects on body weight in 
males and the mammary gland hyperplasia and uterus weight changes in females, which were
observed at all dose levels. Excluding pharmacologically mediated effects on the mammary 
gland and uterus, the low dose of 1 mg/kg/day could be considered the NOAEL for female rats.

The 3 mg/kg/day dose is the NOEL for the sciatic nerve axonal degeneration (determined only in 
females; sciatic nerve has not been examined in males at this dose). The 3 mg/kg/day dose is also 
the NOEL for phospholipidosis in the lungs in male rats; the NOAEL could not be determined 
for female rats. The 3 mg/kg/day dose is ~4.9 times the MRHD of 6 mg/day based on mg/m2.
The AUC0-24h for cariprazine at 3 mg/kg/day on Day 180 was 1284 and 1468 ng•h/mL in male 
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and female rats, respectively, which is ~ 3.6 and 4.1 times the cariprazine AUC0-24h expected in 
humans at the MRHD of 6 mg/day (358 ng•h/mL). The combined AUC0-24h values for 
cariprazine, DCAR, and DDCAR at 3 mg/kg/day on Day 180 are 1517 and 1610 ng•h/mL in 
male and female rats, respectively, which is ~1.2 and 1.3 times the combined AUC0-24h for these 
moieties, expected in humans at the MRHD of 6 mg/day (1273 ng•h/mL). Therefore, based on 
phospholipidosis observed in the lungs and degeneration of the sciatic nerve, there is no margin 
of safety for administration of cariprazine to humans at the MRHD of 6 mg/day.

In this 6-month study in rats, exposure (AUC0-24h) to cariprazine, DCAR, and DDCAR represents 
approximately 72%, 18%, and 10% for males, respectively, and 88%, 8%, and 4% for females,
respectively, of the total AUC0-24h observed at steady state in male and female rats dosed at the 
high dose of 10 mg/kg/day (males) and 12.5 mg/kg/day (females) on Day 180 of the study.

Methods
Doses: 0, 1, 3, or 10 (males) or 12.5 (females) mg/kg/day (Control, 

LD, MD, and HD, respectively; doses are expressed in terms 
of free base)

Frequency of dosing: Once daily for 6 months
Route of administration: Oral (gavage)

Dose volume: 10 mL/kg
Formulation/Vehicle: Solution/purified water 

Species/Strain: Rat/Wistar Albino
Number/Sex/Group: 15/sex/group; However, after 6 months, 10 animals/group 

were necropsied and 5 animals/group were held for a 1 month 
drug-free recovery assessment 

Age: Approximately 6 weeks old at initiation of dosing 
Weight: Males: 174.9 - 229.5 g, Females: 137.2 – 173.8 g

Satellite groups: TK: 6/sex/Control group and 27/sex/test article groups; 
Recovery period (1 month): 5/sex/group

Unique study design: Treatment included a 2 week dose adaptation period during 
which doses of 1/3 (Week  -1) and then 2/3 (Week -2) of the 
final dose were administered 

Deviation from study 
protocol:

It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity.

Observations and Results

Mortality
Observations for mortality were conducted twice daily. There were no test article-related deaths 
in this study. One MDF was found dead on Day 84. This death, attributed to a metastatic 
malignant lymphoma, was not considered test article-related. 

Clinical Signs
Cage-side observations were made once daily. Physical examinations were conducted twice 
pretest and weekly thereafter. Two LDF (one in the main group, one in the TK group) had brief, 
handling-induced seizures during the final weeks of the study (Weeks 23-27 of full dose). There 
were no morphologic alterations in brain or nerve tissue of either animal. There were no similar 
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observations in animals administered higher doses. Therefore, these seizures are not considered 
test article-related. There were no other treatment-related clinical signs.

Body Weight
Animals were weighed twice pretest and weekly during cariprazine administration. Treatment 
with cariprazine resulted in marked, dose-related, statistically significant (p≤0.01; test name not 
provided) decreases in body weight in M at all dose levels and in HDF (M: -12%, -16%, and -
24% at the LD, MD, and HD, respectively; F: -22% at the HD; % difference from Control at 
Week 26). Body weight was still lower in the same groups following the 1-month drug-free 
recovery period (M: -11%, -17%, and -27% at the LD, MD, and HD respectively; F: -22% at the 
HD). Decreases in body weight gain were observed in the same groups (M: -16%, -23%, and -
34% at the LD, MD, and HD, respectively; F: -36% at the HD). Body weight gain changes were 
reversible because they were similar or higher (in some groups) than those in the Control 
following the 1-month recovery period [weight change during recovery (Week 26 minus 
Recovery Week 4) for M: +26%, +29%, +33, and +44 %; for F: +17, -10, -9, and +18% in the 
Control, LD, MD, and HD groups, respectively].

Food Consumption
Food consumption was measured (weighed) weekly. Food consumption was decreased in MDM
and HDM, and sporadically in LDM. These changes were consistent with decreases in body wts. 
Food consumption remained unchanged in F. These data are shown in the Applicant’s figures 
below.

Mean food consumption in males:

Mean food consumption in females:
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Ophthalmoscopy
All animals were examined pretest, after 3 months of dosing, and at the end of the dosing and 
recovery periods. Lids, lacrimal apparatus, and conjunctiva were examined visually. The cornea, 
anterior chamber, lens, iris, vitreous humor, retina, and optic disc were examined by indirect 
ophthalmoscopy. In addition, the anterior segment, lens, and anterior vitreous were examined by 
slit lamp biomicroscopy, using retroillumination, and optical section 3 months after initiation of 
dosing and at the end of the dosing period. A 1% tropicamide solution was used to induce 
mydriasis. There were no test article-related ophthalmology findings in this study. 

ECG  Not conducted

Hematology
Blood was collected from 10 and 5 fasted animals/sex/group at the end of dosing and recovery 
periods, respectively. Hematology and coagulation parameters evaluated: HGB, HCT, RBC, 
PLT, MPV, MCV, MCH, MCHC, RDW, WBC, RETIC, peripheral blood smear, differential 
leukocyte count, PT, and APTT. There were no apparent test article-related hematology or 
coagulation findings in this study. 

Clinical Chemistry
Blood was collected from 10 and 5 fasted animals/sex/group at the end of dosing and recovery 
periods, respectively. Parameters evaluated: AST, ALT, ALKP, BUN, CREAT, GLU, CHOL, 
TRIG, TP, ALB, TBILI, NA+, K+, Cl-, Ca+, PHOS, GLB, and A/G. Mean liver enzymes, AST
and ALT, were slightly to moderately elevated (~2-fold to 8.6-fold) in HDM and HDF. Percent
difference from controls for the mean ALT was +132 and +100% in M and F, respectively, and 
for the mean AST was +95 and +45% in M and F, respectively. These elevations were due to 
some individual animals (5/10 M, 2/10 F). The following individual highest AST values were 
recorded for 5 HDM: 574, 166, 141, 134, and 128 U/L. Corresponding individual ALT values 
were 377, 110, 90, 75, and 103 U/L. For comparison, mean AST and ALT male Control values 
were 82 and 44 U/L, respectively. The following individual highest AST values were recorded 
for 2 HD females: 369 and 275 U/L. Corresponding individual ALT values were 192 and 240 
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U/L. For comparison, mean AST and ALT female Control group values were 107 and 47 U/L, 
respectively. AST and ALT were less elevated following one month of the recovery period, 
indicating reversibility. There were no corresponding liver histopathology findings. Mean group 
AST and ALT values are shown in the following reviewer’s table.

Serum 
chemistry

Necropsy 
time/N

Control 1
mg/kg/day

3
mg/kg/day

10/12.5
mg/kg/day

M F M F M F M F
AST 
(U/L)

Terminal
N=10

82±17 107±67 79±17 93±25 85±15 129±81 160±149
*

155±96

Recovery
N=5

81±13 93±29 78±13 109±30 79±12 87±16 115±48 98±14

ALT 
(U/L)

Terminal
N=10

44±13 47±21 40±9 51±14 47±11 82±86 102±100
*

94±70

Recovery
N=5

51±9.1 53±17 42±9 58±20 45±5 45±12 66±23 41±8

* absolute values significantly different form control mean: p≤0.05

Mean blood urea nitrogen (BUN) was slightly increased above Control (+33%) in HDF at the 
end of dosing. This finding correlated with slightly concentrated urine and suggested 
dehydration. Mean cholesterol (CHOL) was markedly decreased in HDM, MDF, and HDF at the 
end of dosing. Decreases were also observed in MDM and HDM at the end of the recovery 
period. Mean triglycerides (TRIG) were markedly decreased in M rats at all dose levels at the
end of dosing and in the HDM at the end of the recovery period. Mean TRIG were also 
decreased in F rats at all dose levels at the end of the recovery period; these increases may 
represent a delayed cariprazine or metabolite-related effect. Decreased levels of CHOL and 
TRIG may indicate drug-induced inhibition of their synthesis or another unknown pathological 
process, possibly related to phospholipidosis, a lipid storage disorder, which was observed in 
animals in this study. Mean group values for CHOL and TRIG are shown in the following 
reviewer’s table.

Serum 
chemistry

Necropsy 

time/N
Control 1

mg/kg/day
3

mg/kg/day
10/12.5

mg/kg/day
M F M F M F M F

CHOL 
mg/dL; (% 
decrease)

Terminal
N=10

97±26 77±27 79±20 60±11 81±17 46±8.1
(-40%)

**

68±28
(-30%)

**

28±14
(-64%)

**
Recovery
N=5

121±48 83±23 111±59 64±11 78±27
(-36%)

78±8 75±7
(-38%)

72±14

TRIG
mg/dL (%
decrease)

Terminal
N=10

125±39 64±19 91±36
(-27%)

*

54±9.8 73±18
(-42%)

**

53±15 59±20
(-53%)

**

56±33

Recovery
N=5

143±39 110±79 132±50 47±5.1
(-57%)

*

129±42 56±11
(-49%)

*

88±15
(-38%)

*

53±5
(-52%)

*

* absolute values significantly different from control mean: p≤0.05
** absolute values significantly different from control mean: p≤0.01
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Urinalysis
Urine was obtained via a 16 hour overnight collection period from 10 or 5 animals/sex/group at 
the termination of dosing or at the end of the recovery period, respectively. Parameters 
evaluated: TP, GLU, ketones, nitrites, pH, BILI, urobilinogen, appearance, Sp.G. and VOL. 
Urine was slightly concentrated in HDM and HDF based on the low volume (-37% and -38% of 
Controls in M and F, respectively) and increased specific gravity values. This effect was no 
longer observed at termination of the recovery period.

Gross Pathology
Complete macroscopic examinations were performed on all animals (10/sex/group) following 6 
months of cariprazine administration and on recovery animals (5/sex/group) one month after 
termination of dosing. There was an increase in the incidence of white, tan, or pale foci in the 
lungs in HDM, HDF, and MDF. In the recovery phase animals, these changes were still observed
in the same groups, indicating a lack of reversibility. The Applicant did not provide any 
explanation for this finding. This reviewer considers discoloration of the lungs to be related to 
acumulation of the lipid-drug complex in the lung tissue due to phospholipidosis. These data are 
summarized in the following Applicant’s table.

Organ Weights
The following organs were weighed for all animals at scheduled sacrifice: adrenal glands, brain, 
epididymides, heart, kidneys, liver, ovaries, pituitary gland, prostate gland and seminal vesicles, 
spleen, testes, thymus, thyroid/parathyroid glands, and uterus with cervix. Non dose-related 
decreases in the absolute and relative (to body weight) uterus weights were observed in all 
female groups both at termination of the treatment (relative weight: -42%, -40%, and -28% at the 
LD, MD, and HD, respectively) and after the recovery period (relative weight: -38%, -40%, and -
16% at the LD, MD, and HD, respectively). Absolute and/or relative (to body weight) adrenal 
glands weights were increased in HDM and HDF at the end of treatment (relative weight: +22%
and +70%, respectively) and after the recovery period (relative weight: +36% and +59%, 
respectively). There were no corresponding histopathology observations for changes in the uterus 
and adrenal glands weights.

Histopathology
The tissues/organs listed below collected from Control and HD animals were preserved using 
standard methods, and examined microscopically. Sciatic nerve collection and processing: A 3-5 
cm long segment of the right and left sciatic nerve was collected. The right sciatic nerve was 
fixed in 10% neutral buffered formalin and the left sciatic nerve was fixed in 2.5% cold 
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glutaraldehyde in 0.1 M sodium phosphate, post-fixed in the osmium tetraoxide, embeded in the 
epoxy resin, and stained with Toluidine Blue. Slides with the right sciatic nerve and all other
tissues were stained with H&E. Based on the microscopic findings, lungs from 2 Control M, 2 
Control F, 1 HDM, and 4 HDF were chosen for examination by transmission electron 
microscopy (TEM) to confirm the nature of the phospholipidosis-like changes. Tissues/organs 
examined included the adrenal glands, aorta, bone marrow smear, bone, bone marrow, brain, 
epididymides, esophagus, eyes, heart, kidneys, lacrimal gland/Harderian glands, large intestine, 
liver, lungs, lymph nodes (mesenteric, mediastinal), mammary gland, nerve (sciatic), optic nerve, 
ovaries, pancreas, pituitary gland, prostate and seminal vescicles, salivary gland (mandibular), 
skeletal muscle, skin, small intestine, spinal cord, spleen, stomach, testes, thymus, 
thyroid/parathyroid glands, trachea, urinary bladder, uterus with cervix, vagina, and tissues with 
macroscopic findings including tissue masses. In addition, slides of the target organs i.e. lungs, 
mammary glands (females only), sciatic nerves (females only), and all gross lesions were 
prepared and examined for the LD and MD animals. All tissues were also collected and 
examined for one LD TK female that exhibited seizures by the end of the study.

Peer Review: No information provided

Histological Findings
Histopathology findings related to the test article administration were noted in the sciatic nerve, 
lungs, and mammary gland.  

Sciatic nerve: Slight increase in the incidence and severity of the sciatic nerve axonal 
degeneration, characterized by axonal swelling and/or digestion chambers, was observed in 
HDM and HDF, as shown in the reviewer’s table below. After the 1-month recovery period, the 
incidence of axonal degeneration of the sciatic nerve was similar between the combined control 
groups and combined test article-treated HD groups. 

Incidence and severity of sciatic nerve axonal degeneration 
Sex Males Females
Dose (mg/kg/day) 0 1 3 10 0 1 3 12.5
Termination
Number examined 

10 0 0 10 10 10 10** 10

Minimal 0 - - 1 3 2 2 3
Slight 0 - - 1 0 0 0 1
Moderate 0 - - 0 0 0 0 1
Total 0 - - 2 

20% 
3

30% 
2 2 5 

50%
Recovery
Number examined

5 0 0 5 5 5 5 5

Minimal 2 - - 0 1 2 2 2
Slight 0 - - 0 0 0 0 0
Moderate 0 - - 0 0 0 0 0
Total 2 - - 0 1 2 2 2
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Numbers represent the total number of rats with axonal degeneration in either wax or plastic 
embedded nerves.  ** Includes descendent

Lungs:  Alveolar/intraalveolar macrophages with foamy cytoplasm were observed in all groups, 
including Controls. However, the incidence and severity of this finding increased in the HDM 
and all dosed female groups, as shown in the reviewer’s table below, indicating a test article-
related effect. This change was attributed to pulmonary phospholipidosis and was not reversible 
during the 1-month recovery period. The Applicant did not address the presence of foamy 
macrophages in the Control groups in any detail.

Incidence and severity of alveolar/intraalveolar foamy macrophages in the lungs
Sex Males Females
Dose (mg/kg/day) 0 1 3 10 0 1 3 12.5
Termination
Number examined 

10 10 10 10 10 10 10aa 10

Minimal 4 3 5 5 2 4 4 0
Slight 0 0 0 2 0 0 3 9
Moderate 0 0 0 0 0 0 0 1
Total 
% animals affected 

4
40%

3 5 7  
70%

2
20%

4 7 
70%

10 
100%

Recovery
Number examined

5 5 5 5 5 5 5 5

Minimal 0 1 1 1 0 2 1 0
Slight 1 1 1 4 0 1 2 5
Moderate 0 0 0 0 0 0 0 0
Total 
% animals affected

1 2 2 5 
100%

0 3 3 5 
100%

aa - includes descendent 

Reviewer’s comment: PLD observed in the lungs is consistent with the cationic amphiphilic 
nature of cariprazine. In addition to observations described above, this reviewer noted 
histopathological finding of minimal to slight congestion/hemorrhage in the lungs of animals 
from all groups, including Controls (at termination: 9/10, 10/10, 8/10, and 9/10 in males, and 
4/10, 5/10, 8/9, and 4/10 in females, in the Control, LD, MD, and HD groups, respectively; at 
recovery: 3/5, 5/5, 4/5, and 3/5 in males, and 1/5, 2/5, 2/5, and 3/5 in females, in the Control, LD, 
MD, and HD groups, respectively). Since this finding was present in the Control groups and the 
incidence was not dose-related and not reversible, it may have been caused by gavage 
administration or may represent unknown chronic pathological conditions ongoing in the lungs 
of the majority of animals in this colony, possibly resulting in the presence of foamy 
macrophages in the Control groups, and is not drug-related. The congestion/hemorrhage in the 
lungs of the Control animals was not addressed in any detail by the Applicant. Moreover, slight 
increases in the incidence of the alveolar/intra-alveolar inflammatory cell infiltrate was observed 
at termination in some dosed females, but not in Controls (2/10, 1/9, and 2/10 in the LDF, MDF, 
and HDF groups, respectively), which may be test article-related but unlikely adverse. Based on 
these considerations, there was no indication of any significant concurrent lung toxicity despite 
presence of PLD. 
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Mammary gland:  Acinar or ductular hyperplasia of the mammary gland (slight to moderate) was 
observed in all test article dosed F groups and was partially reversible. These data are 
summarized in the following reviewer’s table. 

Incidence and severity of acinar or ductular hyperplasia of the mammary gland
Sex Males Females
Dose (mg/kg/day) 0 1 3 10 0 1 3 12.5
Termination
Number examined 

0 0 0 0 10 10 9 10

Slight - - - - 1 7 6 5
Moderate - - - - - 1 3 3
Total - - - - 1 8 9 8 
Recovery 
Number examined

0 0 0 0 5 5 5 5

Slight - - - - 0 2 1 0
Moderate - - - - 1 1 1 0
Total - - - - 1 3 2 0 

** Includes decendent 
- no findings

In addition, increased incidence of the prominent mammary secretion was observed in the MDF
and HDF (2/10, 1/10, 4/9, and 7/10 in the Control, LDF, MDF, and HDF groups, respectively) 
and was reversible. Changes in the mammary gland are consistent with the hormonal/ 
pharmacological activity of the dopamine D2 receptor antagonist.

There were no test-article related changes in histopathology of the adrenal glands (zona 
fasiculata hyperplasia was observed only in 1/10 HD males at the end of dosing), although
cortical hypertrophy and vacuolation of the cortex in adrenals of animals of both sexes was 
observed in a 28-day study in rats at doses ≥12.5 mg/kg/day (see above). 

Special Evaluation
Transmission electron microscopy (TEM) evaluation of lung samples was conducted. It was 
designed to determine if there are ultrastructural changes that would confirm phospholipidosis in 
the lungs, which was suspected based on evaluation by light microsocopy. Ultrastructural TEM 
examination of lung samples from 4/10 HDF selected for this examination demonstrated 
presence of lysosomal concentric lamellar bodies within the cytoplasm of Type 2 pneumocytes 
or in phagocytic cells (macrophages), typical of those seen with pulmonary PLD. There were no 
similar observations in the selected control animals (2/sex) nor in the single HDM chosen for the 
TEM investigation based on foamy macrophages in the lungs.

Toxicokinetics
Blood for TK of cariprazine and the metabolites DCAR and DDCAR was collected on study 
Days 1, 90, and 180 from up to 6 animals/sex/group/time point pre-dose and at 0.5, 1, 2, 4, 8, 12, 
16, and 24 h post-dose. Systemic exposure to cariprazine and the metabolites increased with 
increasing dose. The exposure to cariprazine was higher than that for the metabolites. Plasma 
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concentrations on Day 180 were greater than on Day 1 indicating accumulation. Exposure to 
cariprazine was greater in female rats than in male rats, however, exposure to both metabolites 
was greater in male than in female rats. The terminal elimination half-life (T1/2) of cariprazine
and the metabolites ranged from ~2.0 to 9.2 hours. Based on the exposure levels obtained on Day 
180 of this 6-months study following administration of the high dose to rats, the CAR, DCAR, 
and DDCAR AUC0-24 values represent approximetely 72%, 18%, and 10% for M and 88%, 8%, 
and 4% for F, respectively, of the total AUC0-24 observed at steady state. These results are shown 
in the following Applicant’s table (AUC0-t = AUC0-24h).

Dosing Formulation Analysis
The mean concentrations were within + 15% of nominal concentration, except for the minor 
deviation on a single occasion (83.7% of the nominal concentration). This deviation did not 
affect the quality or integrity of the study.
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Exploratory studies in dogs

Study title:  Maximum tolerated dose (MTD) study of RGH-188 hydrochloride with oral 
administration to dogs (final report)

Study no.: RGD: 62277/E
Study report location: Archives at Gedeon Richter Ltd.

Conducting laboratory and location: Gedeon Richter Ltd., Budapest, Hungary
Date of study initiation: January 8, 2004

GLP compliance: No (exploratory study)
QA statement: No

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCI), lot 
R3A0270, purity 99.1%

Methods: The MTD study was conducted in Beagle dogs in two phases. In the Phase I, 
2 dogs/sex received escalating oral (capsule) cariprazine doses of 0.5 mg/kg/day increasing to 1, 
2, 4, 8, and then 32 mg/kg/day. The 0.5, 1, 2, 4, and 8 mg/kg/day doses were administered for 3 
days each, the 16 and 32 mg/kg/day doses were administered for 1 day and 2 days, respectively, 
giving a total of 18 days of dosing. The Phase II consisted of 2 groups of animals (2/sex/group) 
receiving cariprazine at a constant dose of 0 or 25 mg/kg/day for a total of 14 days. Parameters
evaluated: clinical signs, body weight, food consumption, hematology, serum chemistry, organ 
weights, gross and microscopic pathology.

Results: Administration of cariprazine was well tolerated at doses up to 8 mg/kg/day. Clinical 
signs of toxicity, including decreased activity, slow movements, and tremors were noted at 16 
and 32 mg/kg/day in Phase I and at 25 mg/kg/day in Phase II of the study. Additional more 
severe clinical signs were also observed at 25 and 32 mg/kg/day. At 32 mg/kg/day, there was 
slight body weight loss. Evaluation of serum chemistry revealed marked increases in ALT and/or 
GGT in 1/2 F dog at 32 mg/kg/day in the Phase I (ALT increased by 450%) and in 1/2 M dog 
following 7 and 14 days of dosing (ALT increased by 776% and 416%, respectively; GGT 
increased by 74% for both periods), as well as in 1/2 F dog following 14 days of dosing at 25 
mg/kg/day (ALT increased by 1695%; GGT increased by 134%) in the Phase II. 
Histopathological evaluation of the liver showed inflammatory cell infiltration in portal areas of 
animals with marked increases in ALT and/or GGT (1/2 F dog in Phase I; 1/2 M dog and 2/2 F
dogs in Phase II). Decreased plasma cholesterol concentration was observed in 1/2 M dog 
following 14 doses (-49%) and in 1/2 F dog following 7 and 14 doses (-47% and -52%, 
respectively). Increase in absolute and relative adrenal weights was observed in both sexes (M: 
+87% and +87%; F: +25% and +53%, respectively) following administration of 25 mg/kg/day 
for 14 days in Phase II (the only phase with organ wt. assessment). Histopathology indicated
hypertrophy of the zona fasciculata and reticularis of the adrenal cortex in all dogs except M in 
Phase I and thymic atrophy in all dogs in both phases of the study. There were no major gender 
differences in the TK parameters. Therefore, M and F TK data are pooled in the Applicant’s
table below.
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Summary and evaluation: In the non-GLP exploratory MTD study conducted in Beagle dogs, 
administration of cariprazine for 14-18 days was well tolerated at doses from 0.5 to 8 mg/kg/day. 
Clinical signs of toxicity, including decreased activity, slow movements, and tremors, were 
observed at higher doses of 16, 25, and 32 mg/kg/day. Increased adrenal weights, adrenal
hypertrophy and atrophy of the thymus were noted in almost all animals. The CRO concluded 
that this is a common observation and it is likely to be stress-related. In some animals, marked 
decrease in plasma cholesterol and increase in ALT and/or GGT associated with inflammatory 
cell infiltration in portal areas of the liver was observed. Therefore, the liver was a target organ 
of toxicity in this study. The dose of 8 mg/kg/day appeared to be the MTD of cariprazine for 
multiple dose administration in dogs.

Pivotal studies in dogs

Study title:  RGH-188 hydrochloride 28-day oral (capsule) toxicity study in dogs with a 
14-day recovery period

Study no.: RGD 62334/E
Study report location:

Conducting laboratory and location:

Date of study initiation: March 4, 2004
GLP compliance: Yes (OECD)

QA statement: Yes
Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot W3C008K, 

purity 99.24%

Key Study Findings  

 Marked clinical signs of body tremors, staring into space, slow body movements,
subdued and/or aggressive behavior, and unsteady gait, observed in animals at all dose 
levels.
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 Diffuse opacities in the left eye of one male dog (1/8 animals) dosed at 1 mg/kg/day 
observed during Week 4 of dosing and in the right eye of one male dog (1/14 animals) 
dosed at 2 mg/kg/day observed during Week 4 of dosing and during the recovery period.

 Increased absolute adrenal glands weight in animals administered 2 mg/kg/day (+9% and 
+17% in male and female dogs, respectively; there were no changes in body weights). 

 Slight dose-dependent increase in the incidence of inflammatory cell foci in lungs of 
male dogs (1/4, 1/4, 2/4, and 3/4 in the Control, 0.5, 1, and 2 mg/kg/day groups,
respectively).

 Increased incidence of pigmented macrophages in mandibular lymph nodes in male dogs 
dosed at 2 mg/kg/day (4/4) compared with the incidence in the Control group (1/4).

 Increased number of pituitary gland cysts (anterior lobe) in male and female dogs
(incidence in both sexes combined: 0/4, 1/4, 2/4, and 3/4 in the Control, 0.5, 1, and 2
mg/kg/day groups, respectively)

The MTD was exceeded following initial administration of cariprazine at single dose of 8 and 20
mg/kg/day due to severe neurological clinical signs observed in all animals. Following restarted 
dosing at lower dose levels of 0.5, 1, and 2 mg/kg/day, marked clinical signs observed at all dose 
levels indicated that the MTD was achieved at 2 mg/kg/day and the NOAEL was not established 
in this study. Except the clinical signs and few low-incidence findings described above, there 
was no indication of any other target organ of toxicity in this study.

Methods
Doses: 0, 0.5, 1, and 2 mg/kg/day (Control, LD, MD, and HD, 

respectively; doses expressed in terms of the free base)
Frequency of dosing: Once daily for 28 consecutive days

Route of administration: Oral (capsule)
Dose volume: Not provided

Formulation/Vehicle: Cariprazine in gelatin capsule/empty capsule
Species/Strain: Dog/beagle

Number/Sex/Group: 4/sex/group in main study groups
3/sex/group in recovery groups (Control and HD)

Age: 5 to 6 months on arrival
Weight: Males: 6.7-9.5 kg; Females: 6.7-9.2 kg

Satellite groups: Recovery animals (Control and HD only) maintained without 
treatment for 14 days after the last dose

Unique study design: Initially dogs received cariprazine at dose levels of 0, 0.5, 2, 
8, and 20 mg/kg/day. Due to adverse clinical signs, dosing 
was suspended. After a wash out period (23 days) dosing was 
restarted with a reduced number of dose groups and dose 
levels of 0.5, 1, or 2 mg/kg/day.

Deviation from study 
protocol:

It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity.

Observations and Results

Mortality
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Animals were observed daily. There was no test article-related mortality in this study.

Clinical Signs
Animals were observed daily. At the initial dose levels of 8 and 20 mg/kg/day, severe body 
tremor, reluctance to stand, unnatural and/or unsteady gait, ataxia, and vocalization were 
observed. Effects at 0.5 and 2 mg/kg were less marked and restricted to the occasional slight 
tremors and unsteadiness with animals appearing normal after 24 hours. Due to the severity of
clinical signs, dosing was suspended after a single dose. Dosing restarted at 0, 0.5, 1, or 2
mg/kg/day. Clinical signs were observed again at all dose levels and included body tremors, 
staring into space, and slow body movements (incidences: 78-100%, 67-100%, and 10-35%, 
respectively, at the HD). Animals appeared tired, were subdued and/or aggressive, and appeared 
unsteady on their feet. These clinical signs were observed from 1.5 to 3 hours after dosing, with a 
general decrease in the incidence before dosing on the next day. However, clinical signs were 
still present before dosing on the next day in the HD group. No treatment-related clinical signs 
were observed during the second week of the recovery period. According to the Applicant, these 
signs are likely to represent an exaggerated pharmacological action of cariprazine rather than 
toxicity.

Body Weights
Animals were weighed twice weekly. There were no biologically significant changes in the 
absolute body weight or body weight gains.

Food Consumption
Food consumption was recorded daily. There were no biologically significant changes.

Ophthalmoscopy
Eyes were examined before the start of treatment, during Week 4 of treatment, and during the 
recovery period. Diffuse opacities developed during treatment period in the left eye of one MD
male dog (1/8 MD animals) during Week 4 and in the right eye of one HD male dog (1/14 HD 
animals) during Week 4 and towards the end of the recovery period. 

ECG
Electrocardiogram tracings were recorded for all animals twice before dosing, on Day 1 (2 h and 
24 h post dose), during Week 4 of treatment (2 h and 24 h post dose) and towards the end of the 
recovery period. Heart rate, P-R, QRS, and QT intervals were assessed. Heart rate was dose-
dependently increased 2 hours after treatment on Day 1 up to 30% and 23% above control values 
in HDM and HDF dogs, respectively, and 2 hours after treatment on Day 28 up to 41% above 
control values in HDM and HDF dogs. P-R, QRS, and QT intervals were unchanged in this 
study. The Applicant did not provide QTc values.

Hematology
Blood samples were collected from all dogs pretest, during Week 4 of treatment, and towards the 
end of recovery period. Parameters evaluated: HGB, RBC, HCT, MCH, MCV, MCHC, RETIC, 
WBC, ANEU, ALYM, AMONO, AEOS, ABASO, ALUC, and PLT. Coagulation parameters
evaluated: PT and APTT. Hemoglobin, red blood cells, and hematocrit were slightly decreased
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during Week 4 in HD females. Activated partial thromboplastin time was slightly decreased in 
HD males.

Clinical Chemistry
Blood samples were collected from all dogs pretest, during Week 4 of treatment and towards the 
end of the recovery period. Parameters evaluated: BUN, GLU, AST, ALT, ALKP, LDH, Na+, 
K+, Cl-, TP, ALB, GLOB, A/G, CHOL, CREAT, Ca++, PHOS, TBILI, and CREAT. There 
were no biologically significant test article-related changes in clinical chemistry parameters.

Urinalysis
Urine samples were collected overnight from the animals individually housed in metabolism 
cages. Parameters evaluated: Sp.G., VOL, pH, GLU, ketones, urobilinogen, bilirubin, blood 
pigments, epithelial cells, crystals, WBC, RBC, organisms, casts and other abnormalities. 
There were no biologically significant test article-related changes in urinalysis parameters.

Gross Pathology
All animals were sacrificed at the end of the treatment period or recovery period and were 
subjected to a detailed necropsy. There were no biologically significant test article-related 
necropsy findings.

Organ Weights
The following organs were weighed: adrenal glands, brain, heart, kidneys, liver, lungs, ovaries, 
pancreas, pituitary gland, prostate, spleen, testes, thymus, thyroid with parathyroids, uterus and 
cervix. The Applicant considered organ wts. to be unaffected by the treatment. However, this 
reviewer notes minimal to slight increases in the mean absolute adrenal glands, pancreas, and 
pituitary gland weights in all treatment male and female dog groups. Absolute adrenal glands 
weights were increased by 9% and 17% in HDM and HDF dogs, respectively, although there 
were no changes in body weights. 

Histopathology
Adequate Battery: Yes

The following tissues/organs were collected from all animals, fixed in 10% neutral buffered 
formalin, embedded in paraffin, sectioned at 4-6 µm thickness, and stained with H&E using 
standard procedures: abnormal tissue, adrenal gland, aortic arch, brain, eyes (fixed in Davidson’s 
fluid), gall bladder, stomach, duodenum, jejunum, ileum, caecum, colon, rectum, heart, joint with 
bone, kidneys, liver, lungs, mesenteric lymph node, esophagus, optic nerve (fixed in Davidson’s 
fluid), ovary, pancreas, pituitary gland, prostate gland, sciatic nerve, skeletal muscle, skin and 
mammary gland, spinal cord, spleen, sternum, submandibular lymph node, submaxillary salivary 
gland, testes (fixed in Bouin’s fluid), thymus, thyroid with parathyroid, tongue, trachea, urinary 
bladder, uterus with cervix, and vagina. Bone marrow smear was taken but not evaluated. 

Peer Review: Yes
Histological Findings:
According to the Applicant, there were no microscopic findings that could be attributed to dosing 
with cariprazine. However, this reviewer notes a slight dose-dependent increase in the incidence 
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of inflammatory cell foci in lungs of male dogs (1/4, 1/4, 2/4, and 3/4 in the Control, LD, MD, 
and HD groups, respectively); increased incidence of pigmented macrophages in mandibular 
lymph nodes in HDM dogs (4/4) compared with the incidence in the Control group (1/4); 
increased number of pituitary gland cysts (anterior lobe) in M and F dogs (incidence in both 
sexes combined was 0/4, 1/4, 2/4, and 3/4 in the Control, LD, MD, and HD groups, 
respectively); foliculitis in 2/4 MDF dogs, and in 3/4 HDM and 1/4 HDF dogs; and chronic 
dermatitis in 1/4 MDM and 2/4 HDM dogs.

Special Evaluation  None

Toxicokinetics
Blood samples for TK were collected from main study and recovery animals on Days 1 and 28 of 
dosing. Cmax and AUClast values increased approximately in proportion to the dose on both days. 
There were no significant gender differences in the exposure parameters or evidence of 
accumulation upon repeated dosing. The T1/2 in the individual animals ranged between 1.7 and 
5.6 hours. TK cariprazine parameters are shown in the Applicant’s table below.

Dosing Solution Analysis
No capsule analysis was performed as all individual capsule weights were verified.

Study title:  RGH-188: A 13-week oral (capsule) toxicity study in dogs

Study no.: CSCNRGHPCTX20
Study report location:

Conducting laboratory and location:

Date of study initiation: February 21, 2005
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot 

W45021A, purity 99.59%

Key Study Findings
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 Death of one male dog dosed at 8 mg/kg/day after 22 days of cariprazine administration
caused by cardiovascular abnormalities and considered potentially test article-related.   

 Neurological clinical signs observed in animals in the high dose group during the dose 
escalation period (transient disorientation, decreased activity, tremors and/or irregular 
gait) and during treatment at full high dose of 8 mg/kg/day (tremors, disorientation) and 
severe, dose-limiting adverse reaction to cariprazine administration (tremors and hunched 
appearance) in 1/6 female dog after four doses at 8 mg/kg/day (Note that these signs 
developed following an escalating dose regimen, during which a tolerance developed).

 Decreased body weight gain in males in all cariprazine-treated groups (not dose-related) 
and in females dosed at 8 mg/kg/day with corresponding decreases in food consumption.

 Cataracts observed in 3/5 males and 5/6 females dosed at 8 mg/kg/day. 
 Marked increases in serum ALT in males dosed at 8 mg/kg/day.
 Slight to severe decreases in serum cholesterol and triglycerides (up to -51%) in all 

cariprazine treatment groups, reversible only for cholesterol.
 Increases in adrenal weights and decreases in thymus weights in animals dosed at 8 

mg/kg/day.
 Minimal to mild lesions in the eyes, described as lens fiber swelling in the posterior pole 

of the lens or in the anterior lens cortex observed in histopathology examination of all 
dogs dosed at 8 mg/kg/day (including recovery animals).

 Findings consistent with phospholipidosis observed in the adrenal gland (foamy
vacuolation of the zona fasciculata cells) in all groups except female dogs dosed at 1 
mg/kg/day, lungs (increased incidence of accumulation of foamy alveolar macrophages)
in 3/4 females dosed at 8 mg/kg/day, and foamy vacuolation of glomerular cells in the 
kidney of 1/3 male dogs dosed at 8 mg/kg/day.

The MTD was 8 mg/kg/day in both sexes based on the development of severe clinical signs and 
cataracts. Majority of toxicologically significant findings occurred in animals at this dose level.
The NOAEL could not be determined in male dogs based on the reduction in body weight gain 
and phospholipidosis observed in the adrenals at the lowest dose tested, while for female dogs 
the NOAEL is the low dose of 1 mg/kg/day, which is ~ 5.4 times the MRHD of 6 mg/day based 
on mg/m2.

The AUC0-24h for cariprazine at 1 mg/kg/day on Day 90 is 723 and 1019 ng•h/mL in male and 
female dogs, respectively, which is ~2.0 and 2.8 times the cariprazine AUC0-24h expected in 
humans at the MRHD of 6 mg/day (358 ng•h/mL). The combined AUC0-24h values for 
cariprazine, DCAR, and DDCAR at 1 mg/kg/day on Day 90 are 2041 and 2713 ng•h/mL in male 
and female dogs, respectively, which is ~1.6 and 2.1 times the combined AUC0-24h for these 
moieties, expected in humans at the MRHD of 6 mg/day (1273 ng•h/mL).

The medium dose of 3 mg/kg/day is the NOEL for the cataracts and eye lens fiber swelling in 
male and female dogs. This dose is ~16 times the MRHD of 6 mg/day based on mg/m2. The 
AUC0-24h for cariprazine at 3 mg/kg/day on Day 90 is 3145 and 2528 ng•h/mL in males and 
female dogs, respectively, which is ~8.8 and 7.1 times the cariprazine AUC0-24h expected in 
humans at the MRHD of 6 mg/day (358 ng•h/mL). The combined AUC0-24hvalues for 
cariprazine, DCAR, and DDCAR at 3 mg/kg/day are 7852 and 6415 ng•h/mL in male and female 
dogs, respectively, which is ~6.2 and 5.0 times the combined AUC0-24h for these moieties, 
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expected in humans at the MRHD of 6 mg/day (1273 ng•h/mL). (Note that the NOAEL were 
achieved following an escalating dose regimen, during which tolerance to clinical signs was 
noted to develop).

Therefore, for phospholipidosis observed in the adrenal gland, there is no margin of safety for 
administration of cariprazine to humans at the MRHD of 6 mg/day. For the cataracts and eye 
lens fiber swelling, there is 5 to 6.2 safety margin for administration of cariprazine to humans at 
the MRHD of 6 mg/day

Methods
Doses: 0, 1, 3, and 8 mg/kg/day (Control, LD, MD, and HD, 

respectively; doses expressed in terms of the free base)
Frequency of dosing: Once daily for 13 weeks

Route of administration: Oral (capsule) 
Dose volume: 1/8 oz (size 13)

Formulation/Vehicle: Cariprazine in gelatin capsule/empty capsule
Species/Strain: Dog/Beagle

Number/Sex/Group: 4/sex/group in main study groups
2/sex/group in recovery groups (Control and HD)

Age: 4 to 5 months on arrival
Weight: Males: 6.9-9.6 kg; Females: 6.3-9.1kg

Satellite groups: Recovery animals (Control and HD only) were maintained 
without treatment for 4 weeks after the last dose.

Unique study design: 4-week dose adaptation (escalation) period preceded the 
formal 13-week study for the MD and HD groups. Due to 
severe clinical signs, dosing was discontinued. Upon restart, 
doses for the original LD group were escalated to the MD
through doses of 0.33, 0.67, 1, 2 and 3 mg/kg. Doses for the 
original MD group were escalated to the HD through doses of 
1, 2, 4, 6 and 8 mg/kg/day (see Clinical Signs below)

Deviation from study 
protocol:

Final study report was submitted to the Agency on February 
22, 2006. However, an amendment to the report to add the 
electron microscopic evaluation of the adrenal glands was 
issued on August 17, 2012 and was submitted for the first 
time on November 19, 2012. This deviation from the original 
protocol changed the outcome of the study. It is this 
reviewer’s assessment that the deviations from the protocol 
did not compromise the study validity.

Observations and Results

Mortality
Observations for mortality were made twice daily. One HD male dog was found dead after 22 
doses. According to the Applicant, there were no prior clinical signs and pathology examinations
did not reveal a cause of death or any lesions attributed to the test article. However, drug-related 
cause of death cannot be ruled out (see histopathology section for full description of findings).
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Clinical Signs
Observations for general conditions were made twice daily. Physical examinations were 
conducted pre-test and then weekly. During the initial dose escalation phase for the HD, 
cariprazine produced adverse neurologic signs (disorientation, tremors, vocalization, 
uncoordinated movements and decreased activity) at 3.3 mg/kg/day after 2 doses. Therefore, 
dosing was discontinued and animals were held for a 4-week drug-free period before returning to 
the study at the lowest dose (1 mg/kg/day). In the final study during the dose escalation phase, 
similar clinical signs were seen in the HD group (with escalation to 8 mg/kg/day) at doses of 4 
and 6 mg/kg/day. These signs included transient disorientation, decreased activity, tremors
and/or irregular gait on a few occasions. In the dosing phase, there were no significant clinical 
signs in animals given the LD or MD. At the HD, 5/6 animals developed only transient 
occasional neurological signs (tremors, disorientation), primarily during the first week. 
Therefore, it is concluded that animals adopted and tolerated drug-induced signs due to gradual
dose eescalation. However, one HDF (No. 3795) had a significant adverse reaction to cariprazine
administration (tremors and hunched appearance) after 4 doses. This response was considered by 
the Applicant to be a dose limiting and atypical individual response. The animal was transferred
to the LD group after a 4-day wash-out period and showed no subsequent abnormal signs. One 
animal from the LD group was transferred to the HD group as a replacement. There were no 
treatment-related clinical signs in the recovery period. Based on weekly physical examinations, 
some animals mainly in the HD group appeared to be thin. This finding correlated with low body 
weight gains or slight weight loss in some animals.

Body Weights
Dogs were weighed weekly. All dogs in this study in general gained weight except a few dogs 
that had slight to moderate weight losses. Mean body weight gain was statistically significantly 
lower than Control in all cariprazine-treated male groups (this effect was not dose-related) and in 
the HD females. These results are summarized in the following Applicant’s table. During the 
recovery period, weight changes were small in all groups.

Food Consumption
A visual estimate of the amount of food consumed per day was made for each dog daily.
Food consumption was slightly lower in M dogs at all doses and in HDF. These decreases 
generally correlated with decreases in the body weight gains.

Ophthalmoscopy
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All animals were examined pretest, at the end of the dosing period, after the first two weeks of 
recovery and at termination of the recovery period. There were no treatment-related 
ophthalmology findings in the LD and MD dogs. Posterior subcapsular cataracts were noted at 
termination of dosing in 2/5 HDM and 4/6 HDF. During the 4-week recovery period, cataracts 
present at termination in 2/4 dogs progressed and dogs without previous cataracts developed 
them. Therefore, cataracts were observed in a total of 3/5 HDM and 5/6 HDF. Dr. L. Rubin, who 
conducted ophthalmoscopic examination of study dogs, concluded that observed bilateral
posterior subcapsular cataracts, involving the sutures and posterior pole, are typical of those 
caused by toxic agents, as well as of genetic disease. However, the dose relationship makes it 
likely that these are caused by test article administration.

ECG
ECG tracings were taken on unanasthetized dogs positioned in right lateral recumbency twice 
pretest (after the initial week of acclimation and just prior to assignment to study), on all 
surviving animals during Weeks 4 and 13 (predose and 2 hours postdose, approximately at Tmax), 
and on all surviving animals at the end of recovery. Heart rates, RR, QT, and QTc (Fridericia, 
Van Der Water formulas) were calculated from all electrocardiograms. According to the 
Electrocardiographic Evaluation Summary Report, there was no electrocardiographic evidence of 
test article action in this study. Summary tables were not submitted for review. Based on the 
review of individual animal data, this reviewer notes a small increase in QTc values observed in 
two HDM dogs: animal #3290 (QTcF: +49 ms; QTcV: +45 ms above pretest value) and animal 
#3292 (QTcF: +34 ms; QTcV: +35 ms above pretest value) at Week 13 (2 hours postdose 
measurement). There were no increases of this magnitude in animals in other groups.

Hematology
Blood for hematology and coagulation was obtained from all animals twice pretest, during Week 
4, and at termination of the treatment (Week 13) and recovery periods. Parameters evaluated: 
HGB, HCT, RBC, PLT, MPV, MCV, MCHC, WBC, RETIC, and differential leukocyte count. 
Coagulation parameters evaluated: PT and APTT. Marked decreases in reticulocyte count (-30 to 
-60%) relative to the Control values were observed in MDM, HDM, and HDM. Reticulocyte 
counts were also lower (-45 to -59%) than the Control mean values in dogs following the 
recovery period. According to the Applicant, all individual values were within normal ranges. 
There were no correlating alterations in any other erythrocyte parameters. This reviewer notes 
also slight decreases in the mean white blood cells count in Week 4 and at termination in all
groups, and at the end of recovery, when compared to the Control group. However, there were no 
correlating microscopic pathology observations in the bone marrow or other hematopoetic 
organs. Therefore, these changes are considered of no toxicological significance. Coagulation:
Activated partial thromboplastin times (APTT) were shorter in HDF (-3 to - 4 seconds) than 
Control times in Weeks 4 and 13.

Clinical Chemistry
Blood for clinical chemistry was obtained from all animals twice pretest, during Week 4, and at 
termination of the treatment (Week 13) and recovery periods. Parameters evaluated: ALT, AST, 
ALKP, BUN, CREAT, GLU, CHOL, TRIG, TP, ALB, TBILI, Na+, K+, Cl-, Ca++, PHOS, 
GGT, GLOB (calculated), and A/G (calculated). Marked elevation in alanine aminotransferase 
(ALT) values were observed in Weeks 4 and 13 in HDM dogs. These increases were exacerbated 
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by one dog (#3290) with markedly high ALT values (at pretest 1: 46 U/L; at pretest 2: 52 U/L; at 
treatment Week 4: 404 U/L; at termination Week 13: 2209 U/L). There were no corresponding 
microscopic liver changes in this animal. ALT values were also increased in Weeks 4 and 13 in
MDF and HDF but only approximately 2 fold of mean Control values. Mean group ALT values
(U/L) are shown in the following reviewer’s table. There were no changes in ALT in the 
recovery groups.

Mean group ALT values
Males Females

Dose 
(mg/kg/day)

Pretest 
1

Pretest 
2

Week 
4

Week 
13

Pretest 
1

Pretest 
2

Week 
4

Week 
13

0 (N=6) 36 33 35 36 40 39 38 38
1 (N=4) 43 43 39 46 45 47 49 48
3 (N=4) 39 47* 53 55 45 43 94* 58
8 (N=6) 48* 51** 144** 546** 35 37 91* 91**

*Significantly different from control mean; p≤ 0.05.
**Significantly different from control mean; p≤ 0.01

Slight to severe decreases in cholesterol (up to -51%) and triglycerides (up to -51%) were noted 
in all treatment groups. Mean group cholesterol values (mg/dL) and decreases from Control 
group level (%) are shown in the following reviewer’s table. Recovery was observed for 
cholesterol, while no recovery was noted for triglycerides.

Mean group cholesterol values and decreases (%)
Males Females

Dose 
(mg/kg/day)

Pretest 
1

Pretest 
2

Week 
4

Week 
13

Pretest 
1

Pretest 
2

Week 4 Week 
13

0 (N=6) 159 176 174 163 143 149 153 162
1 (N=4) 131 142* 133*

(-24%)
106*

(-35%)
142 148 135

(-12%)
126

(-22%)
3 (N=4) 126 140* 106**

(-39%)
86**

(-47%)
141 153 140

(-8%)
132

(-19%)
8 (N=6) 150 161* 102**

(-41%)
86**

(-47%)
140 146 89**

(-42%)
79**

(-51%)
*Significantly different from control mean; p≤ 0.05.
**Significantly different from control mean; p≤ 0.01

Mean group triglycerides values and decreases (%)
Males Females

Dose 
(mg/kg/day)

Pretest 
1

Pretest 
2

Week 
4

Week 
13

Pretest 
1

Pretest 
2

Week 4 Week 
13

0 (N=6) 41 48 42 39 40 36 37 41
1 (N=4) 34 40 28

(-33%)
28**

(-28%)
52 43 34

(-8%)
30

(-27%)
3 (N=4) 40 45 30

(-29%)
29**

(-26%)
40 36 28**

(-24%)
27*

(-34%)
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8 (N=6) 33 38 25*
(-40%)

27**
(-31%)

43 38 20**
(-46%)

28*
(-32%)

*Significantly different from control mean; p≤ 0.05.
**Significantly different from control mean; p≤ 0.01

Urinalysis
Urine obtained via 16-hours collection period was analyzed for all animals twice pretest, during 
Week 4 and at termination of the treatment (Week 13) and recovery periods. Urine parameters 
analyzed: TP, GLU, ketones, occult blood, pH, bilirubin, urobilinogen, appearance, Sp.G., and 
Vol. There were no test article-related urinalysis findings.

Gross Pathology
Necropsy and complete macroscopic examinations was performed on all main study animals
after 13 weeks of cariprazine administration and on 2 animals/sex from the Control and HD 
groups 4 weeks after termination of dosing (recovery groups). One HDM was found dead on Day 
22 of the study. Macroscopic findings in this dog included agonal heart changes such as right
ventricular dilatation with apparent left ventricular contraction, red discoloration of various 
organs/tissues and gaseous distension of the GI tract. The Applicant concluded that these were 
typical agonal and postmortem changes unrelated to cariprazine administration. In the HD group, 
adrenal glands were enlarged in 1/4 F. Focal discoloration of the lungs was noted in some HD 
animals. This finding correlated with the presence of foamy macrophages in the alveolar spaces.
There were no important macroscopic findings in the recovery animals.

Organ Weights
The following organs were weighed for all animals at the scheduled sacrifice intervals: adrenal 
glands, brain, epididymides, heart, kidneys, liver, ovaries, pituitary gland, prostate gland, spleen, 
testes, thymus, thyroid/parathyroid glands, and uterus with cervix. Statistically significant
increases in absolute and relative (to body and brain weights) adrenal gland weights were noted
in the HD animals. These increases were graded moderate (+33 to 50%) for males and marked 
(+91 to 115%) for females. Changes in the adrenal weight correlated with microscopic findings 
of foamy vacuolation of the cortical zona fasciculata cells of the adrenals. Thymus weights were 
lower (-20 to -40%) than Control at termination in all male groups administered cariprazine and 
in HDF. There were no corresponding microscopic findings in the thymus. In the recovery 
group, slight increases in the adrenal weight were still obseved. Thymus weight remained lower 
than that of the Control following the recovery period.

Histopathology
Adequate Battery: yes
Tissues and organs were collected at the scheduled sacrifice and preserved in 10% neutral 
buffered formalin (except eyes, optic nerve, and testes, which were placed in Modified 
Davidson’s solution). Slides were prepared and examined for all animals using light microscope. 
The following tissues/organs were examined: adrenal glands, aorta, bone marrow smear, bone, 
bone marrow, brain, epididymides, esophagus, eyes, gallbladder, heart, kidneys, lacrimal gland, 
large intestine, liver, lungs, lymph nodes, mammary gland, nerve (sciatic), optic nerve, ovaries,
pancreas, pituitary gland, prostate gland, salivary glands, skeletal muscle, skin, small intestine, 
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spinal cord, spleen, stomach, testes, thymus, thyroid/parathyroid glands, trachea, urinary bladder, 
uterus with cervix, vagina, and tissues with macroscopic findings.

Peer Review: Yes, for evaluation of the eyes

Histological Findings
According to this final report, there were no microscopic changes considered to be contributory 
to the cause of death of HDM dog that was found dead on Day 22 of cariprazine administration. 
This event has been previously described by the Applicant in the IND safety report submitted on 
July 5, 2005. According to the Applicant’s preliminary interpretation of the data in the safety 
report, microscopic findings in this dog did not provide a definitive cause of death. However, the 
observation of contracted left ventricle and dilated right ventricle at necropsy and the 
microscopic findings of thickened and degenerative changes in the tricuspid valves may suggest 
a cardiovascular cause of death. Death of the dog occurred prior to the 4-week ECG and clinical 
pathology evaluation. Week 4 ECGs of all other animals were normal. The cause of 
peribronchial fibrosis observed within the lungs of this animal was considered by the Applicant 
unlikely to be directly associated with the death of the animal because the microscopic features 
of the change suggest it is a long standing finding that was probably pre-existing before the study 
start and, therefore, unlikely to be attributable to the test article. However, it is important to note 
that these findings in the heart and lungs are not part of the normal background profile of 
incidental findings seen in dogs at this laboratory. In conclusion, the cause of death of single 
HDM dog cannot be determined by this reviewer based on available data. Therefore, the relation 
of this death to the test article administration cannot be excluded. In dogs that survived to the 
scheduled termination, myxomatous change of the atrio-ventricular valve was seen in 1/6 
Control M, 1/4 LDM, 1/4 LDF, and 1/4 MDF. These findings indicate a lack of dose 
relationship, and therefore, are unlikely to be test article-related. There were no other 
microscopic findings in hearts of dogs that survived to the end of the study. 

Administration of cariprazine resulted in microscopic changes in the eyes, adrenals, lungs, and 
kidneys.

Eyes: All dogs administered the HD had lesions in the lens. These lesions were described as 
minimal to mild lens fiber swelling in the posterior pole of the lens or in the anterior lens cortex. 
The incidence and severity of lens fiber swelling are summarized in the Applicant’s table below.
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Adrenal gland, kidney, and lung:
A foamy vacuolation of the zona fasciculata cells of the adrenal glands graded minimal to
moderate in M dogs at all dose levels and in MDF and HDF (total incidence: M: 0/4, 1/4, 1/4, 
and 4/4; F: 0/4, 0/4, 1/4, and 4/ 4 in the Control, LD, MD, and HD groups), accumulation of 
foamy alveolar macrophages in the lungs of 3/4 HDF (total incidence: M: 1/4, 1/4, 1/4, and 1/4; 
F: 0/4, 0/4, 0/4, and 3/ 4 in the Control, LD, MD, and HD groups) and foamy vacuolation of 
glomerular cells in the kidney (1/3 HDM dogs) were observed in this study. These findings are 
consistent with phospholipidosis. The incidence of the foamy vacuolation in the adrenals is
shown in the following Applicant’s table.
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At termination of the recovery period, changes in the adrenals were still present, in all recovery 
(4/4 HD) dogs examined, indicating lack of reversibility. The findings in kidneys and lungs were 
reversible. Reviewer’s comment: Adrenal gland hypertrophy/hyperplasia hsd not been reported 
despite significant enlargement of the adrenals. This reviewer also notes that the incidence and 
grade of extra medullary hematopoiesis was dose-dependently increased in adrenals in females. 
Dose-related increased incidence in hypospermatogenesis was seen in some cariprazine-
administered male dogs.

Special Evaluation
Transmission electron microscopy evaluation designed to determine if there are ultrastructural 
changes that would confirm phospholipidosis in the adrenal glands, suspected based on 
evaluation by light microsocopy. Because the need for these examinations was not anticipated, 
no special preservative or tissue handling was used for the adrenals. Adrenals (zona fasciculata) 
from 4 animals (3 HD dogs: male and female, and HD recovery female, as well as representative 
control male dog) were examined. The Applicant concluded that the adrenal samples from 2 (HD 
male and HD female) of 3 dogs that received cariprazine had concentric lamellar inclusions 
within the cytoplasm of adrenal cortical cells or in phagocytic cells that were considered
morphologically consistent with phospholipidosis.

Toxicokinetics
Blood samples for the determination of plasma concentrations of cariprazine and its metabolites 
were collected on Day 0 (day of first full dose) and during Week 13 from all animals/sex/time 
points at predose, 1, 2, 3, 4, 6, 12, 16, and 24 hours postdose. Samples were also taken from all 
recovery animals in the HD group at termination of the recovery period at the same time points.
The level of exposure to cariprazine, DCAR, and DDCAR increased with increased dose. No 
major gender differences in exposure were noted. The level of DCAR metabolite exposure 
(AUC) was lower than that of cariprazine while DDCAR exposure was very similar to that of the 
parent compound. There was little or no accumulation in the systemic exposure to cariprazine or 
the metabolites from Day 0 to Day 90. The T1/2 of DDCAR (10 to 23.8 h) was longer (about 2-3 
fold) than that of cariprazine (4-6.4 h) and DCAR (3.7-5.8 h). Median Tmax values were 1.5-3 h 
(cariprazine), 2-4.5 h (DCAR), and 5-12 h (DDCAR). These results are shown in the following 
Applicant’s tables.
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Dosing Solution Analysis
No capsule analysis was performed. Individual capsule weights were verified.

Study title:  RGH-188 HCl: A one-year oral (capsule) toxicity study in dogs with a 2-
month recovery period  
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Study no.: CSCNRGHPCTX23
Study report location:

Conducting laboratory and location:
Date of study initiation: October 18, 2005

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot/purity: 
W45021A/97.7% and W55007K/100.5%

Key Study Findings

 Tremors observed in animals administered cariprazine at all dose levels.
 Increases in serum ALT levels (2-17 times the control values) observed in some 

individual animals at 4 and 6 mg/kg/day. These changes were reversible.
 Decreases in serum cholesterol levels in males at all doses and in females at 6 mg/kg/day 

(up to -49% and -58%, respectively) and triglycerides levels in males at ≥2 mg/kg/day 
and in females at all dose levels (up to -58% and -46%, respectively). These findings 
were reversible.

 Adrenal gland findings including enlargement and increased absolute adrenal weights (up 
to +75% of the control level) at 4 and 6 mg/kg/day in both sexes as well as microscopic 
phospholipidosis-like changes of foamy vacuolation of the zona fasciculata cells
observed at all dose levels (except the low dose males), hypertrophic/hyperplastic and 
vesiculated/vacuolated zonae fasciculata and arcurata observed at 4 and 6 mg/kg/day, and 
extramedullary hematopoesis in the adrenal cortex observed at all dose levels at the end 
of the dosing phase.

 Eye findings including ocular opacity and discoloration, slight to severe cataracts in the 
eyes at 4 mg/kg/day (6/6 males and 3/6 females) and 6 mg/kg/day (5/6 males and 6/6 
females), microscopic changes in the eyes described as minimal and reversible lens fiber 
swelling observed in ~50% of animals dosed at 1 or 2 mg/kg/day, and severe changes in 
the lens fibers (swollen, degenerated, fragmented with vacuoles, clefts and eosinophilic 
granular material) observed in all animals administered 4 and 6 mg/kg/day, as well as
observation of irregular shaped/collapsed lens, detached retina, and cystic degeneration of 
the retina in some animals dosed at 4 or 6 mg/kg/day.

 Lung findings including discoloration generally at 4 or 6 mg/kg/day and microscopic 
phospholipidosis-like changes of alveolar/intraalveolar foamy macrophages accompanied 
by subacute (chronic active)/chronic inflammation/fibrosis observed in all cariprazine-
dosed groups at the end of the dosing phase (except the low dose females). 

The MTD was 4 mg/kg/day in this study based on severe degenerative findings in the eyes (and 
other adverse findings) observed at this dose.

The NOAEL was not determined in this study and is less than 1 mg/kg/day because of the 
phospholipidosis-like and other microscopic findings in the lungs and adrenals, and lens fiber 
swelling in the eyes observed at all cariprazine dose levels (no inflammation/fibrosis was 
observed in lungs of low dose females and no phospholipidosis was observed in adrenals of low
dose males). Although the severity of findings in the eyes was low at the lower dose levels (1 
and 2 mg/kg/day), these changes cannot be ignored since they progressed to severe lesions at 

Reference ID: 3774483

(b) (4)



NDA No. 204370 resubmission          Reviewer: Elzbieta Chalecka-Franaszek, Ph.D.

91

higher dose levels. Therefore, based on these drug-related adverse effects, there is no margin of 
safety for human dosing at the MRHD of 6 mg/day.

The low dose of 1 mg/kg/day is ~5.4 times the MRHD of 6 mg/day based on mg/m2. The AUC0-

24h for cariprazine at 1 mg/kg/day on Day 360 is 1371 and 837 ng•h/mL in male and female dogs, 
respectively, which is ~3.8 and 2.3 times the cariprazine AUC0-24h observed in humans at the 
MRHD of 6 mg/day (358 ng•h/mL). The combined AUC0-24h values for cariprazine, DCAR, and 
DDCAR at 1 mg/kg/day on Day 360 are 3496 and 2191 ng•h/mL in male and female dogs, 
respectively, which is ~2.7 and 1.7 times the combined AUC0-24h for these moieties, observed in 
humans at the MRHD of 6 mg/day (1273 ng•h/mL).

The 2 mg/kg/day dose is the NOAEL for the cataracts, cystic degeneration and detachment of the 
retina in male dogs, and hypertrophy/hyperplasia and vesiculation/vacuolation of the adrenal 
cortex. This dose is ~11 times the MRHD of 6 mg/day based on mg/m2. The AUC0-24h for 
cariprazine at 2 mg/kg/day on Day 360 is 2471 and 1789 ng•h/mL in male and female dogs, 
respectively, which is ~6.9 and 5.0 times the cariprazine AUC0-24h observed in humans at the 
MRHD of 6 mg/day (358 ng•h/mL). The combined AUC0-24h values for cariprazine, DCAR, and 
DDCAR at 2 mg/kg/day on Day 360 are 6238 and 4530 ng•h/mL in male and female dogs, 
respectively, which is  ~4.9 and 3.6 times the combined AUC0-24h for these moieties, observed in 
humans at the MRHD of 6 mg/day (1273 ng•h/mL). Therefore, for the development of cataracts, 
cystic degeneration of the retina (in male dogs), and hypertrophy/hyperplasia and 
vesiculation/vacuolation of the adrenal cortex, there is 3.6 to 4.9 safety margin for administration 
of cariprazine to humans at the MRHD of 6 mg/day.

The 4 mg/kg/day dose is the NOAEL for the cystic degeneration of the retina in female dogs. 
This dose is ~22 times the MRHD of 6 mg/day based on mg/m2. The AUC0-24h for cariprazine at 
4 mg/kg/day on Day 360 is 3841 ng•h/mL in female dogs, which is ~11 times the cariprazine 
AUC0-24h observed in humans at the MRHD of 6 mg/day (358 ng•h/mL). The combined AUC0-

24h values for cariprazine, DCAR, and DDCAR at 4 mg/kg/day on Day 360 is 9771 ng•h/mL in 
female dogs, which is  ~7.7 times the combined AUC0-24h for these moieties, observed in humans 
at the MRHD of 6 mg/day (1273 ng•h/mL).

The AUC0-24h for cariprazine, DCAR, and DDCAR represents approximately 40%, 20%, and 
40% for males and 38%, 19%, and 43% for females, respectively, of the total AUC0-24h observed 
at steady state on Day 360 in dogs dosed at the high dose of 6 mg/kg/day.
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Methods
Doses: 0, 1, 2, 4, and 6 mg/kg/day (Control, LD, lowMD, highMD, 

and HD, respectively; doses expressed in terms of the free 
base)

Frequency of dosing: Once daily for one year
Route of administration: Oral (capsule)

Dose volume: Not provided
Formulation/Vehicle: Cariprazine in gelatin capsule/empty capsule

Species/Strain: dog/Beagle
Number/Sex/Group: 6/sex/group (4/sex/group/main study, 2/sex/group/recovery)

Age: Approximately 5 to 6.5 months of age at initiation of dosing
Weight: Males: 8.3 kg (6.4 – 11.2 kg); Females: 7.1 kg (5.8 – 10.6 kg)

Satellite groups: Recovery: drug-free for 2 months after the last dose
Unique study design: 1- to 3-week dose adaptation period preceded the formal 12-

month study for the lowMD, highMD, and HD groups
Deviation from study 

protocol:
It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity.

Observations and Results

Mortality
Observations for mortality were made twice daily. There were no unscheduled deaths.

Clinical Signs
Observations and physical examinations were conducted twice daily and weekly, respectively. 
Test article-related observations included tremors and ocular opacity. Generally slight and 
transient tremors were noted primarily during the first month of dosing in most LD animals (5/6
M, 4/6 F) and in all animals administered higher doses. The incidence of tremors decreased time-
dependently; they were observed occasionally through Month 7 and no longer present thereafter. 
Brief convulsions observed in one MDM during Month 11 and in one MDF early in the recovery 
(Day 3) did not appear to be test article-related due to lack of dose-dependence. Ocular opacity
consistent with cataracts was observed in some animals at the highMD (1/4 M, 2/4 F) and HD
(1/6 M, 2/6 F). There were no clinical findings in the eyes at lower dose levels.

Body Weights
Animals were weighed twice pretest and then weekly. There were no apparent test article-related 
effects on body weight or body weight gain. 

Food Consumption
A visual estimate of the amount of food consumed per day was made daily for each dog. There 
was no apparent test article related effect on food consumption.

Ophthalmoscopy
All animals were examined twice pretest, at Month 1, 2, 3, 4, 5, 6, and 9, at the end of the dosing 
period, and at the end of the recovery period. Lids, lacrimal apparatus, and conjunctiva were 
examined visually. The cornea, anterior chamber, lens, iris, vitreous humor, retina, and optic disc 
were examined by indirect ophthalmoscopy. The anterior segment, lens and anterior vitreous 
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were examined by slit lamp biomicroscopy, using retroillumination, and optical section. A 1% 
tropicamide solution was used to induce mydriasis. Cataracts were observed at termination of 
dosing in 6/6 highMDM, 3/6 highMDF, 5/6 HDM, and 6/6 HDF. These cataracts were dose 
related in the incidence and severity, and involved the posterior pole, the posterior sutures, the 
equatorial complex, the anterior cortex, or were complete bilateral cataracts. Cataracts were also 
observed earlier on Day 99 (but not on Day 66) in this study. No new cataracts developed at 
termination of the 2-month recovery period in dogs that did not have cataract during the 
treatment. However, cataracts in HD animals showed further progression. Clinically observed 
cataracts correlated with degenerative changes in the lens of the eye characterized by the 
Applicant as “minimal to mild lens fiber swelling in the posterior pole of the lens or in the 
anterior lens cortex and range to significant cataract change with lens capsule rupture and release 
of lens protein (see histopathology findings below). There were no ophthalmoscopic 
abnormalities in the LD and lowMD groups.

ECG
ECG tracings were taken on unanesthetized dogs positioned in right lateral recumbency twice 
pretest, at Month 3, 6, 9, and 12 (pre-dose and approximately 2 hours post-dose, at approximate 
Tmax), and at the end of the recovery period. Using the ECG tracing, the heart rates and RR, QT,
and QTc intervals (calculated using Fridericia and Van De Water formulas) were determined for 
each animal. There were no clearly test article-related changes in the ECG parameters and the 
Applicant’s cardiovascular physiologist/pathologist concluded that there were no test article-
related cardiovascular findings in this study.

Clinical Pathology
Blood was collected from 6 animals/sex/group (main and recovery groups) for hematology, 
coagulation, and clinical chemistry at pre-test, Month 3, 6, 9, 12, and recovery termination.

Hematology/Coagulation
Parameters evaluated: HGB, HCT, RBC, PLT, MPV, MCV, MCH, MCHC, WBC, RETIC, 
peripheral blood smear, differential leukocyte count, PT, and APTT. The following test article-
related findings were observed. Slight decreases in erythrocyte counts (-8 to -10% of the Control 
level), hemoglobin, and hematocrit were observed in HDF at Month 3 and 6 and in HDM at 
Month 3-12. Reversal was noted at the end of the recovery period (values were +11 to +18% of 
Control level). Moderate decreases in reticulocytes (-27 to -65% of the Control level) were 
observed in F at all dose levels and in M at doses ≥2 mg/kg/day at Month 3-12. The effects on 
reticulocytes were considered test article-related but appeared to be nonadverse since 
reticulocyte (and erythrocyte) counts returned to the Control levels at the end of the recovery 
period (values were +11 to +18% of the Control level). Based on study report, these findings 
correlated with minimal to marked extramedullary hematopoesis in the adrenal cortex. Decreased 
platelet counts (-30% of the Control level) observed in F at all dose levels at Month 3 and 6
appeared to be not toxicologically relevant due to small magnitude and transient nature of these 
changes. There were no changes in other hematology or coagulation parameters. 

Clinical Chemistry
Parameters evaluated: ALT, AST, ALKP, BUN, CREAT, GLU, CHOL, TRIG, TP, ALB, TBILI, 
NA+, K+, Cl-, Ca++, PHOS, GGT, GLOB, and A/G. The following test article-related findings 
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were observed. ALT values were increased ~2-4 times the Control value in both sexes at the 
highMD and HD at all evaluation intervals (in M up to 2.9, 2.4, 3.3, and 3.6 times at Month 3, 6,
9, and 12, respectively; in F up to 2.7, 3.2, 3.6, and 4.0 times at Month 3, 6, 9, and 12 months, 
respectively). Individual elevations were 2 to 17 times the concurrent Control mean value. 
However, changs in ALT were revirsible and returned to the Control level at the end of the 
recovery period. Cholesterol was decreased in M at all dose levels up to -49% of the Control
level and in HDF up to -58% of the Control level. Triglycerides decreased in M up to -38%, -
43%, and -58% of the Control level in the lowMD, highMD, and HD groups, respectively, and in 
F up to -48%, -39%, -44%, and -46% below the Control level in the LD, lowMD, highMD, and 
HD groups, respectively. Recovery to Control values was noted at the end of the recovery period 
for both cholesterol and triglycerides. Total protein was ~16% lower than the Control for all test 
article-treated groups. Globulin was decreased for all test article treated groups; albumin was 
decreased at the HD. Recovery to Control values occurred after termination of treatment. See
clinical chemistry data in the Applicant’s table:

Urinalysis
Urine was obtained from 6 animals/sex/group via a 16 hour overnight collection period pretest, 
at Month 3, 6, 9, 12 and termination of the recovery period. According to the Applicant, the 
following parameters were determined: PROT, GLU, ketones, occult blood, pH, bilirubin, 
urobilinogen, appearance, Sp.G., and VOL. However, only VOL, Sp.G., and pH data were 
included in the final report. Urine volume was statistically significantly increased in HDM dogs
at Month 3 and 9 (218% and 122% above the Control levels, respectively). Urinalysis values 
were highly variable. There were no changes that could be clearly attributed to the test article.

Gross Pathology
Complete macroscopic examinations were performed on all animals. Test article-related gross 
pathology changes were seen in the eyes, lungs, adrenal glands, and gall bladder. The eyes of 
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some dogs administered cariprazine at the highMD (1/4 M and 2/4 F) or HD (1/4 M and 2/4 F) 
were discolored (white) or had moderate to severe opacities. At the end of recovery period white 
lenses were observed only in 1/2 HDF dog. Scattered foci of slight to severe discolorations 
(white, tan, yellow) were observed in the lungs of all highMD and HD dogs and 2 lowMDM
dogs at the end of the dosing phase, and in the lungs of dogs at highMD (1/2 M, 1/2 F) and all 
HD animals (2/2 M, 2/2 F) at the end of recovery. Based on the incidence and severity it can be 
concluded that signs of incomplete recovery were observed. The adrenal glands were enlarged at 
the end of dosing phase in animals administered highMD (1/4 M, 3/4 F) or HD (4/4 F). This 
finding was graded slight to severe and was no longer obsered following the recovery period. 
Green or brown material was observed in the gall bladder of some dogs at highMD (2/4 M) and 
HD (1/4 M, 2/4 F) at the end of dosing period. This finding was graded slight to severe and was
reversible, and there was no microscopic correlate. The incidence of gross pathology findings is 
shown in the following Sponsor’s table.

Organ Weights
The following organs were weighed for all animals at scheduled sacrifice intervals: adrenal 
glands, brain, epididymides, heart, kidneys, liver, pituitary gland, testes with epididymides, 
thymus, thyroid/parathyroid gland, and uterus. After 12 months of treatment mean adrenal glands
weights were 28 to 39% higher than Control at the highMD and 41 to 75% higher than control at 
the HD in both sexes. This effect was no longer observed at the end of the recovery period. 
These data are shown in the Applicant’s table below.
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Histopathology

Tissues/organs listed below were preserved and stained with H & E using standard procedures 
and examined by light microscopy for all animals: adrenal glands, aorta, bone marrow smear, 
bone marrow, brain, epididymides, esophagus, eyes, gall bladder, heart, kidneys, lacrimal gland, 
large intestine, liver, lungs, lymph nodes (mesenteric, mediastanial), mammary gland, nerve
(sciatic), optic nerve, ovaries, pancreas, pituitary gland, prostate gland, salivary gland 
(submandibular), skeletal muscle, skin, small intestine, spinal cord, spleen, stomach, testes with 
epididymides, thymus, thyroid/parathyroid gland, trachea, urinary bladder, uterus, vagina, and 
tissues with macroscopic findings.

Adequate Battery: yes
Peer Review: conducted only for lesions in the eyes.
Histological Findings:
Drug-related microscopic changes were noted in the eyes, adrenals, and lungs.

Eyes: Microscopic changes in the lens were observed in all groups administered cariprazine at 
the end of both the dosing and recovery phases. Cariprazine administration at lower doses 
resulted in minimal and reversible lens fiber swelling in 4/6 LDM, 3/6 lowMDM, and 3/6
lowMDF. These changes were described by the Applicant for anterior lens fiber swelling as 
“variable fiber profile with little disruption in organization” and for posterior lens fiber swelling 
as “swelling of the posterior terminus of the lens only but not exaggerated in the posterior 
suture”. According to the Applicant, the lens fiber swelling seen in the lower dose groups would 
not be expected to be detectable as lens opacity and would not be expected to impact vision. In 
animals administered the highMD and HD, findings in the eyes were more severe and present in 
all animals. Lens fibers were swollen, degenerated, and fragmented with vacuoles, clefts and 
granular eosinophilic material. The lens capsule rapture and release of lens protein was observed. 
The findings in the lens were dose dependent were still observed at the end of the 2-month 
recovery period. In addition, irregular shaped/collapsed lens, detached retina, and cystic 
degeneration of the retina were observed in some animals dosed at highMD and HD. The
incidence of these findings from the Pathology Report is shown in two tables below.

Reviewer’s comment:  Changes in the lens observed at the LD and lowMD (described above) 
are excluded by the Applicant from this table.
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Lungs: At the end of doing, alveolar/intra-alveolar foamy macrophages with or without 
“cholesterol clefts” consistent with phospholipidosis and accompanied by subacute/chronic 
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inflammation/fibrosis (see page 533 and 557 of the study report) were noted in all 4/4 males and 
4/4 females at highMD and HD, in 2/4 males and 2/4 females at lowMD, and in 2/4 males at LD. 
Severity of both findings ranged from minimal to moderate and was dose-related. At the end of
2-month recovery period, these findings in the lungs were minimal to slight and were present in 
1/2 M and 1/2 males at highMD, and in 2/2 males and 2/2 females at HD. The decrease in the 
incidence and severity indicated only partial reversibility of phospholipidosis in the lungs during 
the recovery period. The incidence of these findings is shown in the following report tables.
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Applicant’s summary table: 

Adrenal glands: Findings in the adrenal cortex at the end of the dosing phase included foamy 
vacuolation of the cytoplasm of the cortical zona fasciculata cells (minimal to marked) at all dose 
levels except the LD males (all HD animals, 3/4 M and 2/4 F at the highMD, 1/4 animals/sex at 
the lowMD, and 2/4 LDF). Foamy vacuolation of the zona fasciculata cells was also observed at 
the end of recovery phase in both MD and HD animals, indicating a lack of reversibility. Zonae 
fasciculata and arcuata (known also as zona glomerulosa) were slightly to moderately 
vesiculated/vacuolated (fasciculata: 4/4 HD animals/sex, 4/4 highMDM and 2/4 highMDF; 
arcurata: 3/4 HD animals/ sex, 3/4 highMDM and 2/4 highMDF). However, it is unclear to this 
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reviewer whether this observation indicates vesicles/vacuoles in the cytoplasm of cells or the 
organ based on discrepancy in the summary tables in the report. In addition, the zonae arcuata
and fasciculata of the adrenal cortex were slightly to moderately hypertrophic/hyperplastic in 
highMD and HD animals. In the study report, both types of findings (“vesiculated/vacuolated” 
and “hypertrophic/hyperplastic”), together with thymic atrophy, were interpreted as a response to 
stress. They were absent in the recovery animals. Foamy macrophages have not been reported 
although lamellar inclusions in phagocytotic cells were observed by electron microscopy in 
adrenal cortex in the 13-week study in dogs. A number of dogs in all groups administered the test
article had minimal to marked extramedullary hematopoesis in the adrenal cortex that correlated
with hematology findings. The incidence of these findings is shown in the following Applicant’s
table.

Reviewer’s comment:  The following request was conveyed to the Applicant: “You mention a 
correlation between phospholipidosis and target organ toxicity. Please explain and provide 
detailed discussion of such correlation, specifically between phospholipidosis and inflammation 
and hemorrhage, in nonclinical studies. Please include the number of animals per group that 
were positive for both phospholipidosis and inflammation and/or hemorrhage”. In response, the 
Applicant indicated that “in the 52-week dog study, the primary observation was
phospholipidosis in the adrenals without observation of inflammation or hemorrhage” supported 
by the following table. Although not discussed by the Applicant in any detail, the same table 
indicated clearly correlation between phospholipidosis and inflammation in the lungs since both 
are present in all groups (except the LD females) together (see below).
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Special Evaluation None

Toxicokinetics
Plasma samples for TK were collected from all animals at Month 1, 3, 6, 9, 12, and at the end of 
the recovery period. TK assessment demonstrated exposure to cariprazine and its metabolites, 
DCAR and DDCAR, which was similar in both sexes. Slight accumulation of the test article and 
both metabolites was observed following repeated dosing. T1/2 ranged from ~4.1 to 13.5 h, 3.7-
12 h, and 9.7-18 h for cariprazine, DCAR, and DDCAR, respectively. Mean TK parameters on 
Days 1, 90, and 360 are summarized in the following Applicant’s tables.
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  AUC0-t = AUC0-24h

Dosing Solution Analysis:  Not applicable. The test article was administered orally via capsule.

Exploratory study in nonhuman primate

Study title:  RGH-188 hydrochloride; oral capsule maximum tolerated dose study in 
Cynomolgus monkeys

Study no.: 507728
Study report location: Archives at Gedeon Richter Ltd., Hungary

Conducting laboratory and location:
Date of study initiation: July 23, 2004

GLP compliance: No
QA statement: No

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot 
W3C008K, purity 99.84%

Methods:
Two cynomolgus monkeys (1male and 1female, 20-24 months old) were administered ascending 
cariprazine doses of 0.25, 0.5, or 2 mg/kg/day via oral capsule for up to 4 days at each dose level. 
The results obtained were used to select a dose level of 1 mg/kg/day, administered later to the 
same animals for 14 days. The following parameters were examined: clinical signs, body weight, 
food consumption, hematology, clinical chemistry, urinalysis, ophthalmoscopy,
electrocardiography, organ weights (adrenal gland, brain, heart, kidneys, liver, lungs, ovary, 
pancreas, pituitary gland, prostate gland, spleen, submaxillary salivary gland, testis, thymus, 
thyroid, and uterus), gross and microscopic pathology (abnormal tissue, eye, gall bladder, GI 
tract, heart, kidneys, liver, lungs, mesenteric lymph node, esophagus, optic nerve, ovary, 
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pancreas, pituitary gland, prostate gland, sciatic nerve, seminal vesicles, skeletal muscle, skin,
mammary gland, spinal cord, spleen, sternum, submandibular lymph node, submandibular 
salivary gland, testes, thymus, thyroid, tongue, trachea, urinary bladder, uterus, and vagina with 
cervix). Brain was sectioned at three levels (cerebral cortex, mid-brain and cerebellum with 
medulla) but was not examined. Concentration of cariprazine and its metabolites (DCAR and 
DDCAR) in plasma was examined following blood samples collection at 1, 2, 6, 9, and 24 h 
post-dose on Days 1 and 14.

Observations and Results:
Neurological clinical signs observed in monkeys following administration of 2 mg/kg/day
included slow body movement, fixed stare, and a loss of appetite in the male monkey and 
partially closed eyes, slow body movements, subdued behavior, and unsteady posture in the 
female monkey. Dosing was subsequently suspended. No clinical signs were observed at 0.25 or 
0.5 mg/kg/day. Body weight and food consumption were unaffected for both animals at 0.25 or
0.5 mg/kg/day and the female at 2 mg/kg/day. Food consumption of the male was very low 
following the third administration of 2 mg/kg/day. During the 14-day portion of the study at 1 
mg/kg/day, slow body movement, quiet behavior, fixed stare, and a loss of appetite were 
observed in both animals. Although animals showed a recovery between approximately 7 hours
and dosing on the next day, slow body movements were noted throughout the treatment period.
Body weight was unaffected during this part of the study although a large reduction in food
consumption was noted in both animals on Days 2 to 5 of administration. No abnormalities were 
detected during necropsy. All histology findings were typical of spontaneously arising 
background findings in cynomologus monkeys of this age. No other toxicologically significant 
effects were noted during this study. Clinical signs were apparently dose-limiting and considered 
as an exaggerated pharmacological action of the test article. According to the Applicant, the 
MTD of 1 mg/kg/day was established during this study; human equivalent dose is 19 mg/day for 
a 60 kg person. The combined AUC0-24h values for cariprazine, DCAR, and DDCAR at 1 
mg/kg/day on Day 1 are 507 and 226 ng•h/mL in male and female monkey, respectively, which 
is ~0.4 and 0.2 times the combined AUC0-24h for these moieties, observed in humans at the 
MRHD of 6 mg/day (1273 ng•h/mL).

Plasma concentrations of cariprazine reached Cmax at ~9 to 23 and 5to10 hours postdose on Days 
1 and 14, respectively. The metabolites, DCAR and DDCAR, were detected in plasma at similar 
or higher levels relative to cariprazine. The DDCAR AUC0-24h was 3.5- and 2.1-times (male and 
female monkey, respectively) the cariprazine AUC0-24h on Day 14. TK analysis showed no 
accumulation of cariprazine, minimal (1.2-fold) accumulation of DCAR, and 2-fold 
accumulation of DDCAR on Day 14 relative to Day 1. TK parameters for the 14-day dosing 
period are provided in the Applicant’s table and figure below.
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The AUC0-24h values of cariprazine and the metabolites following administration of cariprazine to 
Cynomologus monkeys for 14 days:

7 Genetic Toxicology

Four genetic toxicology studies (two conducted with cariprazine and two conducted with the 
metabolite DDCAR) have been previously reviewed; a brief summary of these studies is 
provided. Studies that have not been previously reviewed are reviewed below in detail. 
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7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

Study title: Testing of RGH-188 hydrochloride with bacterial reverse mutation assay
The mutagenic potential of cariprazine (RGH-188) was studied in the in vitro bacterial reverse 
mutation assay using a pre-incubation method in Salmonella typhimurium strains TA98, TA100, 
TA1535, and TA1537 and Escherichia coli strain WP2uvrA in the presence or absence of 
metabolic activation (rat S9). This study was adequately conducted. No increases in revertant 
colony numbers of any of the five test strains were observed following treatment with cariprazine
at concentrations from 78.13 to 2500 μg/plate. Therefore, cariprazine was considered to be non-
mutagenic under conditions of this study (see pharmacology/toxicology review dated August 15, 
2005).

7.2 In Vitro Assays in Mammalian Cells

Study title: RGH-188: Mutation at the thymidine kinase (tk) locus of mouse lymphoma L5178Y 
cells (MLA) using the microtitre fluctuation technique.  The in vitro mouse lymphoma 
mutagenicity assay was performed with cariprazine in L5178Y TK+/- cells in the absence (3-
and 24-hour treatment) and presence (3-hour treatment) of metabolic activation (rat S9) at 
concentrations of 5-125 μg/mL and 10-200 μg/mL, respectively. This study was adequately 
conducted. The Applicant concluded that, under conditions of this study, cariprazine was not 
mutagenic. However, this reviewer noted that the study evaluation criteria for a positive result 
were fulfilled. Two separate experiments for the 3-hour treatments in the presence of metabolic 
activation demonstrated an increase in mutation frequency, which was small but statistically 
significant. There was also a significant dose-relationship as indicated by the linear trend 
analysis in both experiments. Therefore, this reviewer concluded that cariprazine is positive for 
mutagenicity in the mouse lymphoma assay under conditions of this study (see 
pharmacology/toxicology review dated August 15, 2005).

Study title:  Chromosomal aberrations in cultured human peripheral blood lymphocytes 
with RGH-188 HCl

Study no.: CSCNRGHPCTX15
Study report location:

Conducting laboratory and location:
Date of study initiation: August 3, 2005

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot W45021A, 
purity 99.62%

Key Study Findings: Cariprazine was considered to be negative for induction of chromosomal 
aberrations in cultured human peripheral blood lymphocytes under conditions of this study.

Methods
Cell line: Cultured human peripheral blood lymphocytes obtained 

from healthy donors
Concentrations in definitive 

study:
7.35, 14.7, 29.4, 58.8, 84.0, 120, 172, 245, 350 and 500 
µg/mL without metabolic activation; 58.8, 84.0, 120, 172, 
245, 350, 245, 350 and 500 µg/mL with metabolic 
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activation. Cultures treated at 58.8, 84.0, 120, and 500 
µg/mL without metabolic activation and 58.8, 84.0, 120, 
and 172 µg/mL with metabolic activation were analyzed 
for chromosomal aberrations.  

Basis of concentration 
selection:

Solubility limit of cariprazine in culture medium below 
500 µg/mL

Negative control: Cell culture grade water (vehicle)
Positive control: Mitomycin C (MMC; 0.75, 1.0, and 1.5 µg/mL for 3-hour 

treatment; 0.2, 0.3, and 0.4 µg/mL for 22-hour treatment) 
for assays without metabolic activation and 
cyclophosphamide (CP; 20.0, 25.0, and 40.0 µg/mL) for 
assays with metabolic activation.

Formulation/Vehicle: Cariprazine solution/water
Incubation & sampling time: The treatment period was 3 hours with and without 

metabolic activation and 22 hours without metabolic 
activation system. Cultures treated for 3 hours were 
harvested 22 hours after the initiation of treatment. This 
harvest time corresponds to 1.5 times a cell cycle time of 
approximately 15 hours after the lymphocytes are induced 
to divide. Colcemid was added for the last 2 ± 0.5 hours of 
incubation.

Study Validity
Cariprazine was tested in the initial and confirmatory chromosomal aberration assays with 
duplicate cultures used for each concentration of the test article and controls, with and without 
metabolic activation (rat liver post-mitochondrial fraction S9). At least 100 cells were analyzed 
from each culture for the chromosomal aberrations. Mitotic index was evaluated in at least 1000 
cells per culture. Polyploidy and endoreduplication were analyzed in 100 metaphases per culture. 
The aberrant cells were presented excluding gaps and including gaps. The historical controls 
were presented. The vehicle and negative control cultures yielded expected results that were 
consistent with historical control range for cells with chromosomal aberrations. The high 
concentrations selected for analysis had a ~50% reduction in the mitotic index and/or a 
precipitate at the end of treatment. Therefore, this reviewer considers this to be a valid study. 

Results
No statistically significant increase in cells with chromosomal aberrations, poliploidy, or 
endoreduplication was observed in cultured human lymphocytes in the absence or presence of
metabolic activation system.

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)
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Study title:  In vivo mouse micronucleus assay with RGH-188 HCl

Study no.: CSCNRGHPCTX14
Study report location:

Conducting laboratory and location:
Date of study initiation: February 9, 2005

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot W45021A, 
purity 99.56%

Key Study Findings: Cariprazine was evaluated as negative for the induction of micronuclei in 
the mouse bone marrow under the conditions of this study.

Methods
Cell line: Cells in CD-1®(ICR)BR mouse bone marrow

Concentrations in definitive study: 18.75, 37.5, and 75 mg/kg/day
Basis of concentration selection: Dose range-finding study conducted in mice 

administered single dose of  25 - 100 mg/kg
Negative control: 1% methylcellulose
Positive control: cyclophosphamide

Formulation/Vehicle: Cariprazine suspension in 1% methylcellulose
Incubation & sampling time: Bone marrow was harvested at 24 and 48 hours 

after administration of single dose of cariprazine

Study Validity
Cariprazine administered as a single dose induced signs of clinical toxicity in the treated animals 
at all doses examined, which included hypoactivity, hunched posture, squinted eyes, and/or 
recumbency, indicating systemic exposure to the test article. Three animals per time point were 
bled for possible future measurement of plasma levels at 0.5, 1, 3, 6, 12, and 24 hours post-dose. 
However, no TK data were provided. Only males were used in the assay since no relevant 
differences in toxicity between the sexes were observed in the dose range-finding study. Bone 
marrow was extracted from the hind limb bones and at least 2000 PCEs per animal were 
analyzed for the frequency of micronuclei. Cytotoxicity was assessed by scoring the number of 
PCEs and normochromatic erythrocytes (NCEs) in at least the first 500 total erythrocytes for 
each animal. Control groups provided expected data. The positive control, cyclophosphamide, 
induced a statistically significant increase in micronucleated PCEs as compared to that of the 
vehicle control. Therefore, this reviewer considers this to be a valid study.

Results
Cariprazine did not induce any statistically significant increases in micronucleated PCEs at any 
time point or at any test article dose examined and was not cytotoxic to the bone marrow (i.e., no 
statistically significant decreases in the PCE:NCE ratios were observed) at any dose level. 
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7.4 Other Genetic Toxicity Studies

Genotoxic potential of the major human metabolite of cariprazine, didesmethyl cariprazine 
(DDCAR), was evaluated in the bacterial reverse mutation assay and in the in vitro chromosomal 
aberrations test using human peripheral blood lymphocytes. 

Study title:  Didesmethyl cariprazine: bacterial reverse mutation assay. The mutagenic potential 
of DDCAR was studied in the in vitro bacterial reverse mutation assay in Salmonella 
typhimurium strains TA98, TA100, TA1535, and TA1537 and Escherichia coli strain WP2uvrA 
using the plate incorporation method. This study adequately conducted. DDCAR did not induce 
bacterial reverse mutation assay at concentrations up to 4000 μg/plate in both the absence and 
presence of metabolic activation (rat S9). Therefore, DDCAR was considered to be non-
mutagenic under the conditions of this study (see pharmacology/toxicology review dated June 
18, 2012).

Study title:  Didesmethyl cariprazine: in vitro mammalian chromosome aberration test.
DDCAR was tested in the in vitro mammalian chromosome aberration test using human 
peripheral blood lymphocytes in the absence and presence of metabolic activation (rat S9) at 
concentrations from 10-100 μg/mL and 15-150 μg/mL, respectively. This study was adequately 
conducted. DDCAR met the criteria for a positive test for clastogenic potential in this assay in 
the presence of metabolic activation after 4 hours of exposure at the highest concentration tested 
(150 μg/mL). At this concentration, DDCAR reduced the mitotic index by 54% and increased the 
percentage of cells with structural chromosomal aberrations by 2.5% relative to solvent control 
(0%; historical range: 0-1.5%). DDCAR was negative for clastogenic potential in the 
chromosomal aberrations assay in the absence of metabolic activation after 4 and 20 hours of 
exposure. The percentage of cells with numerical chromosomal aberrations did not increase 
relative to the solvent control in any treated group. Therefore, DDCAR was positive for the 
induction of structural chromosomal aberrations at the cytotoxic dose level (see 
pharmacology/toxicology review dated June 18, 2012).

8 Carcinogenicity

Dose range-finding studies in mice

Study title:  RGH-188: 6 week dose escalation oral toxicity and toxicokinetic study in 
CByB6F1 hybrid mice

Study no.: Study RGH-TX-27
Study report location:

Conducting laboratory and location:
Date of study initiation: September 18, 2007

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot L0001761, 
purity 99.77%

Key Study Findings
 Severe neurological clinical signs of toxicity (lethargy and coma) observed in male mice 

following administration of cariprazine at 10 and 20 mg/kg/day.
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 Cholesterol and triglycerides: slight to moderate dose-related decreases observed in both 
sexes at all dose levels.

 Adrenal glands: enlargement in males or red discoloration in females and minimal to 
moderate adrenal cortex hypertrophy observed at all dose levels, and increase in mean 
absolute weights of the adrenals in both sexes at 30 mg/kg/day.

 Lungs: phospholipidosis-like changes: alveolar histiocytosis with multifocal 
accumulations of foamy alveolar macrophages observed at all dose levels.

 Female reproductive system: changes indicating estrus cycle disruption consistent with 
pseudopregnancy (enlarged corpora lutea in the ovaries, myometrial hypertrophy of the 
uterus, and mucification of the vagina) observed at all dose levels.

 Female mammary gland: tubuloacinar hyperplasia with increased secretion observed at
all dose levels.

The MTD was reached in this study based on severe neurological clinical signs observed before 
the dose adjustment. The NOAEL could not be determined and was less than 15 mg/kg/day 
based on adverse histopathology findings in the adrenals, lungs, and female reproductive system
at all dose levels; for these adverse effects, there is no margin of safety for human dosing at the 
MRHD of 6 mg/day.

The 15 mg/kg/day dose is ~12 times the MRHD of 6 mg/day on a mg/m2 basis. The AUC0-24h for 
cariprazine at 15 mg/kg/day on Day 39 is 6630 and 7280 ng•h/mL in male and female mice, 
respectively, which is ~ 18 and 20 times the cariprazine AUC0-24h observed in humans at the 
MRHD of 6 mg/day (358 ng•h/mL). Combined AUC0-24h for all three active moieties (CAR, 
DCAR, and DDCAR) at 15 mg/kg/day on Day 39 is 10120 and 10320 ng•h/mL in male and 
female mice, respectively, which is  ~7.9 and 8.1 times the combined AUC0-24h observed in 
humans at the MRHD of 6 mg/day (1273 ng•h/mL).

Note: On March 16, 2010, the Agency’s Executive CAC concluded that based on this 6-week
study in mice, the data are inadequate data to support the proposed dose selection for the 
carcinogenicity study, and in order to obtain the Agency’s concurrence on doses, the Applicant 
should conduct another dose range finding study with higher and lower doses (after a dose 
escalation lead-in for 2 weeks).

Methods:
Cariprazine toxicity and TK was assessed in CByB6F1 hybrid mice (Tg.rasH2 non-transgenic 
littermates, 10 animals/sex/group) after a 2-week oral (gavage) dose escalation period followed 
by repeated administration for 4 weeks. The TK study consisted of three cariprazine treatment 
groups (52 animals/sex/group) and one Vehicle Control group (10 animals/sex/group). The final 
planned full dose levels were 15, 30, and 60 mg/kg/day (LD, MD, and HD, respectively; dose
vol. 20 mL/kg). The treatment plan was to administer 1/3 of each final dose level daily for one 
week, followed by administration of 2/3 of the final planned dose level for the second week, 
followed by administration of the final full dose level from Weeks 3 to 6. This plan was followed 
for the LD only. The dose levels administered to the LD, MD, and HD males on Day 1 were 5, 
10, and 20 mg/kg, respectively. However, the MDM and HDM experienced severe neurological 
clinical signs of toxicity (lethargy and coma) from ~2 hours post-dosing on Day 1 to the next 
morning. Therefore, the escalation levels and schedule for males were changed. The MDM and 
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HDM were not dosed on Days 2 or 3 and were then reintroduced to cariprazine at lower daily 
doses starting on Day 4. The MDM were administered 5 mg/kg/day on Days 4-6, 10 mg/kg/day
on Days 7-10, 15 mg/kg/day on Days 11-13, and the full MD (20 mg/kg/day) from Day 14 to 45 
(end of study). Beginning on Day 4, the HDM were administered 5 mg/kg/day on Days 4-6, 10 
mg/kg/day on Days 7-10, 15 mg/kg/day on Days 11-13, 20 mg/kg/day on Days 14-16, and the 
full HD (30 mg/kg/day) from Day 17 to 45 (end of study). In order to avoid similar toxicity on 
the first dosing day in female mice, the MDF were administered a daily dose of 5 mg/kg/day on 
Days 1-3, 10 mg/kg/day on Days 4-7, 15 mg/kg/day on Days 8-10, and 20 mg/kg/day from Day 
11 to 42 (end of study). The HDF were administered daily doses of 5 mg/kg/day on Days 1-3, 10 
mg/kg on Days 4-7, 15 mg/kg/day on Days 8-10, 20 mg/kg/day on Days 11-13, and 30 
mg/kg/day from Day 14 to 42 (end of study). The final full dose levels administered to male and 
female mice were 0, 15, 20, and 30 mg/kg/day (Control, LD, MD, and HD, respectively).

Observations and Results:
Mortality: All animals were observed twice daily for moribundity and mortality. One LDF died 
on Day 10 due to gavage error. There was no test article-related mortality.

Clinical signs: Cage-side observations were conducted daily within 2 hours after last dose 
administration to the last animal. Detailed examinations were performed weekly. The following 
severe CNS-related clinical signs were observed in males: in the HDM dosed on Day 1 at 20 
mg/kg/day, 5/10 mice were comatose, 3/10 were lethargic, and 5/10 exhibited hunched posture. 
These signs were still noted on Day 2, although the MDM and HDM were not dosed on Day 2. 
In the MDM dosed on Day 1 at 10 mg/kg/day, 2/10 mice were comatose, 7/10 were lethargic, 
and 4/10 exhibited hunched posture. Additionally, 3/10 LDM were lethargic after dosing on Day 
1 at 5 mg/kg/day, 1/10 MDM was ataxic on Day 1, and 1/10 MDM exhibited rapid and shallow 
breathing on Day 34. Two/10 HDM were prostrate on Days 1 or 2 and 1/10 HDM exhibited 
rapid and shallow breathing on Day 34. Due to these severe post-dose neurological clinical signs, 
the study design was altered to lower the dose escalation for both sexes (see Methods above).
In females, the initial dose levels for both the MDF and HDF groups were 5 mg/kg/day. 
Therefore, the clinical signs of toxicity in females were less severe than in males and included 
lethargy in 3/10 MDF and 3/10 HDF on Day 1 and Day 2, and in 1/10 LDF on Days 2-5 during 
post-dose observations. There were no abnormal clinical post-dose cage side observations in 
either sex after Day 3 and no abnormal hands-on observations associated with the test article (the 
latter were taken pre-dose and no earlier than Day 8).

Body weights: Body weights of main study animals were recorded weekly. Group mean body 
weight in the LD, MD, and HD mice of both sexes was slightly lower than that of the Vehicle 
Control group on Day 42. The decrease was not dose-dependent: -7.7% (LD), -8.8% (MD), and -
-5.2% (HD) in male mice and -4.9% (LD), -6.7% (MD), and -4.9% (HD) in female mice of the 
mean Vehicle Control group values (statistically significant only in the MDM and MDF).
Body weight gain from Day 1 to Day 42 was statistically significantly decreased in all male test 
article-treatment groups compared to the Vehicle Control. At the end of the analysis period male
mice lost 0.27 g (LD), 0.24 g (MD), and 0.24 g (HD) of their base weight on Day 1. There was 
no statistically significant difference in the body weight gain in the female groups but there was a 
trend for a decreased growth rate similar to that observed for the males. Female mice gained 30% 
(LD), 34.3% (MD), and 26.8% (HD) less than the Vehicle Control group on Day 42. Statistical 
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analysis of the weekly and total absolute (from Day 1 to Day 42) body weight gain data revealed 
significantly decreased body weight gain in the HDM between Day 1 and 8, and in the LDF and 
MDF between Day 36 and 42. Effect on body weight did not correlate with changes in food 
intake. 

Food consumption: Food consumption was measured weekly for main study animals. There were
no statistically significant differences in the test article-treated groups in either sex when mean 
daily food consumption per group (from Day 1 through Day 42) was compared to that of the 
Vehicle Control group. A statistically significant increase in weekly food consumption was
observed between Days 36 and 42 only in the HDM. 

Clinical pathology: Blood was collected from up to 5 animals/sex/main study group for 
hematology and from up to 5 separate fasted animals/sex/main study group for clinical chemistry 
before scheduled sacrifice (Day 43 or later). Hematology: There were slight decreases in mean 
corpuscular hemoglobin and mean corpuscular hemoglobin concentration, as well as increases in 
mean platelet volume in both sexes at all dose levels. A decrease in red blood cell count and 
slight decreases in hemoglobin and hematocrit were observed in HDF. Decreases in red blood 
cell parameters in female mice are considered test article-related but the significance of these 
findings is unclear. Clinical chemistry: Slight to moderate dose-related decreases in cholesterol 
in both sexes with concurrent decreases in triglycerides (statistically significant in LDM and 
HDM only), albumin, total proteins, and globulin were observed at all dose levels. Serum 
calcium was also slightly decreased, a variation considered to be secondary to the decrease in 
proteins. In females there was a mild increase in total bilirubin at the HD and in bile acids at the 
MD and HD. There was also a slight increase in serum ions (potassium in both sexes and 
chloride in males) and ALT in HD males, BUN in MD and HD males when compared to the 
Vehicle Control. Sodium levels were decreased in the LDF compared to the Vehicle Control. 
Due to their low magnitude, lack of dose response, and lack of corresponding microscopic 
changes, these variations were not considered to be biologically significant. Decreases in 
cholesterol and serum proteins (all treated groups) and triglycerides (LDM and HDM) were 
considered test article-related.

Necropsy: Main study animals were sacrificed on study Day 43 (F) or Day 46 (M). Tissues and
organs that were collected, fixed in 10% neutral buffered formalin, and processed using standard 
protocols included adrenal glands, aorta, bone, bone marrow, brain, epididymides, esophagus, 
eyes, gall bladder, gross lesions, Harderian gland, heart, kidneys, large intestine, liver, lungs and 
bronchi, lymph nodes, mammary gland with adjacent skin, nasal cavity, ovaries, pancreas, 
parathyroid glands, pituitary gland, prostate gland, salivary gland, sciatic nerve, seminal vesicles, 
skeletal muscle, small intestine, spinal cord, spleen, stomach, testes, thymus, thyroid gland, 
trachea, urinary bladder, uterus, and vagina. Test article-related gross lesions were observed in 
the adrenal glands at all dose levels and consisted of enlargement observed in males (incidence: 
0/10, 7/10, 6/10, and 10/10 in the Control, LD, MD and HD groups, respectively) or red 
discoloration observed in females (incidence: 0/10, 7/10, 9/10, and 10/10 in the Control, LD,
MD, and HD groups, respectively). These changes correlated with microscopically observed 
hypertrophy of the adrenal cortex. Organ weights: The following organs were weighed for all 
animals: brain, heart, liver, kidneys, spleen, adrenal glands, and testes/ovaries. There was a slight 
to mild increase in mean absolute weights of the adrenals in both sexes at the HD (up to 
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approximately 33% in males) that was considered treatment-related and correlated with minimal 
to moderate adrenal cortex hypertrophy observed at all dose levels, but not in the control groups. 
The mean weight of the ovaries was decreased in all treated female groups. Although the weight 
change was considered to be test article-related, the microscopic correlate was unclear.

Histopathology: All tissues for all animals that died early, control animals, and all HD animals
were embedded in paraffin, sectioned at 6 microns or less, stained with H&E, and evaluated 
microscopically. Microscopic changes related to cariprazine administration were observed in the 
lungs, adrenal glands, female reproductive organs, and mammary gland; these tissues were 
evaluated for all test article-treated animals. 

Lungs: Treatment-related alveolar histiocytosis characterized by multifocal accumulations of 
foamy alveolar macrophages most commonly located in subpleural regions or paravascular 
position was observed at all dose levels. According to the Applicant, as in the rat and dog, this
change may be indicative of phospholipidosis-like activity of this drug. The severity of this 
change was dose-dependent as shown in the Applicant’s table below.

Reproductive organs: The reproductive system of treated female groups showed treatment-
related changes in the ovaries (minimal to mild increase in the size of corpora lutea with 
maturing follicles present), vagina (mucification of the epithelium), and uterus (myometrial 
hypertrophy with increase in the thickness of the muscular layers) at all dose levels. These 
microscopic changes are indicative of estrus cycle disruption and are consistent with an 
inhibition of luteolysis leading to pseudopregnancy, and are related to the hormonal/
pharmacologic action of the test article. Mammary gland tubuloacinar hyperplasia was 
considered to be secondary to reproductive tract effects. The incidence of these reproductive tract 
changes was high in all groups as shown in the following Applicant’s table.
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Adrenal glands: Minimal to moderate hypertrophy was observed in the adrenal gland cortex of 
nearly all treated animals. The severity of this change was dose-dependent and correlated with 
macroscopic evidence of enlargement (males) or red discoloration (females). There was also a 
slightly greater mean weight of the adrenal glands in HD groups. The incidence and severity is 
shown in the following Applicant’s table.

Toxicokinetics:
Up to 3 animals/sex/dose/time points were bled on Days 13, 14, 16 or 18 and during Week 6 or 7 
(on Days 40, 42 or 43) pre-dose and at 0.5, 1, 2, 4, 8, 12, and 24 hours post-dose. Systemic 
plasma exposure to cariprazine, DCAR, and DDCAR increased in proportion to the dose in all 
cariprazine-treated groups on Days 15 or 39 with mean Tmax values for cariprazine and DCAR 
ranging from 0.5 to 1 hours for both males and females. After reaching Cmax, cariprazine and 
DCAR declined while DDCAR showed little decline in plasma concentrations. Mean Tmax values 
for DDCAR ranged from 1 to 12 hours, which was distinct from cariprazine and DCAR. No 
evidence of a gender difference was observed in cariprazine or DCAR plasma concentrations; for 
DDCAR, females had ~2-fold lower mean exposure than males. There was no accumulation 
between Study Day 15 and 39; slight decreases in mean plasma cariprazine, DCAR, and 
DDCAR exposure was noted at all dose levels. TK parameters are shown in the following 
Applicant’s table. Note: The Applicant did not provide T1/2 data for mice.
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Study title:  7-week dose escalation oral toxicity and toxicokinetic study in
Tg.rasH2 transgenic and/or CByB6F1 hybrid mice

Study no.: RGH-TX-44
Study report location:

Conducting laboratory and location:
Date of study initiation: March 23, 2010

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot L0001761, 
purity 99.77%

Key Study Findings
 Death of one female mouse administered the HD of 140 mg/kg/day.
 Clinical signs of decreased motor activity observed at all dose levels (except LDF), rapid 

and shallow breathing observed in highMD males and HD animals of both sexes, and 
ataxia, ruffled fur, and hunched posture observed in HDF. 

 Decrease in mean group body weight in males at all dose levels (up to -14%) and in HD 
females (-8%). There were no corresponding changes in food consumption. 

Reference ID: 3774483

(b) (4)



NDA No. 204370 resubmission          Reviewer: Elzbieta Chalecka-Franaszek, Ph.D.

116

 Clinical chemistry changes in males and females, including increase in potassium at all 
dose levels, increase in ALT and total bilirubin, and decrease in calcium, creatinine, total 
protein, albumin and globulin in the highMD and/or HD groups.

 Discoloration or enlargement of the adrenals in both sexes and thinning of the uterus in 
females at the highMD and HD.

 Effects on organ weights including increase in liver weights and adrenal gland weights 
and decrease in ovaries weights at the highMD and/or HD.

 Microscopic effects noted in both sexes observed in the pituitary glands (atrophy), 
adrenal glands (hypertrophy), lungs (histiocytic infiltration), liver (hypertrophy and 
necrosis), and nasal cavity (inflammation) and, in females only, changes in the stomach 
(vacuolation and necrosis), mammary gland (ectasia and tubulo-acinar proliferation), 
ovaries (lack of corpora lutea), uterus (atrophy), and vagina (mucification). 

Due to frequent changes in dose levels, considerations regarding the MTD or NOAEL cannot be 
reliable and are not presented by this reviewer.

Methods
Doses: Males: 0, 1, 5, 15, 45 → 60 mg/kg/day; Females: 0, 1, 5, 15 

→ 25, 45 → 60 → 75 →100 → 140 mg/kg/day (Control, LD, 
lowMD, highMD and HD, respectively; doses are expressed 
in terms of the free base)

Frequency of dosing: Once daily
Route of administration: Oral (gavage)
Dose volume: 20 mL/kg body weight
Formulation/Vehicle: Solution of cariprazine in the vehicle/water for injection
Species/Strain: Tg.rasH2 transgenic mice in main study groups; CByB6F1 

hybrid mice (Tg.rasH2 non-transgenic littermate mice) for TK 
Number/Sex/Group: 10/sex/group
Age: 7-9 weeks old
Weight: Males: 22.2 – 24.8 g; females: 15.5 to 19.5 g
Satellite groups: TK groups: 52 animals/sex/test article groups; 10/sex/Vehicle 

Control groups
Unique study design: Dose levels were changed as described below.
Deviation from study 
protocol:

It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity.

Unique study design
This study was designed to select dosages for a subsequent carcinogenicity study.  Dosing was 
initiated with 14 days of dose escalation period included to minimize signs of acute toxicity. Due 
to the escalation schedule, dose administration for lower test article treatment groups did not 
begin until Week 2 or Week 3. The full dose was administered for the first time on study Day 15.
The original design indicated that animals will be dosed daily at full dose for 4 weeks. Therefore, 
the total planned dosing period was 6 weeks. Based on the lack of toxicity observed in the MDF
and HDF, the initial study design was changed for further escalation of the MD and HD in 
female mice. On Day 29, the MD was increased from 15 to 25 mg/kg/day and the HD was 
increased from 60 to 75 mg/kg/day. The HD was increased again from 75 to 100 mg/kg/day on 
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Day 38 and from 100 to 140 mg/kg/day on Day 45 until females were sacrificed on Day 52. For 
males, in order to “better separate the toxicity profile” between the MD and HD, the HD was 
increased from 45 to 60 mg/kg/day on Day 37. Therefore, treatment period was extended to 7 
weeks.

Observations and Results

Mortality 
All animals were observed daily for moribundity and mortality. One HDF in the main study was 
found dead on Day 51. Decreased motor activity, hunched posture, and ruffled fur were noted in 
this animal the day before its death. Necropsy showed an autolysed GI tract, small spleen, and 
enlarged, dark adrenals. This death was considered test article-related. One control TK male and 
one HD TK female were found dead on Days 8 and 34, respectively. Two additional TK females 
died early due to gavage errors. All other animals survived to scheduled necropsy. 

Clinical Signs  
Main study animals were observed cage-side daily for clinical signs of toxicity. Detailed 
examinations were performed weekly. Based on cage-side observations, test article-related 
clinical signs included decreased motor activity at all dose levels (incidence: 0/10, 6/10, 7/10, 
10/10, and 10/10 in males; 2/10, 0/10, 3/10, 10/10, and 10/10 in females in the Control, LD, 
lowMD, highMD, and HD groups, respectively), rapid and shallow breathing (incidence in 
males: 1/10 in the highMD and 1/10 in the HD groups; in females: 8/10 in the HD group), ataxia, 
ruffled fur and hunched posture (1/10 HDF), and labored breathing (3/10 HDF). Similar 
observations were recorded during weekly hands-on clinical examination. 

Body Weights
Body weights were recorded on Days 1, 8, 15, 22, 29, 36, 43, 49 in both sexes, and on Day 50 in 
males and on Day 52 in females. At the end of study, mean group body weight was statistically 
significantly decreased in males by 4%, 8%, 8%, and 14% at the LD, lowMD, highMD, and HD, 
respectively, when compared to the Control group. Mean group body weight at the end of study 
was increased in females by 10%, 5%, and 3% in the LD, lowMD, and highMD groups, 
respectively, and decreased by 8% in the HD group, when compared to the Control group. 
Statistically significant decrease in mean body weight was observed in females starting at 100 
mg/kg/day. Absolute mean group body weight gain from Day 1 to 49 was decreased in males
compared to the Control group. At the end of the analysis period males gained 2.3 g (Control), 
1.84 g (LD), 0.61 g (lowMD), 0.57g (highMD), and lost 0.85 g (HD) of their base weight on Day 
1. Therefore, male mice gained ~20%, 73%, and 75% less than the Control group at the LD, 
lowMD, and highMD, respectively, and lost ~4% of their base weight on Day 1 at the HD of 
45→60 mg/kg/day. These changes were statistically significant in the lowMD, highMD, and HD 
male groups at the end of the study. Absolute mean group body weight gain from Day 1 to Day 
50 was increased in females in all test article groups, except the HD group, when compared to 
the vehicle Control group. At the end of the analysis period females gained 1.72 g (Control), 3.72 
g (LD), 2.75 g (lowMD), 2.64 g (highMD), and 0.30 g (HD) of their base weight on Day 1. 
These changes were statistically significant in the LD and HD female groups. Females
administered the HD did not gain weight from Day 22 to the end of treatment. Therefore, 
females gained 116%, 60%, and 53% more than the Control group in the LD, lowMD, and
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highMD groups, respectively, and gained 87% less than the Control group at the HD (60→140 
mg/kg/day). Changes in body weights observed in this study were used to select doses for the 
carcinogenicity study in transgenic mice. 

Feed Consumption
Food consumption was measured on Days 1, 8, 15, 22, 29, 36, 43, 49 (males) and 50 (females). 
There were no test article-related changes in food consumption. 

Ophthalmoscopy Not examined

ECG Not examined

Hematology
Blood for hematology was collected from 5 separate animals/sex/group scheduled to be 
sacrificed on Day 50 (females) and Day 52 (males). The following parameters were examined by 
an automated CBC machine: RB, HCT, HGB, MCH, MCHC, MCV, WBC, RETIC, PLT, blood 
cell morphology, RDW, and MPV. Test article-related changes in males included decreased 
mean corpuscular hemoglobin at the highMD (↓4%) and HD (↓6%), decreased mean corpuscular 
hemoglobin concentration at the highMD (↓5%) and HD (↓7%), and decreased red blood cells 
(↓13%), hemoglobin (↓18%), and hematocrit (↓12%) at the HD, when compared to the Control 
group. Test article-related changes in females included decreased mean corpuscular hemoglobin
at the HD (↓12%) and decreased mean corpuscular hemoglobin concentration at the highMD
(↓8%) and HD (↓11%), when compared to the Control group. Red blood cells, hemoglobin, and 
hematocrit values were also slightly decreased in females, but these changes did not reach 
statistical significance. Test article-related hematology findings in both sexes indicate slight 
anemia.

Clinical Chemistry
Blood for clinical chemistry was collected from 5 separate animals/sex/group scheduled to be 
sacrificed on Day 50 (females) and Day 52 (males). The following parameters were examined: 
ALT, ALB, A/G ratio, AST, Ca++, Cl-, CHOL, CREAT, CPK, GLOB, GLU, K+, NA++, total 
bile acids, TP, TBILI, TRIG, and BUN. Test article-related changes in males included dose 
related increase in potassium at all dose levels (↑11-39%), increase in alanine aminotransferase
at the HD (↑159%) and total bilirubin at the HD (↑300%), decrease in calcium at the highMD 
(↓4%) and HD (↓8%), creatinine at the HD (↓20%), total protein at the highMD (↓8%) and HD 
(↓13%), and globulin at the highMD (↓13%) and HD (↓20%) when compared to the Control 
group. In females, test article related changes included dose related increase in potassium at all 
dose levels (↑17-40%), increase in ALT at the highMD (↑101%) and HD (↑202%), and decrease 
in calcium (↓7%), total protein (↓25%), globulin (↓24%) and albumin (↓26%) at the HD when 
compared to the Control group. Total bilirubin was also increased in females at the HD (↑133%) 
when compared to the Control group, but this change did not reach statistical significance.

Urinalysis  Not examined

Gross Pathology
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Necropsy was performed for main study animals (10/sex/group) on Day 50 (males) or Day 52 
(females) one day after the final dose administration. Test article-related macroscopic changes 
included discoloration or enlarged adrenals (incidence: M: 0/10, 0/10, 1/10, 4/10, and 6/10; F: 
0/10, 0/10, 0/10, 6/10, and 9/10 in the Control, LD, lowMD, lowMD, and HD, respectively), and 
thinning of the uterus (incidence: F: 0/10, 0/10, 0/10, 5/10, and 5/10 in the Control, LD, lowMD, 
lowMD, and HD, respectively).

Organ Weights
The following organs were weighed: adrenal glands, brain, heart, liver, kidneys, spleen, testes, 
and ovaries. Statistically significant and test article-related organ weight changes when compared 
to the control group are summarized in the following reviewer’s table.

Organ weight Dose Significant difference compared to 
control in % (respectively to dose)

Males
Heart LD, highMD, HD ↓14%, ↓14%, ↓23%
Relative heart LD, HD ↓12%,↓14%
Kidneys LD, lowMD, highMD, HD ↓ 8%, ↓8%,↓8%, ↓15%
Relative kidneys LD, HD ↓5%,↓6%
Liver HD ↑9%
Relative liver HD ↑21%
Adrenals HD ↑66%
Relative adrenals HD ↑86%
Relative testes lowMD, HD ↑12%,↑10%

Females
Brain HD ↓6%
Kidneys LD ↑10%
Relative kidneys HD ↑7%
Liver highMD, HD ↑34%,↑50%
Relative liver highMD, HD ↑31%,↑62%
Spleen HD ↓14%
Adrenals HD ↑110%
Relative adrenals HD ↑125%
Ovaries highMD, HD ↓30%,↓35%
Relative ovaries highMD, HD ↓31%,↓30%

Histopathology
The following tissues/organs were collected at necropsy from main study animals: adrenal 
glands, aorta, bone (femur and sternum), bone marrow (femur and sternum), brain, epididymides, 
esophagus, eyes, gall bladder, gross lesions, Harderian gland, heart, kidneys, large intestine 
(cecum, colon, rectum), liver, lungs and bronchi, lymph nodes (mesenteric and mandibular), 
mammary gland with adjacent skin, nasal cavity, ovaries, pancreas, parathyroid gland, pituitary 
gland, prostate gland, salivary gland, sciatic nerve, seminal vesicles, skeletal muscle (thigh), 
small intestine (duodenum, jejunum, and ileum), spinal cord (cervical, thoracic, and lumbar), 
spleen, stomach, testes, thymus, thyroid glands, trachea, urinary bladder, uterus, and vagina. All 
tissues listed above from the Control and the HD groups and early deaths were processed using
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standard methods and stained with H&E. Microscopic test article-related effects were noted in 
the adrenal glands (hypertrophy), pituitary (atrophy), nasal cavity (inflammation), liver 
(hypertrophy and necrosis), and lungs (histiocytic infiltration) of both sexes. The incidence of 
histological findings is shown in the following reviewer’s table.

Test article-related microscopic lesions observed in males and females
Dose (mg/kg/day) 0 1 5 15 60 0 1 5 25 140
Gender 
Number examined

M
10

M
10

M
10

M
10

M
10

F
10

F
10

F
10

F
10

F
10

Adrenal hypertrophy 
total No.

0 0 0 9 10 0 0 0 10 10

    minimal 0 0 0 9 0 0 0 0 10 0
mild 0 0 0 0 10 0 0 0 0 0

moderate 0 0 0 0 0 0 0 0 0 10
Pituitary atrophy 
total No.

0 0 0 0 10 0 0 0 9 10

    minimal 0 0 0 0 10 0 0 0 7 0
mild 0 0 0 0 0 0 0 0 2 3

moderate 0 0 0 0 0 0 0 0 0 7
Nasal cavity
inflammation
total No.

0 0 0 0 9 0 0 0 0 10

minimal 0 0 0 0 6 0 0 0 0 1
mild 0 0 0 0 3 0 0 0 0 9

Liver hypertrophy
total No. 

0 0 0 0 5 0 0 0 0 10

    minimal 0 0 0 0 5 0 0 0 0 0
mild 0 0 0 0 0 0 0 0 0 1

moderate 0 0 0 0 0 0 0 0 0 9
Liver necrosis 

minimal 0 0 0 0 0 0 1 0 1 3
Lungs: infiltration 
histiocytic total No.

1 3 2 10 10 0 0 1 10 10

    minimal 1 3 1 1 0 0 0 0 0 0
mild 0 0 1 9 10 0 0 1 10 6

moderate 0 0 0 0 0 0 0 0 0 4

In addition, in female mice only, test article-related microscopic changes were observed in the 
stomach (minimal vacuolation and necrosis in 4/10 mice dosed at 140 mg/kg/day), mammary 
gland (minimal to mild ectasia in 10/10, 10/10, and 9/10 mice dosed at 5, 25, and 140 mg/kg/day, 
respectively, and minimal to mild tubulo-acinar proliferation in 7/10, 10/10, and 8/10 mice dosed 
at 1, 5, and 25 mg/kg/day, respectively), ovaries (lack of corpora lutea in 4/10 mice dosed at 140 
mg/kg/day, respectively), uterus (minimal to mild atrophy in 1/10, 2/10, 6/10, 10/10, and 10/10 
mice dosed at 0, 1, 5, 25, and 140 mg/kg/day, respectively), and vagina (mucification in 1/10, 
5/10, 8/10, 7/10, and 10/10 mice dosed at 0, 1, 5, 25, and 140 mg/kg/day, respectively).
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Special Evaluation None

Toxicokinetics
Blood was collected from TK animals on Day 15 (both sexes) and on Day 48 (males) and 50 
(females). Animals were bled pre-dose and at 0.5, 1, 2, 4, 8, 12, and 24 hours post-dose. 
Animals were exposed to cariprazine and its metabolites, DCAR and DDCAR on both blood 
collection days. Tmax values for cariprazine and DCAR ranged form 0.5 to 4 hours in both sexes. 
Tmax values for DDCAR ranged form 1 to 8 hours in both sexes. Exposure to cariprazine and the
metabolites increased with increasing dose on both Days 15 and 48/50. TK parameters are shown 
in the following Applicant’s table.
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Study title:  Cariprazine: 28-week repeated dose oral carcinogenicity study in
Tg.rasH2 Mice
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Study no.: RGH-TX-33
Study report location:

Conducting laboratory and location:
Date of study initiation: October 8, 2010

GLP compliance: Yes, except statistical analysis of pathology data 
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot L0002025, 
purity 99.4%

CAC concurrence: Protocols for the Tg.rasH2 mouse carcinogenicity study were presented to the 
Executive CAC on March 16, 2010 and October 5, 2010. The Exec CAC recommended doses of 
0, 1, 5, and 15 mg/kg/day in males based on MTD (initial lower body weight gain, followed by 
partial recovery) and doses of 0, 5, 15, and 50 mg/kg/day in females based on MTD (body
weight decrements). The doses used in the Tg.rasH2 mouse carcinogenicity study were those 
recommended by the Exec CAC. On June 11, 2013, the Exec CAC concurred that the study was 
adequate, noting prior Exec CAC concurrence with the protocol. The Committee concurred that 
there were no drug-related neoplasms in the Tg.rasH2 mice.

Key Study Findings  

 Clinical signs of hunched appearance, rapid and shallow respiration, and decreased motor 
activity observed in males at 5 and 15 mg/kg/day and hunched appearance, rapid and 
shallow respiration in females at all dose levels.

 Decrease in body weight in males at 5 and 15 mg/kg/day (-10 and -11% of the Vehicle 
Control values, respectively, at the end of dosing period) and decrease in body weight
gain at all doses (up to - 49% at the HD) without changes in food consumption. There 
were no test article-related changes in body weight in female rats.

 Adrenal glands: discoloration and enlargement in males at 5 and 15 mg/kg/day and in 
females at 15 and 50 mg/kg/day, marked increase in the absolute and relative (to body 
weight) adrenal glands weights in males at 15 mg/kg/day and females at 50 mg/kg/day 
(relative weights +39% and +61%, respectively), which correlated with adrenocortical 
hypertrophy observed microscopically.

 Lungs: discoloration and mottled in males at 15 mg/kg/day and in females at 50 
mg/kg/day. Multifocal infiltration of histiocytes in the lungs (potentially 
phospholipidosis) observed in males at 15 mg/kg/day and in females at 15 and 50 
mg/kg/day.

 Discolored ovaries and thin uterus in females at 50 mg/kg/day.
 Skin nodules in the mammary axillary area in females at all dose levels.
 Increased incidence of non-neoplastic microscopic lesions in the adrenal cortex, pituitary, 

spleen, and nasal cavity observed generally in animals at all dose levels and at a very low 
incidence in males at 1 mg/kg/day, as well as in the pancreas, mammary gland, and 
reproductive organs (ovary, uterus, and vagina) in females at all dose levels.

 There were no statistically significant drug-related neoplasms.

No drug-related neoplasms were observed at the high doses of 15 mg/kg/day in male mice and 
50 mg/kg/day in female mice, which are ~ 12 and 41 times, respectively, the MRHD of 6 mg/day
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based on mg/m2. The cariprazine AUC0-24h on Day 191 is 6590 ng•h/mL in male mice at 15 
mg/day and 15400 ng•h/mL in female mice at 50 mg/kg/day, which is ~18 and 43 times, 
respectively, the cariprazine AUC0-24h observed in humans at the MRHD of 6 mg/day (358
ng•h/mL). The combined AUC0-24h for cariprazine, DCAR and DDCAR on Day 191 is 10010 
ng•h/mL in male mice at 15 mg/kg/day and 23710 ng•h/mL in female mice at 50 mg/kg/day, 
which is ~7.9 and 18.6 times, respectively, the combined human AUC0-24h for these moieties,
observed in humans at the MRHD of 6 mg/day (1273 ng•h/mL).

The NOAEL for most non-neoplastic microscopic lesions is 1 mg/kg/day for male mice and 
could not be determined for female mice. These lesions are the adrenal cortex hypertrophy,
adrenal lipofuscinosis, and pituitary atrophy observed in both sexes, and pancreatic islet cell 
hyperplasia, lesions in the mammary gland and reproductive organs observed in female mice. 

The 1 mg/kg/day dose is ~0.8 times the MRHD of 6 mg/day based on mg/m2. The AUC0-24h for 
cariprazine at 1 mg/kg/day on Day 191 is 547 ng•h/mL in male mice, which is ~1.5 times the 
cariprazine AUC0-24h expected in humans at the MRHD of 6 mg/day (358 ng•h/mL). The 
combined AUC0-24h values for cariprazine, DCAR, and DDCAR at 1 mg/kg/day on Day 191 is 
779 ng•h/mL in male mice, which is ~ 0.6 times the combined AUC0-24h for these moieties, 
observed in humans at the MRHD of 6 mg/day (1273 ng•h/mL). Therefore, for the non-
neoplastic lesions observed in male and female mice, there is no margin of safety for 
administration of cariprazine to humans at the MRHD of 6 mg/day.

The NOAEL for multifocal infiltration of histiocytes in the lungs (potentially phospholipidosis) 
was 5 mg/kg/day in males and females. The 5 mg/kg/day dose is ~4 times the MRHD of 6 
mg/day based on mg/m2. The AUC0-24h for cariprazine at 5 mg/kg/day on Day 191 is 2650 and 
2360 ng•h/mL in male and female mice, respectively, which is ~7.4 and 7.3 times the 
cariprazine AUC0-24h observed in humans at the MRHD of 6 mg/day (358 ng•h/mL). The 
combined AUC0-24h values for cariprazine, DCAR, and DDCAR at 5 mg/kg/day on Day 191 is 
3810 and 3264 ng•h/mL in male and female mice, respectively, which is ~ 3.0 and 2.6 times the 
combined AUC0-24h for these moieties, observed in humans at the MRHD of 6 mg/day (1273 
ng•h/mL). 

Based on the exposure levels obtained on Day 191 of study following administration of the high 
doses to mice, the cariprazine, DCAR, and DDCAR AUC0-24h values represent approximetely 
66%, 13%, and 21% in males and 65%, 15%, and 20% in females, respectively, of the total 
exposure (AUC0-24h) observed in mice at steady state.

Adequacy of Carcinogenicity Study
The route of administration, dose selection, number of animals/sex/group, and study conduct 
were adequate. A positive control group demonstrated sensitivity of the test system. Historical 
control data from the testing laboratory were provided. Therefore, this study is considered to be 
adequate.

Appropriateness of Test Models
This short-term (28 weeks) carcinogenicity assay in Tg.rasH2 mice is an acceptable model as an 
alternative to the traditional two-year mouse carcinogenicity assay.
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Evaluation of Tumor Findings
There was no statistically significant increase in tumor incidence in Tg.rasH2 mice treated with 
cariprazine for 28 weeks when compared to Vehicle Control group. Based on the statistical
review conducted by Dr. Steven Thomson, in both genders of mice, the only statistically
significant results were pairwise comparisons between the Positive Control and Vehicle Control 
group for hemangiosarcomas in the spleen, systemic hemangiomas/hemangiosarcomas, and 
alveolar bronchiolar adenomas, carcinomas, and adenocarcinomas or pooled adenoma/carcinoma
in the lungs (see Histopathology section for more details).

Methods
Doses: Males: 0, 1, 5, and 15 mg/kg/day; females: 0, 5, 15, and 50 

mg/kg/day (Vehicle Control, LD, MD, and HD, respectively)
Frequency of dosing: Daily for 2 weeks of dose escalation (MD females,  HD males 

and females) and 26 weeks at the final full dose
Dose volume: 20 mL/kg body weight

Route of administration: Oral (gavage)
Formulation/Vehicle: Solution/sterile water 

Basis of dose selection: Changes in body weight in the 7-week dose range-finding 
study

Species/Strain: CByB6F1-Tg(HRAS)2Jic (+/- hemizygous c-Ha-ras mice), 
referred to as Tg.rasH2 for main study, CByB6F1 (-/-
homozygous c-Ha-ras; non-transgenic littermates) for TK 
study

Number/Sex/Group: 25/sex/group for Vehicle Control and 3 dose groups in the 
main study; 15/sex in the main study Positive Control groups

Age: 7 to 8 weeks of age at initiation of dosing
Animal housing: Animal were housed individually in an environmentally 

controlled room
Paradigm for dietary 

restriction:
None; Water and food was provided at libitum.

Dual control employed: Negative Control: Vehicle administered orally; Positive 
Control: Urethane, 1000 mg/kg/day in 0.9% saline 
administered by i.p. injections 3 times (study Days 1, 3, 5)

Interim sacrifice: None
Satellite groups: TK: 10 wild type animals/sex in TK Vehicle Control group, 

68 wild type animals/sex/group in 3 test article dosed TK 
groups

Deviation from study 
protocol:

It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity.

Observations and Results

Mortality
All animals were observed twice daily for moribundity and mortality. The following animals 
(total no.: 13/200; excluding deaths in the Positive Control) were sacrificed in moribund
condition or found dead: 2/25 Vehicle Control M (Days 97 and 142), 2/25 LDM (Days 151 and 
198), 1/25 MDM (Day 55), 2/25 Vehicle Control F (Days 78 and 165), 2/25 LDF (Days 119 and 
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197), 3/25 MDF (Days 94, 121, and 142), and 1/25 HDF (Day 170). None of these deaths
appeared to be test article-related. All other animals survived until scheduled sacrifice on Days 
197 or 198. In the Positive Control groups, additional 6/15 M and 4/15 F were sacrificed in 
moribund condition or found dead before scheduled (early) sacrifice on Days 121 or 123. Main 
study mortality with the cause of death is summarized in the Applicant’s table below. (Note: This 
reviewer found that one LDM that died on Day 198 is missing form the table).

Clinical Signs
Cage side observation were conducted once daily within 2 hours after last dose. A detailed 
hands-on examination was performed weekly. Test article-related clinical observations in males 
included decreased motor activity in 1/25, 0/25, 3/25, and 8/25 animals, hunched appearance in 
1/25, 0/25, 9/25, and 12/25 animals, and rapid and shallow respiration in 0/25, 1/25, 7/25, and 
15/25 animals in the Vehicle Control, LD, MD, and HD groups, respectively. In females, 
hunched appearance was observed in 0/25, 6/25, 11/25, and 13/25 animals, and rapid and 
shallow respiration was observed in 0/25, 6/25, 8/25, and 6/25 animals in the Vehicle Control, 
LD, MD, and HD groups, respectively. These clinical signs were noted early in the study in the 
HD groups and later in the MD and LD groups. A thin appearance was noted in some animals;
the incidence of this observation was low, indicating minimal biological significance. In the 
Positive Control groups, animals exhibited decreased motor activity, prostration, hunched 
posture, rapid and shallow respiration, and ataxia.
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Body Weights
Body weights were recorded weekly through Week 13 and biweekly thereafter. Males: Group 
mean body weight in MDM was lower than that of the Vehicle Control group generally from
Week 9 for 11 weeks and in HDM from Week 3 for 18 weeks (-9.9% and – 11.4% less than the 
Vehicle Control, respectively, at the end of dosing period). There were no significant changes in 
body weights in LDM (-3.4%). Test-article related decrease in mean body weight gain was 
observed in males (-13.6%, - 45.6%, and - 48.8% at the LD, MD, and HD, respectively) at the 
end of the dosing period, when compared to the Vehicle Control. Females: Group mean body 
weights in HDF were lower than that of the Vehicle Control group only from Week 4 for 7 
weeks (up to -6% in Weeks 10-12), without significant change at the end of dosing period (-
2.3%). There were no changes in body weight in MDF. Body weights in LDF were increased 
from Week 6 for 12 weeks. Body weight gain was increased in the LDF and MDF and only 
minimally decreased in HDF (+16.6%, +6.0%, and -3.7%, respectively) at the end of the dosing 
period.

Food Consumption
Food consumption was measured weekly. Changes in food consumption (increases and 
decreases) were not considered to be test article-related.

Ophthalmology
Board Certified Veterinary Ophthalmologist and Peer Review Ophthalmologist performed 
examinations on all main study animals, excluding Positive controls. The eyes were examined 
with indirect ophthalmoscope and slit lamp on Days 23, 111 and 188 (males) and Days 26, 114 
and 191 (females). Several male and female mice in the Vehicle Control and treatment groups 
had focal (punctate) nuclear cataract in one or both eyes. According to the ophthalmologist,
distribution of mice with a focal nuclear cataract among control and treatment groups was not 
remarkably different. Therefore, there were no ophthalmic abnormalities related to cariprazine 
administration. This reviewer agrees with this assessment.

Gross Pathology
Main study animals were sacrificed and necropsies were performed on Days 197 or 198. 
Tissues/organs listed in the Histopathology section were collected for all main study animals and
fixed in 10% neutral buffered formalin (NBF), except eyes, which were fixed in Davidson’s 
before transfer to NBF. Macroscopic findings in the Positive Control group included gross 
lesions in the spleen and lungs, expected following treatment with the urethane. Test article-
related gross lesions were observed in the adrenal glands and lungs of both sexes and in the 
ovaries, auxiliary area of the skin and uterus in the females, with the incidence shown in the
reviewer’s table below.

Incidence of gross lesions observed in male and female mice
Dose
(mg/kg/day)

Vehicle 
Control

1 5 15 Vehicle 
Control

5 15 50

Gender
N

M 
N=25

M
N=25

M
N=25

M 
N=25

F 
N=25

F
N=25

F
N=25

F 
N=25

Adrenal gland, 0 1 3 17 0 0 3 21
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discoloration/
enlargement
Lung, discoloration, 
mottled

0 0 0 10 0 0 0 15

Ovaries, discoloration 
yellow

- - - - 0 0 0 4

Skin, auxiliary, nodules - - - - 0 4 5 3
Uterus, thin - - - - 0 0 0 17

According to the Applicant, “the discoloration and/or enlargement of adrenals in both sexes of 
mice were due to adrenal cortical hypertrophy. The mottled discoloration of lungs was due to
multifocal infiltration of histiocytes in the lungs. The auxiliary area skin nodules were due to 
tubulo-acinar proliferation as well as dilation of the mammary glands. The discoloration of 
ovaries was due to lipofuscinosis and the thin uterus was because of uterine atrophy”. 

Reviewer’s comment: This reviewer notes that findings in the mammary gland and uterine 
atrophy are likely prolactin related, although the levels of prolactin were not measured in this 
study. Findings in the lungs and ovaries, and possibly in the adrenals, indicate phospholipidosis-
like changes. Adrenal discoloration/enlargement was clearly dose dependent in both sexes.

Organ Weights
The adrenal glands, brain, heart, kidneys, liver, spleen, testes, and ovaries were weighed for all 
main study animals. Marked absolute and relative (to body weight) increase in the adrenal glands
weights was observed in HDM (absolute +24%, relative: +39%) and HD females (absolute 
+57%, relative: +61%), when compared to the Vehicle Control. This finding correlated with
adrenocortical hypertrophy observed microscopically. Changes in other organs were not 
biologically significant because of small magnitude or the lack of related histopathology.

Histopathology
All tissues/organs listed below, as well as the lungs and spleen from the Positive Control group, 
were processed using standard procedures, stained with H&E, and examined microscopically. 
Tissues examined: adrenal glands, aorta, bone, bone marrow, brain, epididymides, esophagus, 
eyes, gall bladder, gross lesions, Harderian gland, heart, kidneys, large intestine, liver, lungs and 
bronchi, lymph nodes (mesenteric and mandibular), mammary gland (females), nasal cavity,
ovaries, pancreas, parathyroid glands, pituitary, prostate, salivary gland, sciatic nerve, seminal 
vesicles, skeletal muscle, skin (mammary area), small intestine, spinal cord, spleen, stomach, 
testes, thymus, thyroid glands, trachea, urinary bladder, uterus, vagina, and tongue.

Peer Review: Yes, partial histopathology peer review was conducted.
Neoplastic lesions: There was no test article-related increase in the incidence of tumors in the 
cariprazine-treated mice of either sex. All other tumors were present in random organs and their 
incidence was low. Moreover, the incidence of all tumors fell within the historical control range 
established at the laboratory conducting this study. In the Positive Control Tg.rasH2 mice treated 
with urethane, tumors in lung and spleen and increased mortality were observed, demonstrating 
the validity of the study. According to the statistical review conducted by Dr. Thomson, “in both 
male and female mice, the only statistically significant results were the pairwise comparisons 
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between the positive control and water vehicle. In particular, in both genders in mice the 
differences between the positive control and vehicle were statistically significant in 
hemangiosarcomas of the spleen, and systemically (actually the same animals) and in alveolar 
adenoma, carcinoma, and adenocarcinoma or pooled adenoma/carcinoma.” 

The incidence and statistical analysis of “potentially statistically significant neoplasms in mice”,
excerpted from the statistical review, is shown below. This table shows the tumors that had at 
least one mortality adjusted test that was statistically significant at 0.1 level.

Potentially Statistically Significant Neoplasms in Mice 
Sex/                         Incidence                 Significance Level
  Organ/                    Veh Pos. Low  Med High ptrend phigh  pmed
      tumor                      Ctrl                       vsVeh  vsVeh/
                                                       plow  pvehvs
                                                       vsVeh PosCtrl
Male Mice 
Systemic
# Evaluated                  25   15   25   25   25
Adj. # at Risk               23.5 14.0 24.5 25.0 25.0
Hemangioma/Hemangiosarcoma    2   14    3    3    1    .8197  .8976  .5408

                                                        .5209  <0.0001
Adj. # at Risk               23.5 14.0 24.5 25.0 25.0
hemangiosarcoma               2   14    2    3    1    .7584  .8976  .5408

                                                        .7121  <0.0001
lungs with bronchi
# Evaluated                   25   15   25   25   25
Adj. # at Risk                23.5 15.0 24.5 24.0 25.0
Alv.Bronch. Adenoma/Carcinoma  7   15    3    3    2   .9467  .9922  .9699

                                                        .9699  <0.0001
Adj. # at Risk                23.5 15.0 24.5 24.0 25.0
alveolar bronchiolar adenoma   7   15    3    3    2   .9467  .9922  .9699

                                                        .9699  <0.0001
Adj. # at Risk                23.5  9.8 24.5 24.0 25.0
alveolar bronchiolar carcinoma 0    9    0    1    0   .5104  .      .5106

                                                        .    <0.0001
Adj. # at Risk                23.5  5.2 24.5 24.0 25.0
hemangiosarcoma                0    3    0    0    0  .      .      .

                                                        .      .0031
spleen
# Evaluated                   25   15   25   25   25
Adj. # at Risk                23.5 14.0 24.5 24.0 25.0
hemangiosarcoma                1   14    2    0    1   .6517  .7757  1

                                                       .5163  <0.0001
Female Mice       
Systemic
# Evaluated                   25   15   25   25   25
Adj. # at Risk                23.7 12.6 24.2 22.7 24.7
hemangiosarcoma                0   12    1    0    2   .1134  .2553  .

                                                        .5106  <0.0001
lungs with bronchi
# Evaluated                   25   15   25   25   25
Adj. # at Risk                23.7 15.0 24.2 23.3 24.7
Alv.Bronch. Adenocarcinoma     1   15    1    4    3   .1751  .3206  .1731

                                                        .7660  <0.0001
Adj. # at Risk                23.7 15.0 24.2 22.7 24.7
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alveolar bronchiolar adenoma  1   15    0    2    2   .1721  .5163  .4829
                                                        1     <0.0001
Adj. # at Risk                23.7 15.0 24.2 23.3 24.7
alveolar bronchiolar carcinoma 0   15    1    2    1   .3302  .5106  .2444

                                                        .5106  <0.0001
spleen
# Evaluated                   25   15   25   25   25
Adj. # at Risk                23.7 12.6 24.2 22.7 24.7
hemangiosarcoma               0   12    0    0    1   .2581  .5106  .

                                                        .      <0.0001

Non-neoplastic lesions:  Test article-related lesions were observed in the adrenals, lungs, 
pituitary, nasal cavity, and spleen of mice of both sexes. Lesions in the pancreas, ovaries, uterus, 
vagina, and mammary gland were observed in the female mice only. Dose-dependent increase in 
the incidence and severity of the diffuse adreno-cortical hypertrophy was observed in MDM, 
HDM and in females at all dose levels. The incidence and severity of adrenal lipofuscinosis, 
present mainly at the cortico-medullary interface, and pituitary atrophy increased at all dose 
levels in both sexes, although the incidence in the LDM was very low. Adrenals and pituitary of 
the Vehicle Control group animals were not affected. In the lungs, multifocal infiltration of 
histiocytes was increased in incidence in MD and HD animals. Focal infiltration is a background 
lesion in these mice and was present at all dose levels. According to the Applicant, “most of the 
infiltrating histiocytes are usually acidophilic. However, in this study, particularly in the female 
mice, the type of infiltrating histiocytes was predominantly multifocal and the infiltrating 
histiocytes were more foamy to vacuolated than being acidophilic in nature”.

Reviewer’s comment: Adrenal lipofuscinosis and multifocal infiltration of histiocytes in the 
lungs indicate presence of phospholipidosis in mice induced by cariprazine administration.
Pituitary atrophy most likely resulted from pharmacological/hormonal (prolactin mediated) 
effects of dopamine D2 receptor antagonism of cariprazine. In the spleen, the incidence of 
extramedullary hematopoesis was increased in the HD animals. In the nasal cavity, glandular 
inflammation of submucosa, exudative inflammation, and glandular and mucosal
hypertrophy/hyperplasia were observed with sporadic increase in severity or incidence with 
increasing dose. The significance of findings in the spleen and nasal cavity is unclear. The 
incidence and severity of non-neoplastic test article-related lesions and lesions of unclear 
significance is shown in the following reviewer’s table.

Incidence and severity of non-neoplastic lesions observed in males and females
Dose
(mg/kg/day)

Vehicle 
Control

1 5 15 Vehicle 
Control

5 15 50

Gender M 
N=25

M
N=25

M
N=25

M 
N=25

F 
N=25

F
N=25

F
N=25

F 
N=25

Adrenal cortex 
hypertrophy – total No.

0 0 17 25 0 23 25 25

    minimal 17 1 23 1
mild 24 24 3

moderate 22
Adrenal lipofuscinosis-
total No.

0 2 7 21 0 24 24 24
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    minimal 2 7 19 21 17 8
mild 2 3 7 16

Pituitary atrophy – total
No.

0 1 3 12 0 7 25 25

    minimal 1 3 12 7 8 1
mild 16 19

moderate 1 5
Lungs: infiltration, 
histiocytic, focal/ 
focally extensive – total 
No. 

9 10 8 2 12 12 12 0

    minimal 9 10 6 1 7 4 6
mild 2 1 3 7 5

moderate 2 1 1
Lungs: infiltration, 
histiocytic multifocal
(foamy, vacuolated) –
total No.

0 0 1 23 0 0 8 25

    minimal 1 10 6
mild 13 2

moderate 25
Spleen: Extramedullary
hematopoesis – total 
No.

7 4 2 15 17 13 12 22

    minimal 5 3 1 10 10 11 7 12
mild 2 1 1 5 5 2 3 10

moderate 2
marked 2

Nasal cavity 
inflammation,
glandular, submucosa -
total No. 

21 20 22 21 16 23 19 20

    minimal 20 20 22 19 16 19 18 16
mild 1 2 4 1 4

Nasal cavity 
inflammation,
Exudative - total No.

7 10 7 5 2 6 15 17

    minimal 7 10 6 5 2 5 14 12
mild 1 1 1 5

Nasal cavity glandular
hypertrophy/hyperplasia-
total No.

5 12 12 15 8 16 11 9

    minimal 4 11 10 12 8 10 10 6
mild 1 1 2 3 0 6 1 3

Nasal cavity epithelial 5 5 7 7 2 15 14 12
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mucosal hypertrophy/
hyperplasia- total No.

    minimal 5 5 6 5 2 12 14 11
mild 3 1

moderate 1 2

In females only, pancreatic islet cell hyperplasia, ovary atrophy, mammary gland dilation and 
tubulo-acinar proliferation, ovary lipofuscinosis, enlarged corpora lutea in ovaries, uterus
atrophy, and vaginal mucification and atrophy were observed at all dose levels in majority of 
animals as shown in the Applicant’s table below.

Incidence of non-neoplastic lesions observed in female mice

Reviewer’s comment: Microscopic cariprazine-related changes observed in the female 
pancreas, mammary gland, and reproductive organs (listed above) are known to be class effects 
of antipsychotics, and most likely result from pharmacological/hormonal (prolactin mediated) 
effects of dopamine D2 receptor antagonism. Discoloration of the ovaries in HD females and 
minimal to moderate lipofuscinosis in the ovaries of all females at all dose levels may be related 
to cariprazine-induced phospholipidosis. There were no findings of microscopic degeneration of 
the sciatic nerve or thymus atrophy in this study, although such changes were observed following 
cariprazine administration in other nonclinical species.

Toxicokinetics
Blood was collected from TK animals at 0.5, 1, 2, 4, 8, 12, and 24 hours post-dose on Days 15 
(the first day of the full dose) and 191. TK analysis indicated that cariprazine was rapidly 
absorbed in plasma. The cariprazine, DCAR, and DDCAR plasma exposure increased with
increasing dose on Days 15 and 191. For cariprazine and DCAR, the observed increase in both 
Cmax and AUC on both Days 15 and 191 was generally proportional to dose. For DDCAR, the 
observed increase in Cmax and AUC on Day 15 was greater than proportional to dose. There was 
no major gender difference in exposure levels to cariprazine, DCAR, and DDCAR at comparable
dose levels (the difference was ≤ 2 fold). There was no accumulation following repeated dosing 
between Days 15 and 191. 

For cariprazine, mean Tmax values ranged from 0.5 to 2.0 hours for male and 0.5 to 1.0 hours for 
female rats. The cariprazine T1/2 ranged from 3.08 to 5.80 hours for male and from 3.41 to 18.7 
hours for female rats over the dose range evaluated. For the metabolite DCAR, mean Tmax and
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T1/2 values were similar to those for cariprazine. However, for the metabolite DDCAR, mean Tmax 

values were longer and ranged from 2.0 to 8.0 hours for male and 2.0 to 12.0 hours for female
rats. DDCAR mean T1/2 ranged from ~9.6 to 26 hours for male and from ~5.8 to 26 hours for 
female rats over the dose range evaluated. TK parameters are summarized in the Applicant’s
table below.
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Dosing Solution Analysis
Concentrations of the duplicate samples were within ± 15 % of each other and the mean 
concentrations were within ± 15 % of nominal concentration.

Study title:  Two-year oral (gavage) carcinogenicity study in rats

Study no.: RGH-TX-34
Study report location:

Conducting laboratory and location:
Date of study initiation: August 11, 2006

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot W55007K: 
purity 99.7/100.3% and L0001761: purity 88.8% 

CAC concurrence:  
The Exec CAC reviewed the protocol for this study on August 1, 2006. The Committee 
recommended doses of 0.25, 0.75, and 2.5 mg/kg/day for males and 1, 2.5, and 7.5 mg/kg/day 
for females by oral gavage, based on MTD (decrements in body weight gain in the 13-week
study in rats). On June 11, 2013, the Exec CAC concurred that the study was adequate. The 
Committee noted an increase in the incidence of benign and malignant pheochromocytomas of 
the adrenal medulla in high dose females and concurred that there were no statistically 
significant drug-related neoplasms.

Key Study Findings

 Enhanced survival in all cariprazine-dosed groups, statistically significant in males dosed
at 2.5 mg/kg/day.
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 Marked decrease in body weight and body weight gain in males dosed at 2.5 mg/kg/day 
and females dosed at 7.5 mg/kg/day, and slight decrease in males at lower doses.

 Slight to moderate decreases in food consumption in both sexes at all dose levels.
 Decreases in blood cholesterol levels in males dosed at 2.5 mg/kg/day and in females at 

all dose levels and decreases in triglyceride levels in males dosed at 0.75 and 2.5 
mg/kg/day and in females at all dose levels.

 Increased incidence of white parenchymal discoloration of the lungs in females at all 
dose levels and increased incidence and/or severity of alveolar foamy macrophages 
(phospholipidosis) and subchronic/chronic inflammation in the lungs in males dosed at 
2.5 mg/kg/day and in females at all dose levels.

 Enlarged adrenal glands and diffuse adrenal cortex hypertrophy in some females dosed at 
7.5 mg/kg/day.

 Increased incidence and/or severity of the sciatic nerve degeneration in males dosed at
2.5 mg/kg/day and in females at all dose levels.

 Increased incidence and/or severity of retinal degeneration/atrophy in males dosed at 0.75 
and 2.5 mg/kg/day and in females at all dose levels.

 No test-article increases in neoplasms were observed, except for a slight numerical 
increase in the incidence of benign and malignant pheochromocytomas of the adrenal 
medulla in female rats administered the high dose of cariprazine (7.5 mg/kg/day).
However, there were no statistically significant drug-related neoplasms. 

The high doses of 2.5 mg/kg/day in male rats and 7.5 mg/kg/day in female rats are ~ 4.1 and 12.1 
times, respectively, the MRHD of 6 mg/day on mg/m2 body surface area basis. The AUC0-24h for 
cariprazine at 2.5 mg/kg/day (males) and 7.5 mg/kg/day (females) on Day 558 is 1900 and 4670 
ng•h/mL in male and female rats, respectively, which is ~5.3 and 13 times the cariprazine AUC0-

24h observed in humans at the MRHD of 6 mg/day (358 ng•h/mL). The combined AUC0-24h

values for cariprazine, DCAR and DDCAR on Day 558 are 2250 and 5229 ng•h/mL in male and 
female rats, respectively, which is ~1.8 and 4.1 times the combined human AUC0-24h for these 
moieties, observed at the MRHD of 6 mg/day (1273 ng•h/mL).

The NOAEL for non-neoplastic findings is the low dose of 0.25 mg/kg/day for males and could 
not be determined for female rats mainly based on changes in the eyes observed at ≥0.75 
mg/kg/day in male rats and in female rats at all dose levels. The 0.25 mg/kg/day dose is ~0.4
times the MRHD of 6 mg/day based on mg/m2. The AUC0-24h for cariprazine at 0.25 mg/kg/day
in male rats on Day 558 is 190 ng•h/mL, which is ~ 0.5 times the AUC0-24h observed in humans 
at the MRHD of 6 mg/day (358 ng•h/mL). Combined AUC0-24h value for cariprazine, DCAR, 
and DDCAR at 0.25 mg/kg/day in male rats on Day 558 is 221 ng•h/mL, which is ~ 0.2 times the 
combined AUC0-24h for these moieties, observed in humans at the MRHD of 6 mg/day (1273
ng•h/mL). Therefore, for non-neoplastic changes in the eyes, there is no margin of safety for 
administration of cariprazine to humans at the MRHD of 6 mg/day.

Adequacy of Carcinogenicity Study
The route of administration, dose selection, number of animals/sex/group, and study conduct 
were adequate. A second vehicle control group was included to control for any variations in 
tumor incidence that may occur randomly. 
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Note. This reviewer requested historical control data for the incidence of tumors of the adrenal 
medulla observed in the 2-year studies conducted by the CRO  The 
Applicant responded that the test facility data for Wistar rats are not available and provided 
information related to “common background tumors, particularly adrenal medullary tumors” 
based on literature (Tischler and DeLillis, 1988) which “cite the incidence of nonproliferative 
adrenal tumors in Wistar rats to be 86% in males and 74% in females, which is relatively higher 
than that reported for Sprague-Dawley rats (31% and 5% for males and females, respectively)”.

Appropriateness of Test Models
The rat has been used in previous toxicology studies and this species is appropriate for 
evaluation of carcinogenic potential of cariprazine. However, the rat is the inappropriate species 
for evaluation of potential toxic and carcinogenic effects of the DDCAR because this metabolite
is present at very low levels in the rat relative to humans.

In humans, following the MRHD of 6 mg/day proposed by the Applicant for the treatment of 
schizophrenia and mania in bipolar disorder, mean AUC0-24h (ng•h/mL) was 358, 115, and 800
for cariprazine, DCAR, and DDCAR, respectively. The highest AUC0-24h (ng•h/mL) levels on 
Day 558 of the rat carcinogenicity study (last assessment) were 1900, 245, and 105 in male and 
4670, 321, and 238 in female rats, for cariprazine, DCAR, and DDCAR, respectively. Therefore, 
exposure (AUC) to cariprazine and DCAR in rats during this study exceeded that observed in 
humans at the MRHD of 6 mg/day. However, exposure to the metabolite DDCAR was very low 
relative to its levels observed in humans at MRHD of 6 mg/day (~7.6 and 3.4 times less for male 
and female rats, respectively). The exposure to DDCAR is important from toxicological 
perspective because this metabolite is active and is present in humans at levels exceeding the 
exposure to cariprazine. The mean cariprazine, DCAR, and DDCAR exposure (AUC0-24h) values 
in humans represent ~28%, 9%, and 63% of the total exposure at steady state, respectively, at the 
6 mg/day. In the 2-year carcinogenicity study in rats, exposure (AUC0-24h) for cariprazine, 
DCAR, and DDCAR represents approximately 84%, 11%, and 5% for male rats and 89%, 6%, 
and 5% for female rats, respectively, of the total AUC0-24h observed at steady state at the high
dose of 2.5 mg/kg/day (males) and 7.5 mg/kg/day (females) on Day 558 of the study.

Evaluation of Tumor Findings
No test article-related increases in neoplasms were observed, except for a slight numerical 
increase in the incidence of benign and malignant pheochromocytomas of the adrenal medulla in 
female rats administered the high dose of cariprazine (7.5 mg/kg/day). The Applicant provided 
two separate data sets for the incidence of pheochromocytomas: the original study report and 
reevaluation by the Pathology Working Group (PWG). Based on the FDA statistical review 
conducted by Dr. Steven Thomson, the test of trend in pooled benign and malignant 
pheochromocytoma of the adrenal medulla in female rats was only statistically significant, based 
on the incidence of these neoplasms in the PWG analysis (p = 0.002 which is <0.005) and close 
to significance using the neoplasms diagnosis used by the original toxicologist (p = 0.0072 ≈ 
0.005). However, pairwise comparisons of the test article-treated groups, including the high dose 
group to pooled control groups of female rats, were not statistically significant. No other 
comparisons achieved statistical significance. Therefore, there were no statistically significant 
drug-related neoplasms in this study. The following reviewer’s table provides both sets of the 
adrenal medulla neoplasm (pheochromocytoma) incidence data.

Reference ID: 3774483

(b) (4)



NDA No. 204370 resubmission          Reviewer: Elzbieta Chalecka-Franaszek, Ph.D.

137

The number of animals that developed adrenal medullary neoplasms
Dose (mg/kg/day) 0 0 0.25 0.75 2.5 0 0 1 2.5 7.5

M M M M M F F F F F
60 60 60 60 60 60 60 60 60 60

Pheochromocytoma, benign
as reported by study 
pathologist
(all minimal)

2 4 3 4 7 1 1 0 1 4

Pheochromocytoma, benign
as reported by the PWG 

2 4 4 5 6 1 3 1 1 6

Pheochromocytoma, 
malignant as reported by 
study pathologist (all 
minimal)

0 1 0 0 2 0 0 0 0 1

Pheochromocytoma, 
malignant as reported by the 
PWG

0 1 0 0 2 0 0 0 0 2↑

Total incidence: benign +
malignant as reported by 
study pathologist

2 5 3 4 8 1 1 0 1 5

Total incidence: benign +
malignant as reported by the 
PWG

2 5 4 5 8 1 3 1 1 8

The PWG concluded that “the absence of a clear dose response in the incidence of adrenal 
medullary neoplasms and lack of a dose-related increase in medullary hyperplasia supports the 
conclusion that the slightly higher incidence in female rats in the 7.5 mg/kg/day dose group was 
due to biological variation of a common spontaneous neoplasm in the Wistar rat and unrelated to 
treatment with RGH-188 HCl”. 

Reviewer’s comments: Trend tests employing the vehicle control groups and treated groups 
were considered statistically significant by this reviewer at p=0.005 and p=0.025 for increases in 
common or rare tumors, respectively. Tumors were considered rare if they occurred in 1% or less 
of the vehicle control animals and common otherwise. Pair-wise comparisons were statistically 
significant at p=0.01 and p=0.05 for common and rare tumors, respectively. The same levels of 
statistical significance were used for neoplasm evaluation in the 2-year rat and 28-week mice 
carcinogenicity studies.
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Methods
Doses: 0, 0, 0.25, 0.75, and 2.5 mg/kg/day for males

0, 0, 1, 2.5, and 7.5 mg/kg/day for females
Control 1, Control 2, LD, MD, and HD, respectively.
Adaptation period: animals received 1/3 of the final dose for 
one week and 2/3 of the final dose for one week prior to
dosing for 2 years.

Frequency of dosing: Once daily for up to 2 years
Dose volume: 10 mL/kg/day

Route of administration: Oral (gavage)
Formulation/Vehicle: Solution/Distilled water

Basis of dose selection: The ECAC recommended doses administered in this study
based on the MTD (decrements in body weight) in the 13-
week toxicity study in rats.

Species/Strain: Rats/Wistar Albino (Outbred) Crl: (WI)BR
Number/Sex/Group: 60/sex/group

Age: Approximately 6 weeks old at initiation of dosing
Animal housing: Individually housed in appropriate cages 

Paradigm for dietary 
restriction:

Not applicable

Dual control employed: Yes, 2 control groups of 60 animals/group/sex administered 
the vehicle (water)

Interim sacrifice: None
Satellite groups: TK: 6/sex/group in the control groups and 27/sex/group in the 

CAR groups; Clinical pathology: 10/sex/group
Deviation from study 

protocol:
Males were terminated after 23 months at the full dose, due to 
declining survival of the Control groups. This reviewer agrees 
with the Applicant that this and other deviations did not 
compromise the validity or integrity of the study.

Observations and Results

Mortality
Animals were observed for mortality and general condition twice daily. Administration of 
cariprazine was associated with enhanced survival in all dosed groups when compared to control 
groups. In male rats, the HD group had the highest survival (i.e. lowest mortality) and control 
groups had the lowest survival. The percent of males that survived to scheduled sacrifice was 
25%, 28%, 43%, 43%, and 58% in the Control 1, Control 2, LD, MD, and HD groups, 
respectively. Through most of the study the male Control 1 group had generally the lowest
survival. However, near the end of the study, the mortality in the male Control 2 group increased 
to levels similar to that in the Control 1. According to the statistical reviewer, Dr. Thomson, 
these apparent differences between the two essentially equivalent controls are likely due to 
random fluctuations that occur in any study and should be ignored. The survival analyses 
conducted by Dr. Thomson in rats are based on both the log rank test and the Wilcoxon test 
comparing survival. Tests of trend and pairwise differences between the HD and pooled Controls 
1 and 2 were highly statistically significant for male rats (all four log rank and Wilcoxon p < 
0.0001). Kaplan-Meier survival curves for male and female rats excerpted from Dr. Thomson’s 
statistical review are shown below.
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Figure A.1.1 Kaplan-Meier Survival Curves for Male Rats 

In female rats, Control groups 1 and 2 had generally the lowest survival. The percent of females 
that survived to scheduled sacrifice was 45%, 43%, 60%, 62%, and 58% in the Control 1, 
Control 2, LD, MD, and HD groups, respectively. According to the statistical reviewer Dr. 
Thomson, the differences between three female treatment groups and pooled Vehicle Control 
groups are close to statistical significance at the usual 0.05 level (log rank p =  0.0654, Wilcoxon 
p = 0.0979). 

Figure A.1.2 Kaplan-Meier Survival Curves for Female Rats 
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The decreased mortality correlated with the decreased body weight gains and consequent low 
body weights in all male groups and in the HD females. Low body weight gains consequent to 
dietary restriction have been shown to enhance survival in rats. All males were terminated at 
Month 23 due to declining survival in the two male control groups (15/60 and 17/60 male rats
survived in the Control 1 and Control 2, respectively). Females were terminated after 24 months 
of treatment, as scheduled. Mortality summary and cause of unscheduled death are shown in the 
Applicant’s table below.
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Clinical Signs
Cage-side observations were made daily at the time of dosing. Physical examinations were 
conducted weekly. There were no clinical signs related to cariprazine administration. Relatively 
high incidence of seizures occurred in both Control and dosed animals (No. of occurrences in 
males: 3, 48, 36, 45, and 26, in females: 16, 11, 16, 17, and 1 in the Control 1, Control 2, LD, 
MD, and HD, respectively). This effect was not dose-dependent and, therefore, unrelated to the
test article. No explanation was provided by the Applicant for this unexpected finding. 

Body Weights
Animals were weighed weekly. Body weights and body weight gains (changes from baseline)
generally decreased, when compared to control groups, in males at all doses and in females at the 
HD. For example, at Week 52 differences in body weight gains were slight, but statistically 
significant, in LDM and MDM (-11 and -14%, respectively) and marked in HDM and HDF (-
19% and -24%, respectively). Body weights and body weight gains at selected time points are
shown in the following reviewer’s tables.

Body weight: percent difference from combined control means
Dose Control (g) Control (g) 0.25 1 0.75 2.5 2.5 7.5
Gender M F M F M F M F M F
Month 12 
(Week 52) 

835.4 451.2 830.7 458.2 -8.4
**

+10.6
**

-10.7
**

+4.0 -15.7
**

-16.6
**

Month 18 
(Week 72)

856.6 561.0 868.5 559.8 -5.4
*

+7.4
*

-7.7
**

-7.3 -12.4
**

-25.7
**

Month 23 
(Week 92)

770.9 586.4 787.0 589.4 +4.2 +6.0 -4.1 -6.1
*

-12.8
**

-29.4
**

Body weight gains (from baseline): percent difference from combined control means
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Dose Control (g) Control (g) 0.25 1 0.75 2.5 2.5 7.5
Gender M F M F M F M F M F
Month 12 
(Week 52) 

658.4 315.3 655.3 319.4 -10.8
**

+15.7 -13.5
**

+5.1 -19.2
**

-23.8
**

Month 18 
(Week 72)

680.4 425.3 692.7 420.2 -6.9
*

+10.2 -9.6
*

-2.1 -16.4
**

-34.1
**

Month 23 
(Week 92)

593.7 462.2 611.9 443.7 +5.4 +7.7 -5.2 -8.8 -15.6
**

-40.6
**

For controls, group means are shown (g). For treated groups, percent differences from combined 
control means are shown. Statistical significance, calculated by the Applicant, is based on actual 
data (not on the percent differences).   *- p<0.05 ** - p<0.01

Food Consumption
Food consumption was measured weekly during the first 13 weeks of the full dose and for one 
week per month thereafter. Slight to moderate dose-dependent decrease in food consumption was 
observed in both sexes at all dose levels, as shown in the following reviewer’s table. Food 
consumption in animals administered the HD was, in general, 10-15% less than that in the 
control groups. 

Food consumption: percent difference from combined control means (selected time points)
Dose Control (g) Control (g) 0.25 1 0.75 2.5 2.5 7.5
Gender M F M F M F M F M F
Month 12 
(Week 53) 

34.6 28.4 35.1 27.9 -2.7 -4.8
*

-6.7
**

-10.5
**

-11.3
**

-12.6
**

Month 18
(Week 77)

32.7 26.5 32.3 26.7 -4.6 -3.0 -8.3
**

-7.5
**

-13.3
**

-11.0
**

For controls, group means are shown (g). For treated groups, percent differences from combined 
control means are shown. Statistical significance, calculated by the Applicant, is based on actual 
data (not on the percent differences).   *- p<0.05 ** - p<0.01

Clinical pathology
Blood and urine samples were collected for hematology, clinical chemistry, and urinalysis at 
Months 6, 12, 18, and at the end of treatment (termination) from separate satellite group of 
animals (10/sex/dose). Hematology: Parameters evaluated by the hematology analyzer at each of 
four time points: HGB, HCT, RBC, PLT, MPV, MCV, MCH, MCHC, RDW, WBC, RETIC, and
differential leukocyte count. There were occasional statistically significant alterations in 
hemoglobin concentration, hematocrit, red blood cell count, absolute reticulocyte count, and
white blood cell count in HDM and HDF at all dose levels that were not considered 
toxicologically relevant due to their small magnitude or transient nature, or the opposite direction 
of change in males and females. None of these parameters were different from controls at 
termination. However, the reviewer notes lower than original number of animals (10/sex/group) 
were available at termination (males : N=3, 4, 3, 5, and 7, females: 4, 2, 4, 9, and 8 in the Control 
1, Control 2, LD, MD, and HD groups, respectively), making hematology findings at this time 
point less reliable. 
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Clinical chemistry: Parameters evaluated: ALT, AST, ALP, BUN, CREAT, GLU, CHOL, 
TRIG, TP, ALB, TBILI, Na+, K+, Cl-, Ca++, PHOS, GLOB, and A/B. Cholesterol levels were 
severely and statistically significantly decreased (up to ~ 75% less than Control) in females at all 
dose levels in a time- and dose-dependent manner. In males, decreases in cholesterol levels were 
also observed but were in general less pronounced and did not reach statistical significance with 
the exception of the HDM group at termination (~ 44% less than control). Percent differences 
from the control values and absolute values are shown in the following reviewer’s tables.

Serum cholesterol (mg/dL): percent differences from combined control means
Dose Control Control 0.25 1 0.75 2.5 2.5 7.5
Gender M F M F M F M F M F

Month 6 92 71 104 69 -9.2 -24.3 -3.1 -15.7 -10.2 -52.9
**

Month 12 162 81 175 105 -9.2 -38.7
**

-19.3 -30.1
**

-24.0 -55.9
**

Month 18 239 131 178 145 -7.9 -47.8
**

-16.1 -55.1
**

-17.5 -74.6
**

Termination 326 199
: 

202 168 +20.8 -55.3
**

-2.3 -48.8
**

-43.6
**

-60.2
**

For controls, group means are shown. For treated groups, percent differences from combined 
control means are shown. Statistical significance, calculated by the Applicant, is based on actual 
data (not on the percent differences). * - p<0.05 ** - p<0.01

Serum cholesterol (mg/dL) - absolute values
Dose Control Control 0.25 1 0.75 2.5 2.5 7.5
Gender M F M F M F M F M F

Month 6 92 71 104 69 89 53 95 59 88 33
Month 12 162 81 175 105 153 57 136 65 128 41
Month 18 239 131 178 145 192 72 175 65 172 35
Termination 326 199 202 168 319 82 258 94 149 73

Triglycerides levels were severely and statistically significantly decreased in females at all dose
levels (up to ~ 65.5% less than Control) and in males at the MD and HD (up to ~ 45% less than 
control) except the termination time point. Percent differences from Control values are shown in 
the following reviewer’s table.

Triglycerides (mg/dL): percent differences from combined Control means
Dose Control Control 0.25 1 0.75 2.5 2.5 7.5
Gender M F M F M F M F M F

Month 6 127 49 112 41 -25.5 +13.3 -35.6
*

-15.6 -36.4
*

-8.9

Month 12 219 76 188 103 -6.1 -18.4 -23.8 -20.7 -45.0 -43
Month 18 360 367 215 363 -18.3 -51.0 -20.7 -55.1 -23.8 -65.5
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* * ** * **
Termination 208 248 159 119 +38.4 +1.4 -5.2 -19.9 -6.3 -15.5

For controls, group means are shown. For treated groups, percent differences from combined 
control means are shown. Statistical significance, calculated by the Applicant, is based on actual 
data (not on the percent differences). * - p<0.05 ** - p<0.01

Urinalysis
Parameters evaluated: protein, glucose, ketones, pH, bilirubin, urobilinogen, nitrites, appearance, 
specific gravity, volume, and microscopic examination. There were no clear test article-related 
findings in urinalysis.

Ophthalmoscopy
Animals were examined pretest and after 6, 12, and 18 months of treatment at the full dose. Lids, 
lacrimal apparatus and conjunctiva were examined grossly. The cornea, anterior chamber, lens, 
iris, vitreous humor, retina, and optic disc were examined by indirect ophthalmoscopy. In 
addition, the anterior segment, lens and anterior vitreous were examined by slit lamp 
biomicroscopy, using retroillumination, and optical section. There were no test article-related 
findings. However, microscopic pathology examination demonstrated test article-related increase 
in the incidence and/or severity of retinal degeneration/atrophy (see histopathology section
below).

Gross Pathology
Necropsy was performed on all study survivors and animals that died early. Macroscopic 
changes related to cariprazine administration were present in the lungs, adrenal glands, and 
pituitary gland. Increased incidence of white parenchymal discoloration was observed in the 
lungs of females at all dose levels which correlated with microscopic observation of 
accumulation of intralveolar foamy macrophages and subacute/chronic inflammation. Adrenal 
glands were enlarged in HDF and this finding correlated with microscopic evidence of diffused 
cortical hypertrophy observed in HDF. Pituitary gland was enlarged in females at all dose levels 
and red and black discolored in HDF. According to the Applicant, these findings correlated with 
microscopic observation of presence of adenomas or diffuse hyperplasia within pars distalis, and 
are unrelated to cariprazine administration, since there was no test article-related increase in the 
incidence of pituitary hyperplasia or adenomas. The incidence of gross findings is summarized in 
the following Applicant’s table.
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Reviewer’s comment: Although the incidence of findings in the adrenals and pituitary is 
correctly presented in the table above, the incidence of discoloration in the lungs based on 
reviewer’s analysis of the submitted data was different (males: 26, 26, 22, 29, and 29, females: 
20, 27, 34, 40, and 56 in the Control 1, Control 2, LD, MD, and HD, respectively). The reason of 
this discrepancy is unclear; however, conclusions regarding increased incidence of discoloration 
in the lungs remain the same.

Histopathology  
The following tissues were preserved and examined microscopically: adrenal glands, aorta 
(thoracic), bone marrow smear (rib), bone (sternum, femur with joint), bone marrow (sternum, 
femur), brain (medulla, pons, cerebrum, cerebellum), epididymides, esophagus, eyes, heart, 
kidneys, lacrimal glands/Harderian glands, large intestine (cecum, colon, rectum), larynx, liver, 
lungs, (with main stem bronchi), lymph nodes (mesenteric, mediastinial), mammary gland, nasal 
cavity, nerve (sciatic), ovaries, pancreas, pituitary gland, preputial/clitoral gland, prostate gland, 
salivary glands (sublingual, submandibular), seminal vesicles, skeletal muscle, skin, small
intestine (duodenum, ileum, jejunum), spinal cord (cervical, thoracic, lumbar), spleen, stomach, 
testes, tongue, thymus, thyroid/parathyroid glands, trachea, urinary bladder, uterus (body/horns) 
with cervix, vagina, Zymbal gland with external ear (held for possible examination), and tissues 
with microscopic findings. All tissues were fixed in 10% neutral buffered formalin. Eyes and 
testes were placed in the Modified Davidson’s solution. The tissues/organs were embedded in 
paraffin, sliced, mounted on glass, stained with H & E, and examined for all carcinogenicity 
study animals by light microscopy. No special stains were employed.  

Peer Review: A peer review of the pathology findings for only 10% of the Control and HD 
animals, target tissues (lung, sciatic nerve, and eye) for all animals, mammary glands for all 
females and hyperplasias and/or neoplasias diagnosed by the study pathologist for all animals 
was conducted. In addition, slides with sciatic nerve and proliferative changes involving the 
adrenal medulla from all animals received an expert review.

Neoplastic lesions
There were no test article-related neoplastic findings in male rats. In female rats, the incidence of 
benign and malignant pheochromocytoma of the adrenal medulla was increased in the HD group.
Two separate assessments of the incidence of the neoplastic changes in the adrenal medulla were 
conducted (see table in the Evaluation of Tumor Findings section above for the incidence).
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The Applicant’s statistical analysis of the original report data showed a significant increase in the 
combined incidence of benign and malignant neoplasms of the adrenal medulla
(pheochromocytoma) in HDF relative to control. For these tumors, the trend test was statistically 
significant (p=0.005) across test-article groups when compared with the pooled controls. 
Pairwise comparisons of the test-article groups to the pooled control group in female rats was 
statistically significant (p=0.048) only for the HD group. The trend test for benign medullary 
pheochromocytoma in female rats was statistically significant across groups (p=0.015) but no 
test article-treated groups were statistically significant by pairwise comparison with the pooled 
control group. 

The second analysis of adrenal slides, which was conducted by the PWG, resulted in higher
incidence of benign and malignant pheochromocytomas. According to the PWG, new changes 
observed by them had either initially been reported by the study pathologist as changes involving 
the adrenal cortex or no proliferative lesion were reported for either the adrenal cortex or 
medulla. No statistical analysis of the PWG data was provided.

Non Neoplastic lesions
Microscopic findings included changes in the lungs, sciatic nerve, eyes, and adrenal cortex. 

LUNGS: The incidence and severity of alveolar foamy macrophages and the incidence of 
subacute/chronic inflammation in the lungs was increased, compared to controls, in HDM and in
females at all doses, as shown in the Applicant’s table below.

SCIATIC NERVE: Increased incidence and/or severity of the sciatic nerve fiber degeneration, 
characterized by axonal swelling, digestion chambers containing degraded axonal material and 
replacement of axons by connective tissue, was observed in HDM (75% in male controls vs. 
92% in HDM) and female rats at all dose levels (55% in female controls vs. 85% in HDF). The 
severity of nerve degeneration was also increased (marked severe vs. moderate) in a small 
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number of LDM and MDM, but did not differ in incidence from the control groups, as shown in 
the Applicant’s table below.

An expert review of the sciatic nerves was conducted by  
who concluded that: “(1) In the absence of underlying age-related spontaneous

neuropathy, the test article does not induce the sciatic nerve lesion in rats; (2) The test article 
may exacerbate the age-related spontaneous neuropathic process; (3) Given the frequency of the 
spontaneous sciatic nerve neuropathy findings in this study, the toxicological significance of 
these findings relative to test article administration appears questionable. The reported presence 
of connective tissue increase in nerves of affected animals in the 2-year study is interpreted to be 
endoneurial (between individual nerve fibers) in location. As such it suggests there is failure of 
regeneration in the face of a long-term ongoing neuropathic process. Since no difference is 
described between control and test article exposed animals, this is interpreted as a part of the 
aging-related neuropathy seen in these animals, and not a separate change induced by exposure 
to the test article”. Reviewer’s comment: These conclusions are inconsistent with data from the 
28-day study conducted in rats, apparently not reviewed by  which showed a dose-
dependent increase in the incidence of the sciatic nerve degeneration in young animals of both 
(see review of study RGD: 62210/E for details). 

EYES: Retinal degeneration/atrophy, primarily involving the outer nuclear and outer plexiform 
layers, occurred in the eyes of all groups, but was increased in both sexes in cariprazine-treated 
animals, except the LD males, with dose-related increase in incidence and severity, as shown in 
the Applicant’s table below. 
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ADRENAL CORTEX: Diffuse hypertrophy graded slight to moderate was observed in female
rats with the incidence of 0/60, 0/60, 1/60, 2/60, and 5/60 (8.3% animals) in the Control 1, 
Control 2, LD, MD, and HD groups, respectively but not in male rats. This finding correlated 
with the enlargement of the adrenals observed macroscopically in HDF. Additional observation 
related to adrenals noted by this reviewer was slightly increased combined focal 
hypertrophy/hyperplasia and vacuolization of the adrenal cortex, graded slight in most cases, in 
MDM and HDM, but not in females (incidence in males: 34/60, 36/60, 31/60, 43/60, and 41/60
in the Control 1, Control 2, LD, MD, and HD groups, respectively).

Other microscopic findings: Lymphoid cell depletion/atrophy of mesenteric lymph node was 
minimally increased from 5.8% in the control groups to 15% in the HD female.
Degeneration/atrophy/regeneration of the muscles was minimally increased from 12% in the 
male control groups to 18% in the HD male group and from 5% in the female control groups to 
12% in the HD female groups. Cysts in the ovaries increased minimally in the incidence from 
21% in the female control groups to 32% in the HD female group. Atrophy of the ovaries 
increased minimally in the incidence from 72% in the female control groups to 90% in the HD 
female group.

Toxicokinetics:
Plasma samples for TK analysis were obtained from the TK animals on Day 1 and Months 6, 12,
and 18. In general, there were no major (greater than 2-fold) differences in exposure (AUC) to 
the test article between males and females following administration of the same dose (2.5 
mg/kg/day). Exposure to cariprazine, DCAR, and DDCAR increased with increasing doses on 
Study Day 1 and at Months 6, 12, and 18 in proportion to or greater than proportionally to dose. 
At Month 18 (last assessment), the overall mean AUC values for cariprazine and its metabolites 
were greater than Study Day 1 values, indicating accumulation. In the HDM and HDF, the 
exposure (AUC) to cariprazine was 3.3 and 1.6 times, respectively, greater at the end of the 
study. Respective values for DCAR were 2.2 and 1.7 times greater in HDM and HDF, 
respectively, and for DDCAR were 3.2 and 2.3times greater in HDM and HDF, respectively. The 
TK data are shown in the following Applicant’s tables.
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Dosing Solution Analysis
The majority of dosing formulations were within acceptable limits. Deviations did not have 
impact on the tumor assessment.

9 Reproductive and Developmental Toxicology

The following reproductive toxicology studies were conducted with cariprazine:   
(1) Study of the oral effects of cariprazine on fertility and early embryonic development to 
implantation in rats, (2) Dose range-finding study of the oral effects of cariprazine on embryo-
fetal development in rats, (3) Study of the oral effects of cariprazine on embryo-fetal 
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development in rats, (4) Dose range-finding study of the oral effects of cariprazine on embryo-
fetal development in rabbits, (5) Study of the oral effects of cariprazine on embryo-fetal 
development in rabbits, (6) Dose range-finding study of the oral effects of cariprazine on pre-
and post-natal development in rats, (7) Study of the oral effects of cariprazine on pre- and post-
natal development, including maternal function in rats, and (8) Study of the oral effects of 
cariprazine on lacteal transfer in rats.

Fertility and Early Embryonic Development

Study title:  A two-phase study of fertility and early embryonic development to 
implantation of RGH-188 HCl in rats

Study no.: CSCNRGHPCTX 26
Study report location:

Conducting laboratory and location:
Date of study initiation: May 17, 2005

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCl (RGH-188), lot W45021A, 
purity 99.59%.

Key Study Findings

 Death of 1/25 male rat administered cariprazine at 10 mg/kg/day.
 Decreased body weight and/or body weight gain associated with reduced food 

consumption in males and females at all dose levels. 
 Increased estrous cycle length, mean precoital interval duration and decreased number of 

pregnancies in treated females paired with untreated males at all dose levels.
 Lower male and female fertility index for females treated at 10 mg/kg/day paired with

untreated males relative to other groups. 
 Lower female conception index and male copulation index for females treated at 10 

mg/kg/day paired with untreated males relative to other groups. 
 Slightly decreased number of implantation sites, number of pups born per litter and live 

litter size observed in females treated at 10 mg/kg/day paired with untreated males.
 There were no test article-related effects on:

o Number of sperm positive females, female mating index, duration of gestation 
and parturition in treated females paired with untreated males.

o Reproductive performance of males and spermatogenesis in treated males paired 
with untreated females.

o Postnatal survival through PND 1 or the percentage of males born per litter.

The NOAEL for cariprazine systemic toxicity could not be determined (is less than 1 mg/kg/day)
based on decreased body weight gain at all dose levels observed in both sexes.

The NOAEL for female reproductive toxicity could not be determined based on increased estrus 
cycle length and extended precoital interval, resulting in dose-dependent decrease in the number 
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of pregnant females and a reduction in the fertility and conception indices noted in treated 
females at all dose levels relative to controls. The lowest dose tested of 1 mg/kg/day is ~1.6
times the MRHD of 6 mg/day on a mg/m2 basis.

The NOAEL of 3 mg/kg/day is determined for female-mediated developmental toxicity based on 
decreased numbers of implantation sites, mean number of pups per litter, and mean number live-
born pups per litter in the 10 mg/kg/day group. The 3 mg/kg/day dose is ~ 4.9 times the MRHD 
of 6 mg/day on a mg/m2 basis.

The NOAEL of 10 mg/kg/day is determined for male reproductive toxicity and male-mediated 
developmental toxicity based on unaffected spermatogenic endpoints and fertility/copulation for
males paired with untreated females and unaffected male-mediated developmental parameters.

The NOAEL of 10 mg/kg/day is determined for neonatal toxicity based on postnatal survival 
from birth to PND 1 and no effect on F1 pup body weight following the test article administration 
to F0 females.

The 10 mg/kg/day dose is ~16 times the MRHD of 6 mg/day on a mg/m2 basis. The AUC0-24h for 
cariprazine at 10 mg/kg/day on Day 100-105 is 3740 ng•h/mL in male rats, which is ~10 times 
the cariprazine AUC0-24h observed in humans at the MRHD of 6 mg/day (358 ng•h/mL).
Combined AUC0-24h for all three active moieties (cariprazine, DCAR, and DDCAR) at 10 
mg/kg/day on Day 100-105 is 5513 ng•h/mL in male rats, which is ~4.3 times the combined 
AUC0-24h observed in humans at the MRHD of 6 mg/day (1273 ng•h/mL). Note: No TK 
evaluation was conducted in female rats. Female AUC was shown to be different than that in 
males in other toxicology studies.

Methods
Doses: 0, 1, 3, and 10 mg/kg/day (Control, LD, MD, and HD, 

respectively; doses are expressed in terms of the free base)
Frequency of dosing: Once daily

Dose volume: 10 mL/kg
Route of administration: Oral (gavage)

Formulation/Vehicle: Cariprazine solution in the vehicle/distilled water
Species/Strain: Rat/Crl: CD(SD)

Number/Sex/Group: 25
Satellite groups: None; Blood for TK of cariprazine and 2 metabolites (DCAR 

and DDCAR was collected from surviving male rats.
Study design: See below

Deviation from study 
protocol:

It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity.

Study design
In Phase 1, untreated males were paired with treated females. In Phase 2, treated males were 
paired with untreated females. The same males were used for both phases. A 2-week dose 
adaptation period preceded administration of the full dose levels to minimize acute clinical signs 
of toxicity with 1/3 of the full dose administered for 7 days, followed by 2/3 of the full dose for 7 
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days. In Phase 1, females were dosed from premating to implantation. Full dose was 
administered for 14 days before pairing (total 28 days including adaptation period); treatment 
continued through gestation day (GD) 7 (total treatment period: 35-50 days). In Phase 2, males 
were dosed at the full dose level for 56 days (total of 70 days including adaptation period) from
completion of the first mating period with treated F0 females continuing through the second 
mating period with untreated females (total treatment period: 100-105 days). Clinical 
observations, body weights, and food consumption were recorded at appropriate intervals for all 
males and females. Phase 1 females: Vaginal lavages were performed daily on Phase 1 females 
for determination of estrous cyclicity beginning 10 days prior to treatment. Phase 1 females were 
allowed to deliver and rear their offspring to lactation day (LcD) 1. Detailed physical 
examination was conducted and body weights were recorded for their offspring (F1 pups) on 
post-natal day (PND) 1. Pups were then euthanized on PND 1. Phase 1 females were necropsied
on postpartum Day 11. Gross necropsies were performed on females with no evidence of mating. 
Phase 2 males: Blood was collected from males for TK analysis on the day prior to necropsy. 
Males were necropsied, selected organs were weighed, and spermatogenic endpoints were 
evaluated. Phase 2 females: Laparohysterectomy for untreated females was conducted on GD 15.
Mating, fertility, copulation, and conception indices were calculated as follows:

Observations and Results

Mortality
All animals were observed daily for mortality. One HD male died on Day 80 following 31 days 
of dosing. This death was considered test article-related based on lower body weight and food 
consumption. There were no clinical or macroscopic test article-related observations in this 
animal. Another MD male was euthanized due to test article-unrelated urolithiasis. 

Clinical Signs
All animals were observed for signs of toxicity for 1 hour following dose administration and 
twice daily for appearance and behavior. During daily examinations of males, a dose-dependent 
increase in the incidence of brown, red, and yellow material around the anogenital and/or
urogenital areas (total occurrence/no. of animals: 15/4, 10/7, 86/12, and 420/23 in the Control, 
LD, MD, and HD animals, respectively) and red material around the nose (total occurrence/no. 
of animals: 55/15, 59/16, 76/21, and 212/21 in the Control, LD, MD, and HD animals, 
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respectively) were observed beginning on study Day 50. During 1 hour post-dose observations in 
males, the increased incidence of red and yellow material around the mouth was noted beginning 
on study Day 69 (total occurrence/no. of animals: 1/1, 6/6, 13/7, and 28/12 in the Control, LD, 
MD, and HD animals, respectively). The nature of this observation has not been addressed by the 
Applicant in any detail and its significance is unclear. There were no test article-related clinical 
observations in treated females.

Body Weight
Body weights were recorded twice weekly. Treated females: Mean group body weight was 
statistically significantly decreased relative to Control in the HDF at the end of premating period. 
During GD 0 to 7, body weight gain was decreased in all female treatment groups (-40% to -63%
relative to Control). However, body weight on GD 7 and body weight on LcD 1 were statistically 
significantly lower than the Control only in the HD group (-13.8% and -7.2%, respectively), as 
shown in the following reviewer’s table. These decreases were related to lower food 
consumption.

Female body weight and body weight 
change 

Control Dose (mg/kg/day)
1 3 10

Premating body weight change, g
SD 0-7 (1/3 dose)
SD 7-14 (2/3 dose)
SD 0-27 (pre-mating period)

10
11
33

21**
4*
36

23**
-2**
32

15
-6**
13**

Premating body weight SD 27, g 
(%)

271 277 
(+2.2%)

268 
(-1.1%)

249 
(-8.1%)**

Gestation body weight change, g
GD 0-7
(%)

30
(100%)

18**
(-40%)

17**
(-43%)

11**
(-63%)

GD 7-20 99 101 103 107
Gestation body weight GD 7, g
(%)

305 305 294
(-3.6%)

263**
(-13.8%)

Lactation body weight Day 1, g
(%) 

307 311
(+1.3%)

301
(-2.0%)

285
(-7.2%)*

SD: study day; GD: gestation day;  Dunnet’s test: * -p<0.05;  ** -p<0.01 done by the 
Applicant; g=grams

Treated males: Statistically significant lower mean body weight gains and corresponding lower
food consumption were observed in males at all dosage levels throughout the treatment period, 
as shown in the following reviewer’s table. 

Male body weight change (g) Control Dose (mg/kg/day)

1 3 10
SD 50-57 (1/3 dose)
SD 57-64 (2/3 dose)
SD 50-119 (prior to mating)
SD 50-150 (entire treatment period)
(% change from Control level)

19
20
126
159

100%

14
12**
84**
104**
(-35%)

13*
8**
72**
90**

(-43%)

1**
-6**
35**
40**

(-75%)
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SD: study day; Dunnet’s test: * -p<0.05;  ** -p<0.01; done by the Applicant; g=grams

Food Consumption
Individual food consumption was recorded twice weekly. Decreased food consumption was 
observed in all groups of treated females during the premating and gestation periods and in all 
groups of treated males as shown in the following reviewer’s tables below.

Treated female food consumption 
(g/animal/day)

Control 1 
mg/kg/day

3
mg/kg/day

10 
mg/kg/day

Premating food consumption
SD 0-3
SD 3-7
SD 24-27

19
19
19

21**
22**
18

20**
22**
17**

19
21*
16**

Gestation food consumption
GD 0-7 23 20** 20** 17**
GD 7-20 24 22* 22* 22*
SD: study day; GD: gestation day;  Dunnet’s test: * - p<0.05;  **- p<0.01  

Treated male food consumption 
(g/animal/day)

control 1
mg/kg/day

3
mg/kg/day

10
mg/kg/day

SD 50-53
SD 57-60
SD 60-64
SD 67-71
SD 148-150

27
28
28
28
28

28
29
28

26**
25**

28
27

25**
24**
25**

27
25**
23**
23**
23**

SD: study day; Dunnet’s test: * - p<0.05;  **- p<0.01  done by the Applicant

Toxicokinetics
Blood was collected from surviving males following 100-105 doses pre-dose and 0.5, 1, 3, 6, 12, 
and 24 hours after administration on the day prior to euthanasia. Systemic exposure to 
cariprazine and the metabolites DCAR and DDCAR was demonstrated at all 3 dosage levels. 
Plasma concentrations were higher for cariprazine than that for the metabolites. DDCAR had a
longer T1/2 than that for cariprazine and DCAR. The Cmax and AUC0-24h of cariprazine increased 
approximately in proportion to the dose increase from 1 to 3 mg/kg/day, and slightly less than 
proportionally from 3 to 10 mg/kg/day. The Cmax and AUC0-24h of DCAR and DDCAR increased 
greater than dose-proportionally from 1 to 10 mg/kg/day. 

Exposure (AUC0-24h) for cariprazine, DCAR, and DDCAR represents approximately 68%, 18%, 
and 14% of the total AUC0-24h observed at steady state in male rats dosed at the high dose of 10 
mg/kg/day. The TK data are shown in the following Applicant’s table.
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Dosing Solution Analysis
The dosage formulations were suitable for their intended use. The concentrations of the duplicate 
samples were within ±10 % of each other, except for 0.3 mg/mL dosing formulation and the 
mean concentrations were within ±10% of nominal concentration, except for the 0.1 mg/mL 
dosing formulation. Study Director accepted the original results as the out of specification results 
for 0.1 mg/mL and 0.3 mg/mL dosing formulation did not have any impact on the overall study.

Necropsy and Fertility Parameters 
Phase 1 (Treated females paired with untreated males): Mean estrous cycle and mean precoital 
interval were longer at all dose levels (see the Applicant’s table below). Number of pregnant 
females was lower in the treatment groups (25, 22, 20, and 13 animals in the Control, LD, MD, 
and HD groups, respectively). Male and female fertility indices were statistically significantly 
lower for the HD group relative to the Control and were slightly lower than that of the Control 
group for the LD and MD groups; however, this decrease did not reach statistical significance 
and fell within the WIL Laboratories historical control range, indicating weak, if any, test article-
related effect. Conception index for treated females and copulation index for untreated males 
were also lower in the HD groups relative to other groups. All test article-related changes in 
treated females were most likely caused by the prolonged estrous cycle duration attributed to the 
drug’s pharmacologic effect on prolactin levels (demonstrated in other studies). Parameters 
unaffected by the test article administration in this phase of the study included the number of 
sperm-positive females (25, 24, 25, and 24 in the Control, LD, MD, and HD females, 
respectively), mating index for treated females and untreated males (see table below), mean 
duration of gestation (21.8, 22.0, 21.8, and 22.2 days in the Control, LD, MD, and HD females, 
respectively), and parturition. Reproductive performance of treated females with untreated males 
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mg/kg/day from birth to PND 1 was not attributed to the test article administration. F1 data are 
shown in the following reviewer’s table.

F1 litters Control 1 mg/kg/day 3 mg/kg/day 10 mg/kg/day

Number of litters evaluated 25 22 20 13
Mean number of implantations 15.3 15.0 15.0 13.0↓
Mean number pups per litter 14.3 13.5 14.5 12.3↓
Mean No. live-born pup per litter 14.1 13.3 13.9 12.2 ↓
Pup sex ratio (% males per litter) 48.7 45.1 48.8 54.1
Postnatal survival (birth to PND 1) 97.1 97.2 90.9 94.0
Pup clinical observations - - - -
Pup body weights (g)
Males PND 1 (%)
Females PND 1 
(%)

7.4

7.0

7.3 
(-1.4%)

6.9 
(-1.4%)

6.8 
(-8.1%)

6.5 
(-7.1%)

7.3 
(-1.4%)

7.0 
(0.0%)

Embryonic Fetal Development

Study title:  A dose range-finding oral gavage study of the effects of RGH-188 HCl on 
embryo/fetal development in rats

Study no.: CSCNRGHPCTX 17
Study report location:

Conducting laboratory and location:
Date of study initiation: February 22, 2005

GLP compliance: No
QA statement: No

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot W45021A, 
purity 99.56%

Methods
Pregnant Crl:CD® (SD) rats (~70 days of age at study initiation; 8/group) were administered
cariprazine daily by oral gavage from gestation day (GD) 6 through 17 at 0, 1, 3, 10, 20, and 30 
mg/kg/day (dose vol.: 10 mL/kg; doses are expressed in terms of the free base). A concurrent 
control group received the vehicle (distilled water). Females were evaluated for mortality clinical 
signs, body weights, and food consumption at appropriate intervals. Laparohysterectomy was 
performed on each female on GD 20. The uteri, placentae, and ovaries were examined. The
numbers of corpora lutea, fetuses, early and late resorptions, and total implantations were 
recorded. Gravid uterine weights were recorded, and net body weights and net body weight 
changes were calculated. Fetuses were weighed, sexed, and examined for external and 
developmental malformations. Blood samples were collected ~1 hour after dose administration 
GD 20 from satellite dams (4/group) and from fetuses to determine plasma levels and placental 
transfer.

Observations and Results
F0 Dams:
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The NOAEL for the maternal systemic and embryo-fetal developmental toxicity is the 1 
mg/kg/day dose. Based on results of this study, dosage levels of 0.5, 2.5 and 7.5 mg/kg/day were 
selected for the definitive embryo-fetal development study of cariprazine in pregnant rats.

Study title: A study of the effects of RGH-188 on embryo/fetal development in rats

Study no.: CSCNRGHPCTX19
Study report location:

Conducting laboratory and location:
Date of study initiation: May 2, 2005

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCl (RGH-188), lot W45021A, purity 
99.59%

Key Study Findings

 Clinical signs of red material observed around the nose, yellow material around 
urogenital/abdominal area, stuporous behavior (disorientation, hypoactivity), and 
drooping and/or half-closed eyelids in the 7.5 mg/kg/day F0 group.

 Body weight loss and decreased body weight gain (up to -11% and -49%, respectively) 
during treatment period with corresponding decreases in food consumption in the 2.5 and 
7.5 mg/kg/day F0 groups.

 Fetal developmental toxicity, characterized by:
o Decreased mean fetal weight (- 8 to - 22%) in all test article-treated groups.
o Decreased male anogenital distance (- 5 to - 23%) in all test article-treated groups.
o Skeletal malformations (bent limb bones, scapula and/or humerus) in all test 

article-treated groups.
o External malformations (localized thorax fetal edema) in the 2.5 and 7.5 

mg/kg/day groups.
o Visceral variations (renal papillae not developed and/or distended urethrae) in the 

2.5 and 7.5 mg/kg/day groups.
o Skeletal variations (bent ribs and/or sternebrae unossified) in the 2.5 and 7.5 

mg/kg/day groups.
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 There were no test article-related effects on gross pathology, abortions, or total 
resorptions of litter in maternal animals or on the survival of fetuses (viable fetuses per 
litter), fetal sex ratio, visceral malformations, and external variations.

The 7.5 mg/kg/day dose was the MTD in this study based on decreased body weight in F0

females. The NOAEL for F0 maternal systemic toxicity is 0.5 mg/kg/day based on the absence of 
adverse effects in maternal animals at this dose. The NOAEL for the fetal developmental toxicity 
was not determined in this study (is less than 0.5 mg/kg/day) based on decreased fetal weight and 
male anogental distance, and malformations observed at the lowest dose level evaluated.

The 0.5 mg/kg/day dose is ~0.8 times the MRHD of 6 mg/day on a mg/m2 body surface area 
basis. The AUC0-24h for cariprazine at 0.5 mg/kg/day in F0 female rats on gestation day (GD) 17
is 267 ng•h/mL, which is ~0.7 times the cariprazine AUC0-24h observed at the MRHD of 6
mg/day (358 ng•h/mL) and ~0.2 times the combined AUC0-24h for cariprazine, DCAR, and 
DDCAR observed at the MRHD of 6 mg/day (1273 ng•h/mL). (Note: exposure to DCAR and 
DDCAR at 0.5 mg/kg/day was low and, therefore, “not calculable” in this study). 

In conclusion, fetal developmental toxicity, including malformations, was observed in rats at the 
cariprazine systemic exposure level (AUC) less than that observed in humans at the MRHD of 6
mg/day.

Methods
Doses: 0, 0.5, 2.5, and 7.5 mg/kg/day (Control, LD, MD, and HD, 

respectively; doses are expressed in terms of the free base)
Frequency of dosing: Once daily 

Dose volume: 10 mL/kg
Route of administration: Oral (gavage)

Formulation/Vehicle: Solution of cariprazine in the vehicle/water
Species/Strain: rat/Crl:CD®(SD)

Number/Sex/Group: 24 pregnant female rats/group
Satellite groups: TK group: 12 additional pregnant female rats/test article 

group administered cariprazine on GD 6-12
Study design: See below 

Deviation from study 
protocol:

It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity.

Study design 
Cariprazine was administered throughout the period of organogenesis from GD 6 to 17. Maternal
animals were evaluated for mortality, clinical signs, body weights, and food consumption at 
appropriate intervals. Laparohysterectomy was performed on GD 20 on each female and the 
uteri, placentas, ovaries, and numbers of corpora lutea, fetuses, early and late resorptions, and
total implantations were recorded. Fetuses were weighed, sexed, and examined for
developmental malformations and variations. Blood samples for TK were collected from satellite 
dams.

Observations and Results

Mortality
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Pregnant females were observed twice daily for mortality and moribundity. There were no 
unscheduled deaths in this study. 

Clinical Signs
Clinical signs were recorded daily for maternal animals. Noteworthy observation in HDF 
included red material around the nose following one day of dosing (10/24 females), yellow 
material around urogenital/abdominal area (5/24 females) and stuporous behavior (disorientation 
and hypoactivity with normal arousal upon handling in 14/24 females) from GD 9 until the end 
of dosing, and drooping and/or half-closed eyelids in several females from GD 6 until the end of 
dosing. The nature and significance of excreted material was not addressed by the Applicant in 
any detail. Observed behaviors were considered test article-related, but did not persist to the next 
day. There were no significant clinical signs in other groups. 

Body Weight
Maternal body weights were recorded on GD 0, 6-18 (daily) and 20. Mean body weight gain and 
body weight decreased during the treatment period in the MD and HD groups relative to the 
control, as shown in the following reviewer’s table. Decrease in body weight correlated with 
decrease in food consumption.

Gestation Days (GD) Control 0.5 mg/kg/day 2.5 mg/kg/day 7.5 mg/kg/day

Mean group body weight gain (g)
6-9 7 10 1* -15**
9-12 16 13 7** 3**
12-18 64 64 63 55**

6-18 (%) 87 (100%) 87 (100%) 72** (-17%) 44** (-49%)
Mean group body weight (g)

GD 0 249 249 249 249
GD 20 (%) 404 (100%) 401 (-1%) 385* (-5%) 361** (-11%)

* p< 0.05   ** p< 0.01 statistical significance is based on actual data (not on percent differences) 

Food Consumption
Food consumption was recorded for maternal animals on GD 0, 6-18 (daily) and 20. Mean food 
intake was decreased in the MD and HD groups, as shown in the following reviewer’s table.

Food consumption (g/animal/day)
GD Control 0.5 mg/kg/day 2.5 mg/kg/day 7.5 mg/kg/day
6-9 22 23 21 17**
9-12 23 23 21 18**
12-18 27 26 24** 20**

6-18 (%) 25 25 22** (-12%) 19** (-24%)
* p< 0.05   ** p< 0.01 statistical significance is based on actual data (not on percent differences) 

Toxicokinetics
Blood samples were taken from pregnant TK animals (12/group; 4 animals/time point) prior to 
dosing and 0.5, 1, 3, 6, 12, and 24 hours following dose administration on GD 6 and 17.  
Cariprazine plasma levels were greater on GD 17 than on GD 6, indicating accumulation. 
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Systemic exposure to the metabolites DCAR and DDCAR was lower than that to the parent drug. 
There was no accumulation for DCAR on GD 17. However, DDCAR accumulated ~ 2.2-fold 
following repeated dosing at 7.5 mg/kg/day. Combined AUC0-24h for all three active moieties 
(cariprazine and the metabolites) on GD 17 was 1499 and 4491 ng•h/mL at the MD and HD, 
respectively. Exposure to DCAR and DDCAR at 0.5 mg/kg/day was “not calculable”. The TK 
data for cariprazine, DCAR, and DDCAR are shown in the Applicant’s table below.

Dosing Solution Analysis
Homogeneity analysis was not conducted as part of this study. The concentrations of the samples 
were within ± 15 % of the nominal concentration and were suitable for the study.

Necropsy
Cesarean Section Data 
There were no test article-related macroscopic observations in maternal females. A lower mean
gravid uterine weight was noted at the HD. There were no abortions or total resorptions of litter 
in this study. Post-implantation loss was greater at the HD compared to the control. However, 
changes in the post-implantation loss were not dose-dependent and, therefore, their relation to 
the test article administration is questionable. 

Offspring 
Survival of the fetuses was not affected by cariprazine administration. However, fetal 
developmental toxicity, characterized by decreased mean fetal weight (-8 to -22 % of the 
concurrent control level and below the minimum mean value of 3.4 g in the  historical 
control data) and decreased male anogenital distances (-5 to -23% of the concurrent control) was 
observed in all test article-treated groups. External malformations (localized thorax fetal edema), 
observed in the MD and HD groups (0.3% and 1% per litter, respectively), exceeded the 
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maximum mean value (0.0% per litter) in the historical control data, and were 
considered test article-related. There were no external variations or test article-related visceral 
malformations in the fetuses. Test article-related skeletal malformations (bent limb bones(s): 
scapula and/or humerus) were observed at all dose levels. Test article-related skeletal
developmental variations and visceral developmental variations (renal papillary findings; see 
table below) corresponded to the lower fetal weights and indicated developmental delay.
Unossified sternebrae No. 5 and 6 were observed in the MD and HD groups; the proportions of 
these findings exceeded the concurrent control levels and the mean value in the  

historical control data. In addition, renal papillae were not fully developed and/or
urethrae were distended, and adrenals were dark red discolored in the fetuses in the MD and HD
groups. Fetal findings are summarized in the reviewer’s table below.

Litter data
Dose (mg/kg/day) 0 0.5 2.5 7.5 
No. of litters evaluated 24 23 24 24
Post-implantation loss per litter, % 6.1 3.5 7.0 4.0
Viable fetuses per litter, % 93.9 96.5 93.0 96.0
Mean fetal body weight, g 
(%a)

3.6 3.3** 
(-8.3)

3.2**
(-11.1)

2.8**
(-22.2)

Fetal sex ratio (% males per litter) 48.5 48.7 51.5 46.6
Mean male anogenital distance, mm
(%a)

3.77 3.57** 
(-5.3%)

3.45** 
(-8.5%)

2.91** 
(-22.8%)

Summary of fetal malformations and developmental variations

Dose (mg/kg/day) 0 0.5 2.5 7.5 
Fetuses and litters with malformations (all observed); absolute numbers (No. of fetuses/No. 
of litters)
Number examined externally 377/24 364/23 386/24 383/24

Localized thorax fetal edema
Mandibular microgranathia
Meningocele
Anal atresia
Vertebral agenesis

0/0
0/0
0/0
0/0
0/0

0/0
1/1
0/0
1/1
1/1

1/1
0/0
0/0
0/0
0/0

4/2
0/0
1/1
0/0
0/0

Number examined viscerally 377/24 364/23 386/24 383/24
Retroesophageal aortic arch
Lungs: lobular dysgenesis
Hydrocephaly

0/0
0/0
0/0

1/1
1/1
1/1

0/0
0/0
0/0

1/1
0/0
0/0

Number examined skeletally 377/24 363/23 386/24 382/24
Bent limb bones(s) scapula and/or 
humerus
Rib anomaly

0/0
0/0

1/1
2/1

1/1
0/0

14/6
0/0

Total number with malformations
External
Soft tissue
Skeletal

0/0
0/0
0/0

3/3
2/2
2/1

1/1
0/0
1/1

5/3
1/1
14/6
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Combined 0/0 6/5 2/2 20/8

Total and test article-related fetal malformations (% per litter)

External malformations - total
Localized thorax fetal edema
Visceral malformations – total
Skeletal malformations - total
Bent limb bones: scapula and/or
humerus

0.0
0.0
0.0
0.0
0.0

0.8
0.0
0.4
0.5
0.3

0.3
0.3
0.0
0.3
0.3

1.2
1.0
0.3
3.7
3.7

Fetal developmental variations (% per litter)
Visceral 
Renal papillae not developed and/or 
distended urethers
Skeletal 
Bent ribs
Sternebrae No. 5 and/or 6 unossified

0.2

0.0
3.3

0.6

0.5
5.2

4.4

2.8
10.8

9.3

15.6**
15.9

Other morphological findings b (No. of fetuses/No. of litters)

Renal papillae not fully developed
Adrenal glands - dark red and/or 
dark red area

0/0

0/0

1/1

1/1

14/7

4/2

32/7

13/4
** p< 0.01 statistical significance is based on actual data (not on percent differences) 
a – for control group, means are shown; for test article groups, means are shown with 
percent differences form control in parenthesis
b - not classified as malformation or variation, proportional data not calculated
g - grams

Study title: A dose range-finding oral gavage study of the effects of RGH-188 on 
embryo/fetal development in rabbits.

Study no.: CSCNRGHPCTX16
Study report location:

Conducting laboratory and location:
Date of study initiation: February 7, 2005

GLP compliance: No
QA statement: No

Drug, lot #, and % purity: Cariprazine HCl (RGH-188), lot W45021A; 
purity 99.56%

Methods
Pregnant New Zealand White rabbits (~5.5 month of age at study initiation; 6/group) were 
administered cariprazine daily by oral gavage (dose vol. 10 mL/kg) from gestation days (GD) 6 
to 20 at 0, 0.1, 0.5, 2.5, 7.5, and 15.0 mg/kg/day; doses are expressed in terms of the free base. A 
concurrent control group received the vehicle (distilled water). Mortality, clinical signs, body 
weights and food consumption were recorded at appropriate intervals. Laparohysterectomy was 
conducted on GD 29. The uteri, placentae, and ovaries were examined. Numbers of fetuses, early 
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and late resorptions, total implantations, corpora lutea, and gravid uterine weights were recorded.
The fetuses were weighed and examined for external malformations and developmental 
variations. Blood samples were collected from additional pregnant TK rabbits (4/group) ~3 hours 
following dose administration on GD 20 for evaluation of plasma levels of cariprazine and the 
matabolites DCAR and DDCAR and for placental transfer assessment. All TK animals were
euthanized on GD 20 following blood collection and blood for evaluation of cariprazine, DCAR, 
and DDCAR in the plasma was collected from all fetuses.

Observations and Results
F0 Dams:
There were no test article-related deaths. One female dosed at 2.5 mg/kg/day died due to gavage 
error. Decreased defecation was observed in the medium and high dose groups [incidence: (no. 
of occurrences/no. of animals): 8/2, 13/4, 6/5, 25/5, 25/5, and 12/4 in the Control, 0.1, 0.5, 2.5, 
7.5, and 15.0 mg/kg/day groups, respectively]. Mean body weight losses, relative to Control, 
were observed in all cariprazine treatment groups except the 0.1 mg/kg/day group from the 
beginning of the treatment period. Mean body weight gains were reduced in the 2.5, 7.5, and 15 
mg/kg/day groups throughout the remainder of the treatment period. These changes correlated 
with reduced food consumption observed in these groups (see table below for more information).

Terminal and necroscopic evaluations:
There were no test article-related macroscopic findings at necropsy. Mean gravid uterine weight 
slightly reduced at 15 mg/kg/day. This decrease was most likely related to a slight decrease in 
the mean number of viable fetuses, resulting from a small increase in the pre-implantation loss 
and small decrease in the number of implantations and corpora lutea. Mean gravid uterine 
weights and intrauterine growth and survival were unaffected in other groups.

Offspring: 
The mean number of viable fetuses per litter was slightly decreased in the 15 mg/kg/day group
when compared to the Control. The mean number of total resorptions per litter was slightly 
increased in this group. However, there were no dead fetuses in any group. Mean fetal body 
weight was generally unaffected by maternal test article administration. Malformations were 
observed in one fetus in the 0.5 mg/kg/day group and two fetuses from the same litter in the 7.5 
mg/kg/day group. These findings were not attributed to test article administration since no
malformations were observed at a higher dose level. There were no external developmental 
variations noted in this study. Maternal and fetal findings are summarized in the following 
Applicant’s table.
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Study no.: CSCNRGHPCTX18
Study report location:

Conducting laboratory and location:
Date of study initiation: April 25, 2005

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCl (RGH-188), lot W45021A, purity 
99.56% -99.59% 

Key Study Findings

 Decrease in maternal body weight and body weight gain (-8% and -50%, respectively) 
and food consumption (-23%) in F0 female rabbits administered 5 mg/kg/day when 
compared to the control group.

 There were no significant test article-related effects on pregnancy or fetal parameters at 
any of doses tested.

The MTD was 5 mg/kg/day in this study based on effects on body weights and food consumption 
in maternal animals observed at this dose level. The NOAEL for F1 maternal toxicity was 1 
mg/kg/day. The NOAEL for embryo/fetal developmental toxicity was 5 mg/kg/day because there 
was no significant cariprazine-related effect on fetal parameters at any dose level.

The NOAEL for F0 maternal systemic toxicity (1 mg/kg/day) is ~3.2 times the MRHD of 6
mg/day on a mg/m2 basis. The AUC0-24h for cariprazine in F0 female rabbits at 1 mg/kg/day on 
GD 20 is 492.6 ng•h/mL, which is ~1.4 times the cariprazine AUC0-24h observed in humans at the 
MRHD of 6 mg/day (358 ng•h/mL). Combined AUC0-24h for cariprazine, DCAR, and DDCAR in 
F0 female rabbits at 1 mg/kg/day on GD 20 is 627.3 ng•h/mL, which is ~0.5 times the combined 
AUC0-24h for these moieties observed in humans at the MRHD of 6 mg/day (1273 ng•h/mL).

The NOAEL for F1 embryo/fetal developmental toxicity (5 mg/kg/day) is ~16 times the MRHD 
of 6 mg/day on a mg/m2 basis. The AUC0-24h for cariprazine in F0 female rabbits at 5 mg/kg/day
on GD 20 is 3947 ng•h/mL, which is ~11 times the cariprazine AUC0-24h expected in humans at 
the MRHD of 6 mg/day (358 ng•h/mL). Combined AUC0-24h for cariprazine, DCAR, and 
DDCAR in F0 female rabbits at 5 mg/kg/day on GD 20 is 5836.3 ng•h/mL, which is ~4.6 times 
the combined AUC0-24h for these moieties expected in humans at the MRHD of 6 mg/day (1273
ng•h/mL). 

Methods
Doses: 0, 0.1, 1, and 5 mg/kg/day (Control, LD, MD, and HD, 

respectively; doses are expressed in terms of the free base) 
Frequency of dosing: Once daily 

Dose volume: 10 mL/kg
Route of administration: Oral (gavage)

Formulation/Vehicle: Cariprazine solution in vehicle/distilled water
Species/Strain: Rabbit/New Zealand White, 5 months of age at study initiation

Number/Sex/Group: 22 pregnant (time-mated) females/group
Satellite groups: TK: 4 pregnant females/group
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Study design: See below
Deviation from study 

protocol:
It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity.

Study design: This study was designed to assess maternal toxicity and developmental toxicity of 
cariprazine when administered to pregnant rabbits during organogenesis [gestation days (GD) 6 
to 20]. Maternal animals were evaluated for clinical signs, body weights, and food consumption 
at appropriate intervals. On GD 29, a laparohysterectomy was performed on all females. The 
uteri, placentae, ovaries, and numbers of corpora lutea, fetuses, early and late resorptions, and
total implantations were recorded. Fetuses were weighed, sexed, and examined for external and 
developmental malformations. Blood samples for TK evaluation were collected from satellite 
pregnant females (4/group) on GD 6 and 20.

Observations and Results

Mortality
Females were observed for mortality twice daily. There were no test article-related deaths. Three
animals died early in this study: one MD was found dead and one LD female was euthanized due 
to documented gavage errors on GD 9. One Control female was euthanized due to abortion on 
GD 15. 

Clinical Signs
Dams were observed for clinical signs daily. Decreased defecation was observed in the MD 
group during the second week of dosing and in the HD group during entire treatment period.

Body Weight
Maternal body weight and body weight gain were decreased in the HD group when compared to 
the Control (-8% and -50%, respectively) during gestation. However, increased body weight gain 
was observed during the post-treatment period (GD 21 to 29) in affected animals, indicating 
recovery following the cessation of treatment. Body weight data are shown in the following 
reviewer’s table.

Body weight (g) 
Gestation Day 21 (%) 4006 3921 (-2.1) 3822 (-4.6) 3689 (-7.9)**

Body weight gain (g)
Gestation Days Control 0.1 mg/kg/day 1 mg/kg/day 5 mg/kg/day

6-10 122 144 61 28**
10-14 98 116 74 43*
14-21 144 156 181 112

6-21 (%) 370 416 (112) 317 (-14.3) 184** (-50.3)
* = p<0.05; ** = p<0.01

Food Consumption
Food consumption was decreased by 23% in HD females from GD 6 to 21. Transient decrease in 
food consumption observed from GD 6 to 10 in MD females was test article-related but 
nonadverse. Increased food consumption was observed during the post-treatment period (GD 21 
to 29). Food consumption data are shown in the following reviewer’s table.
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Food consumption (g/animal/day)
Gestation Days control 0.1 mg/kg/day 1 mg/kg/day 5 mg/kg/day

6-10 203 188 170 * 165**
10-14 186 180 156 * 137**
14-21 185 190 167 142**

6-21 (%) 190 186 167 146** (-23%)
* = p<0.05; ** = p<0.01

Toxicokinetics
Blood samples were collected from additional pregnant rabbits (4/group) on GD 6 and 20 prior 
to dosing and at 0.5, 1, 3, 6, 12, and 24 hours after dosing. TK data indicated that the Cmax and 
AUC0-24h for cariprazine, DCAR, and DDCAR increased greater than dose-proportionally. 
Systemic exposure (AUC0-24h) was greater on GD 20 than on GD 6 (4.7-, 2.6-, and 4.8-fold for 
cariprazine, DCAR, and DDCAR, respectively, in the HD group) indicating accumulation 
following repeated dosing. The T1/2 was longer for DDCAR than that for the cariprazine and 
DCAR (23, 4.5, and 5 hours, respectively, in the HD group). The TK data are shown in the 
following Applicant’s table.

Dosing Solution Analysis
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The mean concentration of the test article in the formulation was within ±10% of the nominal 
concentration with one exception, which was not considered to have an impact on the overall 
study. 

Necropsy
Cesarean Section Data 
There were no test article-related macroscopic observations in laparohysterectomies performed 
on GD 29. There were no test article-related effects on pregnancy parameters including 
reproductive organs (uterus, placenta, and ovaries), number of fetuses, early and late resorptions, 
total implantations, corpora lutea, and gravid uterine weight. Selected pregnancy data are shown 
in the following reviewer’s table.

Pregnancy data
Dose (mg/kg/day) 0 (Control) 0.1 1 5
Mean No. of corpora lutea 8.8 8.3 9.9 8.9
Mean No. of implantations 8.6 8.0 9.3 8.1
Mean % pre-implantation 
loss (per litter)

2.5 5.1 5.5 9.1

Offspring 
There were no test article-related effects on fetal parameters (weight, sex, external, visceral, and 
skeletal malformations and developmental variations). Selected parameters are shown in the 
following reviewer’s table.

Litter data
Dose (mg/kg/day) 0 (Control) 0.1 1 5 
No. of litters evaluated 20 20 20 21
No. of viable fetuses 165 152 182 167
Mean % total resorptions/litter 2.7 4.5 1.5 1.7
No. of dead fetuses 1 0 0 0
Mean % post implantation loss 
(per litter)

3.2 4.5 1.5 1.7

Mean % viable fetuses/litter 96.8 95.5 98.5 98.3
Mean fetal body weight g (%) 43.3 43.3 (0.0) 42.7 (-1.4) 41.9 (-3.2)
Fetal sex ratio (% males/litter) 48.4 53.8 47.1 56.7
Fetal malformations - - - -
Fetal developmental variations - - - -

Prenatal and Postnatal Development
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Study title:  An oral (gavage) dose range-finding study of the effects of RGH-188 on 
pre- and postnatal development in rats

Study no.: RGH-TX-36 
Study report location:

Conducting laboratory and location:
Date of study initiation: November 13, 2007

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCl (RGH-188), lot L0001761, purity 
99.7%

Methods:
Pregnant Crl:CD (SD) rats (~84 days of age at study initiation; 10/group) were administered 
cariprazine daily by oral gavage (dose vol. 10 mL/kg) from gestation day (GD) 6 through 
lactation day (LcD) 20 at 0, 0.3, 1, and 3 mg/kg/day (Control, LD, MD, and HD, respectively;
doses are expressed in terms of the free base). The concurrent control group received the vehicle
(deionized water). All females were allowed to deliver and rear their offspring to LcD 21. All 
dams and remaining pups were euthanized on LcD/postnatal day (PND) 21 and gross necropsy 
was performed. For F0 generation, maternal survival, clinical observations, body weight, food 
consumption, gestation length, parturition, and gross necropsy findings, including the number 
and location of former implantation sites, were evaluated. For F1 generation, litter size, survival, 
clinical observations, body weight, and sex were evaluated.

Observations and Results:
F0 Dams:
There was no test article-related mortality. One nongravid LD female was euthanized on post-
mating Day 25. This death was not considered to be test article-related. One MD female had a 
total litter loss on LcD 5. In addition, 8/10 HD females had total litter loss on LcD 1 or 2.
Animals were observed daily for signs of toxicity for ~1 hour following test article 
administration. Females expected to deliver were also observed twice daily for dystocia 
(prolonged labor, delayed labor, or other difficulties). Intermittent twitching was noted
approximately 1 hour following administration in almost all animals at all doses during gestation 
period (see table below for total occurrence/no. animals affected). In addition, single 
observations of twitching were recorded on LcD 13 in the LD group and on LcD 20 in the MD
group. Individual maternal body weights were recorded on GD 0, 6, 9, 12, 15, 18, and 20 and on 
LcD 1, 4, 7, 10, 14, 17, and 21. Gestation period: Mean body weight gain was statistically 
significantly reduced in the HD group from GD 6 to 9 (loss of 4 g) and from GD 6 to 20 (see 
table below). Mean body weight also was statistically significantly decreased (-6.1 to -7.2%)
from GD 9 to 20 in the HD group relative to the control. Lactation period: Mean body weight of 
the HD group on LcD 1 (when N=10) was statistically significantly decreased (-6.6%) relative to 
the control. Individual body weight gains for the 2 remaining HD females were lower on LcD 1-
4 than that of the control group and generally similar to the control group throughout the 
remainder of the lactation treatment period until LcD 21. Food consumption:  Individual 
maternal food consumption was recorded on GD 0, 6, 9, 12, 15, 18, and 20 and on LcD 1, 4, 7, 
10, and 14. Food consumption was reduced in the HD group during gestation and lactation 
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periods. Gestation and parturition: Gestation lengths and parturition were unaffected by the test
article administration. Necropsy observations: A gross necropsy was conducted for all females.
The thoracic, abdominal, and pelvic cavities were examined. There were no noteworthy findings.
The number of former implantation sites was recorded for females that delivered. Pre-
implantation loss was calculated by subtracting the number of pups born from the number of 
implantation sites. There were no test article-related effects on the number of implantation sites 
and pre-implantation loss.

F1 Generation
Each litter was examined daily for survival. Mean number of pups born were slightly lower in 
the MD and HD groups when compared with the control. However, these values were within the 
range of the WIL Labsoratories historical control data. Mean live litter size on postnatal Day 
(PND) 0 was significantly lower in the MD and HD groups when compared with the control (see 
table below). The total number of pups (litters) found dead or euthanized in extremis from PND 
0 through 21 was 4(3), 16(6), 51(10), and 137(10) in the control, LD, MD, and HD, respectively.
Postnatal survival in the LD group from PND 0 to 1 and in the MD and HD groups from birth to 
PND 4 was decreased compared with the control. Decreased postnatal survival was primarily 
attributed to the high number of pup deaths from 2 dams in the LD group or to the complete litter 
loss of 1 MD and 8 HD dams. The decreased postnatal survival correlated with an increased 
incidence of milk absent in the stomach of pups that were found dead on PND 0 or 1. Postnatal 
survival was generally similar to that of the control following PND 1 in the LD group and 
following PND 7 and 4 in the MD and HD groups, respectively. Overall decrease in postnatal 
survival in all treatment groups is considered to be test article-related. Clinical signs: Pale body, 
cyanotic appearance, and/or gasping were noted in 4 and 5 pups that were found dead in the MD 
and HD groups, respectively. Body weights: Mean pup body weights in the MD and HD groups 
were lower than that in the control on PND 1 (-14.5% and -34.4%, respectively). Mean offspring
body weight and body weight gains in the LD group were unaffected. Mean pup body weights 
remained lower during PND 4-7 for the HD group. Mean body weight gains in the MD group 
and in the remaining 2 litters in the HD group were similar to or higher (according to WIL Labs.,
a result of smaller and less competitive litter size) than the control throughout the remainder of 
the postnatal period. Macroscopic findings: Renal papillary findings were noted in HD pups 
found dead (renal papillae not fully developed). Renal papillae not developed were also noted in 
9 (5) pups (litters) in the HD group. This finding correlated with decreased pup weight in the HD
group and indicates treatment-related developmental delay. According to ., these are 
non-specific changes associated with the severe growth retardation seen in this group. All data 
are summarized in the following Applicant’s tables.

Reference ID: 3774483

(b) (4)







NDA No. 204370 resubmission          Reviewer: Elzbieta Chalecka-Franaszek, Ph.D.

178

 F2 generation: At 1 mg/kg/day, test article-related findings included lower birth weights, 
clinical signs similar to these in the F1 generation (pale and cool body, small stature), and 
lower body weight on PND 4 (end of study).

 Systemic exposure of F0 animals to the metabolites DCAR and DDCAR was observed 
only at 1 mg/kg/day, and was very low when compared to that of cariprazine.

The NOAEL for F0 maternal systemic toxicity was 1 mg/kg/day based on the absence of adverse 
effects in maternal females at this dose. This dose is ~1.6 times the MRHD of 6 mg/day on a 
mg/m2 basis. The AUC0-24h for cariprazine at 1 mg/kg/day in F0 female rats on lactation day
(LcD) 21 was 441 ng•h/mL, which is ~1.2 times the cariprazine AUC0-24h observed in humans at 
the MRHD of 6 mg/day (358 ng•h/mL). Combined AUC0-24h for cariprazine, DCAR, and 
DDCAR at 1 mg/kg/day on LcD 21 is 476 ng•h/mL in F0 female rats, which is ~0.37 times the 
combined AUC0-24h for cariprazine, DCAR, and DDCAR (1273 ng•h/mL) observed in humans at 
the MRHD of 6 mg/day. Therefore, there is no margin of safety for developmental toxicity 
observed in the F1 or F2 generations for human dosing at the MRHD of 6 mg/day.

The NOAEL for F1 and F2 generation developmental toxicity is 0.3 mg/kg/day based on the 
lower postnatal survival, birth weight, body weight and body weight gain and decreased auditory 
startle responsiveness (in F1 males) observed at 1 mg/kg/day in the F1 generation, and based on 
lower body weight and body weight gain at 1 mg/kg/day in F2 generation. The 0.3 mg/kg/day
dose is ~0.5 times the MRHD of 6 mg/day on a mg/m2 basis. The AUC0-24h for cariprazine at 0.3 
mg/kg/day on LcD 21 is 125 ng•h/mL in F0 female rats, which is ~0.3 times the cariprazine 
AUC0-24h observed in humans at the MRHD of 6 mg/day (358 ng•h/mL) and ~0.1 times the 
combined AUC0-24h for cariprazine, DCAR, and DDCAR observed in humans at the MRHD of 6
mg/day (1273 ng•h/mL). The exposure of maternal animals to the metabolites DCAR and 
DDCAR following administration of cariprazine at 0.3 mg/kg/day was low and considered “not 
calculable” by the 

Methods
Doses: 0, 0.1, 0.3, and 1 mg/kg/day (Control, LD, MD, and HD, 

respectively; doses are expressed in terms of the free base)
Frequency of dosing: Once daily for 35 to 36 days

Dose volume: 10 mL/kg
Route of administration: Oral (gavage)

Formulation/Vehicle: Solution of cariprazine in the vehicle/deionized water
Species/Strain: Rat/Crl:CD(SD)

Number/Sex/Group: 25 females/group (13 weeks old)
Satellite groups: TK group: 4 mated females in the Control, 12 mated females 

per each of the test article groups
Study design: See below

Deviation from study 
protocol:

It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity.

Study design: This study was designed to determine potential adverse effects of daily 
administration of cariprazine to maternal animals from gestation day (GD) 6 to lactation day 
(LcD) 20 (35 to 38 days from implantation to weaning) on pregnancy, parturition, and lactation 
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of maternal animals (F0). Growth, viability, development, and reproductive performance of the 
offspring (F1 generation) and growth and viability of the F2 neonates through postnatal day 4 
(PND 4) were also evaluated. See Applicant’s figure below for more design details.

Study design (continued):
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Observations and Results 

F0 Dams
Mortality: All F0 dams survived to scheduled necropsy on LcD 21. Clinical signs: There were no 
test article-related clinical signs during once or twice daily observations. Body weight: Maternal 
body weights were measured on GD 0, 6, 9, 12, 15, 18, and 20 and on LcD 1, 4, 7, 10, 14, 17, 
and 21. On GD 6-20 body weight gain was decreased by 8% in the MD and HD groups. This 
change did not reach statistical significance. Statistically significant transient decrease in body 
weight (up to -5.6%), noted in HD females during LcD 7-17, was test article-related, but 
considered nonadverse. On LcD 21, mean body weights were similar in all groups. Food 
consumption: Maternal food consumption was recorded on GD 0, 6, 9, 12, 15, 18, and 20 and on 
LcD 1, 4, 7, 10, 14, and 21. There were no test article-related changes in food consumption 
during gestation. Statistically significant decrease in food consumption during LcD 1-21 (by 
18% when evaluated as g/animal/day) in HD females was attributed to decreased lactational 
demand that resulted from deaths of several pups. Gestation length was minimally longer in the 
HD group, however, duration was similar to the mean value in the historical 
control database, and not considered to be test article-related. Parturition was similar in all 
groups. Uterine content: Pregnancy rates were 100%, 96%, 96%, and 96%, in the control, LD, 
MD, and HD, respectively because one dam in each of the treated groups failed to deliver and 
were found to be nongravid. Necropsy observation: There were no macroscopic findings at F0

necropsies, including females with total litter loss. F0 data are summarized in the following 
reviewer’s table.

F0 females – summary of findings
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Dose (mg/kg/day) Control 0.1 0.3 1.0
No. dams evaluated 25 25 25 25
No. died or euthanized 0 0 0 0
Clinical observations - - - -
Necropsy observations - - - -
Gestation body weight gain, g
G 6 - 20

117 122 108 108

Gestation food consumption
G 6 - 20 (g/animal/day)
G 6 - 20 (g/kg/day)

23
72

24
72

23
72

23
71

Lactation body weight, g
LcD 7 (%)
LcD 10 (%)
LcD 14 (%)
LcD 17 (%)

326
338
346
350

337 (3.4)
345 (2.1)
354 (2.3)
354 (1.1)

324 (- 0.6)
334 (- 1.2)
342 (- 1.2)
349 (- 0.3)

310 (-4.9)*
319(-5.6)**
329 (-4.9)*
332 (-5.1)*

Lactation body weight gain, g
LcD 4-7 
LcD 1-21 

17
37

13
33

10*
33

11
34

Lactation food consumption
LcD 1-21 (g/animal/day)
LcD 1-21 (g/kg/day)
Gestation length (days)

55
165
21.6

55
162
21.8

53
161
21.9

45**
144**
22.0**

Dunnett’s Test * - p < 0.05  ** - p < 0.01; G = Gestation Day; LcD = Lactation Day; 
g = grams

Toxicokinetics: Blood for TK was collected from pregnant satellite female rats on GD 6 and LcD 
21 (after 1st and last dose). Systemic exposure (AUC0-24h) to cariprazine increased with 
increasing dose on GD 6 and LcD 21. Exposure to cariprazine on LcD 21 was higher than 
exposure on GD 6 at each dosage level. The accumulation ratio was 6.6 at 0.1 mg/kg/day, but 
only 1.7 and 1.3 at 0.3 and 1 mg/kg/day, respectively. Administration of cariprazine resulted in 
systemic exposure to the metabolites DCAR on GD 6 and LcD 21 and to DDCAR on LcD 21 
only in the HD animals (see tables below). Exposure to metabolites was very low when 
compared to that of cariprazine and below the limit of quantitation (3 ng/mL) at the LD and MD. 
The T1/2 for cariprazine in plasma, when reportable, was from 2.5 to 3.7 hours. The T1/2 for 
DCAR was 4.5 h on GD 6 and 3.2 h on LcD 21. The T1/2 for DDCAR in plasma could not be
calculated. Mean TK parameters are shown in the Applicant’s table below.
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Dosing Solution Analysis
The analyzed dosing formulations were within  SOP range for solutions (90% to 
110%) and the protocol-specified range (85% to 115%), except 4 samples, which had no impact 
on the integrity of the study and conclusions. 

F1 Generation
F1 postnatal observations: The mean number of pups born\litter and percentage of males\litter at 
birth were unaffected by maternal treatment. Postnatal survival was lower in the HD F1 litters on 
PND 0 (not statistically significant) and PND 0-1, PND 1-4, and from birth to PND 4 (all 
decreases statistically significant; p<0.01) (see table below). Five HD F0 females had total litter 
loss during PND 2-12, including 4 HD F0 females with litter loss during PND 2-4. Fifteen other 
HD F0 females had pup survival rates 11.8 to 80% that were lower than the minimum value in 
the historical control database (83.8%) for PND 1-4. Number of pups (litters) 
that were found dead were 15(9), 22(18), 33(16), and 178(22) in the Control, LD, MD, and HD 
groups, respectively. Clinical signs: General physical condition of the F1 pups in the LD and MD 
groups was unaffected by maternal test article administration. F1 pups in the HD group were 
pale, cool to touch, had small stature and cyanotic body, and gasping. Body weight: Birth weight 
and body weight gains in the HD group through PND 10 were lower than control resulting in 
lower body weights during the pre-weaning period. Food consumption: The majority of pups that 
died on PND 0 or 1 did not have milk present in the stomach, indicating they died without 
nursing. Physical development: Renal papillary findings were observed at necropsy of the HD 
pups that were found dead, indicating developmental delay (see table below). There were no test 
article-related malformations. There were no findings at necropsy of pups euthanized on PND 
21. F1 developmental landmarks: The mean age of attainment of balanopreputial separation and 
mean body weight at the age of attainment in male pups, as well as the mean age of attainment of 
vaginal patency in female pups, were unaffected by the test article administration. These data are 
summarized in the reviewer’s table below.
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F1 litters postnatal parameters
Dose (mg/kg/day) Control 0.1 0.3 1.0
No. litters evaluated 25 24 24 24
Mean no. pups per litter 14.8 15.2 14.1 14.7
Pup sex ratios (% males/litter) 51.4 54.3 47.0 51.6
Mean postnatal survival
PND 0 (relative to no. born) (%)
PND 0-1 (%) 
PND 1-4 (pre-selection) (%)
PND 4 (post-selection) to 7 (%)
Birth to PND 4 (%)

98.6
98.8
97.6
99.5
95.3

98.0
96.9
98.4
98.4
93.6

99.0
96.7
95.3
97.4
91.1

93.8
73.5++
63.1++

94.0
49.0++

Clinical findings (no. pups/no. litters)

Body cool
Cyanotic
Body pale
Small stature
Gasping

0/0
0/0
1/1
1/1
0/0

1/1
0/0
1/1
8/3
0/0

3/3
0/0
3/3

25/11
0/0

11/11
2/2
6/6

21/13
3/3

Macroscopic findings
Renal Papilla Not Fully Developed
Renal Papilla Not Developed

0/0
0/0

0/0
0/0

0/0
0/0

7/3
4/3

Offspring Weights
PND 1; g
(%)

M F M F M F M F
6.8 6.5 6.8

(0.0)
6.4

(-1.5)
6.7

(-1.5)
6.3

(-3.1)
5.6**
(-17.6)

5.3**
(-18.5)

Offspring Weights
PND 21; g (%)

49.0 47.3 50.8
(3.7)

48.3
(2.1)

50.5
(3.1)

47.8
(1.1)

46.9
(-4.3)

45.2
(-4.4)

Offspring Weight Gain, PND 4-7; g 6.0 5.7 5.9 5.6 5.9 5.3 4.9* 4.4*
Balanopreputial Separation (days) 45.5 NA 45.5 NA 44.8 NA 46.3 NA
Vaginal Patency (days) NA 33.6 NA 33.0* NA 33.2 NA 33.8
Clinical findings - - - - - - - -

Dunnett’s Test * - p<0.05  ** - p<0.01; G = Gestation Day; LcD = Lactation Day;  
g = grams

F1 sensory function and behavioral testing: The auditory startle response habituation paradigm 
was conducted with selected F1 male and female animals on PND 20, and again at sexual 
maturity on PND 60. F0 maternal administration had no significant impact on auditory startle 
responsiveness in the LD and MD F1 groups. On PND 20, the maximum response values (MAX) 
for the HD males were 17.2% to 23.1% lower than the control throughout all 50 trials and this 
result is considered test article-related and adverse. On PND 60, the MAX values for all trials 
combined for F1 males and females were similar to the control group values (see table below). 
Swimming ability in the Biel maze test conducted on the PND 22 or 62 and locomotor activity
(total activity and ambulatory activity counts) evaluated on PND 21 and 61 (as animals 
approached sexual maturity) were unaffected by F0 maternal test article administration at all dose
levels (see the Applicant’s table below).

F1 post-weaning parameters: No mortality or clinical signs related to F0 maternal treatment were 
noted during the F1 generation. The lower mean body weights observed in the HD group during 
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the pre-weaning period continued into the post-weaning period. Lower body weight and body 
weight gain were noted in HD males during PND 28-84 and 28-126. Lower body weight was 
also observed in HD females during PND 28-35; it was similar to the control group for the 
reminder of the study. The effects on body weights in the HD male and female groups are 
considered test article-related and adverse. Body weights in the LD and MD groups were 
unaffected during the post-weaning period. Mean F1 maternal body weights and body weight 
gains during F1 gestation and lactation were unaffected by F0 maternal test article administration.
These data are summarized in the Applicant’s table below.

F1 Litters Control 0.1 mg/kg 0.3 mg/kg 1 mg/kg
M F M F M F M F

F1 reproduction: There were no test article-related changes in F1 reproductive performance,
based on unaffected estrus cycle length, male and female mating and fertility index, copulation 
index, conception index, gestation length, and macroscopic observations in all groups.

F2 Generation
The mean number of pups per litter, live litter size, pup sex ratios, and postnatal survival from 
birth to PND 4 (end of study) were unaffected by the F0 maternal test article administration. 
However, the general physical condition of F2 pups in the HD group was similar to that in the F1

generation HD group, with clinical signs of small stature, pale and cool body. In addition, mean 
group body weights on PND 1 and 4 were lower than that in the control group (PND 1: -5.7% in 
males and -6.1% in females, not statistically significant; PND 4: -8.5% in males and -11.2% in 
females; statistically significant in females at p<0.05) as shown in the Applicant’s table below. 
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There were no relevant necropsy findings in the 1 mg/kg/day group. Other groups were 
unaffected by the test article administration.

10 Special Toxicology Studies

Study title:  A lacteal transfer study of cariprazine in rats

Study no.: RGH-TX-45
Study report location:

Conducting laboratory and location:
Date of study initiation: June 13, 2011

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCL (RGH-188 HCl), lot P69001K, 
purity 99.4%

Key Study Findings

 Cariprazine and its metabolites DCAR and DDCAR were detected in milk of F0 dams 
when measured at 2 hours post-dosing. 

 Cariprazine milk concentration was 1.6- to 2.8-fold higher than plasma concentration in 
F0 dams.

 Cariprazine was detected in plasma of F1 pups at very low levels when measured at 4 
hours post-dosing, while the metabolites DCAR and DDCAR were not detectable.
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Methods
Doses: 0, 0.1, 0.3, and 1 mg/kg/day (Control, LD, MD, and HD, 

respectively; doses are expressed in terms of the free base)
Frequency of dosing: Once daily 

Route of administration: Oral (gavage)
Dose volume: Due to out-of-specification analytical results obtained on all 4 batch 

preparations of test article formulations, the dosage volume 
administered to animals was adjusted as listed below, in order to 
administer the target doses. P1 - P4 = Weekly preparations 1 - 4.

Formulation/Vehicle: Cariprazine solution in the vehicle/deionized water
Species/Strain: Rat/Sprague Dawley [Crl:CD(SD)] 

Number/Sex/Group: 12 female rats/group
Age: 14 weeks of age at the beginning of test article administration

Weight: ~ 248-251 g at initiation of dosing
Satellite groups: None

Unique study design: Cariprazine was administered to rats from gestation day (GD) 6 
through lactation day (LcD) 10 for a total of 26 to 28 doses. 
Concentration of the test article and the metabolites in maternal and 
neonatal plasma and maternal milk was measured.

Deviation from study 
protocol:

It is this reviewer’s assessment that the deviations from the protocol 
did not compromise the study validity.

Observations and Results

F0 Dams
All maternal animals were observed for moribundity and mortality (twice daily), clinical signs 
(daily), body weights (GD 0, 6, 9, 12, 15, 18, and 20 and LcD 0, 1, 4, 7, and 10), food 
consumption (the same days as body weights except the LcD 0) and the process of parturition.
One MDF was euthanized on LcD 1 due to dystocia (pale body, limbs and body cool to the 
touch, and red vaginal discharge). Dystocia was not considered test article-related, as it was not 
observed at higher dose levels and in other studies conducted with cariprazine. One LDF failed 
to deliver, and two HDF lost their litters on LcD 2. All other females survived to the scheduled 
necropsy on LcD 10. There were no test article-related clinical signs or changes in body weights 
during gestation or lactation or in the process of parturition. Food consumption was unaffected 
during gestation, and was lower in MD and HD females during lactation due to decreased 
lactation demand caused by reduced F1 survival. There were no test article-related macroscopic 
findings, including no effects on the number of former implantation sites and the number of 
unaccounted-for sites in the F0 dams.

F1 Generation
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Concentrations of cariprazine, DCAR, and DDCAR in plasma of dams and offspring 4 hours 
after the last dose are shown in the following Applicant’s table.

Study title:  3-month electroretinography study of cariprazine (RGH-188) following     
daily oral capsule administration in Beagle dogs with a 2-month recovery
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Study no.: RGH-TX-49
Study report location:

Conducting laboratory and location:
Date of study initiation: September 27, 2011

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot 
L0004508/L06038N, purity 99.7%

Methods:
This study was designed to investigate the potential for adverse effects of melanin binding of 
carprazine and/or its metabolites on the retina by electroretinography (ERG). Beagle dogs (~5-6 
months of age at study initiation; 6/sex/group; males: 8.2 - 10.5 kg, females: 5.6 - 8.7 kg at 
dosing initiation) were administered cariprazine orally in capsule at 0, 1, 3, and 8 mg/kg/day
(Control, LD, MD, and HD, respectively; doses expressed in terms of the free base). The MD 
and HD dose animals underwent the 2- or 4-week dose-adaptation period, respectively, prior to 
Day 1 of the dosing phase (MD group: 1 and 2 mg/kg/day in Weeks -2 and -1, respectively; HD
group: 1, 2, 4, and 6 mg/kg/day in Weeks -4, -3, -2, and -1, respectively). A concurrent control 
group received the vehicle (empty capsule). During the dosing phase, all animals were dosed 
from Day 1 at full dose levels for 13 weeks, followed by 8 weeks of recovery. Mortality, clinical 
signs, food consumption, body weight, and TK were assessed at appropriate intervals. The
assessment of test article-related effects on ocular structure and function was based on 
ophthalmic examinations and the ERG.

Observations and Results:
There were no test article-related deaths in this study. Cage side observations were conducted 
daily; detailed observations were performed weekly. Sporadic convulsions and more frequent 
observations of tremors were reported. The convulsions occurred 9 to 21 minutes after dosing,
and were only sporadically observed on Days 1 to 8 of the main dosing phase in a few animals 
from each test article treated group. According to the Applicant, it is likely that the convulsions 
reported by the technical staff in this study were actually extrapyramidal signs due to the
pharmacology of the test article, and not true convulsions. In addition, aggressive behavior 
(snapping/biting, growling/snarling, hyperactivity, and lunging) was observed in all test article-
treated groups. Observations of lost teeth, swelling, broken skin, red skin, and scabs at various 
regions of the anatomy were likely the result of injury during aggressive interactions. Some of 
the behavioral effects persisted into the recovery phase. The incidence of behavioral signs is 
shown summarized in the Applicant’s table below.
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Clear ocular discharge was observed in a few MD and HD animals. Body weights were recorded 
weekly. There were no effects on body weight during the dosing phase. MD and HD animals had 
significantly larger body weight gains early in the recovery phase and the overall body weight 
gain during the recovery phase. There were no significant changes in food consumption, which 
was recorded weekly.

Ophthalmic examinations were performed by the veterinary ophthalmologist once prior dosing 
and during Week 13 of dosing using slit-lamp biomicroscopy and indirect ophthalmoscopy. 
Posterior capsular to posterior cortical cataracts were observed in 1/6 MD male dog (incipient in 
both eyes), in 5/6 HD males (punctate in one eye of one animal, punctate in both eyes of two 
animals, and incipient in both eyes of two animals), and in 3/6 HD females (incipient in both 
eyes of one animal and punctate in both eyes of two animals). The Applicant indicated that “the 
opacities appeared to begin in the posterior capsular to posterior cortical region near the tips of 
the “Y” sutures of the lens. In eyes with incipient cataracts, the opacity was denser and involved 
the axial lens, and extended down the arms of the “Y” sutures to the “Y” suture tips. Although 
regarded as potentially toxicologically adverse, the density of these changes would not be 
expected to appreciably alter the ERG”. 

ERG testing was conducted during the predose phase, in Weeks 4, 8, and 13 of the dosing phase,
and in Weeks 4 and 8 of the recovery phase. Dark-adapted (scotopic) and light-adapted 
(photopic) ERGs were recorded. The ERG traces were examined qualitatively for clinically 
significant changes. Clinically significant changes, based upon experience with human ERG 
testing, included three broad categories: normal, subnormal (arbitrarily defined in this context as 
waveforms with amplitudes of 50% or less than the expected amplitude), and extinguished (i.e., 
no detectable waveform that differs from background noise). Clinically, under these test 
conditions, the 30 Hz flicker test of cone function is considered abnormal if the implicit time 
measure of peak latency exceeds 30 ms in canines. According to the Applicant, relatively few 
statistically significant effects were observed in the ERG parameters. Among these significant 
findings, many were in the opposite direction of a deleterious effect on retinal function. There 
were no consistent, potentially deleterious ERG findings associated with dose group or test 
week. Therefore, the observed effects were consistent with random variation and not related to 
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the test article. The Applicant concluded that no evidence of test article-related effects on the 
ERG was observed based on qualitative clinical evaluation and formal statistical analysis.

The ERG study was reviewed by the Division of Transplant and Ophthalmology Products 
(DTOP). DTOP concluded that there were no notable examination findings except cataracts 
consistent with other studies in dogs. Moreover, according to DTOP, due to the large variability 
observed in the data, there were few statistically significant effects observed in the ERG 
parameters, there were no consistent trends in the direction of a deleterious effect, and the 
observed effects were consistent with random variation. 

Toxicokinetics: Blood was collected on Days 1 and 90 pre-dose and at ~1, 2, 3, 4, 6, 12, 16, and 
24 hours post-dose. Plasma samples were assayed for cariprazine and the metabolites DCAR and 
DDCAR. Males generally had higher Cmax and AUC0-24h values than females for cariprazine and 
both metabolites. However, sex differences were less than 2-fold. The increases in mean Cmax

and AUC0-24h were roughly dose proportional for cariprazine and DCAR, while the increases for 
DDCAR were inconsistently dose proportional. Minimal accumulation of cariprazine and DCAR 
was observed between Days 1 and 90, while the DDCAR showed greater accumulation. The 
Applicant’s TK summary table is shown below. 
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The 1 and 3 mg/kg/day doses are the NOELs for cataracts in male and female dogs, respectively, 
which is ~5.4 and 16-times, respectively, the MRHD of 6 mg/day based on mg/m2. The AUC0-24h

for cariprazine at 1 and 3 mg/kg/day on Day 90 is 1186 and 3164 ng•h/mL in male and female 
dogs, respectively, which is ~3.3 and 8.8 times the cariprazine AUC0-24h observed in humans at 
the MRHD of 6 mg/day (358 ng•h/mL). The combined AUC0-24h values for cariprazine, DCAR, 
and DDCAR in male and female dogs on Day 90 at 1 and 3 mg/kg/day are 2775 and 7622
ng•h/mL in male and female dogs, respectively, which is ~2.2 and 6.0 times the combined AUC0-

24h for these moieties, observed in humans at the MRHD of 6 mg/day (1273 ng•h/mL).

Study title:  Antigenicity study of MP-214
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Study no.: 800924
Study report location:

Conducting laboratory and location:
Date of study initiation: December 20, 2004

GLP compliance: Yes  GLP)
QA statement: Yes

Drug, lot #, and % purity: Cariprazine HCl (MP-214; RGH-188 HCl), lot 
W3C008K, purity 99.6%

Methods:
The antigenic potential of cariprazine (MP-214) was assessed using both active systemic
anaphylaxis and passive cutaneous anaphylaxis in male Hartley guinea pigs using serum
obtained from sensitized guinea pigs. The animals were sensitized s.c. with a mixture of 
cariprazine (2 mg/kg) and Freud’s adjuvant (FA), as shown in the Applicant’s table below. 
Control animals were sensitized s.c. with a mixture of water for injection and FA. Following 
sensitization, the guinea pigs were challenged intravenously with cariprazine (2 mg/kg).

Results:
No anaphylactic reactions were observed in cariprazine-treated male guinea pigs. The positive 
control confirmed the validity of the assay. Therefore, cariprazine did not have antigenic
potential under conditions of this study.

Study title:  Investigative study for detecting effects of RGH-188 and olanzapine on 
body weight and metabolic parameters of female rats by oral administration for 14 days
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Study no.: 188OL/R-M-14D-O1
Study report location: Archives at Gedeon Richter Plc.

Conducting laboratory and location: Gedeon Richter Plc. 
Date of study initiation: November 9, 2007

GLP compliance: No
QA statement: No

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot 
R620241, purity 99.44%

Methods:
Effects of cariprazine and olanzapine on body weight and metabolic parameters were 
investigated in a 14-day study in female Wistar rats. Groups of 5 rats were administered 0.1 or 1 
mg/kg/day cariprazine or 2 or 20 mg/kg/day olanzapine in the vehicle (2% aqueous solution of 
Hypromellose 2910) by oral gavage. Animals were assessed for mortality, clinical signs, body 
weight, body weight change, food and water consumption, serum chemistry, estrus cycle length, 
organ weights, and gross and microscopic pathology. Satellite animals were used for both the 
prolactin assessment on Day 14 (all groups, 5/group) and TK assessment on Days 1 and 14 
(cariprazine administered animals only, 8/group).

Results: 
Clinical signs were noted in animals treated with 20 mg/kg/day olanzapine and included slight 
hypoactivity, hunched posture, and vocalization accompanied by slight tremor and hind limb 
abduction in the majority of rats. Slight increases in body weight gain were noted in cariprazine-
treated rats as well as in rats treated with 2 mg/kg/day olanzapine. A significant increase in body 
weight gain, along with a decrease in water consumption, was noted in the 20 mg/kg/day
olanzapine group. Dose dependent estrus cycle prolongation was noted in cariprazine treated 
animals. Because the olanzapine treated animals displayed permanent diestrus, an assessment of
estrus cycle length could not be made for those groups. Mammary gland hyperplasia with 
increased secretion and statistically significant increase in prolactin levels were observed in all 
cariprazine and olanzapine groups following 14 days of administration. Cariprazine induced 87-
and 256-fold increases in the mean prolactin levels at 0.1 and 1 mg/kg/day, respectively, relative 
to the control group level. These data are show in the following Applicant’s table.
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TK parameters are shown in the Applicant’s table below.
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11 Integrated Summary and Safety Evaluation

Cariprazine HCl (RGH-188 HCl) is being developed under NDA 204370 for the treatment of 
schizophrenia and the acute treatment of manic or mixed episodes associated with bipolar I 
disorder. In addition, cariprazine is being developed as an adjunctive therapy in major depressive 
disorder under IND   Note: In nonclinical studies cariprazine was administered as a salt 
(HCl); doses are expressed in terms of a free base.

Pharmacology
Cariprazine has high in vitro binding affinity for human recombinant dopamine D3 receptors (Ki

= 0.085 nM), dopamine D2 receptors (Ki = 0.49 and 0.69 nM for D2L and D2S, respectively), and 
serotonin 5-HT2B (Ki =0.58 nM) and 5-HT1A (Ki =2.6 nM) receptors. Cariprazine shows 
moderate affinity for σ1, 5-HT2A, and H1 receptors (Ki values: 18.3 nM, 18.8 nM, and 23.2 nM, 
respectively). Cariprazine has low affinity for serotonin 5-HT7, 5-HT2C, and adrenergic α1

receptors (Ki values: 111 nM, 134 nM, and 208 nM, respectively).

The mechanism of action of cariprazine in schizophrenia and mania in bipolar disorder is 
unknown. It has been proposed by the Applicant in the original NDA submission that the 
therapeutic effect of cariprazine may be mediated through a combination of partial agonist 
activity at central dopamine D3, D2, and serotonin 5-HT1A receptors. However, in the NDA 
resubmission, the Applicant proposed that the efficacy of cariprazine may be mediated through a 
combination of partial agonist activity at central dopamine D3, D2, and serotonin 5-HT1A

receptors, and antagonist activity at serotonin 5-HT2A and 5-HT2B receptors. No additional data 
or explanation for this change was provided by the Applicant. It is unclear to this reviewer why 
an antagonism at serotonin 5-HT2B receptors, which does not appear to play a role in 
schizophrenia, is now being included by the Applicant in the mechanism of action section of 
cariprazine labeling. However, the role of an antagonism at serotonin 5-HT2A receptors in 
schizophrenia has been frequently proposed. Cariprazine, unlike other atypical antipsychotics, 
has relatively low potency at serotonin 5-HT2A receptors and a range of other receptors that may 
mediate side effects (e.g. cholinergic, adrenergic, histamine H1, and 5-HT2C). Cariprazine shows 
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selectivity for the rat dopamine D3 versus D2 receptors (~13-fold) as observed for the human 
receptors. However, its overall affinity for the rat receptors is about 8-fold and 13 to19-fold 
lower, respectively, than that for the equivalent human receptors. No interspecies difference was 
observed for serotonin 5-HT1A receptors. Two metabolites of cariprazine, desmethyl cariprazine 
(DCAR) and didesmethyl cariprazine (DDCAR), identified in humans and toxicology species,
have a receptor binding profile and in vitro pharmacological functional activity similar to that of 
the parent drug.

Secondary Pharmacology
Cariprazine and DDCAR induced anxiolytic-like effects in the punished drinking test and in the
foot shock-induced ultrasonic vocalization paradigm in rats. Moreover, cariprazine was 
investigated in rats in cocaine self-administration paradigms. The reports concluded that 
cariprazine decreased cocaine-seeking behavior and increased cocaine self-administration in rats. 
The results of these studies were reviewed and evaluated by the Controlled Substances Staff 
(CSS). According to CSS, although the receptor binding studies and self-administration studies 
provide information about nonclinical effects of cariprazine, they are not designed to evaluate the 
drug for abuse potential. Thus, CSS was unable to make conclusions regarding the abuse 
potential of cariprazine (see CSS review dated August 13, 2013).

Safety Pharmacology
Clinical signs of the CNS depression (abnormal gait and decreases in motor activity, startle 
response, body tone, grip strength and several reflexes) were observed in rats administered 
cariprazine in the Irvin test, with a NOAEL of 0.4 mg/kg. Pentylenetetrazol seizure test in rats 
indicated the absence of pro- and anticonvulsant effects of cariprazine. Cariprazine had no 
significant effects on hexobarbital-induced sleep time but impaired motor coordination in rats at 
all dose levels tested, including the lowest dose of 0.25 mg/kg. Cariprazine and DDCAR 
appeared to lack cataleptogenic potential and decreased haloperidol-induced catalepsy. The 
estimated IC50 values for inhibition of hERG tail current are 3.4, 3.6, and 3.5 µM for cariprazine, 
DCAR and DDCAR, respectively; therefore, the drug is expected to have a low risk for cardiac 
arrhythmia. While administration of cariprazine to dogs had variable effects on heart rate and 
blood pressure, it did not show an increased incidence of cardiac arrhythmia. Cariprazine had 
significant effect on respiration in rats, causing hypoventilation by decreasing the respiration rate 
and marked depression in the respiration rate without effect on tidal volume at 12.5 mg/kg. No 
adverse effects on the GI or renal systems were observed in rats. Administration of cariprazine 
significantly increased prolactin levels in rats (14 to 19-fold in males and 65 to 160-fold in 
females).

Pharmacokinetics/ADME/toxicokinetics
Pharmacokinetic (PK) studies conducted with cariprazine in Wistar rats and Beagle dogs 
demonstrated rapid absorption of the drug. After oral administration of a single dose, the Tmax

values were in the range of 0.5 to 1 hour for rats and 1 to 4 hours for dogs. The T1/2 values were 
in the range of 2 to 4 hours for rats and 4 to 9 hours for dogs. The Tmax and T1/2 did not differ 
significantly between male and female rats or dogs. The absolute oral bioavailability was 52 to 
63% in rats and 64 to 80% in dogs. Absorption in humans is similar to that in animals, with
approximately 65% of the dose absorbed after oral administration of 12.5 mg cariprazine in a
mass balance study. PK studies using i.v. administration showed extensive tissue distribution of
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cariprazine in rats and dogs, with an apparent volume of distribution ranging from 6.5 to 7.8 
L/kg in rats and 17 to 19 L/kg in dogs.

In vitro studies conducted in the mouse, rat, dog, monkey, and human liver microsomes 
demonstrated qualitative, but not quantitative, similarity in the metabolic profile of cariprazine. 
In rats and dogs, the metabolites produced in vitro were also present in vivo. Cariprazine is 
extensively metabolized in rats, mice, dogs, rabbits, monkeys, and humans. The metabolism of 
cariprazine involves demethylation, hydroxylation, and a combination of these two. Among all 
identified metabolites, desmethyl cariprazine (DCAR) and didesmethyl cariprazine (DDCAR) 
are the two pharmacologically active metabolites based on similar in vitro receptor binding and 
functional activity profiles compared to that of cariprazine. DDCAR is the major human 
metabolite, since its steady state AUC0-24h in plasma is ~63 to 70% of total drug-related exposure. 
Adequately high levels of DDCAR have been achieved in nonclinical studies in dogs, mice, and 
rabbits, but not in rats.

In humans, cariprazine, DCAR, and DDCAR AUC0-24h values represent approximately 28%, 9%, 
and 63%, respectively, of the total AUC0-24h observed at steady state following administration of 
the MRHD of 6 mg/day. However, in the rat, DDCAR is present at lower levels relative to 
cariprazine, as determined in the 6-month study in Wistar rats, where the exposure (AUC0-24h) to
cariprazine, DCAR, and DDCAR represents approximately 72%, 18%, and 10% for males and 
88%, 8%, and 4% for females, respectively, of the total AUC0-24h observed at steady state at the 
high dose of 10 mg/kg/day (males) and 12.5 mg/kg/day (females) on Day 180 of the study. 
DDCAR and cariprazine circulated at relatively equal levels in the dog, as determined in the 1-
year study, where the exposure (AUC0-24h) to cariprazine, DCAR, and DDCAR represents 
approximately 40%, 20%, and 40% for males and 38%, 19%, and 43% for females, respectively,
of the total AUC0-24h observed at steady state at the high dose of 6 mg/kg/day on Day 360 of the 
study.

Quantitative whole body imaging studies demonstrated high binding of cariprazine to many 
tissues of pigmented and albino rats with slow elimination. The choroid layer of the eye and the 
adrenal gland were among the organs with the highest cariprazine- and/or metabolite-related 
tissue radioactivity concentrations and retention. Cariprazine and DDCAR readily crossed the 
blood-brain barrier in rats following oral administration of cariprazine or DDCAR. In vitro
protein binding of [14C] cariprazine to plasma proteins is high (approximately 96%) in the rat, 
dog, and human plasma, with no apparent difference in the extent of binding between genders or 
species; the binding was concentration independent over the range of 100 to 1000 ng/mL of 
cariprazine. The primary route for elimination is biliary, since approximately 77% and 62% of 
the dose was recovered in feces in rats and dogs, respectively. Only ~ 15% and 21% of the dose 
was recovered in urine in rats and dogs, respectively, indicating the minor role of renal excretion.

In rats and dogs, the T1/2 of cariprazine, DCAR, and DDCAR is less than 24 hours after multiple 
doses and accumulation is generally less than 2-fold between Day 1 and the end of study. 
However, in humans, the T1/2 of cariprazine and its metabolites is longer. Mean T1/2 values for 
cariprazine, DCAR, and DDCAR were about 3-9 days, 2-4 days, and 2-3 weeks, respectively,
and significant accumulation was observed in humans for cariprazine, DCAR, and DDCAR after 
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multiple doses (for example, ~25-fold increase in the total effective exposure was observed 
between Day 1 and Day 14 following dosing at 0.5 mg/day).

General toxicology and carcinogenicity
General toxicology studies were conducted following oral administration of cariprazine to Wistar 
rats (gavage), Beagle dogs (capsule), and Cynomolgus monkeys (capsule). Carcinogenicity 
studies were conducted following oral (gavage) administration of cariprazine to transgenic 
Tg.rasH2 mice and Wistar rats. Dose-range-finding studies for the mouse carcinogenicity study 
were conducted in nontransgenic CByB6F1 hybrid mice and transgenic Tg.rasH2 mice (oral 
gavage). 

In general, administration of cariprazine did not cause mortality in animals at clinically relevant 
exposure levels, but significantly decreased body weight, body weight gain and food 
consumption. Target organs of cariprazine toxicity identified in nonclinical studies include the 
central nervous system (CNS), eye, adrenal gland cortex, lungs, reproductive organs, and sciatic 
nerve. Many of these organs were affected in the rat, dog, and mouse. The sciatic nerve was
affected only in the rat. Moreover, significant adverse effects on plasma cholesterol and 
triglycerides levels were observed in the rat, dog, and mouse. 

Repeated-dose general toxicology and carcinogenicity studies included (cariprazine doses are 
shown in parenthesis): 4-day exploratory toxicity study in rats (0, 1, 10, 30, and 100 mg/kg/day), 
14-day exploratory toxicity study in rats (0, 1, 10, and 50 mg/kg/day), 28-day toxicity study in 
rats (0, 0.5, 2.5, 12.5, and 50 mg/kg/day), 13-week toxicity study in rats (0, 1, 3, and 12.5 
mg/kg/day), 6-month toxicity study in rats [0, 1, 3, and 10 mg/kg/day (males) or 12.5 mg/kg/day
(females)], 28-day day toxicity study in dogs (0, 0.5, 1, and 2 mg/kg/day), 13-week toxicity 
study in dogs (0, 1, 3, and 8 mg/kg/day), 1-year dog study in dogs (0, 1, 2, 4, and 6 mg/kg/day), 
14 day MTD study in monkeys (1 mg/kg/day), 6-week dose range-finding study in CByB6F1 
hybrid mice (0, 15, 20 and 30 mg/kg/day), 7-week dose range-finding study in transgenic 
Tg.rasH2 mice [0, 1, 5, 15, 45 → 60 mg/kg/day (males) and 0, 1, 5, 15 → 25, 45 → 60 → 75 
→100 → 140 mg/kg/day (females)], 28-week carcinogenicity study in transgenic Tg.rasH2 mice 
[0, 1, 5, and 15 mg/kg/day (males) and 0, 5, 15, and 50 mg/kg/day (females)], and 2-year 
carcinogenicity study in rats [0, 0, 0.25, 0.75, and 2.5 mg/kg/day (males) and 0, 0, 1, 2.5, and 7.5 
mg/kg/day (females)].

Central nervous system (CNS)
CNS-related clinical signs, that showed dose-dependent incidence and severity, were observed in 
subchronic studies conducted with cariprazine at variable, but generally high, dose levels in rats, 
dogs, mice, and monkeys. These signs included decreased motor activity, tremors, convulsions 
(according to the Applicant, it is likely that the convulsions reported in dogs by the technical
staff were actually extrapyramidal signs), flat body posture, limb abduction, lower lip retraction, 
increased or decreased muscle tone, back muscle contraction, hunched posture, lethargy,
piloerection, brown/yellow fur staining, and chromodacryorrhea. The NOAELs were achieved 
following an escalating dose regimen in the 2-week dose-adaptation periods, during which the 
development of tolerance to clinical signs was noted. No test article-related clinical signs were 
observed in the chronic (6-month) toxicity study in rats, likely due to the use of lower doses than 
those in the subchronic studies. In the chronic (1-year) toxicity study in dogs, generally slight 
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and transient tremors were noted primarily during the first month of dosing. The incidence of 
tremors decreased time-dependently through Month 7; tremors were not observed thereafter.

Ocular toxicity (cataracts and retinal degeneration)
The eye is a target organ of cariprazine toxicity in rats and dogs. Cariprazine produced adverse 
effects on the eye structure in the 13-week and 1-year toxicity studies in dogs (cataracts, cystic 
degeneration and detachment of the retina) and 2-year carcinogenicity study in rats (retinal 
degeneration/atrophy). Opacity of the eyes was observed in the 28-day study, but not in longer 
studies, in rats.

Quantitative whole body imaging studies demonstrated binding of cariprazine to melanin in the 
eyes of rats. The eye choroid layer was among organs with the highest cariprazine- and/or 
metabolite-related tissue radioactivity concentrations observed following oral administration of a 
single 3 mg/kg [14C]cariprazine dose to Long Evans (pigmented) rats. Mean choroid layer to 
blood radioactivity ratios were 79, 1345, and 2851 at 2, 24, and 48 hours after dosing, 
respectively, and radioactivity was still present in the choroid layer on Day 56 after dosing (last 
measurement) at 8% of the maximum level, indicating accumulation and slow elimination.

Cataracts and lens fiber swelling were observed at termination of dosing in the 13-week toxicity 
study in dogs. Posterior subcapsular cataracts were observed in 2/5 males and 4/6 females at 8
mg/kg/day. During the 4-week drug-free recovery period, cataracts present at termination of 
dosing progressed in 2/4 dogs and dogs without previous cataracts developed them. Therefore, 
cataracts were observed in a total of 3/5 males and 5/6 females at 8 mg/kg/day. These dogs also 
had microscopic lesions in the lens, which were described as minimal to mild lens fiber swelling 
in the posterior pole of the lens or in the anterior lens cortex. The NOEL for the cataracts and eye 
lens fiber swelling is 3 mg/kg/day, which is 16 times the MRHD of 6 mg/day based on mg/m2

and 5 to 6.2 times the combined exposure to cariprazine, DCAR, and DDCAR expected in 
humans at the MRHD of 6 mg/day based on AUC0-24h. Cataracts were also observed in dogs at 3 
and 8 mg/kg/day in the 13-week electroretinography study of similar design (see below).

Ocular opacity, discoloration, and cataracts with degenerative changes in the lens were observed 
in the 1-year toxicity study in dogs. Cataracts were observed at termination of dosing in 6/6 
males and 3/6 females at 4 mg/kg/day and 5/6 males and 6/6 females at 6 mg/kg/day. These 
cataracts were dose-related in the incidence and severity, and involved the posterior pole, the 
posterior sutures, the equatorial complex, the anterior cortex, or were complete bilateral 
cataracts. Cataracts were also observed earlier on Day 99 of the study (but not on Day 66) in 
some dogs. No new cataracts developed during the 2-month drug-free recovery period in dogs 
that did not have cataracts during the treatment period. However, cataracts in high dose animals 
showed further progression. Clinically observed cataracts correlated with degenerative changes 
in the lens observed microscopically. Severe changes in the lens fibers (swollen, degenerated, 
fragmented with vacuoles, clefts and eosinophilic granular material) and irregular 
shaped/collapsed lens were observed in all animals administered 4 and 6 mg/kg/day. The lens 
capsule rupture and release of lens protein were also observed. Moreover, detached retina and 
cystic degeneration of the retina were noted in some animals dosed at 4 mg/kg/day (males only) 
or 6 mg/kg/day (males and females). In addition, minimal and reversible lens fiber swelling was 
observed in ~50% of animals dosed at 1 or 2 mg/kg/day. According to the Applicant, the lens 

Reference ID: 3774483



NDA No. 204370 resubmission          Reviewer: Elzbieta Chalecka-Franaszek, Ph.D.

201

fiber swelling seen in the lower dose groups would not be expected to be detectable as lens 
opacity and would not be expected to impact vision. The NOEL for findings in the eyes was not 
determined in this study and is less than 1 mg/kg/day, based on the lens fiber swelling observed 
at all cariprazine dose levels. The severity of this finding was low at the low dose level (1 
mg/kg/day); however, this effect cannot be ignored because it progressed to a severe level at 
higher doses. Therefore, for the eye lens fiber swelling, there is no margin of safety for human 
dosing at the MRHD of 6 mg/day. The NOEL for cataracts in both sexes and cystic degeneration 
and detachment of the retina in males is 2 mg/kg/day, which is ~11 times the MRHD of 6
mg/day based on mg/m2 and ~3.6 to 4.9 times the combined exposure to cariprazine, DCAR, and 
DDCAR observed in humans at the MRHD of 6 mg/day based on AUC0-24h. Therefore, for the 
cataracts and cystic degeneration and detachment of the retina in males, there is ~3.6- to 4.9-fold 
safety margin for administration of cariprazine to humans at the MRHD of 6 mg/day based on 
AUC0-24h in this study. The Applicant did not propose any mechanistic explanation for the 
development of the cataracts in dogs. No cataracts were produced by cariprazine in rats or mice
in long term studies. However, opacity of the eye was observed in rats in the 28-day study.

Reviewer’s comment: The mechanism underlying the development of cataract is unclear. This
reviewer notes that cataracts may be associated with lipid changes in lens fibers, especially with 
increased accumulation and redistribution of cholesterol inside these cells. Some direct and 
indirect evidence suggests involvement of cholesterol oxide derivatives (oxysterols) in the 
development of cataracts. Oxysterol formation can result either from nonenzymatic or enzymatic 
processes, and some oxysterols can induce a wide range of cytotoxic effects (overproduction of 
reactive oxygen species; phospholipidosis) which might contribute to the initiation and 
progression of the cataract (Vejux A. et al., Journal of Ophthalmology, 2011). Cariprazine 
produced significant disruption of lipid metabolism in nearly all nonclinical toxicity studies, 
including slight to severe decreases in serum cholesterol and triglycerides (up to -51%) in dogs 
in all cariprazine treatment groups in the 13-week toxicity study and in males at all doses and 
females at 6 mg/kg/day (up to -49% and -58%, respectively) in the 1-year study (see Decreased 
cholesterol and triglycerides section below). It has also been proposed in the literature that the 
cataract development in dogs may be related to inhibition of cholesterol biosynthesis. For 
comparison, in dogs receiving another atypical antipsychotic quetiapine for 6 or 12 months, but 
not for 1 month, focal triangular cataracts occurred at a dose of 100 mg/kg/day (4 times the 
MRHD of 800 mg/day based on mg/m2). This finding was considered to be due to the inhibition 
of cholesterol biosynthesis by quetiapine. Quetiapine caused a dose-related reduction in plasma
cholesterol levels in multiple dose dog study at Week 23 (-14%) and Week 35 (-26%), and in 
monkey studies; however, there was no correlation between plasma cholesterol and the presence 
of cataracts in individual dogs. Additionally, there was a 25% reduction in cholesterol content of 
the outer cortex of the lens observed in a special study in quetiapine treated female dogs (see 
Seroquel labeling and SBA).

Retinal degeneration/atrophy was observed microscopically in the 2-year carcinogenicity study
in albino rats. Although there were no test article-related ophthalmoscopy findings, minimal to 
moderate retinal degeneration/atrophy, primarily involving the outer nuclear and outer plexiform 
layers, was observed microscopically in males dosed at 0.75 and 2.5 mg/kg/day and in females 
administered all dose levels with a dose-related increase in the incidence and/or severity (total 
incidence in male rats: 4/60, 1/60, 4/60, 10/60, 8/60 and female rats: 5/60, 8/60, 21/60, 26/60, 
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46/60 in the Control 1, Control 2, low, medium, and high doses, respectively). The NOEL for 
retinal degeneration/atrophy was not determined for female rats and was 0.25 mg/kg/day for 
male rats. The 0.25 mg/kg/day dose is 0.3 times the MRHD of 6 mg/day based on mg/m2 and 
~0.2 times the combined exposure to cariprazine, DCAR, and DDCAR observed in humans at 
the MRHD of 6 mg/day based on AUC0-24h. Therefore, for the retinal degeneration/atrophy, there 
is no safety margin for administration of cariprazine to humans at the MRHD of 6 mg/day.

Among other approved atypical antipsychotics, aripiprazole produced retinal degeneration in 
albino Sprague-Dawley rats in the 26-week chronic toxicity study at doses 13 to 19 times the 
MRHD of 30 mg/day based on mg/m2 and 7 to 14 times human exposure at the oral MRHD 
based on AUC. Additional studies to further evaluate the mechanism have not been performed 
and findings were attributed to the drug exacerbating light-induced retinopathy. Blurred vision 
was observed in clinical trials with aripiprazole. Given the lack of identification of any major 
ocular pathology in the clinic, the drug was approved (see Abilify labeling and SBA). In this 
context, this reviewer notes that the albino rats (Wistar and Sprague-Dawley), although 
commonly used in nonclinical studies, may not be the best model for ocular toxicity considering 
that the eye of the human is pigmented. The albino rat is susceptible to light-induced retinal 
degeneration that may complicate the ability to detect drug-induced ocular toxicity. Differences 
in ocular toxicity between the albino and the pigmented rat have been seen for some drugs, but 
not for others. If light induced, the finding of retinopathy in rats administered cariprazine would 
be considered of minimal relevance to humans (Brock W.J. et al., International Journal of 
Toxicology, 2013).

Special electroretinography (ERG) study was requested by the Division to investigate the 
potential for adverse effects of cariprazine (and/or its metabolites) binding to melanin on the 
retina. The ERG study was conducted in dogs administered cariprazine at 0, 1, 3, and 8 
mg/kg/day for 13 weeks. The results did not reveal evidence of retinal degeneration. However, 
posterior capsular to posterior cortical cataracts were observed in 1/6 male dogs dosed at 3 
mg/kg/day (incipient in both eyes), in 5/6 male dogs dosed at 8 mg/kg/day (punctate in one eye 
of one animal, punctate in both eyes of two animals, and incipient in both eyes of two animals), 
and in 3/6 female dogs at 8 mg/kg/day (incipient in both eyes of one animal and punctate in both 
eyes of two animals). The Applicant indicated that, although regarded as potentially 
toxicologically adverse, “the density of these cataracts would not be expected to appreciably 
alter the ERG”. The main function of the lens is to regulate and focus light from the environment 
onto the retina where it is absorbed and converted into action potentials for processing by the 
brain. Therefore, this reviewer is concerned that processing of light by the neural retina might 
have been affected by cataracts that developed in dogs. The ERG study was reviewed by the 
Division of Transplant and Ophthalmology Products (DTOP). DTOP concluded that there were 
no notable examination findings except cataracts consistent with other studies in dogs. Moreover, 
according to DTOP, due to the large variability observed in the data, there were few statistically 
significant effects observed in the ERG parameters, there were no consistent trends in the 
direction of a deleterious effect, and the observed effects were consistent with random variation. 

Adverse effects on the structure of ocular tissues affecting their function, observed in the eyes of 
rats and dogs following systemic administration of cariprazine, were noted early during the drug 
development process. Therefore, ocular safety was assessed in clinical trials, including the OCT 
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studies, and was evaluated by DTOP. DTOP has no objection to the approval of the NDA for 
cariprazine from an ophthalmologic perspective (see DTOP reviews dated August 27, 2013 and 
May 25, 2015). 

Safety margins for cataracts and retinal damage in dogs and rats produced by cariprazine are 
summarized in the reviewer’s table below. They appear to be adequate for the cataracts and 
retinal effects observed in dogs but not for the increased incidence of retinal 
degeneration/atrophy observed in rats. However, based on the DTOP consultative reviews, 
existing data from clinical trials appear to be sufficient to alleviate safety concerns for the 
cataracts and retinal effects observed in dogs and rats, because ocular findings of concern are, 
according to DTOP, not only absent at this time, but also monitorable in humans. Should the 
application is approved based on risk and benefit assessment, it is recommended that the 
cataracts and degenerative changes of the retina observed in dogs and retinal 
degeneration/atrophy observed in rats following cariprazine administration be described in the 
Animal Toxicology and/or Pharmacology section of the labeling.

Adrenal cortex toxicity
The adrenal gland is a target organ of cariprazine toxicity in rats, dogs, and mice. Administration 
of cariprazine produced adverse changes in the structure of the adrenal gland cortex that can 
potentially affect its function.

Quantitative whole body imaging study demonstrated binding of cariprazine to the adrenal 
cortex, and to a lesser extent to the adrenal medulla, in rats. The adrenal cortex was among the 
organs with the highest cariprazine- and/or metabolite-related tissue radioactivity concentrations 
observed following oral administration of a single 3 mg/kg [14C]cariprazine dose to Long Evans 
(pigmented) rats. Mean adrenal cortex to blood radioactivity ratios were 30, 188, and 628 at 2, 
24, and 48 hours after dosing, respectively, and radioactivity was still present in the adrenal 
cortex on Day 28 after dosing, indicating accumulation and slow elimination; radioactivity was 
not detectable on Day 56 (the next measurement time).

Administration of cariprazine in general toxicity and carcinogenicity studies resulted in a dose-
dependent changes in the zona fasciculata (glucocorticoid producing) in rats, dogs, and mice. In 
addition, zona reticularis was affected in rats (14-day study) and zona glomerulosa (arcuata) was 
affected in dogs (1-year study). Test article-related observations in all three species at several 
dose levels included enlargement, red discoloration, increases in absolute and relative weights, 
and cortical hypertrophy of the adrenal gland.   

RATS: Hypertrophy of zona fasciculata and reticularis with necrotic cells and hemorrhages was
observed in female rats at 50 mg/kg/day (14-day study). Multifocal cystic degeneration, diffuse 
dilated sinusoids, and vacuolation of the adrenal cortex were observed in rats at 50 mg/kg/day, 
the dose that also caused mortality (28-day study). The NOEL for the death and changes in the 
adrenal gland cortex was 12.5 mg/kg/day, which is ~20 times the MRHD of 6 mg/day based on 
mg/m2 and ~11 times human exposure observed at the MRHD of 6 mg/day based on cariprazine 
AUC0-24h. (Note: No AUC for DCAR and DDCAR was measured in this study). Minimal
increases in the incidence of hypertrophy/hyperplasia and vacuolization of the adrenal cortex 
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were observed in male rats at 2.5 and 7.5 mg/kg/day following long-term treatment (2-year 
carcinogenicity study). 

DOGS: Phospholipidosis (PLD)-like foamy cytoplasm of zona fasciculata cells was observed in 
dogs (13-week and 1-year studies). PLD often presents as vacuolation by light microscopy; 
however, vacuolation by itself, is not considered sufficient for PLD classification. Transmission 
electron microscopy (TEM) examination conducted in the 13-week toxicity study in dogs
identified concentric lamellar inclusions within the cytoplasm of adrenal cortical cells or in 
phagocytic cells (macrophages) that were considered morphologically consistent with PLD. The
NOEL for PLD was not determined in male dogs, while for female dogs the NOEL was 1 
mg/kg/day, which is ~5.4 times the MRHD of 6 mg/day based on mg/m2 and ~2.1 times human 
exposure observed at the MRHD of 6 mg/day based on the combined AUC0-24h for cariprazine,
DCAR, and DDCAR. In the 1-year study in dogs, findings in the adrenals included enlargement 
and increased absolute adrenal weight (up to +75% of the control level) at 4 and 6 mg/kg/day in 
both sexes. PLD, as indicated by a foamy cytoplasm in the cortical zona fasciculata cells, was 
noted at all dose levels except 1 mg/kg/day male dogs; foamy macrophages have not been 
reported although lamellar inclusions in phagocytic cells were observed by TEM in the adrenal 
cortex in the 13-week study in dogs. Foamy vacuolation of the calls of zona fasciculata was 
observed at the end of 2-month drug-free recovery phase indicating a lack of reversibility of 
PLD. PLD occurred in the adrenals without observation of inflammation or hemorrhage. Other
histopathology findings (hypertrophy/hyperplasia and vesiculation/vacuolation) in the calls of 
the cortical zonae fasciculata and glomerulosa (arcuata) were observed at 4 and 6 mg/kg/day. 
These findings were absent at the end of the recovery period, indicating reversibility. 
Hypertrophy/hyperplasia and vesiculation/vacuolation are considered to be serious lesions. Their 
relation to PLD is unclear although the possibility that they are caused by the PLD cannot be 
excluded. The NOEL for PLD-like changes in the adrenals (and lungs, see below) could not be 
determined and is less than 1 mg/kg/day. Therefore, for PLD, there is no margin of safety for 
human dosing at the MRHD of 6 mg/day. The NOEL for hypertrophy/hyperplasia and 
vesiculation/vacuolation of the adrenal cortex is 2 mg/kg/day, which is ~ 11 times the MRHD of
6 mg/day based on mg/m2 and ~3.6 (in female dogs) to 4.9 (in male dogs) times human exposure
observed at the MRHD of 6 mg/day based on the combined AUC0-24h for cariprazine, DCAR,
and DDCAR. Therefore, for hypertrophy/hyperplasia and vesiculation/vacuolation, there is a 
relatively low margin of safety for human dosing at the MRHD of 6 mg/kg.

MICE: Lipofuscin pigment deposition (lipofuscinosis) was noted mainly at the cortico-medullary 
interface in addition to the enlargement, red discoloration, increases in absolute and relative 
weights, and cortical hypertrophy of the adrenal gland observed in mice in the 28-week 
carcinogenicity study.

Moreover, enlarged and discolored adrenals were observed in animals that died early in some 
studies, generally in the absence of other findings. Dark red discolored adrenals were also 
reported in rat fetuses following maternal administration of cariprazine during gestation in the 
reproductive toxicology studies. A slight increase in the numerical incidence of benign and 
malignant pheochromocytomas of the adrenal medulla was observed at 7.5 mg/kg/day in female
rats, although this increase did not reach statistical significance, in the 2-year carcinogenicity 
study. 
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Potential mechanism of the adrenal cortex toxicity
Drug-induced stress and/or PLD are two potential mechanisms proposed by the study reports for 
the adrenocortical toxicity. Findings in the adrenal cortex in the 4-day study in rats were
considered to be stress-related “consequences of the hypothermic effect (a very strong stressor) 
of the drug” and in the 28-day study in rats “were considered to be indicative of the syndrome 
known as phospholipidosis. Furthermore, findings noted in the adrenals might also be related to 
stress”. The TEM report from the 13-week study in dogs concluded that the lamellar inclusions 
within the cytoplasm of adrenocortical cells or in phagocytic cells were “morphologically 
consistent with the occurrence of phospholipidosis”. The foamy vacuolation of the zona 
fasciculata cells of the adrenal cortex observed in the 1-year study in dogs was considered also 
“to be compatible with phospholipidosis, commonly seen with cationic amphiphilic drugs in this 
and several other therapeutic classes”. However, hypertrophic/hyperplastic morphology of the 
zonae arcuata and fasciculata with their increased cytoplasmic vesiculation/vacuolation observed 
in the same study was attributed again to the “commonly seen response to stress.”

The Applicant’s mechanistic explanation is that histopathological findings in the adrenocortical 
zonae arcuata and fasciculata are “related to the pharmacologic action of cariprazine (i.e.,
partial D2/D3 receptor agonist), as dopamine D2 receptor agonists (e.g., quinpirole) have been 
shown to increase the synthesis of catecholamines, including dopamine, in the adrenal gland 
(Kujacic and Carlsson, 1993).”

Reviewer’s comment: The Applicant’s explanation is inaccurate because the catecholamines are 
known to be released by the adrenal medulla (not the adrenal cortex) and the referenced 
publication did not address any relevant adrenocortical histopathology (Kujacic M. and Carlsson 
A., Journal of Neural Transmission, 1993). Moreover, there were no adverse histopathology 
findings in the adrenal medulla in cariprazine studies. Furthermore, the total weight of the 
adrenal gland, found to be increased in the rat, dog, and mouse cariprazine studies, is a poor 
indicator of the adrenal medulla weight because the medulla comprises only about 10 to 20% of 
total adrenal volume in laboratory animals (Greaves P., Histopathology of Preclinical Toxicity 
Studies, 2012).

Based on available data, the exact mechanism of the cariprazine-induced adrenocortical toxicity 
can be explained only partially. The toxicity of the adrenal cortex may be secondary to the 
presence of PLD in the adrenal cortex, which was confirmed in dogs by TEM in the 13-week 
study. General physiological and biochemical characteristics of adrenal glands enable the 
development of PLD because this organ is lipophilic due to its rich cholesterol and steroid 
content that favors the deposition of lipophilic compounds (Harvey P.W. and Sutcliffe C., 
Journal of Applied Toxicology, 2010). The physicochemical property of drugs associated with 
PLD is primarily lipophilicity (affinity for lipids or ability to dissolve in lipids, including cell 
membranes) and a positive charge. Cariprazine is known to be a cationic, amphiphilic compound 
with such properties. PLD is a lipid storage disorder, in which phospholipid–drug complexes 
accumulate within lysosomes as lamellar inclusion bodies (Reasor M.J., et al., Expert Opinion on 
Drug Safety, 2006). Based on available data, it is reasonable to suspect that cariprazine and/or its 
metabolites accumulate in the adrenal cortex forming a lipid-drug complex in quantities that 
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affect morphology of this tissue. Both hypertrophy/hyperplasia and vesiculation/vacuolation
observed in the adrenal cortex in dogs may be secondary to this extensive accumulation. 
Another mechanism may also be relevant. Compounds which inhibit enzymes involved in the 
synthesis of corticosteroids induce adrenocortical hyperplasia by a deficient negative feedback 
mechanism that stimulates ACTH secretion. This hyperplastic process can be accompanied by an 
accumulation of cholesterol and steroid precursors in the cytoplasm of the adrenal cortex, giving 
rise to a clear cell or foamy appearance, sometimes with cholesterol cleft formation. These 
changes have been termed lipid or lipoid hyperplasia. Accumulation of lipids described above 
should be distinguished from the generalized phenomenon of PLD (Greaves P., Histopathology 
of Preclinical Toxicity Studies, 2012). However, this mechanism cannot be verified since it is 
unknown if cariprazine inhibits such enzymes. Other direct or indirect toxic effects of cariprazine 
on the adrenal cortex cannot be excluded.

It is important to note in this context that even the less concerning proliferative lesion of 
hypertrophy of the adrenal zona fasciculata, which was observed in rats, dogs, and mice 
following cariprazine administration, may reflect functional changes. The primary cause of 
adrenocortical hypertrophy is increased ACTH stimulation. In toxicology studies, such a 
condition can arise not only as a result of the stress response, but it may also occur due to 
deficient glucocorticoid feedback regulation of ACTH due to direct toxicity to the adrenal cortex. 
This latter condition is defined as adrenocortical insufficiency and represents a serious adverse 
toxic effect on the function of the adrenal cortex. Adrenocortical hypertrophy may occur due to 
pharmacological inhibition of steroidogenesis at the biochemical level induced by xenobiotics, in 
the absence of other adrenocortical lesions (Harvey P.W. and Sutcliffe C., Journal of Applied 
Toxicology, 2010).

The mechanism of normal stress response proposed by some nonclinical study reports is unlikely
based on the adrenal toxicity findings of hypertrophy/hyperplasia and vesiculation/vacuolation of 
the adrenal cortex observed in dogs following a long-term treatment (1-year study), as well as 
other toxicities (multifocal cystic degeneration, diffuse dilated sinusoids, and vacuolation)
observed following short-term administration of relatively high cariprazine dosages to rats (28-
day study). There were no corresponding findings in the control groups, indicating that animals 
tolerated the stress of handling well. The development of hypertrophy/hyperplasia and 
vesiculation/vacuolation in dogs is time-dependent, since there were no similar observations in
shorter studies (28-day, 13-week) at similar doses. The question of whether or not such lesions 
resulted in impaired function (e.g. the development of adrenal insufficiency) of the adrenal 
cortex in nonclinical species is currently unresolved because hormonal function studies have not 
been conducted.

In the absence of information about the direct effects of cariprazine on adrenocortical 
steroidogenesis (e.g. glucocorticoid and/or mineralocorticoid production) in nonclinical species, 
histopathology findings in the zona fasciculata and zona glomerulosa (arcuata) in dogs are 
interpreted by this reviewer as an adverse effect of cariprazine in the adrenal cortex, which is 
likely to be associated with functional deficit in hormonal production (adrenocortical 
inhibition/insufficiency). If similar pathology develops in patients, it may go undiagnosed for a 
long period of time until stress triggers serious symptoms. However, there are also factors that 
decrease the level of concern for the aforementioned adrenocortical findings, which include 
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observed reversibility of hypertrophy/ hyperplasia and vesiculation/vacuolation of the adrenal 
cortex in dogs following the 2-month drug-free recovery period, despite the lack of reversibility 
of PLD, and lack of necrosis in the adrenal tissue, as well as a ~3.6 to 4.9 fold safety margin for 
human dosing at MRHD of 6 mg/day based on AUC0-24h.

In assessing adrenocortical toxicity, it is noteworthy that the primary circulating glucocorticoid 
differs among species. In the rat and mouse, corticosterone is the primary, since the pathway for 
formation of cortisol does not exist. In the dog, monkey, and human, it is cortisol. However, the
molecular steroidogenic steps within the adrenal cortex are generally similar between rat, mouse, 
and humans, thus supporting the relevance of the rodent as a predictive toxicological model. 
Because the metabolite DDCAR is pharmacologically active, its long terminal elimination half-
life in humans increases the level of concern as this compound may play an additional enhancing 
role in this pathology. 

It is important to note that cariprazine administration significantly decreased plasma cholesterol 
and triglyceride levels in all nonclinical studies and species examined, and it can be speculated 
that this effect may be related to the impairment of the adrenocortical function. The biosynthesis 
of steroid hormones in the adrenal cortex is initiated by the utilization of available free plasma 
cholesterol or stored pools of labile cholesterol. Most of this cholesterol comes from low density 
lipoproteins (LDL). The uptake of LDL-cholesterol by adrenal cells is promoted by ACTH. 
Cholesterol and triglycerides are nonspecific components of plasma lipids. They are both 
synthesized endogenously and present in diet. In general, total cholesterol level in serum reflects
levels of cholesterol-rich lipoproteins and is considered as an indicator of endocrine (e.g. 
adrenal) hepatic, or renal disease and is inversely related to thyroid hormone activity. It is known 
that decreased levels of cholesterol may indicate malnutrition, hyperthyroidism, impaired hepatic 
function (i.e. decreased synthesis of cholesterol) or may be drug-induced. Changes in 
triglycerides may also be secondary to endocrine (e.g. adrenal), pancreatic, hepatic, or renal 
disease. 

Adrenal cortex hypertrophy has also been reported in studies conducted with aripiprazole in rats, 
but not in monkeys. However, significantly increased circulating levels of ACTH and 
corticosterone, associated with aripiprazole-induced hypertrophy, provided some evidence of 
normal adrenocortical function. Aripipraziole-induced hypertrophy was considered to be 
indirectly related to drug-induced pharmacologic effects (e.g., 5-HT1A agonist activity), which 
has been shown to produce increases in plasma ACTH and corticosterone levels in rats (see SBA
for Abilify). Interestingly, ketoconazole, an antifungal drug, was found to increase lipids 
associated with lipofuscin pigment deposition in the adrenal gland cortex following 
administration to rats for 6 months, a possible mechanism being inhibition of steroid synthesis by 
inhibition of CYP 450-mediated reactions (Greaves P., Histopathology of Preclinical Toxicity 
Studies, 2000). It is noteworthy that lipofuscinosis was induced by cariprazine in the adrenal 
cortex of mice, as described above. The relevance of this finding in mice to human risk is 
unknown.

In conclusion, the relevance of the cariprazine-induced toxicity to the adrenal cortex in 
nonclinical species to human safety is currently unclear. The prevailing theory is that the PLD is 
primarily an adaptive response to drug exposure rather than a toxic response. In this case, the cell 
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adapts to the drug exposure by sequestering it in the lamellar bodies, thus reducing potential 
toxicity to intracellular structures (Reasor M.J. et al., Expert Opinion on Drug Safety, 2006).
However, excessive PLD and other histopathological structural effects (hypertrophy/hyperplasia 
and vesiculation/vacuolation) may result in the development of adrenal insufficiency. The key 
factor in distinguishing stress response from adrenal insufficiency as the mechanistic cause of 
adrenocortical lesions is providing evidence of adrenocortical functional competence. Additional 
studies to further evaluate the mechanism have not been performed and the Applicant has not 
proposed any evaluation of human risk. This reviewer is not aware of any signs of adrenal 
toxicity emerging from clinical trials at this time. However, adrenal insufficiency may be 
initially hidden in the clinic, as illustrated by experiences with other drugs.

Subsequent to completion of the pharmacology/toxicology review of the original NDA on July 
22, 2013, the Division of Metabolism and Endocrinology Products (DMEP) completed an 
assessment of adrenal gland toxicity based on nonclinical and clinical cariprazine data (see 
DMEP review of September 10, 2013). DMEP agreed that, given the nonclinical information, it 
is reasonable to be concerned about potential adrenal toxicity in association with cariprazine use 
in humans. According to DMEP, there is uncertainty about whether the absence of a clear signal 
of adrenal insufficiency in the clinical trials should be interpreted as reassuring or as a false sense 
of security; approximately 90% of the adrenal cortex has to be destroyed before a complete 
clinical picture of adrenal insufficiency becomes apparent. Moreover, DMEP could not provide a 
definitive answer to the question of what is the significance of the preclinical finding of 
phospholipidosis to humans. 

In dogs, reversibility was noted for hypertrophy/hyperplasia and vesiculation/vacuolation of the 
adrenal gland cortex. No reversibility was observed for adrenocortical phospholipidosis in dogs
and there is no safety margin for this finding, when calculated for the MRHD of 6 mg/day.
Although there is safety margin for hypertrophy/hyperplasia and vesiculation/vacuolation (~3.6 
to 4.9 X), this margin appears to be not large enough, from the pharmacology/toxicology 
perspective, to alleviate safety concerns in the absence of relevant data demonstrating clinical 
safety of cariprazine administration with respect to the adrenal gland function. 

The adrenocortical toxicity induced by cariprazine in nonclinical studies has been discussed with 
the clinical review team. Should cariprazine be approved for the treatment of schizophrenia and 
acute treatment of manic or mixed episodes associated with bipolar I disorder, the risk of 
adrenocortical insufficiency in humans should be taken into consideration and adequately 
assessed and monitored in clinic, as recommended by DMEP. If the application is approved, 
nonclinical toxicity observed in the adrenal gland cortex will be described in the Animal 
Toxicology and/or Pharmacology section of the labeling.

Phospholipidosis (PLD), inflammation and fibrosis in the lungs  
Cariprazine produced PLD and other possibly related effects in rats, dogs, and mice (all of the 
species examined). Two organs were affected, the adrenal gland cortex and the lung. This section 
will discuss cariprazine-induced pulmonary toxicity (toxicity findings in the adrenals are
described above).
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Drug-related findings in the lungs of animals included discoloration, presence of alveolar 
macrophages with foamy cytoplasm, increased alveolar inflammation and hemorrhages, 
histiocytic multifocal infiltration, and subacute/chronic inflammation/fibrosis. These adverse 
effects increased in the incidence and severity in a dose-dependent manner and were not (or not 
completely) reversible during drug-free recovery periods. Alveolar macrophages with foamy 
cytoplasm provide evidence of presence of PLD. In general, a NOAEL for PLD was not 
determined in the pivotal studies; therefore, for this effect, there is no margin of safety for 
cariprazine administration to humans at the MRHD of 6 mg/day.

RATS: Alveolar macrophage foci, accompanied by alveolar inflammation, were increased in 
incidence and severity at 12.5 and 50 mg/kg/day, doses that also caused mortality, in the 28-day 
toxicity study in rats, when compared with the control groups. The study report states that these 
findings indicate the presence of PLD in the lungs. No reversibility was observed; changes were 
still present at the end of the 14-day drug-free recovery period at 50 mg/kg/day, the only dose 
group examined. The 2.5 mg/kg/day dose is the NOAEL for PLD and alveolar inflammation in 
the lungs in both sexes. This dose is ~4.1 times the MRHD of 6 mg/day based on mg/m2 and 
~1.7 to 2.4 times human exposure observed at the MRHD of 6 mg/day based on cariprazine 
AUC0-24h.The systemic exposure of rats to DCAR and DDCAR was not measured in this study. 
In the 13-week toxicity study in rats, increased incidence of discolored tan foci was observed in 
the lungs at 12.5 mg/kg/day at the end of dosing and the 4-week drug-free recovery period. 
Moreover, an increased incidence of lungs with “alveolar/intra-alveolar macrophages and 
foamy cytoplasm with and without inflammatory cell infiltrate” was observed in all males at 12.5 
mg/kg/day and in females at all dose levels. There was no recovery at 12.5 mg/kg/day; partial 
recovery was noted in females at lower dose levels. The Applicant attributed these findings to 
drug-induced PLD. PLD was associated with pulmonary hemorrhage in several rats at 3 and 12.5 
mg/kg/day, but their relation is unclear. The NOAEL for pulmonary PLD is 3 mg/kg/day for 
male rats and was not determined for female rats in this study. The 3 mg/kg/day dose in male rats 
is ~4.9 times the MRHD of 6 mg/day based on mg/m2, and ~0.7 times and ~1.0 times human 
exposure observed at the MRHD of 6 mg/day based on the cariprazine AUC0-24h and combined 
AUC0-24h for cariprazine, DCAR and DDCAR, respectively. In the 6-month toxicity study in rats, 
alveolar/intra-alveolar macrophages with foamy cytoplasm were observed in all groups, 
including controls. However, the incidence and severity of this observation was increased in 
males at 10 mg/kg/day and all dosed females; this finding was not reversible during the 1-month 
drug-free recovery period. The Applicant did not address the presence of foamy macrophages in 
the control groups in any detail; they could be gavage-related. In addition, an 
alveolar/intraalveolar inflammatory cell infiltrate was observed at termination in a few dosed 
females, but not in control animals. TEM examination of lung samples of 12.5 mg/kg/day
females demonstrated presence of concentric lamellar bodies within lysosomes in the cytoplasm 
of Type II pneumocytes or in phagocytic cells (macrophages), indicating the occurrence of 
pulmonary PLD. There were no similar observations in the selected controls (nor in the single 10 
mg/kg/day male that had foamy macrophages in the lungs). The NOEL for PLD in the lungs is 3 
mg/kg/day for male rats and could not be determined for female rats. The 3 mg/kg/day dose in 
male rats is ~4.9 times the MRHD of 6 mg/day based on mg/m2, and ~3.6 and ~1.2 times human 
exposure observed at the MRHD of 6 mg/day based on the cariprazine AUC0-24h and combined 
AUC0-24h for cariprazine, DCAR and DDCAR, respectively.
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The Applicant was asked to explain a correlation between PLD and target organ toxicity, and 
responded that “in the 6-month rat study, phospholipidosis was observed in many instances in 
the absence of other histological observations (e.g. inflammation or hemorrhage). While there 
were observations of phosphoplipidosis and also inflammation and/or hemorrhage, based on the 
data, there is no clear relationship between them. When hemorrhage was cited as a histological 
finding, it was typically observed with congestion (the presence of an excessive number of 
erythrocytes in alveolar septa)”. There was no indication of any additional significant concurrent 
lung toxicity in the 6-month study in rats despite presence of PLD at systemic exposure (AUC) 
in rats similar to that observed in humans. However, presence of both pulmonary PLD and 
pulmonary inflammation observed in the 28-day and 13-weeks studies in rats may indicate their 
relation, though such correlation was not mentioned by the Applicant. Moreover, the incidence 
of PLD and inflammation increased in a dose dependent manner in the 2-year carcinogenicity 
study conducted in rats.

In the 2-year carcinogenicity study in rats, an increased incidence of white parenchymal 
discoloration of the lungs was observed in female rats at all dose levels. This finding correlated 
with an increased incidence and severity of alveolar foamy macrophages, consistent with PLD, 
and subacute/chronic inflammation observed in the lungs of females at all dose levels and males 
at 2.5 mg/kg/day (with the NOAEL in males of 0.75 mg/kg/day, which is ~1.7 and ~0.6 times 
human exposure observed at the MRHD of 6 mg/day based on the cariprazine AUC0-24h and 
combined AUC0-24h for cariprazine, DCAR and DDCAR, respectively).

The Applicant was asked to provide the number of animals per group that were positive for PLD, 
inflammation, and/or hemorrhaging in the rat carcinogenicity study and provided the following 
proportion of animals per group that were positive for both PLD and inflammation: males: 12%, 
14%, 16%, and 24%; females: 26%, 40%, 53%, and 85% in the vehicle control, low, medium, 
and high dose groups, respectively. Despite clear data that the incidence of PLD associated with 
inflammation is increased in males at 2.5 mg/kg/day and females at all dose levels, the Applicant 
provided the following statement (submitted on June 4, 2013): “Based on the data from this two-
year carcinogenicity study, and consistent with the observations in the repeat-dose rat studies, 
there is no relationship between phospholipidosis and target organ toxicity in the cariprazine 
nonclinical studies. Furthermore, there is no relationship between observations of 
phospholipidosis, inflammation, and/or hemorrhage”. This statement is inconsistent with the 
original NDA study report, in which the  that conducted the 2-year 
carcinogenicity study, concluded as follows: “Compared to controls there was an increase in 
incidence and severity of alveolar macrophages with foamy cytoplasm in RGH-188 HCl-treated 
animals. The change occurred in males at 2.5 mg/kg/day and in females at ≥1 mg/kg/day, with a 
dose-related increase in incidence and severity. Macrophages contained intracytoplasmic 
eosinophilic material which was also present (extracellularly) within alveolar spaces, 
particularly in animals administered RGH-188 HCl at ≥ 2.5 mg/kg/day. Macrophages and 
eosinophilic material were often associated with subacute/chronic inflammation that was 
generally low in severity (minimal to slight) and was increased in incidence in treated animals 
compared to the controls" (see page 53 of the study report).

DOGS: There were only few findings in the lungs of dogs in the subchronic toxicity studies. In 
the 28-day toxicity study, dose-dependent increase in the incidence of inflammatory cell foci in 
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lungs was observed in males at 1 and 2 mg/kg/day. In the 13-week toxicity study in dogs, focal 
discoloration of the lungs was noted in some animals at 8 mg/kg/day. Moreover, an increased 
incidence of foamy macrophages was observed in the lungs of females at 8 mg/kg/day. This 
finding was reversible during the 4-week drug-free recovery period. However, PLD was clearly 
demonstrated in the subsequent 1-year chronic toxicity study. In the 1-year study in dogs, 
discoloration of the lungs was observed generally at 4 or 6 mg/kg/day. Alveolar/intra-alveolar 
foamy macrophages with or without “cholesterol clefts” consistent with PLD and accompanied 
by subacute/chronic inflammation/fibrosis (see page 533 of the study report) were noted in all 
4/4 males and 4/4 females at 4 and 6 mg/kg/day, in 2/4 males and 2/4 females at 2 mg/kg/day, 
and in 2/4 males at 1 mg/kg/day at the end of dosing. Severity of these findings ranged from 
minimal to moderate and was dose-related. At the end of the 2-month drug-free recovery period, 
findings in the lungs were minimal to slight and were present in 1/2 males and 1/2 females at 4 
mg/kg/day, and in 2/2 males and 2/2 females at 6 mg/kg/day, indicating only partial reversibility. 
The NOEL for PLD was 1 mg/kg/day for female dogs and was not determined for male dogs. 
The 1 mg/kg/day dose is ~5.4 times the MRHD of 6 mg/day based on mg/m2 and the AUC at this 
dose was ~2.3 (females) to 3.8 (males) and ~1.7 (females) to 2.7 (males) times human exposure 
expected at the MRHD of 6 mg/day based on the AUC0-24h for cariprazine and the combined 
AUC0-24h for cariprazine, DCAR, and DDCAR, respectively. Therefore, for the PLD and 
associated lung toxicity (subacute/chronic inflammation/fibrosis) observed in dogs in the 1-year 
study, there is no margin of safety for human dosing at the MRHD of 6 mg/day. The following 
Applicant’s table confirms association of PLD with inflammation in the lungs of dogs (but not in 
the adrenals).

MICE: In the 6-week study in CByB6F1 hybrid, multifocal accumulations of foamy alveolar 
macrophages, most commonly located in subpleural regions or paravascular position, were 
present in lungs in all cariprazine-dosed groups, but not in the control group. According to the 
Applicant, this change may be indicative of the PLD-like activity of this drug, although no TEM 
confirmation was conducted. Therefore, based on this study, there is no margin of safety for PLD 
for human dosing. In the 28-week carcinogenicity study in transgenic Tg.rasH2 mice dosed at 0, 
1, 5, and 15 mg/kg/day (males) and 0, 5, 15, and 50 mg/kg/day (females), discolored and mottled 
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lungs were observed in males at 15 mg/kg/day and in females at 50 mg/kg/day. Moreover, 
histiocytic multifocal infiltration (potentially PLD) was noted in medium and high dose animals, 
with the NOAEL at 5 mg/kg/day. The AUC at 5 mg/kg/day dose is ~3.0 (males) and 2.6 
(females) times human exposure observed at the MRHD of 6 mg/day based on the combined 
AUC for cariprazine, DCAR, and DDCAR. Therefore, for PLD observed in the lungs of 
transgenic mice in the 28-weeks study, there is low margin of safety (~2.8 times) for human 
dosing at the MRHD of 6 mg/day.

Drug-induced PLD is a lipid storage disorder characterized by the intra-lysosomal accumulation 
of polar lipids, membranous lamellar inclusions, and drug. The cytological features of PLD 
mimic inherited lipidoses. Common primary tissue targets are alveolar macrophages in the lung, 
although numerous other cellular targets have been reported. Many marketed and experimental 
drugs cause PLD in animals. Most have basic and hydrophobic physicochemical properties
(amphiphilic cations) similar to that of cariprazine that enable binding with phospholipids, 
crossing of biological membranes, and lysomotropism (partitioning of drug into lysosomes once 
it is protonated at the acidic intralysosomal pH; known as the ‘depo effect’). It is noteworthy that 
cariprazine is a high permeability drug with pH solubility dependence; highest solubility was 
demonstrated at the acidic pH of 3; the drug is insoluble at neutral pH.

From the literature, over 50 marketed and experimental drugs containing cationic amphiphilic 
drug (CAD) structures have been reported to induce PLD in vitro and/or in vivo. Labels include 
PLD findings from nonclinical studies and indicate that the significance of PLD findings to
humans is unknown. There is a consensus view that PLD itself is largely an adaptive rather than 
an adverse response to xenobiotics (Reasor M.J., et al., Expert Opinion on Drug Safety, 2006).
However, there is suggestive evidence that phospholipogenic compounds are associated with 
concurrent toxicities both nonclinically and clinically. Examples of these toxicities include liver 
necrosis (amiodarone), motor neuropathies (imipramine, amitriptyline), proximal tubule kidney 
injury (gentamicin), pulmonary alveolitis that can progresses to fibrosis (amiodarone), 
pneumonitis (fluoxetine), peripheral neuropathies (suramin, amiodarone, chloroquine, 
perhexiline), and corneal opacity (chloroquine, amiodarone). In a study investigating the link 
between administration of phospholipogenic pharmaceuticals and the incidence of nonclinical 
histological signals, an internal AstraZeneca in vivo toxicology report database revealed  
proportionally more histological changes (exclusive of PLD itself) in all organs in response to 
phospholipogenic compounds compared to that for nonphospholipogenics (e.g. statistically 
significant higher frequencies of liver necrosis, alveolitis/pneumonitis, as well as 
lymphocytolysis in the thymus, lymph nodes, and spleen). The data, while compelling, are 
correlative and cannot be used to prove causality between PLD and toxicities. Even with these 
caveats, it is clear that phospholipogenic compounds tend to produce more histological findings
(Barone L.R. et al., Journal of Toxicology, 2012).

The Applicant states: “Phospholipidosis-like effects were observed in the lungs (mouse, rat, and 
dog) and adrenal glands (dog). Such effects are commonly associated with cationic amphiphilic 
agents such as cariprazine. This finding did not impact viability, or result in overt functional 
effects or major histopathological changes of the organs affected in the pivotal repeat-dose 
toxicity studies” (see Toxicology Written Summary of the NDA 204370). This reviewer 
disagrees with the latter because inflammation was consistently observed in the lungs of animals 
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males at 3 and 10 mg/kg/day at the end of the recovery period, relative to controls. Marked 
decrease (up to -53%) in triglycerides was observed in males at all dose levels at the end of the 
treatment period and at 10 mg/kg/day at the end of the recovery period. Mean triglyceride level
was decreased in female rats at all dose levels only at the end of the recovery period; this 
decrease may represent a delayed cariprazine or metabolite-related effect. In the 2-year 
carcinogenicity study in rats, decreases in blood cholesterol levels was observed in males at 2.5 
mg/kg/day and in females at all dose levels, while decreases in triglycerides levels was noted in 
males dosed at 0.75 and 2.5 mg/kg/day, and in females at all dose levels.

DOGS: No effect on cholesterol and triglycerides was noted in dogs following 28-days of 
cariprazine administration. Slight to severe decrease in cholesterol and triglycerides (up to -51%)
was observed in all cariprazine treatment groups, relative to controls, in the 13-week study.
Recovery was observed for cholesterol, while no recovery was noted for triglycerides at the end 
of the 4-week drug-free period. In the 1-year study in dogs, decrease in cholesterol level was
noted in males at all doses and in females at 6 mg/kg/day (up to -49% and -58%, respectively, 
relative to controls). Triglycerides were also decreased in males at ≥2 mg/kg/day and in females 
at all dose levels (up to -58% and -46%, respectively). These effects, although considered 
adverse, were reversible following the 2-month recovery period. 

MICE: Slight to moderate dose-related decrease in cholesterol and triglycerides was observed in 
the 6-week dose range-finding study in CByB6F1 hybrid mice.

In general, based on studies discussed above, a clear NOAEL for changes in blood cholesterol 
and triglyceride levels was not demonstrated. One of the reports (28-day study in rats) proposed
that the significant decreases in blood cholesterol and triglycerides observed in rats could have 
resulted from a general malnutrition of animals due to reduced food consumption. However, 
similar decreases were observed in the 1-year study in dogs in the absence of drug-related effects 
on body weight, body weight gain, or food consumption. Therefore, changes in cholesterol and 
triglycerides may also indicate a drug-induced inhibition of their synthesis or other unknown 
pathological process, possibly related to PLD (a lipid storage disorder) produced by cariprazine 
in all nonclinical species examined.

Lipids are stored in body and serve as an energy source, in addition to their role in cell structure; 
therefore, significant changes in their levels could potentially indicate adverse effects for the 
entire organism affected. There is also potential for related functional deficits in specific organs, 
for example the adrenals, since cholesterol is an essential precursor for adrenocortical 
steroidogenesis. The Applicant was asked to characterize and, if possible, explain the mechanism 
underlying significant decreases in plasma cholesterol and triglycerides in nonclinical species 
observed in response to cariprazine administration. The following explanation was received: 
“Dopamine D2/D3 receptor agonists (e.g., bromocriptine) have been reported in the literature 
to reduce prolactin secretion in rodents where it has a role in lipid metabolism. This in turn can 
lead to reduced body fat stores resulting in a reduction of plasma cholesterol and triglycerides 
(Cincotta and Meier, 1989). The data from the non-clinical safety program with cariprazine also 
demonstrated reductions in plasma cholesterol, triglyceride levels, and body weights, relative to 
controls, findings which are considered to be consistent with its pharmacological mechanism of 
action”. 
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No assessment of prolactin levels was conducted in the pivotal toxicology studies. However, 
separate cariprazine studies conducted in rats indicated significant increases in serum prolactin 
levels in both male and female rats when the drug was administered acutely and repeatedly. 
Therefore, the Applicant was asked to discuss an apparent discrepancy between their response 
and the submitted data. In response, the Applicant states: “it is likely that decreases in 
cholesterol and triglycerides were a result of decreases in serum prolactin levels. Although a 
decrease in prolactin levels in the toxicology studies seems to contrast the increase observed in 
the acute and 14 day studies, similar dynamic prolactin effects have been reported in the rat with 
other D2 receptor partial agonists depending on the strain, dose and duration of administration. 
For example, in Wistar rats, the same strain used in our toxicology studies, aripriprazole, 
another D2 receptor partial agonist, increases prolactin levels when administered acutely at 
single doses (Summary Basis of Approval, NDA 21-436) but decreases prolactin levels following 
multiple dosing for 1 week (Kalinichev et al., 2005). Aripriprazole and cariprazine have very 
similar degree of partial agonist activity at D2 receptors; therefore, cariprazine would be 
expected to have similar effects on prolactin. Furthermore, decreases in lipids were observed in 
the toxicology studies with cariprazine and aripriprazole and literature data links decreased 
lipids with decreased prolactin levels (Cincotta and Meier, 1987; 1989).”

In general, it is known that a decrease in cholesterol levels may indicate malnutrition (cholesterol 
can be obtained from the diet), hyperthyroidism (levels of cholesterol are inversely related to 
thyroid hormone activity), impaired hepatic function (decreased cholesterol synthesis), or adrenal 
insufficiency (a condition in which the adrenal glands do not produce adequate amounts of 
steroid hormones, primarily cortisol). Undesirable alterations in lipids have been observed in 
patients treated with atypical antipsychotics. The underlying biology of these adverse effects in 
humans is poorly understood and numerous studies have sought to model these with rodents. The 
effects of antipsychotics on lipids in rodents are not consistent, but molecular studies are 
providing converging evidence about the effect of these drugs on the transcriptional regulation of 
genes related to lipid metabolism (Boyda H.N., et al., Trends in Pharmacological Sciences, 
2010). Steroid hormones regulate a wide variety of developmental and physiological processes 
from fetal life to adulthood. Human adrenals can synthesize cholesterol de novo from acetate, but 
most of its supply of cholesterol comes from plasma low-density lipoprotein (LDLs) derived 
from dietary cholesterol. By contrast, rodent adrenals derive most of their cholesterol from high-
density lipoproteins via a receptor termed scavenger receptor B1, but this pathway appears to 
play a minor role in humans (Miller W.L. and Auchus R.J., Endocrine Reviews, 2011). While all 
of the drugs in this class have been shown to produce some metabolic changes in humans, each 
drug has its own specific risk profile. 

This reviewer concludes that the toxicological significance of decreased blood cholesterol and 
triglycerides levels in animals to human safety is unclear. However, in long-term, uncontrolled 
clinical trials conducted with cariprazine in schizophrenia patients, no significant changes from 
baseline were observed at 12, 24, and 48 weeks. These data, if considered definitive, supersede 
the nonclinical data. 

Sciatic nerve degeneration
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Cariprazine caused peripheral nerve lesions (myelin fragmentation or axonal degeneration of the 
sciatic nerve) in rats in the 28-day and 6-month toxicity studies, and in the 2-year carcinogenicity 
study. No drug-related findings in the sciatic nerve were observed in the 13-week study in rats 
and studies conducted in dogs and mice. 

In the 28-day toxicity study in rats, minimal to slight sciatic nerve myelin fragmentation was 
observed in all groups, including controls. However, the incidence of this observation increased 
in a dose-dependent manner in all male cariprazine groups and in the females at 50 mg/kg/day. 
After the 2-week drug-free recovery period, minimal myelin fragmentation occurred in 33% 
control animals and minimal to slight myelin fragmentation was noted in 75% of surviving high 
dose animals (only control and 50 mg/kg/day animals were examined). The 0.5 mg/kg/day dose 
could be considered the NOAEL for the sciatic nerve lesions in male rats. This dose is ~0.8 times 
the MRHD of 6 mg/day based on mg/m2 and ~0.2 times human exposure at the MRHD of 6
mg/day based on cariprazine AUC0-24h. The NOEL for this lesion in female rats is 12.5 
mg/kg/day, which is ~20 times the MRHD of 6 mg/day based on mg/m2 and ~10.8 times the 
human exposure at MRHD of 6 mg/day based on cariprazine AUC0-24h. According to the 
Applicant, relevant historical control data indicate that sciatic nerve myelin degeneration can 
occur at an incidence of up to 60% in control groups in the 28-day studies. In the 6-month 
toxicity study in rats, slight increases in the incidence and severity of the sciatic nerve axonal 
degeneration, characterized by minimal to moderate axonal swelling and/or digestion chambers,
was observed in the high dose groups: males at 10 mg/kg/day and females at 12.5 mg/kg/day, but 
the incidence of this lesion was no longer increased after the 1-month drug-free recovery period. 
The 3 mg/kg/day dose is the NOEL for the sciatic nerve axonal degeneration in female rats; the 
sciatic nerve has not been examined in males at this dose. The 3 mg/kg/day dose in female rats 
is ~4.9 times the MRHD of 6 mg/day based on mg/m2, and ~4.1 and 1.3 times the observed
human exposure at the MRHD of 6 mg/day based on the cariprazine AUC0-24h and combined
AUC0-24h for cariprazine, DCAR, and DDCAR, respectively. In the 2-year carcinogenicity study
in rats, the sciatic nerve fiber degeneration with axonal swelling, digestion chambers containing 
degraded axonal material, and replacement of axons by connective tissue, occurred in all groups, 
including controls, but with increased incidence and/or severity in some cariprazine-treated 
groups. In males, an increase in the incidence and severity of the sciatic nerve degeneration was 
observed at the high dose of 2.5 mg/kg/day (75% control vs. 92% high dose animals). The 
severity also increased in a dose-dependent manner in a small number of males administered 
cariprazine at the low and medium doses of 0.25 and 0.75 mg/kg/day, respectively, without any 
changes in the incidence level. In females, an increase in the incidence of this lesion was 
observed at all dose levels (55%, 85%, 85%, and 80% animals in the Control, LD, MD, and HD 
groups, respectively). The NOAEL for the sciatic nerve degeneration was 0.75 mg/kg/day for 
male rats and could not be determined for female rats. The dose of 0.75 mg/kg/day in male rats is 
~1.7 and 0.6 times human exposure observed at the MRHD of 6 mg/day based on the cariprazine 
AUC0-24h and combined AUC0-24h for cariprazine, DCAR and DDCAR, respectively. To clarify
the issue of high background lesions, this reviewer requested historical control data for the 
incidence of sciatic nerve histopathology findings observed in the 6-month and 2-year rat studies. 
The Applicant responded that test facility historical control data for Wistar rats are not available. 

Additional reviews of the 6-month toxicity and 2-year carcinogenicity studies in rats, with a 
focus on peripheral (sciatic) nerve changes, were conducted by  
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 veterinary neuropathologist.  concluded that “the test article may 
exacerbate the age-related spontaneous neuropathic process; given the frequency of the 
spontaneous sciatic nerve neuropathy findings in this study, the toxicological significance of 
these findings relative to test article administration appears questionable. The reported presence
of connective tissue increase in nerves of affected animals in the 2-year study is interpreted to be 
endoneurial (between individual nerve fibers) in location. As such, it suggests there is a lack of 
regeneration in the face of a long-term ongoing neuropathic process. Since no difference is 
described between control and test article exposed animals, this is interpreted as a part of the 
aging-related neuropathy seen in these animals, and not a separate change induced by exposure 
to the test article.”

This reviewer has discussed the histopathology of the sciatic nerve with the FDA Neurotoxicity 
Assessment Subcommittee. The Subcommittee concurred that the finding of nerve fiber 
degeneration noted in the 2-year carcinogenicity study, coupled with the apparent slight increase 
in incidence of sciatic nerve degeneration in the 6-month study and evidence of myelin 
fragmentation in the 1-month study, suggests potential treatment-related adverse effects on 
peripheral nerve function and in general agreed that additional information could provide greater 
understanding of the potential significance of these findings. It was noted that, although the 
Applicant employed staining with toluidine blue in addition to H&E in the 6-month study to
evaluate peripheral nerve histology (which is standard practice for examining peripheral nerves), 
toluidine blue is not a myelin-specific stain and alternative stains could be employed to better 
characterize the potential for adverse effects on myelin. Moreover, this reviewer and several 
Subcommittee members were surprised by the high background incidence of nerve fiber 
degeneration of the sciatic nerve that was reported in the 2-year carcinogenicity study and noted 
that this was unusual compared to what they have generally found reported in toxicology studies. 
The high background incidence and the variable ages of the animals across the studies were seen 
as confounding variables as was the possibility that the findings could be attributable to fixation 
artifacts. The general consensus of the Subcommittee was that lack of an obvious functional 
impact of the neuronal changes noted in the toxicology studies to date did not remove the 
concern over the histopathological findings. However, this reviewer notes that the overall 
incidence of the sciatic nerve lesions in rats was very low, and no peripheral nerve lesions were 
produced by cariprazine in dogs and mice. Therefore, the relevance of this finding to human risk 
is unknown and appears to be unlikely.

Carcinogenicity
The carcinogenic potential of cariprazine was tested in the 28-week carcinogenicity study in 
transgenic Tg.rasH2 mice and in the 2-year carcinogenicity study in Wistar rats. Dose-range-
finding studies for the mouse carcinogenicity study were conducted in CByB6F1 hybrid mice (6-
week study) and transgenic Tg.rasH2 mice (7-week study).

Tg.rasH2 Mouse Carcinogenicity Study: Transgenic [CByB6F1-Tg(HRAS)2Jic (+/- hemizygous 
c-Ha-ras)] mice (25/sex/group) were administered cariprazine by oral gavage for 26-28 weeks. 
The vehicle was sterile water for injection. Positive control animals (15/sex) were administered
1000 mg/kg urethane i.p. on study days 1, 3, and 5. Satellite animals (CByB6F1 nontransgenic 
littermates) were used for toxicokinetic evaluation. A 2-week dose adaptation period proceeded
the 26-week dosing period for the mid dose males and high dose males and females. The final 
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doses of cariprazine were 0, 1, 5, and 15 mg/kg/day (males) and 0, 5, 15, and 50 mg/kg/day 
(females). The Executive CAC concurred that the study was adequate, noting prior concurrence 
with the protocol. No increases in tumors, relative to vehicle controls and historical control 
ranges, were noted in cariprazine-treated mice. As expected, statistically significant increases in 
lung (adenomas and carcinomas) and spleen (hemangiosarcomas) tumors were noted in positive 
control animals. 

The high doses of 15 mg/kg/day in male mice and 50 mg/kg/day in female mice are ~7.9 and 19 
times, respectively, the MRHD of 6 mg/day based on a sum of AUC0-24h of cariprazine, DCAR 
and DDCAR. These high doses also are ~18 and 43 times, respectively, the MRHD of 6 mg/day 
based on AUC0-24h of cariprazine and ~7.9 and 18.6 times, respectively, this MRHD based on 
combined AUC0-24h of cariprazine, DCAR, and DDCAR.

A number of non-neoplastic drug-related findings were detected in mice of both sexes, including 
neurological clinical signs (at 5-50 mg/kg/day), adrenal gland discoloration, increased weight, 
hypertrophy, and lipofuscinosis (at 1-50 mg/kg/day), pituitary atrophy (at 1-50 mg/kg/day), and 
pulmonary phospholipidosis (at 5-50 mg/kg/day). Drug-related observations in female mice 
included reproductive organs histopathology (at 5-50 mg/kg/day), mammary gland proliferation 
(at 5-50 mg/kg/day), and pancreatic islet cell hyperplasia (at 5-50 mg/kg/day) (see evaluation 
above).

Rat Carcinogenicity Study: Wistar rats (60/sex/group) were treated with cariprazine by oral 
gavage for up to 2 years. Following a 2-week dose adaptation period, male rats were 
administered 0.25, 0.75, and 2.5 mg/kg/day, while females were administered 1, 2.5, and 7.5 
mg/kg/day. Control animals (2 groups/sex) received vehicle only (distilled water). Two groups of 
satellite animals were used for plasma concentrations (27/sex/treated group) and also for clinical 
pathology (10/sex/treated group) assessments. The Executive CAC concurred that the study was 
adequate, noting prior concurrence with the protocol. No test article-related increases in 
neoplasms were observed, except for a slight numerical increase in the incidence of benign and 
malignant pheochromocytomas of the adrenal medulla in female rats administered the high dose 
of cariprazine (7.5 mg/kg/day). The Applicant provided two separate data sets for the incidence 
of pheochromocytomas: the original study report and reevaluation by the Pathology Working 
Group (PWG). Based on the FDA statistical review conducted by Dr. Steven Thomson, the test 
of trend in pooled benign and malignant pheochromocytoma of the adrenal medulla in female 
rats was statistically significant only based on the incidence of these neoplasms in the PWG 
analysis (p = 0.002 which is <0.005) and close to significance using the neoplasms diagnosis 
used by the original toxicologist (p = 0.0072 ≈ 0.005). However, pairwise comparisons of the test 
article-treated groups, including the high dose group, to pooled control groups of female rats 
were not statistically significant. No other comparisons achieved statistical significance. 
Therefore, there were no statistically significant drug-related neoplasms in this study.

The high doses of 2.5 mg/kg/day in male rats and 7.5 mg/kg/day in female rats are ~1.8 and 4.1
times, respectively, the MRHD of 6 mg/day based on a sum of AUC0-24h of cariprazine, DCAR,
and DDCAR. These high doses also are ~5.3 and 13 times, respectively, the MRHD of 6 mg/day 
based on AUC0-24h of cariprazine.
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Enhanced survival was noted in all cariprazine-dosed groups, statistically significant in males 
dosed at 2.5 mg/kg/day. Several non-neoplastic findings were detected in rats including marked 
decrease in body weights (at 2.5-7.5 mg/kg/day), severe decreases in blood cholesterol and 
triglycerides (at 0.75-7.5 mg/kg/day), lung discoloration and phospholipidosis associated with 
inflammation (at 1-7.5 mg/kg/day), increased incidence of sciatic nerve degeneration (at 1-7.5 
mg/kg/day), retinal degeneration/atrophy (at 0.75 -7.5 mg/kg/day), and adrenal gland cortex 
hypertrophy in females (at 7.5 mg/kg/day) (see evaluation above).

Genetic toxicology
Genotoxic potential of cariprazine was evaluated in the following studies: in vitro bacterial 
reverse mutation assay in Salmonella typhimurium strains TA98, TA100, TA1535, and TA1537,
and Escherichia coli strain WP2uvrA, in vitro mouse lymphoma mutagenicity assay in L5178Y 
TK+/- cells, in vitro chromosomal aberrations assay in human peripheral blood lymphocytes, and 
in vivo mouse micronucleus assay in PCE from the bone marrow of male CD-1 mice. 

Cariprazine was nongenotoxic in the in vitro bacterial reverse mutation assay, human 
lymphocyte chromosomal aberrations assay, or in the in vivo mouse bone marrow micronucleus 
assay. The in vitro mouse lymphoma assay was positive because small, but statistically 
significant, increase in mutant frequency was observed under conditions of metabolic activation. 
Based on the weight of evidence approach, cariprazine has negligible genotoxic potential. The 
major active metabolite DDCAR was nonmutagenic in the in vitro bacterial reverse mutation 
assay. However, this metabolite was positive in the in vitro human lymphocyte chromosomal 
aberrations assay in the presence of metabolic activation based on the observation of a small 
increase in the percentage of cells with structural chromosomal aberrations.

Reproductive and developmental toxicity 
Reproductive organs in general toxicity studies
There were no significant cariprazine-related findings in the reproductive organs in dogs.
Limited adverse effects were noted in male rats. However, there were numerous adverse findings 
in female rats. Drug-related effects in female rats included reduction in the number of corpora 
lutea in the ovaries, vaginal epithelial atrophy and mucification, abnormal estrus cycling, and 
mammary gland hyperplasia and increased secretion, observed generally at all dose levels. These 
findings are attributed to the pharmacologically-induced changes in prolactin level. Cariprazine 
increased mean prolactin levels 87- and 256-fold in female rats at 0.1 and 1 mg/kg/day, 
respectively, relative to the control group level, following oral administration for 14 days in a 
separate study, consistent with its D2 receptor blocking activity. However, hyperprolactinemia 
was not observed in clinical studies. 

Reproductive toxicology studies:
The following reproductive toxicology studies were conducted (administered doses are shown in 
parentheses): study of the oral effects of cariprazine on fertility and early embryonic 
development to implantation in rats (0, 1, 3, and 10 mg/kg/day), dose range-finding study of the 
oral effects of cariprazine on embryo-fetal development in rats (0, 1, 3, 10, 20, and 30 
mg/kg/day), study of the oral effects of cariprazine on embryo-fetal development in rats (0, 0.5, 
2.5, and 7.5 mg/kg/day), dose range-finding study of the oral effects of cariprazine on embryo-
fetal development in rabbits (0, 0.5, 2.5, 7.5, and 15 mg/kg/day), study of the oral effects of 
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cariprazine on embryo-fetal development in rabbits (0, 0.1, 1, and 5 mg/kg/day), dose range-
finding study of the oral effects of cariprazine on pre- and postnatal development in rats (0, 0.3, 
1, and 3 mg/kg/day), study of the oral effects of cariprazine on pre- and postnatal development, 
including maternal function in rats (0, 0.1, 0.3, and 1 mg/kg/day), and study of the oral effects of 
cariprazine on lacteal transfer in rats (0, 0.1, 0.3, and 1 mg/kg/day).

Administration of cariprazine in fertility and early embryonic development studies produced 
adverse effects on female fertility and early embryonic development in Wistar rats. No adverse 
effect on male fertility was observed. The NOAEL for female reproductive toxicity was not 
determined based on increased estrus cycle length and extended precoital interval; these effects 
caused a dose-dependent decrease in the number of pregnant females and a reduction in the 
fertility and conception indices noted in treated females at all dose levels, relative to controls. 
The lowest dose tested of 1 mg/kg/day is ~1.6 times the MRHD of 6 mg/day based on mg/m2.
The NOAEL of 3 mg/kg/day is determined for female-mediated developmental toxicity based on 
decreased numbers of implantation sites, mean number of pups per litter, and mean number of 
live-born pups per litter in the 10 mg/kg/day group. The 3 mg/kg/day dose is ~4.9 times the 
MRHD of 6 mg/day based on mg/m2. The NOAEL of 10 mg/kg/day is determined for male 
reproductive toxicity and male-mediated developmental toxicity based on unaffected 
spermatogenic endpoints and fertility/copulation for males paired with untreated females and 
unaffected male-mediated developmental parameters. The 10 mg/kg/day dose in males is ~16
times the MRHD of 6 mg/day based on mg/m2, and ~10 and 4.3 times the cariprazine AUC0-24h

and combined AUC0-24h (for cariprazine, DCAR, and DDCAR) , respectively, observed in 
humans at the MRHD of 6 mg/day. Note: No TK evaluation was conducted in female rats.  

Embryo-fetal developmental toxicity was evaluated in Wistar rats and New Zealand White 
rabbits administered cariprazine during the period of organogenesis. In rats, developmental 
toxicity was characterized by decreased fetal weight and male anogenital distance, and presence 
of external (localized thorax fetal edema) and skeletal (bent bones) malformations and 
developmental variations observed at many dose levels, including these that did not cause any 
maternal toxicity (0.5 mg/kg/day). At this dose, cariprazine systemic exposure level was less 
than that observed in humans [~0.7 and 0.2 times the MRHD of 6 mg/day based on AUC0-24h for 
cariprazine and combined AUC0-24h (for cariprazine, DCAR, and DDCAR), respectively]. 
Cariprazine did not produce test article-related effects on pregnancy or fetal parameters in rabbits 
at any of doses administered during organogenesis, including the high dose of 5 mg/kg/day that
caused maternal toxicity based on decreases in body weight and food consumption.

Effects of cariprazine on pre- and postnatal development in Wistar rats demonstrated the 
NOAEL for F1 and F2 generation developmental toxicity at 0.3 mg/kg/day based on the lower 
postnatal survival, birth weight, body weight, body weight gain, and decreased auditory startle 
responsiveness in F1 males observed at 1 mg/kg/day in the F1 generation, and based on lower
body weight and body weight gain at 1 mg/kg/day in the F2 generation. The 0.3 mg/kg/day dose 
is ~0.5 times the MRHD of 6 mg/day based on mg/m2, and ~0.3 and ~0.1 times human exposure 
expected in humans at the MRHD of 6 mg/day based on cariprazine AUC0-24h and combined 
AUC0-24h (for cariprazine, DCAR, and DDCAR), respectively.
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In conclusion, administration of cariprazine is expected to increase the risk of adverse 
reproductive and developmental outcomes in humans when used in accordance with the dosing 
information in the product label. This conclusion is based on the observations of alterations to 
growth and dysmorphogenesis in the rat embryofetal development study and lower postnatal 
survival, birth weights, body weights and decreased auditory startle responsiveness in the pre-
and postnatal development in study in rats in the absence of significant maternal toxicity and at 
clinically relevant maternal plasma drug concentrations. These findings will be described in the 
cariprazine labeling.

The lacteal transfer study of cariprazine in rats was conducted in pregnant Sprague-Dawley rats 
administered cariprazine during gestation through lactation. Cariprazine and its metabolites 
DCAR and DDCAR were detected in milk of maternal animals when measured at 2 hours 
postdose. Cariprazine milk concentrations were 1.6- to 2.8- fold higher than plasma 
concentrations in maternal animals. Cariprazine was detected in plasma of pups at very low 
levels, when measured at 4 hours postdose, while the metabolites DCAR and DDCAR were not 
detectable.

Special toxicology studies
The antigenic potential of cariprazine was assessed using both active systemic anaphylaxis and 
passive cutaneous anaphylaxis in male Hartley guinea pigs using serum obtained from sensitized 
guinea pigs. No anaphylactic reactions were observed. Therefore, cariprazine was not considered 
to have antigenic potential. Other special toxicology studies are described in previous sections. 

Safety margins
In this review, systemic cariprazine (and its metabolites) exposure at no-observed-adverse-effect 
levels (NOAELs) or no-observed-effect levels (NOELs) for toxic effects of cariprazine observed 
in nonclinical studies was compared to systemic exposure in humans to determine safety 
margins. This comparison was based on the most relevant metric (AUC0-24h or body surface area-
adjusted dose).

In the pharmacology/toxicology review of the original NDA submission dated July 22, 2013, the 
exposure expected at the MRHD of  mg/day was used for calculations of safety margins (AUC 
multiples). In the NDA resubmission, the Applicant provided safety margins based on human 
and animal systemic exposures to cariprazine and active metabolites using human AUC0-24 h 

values obtained following administration of the new MRHD of 6 mg/day in the clinical study 
A002-A11. This reviewer recalculated safety margins using these human exposure data. The 
AUC0-24h values measured at the 6 mg/day MRHD in the study A002-A11 are as follows: 
Cariprazine AUC0-24h = 358 ng•h/mL, DCAR AUC0-24h = 115 ng•h/mL and DDCAR AUC0-24h = 
800 ng•h/mL. For all three active moieties combined, the AUC0-24h value (total exposure at 
steady state) is 1273 ng•h/mL. Although recalculated exposure margins slightly increased, their
increase was less than proportional 

Calculation of relative systemic exposure ratios (animal: human) considered both the parent 
compound and its metabolites (DCAR and DDCAR) because of their pharmacological activity
and high levels circulating in humans. Therefore, the AUC0-24h values for cariprazine, DCAR, 
and DDCAR were combined for nonclinical species or humans. However, there is no data to 
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assess relative contribution of the DCAR or DDCAR to the cariprazine-related toxicity observed 
in nonclinical studies or clinic.

Selected safety margins based on AUC0-24h multiples are shown in the following reviewer’s table:
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Lungs: PLD with 
chronic 
inflammation (i) and 
hemorrhaging (h)

Rat
28-day (i)

13-week (i, h)

6-month (i)
2-year (i)

2.5/2.5
3/ND
3/ND

0.75/ND

597/858; 1.7/2.4 x
971/NA; 2.7/NA

1284/NA; 3.6/NA
618/NA; 1.7 x/NA

ND/ND; NA/NA
1251/NA; 1/NA

1517/NA; 1.2/NA
739/NA; 0.6 x/NA

Method of calculation: AUC0-24h of cariprazine at NOAEL/NOEL for toxicity observed in animal 
at the end of study ÷ AUC0-24h of cariprazine at the MRHD of 6 mg/day in Study No. A002-A11
(Samples were collected on Day 84, when the last dose was given, and on the following days).
*AUC0-24h in ng•h/mL)
ND: NOAEL/NOEL could not be determined because toxicity was present at all dose levels
NA: not applicable
PLD: phospholipidosis (foamy macrophages)
# Cariprazine AUC observed in humans at the MRHD of 6 mg/day (358 ng•h/mL)
+

Combined AUC values for cariprazine, DCAR, and DDCAR observed in humans at the 
MRHD of 6 mg/day (1273 ng•h/mL)

Conclusions
Target organs for cariprazine toxicity identified in nonclinical studies include the central nervous 
system (CNS), eye, adrenal gland cortex, lungs, reproductive organs, and sciatic nerve. Many of 
these organs were affected in rats, dogs, and mice. The sciatic nerve was affected only in rats. 
Moreover, significant adverse effects on plasma cholesterol and triglycerides levels were 
observed in rats, dogs, and mice.

Adverse effects on the structure of the eye, adrenal gland, and lung, that may potentially affect 
their function, were identified in nonclinical studies following oral administration of cariprazine 
to rats, dogs, and mice, and are of major concern from a human safety perspective. Nonclinical
toxicity studies are part of a drug development program designed to allow the drug to be used 
safely. Although generally adequately conducted, nonclinical studies submitted in support of the 
NDA 204370 do not predict or assure safe administration of cariprazine to humans with regard to 
the organs listed above.  

cariprazine toxicity still presents cause for concern (see safety margins summary table).

Nonclinical ocular toxicity of cariprazine probably will not impact approvability of this 
application. From the pharmacology/toxicology perspective, and based solely on the nonclinical 
data, this NDA would not be recommended for approval based on ocular toxicity observed in 
animals. Safety margins calculated based on systemic exposures appear to be adequate for 
cataracts and cystic degeneration/detachment of the retina observed in dogs, but not for retinal
degeneration and atrophy in rats. However, based on the DTOP consultative review, existing 
data from clinical trials appear to be sufficient to alleviate safety concerns for the cataracts and 
retinal effects observed in dogs and rats because ocular findings of concern are, according to 
DTOP, not only absent at this time, but also monitorable in humans.

Particularly concerning is pulmonary toxicity (lung phospholipidosis and chronic inflammation 
and fibrosis) observed in rats and/or dogs following administration of cariprazine. Safety 
margins for the lung histopathology observed in animals remain inadequate, despite lowering of 
the MRHD (see safety margins summary table). It is unclear whether pulmonary 
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phospholipidosis, inflammation or fibrosis observed in nonclinical studies could develop and 
cause impaired function of the lungs in humans. Clinical monitoring for pulmonary 
phospholipidosis, inflammation and fibrosis is neither practical nor possible, as indicated by 
DPARP in consultative review. Should cariprazine be approved for the treatment of 
schizophrenia and acute treatment of manic or mixed episodes associated with bipolar I disorder, 
the clinical benefits would have to outweigh the risk of pulmonary injury to humans. 

It is also unclear whether adrenocortical toxicity (phospholipidosis, hypertrophy/hyperplasia and 
vesiculation/vacuolation) observed following administration of cariprazine in nonclinical studies 
could develop and cause impaired function of the adrenal gland and lead to adrenal insufficiency 
in humans. Reversibility of hypertrophy/hyperplasia and vesiculation/vacuolation produced by 
cariprazine in the adrenal gland cortex and safety margins based on relative systemic exposures
(~3.6 to 4.9 X) appear to decrease level of concern for hypertrophy/hyperplasia and 
vesiculation/vacuolation observed in this organ in dogs. However, these margins alone are not 
high enough to assure human safety in the absence of relevant clinical information with respect 
to the adrenal gland function. There was neither reversibility nor safety margin for the
adrenocortical phospholipidosis observed in dogs. According to DMEP consultative review, 
adrenal function is monitorable in clinic by biochemical testing, but, at this time, there is no 
clinical data that demonstrate clinical safety of cariprazine with respect to the adrenal gland
function.

Adrenocortical toxicity observed in nonclinical studies has been reported to the clinical team. 
Whether adrenocortical function can be adequately monitored in clinic to alleviate safety 
concerns about adrenal insufficiency, or is an approvability issue, depends on the clinical 
assessment. 

Should the application be approved based on risk to benefit assessment, it is recommended that 
the information on the following adverse effects of cariprazine is included in the Animal 
Toxicology and/or Pharmacology section of the labeling: (1) cataracts/degenerative retinal 
changes in the eyes observed in dogs and retinal degeneration observed in rats, (2) 
phospholipidosis, inflammation and/or fibrosis observed in the lungs in rats, dogs, and mice, and 
(3) phospholipidosis observed in the adrenal glands cortex in rats, dogs, and mice, with 
hypertrophy/hyperplasia and vesiculation/vacuolation of the adrenal gland cortex observed in 
dogs, as well as adrenal gland hypertrophy observed in several animal species.

12 Appendix/Attachments

List of abbreviations used in this review [abbreviation (term)]:
DCAR (desmethyl cariprazine), DDCAR (didesmethyl cariprazine), HGB (hemoglobin), HCT 
(hematocrit), RBC (erythrocyte count), RETIC (reticulocyte count), PLT (platelet count), MPV 
(mean platelet volume), MCV (mean corpuscular volume), MCH (mean corpuscular 
hemoglobin), MCHC (mean corpuscular hemoglobin concentration), RDW (red cell distribution 
width), WBC (total leukocyte count), ANEU (absolute neutrophils), ALYM (absolute 
lymphocytes), AMONO (absolute monocytes), AEOS (absolute eosinophils), ABASO (absolute 
basophils), ALUC (absolute large unstained cells), PT (prothrombin time), APTT (partial 
thromboplastin time), AST (aspartate aminotransferase), ALT (alanine aminotransferase), ALKP 
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(alkaline phosphatase), BUN (blood urea nitrogen), CREAT (creatinine), GLU (glucose), CHOL 
(cholesterol), TRIG (triglycerides), TP (total protein), ALB (albumin), GLOB (globulin), A/G 
)albumin/globulin ratio), TBILI (total bilirubim), GGT (gamma glutamyl transferase), CPK 
(creatinine phosphokinase), LDH (lactate dehydrogenase), Na+ (sodium), K+ (potassium), Cl-
(chloride), Ca++ (calcium), PHOS (inorganic phosphate), VOL. (volume), Sp.G. (specific 
gravity), GD (gestation day), LcD (lactation day), PND (post-natal day), H&E (hematoxilin and 
eosin), M (male), F (female), TK (toxicokinetics), PK (pharmacokinetics), T1/2 (terminal 
elimination half-life), ↑ (increase), ↓ (decrease), MTD (maximum tolerated dose), NOAEL (no 
observed adverse effect level), NOEL (no observed effect level), HCG (human chorionic 
gonadotropin), AUC (area under the curve), Cmax (maximum plasma concentration), i.v. 
(intravenous), i.p. (oral), MRHD (maximum recommended human dose), LD (low dose), MD 
(medium dose), HD (high dose), PLD (phospholipidosis), SBA (summary basis of approval ), 
HED (human equivalent dose), MED (minimum effective dose), DMEP (Division of Metabolism 
and Endocrinology Products), DTOP (Division of Pulmonary, Allergy and Rheumatology 
Products), DTOP (Division of Transplant and Ophthalmology Products), and CSS (Controlled 
Substances Staff).
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Tertiary Pharmacology/Toxicology Review

By: Paul C. Brown, Ph.D., ODE Associate Director for Pharmacology and 
Toxicology, OND IO
NDA: 204370
Submission date: November 19, 2012
Drug: cariprazine
Applicant: Forest Laboratories, Inc.
Indication: 1. Treatment of schizophrenia, 2. Acute treatment of manic or mixed 
episodes associated with bipolar I disorder
Reviewing Division: Division of Psychiatry Products

Discussion:
The pharmacology/toxicology reviewer and supervisor recommended that 
cariprazine could be approved from the pharmacology/toxicology perspective for 
the indications listed above.

Cariprazine was tested in a 2 year carcinogenicity study in rats and a 6 month 
study in transgenic mice using oral gavage administration. Both studies were 
found to be acceptable by the executive carcinogenicity assessment committee. 
No drug-related neoplasms were noted in mice. There were no statistically 
significant drug-related neoplasms in rats although there was a numerical 
increase in benign and malignant pheochromocytomas of the adrenal medulla in 
high dose females.

Cariprazine had effects on fertility in female rats and on fetal development in rats. 
There was no margin between the exposures associated with some of these 
effects and the exposure in humans at the maximum recommended human dose.

Cariprazine produced cataracts in dogs. These occurred at exposures to 
cariprazine and its metabolites that were higher than exposure in humans at the 
maximum recommended human dose. Retinal degeneration was observed in 
rats at exposures similar to and below that in humans at the maximum 
recommended human dose. Ocular effects were monitored in human clinical 
trials. The pharm/tox reviewer recommended that these effects be described in 
labeling.

Phospholipidosis was observed in several tissues in multiple animals species 
treated with cariprazine. Phospholipidosis was accompanied by inflammation and 
fibrosis in the lung in dogs. A consult from the Division of Pulmonary, Allergy and 
Rheumatology Products concluded that these findings were of concern and 
suggested the possibility of conducting additional animal studies to establish a 
dose of cariprazine not associated with these findings.

Histological changes were observed in the adrenal in rats and dogs administered 
cariprazine in repeated dose studies. The NOEL for these effects occurred in rats 
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at exposures to the parent drug that were approximately 10 fold higher than 
those in human at the maximum recommended dose. The findings in dog 
adrenals included phospholipidosis, and hypertrophy/hyperplasia and 
vesiculation/vacuolation in the cortical zonae fasciculata and glomerulosa. The 
hypertrophy/hyperplasia and vesiculation/vacuolation were reversible. The NOEL 
in dog for the hypertrophy/hyperplasia and vesiculation/vacuolation effects 
occurred at exposures approximately 3 to 4 times the human exposure.

Conclusions:
The pharmacology/toxicology reviewer and supervisor conducted a thorough 
evaluation of the nonclinical information submitted in support of this NDA. I agree 
that this NDA may be approved for the above indication.

The cataracts and retinal effects observed in dogs and rats can be described in 
labeling unless data from clinical trials are sufficient to alleviate the concern for 
these effects.

The relevance to humans of the phospholipidosis observed in dogs is not clear. 
The effects do appear to have progressed to be adverse in the lung. The adverse 
effects did follow a dose-response and, while the lowest dose used was not a 
clear NOAEL in both sexes, the effects were minimal at the lowest dose. 
Therefore, I do not recommend repeating the animal studies to identify a NOAEL 
at this time.

The mechanism for the adrenal effects in animals is unclear. The effects may be 
related to the phospholipidosis observed or they may be induced by some other 
activity of cariprazine. Decreased adrenal function may not be obvious in clinical 
trials unless specific adrenal function tests were conducted. Regardless, there 
was a margin between the exposure at which the effects occurred in animals and 
the exposure in humans at the maximum recommended human dose. In addition, 
the effects of most concern were reversible. Therefore, it is probably not 
necessary to describe these animal findings in labeling. 
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Supervisory Memo

Drug: Cariprazine

Indication: Schizophrenia and mania associated with bipolar depression

Sponsor: Forest Labs

Review Date: November 1, 2013

PDUFA Date:  November 19 2013

Supervisor: Aisar Atrakchi, Ph.D.

Division Director: Mitchell Mathis MD (acting)

Center/Division: CDER / Psychiatry Products

Cariprazine is a small molecule drug developed by Forest labs to treat schizophrenia 

and acute mania associated with bipolar depression. The mechanism of action of 

cariprazine is unknown but its therapeutic effects could be mediated through its partial 

agonistic properties at the Dopamine D2 and D3 receptors and the serotonin 5HT2B 

and 5HT1A receptors. Two metabolites, the desmethyl- and di-desmethyl- cariprazine 

(DCAR and DDCAR respectively), are pharmacologically active and could also 

contribute to cariprazine therapeutic effect as well as toxicity. 

Dr. Chalecka-Franaszek conducted a comprehensive review and evaluation of the 

nonclinical pharmacology and toxicology studies submitted in this NDA application and 

filed on July 22 2013. Dr. Chalecka-Franaszek and I have met and discussed at great 

detail and length of time the drug toxicities that are of safety concern and addressed 

their clinical relevance and the risk to benefit in treating the patients. Dr. Chalecka-

Franaszek recommended “approval”.

Pharmacology: Cariprazine showed high affinity in vitro binding to Dopamine D3 

receptors (Ki 0.085nM), D2 (Ki 0.49 D2L and 0.69nM D2S), and serotonin 5HT2B (Ki 

0.58nM, and 5HT1A (Ki 2.6nM), such receptor binding is thought to mediate therapeutic 

effect. Cariprazine also binds with moderate affinity to sigma1, 5HT2A, and H1 

receptors (Ki 18 to 23nM) and lower affinity to 5HT7, 5HT2C, and adrenergic alpha1 

receptors (Ki 111 to 208nM).  Cariprazine has approximately 6x higher affinity to D3 

than D2. This binding is not a unique property of cariprazine since other marketed 
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antipsychotics also show such differential affinity to D3 over D2.  Examples include 

asenapine ~ 3x (0.42 and 1.3nM), and at similar affinity: aripiprazole (0.8 and 0.34nM), 

iloperidone (7.1 and 6.3nM), paliperidone (6.4 and 4.8nM), ziprasidone (7.2 and 4.8nM), 

and risperidone (14 and 5.9nM).  Aripiprazole also binds with similar affinity as 

cariprazine to 5HT1A (Ki 1.7nM), and 5HT2A (Ki 3.4nM) receptors. It should be noted 

that this differential binding to D3 receptors and its role in therapeutic effect is not 

described in any of the approved antipsychotic drug labels.

Cariprazine metabolites bind with similar affinities as the parent drug: DDCAR at D3 Ki 

0.057nM, D2L/D2S Ki 1.41/2.64nM; at 5HT1A Ki 1.7nM and 5HT2B 0.53nM; DCAR at 

D3 Ki 0.038nM, D2S/D2L Ki 0.81/1.31nM, at 5HT1A Ki 2.93nM and 5HT2B Ki 0.47nM. 

ADME: cariprazine is rapidly absorbed following single oral administration with a Tmax

in the rat of 0.5-1hr and in the dog 1-4hrs. The T1/2 ranged between 2-4hr in the rat and 

4-9hr in the dog; absolute bioavailability was up to 63% in the rat and 80% in the dog. 

The drug is lipophilic therefore widely distribute to tissues and large volume of 

distribution of up to 7.8L/kg in the rat and 19L/kg in the dog. The drug also exhibits 

marked accumulation with tissue to blood ratios >5 for most tissues. Radioactivity was 

highest in the eye (choroid layer; 2851 tissue/blood ratio 48hr postdose), adrenal cortex 

(628 ratio), adrenal medulla (ratio 400), liver (ratio 226), intra-orbital lachrymal gland 

(ratio 156), and ovary (ratio 51). Radioactivity remained measurable up to 56 days 

postdose in the choroid layer of the eye as well as pigmented skin/fur. It’s noted that 

retention of radioactivity in tissues in of its self does not necessarily translates to 

toxicity.

Cariprazine is metabolized by the liver P450 with CYP3A4 as the major isozyme to a 

number of metabolites among them are DCAR and DDCAR the two pharmacologically 

active and abundant. Metabolism between animals and humans is qualitatively similar 

but different quantitatively. DDCAR is the major human metabolite representing up to 

70% of total drug related exposure in plasma at steady state, whereas it’s formed only 

at 10 and 4% in male and female rats respectively, but adequately formed in the dog at 

equal exposure to cariprazine at steady state (40 and 43% in male and female dogs 

respectively).  Therefore, the dog metabolic profile is more comparable to that of 

humans than the rat.  Similar to DDCAR, exposure to DCAR is greater in the dog than 

the rat. DCAR Tmax and T1/2 are similar to those of cariprazine in both species 

whereas, Tmax of DDCAR(dog 8-12hr, rat 6hr), is greater than that of cariprazine (rat 

1hr, dog up to 4hr). On the other hand T1/2 of DDCAR is much longer than cariprazine 

in the dog at 12-35hr vs. 4-9hr respectively (not determined in the rat). These values 

contrast to much longer T1/2 in humans for each active moiety:  cariprazine 3-9 days, 

DCAR 2-4 days, and DDCAR at least 2-3 weeks, resulting in significant accumulation of 

up to 25x in total exposure between day 1 and 14 after 0.5mg/day clinical dose.  
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Accumulation in rat and dog following repeat dose administration was not as significant 

as that in humans with only up to 2x for DCAR and DDCAR.

Toxicology: Standard required toxicology studies were conducted with cariprazine in 

rodent and nonrodent species using the oral route of administration, these included 

repeat dose up to 6mo in the rat, and up to 1yr in the dog with TK assessment, genetic 

toxicity battery, carcinogenicity studies (2 yr rat and 6 mo transgenic Tg.rasH2 mouse), 

and, full battery of reproductive and developmental studies in rat and rabbit.  

Cariprazine did not cause death in test animals at clinically relevant exposures, was not 

mutagenic or clastogenic nor did it cause statistically significant or biologically relevant 

tumors in rodents. Cariprazine reduced fertility in female rats but without an effect on

male fertility (11x the MRHD of 9mg/day based on mg/m2). It also adversely affected 

early embryonic development (decrease fetal weight, external and skeletal 

malformations (bent bones), and developmental variations), at non maternal toxic dose 

(3x the MRHD based on mg/m2). No effects on maternal or fetal development in rabbit. 

The NOAEL for pre- post- natal development was <1x the MRHD on mg/m2 in the rat.

From the review and evaluation of results from toxicity studies the following organs 

identified as main target of toxicity of cariprazine: CNS, eye, adrenal cortex, lungs, and 

effects on lipids.    

CNS: sings of CNS depression were observed after single and repeat dose 

administration to mice, rats, dogs, and monkeys, they were dose related in severity and 

frequency with tolerance developing following dose escalation.  Generally signs were 

less frequent in longer term studies (6mo rodent and 1 yr dog) partly due to use of lower 

doses than in shorter subchronic studies and partly due to tolerance as mentioned 

above.

Eye: cataract (dog) and retinal degeneration in rat and dog.

- Dog: findings in 13wk and 1yr toxicity studies:

13wk: cataract and lens fiber swelling were present in 6/11 dogs at end of 13 wk of daily 

dosing and at the end of 4wk drug free period these findings progressed in 2/4 dogs as 

well as new cases developed in dogs that were free of this finding at the end of dosing. 

NOEL is 3mg/kg/day for both findings which is 4-5x the MRHD of 9mg/day based on 

AUC for the active moiety (cariprazine, DCAR, and DDCAR).

13wk electroretinography (ERG), study in the dog: cataract observed in dogs dosed 

3mg/kg/day (1/12) and 8mg/kg/day (8/12). However, the ERG was not affected and 

there were no retinal degeneration.
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1yr: cataract, ocular opacity, lens fiber changes (e.g. degeneration, swelling, 

fragmented with vacuoles, clefts, eosinophilic granular material), irregularly shaped / 

collapsed lens observed in all dogs dosed 4&6mg/kg/day as well as some animals had 

detached retina and/or cystic degeneration at these doses. No NOEL for the eye lesions 

since lens fiber swelling was observed at all doses including the lowest dose of 

1mg/kg/day. Cataract was seen early on day99 (but not on day66) in 2/4 dogs; no new 

cases of cataract observed during 2mo drug free period but lesion progressed in dogs 

that had cataract in high dose at end of 1yr dosing. NOEL is 3mg/kg/day for cataract 

which is 3-4x the MRHD of 9mg/day based on AUC for the active moiety. 

- Rat: No eye findings in 13wk or 6mo studies. In 2yr carcinogenicity study no 

cataract but retinal degeneration and atrophy were observed in dose dependent 

increase in incidence and/or severity (incidence in high dose females 46/60 and 

in males 8/60). No NOEL in female rats since all dose groups were affected and 

in males it’s 0.25mg/kg/day which is <1x the MRHD of 9mg/day based on AUC 

for the active moiety.

As previously indicated, cariprazine binds melanin and the highest radioactivity as 

measured in the rat whole body imaging study, was recorded in the choroid layer of the 

eye with 8% still remaining on day 56 (last measurement) after dosing.

Adrenal cortex: PLD observed in the dog in general toxicity studies with no 

reversibility after 2mo drug free period in 1yr study.

- Dog: foamy cytoplasm in zona fasiculata (13wk and 1yr). These findings were 

confirmed in the 13wk study by Transmission EM to be phospholipidosis 

(concentric lamellar inclusions in cytoplasm of cortical cells or macrophages).

These findings were not reversible at end of drug free period. No NOEL in males, 

NOEL in females 1mg/kg/day which is 1.7x the MRHD of mg/day based on AUC 

for the active moiety. In the 1yr study foamy cytoplasm seen in zona fasiculata of 

all dose groups except in male lowest dose, no foamy macrophages was seen in 

this study. Foamy cytoplasm of zona fasiculata was still present at end of 2 

month drug free period indicative of lack of reversibility in all dose groups except 

lowest dose of 1mg/kg/d. Hypertrophy/hyperplasia and vesiculation/vacuolation 

in zona fasiculata and reticularis were seen at higher doses but were not present 

at end of recovery period indicating reversibility. Overall No NOEL for PLD-like 

findings (foamy cytoplasm), (acknowledging this finding was absent in male 

dosed the lowest dose of 1mg/kg/d), NOEL of 2mg/kg/day for the 
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hyperplasia/hypertrophy and vesiculation/vacuolation which is 3-4x the MRHD of 

9mg/day based on AUC for the active moiety.

Note: the PLD was not associated with inflammation and/or hemorrhage in the 13wk 

or 1yr dog studies.

As previously indicated, cariprazine showed high radioactivity in the adrenal cortex and 

to lesser extent in the medulla as measured in the rat whole body imaging study.  

Radioactivity in the adrenal cortex remained measurable on day 28 but not on day 56 

(last measurement) after dosing.

There were No adrenal toxicity observed in the rat 13wk, 6mo, or 2yr toxicity studies.

Lungs: PLD in rat, dog, and mice with/without inflammation and hemorrhage.

- Rat: PLD with/without inflammation and/or hemorrhage, PLD confirmed by 

Transmission EM in the 6mo study. No or partial reversibility after drug free 

period.

28day study: No reversibility after 2wk drug free period at high dose; NOEL

2.5mg/kg/day both sexes which is 2x MRHD of 9mg/day based on AUC for the active 

moiety.  

13wk study: increased incidence of alveolar/intra-alveolar macrophages and foamy 

cytoplasm with/without inflammation in all female drug groups and high dose males 

(12.5mg/kg/d) at end of dosing without reversibility at 12.5mg/kg/d after 4wk drug free 

period and only partial reversibility in all female drug groups.  NOAEL 3mg/kg/day for 

male rats which is 1x the MRHD of mg/day based on AUC for the active moiety; not 

determined in females.

6mo study: increased incidence of alveolar/intra-alveolar macrophages and foamy 

cytoplasm in all female and high dose male drug groups but also in control. However, 

the incidence was higher in drug groups. Transmission EM confirmed PLD in high dose 

female (12.5mg/kg/day), but not present in controls nor in the single male selected to be

examined and administered high dose (10mg/kg/day dose). These findings were not 

reversible after 1mo drug free period in any of the dose groups. Slight inflammatory cell 

infiltrates was seen in some animals. NOEL 3mg/kg/day in male rats which is 1x the 

MRHD of 9mg/day based on AUC for the active moiety; not determined in females.
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2yr carci study: alveolar foamy macrophages increased incidence and severity with 

subacute/chronic inflammation in all female drug groups and males dosed 

2.5mg/kg/day. 

- Dog: PLD with/without inflammation. Incomplete reversibility after 2mo drug free 

period following 1yr of dosing.

28d: dose dependent increase in incidence of inflammatory foci in male dogs.

13wk: increased incidence of foamy macrophages in high dose female, 8mg/kg/d; this 

was reversible after 4wk drug free period.

1yr: PLD with inflammation/fibrosis minimum to moderate and dose dependent in all 

male and female dogs at 4 and 6mg/kg/d and in almost all male and female dogs at 

2mg/kg/d. Incomplete reversibility after 2 month drug free period. NOEL 1mg/kg/d in 

female dogs which is 2x the MRHD of mg/day based on AUC for the active moiety. No 

NOEL in male dogs.

- Mouse: multifocal foamy alveolar macrophages and histiocytosis mainly in 

subpleural or paravascular region in all drug groups in 6 and 7wk studies; 

sponsor stating this may be PLD-like effect of this drug. Histiocytic multifocal 

infiltration (foamy and vacuolated), observed in mid and high dose female mice 

and high dose males in 28wk carcinogenicity study in Tg.rasH2. NOEL in the 

carci study is 5mg/kg/d in both sexes which is ~ 2x the MRHD of mg/day based 

on AUC for the active moiety.

Lipids: plasma cholesterol and triglycerides (TG), decreased dose 

dependently and markedly in all three species: rat, dog and mouse. In 

some cases the effect was reversible following drug free period.

- Rat: decrease in cholesterol, TG, HDL, LDL, or phospholipids were observed at 

end of dosing in the 28d, 13wk, 6mo and 2yr studies. In some but not all cases, 

these changes were reversible following 2- and/or 4- week drug free period. Of 

note, as the duration of dosing increased these effects emerged at lower doses

- Dog: no effect at end of 1mo study. Slight to severe decrease in cholesterol and 

TG in all drug groups dosed for 13wks, after 1mo drug free period cholesterol 

level was normal but TG level remained low. In the 1yr study, cholesterol was 

decreased in all male drug groups and high dosed females (6mg/kg/d), TG levels 
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were decreased in all drug groups in both sexes dosed >2mg/kg/d. These effects 

were reversible for both parameters after 2mo drug free period. 

- Mouse: dose related decrease in cholesterol and TG in the 6wk dose range 

finding study in CByB6F1 hybrid mice.

Overall Evaluation:

Cariprazine is a cationic amphiphilic drug (CAD) being developed to treat schizophrenia 

and manic phase of depression. It binds with high affinity in vitro to dopamine D3, D2

and to serotonin 5HT2B and 5HT1A receptors. It also has moderate binding to sigma1, 

5HT2A, and H1 receptors. Cariprazine’s ~ 6x higher affinity to D3 than D2 is not unique

nor does it distinguish this drug from other antipsychotics. FDA approved and marketed 

antipsychotics asenapine, aripiprazole, iloperidone, paliperidone, ziprasidone, and 

risperidone also show such differential binding (up to 3x). Cariprazine forms 2 major and 

pharmacologically active metabolites: DCAR and DDCAR both formed in humans and 

test animals.  DDCAR is formed at 70% of cariprazine in humans, at minimal amount in 

the rat but, adequate level in dog and rabbit. Plasma T1/2 for DDCAR in humans is long 

at 2-3 weeks resulting in significant accumulation up to 25x whereas accumulation in rat 

and dog following repeat dose administration is approximately 2x. Based on the results 

from repeat dose toxicity studies in animals target organs of toxicity are the CNS 

(clinical signs), eye (cataract and/or retinal degeneration), phospholipidosis in adrenal 

cortex and lungs and, marked effects on lipids in addition to reproductive toxicity.

Evaluation of the overall findings points to either direct organ toxicity and/or secondary 

effects due to drug-induced PLD. The latter with and without inflammation, was 

confirmed by the sponsor using Transmission EM. 

The most clinically relevant toxicities of cariprazine are those on the eye and lipids

because similar findings were observed in clinical trials during the drug development.  

Therefore, appropriate follow up and monitoring of these parameters must be conducted 

if this drug is approved. Cataract was observed in the dog but not in the rat at a NOEL 

of 3-4x the MRHD of 9mg/day based on AUC of the active moiety following 1 yr of daily 

dosing. However, no NOEL could be determined for all of the other eye toxicities 

including retinal detachment. Also noted, cataract condition worsened following 2mo of 

drug free period though no new cases emerged.  In a 13wk ERG study in the dog 

cataract observed at a dose that was considered a NOEL in previous 13wk study 

however, cariprazine had no effect on the ERG. The rat did not develop cataract but 

retinal degeneration and other ocular toxicities; a NOEL could not be determined in 

female but in male rats a NOEL of <1x MRHD of 9mg/day based on AUC of the active 

moiety could be reported. It is noted that the often marked decrease in cholesterol and

TG either had no NOEL or the NOEL was <1x the MRHD of mg/day based on AUC of 
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the active moiety. However, in most cases, these lipid changes were reversible 

following drug free period up to 2 months in duration.

Cariprazine toxicities on the adrenal cortex and lungs are likely due to it being a CAD

and causing PLD. Drug-induced PLD results in accumulation of phospholipids in almost 

every tissue/organ in the body and has been seen in the lungs, adrenal glands, ocular 

tissues, liver, brain, kidneys etc. (Halliwell 1997). The functional consequences of drug-

induced PLD remain unknown and no clinical tests are available at this time to monitor

for PLD. Cariprazine-induced PLD was confirmed by Transmission EM in the dog and 

even though it was not confirmed in the rat and 1yr dog studies, it is believed that foamy 

macrophages develop as a result of accumulation of phospholipids (Reasor and Kacew 

2001), and these as well as foamy cytoplasm have been observed in the rat and/or dog 

studies. Cariprazine induced PLD in the lungs with/without inflammation in all repeat 

dose studies in rat and dog with either no or partial reversibility after drug free period. A

NOAEL/NOEL for lung findings is 1x the MRHD of mg/day based on AUC of the active 

moiety in the rat and ~ 2x in the dog and mouse; either no or partial reversibility 

occurred after drug free period. PLD in the adrenal cortex was observed in the dog

with/without inflammation with No NOEL after 1yr of daily dosing and no reversibility

after drug free period. PLD in the adrenal cortex was not seen in the rat. PLD was also 

seen in 28wk Tg.rasH2 mouse carcinogenicity study. It is my scientific opinion that 

cariprazine-induced PLD could be responsible and underline the drug’s toxicities in the 

eye and effects on lipids (discussed above). 

It is noted that in a 14 day MTD study in cynomolgus monkeys (1/sex), no 

histopathology was observed in any of the tissues/organs examined, MTD was <1x at 

the MRHD of mg/day based on AUC of the active moiety and based on marked CNS 

clinical signs. DDCAR in monkey is 2-3.5x the cariprazine AUC0-24hr on day 14 of 

study; a profile similar to that in humans.

Cariprazine was not mutagenic or clastogenic in a battery of gene mutation tests, it did 

not induce tumors that reached statistical or biological significance in rodents, it did 

affect female rat fertility but not male, it decreased fetal weight, induced external and 

skeletal malformations in absence of maternal toxicity.

Recommendation:

Cariprazine could be approved based on the results in animal studies acknowledging 

that it is a CAD drug and induces phospholipidosis with/without inflammation in all 

animal test species, the functional consequences of which are unclear to human health 
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making it difficult to assess the drug’s clinical risk to benefit. If approved, I recommend 

appropriate post-marketing monitoring of the eye and lipids. 
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1 Executive Summary 

1.1 Introduction 
Cariprazine HCl (cariprazine) is being developed for the treatment of schizophrenia and acute 
treatment of manic or mixed episodes associated with bipolar I disorder. In addition, cariprazine 
is being developed as an adjunctive therapy in major depressive disorder (IND The 
mechanism of action of cariprazine is unknown. However, it has been proposed by the Applicant 
that the therapeutic effect of cariprazine is mediated through a combination of partial agonist 
activity at central dopamine D3, D2, and serotonin 5-HT1A receptors.  
 
Among all identified cariprazine metabolites, desmethyl cariprazine (DCAR) and didesmethyl 
cariprazine (DDCAR) are the two active metabolites based on similar in vitro receptor binding 
and pharmacological functional activity profiles relative to cariprazine. In humans, cariprazine, 
DCAR, and DDCAR represent at steady state approximately 23%, 7%, and 70% of the total 
systemic exposure.  
 
Note: Comparison of systemic drug exposure at no observed adverse effect levels (NOAELs) for 
toxicity in the test species to that in humans at the maximum recommended dose (MRHD) was 
based in this review on the most relevant metric (AUC0-24h or body surface area-adjusted dose) 
and assumed the MRHD of mg/day. However, if a lower dose is approved, exposure margins 
will be proportionally increased.  
 
Calculation of relative systemic exposure ratios (animal to human) considered both the parent 
compound and its metabolites (DCAR and DDCAR) because of their pharmacological activity. 
Therefore, the AUC0-24h values for cariprazine, DCAR, and DDCAR were combined for 
toxicology species and humans. However, there is no data to assess relative contribution of the 
DCAR or DDCAR to the cariprazine-induced toxicity observed in nonclinical studies. 

1.2  Brief Discussion of Nonclinical Findings 
Cariprazine has high in vitro affinity for human recombinant dopamine D3 receptors (Ki = 0.085 
nM), dopamine D2 receptors (Ki = 0.49 and 0.69 nM for D2L and D2S, respectively), and 
serotonin 5-HT2B (Ki =0.58 nM) and 5-HT1A (Ki =2.6 nM) receptors. Cariprazine shows 
moderate affinity for σ1, 5-HT2A, and H1 receptors (Ki values: 18.3 nM, 18.8 nM, and 23.2 nM, 
respectively). Cariprazine has lower affinity for serotonin 5-HT7, 5-HT2C, and adrenergic α1 
receptors (Ki values: 111 nM, 134 nM, and 208 nM, respectively). According to the Applicant, 
significant affinity for D3, D2, and 5-HT1A receptors, combined with partial agonist activity at 
these receptors, mediates the clinical efficacy of cariprazine in humans. 
 
Cariprazine is extensively metabolized in rats, dogs, and humans. Studies conducted in rats and 
dogs demonstrated qualitative, but not quantitative, similarity in the metabolic profile of 
cariprazine in animals and humans. Two metabolites of cariprazine, desmethyl cariprazine 
(DCAR) and didesmethyl cariprazine (DDCAR), identified in humans and toxicology species, 
have pharmacological activity similar to that of the parent drug. DDCAR is the major human 
metabolite, since its steady state AUC in plasma is ~70% of total drug-related AUC. Adequately 
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high levels of DDCAR have been achieved in nonclinical studies in dogs, mice, and rabbits, but 
not in rats. 
 
In rats and dogs, the terminal elimination half-lives (T1/2) for cariprazine, DCAR, and DDCAR 
are less than 24 hours after multiple doses; accumulation is generally less than 2-fold between 
Day 1 and the end of the study. However, in humans, the T1/2 of cariprazine and its metabolites is 
longer. Mean T1/2 values for cariprazine, DCAR, and DDCAR are about 3-9 days, 2-4 days, and 
2-3 weeks, respectively, and significant accumulation was observed in humans for cariprazine, 
DCAR, and DDCAR after multiple doses (~25-fold increase in total effective exposure between 
Day 1 and Day 14 following daily dosing at 0.5 mg).   
 
Quantitative whole body phosphor imaging studies have demonstrated high binding of 
cariprazine to many tissues of pigmented and albino rats with slow elimination. The choroid 
layer of the eye and the adrenal gland were among the organs with the highest cariprazine- 
and/or metabolite-related tissue radioactivity concentrations and retention. 
 
Standard general toxicology studies were conducted following oral administration of cariprazine 
to Wistar rats (gavage), Beagle dogs (capsule), and Cynomologus monkeys (capsule). 
Carcinogenicity studies were conducted following oral (gavage) administration of cariprazine to 
transgenic Tg.rasH2 mice and Wistar rats. Dose-range-finding studies for the mouse 
carcinogenicity study were conducted in nontransgenic CByB6F1 hybrid mice and transgenic 
Tg.rasH2 mice (oral gavage). In general, administration of cariprazine did not induce mortality in 
animals at clinically relevant exposure levels; however it significantly decreased body weight, 
body weight gain, and food consumption. Target organs for cariprazine toxicity identified in 
nonclinical studies include the central nervous system (CNS), eye, adrenal cortex, lungs, 
reproductive organs, and sciatic nerve. Most of them were affected in rats, dogs, and mice, with 
the exception of the sciatic nerve affected only in rats. Moreover, significant adverse effects on 
plasma cholesterol and triglycerides levels were observed in rats, dogs, and mice.  
 
Clinical signs, characteristic of the CNS depression, were observed following single and multiple 
cariprazine doses in rats, dogs, mice, and monkeys; however, in general they were reduced 
following an escalating dose regimen during which tolerance was noted to develop. The eye is a 
target organ of cariprazine toxicity in rats and dogs. Cariprazine produced adverse effects on the 
eye structure in the 13-week and 1-year toxicity studies in dogs (cataracts, lens degeneration, and 
detachment of the retina) and in the 2-year carcinogenicity study in rats (retinal 
degeneration/atrophy). Phospholipidosis was observed in the lungs (rats, dogs, and mice) and 
adrenal glands (dogs). This finding did not impact viability; however it was accompanied by 
inflammation and fibrosis in the lungs. In addition, following administration of cariprazine to 
dogs for one year, reversible hypertrophy/hyperplasia and vesiculation/vacuolation of the cortical 
zona fasciculata and zona glomerulosa were observed with low margin of safety for human 
administration based on AUC (please see the Summary and Evaluation for safety margins). 
 
Cariprazine adversely affected fertility in female rats; male fertility and male-mediated 
developmental parameters were unaffected. In rats, but not in rabbits, presence of external 
(localized thorax fetal edema) and skeletal (bent bones) malformations and developmental 
variations were observed at many dose levels, including those that did not cause any maternal 
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toxicity, and at exposures relevant to clinical exposures based on AUC. Other adverse findings in 
the reproductive system and mammary glands of animals are likely to be mediated by changes in 
levels of prolactin. Cariprazine significantly increased prolactin in rats, consistent with its 
dopamine D2 receptor blocking activity, although hyperprolactinemia was not observed in 
clinical studies.  
 
Cariprazine was not mutagenic in the in vitro bacterial reverse mutation assay, human 
lymphocyte chromosomal aberrations assay, or in the in vivo mouse micronucleus assay. 
The in vitro mouse lymphoma assay was positive (small but statistically significant increases in 
mutation frequency were observed under conditions of metabolic activation). Based on the 
negative findings in the three additional mutagenicity studies, the weight of evidence suggests 
that cariprazine has negligible mutagenic potential. The major active metabolite DDCAR was 
not mutagenic in the in vitro bacterial reverse mutation assay. However, this metabolite was 
positive in the in vitro human lymphocyte chromosomal aberrations assay based on observation 
of a small increase in the percentage of cells with structural aberrations under conditions of 
metabolic activation. 
 
In the 28-week carcinogenicity study conducted in transgenic Tg.rasH2 mice, no increases in 
tumors, relative to vehicle controls and historical control ranges, were noted in cariprazine-
treated mice. In the 2-year carcinogenicity study conducted in rats, no test-article increases in 
neoplasms were observed, except for a slight numerical increase in the incidence of benign and 
malignant pheochromocytomas of the adrenal medulla in female rats administered the high dose 
of cariprazine. However, there were no statistically significant drug-related neoplasms. 
 
The results of the ERG study conducted in dogs are currently being evaluated by the Division of 
Transplant and Ophthalmology Products. The drug abuse potential of cariprazine, investigated in 
cocaine self-administration paradigms in rats, is currently being evaluated by the Controlled 
Substances Staff. This review will be amended upon completion of both consultative reviews.  
 
Note: In nonclinical studies cariprazine was administered as a salt (HCl); doses were expressed 
in terms of the free base. 

1.3 Recommendations 

1.3.1 Approvability 
Cariprazine can be approved from the Pharmacology/Toxicology perspective for the treatment of 
schizophrenia and acute treatment of manic or mixed episodes associated with bipolar I disorder. 
 

1.3.2 Additional Non Clinical Recommendations 
It is recommended that the following adverse effects of cariprazine be described in the Animal 
Toxicology and/or Pharmacology section of the labeling: (1) cataracts observed in dogs and 
retinal degeneration observed in rats, (2) phospholipidosis observed in the lungs and/or adrenal 
cortex in rats, dogs, and mice, and (3) hypertrophy/hyperplasia and vesiculation/vacuolation of 
the adrenal cortex observed in dogs. 

1.3.3 Labeling 
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3 Studies Submitted 

3.1 Studies Reviewed: All study reports have been reviewed. 

3.2 Studies Not Reviewed: None 

Previous Reviews Referenced 
Pharmacology/toxicology IND 71958 Review and Evaluation: Elzbieta Chalecka-Franaszek, 
Ph.D., August 15, 2005 (Original IND submission: cariprazine pharmacology, safety 
pharmacology, and genotoxicity studies) 
 
Pharmacology/toxicology IND 71958 Review and Evaluation: Elzbieta Chalecka-Franaszek, 
Ph.D., August 6, 2010 (Study RGH-TX-28: Pharmacokinetics and metabolism of [14C] RGH-188 
HCl following oral administration male and female rats; Metabolite Profile Report, December 
2009; Study RGH-TX-30: Pharmacokinetics and metabolism of [14C] RGH-188 HCl following 
oral administration male and female non naive beagle dogs; Metabolite Profile Report, 
December 2009) 
 
Pharmacology/toxicology IND 71958 Review and Evaluation: Elzbieta Chalecka-Franaszek, 
Ph.D., June 18, 2012 (Study RGH-TX-46: Didesmethyl Cariprazine: Bacterial Reverse Mutation 
Assay; Study RGH-TX-47: Didesmethyl Cariprazine: In Vitro Mammalian Chromosome 
Aberration Test)  

4 Pharmacology 

4.1 Primary Pharmacology 

 
Studies in vitro 
In vitro receptor binding profile of cariprazine and its metabolites, desmethyl cariprazine 
(DCAR) and didesmethyl cariprazine (DDCAR) for receptors, enzymes, transporters, and ion 
channels was tested using standard methods. Cariprazine has high affinity for human 
recombinant dopamine D3 receptors (Ki = 0.085 nM) and high (but 6-8 times lower relative to D3 
receptor) affinity for dopamine D2 receptors (Ki = 0.49 and 0.69 nM for D2L and D2S, 
respectively) and serotonin 5-HT2B (Ki =0.58 nM) and 5-HT1A (Ki =2.6 nM) receptors. 
Cariprazine shows moderate affinity for σ1, 5-HT2A, and H1 receptors (Ki values: 18.3 nM, 18.8 
nM, and 23.2 nM, respectively). Cariprazine has lower affinity for serotonin 5-HT7, 5-HT2C, and 
adrenergic α1 receptors (Ki values: 111 nM, 134 nM, and 208 nM, respectively). Cariprazine 
shows selectivity for rat dopamine D3 versus D2 receptors (~13-fold) as observed for the human 
receptors; however, its overall affinity for the rat receptors is about 8-fold (D3) and 13-19-fold 
(D2) lower, than that for the equivalent human receptors. No interspecies difference was 
observed for serotonin 5-HT1A receptors. Two metabolites of cariprazine, DCAR and DDCAR, 
identified in humans and toxicology species, represent ~77% of the total systemic exposure 
(AUC) in humans at steady state. Both metabolites have receptor binding profiles and functional 
activity similar to that of the parent drug. Inhibition constants (Ki given in nM) of cariprazine, 
DCAR and DDCAR are shown in the following Applicant’s table. 
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The 4-OH, 4-OH-DCAR, and 4-OH-DDCAR metabolites, although pharmacologically active in 
vitro, may contribute less to the overall activity than DCAR and DDCAR due to their lower 
plasma level. Relative to other atypical antipsychotics, cariprazine has low potency at serotonin 
5-HT2A receptors; antagonism at these receptors has been considered to be associated with 
decreased level of EPS observed following treatment with atypical relative to conventional 
antipsychotics. Cariprazine has also relatively low affinity for cholinergic, adrenergic, histamine 
H1, and 5-HT2C receptors. 
 
Cariprazine does not exhibit appreciable binding affinity (IC50 > 1 μM) for any other receptors, 
transporters, or ion channels tested, including adenosine A1, A2 and A3, adrenergic α2A and β, 
cannabinoid CB1 and CB2, cholecystokinin CCK1 and CCK2, corticotrophin CRF1, dopamine D1, 
D4 and D5, estrogen ERα and ERβ, GABA A and GABA B, galanin GAL1 and GAL2, 
glucocorticoid, glutamate AMPA, kainate and NMDA, histamine H2, H3 and H4, serotonin 5-
HT3, 5-HT4, 5-HT5A and 5-HT6,  muscarinic M1, M2, M3, M4 and M5, nicotinic, orphanin ORL1, 
opiate δ, κ and μ, progesterone, and sigma σ2 receptors, adenosine, choline, DA, 5-HT and 
noradrenaline transporters, and selected calcium, potassium and sodium channels. Cariprazine 
did not inhibit (IC50 > 10μM) calcium- and sodium/potassium-ATPase, acetylcholinesterase, 
HMG-CoA reductase and acyl-CoA-cholesterol acyltransferase.  
 
According to the Applicant: “Cariprazine is the first and only atypical antipsychotic that 
demonstrates this balanced dual engagement of the D3 and D2 receptor systems, which may 
confer additional benefits such as an enhanced effect on improving cognitive deficits and 
negative/depressive symptoms of schizophrenia and bipolar disorder”. The Applicant also states 
that significant affinity for D3, D2, and 5-HT1A receptors, combined with partial agonist activity 
at these receptors, mediates the desired effects of cariprazine in human, and described several 
unique pharmacological effects of cariprazine to establish a distinction in the mechanism of 
action of cariprazine relative to other atypical antipsychotic drugs, which are summarized as 
follows: 
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1. Cariprazine has the highest in vitro binding affinity and selectivity for D3 versus D2 receptor. 
At antipsychotic-like effective doses, cariprazine occupies D3 and D2 receptors to a similar extent 
whereas other atypical antipsychotic display greater D2 versus D3 receptor occupancy. 
2. Cariprazine causes an upregulation (up to ~2-fold) of both D2 and D3 receptors in rat brain 
following 28-day oral administration, in contrast to other antipsychotics which upregulate D2 
without any effects on D3 receptors; therefore, cariprazine can modulate the activity of D3 
receptors in vivo to a greater extent than other antipsychotics. 
3. Cariprazine, similar to several atypical antipsychotics (risperidone, olanzapine and 
quetiapine), upregulates 5-HT1A receptors in the cerebral cortex suggesting that 5-HT1A receptors 
are common targets of these agents. However, cariprazine also induces an upregulation (up to 
~2-fold) of 5-HT1A receptors in the hippocampal CA3 region.  
 
Moreover, according to the Applicant, “The affinity and degree of partial agonist activity of 
cariprazine at the human D2 receptors is comparable to that of aripiprazole, both displaying 
high affinity and low intrinsic activity at this receptor. These features are most likely responsible 
for the antipsychotic efficacy of both compounds observed in clinical trials. The degree of partial 
agonist activity of cariprazine at D3 receptors is also comparable to that of aripiprazole, 
although cariprazine shows greater potency and selectivity at D3 vs. D2 receptors in the in vitro 
functional assays as observed in the in vitro receptor binding assays”. Cariprazine, similar to 
aripiprazole, displays a high affinity for 5-HT2B and lower affinity for 5-HT1A receptors with 
antagonist and partial agonist activity, respectively, at these receptors. The Applicant also states 
that the 5-HT1A receptor partial agonist activity of cariprazine (and aripiprazole), “is believed to 
provide therapeutic benefits against the negative/depressive symptoms and cognitive deficits as 
well as anxiety”. Reviewer’s comment: For comparison, aripiprazole has high affinity for 
dopamine D2 and D3, and serotonin 5-HT1A and 5-HT2A receptors with Ki values of 0.34 nM, 0.8 
nM, 1.7 nM, and 3.4 nM, respectively; aripiprazole functions as a partial agonist at the dopamine 
D2 and the serotonin 5-HT1A receptors, and as an antagonist at serotonin 5-HT2A receptor 
(Abilify labeling and SBA).  
 
Based on review of the literature, the Applicant concluded that, “although, most of the clinically 
used antipsychotics display fairly high affinity for D3 receptors in vitro, they lack significant D3 
receptor binding in vivo. They also do not occupy D3 receptors in schizophrenic patients at 
clinically-relevant doses, despite having significant and expected D2 receptor occupancy. The 
lack of in vivo D3 receptor occupancy of currently used antipsychotics may be due to their 
inability to displace endogenous DA from these sites; especially since DA has approximately 20-
fold higher affinity for D3 vs D2 receptors and D3 (but not D2) receptors exist predominantly in a 
high affinity state for DA”. Reviewer’s comment: Although cariprazine has ~7 fold higher 
binding affinity for dopamine D3 receptors relative to that for D2 receptors, several other 
approved atypical antipsychotics also have high affinity for D3 receptor, which is ~3-fold greater 
for D3 versus D2 receptor for asenapine (0.42 and 1.3 nM) and similar for both D3 and D2 
receptor for risperidone (14 and 5.9 nM), ziprasidone (7.2 and 4.8 nM), paliperidone (6.4 and 4.8 
nM), aripipraziole (0.8 and 0.34 nM), and iloperidone (7.1 and 6.3 nM). Interestingly, the D3 
receptor-mediated mechanism of action has not been described in the labeling for any of these 
drugs.  
 

Reference ID: 3345156



NDA No. 204370                                 Reviewer Elzbieta Chalecka-Franaszek, Ph.D. 
 

 13

Functional activity of cariprazine. In vitro functional activity of cariprazine at the recombinant 
human D2 and D3 receptors was evaluated in both cell free and cell based systems. In the cell 
free systems, cariprazine displayed antagonism at both D2 and D3 receptors in [35S]GTPγS 
binding assays [antagonist potency (Kb value): D3 = 0.32 nM; D2 = 0.88 nM]. In cell based 
assays, cariprazine demonstrated partial agonist activity at both D2 and D3 receptors, with 
varying degrees of intrinsic activities. In CHO cells expressing human D3 receptors, cariprazine 
had partial agonist activity: it inhibited cAMP accumulation (EC50 = 4.8 nM) of 7-OH-DPAT 
and potently antagonized 7-OH-DPAT-induced suppression of cAMP formation (Kb = 0.27 nM). 
Similarly, in murine A9 cells expressing human D2L receptors, cariprazine as partial agonist, 
stimulated inositol phosphate (IP) production (EC50 = 3.2 nM) and antagonized quinpirole-
induced IP accumulation (Kb = 0.6 nM). Cariprazine also showed partial agonist activity for 
inhibiting isoproterenol-induced cAMP accumulation in HEK293 cells expressing murine D2L 
receptor (EC50 = 1.39 nM). Cariprazine and aripiprazole displayed partial agonist activity for 
native rat hippocampal 5-HT1A receptors, when tested in the [35S]GTPγS binding assay, with 
comparable potencies (EC50 values: 50-90 nM and 80 nM, respectively). In the in vitro 
functional assays using CHO cells expressing human 5-HT2A receptors, both cariprazine and 
aripiprazole displayed antagonist activities, inhibiting the DOI-induced IP formation with IC50 
values of 403 nM and 55.2 nM, respectively. 
 
Studies in vivo 
According to the Applicant, the in vivo studies described below provide experimental evidence 
for the assumption that therapeutic action of cariprazine is primarily mediated by partial agonist 
activity at central dopamine D3 and D2 receptors and – to a lesser extent – by serotonin 5-HT1A 
receptors. 
 
Occupancy of brain dopamine and serotonin receptors. The ability of cariprazine to occupy 
rodent brain D2 and D3 receptors in vivo was tested in rodents using the D3 receptor-preferring 
agonist radioligand, [3H](+)-PHNO. Acute treatment with cariprazine inhibited the binding of 
[3H](+)-PHNO in the D3 receptor-rich lobules 9 and 10 of the cerebellum as well as in the D2 
receptor-rich striatum with similar ED50 values of 0.4  and 0.2 mg/kg, respectively. Aripiprazole 
displayed a different profile than cariprazine. It was active in the striatum but showed low 
activity in the cerebellum. Other clinically used antipsychotics also were found to possess higher 
potencies (~5-20-fold) to inhibit striatal versus cerebellar [3H](+)PHNO binding in the rat brain, 
indicating their higher preference to occupy D2 receptors as compared to D3 receptors under in 
vivo conditions. However, mouse brain proved to be more difficult to distinguish D3 from D2 
receptor binding as compared to the rat, since no significant binding signal was observed in the 
same cerebellum region in the mouse. 
 
PET imaging study was conducted to examine the brain occupancy of D2/D3 receptors by 
cariprazine in vivo in Cynomolgus monkey. Two radioligands were used: [11C]MNPA, a 
selective D2 receptor agonist, and [11C] raclopride, a non-selective D2/D3 receptor antagonist. 
The occupancy of 5-HT1A receptors was also examined using [11C]WAY-100635, a selective 5-
HT1A receptor antagonist. Administration of cariprazine at 30 μg/kg i.v. induced higher striatal 
D2 receptor occupancy of ~90%, irrespective of the radioligand used, compared to only 21% for 
5-HT1A receptor in the raphe nuclei. Direct in vivo binding of cariprazine to brain D2/D3 
receptors was also evaluated using [11C]cariprazine PET ligand in Cynomolgus monkey. This 
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radioligand was found to bind to D2/D3 rich regions in the primate brain and the binding could be 
blocked by unlabeled D2/D3 receptor ligands. Therefore, cariprazine is CNS penetrable in 
nonhuman primate and able to occupy brain D2/D3 receptors. 
 
In the neurochemical studies in vivo, like many other dopamine D2 receptor antagonists, 
cariprazine increased the brain dopamine turnover (DOPAC+HVA)/DA ratio) in rodent striatum, 
olfactory tubercles (limbic region) and frontal cortex, consistent with its postsynaptic D2 receptor 
antagonist properties. Moreover, cariprazine behaves as a partial agonist when the dopaminergic 
tone is low (in reserpine model) but shows antagonist activity when the dopamine tone is high 
(antagonism of effect of apomorphine in the GBL model). 
 
Antipsychotic-like activity of cariprazine in electrophysiological and behavioral animal models. 
Administration of cariprazine p.o. at 0.1-1 mg/kg for 21 days in the electrophysiological 
screening model for antipsychotics, dose-dependently decreased the number of spontaneously 
firing DA neurons of anesthetized rat in the VTA (A10 DA cell bodies), known to correlate with 
antipsychotic efficacy, without affecting firing of the substantia nigra compacta neurons (A9 DA 
cell bodies), known to correlate with EPS. The efficacy of cariprazine in this model was 
comparable to that of haloperidol and greater than that reported for aripiprazole. In standard 
behavioral models detecting dopamine D2 receptor antagonist activity in vivo, oral 
administration of cariprazine inhibited apomorphine-induced climbing in mice and hyperactivity 
in rats, and reversed amphetamine-induced hypermotility in rats with ED50 ranging from 0.12 to 
0.27 mg/kg. Cariprazine, like aripiprazole, reversed apomorphine-induced deficits in prepulse 
inhibition (PPI) in rats at 0.3-1 mg/kg (but failed to reverse MK-801-induced PPI deficits) and 
inhibited conditioned avoidance response in rats (ED50: 0.84 mg/kg). The potency of cariprazine 
in these models was similar to that of risperidone and 4-10-fold greater than that of olanzapine 
and aripiprazole. In addition, cariprazine inhibited the hyperlocomotion caused by PCP in rats (in 
the dose range of 0.05-0.8 mg/kg) and MK-801 in mice (ED50: 0.049 mg/kg). Cariprazine 
reversed cognitive and social deficits induced by PCP in rodents in working memory (T-maze 
test in mice and novel object recognition test in rats), executive function (attentional set shifting 
test in mice and reversal learning test in rats) and social behaviors (social interaction test in mice 
and rats) with the effective dose range in mice from 0.005 to 0.02 mg/kg i.p. and in rats from 
0.05 to 0.25 mg/kg p.o. The potency of aripiprazole, when it was evaluated in parallel, was at 
least 20-fold lower than that displayed by cariprazine. However, in the dopamine D3 receptor 
knockout mice, cariprazine failed to reverse PCP-induced cognitive deficits on working memory, 
attentional set shifting test, and social memory tests in contrast to aripiprazole which inhibited 
the PCP-induced cognitive deficit in both the wild-type and D3 receptor knockout mice. The 
Applicant concluded that that cariprazine, unlike aripiprazole, mediates its cognitive effects via 
dopamine D3 receptors. Similar to other antipsychotics, cariprazine inhibited spontaneous 
locomotor activity following oral administration in rats (ED50 = 0.18 mg/kg for horizontal 
activity; 0.14 mg/kg for rearing) and mice (ED50 values ~0.1 mg/kg p.o. for inhibition of both 
horizontal activity and rearing). 
 
In animal models of antimanic-like potential, cariprazine activity was comparable to that of 
mood stabilizers and its potency was within the same range as an antipsychotic-like efficacy in 
other models. In the ouabain-induced hyperactivity model in rats, cariprazine decreased ouabain-

Reference ID: 3345156





NDA No. 204370                                 Reviewer Elzbieta Chalecka-Franaszek, Ph.D. 
 

 16

and those with neuropsychiatric disorders. Moreover, D3 receptor blockade appears to enhance 
while D3 receptor agonism seems to impair cognitive function, including memory, attention, 
learning, processing speed, social recognition and executive function independent of age.  
 
Interestingly, the first study of the dopamine D2 high and D3 receptors in schizophrenia using the 
novel PET radiotracer, [11C]-(+)-PHNO, was recently reported. The authors recruited 13 patients 
with schizophrenia-spectrum disorder with an acute psychotic episode, drug free for at least 2 
weeks, and 13 age–sex-matched healthy controls. The binding potential nodisplaceable (BPND) 
was examine in the main regions of interest (caudate, putamen, ventral striatum, globus pallidus, 
substantia nigra, and anterior thalamus) and in a voxel-wise analysis. The BPND between 
patients and controls was not different in any of the regions. The voxel-wise analysis did not 
reveal any difference and no correlations were found between the BPND and positive and 
negative syndrome scale subscales. The authors concluded that these results do not find support 
for the hypothesis linking psychosis to a selective increase in D2 high and/or D3 in schizophrenia. 
It is also possible that receptors with high affinity are not accessible by [11C]-(+)-PHNO because 
they are occupied by dopamine (Graff-Guerrero A., et al., Neuropsychopharmacology, 2009). 
 
Therefore, further studies are needed to demonstrate a role of the D3 receptor in schizophrenia. 

4.2 Secondary Pharmacology 
The Applicant proposed involvement of dopamine D3 receptors in the therapeutic activity of 
cariprazine. D3 receptors have been implicated in drug addiction and selective D3-receptor 
antagonists were considered for the treatment of drug abuse. The anti-abuse potential of 
cariprazine was investigated in cocaine self-administration paradigms in rats, in comparison with 
aripiprazole. The drug abuse potential of cariprazine is currently being evaluated by the 
Controlled Substances Staff. This review will be amended upon completion of the consultative 
review; a brief summary of the studies, as presented by the Applicant, is provided below. Some 
behavioral data suggested the involvement of the dopamine D3 receptor in experimental anxiety 
states. Cariprazine was evaluated via the Vogel test, a punishment-based conflict procedure used 
for the identification and characterization of anxiolytic agents.  
 
Assessment of the relapse preventing potential of cariprazine in a cue-induced reinstatement of 
cocaine-seeking behavior (Study RGD 71976/E, 2010). The effect of cariprazine on cue-induced 
relapse to cocaine self-administration was studied in rats. Cariprazine given in doses of 0.1, 0.17 
and 0.3 mg/kg dose-dependently attenuated cocaine-seeking in abstinent animals with an ID50 
value of 0.2 mg/kg p.o. The Applicant concluded that cariprazine effectively decreased cocaine-
seeking behavior, potentially by reducing the reward value of cocaine, and indicating that this 
compound may possess some antiabuse potential. The reference dopamine D2/D3 receptor partial 
agonist aripiprazole given at doses of 1, 3, and 10 mg/kg produced a dose-dependent attenuation 
of the same behavior with an ID50 value of 4 mg/kg p.o.  
 
Effects of cariprazine (RGH-188) on cocaine self administration in rats (Study RGD 74326/E, 
2010). Cariprazine dose-dependently and dose-proportionally increased cocaine self-
administration in the dose range of 0.03-1 mg/kg p.o. reaching significance at the dose of 0.17 
mg/kg, when administered to rats on a continuous cocaine self-administration regime. This effect 
was similar to that of haloperidol and aripiprazole. According to the Applicant, antagonists of the 
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dopamine D2 receptors decrease the reward value of cocaine and thereby produce a 
compensatory increase in the cocaine-intake. Thus, cariprazine behaves pharmacologically in 
this study as a dopamine D2 receptor antagonist. These results suggest that cariprazine most 
likely does not have an abuse potential. 
 
Punished drinking (Vogel) tests in rats (Study RGD 74327/E, 2011 and RGD 74666/E, 2011). 
These studies were conducted to determine whether cariprazine induces anxiolytic-like effects in 
the punished drinking test in rats. Cariprazine showed significant but non dose-dependent 
anxiolytic-like effects in the dose range of 0.2-1.6 mg/kg. Moreover, the DDCAR, like its parent 
drug, showed significant anxiolytic-like effect in the dose range of 0.2-3.2 mg/kg with a peak 
effect at 0.4 mg/kg. The minimum effective dose (MED) was found to be 0.2 mg/kg. 
 
Effect of cariprazine (RGH-188) on foot shock-induced ultrasonic vocalization in the adult rat 
(Study RGD 74328/E, 2011). The anxiolytic effect of cariprazine was investigated in the foot 
shock induced ultrasonic vocalization (USV) paradigm. The test is based on adult rats emitting 
22 kHz ultrasonic sounds in stressful conditions. Duration of USV can be reduced by anxiolytics. 
Cariprazine dose-dependently decreased USV with an ED50 value of 0.26 mg/kg. In contrast, the 
typical antipsychotic, haloperidol increased USV. These data suggest that the USV reducing 
effect of cariprazine resulted from its anxiolytic-like properties, not from sedation. Moreover, the 
effect of DDCAR in the Vogel test was measured in rats. DDCAR, like its parent compound, 
showed significant anxiolytic-like effects in the dose range of 0.2-3.2 mg/kg with a peak effect at 
0.4 mg/kg.  

4.3 Safety Pharmacology 
Numerous safety pharmacology studies have been previously reviewed; a brief summary of these 
studies is provided. Studies that have not been previously reviewed are reviewed below in detail. 
 
Central nervous system (CNS)  
Irvin tests: Cariprazine was investigated in two Irwin tests in Sprague-Dawley (SD) and Wistar 
rats after oral administration. Significant gross behavioral and physiological changes, 
characteristic of the CNS depression, including abnormal gait and decreases in motor activity, 
startle response, body tone, grip strength and several reflexes were observed during the 24 h 
post-dose period in SD rats administered cariprazine at 0.5, 2.5, and 12.5 mg/kg. A NOAEL for 
the effects was not established under the conditions of this study. However, cariprazine did not 
induce any CNS effects over the dose range 0.025 – 0.4 mg/kg in Wistar rats. The only dose 
showing clear, but reversible, effects was 0.8 mg/kg (the highest dose tested), which induced 
weak CNS depressant effects. Therefore, the NOAEL for the effects on the CNS was 0.4 mg/kg 
in rats in this study (HED: 3.9 mg/day based on a body surface area, assuming 60 kg human)  
(Pharmacology/Toxicology Review dated August 15, 2005). 
 
Pro- and anticonvulsant potential: Cariprazine was evaluated in the pentylenetetrazol (PTZ) 
seizure test in male Wistar rats (non-GLP Study 05.551/2, 2006). Oral administration at 0.25, 
0.5, and 2.5 mg/kg to 15 animals/dose 60 min before the PTZ administration at 75 mg/kg s.c. did 
not affect the latency to clonic convulsions, the number of clonic or tonic convulsions or the 
number of deaths, relative to the vehicle control. The reference proconvulsant, Ro 15-4513 (16.0 
mg/kg p.o.), administered 60 min prior to the PTZ test, significantly increased the number of 
tonic convulsions and the number of deaths, relative to vehicle control. The reference 
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anticonvulsant, diazepam (16.0 mg/kg p.o.), administered also 60 min prior to the PTZ, 
abolished clonic and tonic convulsions and the number of deaths. These results indicate the 
absence of pro- and anticonvulsant effects for cariprazine up to the highest tested dose of 2.5 
mg/kg p.o. (HED: 24 mg/day based on a body surface area, assuming 60 kg human) 
 
Hexobarbital-induced sleep time test: Cariprazine was evaluated for sedative activity by testing 
its effect in potentiating the hexobarbital-induced sleep time in CD-1 mice (non-GLP Study 
1067696-ADD, 2006). Sodium hexobarbital (90 mg/kg i.p.) was administered to CD-1 mice 
(10/dose) for 60 minutes following administration of cariprazine at 0.8, 1.5, and 3 mg/kg p.o. 
Sleep time was measured in each animal as the duration of the loss of the righting reflex. 
Cariprazine did not significantly potentiate the hexobarbital-induced sleep time at any of the 
doses tested relative to vehicle control. The positive control, chlordiazepoxide (10 mg/kg p.o.), 
produced a significant potentiation of the hexobarbital sleep time. These results indicate that 
cariprazine has no significant effects on hexobarbital-induced sleep time up to the highest tested 
dose of 3 mg/kg (HED: 14.6 mg/day based on body surface area, assuming 60 kg human) 
 
Motor coordination test: Cariprazine was tested for potential effects on motor coordination in 
male Wistar rats in the rotarod test (GLP Study 05.553/4, 2007). Cariprazine administered orally 
at 0.25, 0.5, and 2.5 mg/kg 60 minutes prior to the test, dose-dependently decreased (–27%, –
59% and –63%, respectively) the drop-off time relative to vehicle controls. The effect was 
statistically significant (p < 0.001) in the 0.5 and 2.5 mg/kg groups. The positive control, 
diazepam (8 mg/kg p.o.) significantly decreased (–68%, p < 0.001) the drop-off time relative to 
vehicle controls. These results suggest that cariprazine impairs motor coordination in the rat at 
all dose levels tested, including the lowest dose tested of 0.25 mg/kg (HED: 2.4 mg/day based on 
a body surface area, assuming 60 kg human). 
 
Cataleptogenic activity of cariprazine and the metabolite DDCAR: Induction of catalepsy is a 
standard preclinical test used to predict the extrapyramidal motor side-effect liability of 
antipsychotic drugs. The cataleptogenic activity of cariprazine and/or DDCAR was investigated 
in Wistar rats in six separate non-GLP studies. In the Study RGD 62002/E (2004), cariprazine 
was administered orally to rats at 12 and 85 mg/kg; the effect of the compound was assessed up 
to 5 hours and at 24 hours post-treatment and compared with that of reference antipsychotic 
drugs (aripiprazole, olanzapine, and risperidone). Cariprazine did not show catalepsy in rats at 
doses up to 85 mg/kg p.o. (HED: 823 mg/day based on body surface area, assuming 60 kg 
human), which is a 100-fold dose of its ED50 in the conditioned avoidance response test. In 
contrast, all reference antipsychotics produced catalepsy with MED doses of 160, 40, and 6 
mg/kg for aripiprazole, olanzapine, and risperidone, respectively, which were 7-40-fold their 
antipsychotic-like potency in conditioned avoidance response test. Moreover, cariprazine 
administered at doses 0.5, 1, and 2 mg/kg dose-dependently inhibited haloperidol (3 mg/kg i.p.)-
induced catalepsy in rats (Study RGD 74291/E, 2011). On the other hand, risperidone at 0.3, 1, 
and 3 mg/kg (Study RGD 74290/E, 2011) and aripiprazole at 19, 20, and 40 mg/kg (Study RGD 
74289/E, 2011) did not inhibit haloperidol (1-3 mg/kg i.v.)-induced catalepsy. These data 
indicate that cariprazine has lower cataleptogenic activity in rats as compared to the reference 
atypical antipsychotics under conditions of these studies. The metabolite DDCAR did not show 
any cataleptic effect at the dose of 100 mg/kg in rats (Study RGD: 74493/E, 2011). In terms of 
the ratios of cataleptogenic and antipsychotic doses, DDCAR showed approximately 140-fold 
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and 45-fold separation compared to its inhibitory potency on amphetamine-induced 
hypermotility (Study RGD: 74489/E, 2011) and conditioned avoidance response (RGD: 
74492/E, 2011), respectively. Similarly to cariprazine, DDCAR appears to lack cataleptogenic 
potential under the conditions of this study. DDCAR administered at oral doses of 4, 8 and 16 
mg/kg, 60 min. before haloperidol treatment (1 mg/kg, i.p.) dose-dependently inhibited 
haloperidol-induced catalepsy with the MED of 8 mg/kg. Therefore, DDCAR was 4-fold less 
potent than cariprazine in reducing the cataleptic effect of haloperidol (Study RGD: 74493/E, 
2011). 
 
Cardiovascular system 
In vitro studies: Effects of cariprazine and its metabolites, DCAR and DDCAR, on hERG tail 
current, recorded from HEK293 cells stably transfected with hERG cDNA, were investigated 
using standard patch clamp procedures. The estimated IC50 values for inhibition of hERG tail 
current were 3.4, 3.6, and 3.5 µM for cariprazine, DCAR, and DDCAR, respectively. 
Cariprazine had no overt effects on any of the parameters investigated at any concentrations 
studied in the isolated dog cardiac Purkinje fibers and did not prolong the QT or QTc intervals in 
the Langendorff isolated rabbit heart preparation. In vivo studies: Cardiovascular evaluation in 
the anesthetized dog following i.v. infusion of cariprazine had marked dose- and plasma 
concentration-dependent depressant effects on the heart rate, contractility, and mean blood 
pressure. The reduction in femoral artery resistance indicates that peripheral vasodilatation may 
have been involved in the lowering of blood pressure. However, according to the Applicant, a 
direct depressant effect on the heart was also apparent. Cariprazine did not have any major overt 
effect on the ECG and was considered devoid of effects on QTc under conditions of this study. 
In another study conducted in conscious dogs monitored by telemetry, the administration of 
cariprazine at 0.3, 1, and 3 mg/kg had variable effects on blood pressure and a clearly test article-
related change could not be established. Cariprazine caused a dose-related tendency towards an 
increase in heart rate with a long-lasting and significant increase at the highest dose of 3 mg/kg 
but had no noteworthy effects on the PR, QRS, and QTc intervals of the ECG. In the subsequent 
studies of ECG and blood pressure in conscious dogs, orally administered cariprazine was devoid 
of arrythmogenic risks associated with delayed repolarization and had no clinically significant 
effect on blood pressure in conscious dogs. It is unclear why the effects on heart rate differ from 
those in the previous studies. In conscious normotensive male Wistar rats implanted with a radio-
telemetry transducer, cariprazine at the oral dose of 1 mg/kg is devoid of effects on the blood 
pressure, heart rate, or body temperature in rats (Pharmacology/Toxicology Review dated 
August 15, 2005). 
 
Contribution of 5-HTlA (partial) agonism to the cardiovascular depressor effects of cariprazine. 
The contribution of 5-HTlA (partial) agonism to the blood pressure (BP) and heart rate (HR) 
depressant effects of cariprazine observed in other studies in anaesthetized animals was 
investigated in pentobarbital anaesthetized rats and compared to those of a selective 5-HT1A 
agonist, 8-0H-DPAT, and their antagonism by WAY-I00635, a selective 5-HT1A antagonist, was 
also studied (non GLP Study RGD 65061/E, 2006). Cariprazine at 0.1, 0.3, 0.5, and 1 mg/kg 
depressed both BP and HR. The effects were dose dependent at 0.1 and 0.3 mg/kg but no further 
increase of the effect was seen at the dose increments of 0.5 and 1 mg/kg. At the higher doses, 
the decrease in BP (-30 mmHg) was comparable to that with 10 µg/kg 8-0H-DPAT. However, 
the cariprazine induced decrease in HR was much more pronounced, i.e. -90 to -100 beats/min, 
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than that caused by 8-0H-DPAT (-50 beats/min). Subsequent administration of 0.1 mg/kg WAY-
100635 caused a complete or almost complete reversal of the effect of cariprazine on BP and 
HR, in all dose groups. These data indicate that the sustained BP depressant effect of cariprazine 
is mediated by its agonist (or partial agonist) effect at 5-HT1A receptors, whereas its depressant 
effect on the HR is only partly mediated by 5-HT1A agonism, suggesting that other, yet 
unrevealed, mechanism(s) may also be involved. 
 
Respiratory system 
Effects of cariprazine on respiration rate and tidal volume were investigated in rats following 
oral administration at 0.5, 2.5, and 12.5 mg/kg in a whole body plethysmography study. 
Cariprazine at all dose levels had a significant effect on respiration in rats causing 
hypoventylation by decreasing the respiration rate and caused marked depression in the 
respiration rate without effect on tidal volume at 12.5 mg/kg (for 0.5 mg/kg and 12.5 mg/kg, the 
HED is 4.8 and 121 mg/day, respectively, based on body surface area, assuming a 60 kg human) 
(Pharmacology/Toxicology Review dated August 15, 2005). 
 
Gastrointestinal system 
Cariprazine had no effects on the charcoal propulsion at doses of 0.5 and 2.5 mg/kg. However, a 
slight (21%) statistically non-significant decrease of propulsion distance was observed at 12.5 
mg/kg (see review dated August 15, 2005 for details). The effects of cariprazine on gastric acid 
secretion were examined in male Wistar rats following oral administration at 0.25, 0.5 and 2.5 
mg/kg (non GLP Study 05.555/2, 2006). Sixty minutes later, pylorus was tied and gastric fluid 
volume and acidity were measured 4 hours later. Atropine sulfate was used as a reference 
substance. Cariprazine had no statistically significant effects on gastric fluid volume, gastric 
fluid pH, and acidity relative to the vehicle control. A tendency towards a slight dose-dependent 
decrease in gastric fluid volume was observed, but the effect did not reach statistical 
significance. Atropine sulfate (12 mg/kg p.o.) significantly reduced gastric fluid volume relative 
to vehicle control and increased gastric fluid pH. Subsequently, atropine significantly decreased 
acidity. These results suggest that, in the male rats, cariprazine had no substantial effects on 
gastric acid secretion in the dose range tested 0.25 - 2.5 mg/kg p.o. (2.5 mg/kg: HED is 24 
mg/day based on a body surface area, assuming a 60 kg human). 
 
The ulcerogenic effects of cariprazine were examined in male Wistar rats following oral 
administration at 0.25, 0.5, and 2.5 mg/kg once daily for 1 day (acute treatment) or for 4 days 
(subchronic treatment) (non GLP Study 05.554/2, 2006). Six hours after administration on Day 1 
or Day 4, the stomach and the duodenum were removed and scored for irritation or ulcers. 
Indomethacin (12 mg/kg p.o.), used as a reference substance, caused the occurrence of gastric 
and duodenal ulcers. Cariprazine had no ulcerogenic effects in both the stomach and duodenum 
following 1 or 4-day administration up to the highest dose tested of 2.5 mg/kg (HED is 24 
mg/day based on body surface area, assuming a 60 kg human). 
 
Endocrine system 
Cariprazine was evaluated for effects on serum prolactin levels in Wistar rats (8/sex/group) 
following administration of a single oral dose of 0, 0.5, and 5 mg/kg (GLP Study p041454, 
2005). Doses were selected based on results of the previously conducted 28-day toxicity study, 
where pathological changes were observed in the uterus, ovaries, vagina, and mammary glands 
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of female rats administered cariprazine at a dose of 0.5 mg/kg. Female rats were in estrus for two 
days before dosing and in diestrus on the day of administration. Blood was collected at 2 hours 
after administration (around Tmax). There was no obvious difference in the prolactin levels 
between males and females (in diestrus) in the control groups, indicating no sex difference in the 
serum prolactin levels. The mean group serum prolactin levels increased significantly in 
cariprazine male groups (14- and 19-fold at 0.5 and 5 mg/kg, respectively) and female groups 
(160-fold and 85-fold at 0.5 and 5 mg/kg, respectively), relative to control group levels (see 
Applicant’s figure below). These results indicate that the low cariprazine dose of 0.5 mg/kg 
administered to rats would be enough to induce hyperprolactinemia in both sexes, and increases 
of serum prolactin levels in the female rats were higher than those in the males (HED: 14.6 
mg/day based on body surface area, assuming a 60 kg human). 
 
 

 
Renal effects 
The effect of cariprazine on diuresis and urinary electrolyte excretion was examined in the male 
Wistar rat following oral administration at 0.25, 0.5, and 2.5 mg/kg (non-GLP Study 05.556/3, 
2006). Urine was collected over a 6-hour period following administration. Furosemide (32 mg/kg 
p.o.) was used as a reference substance. Cariprazine had no statistically significant effects on 
urinary volume, urinary pH, and creatinine excretion as compared with the vehicle control group 
(distilled water). Slight variation in sodium excretion of no biological significance and a slight 
increase in potassium excretion were noted. Furosemide significantly increased the urinary 
volume, sodium and potassium excretion and had no significant effects on creatinine excretion 
and urinary pH. These results suggest that cariprazine had no substantial effects on diuresis and 
urinary electrolytes excretion in the dose range tested from 0.25 to 2.5 mg/kg, although a slight 
increase of potassium excretion was observed (2.5 mg/kg: HED is 24 mg/day based on body 
surface area, assuming 60 kg human). 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

Absorption: 
Single-dose studies: Single dose PK studies were conducted following administrations of [14C] 
cariprazine or cariprazine to Wistar rats (i.v.: 1 mg/kg and p.o.: 1 or 3 mg/kg) and Beagle dogs 
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(i.v.: 0.1 mg/kg and p.o.: 0.25 or 1 mg/kg). Absorption of cariprazine was rapid in both species. 
After p.o. administration, the Tmax values were in the range of 0.5-1 hour for rats and 1-4 hours 
for dogs. The T1/2 values were in the range of 2-4 hours for rats and 4-9 hours for dogs. The Tmax 
and T1/2 did not differ significantly between male and female rats or dogs. The absolute oral 
bioavailability was 52 and 63% in male and female rats, respectively, and 80 and 64% in male 
and female dogs, respectively. Bioavailability of cariprazine in humans is unknown. 
Approximately 65% of the dose was absorbed after oral administration of 12.5 mg cariprazine in 
the mass balance study (see Dr. Huixia Zhang’s review of the IND 71958 dated 6/7/2010). In a 
study conducted in dogs to determine effects of food on the oral absorption of cariprazine 
capsules, food ingestion had no major effects on PK parameters. The median Tmax was 2 and 1.5 
hours under the fasted and fed condition, respectively. The mean T1/2 was 4.1 and 3.9 hours 
under the fasted and fed condition, respectively. 
 
Metabolites: Plasma concentrations of the two active metabolites of cariprazine, desmethyl 
cariprazine (DCAR) and didesmethyl cariprazine (DDCAR), were investigated in rats and dogs 
following administration of a single oral dose of cariprazine. The exposure (AUC0-last) to DCAR 
was greater in dogs than in rats (dogs: 31% and 47% of cariprazine AUC0-tlast in males and 
females, respectively; rats: 14% and 6% of cariprazine AUC0-tlast in males and females, 
respectively). The Tmax and T½ of DCAR were similar to that of cariprazine in both species (Tmax: 
1-2 hours in rats and dogs; T1/2: ~3 hours in rats and 4-7 hours in dogs). The exposure to 
DDCAR was also greater in dogs than in rats (rats: ~2-4% of cariprazine AUC0-t; dogs: ~1.2- 
fold of cariprazine AUC0-t last). The Tmax of DDCAR (6 hours in rats and 8-12 hours in dogs) was 
greater than that of cariprazine (0.5-1 hour for rats and 1-4 hours for dogs). The T1/2 of DDCAR 
in dogs (12-35 hours) was longer than that of cariprazine (4-9 hours for dogs); it was not 
estimated in rats. Following both oral and i.v. administration of [14 C] cariprazine, the long T1/2 of 
total radioactivity (17-18 hours) and the extended recovery of radioactivity in excreta are 
indicative of tissue retention, most likely retention of the metabolites. 
 
Repeat-dose studies: Oral administration of multiple doses of cariprazine to mice, rats, dogs, and 
monkeys, demonstrated generally greater accumulation of DDCAR than cariprazine or DCAR. 
In the 6-month study conducted in Wistar rats and the 1-year study conducted in Beagle dogs, 
plasma concentrations of cariprazine, DCAR, and DDCAR were generally higher at the end of 
the administration period (Days 180 and 360, respectively) than on Day 1, indicating some 
accumulation. For example, following 1-year administration of cariprazine to dogs, the mean 
AUC0-24h ratios (Day 360 vs. Day 1) for cariprazine, DCAR, and DDCAR were 1.5, 1.6, and 2.0, 
respectively. In the 14-day study conducted in Cynomologus monkeys, TK analysis showed no 
accumulation of cariprazine, minimal (1.2-fold) accumulation of DCAR, and 2-fold 
accumulation of DDCAR (see review of the repeat-dose toxicity studies for more information). 
 
Distribution: 
Volume of distribution: PK studies using i.v. administration showed extensive tissue distribution 
of cariprazine in rats and dogs, with an apparent volume of distribution ranging from 6.5 to 7.8 
L/kg in rats and 17 to 19 L/kg in dogs. 
 
Whole body autoradiography: Tissue distribution of the test article-related radioactivity was 
studied by quantitative whole body phosphor imaging following single and multiple (5 doses) 
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oral and single i.v. administration of 3 mg/kg dose of [14C] cariprazine to male and female Wistar 
(albino) and Long Evans (pigmented) rats in two studies. These GLP-compliant studies, (1) 
RGD: 63270/E and (2) DAPPP101, included tissue radioactivity quantification up to 48 hours 
post-dose (first study) and up to 1344 hours (=56 days) post-dose (second study). Both studies 
demonstrated that total cariprazine-related radioactivity was well distributed within the rat 
tissues. [14C] cariprazine (and/or its metabolites) was well absorbed, with tissue to blood 
radioactivity ratios greater than 5 for the majority of tissues. The range of tissue to blood ratios 
was large: from 1.0 in the eye lens to 2851 in the choroid layer of the eye in the pigmented rats, 
when measured 48 hours post-dose. The tissue to blood ratio was also high for the adrenal cortex 
(628), submaxillary salivary gland (595), adrenal medulla (400), pigmented fur/skin (367), liver 
(226), intraorbital lachrymal gland (156), and ovary (51). Maximum radioactivity was observed 
2 hours post dose for the majority of tissues. The highest tissue concentrations were observed in 
the choroid layer of the eye, pigmented fur/skin, intraorbital lachrymal gland, Harderian gland, 
liver, adrenal cortex, submaxillary salivary gland, preputial gland, and adrenal medulla. 
Elimination of radioactivity from most tissues was rapid: at 24 hours after doing, approximately 
50% of tissues were below the limit of quantification (5x the background value). At 48 hours 
post-dose, radioactivity decreased below the limit of quantification for the majority of tissues. 
However, for some tissues (adrenal cortex, adrenal medulla, Harderian gland, intraorbital 
lachrymal gland, liver, and submaxillary salivary gland) tissue radioactivity was detected up to 
14 days post-dose and in the adrenal cortex and liver (which was below the limit of 
quantification but evident on the image) at 28 days post-dose. Drug-related radioactivity in 
melanin-rich tissue showed long retention. Elimination of radioactivity in the pigmented skin/fur 
and choroid layer of the eye was slow with high concentrations of radioactivity (8% of the 
highest level) still measurable in the choroid on day 56 post-dose.  
 
A mean Cmax of 221 ng equiv/g of cariprazine free base/g was measured in plasma at the initial 
sampling time of 2 hours post-dose. Plasma concentrations declined thereafter with time and 
were below the limit of quantification at sampling time of 168 hours post-dose. The highest 
concentration of radioactivity in the eye choroid layer observed at 24 hours after dosing was 
22594 ng equivalent of cariprazine free base/g and was approximately 102-fold higher than the 
Cmax of radioactivity in plasma (221 ng equivalent of cariprazine/g) 
 
Reviewer’s comments: The dose of 3 mg/kg is  

QWBA is a necessary study for dosimetry for human studies using a radiolabeled drug. 
When data are evaluated from the safety perspective, it is important to note that high retention in 
tissues is necessary but not sufficient for the development of tissue toxicity, since high 
radioactivity does not always predict toxic effects. 
 
Mean concentrations of radioactivity are shown in the following Applicant’s table. The 
concentration of total radioactivity is expressed in terms of the amount of cariprazine free base 
per unit of weight (ng equivalent of cariprazine free base/g). 
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Table 2 continued 
 

       
                    
 
Table 2 continued 
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Mean tissue to blood ratios of total radioactivity in pigmented male Long Evans rats are shown 
in the following Applicant’s table. 
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Table 3 continued 
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Brain penetration:  Brain penetration of cariprazine and DDCAR was evaluated in Wistar rats 
following oral administration of cariprazine (1 or 10 mg/kg) or DDCAR (0.934 or 3 mg/kg). 
Cariprazine and DDCAR readily crossed the blood-brain barrier in rats following oral 
administration of cariprazine or DDCAR. The data summarized in the Applicants table below 
show the brain-to-plasma AUC ratios of cariprazine and DDCAR following administration of 
cariprazine ranged from 7.6 to 10.9 and 9.6 to 10.9, respectively, while the brain-to-plasma AUC 
ratio of DDCAR following oral administration of DDCAR ranged from 3.8 to 5.3.  
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Note: Dose of cariprazine in study KUT9913 was 10 mg/kg (not 1 mg/kg, as shown in the 
Applicant’s table above) based on the original report (see figure from the report below): 

 

 
 
In another study, extracellular levels of cariprazine in the prefrontal cortex and the striatum, 
brain regions relevant to the in vivo effects of the drug, were estimated using a dual-probe 
microdialysis following intragastric administration of cariprazine at 1 mg/kg to awake, freely 
moving Wistar rats. Cariprazine appeared in the extracellular space 80 min after administration 
and was uniformly distributed in the brain. The extracellular concentration of cariprazine peaked 
at about 4 hours in both regions studied and remained elevated for at least 5 hours post-dose, 
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then declined below the limit of quantification by 7–11 hours post-dose. The concentration of 
unbound cariprazine in the extracellular space of brain tissue was in the range of 1.13-4.25 
ng/mL (2.64-9.94 nM). The PK parameters of cariprazine were similar in both regions. However, 
the metabolite DDCAR could not be detected in any regions examined. Therfore, the conducting 
laboratory attributed the acute pharmacological effects mainly to cariprazine, and concluded that 
DDCAR plays only a minor, if any, role in pharmacological effects. The long-lasting 
pharmacological effect of cariprazine can be explained by the sustained elevated brain 
extracellular concentration of this drug. 
 
Protein binding and blood cell binding: In vitro protein binding of [14C] cariprazine to plasma 
proteins was high (approximately 96%) in rat, dog, and human plasma, with no apparent 
difference in the extent of binding between genders or species; the binding was concentration 
independent over the range of 100 to 1000 ng/mL of cariprazine. The binding of [14C] 
cariprazine to blood cells was moderate at approximately 30% for human blood and 45% for rat 
and dog blood and was independent of gender and cariprazine concentration. 
 
In vitro protein binding of cariprazine, DCAR, and DDCAR in human plasma was also evaluated 
at lower concentration ranges. At 20, 50, and 100 ng/mL of cariprazine, human plasma protein 
binding of cariprazine was 96.3 to 96.9%; at 10, 25, and 50 ng/mL of DCAR, human plasma 
protein binding of DCAR was 93.8 to 96.1%; and at 15, 60, 150, and 300 ng/mL of DDCAR, 
human plasma protein binding of DDCAR was 91.5 to 93.5%. 
 
Metabolism 
Metabolism studies have been previously reviewed; a brief summary of these studies is provided. 
(Pharmacology/toxicology review dated August 6, 2010).  
 
In vitro studies conducted in mouse, rat, dog, monkey, and human liver microsomes 
demonstrated qualitative, but not quantitative, similarity in the metabolic profile of cariprazine. 
In rats and dogs, the metabolites produced in vitro were also present in vivo in both species. 
 
In vivo, cariprazine is extensively metabolized in rats, dogs, and humans. The metabolism of 
cariprazine involves demethylation, hydroxylation, and a combination of demethylation and 
hydroxylation. An additional metabolite, desdichlorophenyl piperazine cariprazine (DDCPPC) 
acid, is produced by dealkylation and subsequent oxidation of cariprazine. In rats and dogs, 
cariprazine metabolites include DDCPPC acid, desmethyl cariprazine (DCAR), didesmethyl 
cariprazine (DDCAR), hydroxy cariprazine (HC), hydroxy desmethyl cariprazine (HDC), 
hydroxy didesmethyl cariprazine (HDiC), hydroxy cariprazine sulfate (HC-S), hydroxy 
desmethyl cariprazine sulfate (HDC-S), hydroxy cariprazine glucuronide (HC-G), hydroxy 
desmethyl cariprazine glucuronide (HDC-G), and hydroxy didesmethyl cariprazine glucuronide 
(HDiC-G) observed in plasma, urine, and/or feces of these preclinical species. 
 
In humans, cariprazine was also extensively metabolized by similar pathways such as 
demethylation, hydroxylation, and a combination of demethylation and hydroxylation. 
Hydroxylated metabolites were subsequently biotransformed to their corresponding sulfate and 
glucuronide conjugates. In addition to the rats and dogs metabolites listed above, hydroxy 
didesmethyl cariprazine sulfate (HDiC-S) was detected in the biological samples of humans. 
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According to the Applicant, it is possible that HDiC-S was not detected in the biological matrices 
of rats and dogs because of the lower sensitivity of the radio-HPLC method used for the 
metabolite profile study of rats and dogs compared to the higher sensitivity of the LC-MS/MS 
method used for the metabolite profile study of humans, and/or HDiC-S was hydrolyzed to 
HDiC in rats and dogs.  
 
The metabolites observed following oral administration of 12.5 mg daily dose to humans (Study 
RGH-MD-01) from Day 4 to Day 30 of the study and their limit of detection (LOD) for the LC-
MS/MS analysis of plasma, urine, and feces samples are summarized in the following 
Applicant’s table: 
 

 
 
The concentration of cariprazine and its metabolites in plasma samples from 3 schizophrenia 
patients were as follows:  
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HC. CYP3A4 is the major enzyme involved in the metabolism of cariprazine and its metabolites, 
and CYP2D6 plays a minor role. In vitro studies showed that cariprazine, DCAR, DDCAR, and 
HC do not have the potential to induce CYP1A2 or CYP3A4 in human hepatocytes or the 
potential to inhibit major human CYP enzymes. 
 
Excretion: 
Excretion of radioactive material following administration of oral doses of radiolabeled [14C] 
cariprazine was studied in Wistar rats and Beagle dogs. The radioactivity of cariprazine and its 
metabolites was recovered in feces and urine in both species. The primary route for elimination 
was biliary since approximately 77% and 62% of the dose was recovered in feces in rats and 
dogs, respectively. Only ~ 15% and 21% of the dose was recovered in urine in rats and dogs, 
respectively, indicating minor role of renal excretion. The biliary excretion was confirmed as the 
primary route of elimination in bile-duct cannulated rats; approximately 72% of the dose was 
excreted in bile following administration of a single dose of [14C] cariprazine. A similar 
excretion profile was also observed following i.v. administration of [14C] cariprazine to dogs; 
approximately 49% and 20% of the dose was excreted in feces and urine, respectively. 
 
In humans, based on the data derived from three patients with schizophrenia following oral 
administration of 12.5 mg unlabeled cariprazine for 26 days, approximately 60.9% of the 
cariprazine daily dose was excreted in urine and feces as cariprazine and its active metabolites. 
Urinary excretion of cariprazine (1.2% of the dose), DCAR (0.4% of the dose), and DDCAR 
(4.1% of the dose) accounted for a small portion of the total excretion in urine (20.8% of the 
dose). Fecal excretion of cariprazine (3.7% of the dose), DCAR (0.7% of the dose), and DDCAR 
(3.5% of the dose) also accounted for a small portion of the total excretion in feces (40.1% of the 
dose). In addition, DCAR was eliminated by metabolism as DDCAR, hydroxy desmethyl 
cariprazine (HDC), and hydroxy didesmethyl cariprazine (HDiC) and DDCAR was eliminated 
by metabolism as HDiC. Furthermore, hydroxy-metabolites were excreted as their glucuronide 
and sulfate conjugates. Overall, the data indicate that cariprazine is extensively metabolized and 
excretion is not the major route of elimination for the active moieties: cariprazine, DCAR, and 
DDCAR. Excretion data from rats, dogs, and humans are shown in the Applicant’s table below. 
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Pharmacokinetic Drug Interaction: 
Cariprazine, DCAR, and DDCAR as substrates of transporters: Evaluation by the Caco-2 model 
indicated that cariprazine, DCAR, and DDCAR are not P-glycoprotein (P-gp) substrates. 
Cariprazine, DCAR, and DDCAR were also shown to be weak P-gp inhibitors. Evaluation by the 
human embryonic epithelial kidney (HEK-293) cells transfected with proteins of human 
transporters OATP1B1 and OATP1B3 indicated that cariprazine, DCAR, and DDCAR were not 
OATP substrates. Cariprazine, DCAR, and DDCAR were not OATP1B1, OATP1B3, OAT1, 
OAT3, and OCT2 inhibitors. Evaluation by the Caco-2 model indicated that cariprazine, DCAR, 
and DDCAR are not breast cancer resistance protein (BCRP) substrates, and that cariprazine is a 
borderline weak BCRP inhibitor (IC50 ≥ 3.42 μg/mL as free base), and DCAR and DDCAR are 
weak BCRP inhibitors. The results suggest that transporter-mediated drug interactions with 
cariprazine are unlikely. 
 
Other Pharmacokinetic Studies:  
Hydrochloride salt of cariprazine was developed by Gedeon Richter, while the base form of the 
compound was also used for certain studies. Comparison of the two forms of the compound was 
conducted to evaluate the PK properties of the two forms. Four female Beagle dogs were treated 
with hydrochloride salt and base forms of the cariprazine at an oral dose of 1 mg/kg, in gelatin 
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capsule. The mean AUC0-t, Cmax, and Tmax of cariprazine for the hydrochloride salt form were 
491 ng•h/mL, 99.6 ng/mL, and 2 hours, respectively; the corresponding values for the base form 
were 463 ng•h/mL, 95.2 ng/mL, and 2 hours, respectively, indicating that there was no 
significant difference in the PK parameters between the two different forms of cariprazine. 
 
Toxicokinetics: 
The highest exposure levels (Cmax, AUC) of cariprazine, DCAR, and DDCAR in humans 
(observed data) and toxicology species is shown in the following reviewer’s tables. 
 
Summary of the highest exposure levels (Cmax, AUC) to cariprazine  
Species 

 
Sex Dose 

(mg/kg/day) 
Day of 
study  

Cmax 
ng/mL 

AUC0-24h 
ng·h/mL 

AUC0-∞ 
ng·h/mL 

aHuman 
N=4 

 12.5 
mg/day 

22 or 30 b40.3±8.4 c593.3± 
55.6 

d979.7± 
225.5 

M 10.0 180 701.37 4724.02 5094.11 eRat  
F 12.5 180 1131.99 6264.19 6392.60 
M 6.0 360 679.14 6435.59 7032.47 f Dog 
F 6.0 360 643.74 6400.27 6967.24 

gRabbit Pregnant F 5.0 GD 20 460.4±91.7 3947±1122 4065±1193
M 15 191 1020 6590  hTg 

Mice F 50 191 2210 15400  
 
Summary of the highest exposures levels (Cmax, AUC) to DCAR  
Species 

 
Sex Dose 

(mg/kg/day) 
Day of 
study  

Cmax 
ng/mL 

AUC0-24h 
ng·h/mL 

AUC0-∞ 
ng·h/mL 

aHuman 
N=4 

 12.5 
mg/day 

22 or 30 b12.7±4.6 c250.6± 
102.3 

d467.1± 
66.4 

M 10.0 180 144.91 1193.36 1249.07 eRat  
F 12.5 180 82.57 536.17 548.92 
M 6.0 360 274.07 3258.44 3644.76 fDog 
F 6.0 360 273.29 3156.04 3406.25 

gRabbit Pregnant  F 5.0 GD 20 45.3±8.3 446.3±71.4 468.8±81.6 
M 15 191 185 1350  hTg 

Mice F 50 191 360 3500  
 
Summary of the highest exposures levels (Cmax, AUC) to DDCAR  
Species 

 
Sex Dose 

(mg/kg/day) 
Day of 
study  

Cmax 
ng/mL 

AUC0-24h 
ng·h/mL 

AUC0-∞ 
ng·h/mL 

aHuman 
N=4 

 12.5 
mg/day 

22 or 30 b83±13.4 c1826.3± 
284.1 

d5996.9± 
1977.5 

M 10.0 180 47.5 680.23 732.02 eRat  
F 12.5 180 23.58 313.18 364.53 
M 6.0 360 353.2 6413.65 10179.95 fDog 
F 6.0 360 381.4 7349.65 11422.70 

gRabbit Pregnant  F 5.0 GD 20 72±14 1443±287 2895±1306 
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M 15 191 127 2070  hTg 
Mice 

F 50 191 260 4810  
aStudy RGH-MD-01 
b Cmax ng/mL cohort G day 30 
cAUC0-24h ng·h/mL cohort G day 30 
dAUC0-168 ng·h/mL cohort F day 22 
eStudy CSCNRGHPCTX24 (6-month oral toxicity study in Wistar rats) 
fStudy CSCNRGHPCTX23 (12-month oral toxicity study in Beagle dogs) 
gStudy RGHPCTX18 (embryo-fetal development study in New Zealand White rabbits) 
hStudy RGH-TX-33 (28-week oral toxicity study in transgenic Tg.rasH2 mice) 
Note: Three out of four subjects on Day 30 of cohort G were missing the 72-, 96-, 120-, and/or 
168-hour time points, making estimates of AUC0-168 unreliable. Therefore, AUC0-168 data from 
Cohort F were used for comparison among species.  
 
The observed mean exposure levels (Cmax and AUC0-24h) to cariprazine, DCAR, and DDCAR in 
plasma from 4 schizophrenia patients administered cariprazine at 12.5 mg/day (Study RGH-MD-
01) appear to be similar to the population PK model data (Population PK report RGH-MS-01) 
proposed by the Applicant for the calculation of the animal to human margins of exposure. These 
population data were obtained from 12 clinical trials and provided the following steady state 
human PK parameters : Cariprazine Cmax = 29.2 ng/mL; AUC0-

24h (SD) = 536.08 (165) ng•h/mL; DCAR Cmax = 7.7 ng/mL; AUC0-24h (SD) = 152.21 (71) 
ng•h/mL;  Didesmethyl Cariprazine Cmax = 61.8 ng/mL; AUC0-24h (SD) = 1479.8 (815) ng•h/mL. 
The AUC0-24h values extrapolated for the 9 mg/day MRHD (assuming linear kinetics) are as 
follows: Cariprazine AUC0-24h = 402 ng•h/mL, DCAR AUC0-24h = 114 ng•h/mL, and DDCAR 
AUC0-24h = 1110 ng•h/mL. For all three active moieties combined, the AUC0-24h value (total 
exposure at steady state) is 1626 ng.h/mL. 
 
Comparison of systemic drug exposure at the NOEL/NOAEL for toxicity in the test species to 
that in humans at the maximum recommended dose (MRHD) in this review was based on the 
most relevant metric (AUC0-24h or body surface area-adjusted dose). Calculation of relative 
systemic exposure ratios (animal: human) considered both the parent compound (cariprazine) 
and its metabolites, DCAR and DDCAR, because both matabolites are pharmacologically active. 
Therefore, the AUC0-24 values for cariprazine, DCAR, and DDCAR in test species were 
combined for each applicable study and compared to the combined human systemic exposure to 
all three active moieties (AUC0-24h = 1626 ng•h/mL) expected based on modeling at the MRHD 
of  mg/day proposed for the treatment of schizophrenia. 
 
Relative exposure to cariprazine, DCAR, and DDCAR at steady state in humans and animals 
In humans, based on the mean AUC0-24h values and correcting for molecular weight, the 
cariprazine, DCAR, and DDCAR AUC0-24h values represent approximately 23%, 7%, and 70%, 
respectively, of the total AUC0-24h at steady state. 
 
In the 6-month study in Wistar rats, the exposure (AUC0-24h) for cariprazine, DCAR, and 
DDCAR represents approximately 72%, 18%, and 10% for males and 88%, 8%, and 4% for 
females, respectively, of the total AUC0-24h observed at steady state in rats dosed at the high dose 
of 10 mg/kg (males) and 12.5 mg/kg (females) on Day 180 of the study. 
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In the one-year study in Beagle dogs, the exposure (AUC0-24h) for cariprazine, DCAR, and 
DDCAR represents approximately 40%, 20%, and 40% for males and 38%, 19%, and 43% for 
females, respectively, of the total AUC0-24h observed at steady state in dogs dosed at the high 
dose of 6 mg/kg on Day 360 of the study. 
 
In the embryo-fetal development study in Wistar rats, the exposure (AUC0-24h) for cariprazine, 
DCAR, and DDCAR represents approximately 68%, 18%, and 14% of the total AUC0-24h 
observed at steady state in male rats dosed at the high dose of 10 mg/kg.  
See individual repeat dose toxicity studies for more TK information. 

6 General Toxicology 

6.1 Single-Dose Toxicity 
Single dose toxicology studies were conducted in the rat and mouse to estimate the approximate 
minimum lethal dose level of cariprazine. 
 
Single dose oral (gavage) toxicity study in Wistar rats: In the preliminary study, the test article 
was administered at dose levels of 70, 100, or 140 mg/kg to 1 animal/sex/group and at 200 and 
300 mg/kg 1 male rat at each dose. The females dosed at 100 and 140 mg/kg were found dead on 
Days 6 and 4, respectively. The male dosed at 300 mg/kg was found dead on Day 2. In the main 
study, 5 male and 5 female were administered 200 and 70 mg/kg, respectively. One male dosed 
at 200 mg/kg was found dead on Day 2. There were no deaths among females dosed at 70 mg/kg. 
The acute minimum lethal oral dose of cariprazine was considered to be 200 mg/kg in the male 
rat and greater than 70 mg/kg but less than 100 mg/kg in the female rat. 
 
Single dose oral (gavage) toxicity study in CD-1 mice: In the preliminary study, the test article 
was administered at dose levels of 70, 100, or 140 mg/kg to 1 animal/sex/group. Both animals 
dosed at 100 mg/kg and the male dosed at 140 mg/kg were found dead on Days 4 or 5. In the 
main study, 5 male and 5 female mice were administered 70 mg/kg and survived to scheduled 
sacrifice on Day 15. Therefore, the acute minimum lethal dose of cariprazine in the mouse was 
considered to be approximately 70 mg/kg. 

6. 2      Repeat-Dose Toxicity 
General toxicology program for cariprazine included repeat-dose general toxicity studies up to 
14 days in the rat, mouse, and monkey, 28-day studies in the rat and dog, 6-week study in the 
mouse, 7-week study in the mouse, 13-week studies in the rat and dog, 26-week study in the rat, 
and 52-week study in the dog.  
 
Exploratory studies in rats 
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Study title:  Pilot toxicity study with 70003543 by oral administration to rats for 4 days  
 

Study no.: RGD: 60847/E 
Study report location: Archives at Gedeon Richter Ltd. 

Conducting laboratory and location: Gedeon Richter Ltd., Budapest, Hungary 
Date of study initiation: June 27, 2003 

GLP compliance: No (exploratory study) 
QA statement: No 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl, 70003543), 
lot TI-1249, purity not provided 

 
Methods:  
Cariprazine was administered to male Wistar Han rats (5/group) by oral gavage at doses of 0, 1, 
10, 30, and 100 mg/kg/day (Control, LD, lowMD, highMD, and HD, respectively) for 4 days. 
Parameters evaluated: clinical observations, body weight, food consumption, body temperature, 
serum chemistry, hematology, organ weights, gross necropsy, histopathology, and TK. 
 
Results: 
Test article-related effects were observed at 10, 30, and 100 mg/kg/day and included clinical 
signs of the CNS depression, decreased body weight, decreased food consumption, decreased 
reticulocyte count, gastric hemorrhage and/or erosion, and lymphoid atrophy (thymus). These 
effects were in general absent or slight at the lowMD, moderate at the highMD, and severe at the 
HD. Enlarged adrenals, slightly increased mean absolute and relative adrenal weights, and 
hypertrophy of the zona fasciculata in the adrenal cortex were noted at 100 mg/kg/day. The 
adrenal findings was considered by the Applicant to be the consequences of the hypothermic 
effect (a very strong stressor) of the drug. This hypothermia was observed at the highMD and 
HD with body temperature less (-0.45°C and -0.95°, respectively) than that in the Control. The 
LD of 1 mg/kg/day did not cause any signs of toxicity and was determined to be the NOEL in 
this study. According to the study report, target organs of toxicity were not identified. However, 
this reviewer considers the central nervous system, hematopoietic system, thymus, stomach, and 
adrenal gland to be the target organs of cariprazine toxicity. The TK data shown in the 
Applicant’s table below indicate accumulation of the test article following administration of 4 
daily doses. 
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Study title:  Pilot toxicity and toxicokinetic study with RGH-188 hydrochloride  by oral 
administration to rats for 14 days (draft report) 
 

Study no.: RGD: 62502/E 
Study report location: Archives at Gedeon Richter Ltd. 

Conducting laboratory and location: Gedeon Richter Ltd., Budapest, Hungary 
Date of study initiation: November 21, 2003 

GLP compliance: No (exploratory study) 
QA statement: No 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188-HCI), lot R3A0270, 
purity 99.1% 

 
Methods:  
Cariprazine was administered to groups of Wistar Han rats (5/sex/group) by oral gavage at doses 
of 0, 1, 10, and 50 mg/kg/day (Control, LD, MD, and HD, respectively) for 14 days followed by 
a 7-day recovery period (5 additional animals/sex/group from the Control and HD groups). 
Satellite animals (males only) were bled for TK evaluations. 
 
Results:  
The test article-related toxicity profile observed in this exploratory study was consistent with 
findings in the subsequent toxicology studies of longer duration. The summary of observations, 
which appears to be accurate, is shown in the Applicant’s table below to support an evaluation of 
the time- and dose-dependence of major test article-related adverse effects observed in the 
pivotal studies. In addition, the report described in greater detail cariprazine-related lesions noted 
in the adrenal gland at 50 mg/kg: hypertrophy of the adrenals was observed in the cortical zonae 
fasciculata and reticularis in the 5/5 male rats, while in the 5/5 female rats, hypertrophy of the 
zonae fasciculata and reticularis was accompanied by necrotic cells and hemorrhages. These 
findings are consistent with the increased weight and enlargement of adrenals noted at necropsy. 
After the recovery period, hypertrophy of zona fasciculata and reticularis was still present in 2/5 
females at 50 mg/kg, while this change was no longer detected in males. 
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TK analysis for cariprazine levels indicated a non-proportional increase of exposure with dose, 
with some accumulation. The mean TK parameters are shown in the Applicant’s table below. 
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Pivotal studies in rats 
 
Study title:  28-day oral toxicity study with RGH-188 hydrochloride by daily gavage in 
the Wistar rat followed by a 2-week recovery period 
 

Study no.: RGD: 62210/E 
Study report location:

Conducting laboratory and location:
Date of study initiation: February 27, 2004 

GLP compliance: Yes (OECD) 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot W3C008K, 
purity 99.24% 

 
Key study findings 

• Deaths of 15 animals at 50 mg/kg and 12.5 mg/kg. Emaciation and enlarged adrenals 
were observed in the majority of animals that died before scheduled necropsy.  

• Severe CNS-related clinical signs observed in animals at 12.5 and 50 mg/kg. 
• Decreased body weight and body weight gain noted during entire treatment period in 

males at 12.5 and 50 mg/kg.  
• Decreased food consumption observed in males at 12.5 and 50 mg/kg and in females at 

50 mg/kg, and decreased water consumption in all cariprazine-dosed groups except 
females dosed at 0.5 mg/kg.  

• Opacity of the eyes observed from the second week to the end of the treatment phase in 
all cariprazine-dosed groups.  

• Marked decreases in total cholesterol, phospholipids, and triglycerides in animals at 50 
mg/kg and decreased cholesterol and phospholipids in females at 12.5 mg/kg. 

• Adrenal glands: enlargement observed in all animals at 50 mg/kg and in females at 12.5 
mg/kg, marked increase in the absolute and/or relative adrenal weights at 50 mg/kg and 
12.5 mg/kg, multifocal cystic degeneration, diffuse dilated sinusoids, and vacuolation of 
the adrenal gland cortex at 50 mg/kg and cortical hypertrophy at 12.5 and/or 50 mg/kg. 

• Increased incidence of sciatic nerve myelin fragmentation in males at all dose levels and 
in females at 50 mg/kg. 

Reference ID: 3345156

(b) (4)



NDA No. 204370                                 Reviewer Elzbieta Chalecka-Franaszek, Ph.D. 
 

 43

• Lungs: Increased incidence and severity of alveolar macrophage foci and increased 
alveolar inflammation in animals at 12.5 and/or 50 mg/kg. 

• Male reproductive system: single seminiferous cell necrosis/degeneration observed in the 
testes at 50 mg/kg, testes atrophy observed at 2.5, 12.5 and 50 mg/kg, and diffuse acinar 
atrophy of prostate gland and seminal vesicles atrophy observed at 12.5 and 50 mg/kg. 

• Female reproductive system: reduced numbers of corpora lutea in the ovaries, epithelial 
cell atrophy and mucification in the vagina, and abnormal estrus cycling, observed at all 
dose levels. 

• Mammary gland: vacuolation/ductular development in males and glandular proliferation 
in females at all dose levels.  

 
The MTD was clearly exceeded in this study based on deaths and severe clinical signs observed 
at 12.5 and 50 mg/kg. The NOAEL was not established in this study due to adverse effects on the 
reproductive system and mammary glands. Excluding these pharmacologically mediated 
changes, the NOAEL is 2.5 mg/kg for male and female rats based on several findings, including 
phospholipidosis in the lungs and the adrenal gland hypertrophy, observed at higher doses. 
 
The 2.5 mg/kg dose is ~2.7 times the MRHD of mg/day based on mg/m2. The AUC0-24h for 
cariprazine at 2.5 mg/kg on Day 28 is 597 and 858 ng•h/mL in male and female rats, 
respectively, which is ~1.5 and 2.1 times the cariprazine AUC0-24h (402 ng•h/mL) and ~0.4 and 
0.5 times (males and females, respectively) the combined AUC0-24h for cariprazine, DCAR, and 
DDCAR (1626 ng•h/mL) expected in humans at the MRHD of mg/day. Note: Although the 
systemic exposure of rats to the DCAR and DDCAR was not measured in this study, it was 
shown to be very low in subsequent studies conducted in rats. Therefore, based on 
phospholipidosis observed in the lungs, there is no margin of safety for administration of 
cariprazine to humans at the MRHD of mg/day. 
 
The NOAEL for the death and multifocal cystic degeneration, diffuse dilated sinusoids, and 
vacuolation of the adrenal gland cortex is 12.5 mg/kg, which is ~14 times the MRHD of 9 
mg//day based on mg/m2. The AUC0-24h for cariprazine at 12.5 mg/kg on Day 28 is 4088 and 
3878 ng•h/mL in male and female rats, respectively, which is ~10 and 9.6 times the cariprazine 
AUC0-24h (402 ng•h/mL) and 2.5 and 2.4 times (males and females, respectively) the combined 
AUC0-24h for cariprazine, DCAR, and DDCAR (1626 ng•h/mL) expected in humans at the 
MRHD of mg/day. Therefore, based on adverse effects observed in the adrenal glands, there is 
approximatelly 2.4 fold margin of safety for administration of cariprazine to humans at the 
MRHD of mg/day. 
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Methods 
Doses: 0, 0.5, 2.5, 12.5, and 50 mg/kg/day (Control, LD, 

lowMD, highMD, and HD, respectively; doses are 
expressed in terms of the free base. 

Frequency of dosing: Once daily for 28 consecutive days 
Route of administration: Oral (gavage) 

Dose volume: 10 mL/kg 
Formulation/Vehicle: Solution of cariprazine in the vehicle/ water 

Species/Strain: rat/Wistar Crl:(WI)BR 
Number/Sex/Group: 10/sex/group in main groups 

Age: 6 weeks-old at the beginning of treatment 
Weight: Males: 201-252 g; Females:134-188 g  

Satellite groups: 6 rats/sex/group in the satellite TK groups;  
5 rats/sex/group/2-week recovery (Control, HD only) 

Unique study design: None 
Deviation from study protocol: It is this reviewer’s assessment that the deviations from 

the protocol did not compromise the study validity. 
 

Observations and Results 

Mortality 
There were 18 unscheduled deaths during treatment. Three deaths were attributed to gavage or 
blood sampling errors and were not test article-related. All other 15 deaths (1/10 MDF; 6/10 
HDM, and 8/10 HDF) occurred generally from Day 24 to 28 of the study and were cariprazine-
related based on microscopic findings, clinical signs noted prior to death, or loss of body weight 
and reduction of food intake. Emaciation was considered to be the chief contributory cause of 
deaths or morribundity in 9/18 animals. Adrenal glands were enlarged in 10/18 of these animals.  
 
Clinical Signs 
Clinical signs were examined twice daily. No clear treatment related clinical signs were noted in 
the Control, LD, and lowMD groups. At the highMD, hunched posture, lethargy (graded slight to 
moderate), uncoordinated movement (observed incidentally), yellow staining of the coat, 
piloerection, ptosis, and chromodacryorrhea were observed in females. Low incidence of 
hunched posture was noted in highMD males. At the HD, slight to moderate lethargy, slight 
uncoordinated movement, brown/yellow staining of the coat, greasy coat, piloerection, lean 
appearance, hypothermia, spasm/tremors, hunched/abnormal posture, ptosis, slight abnormal 
gait, reduced fecal production, or diarrhea were observed in both sexes. Spasm/tremors and 
hunched/abnormal posture were observed mainly during the first week of treatment. According 
to the Applicant, these findings are known to be temporary effects of antipsychotic drugs. During 
the first week of recovery period, lethargy, hunched posture, ptosis, piloerection, greasy coat, 
brown staining of the fur and reduced feaces production were still observed in both sexes. In the 
second week of the recovery period, there was almost full recovery except for brown staining of 
the snout. Occurences of laboured or shallow respiration, quick breathing, cough and/or rales 
were noted among individual MD and HD animals. The Applicant considered these findings as 
related to the taste and irritancy of the formulation and the method of dosing rather than to be 
toxicologically relevant.  
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In addition, several eye abnormalities were noted in all dose groups during the treatment and 
recovery period which comprised of exophthalmos, opacity, dark eyes, dull eyes, watery 
discharge from eyes, chromodacryorrhea, and swelling of eyes. According to the Applicant, 
these findings were related to the method of blood sampling rather than being toxicologically 
relevant. Indeed, exophthalmos and dark eyes were observed only at the end of the treatment 
phase of the study. Reviewer’s comment: This reviewer notes that slight to moderate opacity, 
dull eyes, chromodacryorrhoea, watery discharge from eyes, swelling of eyes, and ptosis were 
observed from the second week to the end of the treatment phase. Blood samples of main and 
recovery animals were drown from the retro-orbital sinus only at the end of treatment period 
prior to scheduled necropsy and at the end of recovery prior to scheduled necropsy. Therefore, 
eye abnormalities listed above could not result from blood sampling, as proposed by the 
Applicant, and may be test article-related. 
 
Body Weights 
Body weights were determined on Days 1, 3, 8, 15, 22, 28, 29, 36, and 42 of the study. 
Decreased body weight was noted during entire treatment period in the highMDM and HDM. 
(up to 10% and 24% below Control, respectively, during Week 4). Body weight gain was also 
significantly decreased in M in all treatment groups during this study. During the 14 days 
recovery period, the body weight and body weight gain of HDM remained lower, when 
compared to the Control. There were no toxicologically significant body weight changes in 
female rats in this study. 
 
Food and Water Consumption 
Food consumption was examined weekly; water consumption was examined daily. Lower 
absolute and relative food consumptions were noted in the highMDM and HDM, and HDF 
during the treatment period. During the recovery period, food consumption partially increased 
towards Control values. Water consumption decreased in a dose related manner in all dosed 
groups (up to ~ 50% less water consumed than in the Control group) except LDF. 
 
Ophthalmoscopy 
Ophthalmoscopic examinations were conducted at pretest, at Week 4, and at Week 6. There were 
no biologicaly important ophthalmoscopic findings. 
 
ECG  Not conducted 
 
Hematology 
Hematology investigations were performed on all main study animals at the end of treatment 
prior to scheduled necropsy and on all recovery animals at the end of recovery prior to scheduled 
necropsy. Parameters examined: WBC, RBC, HGB, HCT, MCV, MCH, MCHC, PLT, RDW, 
differential leukocyte count (ANEU, ALYM, AMONO, AEOS, ABASO), and RETIC. 
Coagulation parameters examined: PT and APTT. There were no test article-related findings 
except statistically significant effects on hematopoetic system noted in the HD groups when 
compared to the Control group level: decreased RBC (- 12% in M, - 17% in F), HCT (- 19% in 
M, - 18% in F), HGB (- 19% in M, - 20% in F), MCV (in M only), MCH, ABASO and AEOS; 
increased RET (+ 22% in M, + 52% in F), and RDW. In addition, PLT and APTT were 
decreased and PT was increased in HDM.  However, PLT was statistically significantly 
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increased in HDF. Decreased APTT was also noted in the high MDM. After recovery period of 
14 days, RBC was still decreased (- 8% below Control) and RETIC were increased (+ 65% 
above control group level) in HDM.  
 
Clinical Chemistry 
Clinical chemistry analyses were performed on all main animals at the end of treatment prior to 
scheduled necropsy and on all recovery animals at the end of recovery prior to scheduled 
necropsy. Parameters examined: AST, ALT, ALKP, TBILI, GLU, CREAT, BUN, TP, ALB, 
GLOB, A/G, CHOL (total, LDL, HDL), TRIG, phospholipids, Na+, K+, CL-, Ca++, and PHOS. 
There were no test article-related findings in rats administered cariprazine at the LD and lowMD. 
Adminstration of the HD resulted in the following statistically significant changes below (or 
above) the Control group level: decreased levels of glucose (-17% in M, -29% in F), total 
cholesterol (-84.2% in M, -84.8% in F), HDL and LDL cholesterol, phospholipids (-59% in M, - 
59% in F), triglycerides (- 30% in M, -24% in F), sodium (-4% in M, -2.4% in F), calcium (-11% 
in F, -9% in F), total protein (-18% in M, -13% in F), and globulin (-20% in M, -14% in F) and 
increased levels urea (+202% in M, +47% in F), inorganic phosphorus (+30% in M, +126.5% in 
F), and potassium (+50% in M, +17.6% in F). Administration of the highMD resulted in 
decreased total cholesterol (-47%), HDL cholesterol, phospholipids (-34%), calcium and 
globulin levels in F rats, and in increased inorganic phosphorus concentration in M rats. 
Creatinine levels were slightly increased in M and decreased in F rats. The Applicant attributed 
these findings to general malnutrition and dehydration of animals due to reduced food and water 
consumption. After recovery, potassium, total protein, globulin, and glucose concentrations were 
low in male animals and alkaline phosphatase levels were increased in males. 
 
Urinalysis 
Urine samples were collected overnight (approximately 15 to 24 hours) using a metabolism cage 
at the end of the treatment period (all main study animals) and at the end of recovery (all 
recovery animals). The following urinalysis parameters were determined: VOL, color, clarity, 
Sp.G., pH, TP, GLU, ketones, BILI, blood (occult), urobilinogen, nitrite, leukocytes, Na+, K+, 
Ca+, Cl-, and sediment. After admnistration of the lowMD, highMD, and HD, the urinary 
volume was decreased in a dose-related manner in animals of both sexes. Calcium levels and 
excretion were increased in highMDM and HDM. Potassium and sodium excretion were 
decreased in HDM and HDF. Protein levels were increased HDM. Specific gravity, sodium and 
chloride concentrations were increased in highMD and HD animals. These findings are likely 
caused by the lower urinary volume consistent with lower water consumption in treatment 
groups or potentially indicate effects on kidneys. 
 
Gross Pathology 
Complete necropsies were performed on all main group rats after 4 weeks of treatment and on 
recovery group animals after 6 weeks of treatment. Rats found dead were subject to a full post 
mortem examination. Representative tissue samples of the organs listed in the histopathology 
section were collected from all animals at necropsy, fixed, and processed as described below. 
Bone marrow smears were prepared from the right femur of all animals surviving until scheduled 
termination. Bone marrow cytology was not performed.  
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Treatment-related necropsy findings in HDM included prostate (2/7) and seminal vesicles (4/7), 
which were reduced in size. In 2/9 HDF, ovaries were also reduced in size. In addition, adrenals 
were enlarged in all male and female at the HD and in 5/9 of the highMDF. 
 
Organ Weights 
The following organ weights (and terminal body weight) were recorded from all animals killed at 
the scheduled sacrifice: adrenal glands, brain, epididymides, heart, kidneys, liver, lungs, ovaries, 
spleen, testes, thymus, and thyroid. Absolute and relative to body mean adrenal weights were 
markedly increased in HDM (absolute: +289%, relative: +417%) and HDF (absolute: +206%, 
relative +213%) above Control level. In addition, relative (to body weight) adrenal weights were 
also increased (+35%) above Control levels highMD M and F. Lung and liver absolute and 
relative (to body weight) weights were slightly increased in HD animals of both sexes. Absolute 
and relative (to body weight) ovary weights were decreased by 64% in HDF.  
 
Histopathology 
Adequate Battery: yes 
For histopathology assessment, the Control and HD groups contained 15 rats/sex/group, while 
the LD and two MD groups contained 10 rats/sex/group. Five M and five F of the Control and 
HD groups were sacrificed after a 2-week treatment-free recovery period. Representative tissue 
samples of the organs listed below were preserved in neutral 10% formalin. Testes, 
epididymides, eyes, optic nerves, and Harderian glands were initially fixed in modified 
Davidson’s solution before transfer to formalin. Following fixation, organs (except those listed in 
parenthesis) from Control and HD group rats, all unscheduled deaths and all organs with 
macroscopic abnormalities from all rats were trimmed, processed and embedded in paraffin wax. 
Sections were cut, stained with H&E, and examined by light microscopy. The following organs 
were preserved: adrenal glands, aorta, bone-sternum and femur including joint, bone marrow-
sternal, brain, (clitoral glands), epididymides, esophagus, eyes with optic nerve and Harderian 
glands, heart, kidneys, (lacrimal glands-exorbital), large intestine-cecum, colon and rectum, 
(larynx), liver, lungs, lymph nodes-mandibular and mesenteric, female mammary area, 
(nasopharynx), ovaries, pancreas, pituitary gland, (preputial glands), prostate gland, salivary 
glands-mandibular and sublingual, sciatic nerve, seminal vesicles, skeletal muscle, skin, small 
intestine-duodenum, jejunum and ileum with Peyer’s patches, spinal cord-cervical, midthoracic 
and lumbar, spleen, stomach, testes, thymus, thyroid glands with parathyroid glands, (tongue), 
trachea, urinary bladder, uterus with uterine cervix, vagina and all organs or tissues with 
macroscopic abnormalities. Following examination of the above tissues, sections of adrenal 
glands, epididymides, liver, lungs, mammary gland area (male and female), ovaries, prostate, 
sciatic nerve, seminal vesicles, testes, uterus, and vagina from intermediate dose groups and the 
recovery group animals were prepared and examined. 
 
Peer Review: Not conducted 
 
Histological Findings 

Sciatic nerve: Myelin fragmentation graded minimal or slight was observed in all groups, 
including Controls. However, the incidence of this observation increased in a dose-dependent 
manner in all male groups and in the HD female group administered cariprazine. In the recovery 
animals (only Control and HD were examined), minimal myelin fragmentation was seen in 2/5 

Reference ID: 3345156



NDA No. 204370                                 Reviewer Elzbieta Chalecka-Franaszek, Ph.D. 
 

 48

Control M and 1/5 Control F (total No.: 3/10 Controls, 33%), and minimal (2) or slight (1) 
myelin fragmentation was seen in 3/4 HDM (75%); (Note: other recovery animals did not 
survive). These results are presented in the following reviewer’s table. 

Incidence and severity of sciatic nerve myelin fragmentation 
Sex Males  Females  
Cariprazine dose 
mg/kg/day 

0 0.5 2.5 12.5 50 0 0.5 2.5 12.5 50 

Termination 
Number 
examined 

10 10 10 10 10 10 10 10 10 10 

minimal 2  3 4 3 4 0 1 1 1 5 
slight 0 0 0 2 2 0 0 0 0 0 
total 2 

20% 
3 

30% 
4 

40% 
5 

50% 
6 

60% 
0 1 1 1 5 

50% 
Recovery 
Number 
examined 

5 0 0 0 4 5 0 0 0 1 

minimal 2    2 1    0 
slight 0    1 0    0 
total 2    3 1    0 

According to the Applicant, “this is a not uncommon finding in Wistar rats of this age and given 
the fact that the severity was only slightly increased with dose, its relationship to treatment with 
the test item was considered to be equivocal”. Reviewer’s comment: This reviewer requested 
relevant historical control data from the laboratory that conducted the study. A detailed 
tabulation of the historical control data for the incidence of myelin fragmentation of the sciatic 
nerve provided by the Applicant indicated that this observation can occur at an incidence of up to 
60% in control groups. 

Lungs: Alveolar macrophage foci were seen at increased incidences and severity in groups 
administered the highMD and HD. This effect was accompanied by increased alveolar 
inflammation. The results are presented in the following reviewer’s table: 
 

Lungs: Alveolar macrophage foci 

 Males (10/group) Females (10/group) 
Cariprazine 
mg/kg/day 

0 0.5 2.5 12.5 50 0 0.5 2.5 12.5 50 

minimal 0 0 0 1 0 0 1 0 2 0 
slight 1 0 0 4 0 0 0 2 3 0 
moderate 0 0 0 1 9 0 0 0 2 9 
severe 0 0 0 0 0 0 0 0 0 1 
total 1 0 0 6 9 0 1 2 7 10 

 
Lungs: Alveolar inflammation 

 Males (10/group) Females (10/group) 
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Cariprazine 
mg/kg/day 

0 0.5 2.5 12.5 50 0 0.5 2.5 12.5 50 

minimal 1 2 0 2 4 1 1 2 4 1 
slight 1 1 0 5 5 0 0 0 3 7 
moderate 0 0 0 0 0 0 0 0 0 2 
total 2 3 0 7 9 1 1 2 7 10 

 
Liver: Single cell necrosis was observed in LDM (1/10, minimal), highMDM (1/10, minimal), 
and HDM (3/10 minimal; 1/10 slight) along with diffuse, midzonal/centrilobular hepatocellular 
hypertrophy observed in highMDM (1/10, minimal) and HDM (1/10 minimal; 1/10 slight; 2/10 
moderate). 
 
Adrenals: Multifocal cystic degeneration of the zona fasciculata was noted in the adrenal cortex 
of HD animals (8/10 M, 10/10 F) (for severity, see table below). Diffuse dilated sinusoids 
(graded minimal to moderate) were observed in the HD animals with the same incidence. The 
incidence of diffuse vacuolation of the cortex was increased in HD animals of both sexes (5/10 
M, 6/10 F). Diffuse cortical hypertrophy was noted in the highMD (2/10 M, 5/10 F) and HD 
animals (9/10 M, 10/10 F). These findings are consistent with enlarged adrenals and increased 
adrenal weights at the highMD and HD in both sexes. The incidence and severity of findings in 
the adrenals is summarized in the reviewer’s tables below. 
 

Adrenal glands, zona fasciculata: multifocal cystic degeneration  

 Males (10/group) Females (10/group) 
Cariprazine 
mg/kg/day 

0 0.5 2.5 12.5 50 0 0.5 2.5 12.5 50 

minimal 0 0 0 0 1 0 0 0 0 0 
slight 0 0 0 0 0 0 0 0 0 3 
moderate 0 0 0 0 4 0 0 0 0 5 
severe 0 0 0 0 3 0 0 0 0 2 
total 0 0 0 0 8 0 0 0 0 10 

 
Adrenal glands, cortex: diffuse vacuolation  

 Males (10/group) Females (10/group) 
Cariprazine 
mg/kg/day 

0 0.5 2.5 12.5 50 0 0.5 2.5 12.5 50 

minimal 1 1 1 2 0 0 0 0 0 0 
slight 0 1 0 0 2 0 0 0 0 6 
moderate 0 0 0 0 3 0 0 0 0 0 
total 1 2 1 2 5 0 0 0 0 6 

 
Adrenal glands, cortex: diffuse hypertrophy  

 Males (10/group) Females (10/group) 
Cariprazine 0 0.5 2.5 12.5 50 0 0.5 2.5 12.5 50 

Reference ID: 3345156



NDA No. 204370                                 Reviewer Elzbieta Chalecka-Franaszek, Ph.D. 
 

 50

mg/kg/day 
minimal 0 0 0 2 0 0 0 0 5 1 
slight 0 0 0 0 0 0 0 0 0 9 
moderate 0 0 0 0 9 0 0 0 0 0 
total 0 0 0 2 9 0 0 0 5 10 

 
According to the laboratory that conducted this study, changes in the lungs and adrenals were 
considered to be indicative of phospholipidosis. In pulmonary phospholipidosis, there is an 
excess of surfactant production by type II pneumocytes which accumulates in the alveolar 
spaces. Furthermore, findings noted in the adrenals were also considered to be related to stress. 
At the end of the recovery period, changes in the adrenals and lungs were still observed in the 
HD groups (only HD animals were examined). 
 
Male reproductive system: Testes: single seminiferous cell necrosis/degeneration (minimal to 
slight) was obseved in 9/10 HDM. Testicular atrophy (minimal to moderate) was observed in 
1/10, 1/10, and 2/10 M rats at the lowMD, highMD, and HD, respectively. Epididymides: 
minimal to moderate seminiferous cell debries were noted in 1/10 highMDM and 10/10 HDM. 
Prostate gland: diffuse acinar atrophy (minimal to moderate) was observed in 2/10 highMDM 
and 8/10 HDM. Seminal vesicles: atrophy (minimal to moderate) was observed in 2/10 
highMDM and 10/10 HDM. 
 
Female reproductive system: Ovaries: a dose dependent reduction in the number of corporea 
lutea was observed in all groups administered cariprazine (incidence: 2/10, 2/10, 5/10, and 10/10 
in the LD, lowMD, highMD, and HD animals, respectively). This observation was generally 
graded as minimal except in the HD group, in which it was graded as severe in 6/10 F rats. 
Vagina: epithelial cell atrophy graded as slight to severe was noted in 1/10, 1/10, and 4/10 F 
administered the LD, lowMD, and HD, respectively, along with no instances of proestrus or 
estrus epithelium in any treated group (indicating abnormal estrus cycling) and epithelial 
mucification noted at minimal to severe degree in 5/10, 8/10, 4/10, and 3/10 F  administered the 
LD, lowMD, highMD, and HD, respectively. 
 
Mammary gland: Females: glandular proliferation at a minimal to moderate degree was noted in 
1/10, 8/10, 7/10, 6/10, and 4/10 F in the Control, LD, lowMD, highMD, and HD groups, 
respectively. Males: ductular developmnet of the mammary gland was noted in 7/10 HDM. An 
increase in the severity of vacuolation in the M mammary gland at moderate or severe degree 
(increased over the minimal or slight degree in 4/8 Controls) was also seen in 8/10, 9/9, and 5/9 
M administered the LD, lowMD, highMD, but not in the HD group. Therfore, the relationship of 
this finding to treatment with test article is unclear. 
 
Recovery: According to the Applicant, following the 2-week recovery period alveolar 
macrophage foci in the lungs were observed in the HD males, as did sominiferous cell debris in 
the epididymides and ductular development in the M mammary gland. Other treatment related 
findings appeared to be undergoing resolution. However, only one HD recovery allocation 
female survived to scheduled sacrifice.              
 
Special Evaluation   None 
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Toxicokinetics 
Blood samples were collected at 1, 2, 4, 8, and 24 hours after dosing from 3 animals per group at 
each time point. PK parameters were determined from the mean plasma concentration-time 
curves. The cariprazine Cmax and AUC0-24h values are summarized in the Applicant’s table below. 
The systemic exposure to the metabolites DCAR and DDCAR was not determined in this study. 
 

 
The exposure (AUC0-24h) to cariprazine increased with increasing dose in an apparently greater 
than proportional manner. There was an apparent gender difference in exposure (Cmax and AUC0-

24h) as indicated by a higher exposure in F than in M on Day 1 and at 0.5 and 2.5 mg/kg/day on 
Day 28. However, after repeated doses of 12.5 and 50 mg/kg/day the exposure in M and F 
became generally similar. There was no accumulation of cariprazine during repeated 
administration of the compound to F rats, while significant accumulation was observed at the 
higher doses in M rats. 
 
Dosing Solution Analysis 
Analysis of the accuracy of dose preparations revealed an acceptable level of accuracy. 
 
Study title:  13-week oral toxicity study in rats 
 

Study no.: CSCNRGHPCTX21  
Study report location:

Conducting laboratory and location:
Date of study initiation: February 15, 2005 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot 
W45021A, purity 99.62% 
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Key study findings 
 

• Moderate decreases in absolute body weight and body weight gain in males at all dose 
levels, which did not correlate with changes in food consumption. 

• Decrease in plasma cholesterol in males at 12.5 mg/kg and in females at 3 and 12.5 
mg/kg, and decrease in plasma triglycerides in males at 3 and 12.5 mg/kg and in females 
at 12.5 mg/kg.  

• Lungs: Increased incidence of discolored tan foci observed in lungs at 12.5 mg/kg and 
increased incidence alveolar/intraalveolar macrophages and foamy cytoplasm with and 
without inflammatory cell infiltration observed in lungs of males at the 12.5 mg/kg and in 
females at all dose levels. This finding was associated with pulmonary hemorrhaging and 
attributed to phospholipidosis. 

• Mammary gland acinar hyperplasia associated with ductal ectasia with and without 
secretions observed in females at all dose levels. 

 
The MTD was 12.5 mg/kg based on significant decreases in body weight in males, decreases in 
clinical chemistry parameters, and mammary gland histopathology in females. 
 
The NOAEL was 1 mg/kg in male rats and also in female rats if the mammary gland findings 
and phospholipidosis in the lung are excluded. This dose is ~1.1 times the MRHD of mg/day 
based on mg/m2. The AUC0-24h for cariprazine at 1 mg/kg on Day 90 is 259 and 390 ng•h/mL in 
male and female rats, respectively, which is ~0.6 and 1.0 times the cariprazine AUC0-24h 
expected in humans at the MRHD of  mg/day (402 ng•h/mL). The combined AUC0-24h for 
cariprazine, DCAR, and DDCAR at 1 mg/kg on Day 90 is 319 and 409 ng•h/mL in male and 
female rats, respectively, which is  ~0.2 and 0.3 times the combined AUC0-24h for these moieties, 
expected in humans at the MRHD of 9 mg/day (1626 ng•h/mL).  Therefore, based on results of 
this study, there is no margin of safety for administration of cariprazine to humans at the MRHD 
of  mg/day. 
 
The NOAEL for phospholipidosis in the lungs was 3 mg/kg for male rats, and could not be 
determined for female rats in this study. This dose is ~3.2 times the MRHD of mg/day on a 
mg/m2 basis. The AUC0-24h for cariprazine at 3 mg/kg on Day 90 is 971 ng•h/mL in male rats, 
which is ~2.4 times the cariprazine AUC0-24h expected in humans at the MRHD of 9 mg/day (402 
ng•h/mL). The combined AUC0-24h for cariprazine, DCAR, and DDCAR at 3 mg/kg on Day 90 is 
1251 ng•h/mL in male rats, which is ~0.8 times the combined AUC0-24h for these moieties, 
expected in humans at the MRHD of mg/day (1626 ng•h/mL). Therefore, based on 
phospholipidosis observed in the lungs, there is no margin of safety for administration of 
cariprazine to humans at the MRHD of  mg/day. 
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Methods 
Doses: 0, 1, 3, and 10→12.5 mg/kg/day (Control, LD, MD, and HD, 

respectively; doses are expressed in terms of the free base). The 
dose for HD group (10 mg/kg/day) was increased to 12.5 
mg/kg/day after 3 weeks due to “lack of significant effects”. 

Frequency of dosing: Once daily for 13 weeks 
Route of 

administration: 
Oral gavage 

Dose volume: 10 mL/kg 
Formulation/Vehicle: Solution of cariprazine in the vehicle/deionized water 

Species/Strain: rat/Wistar Albino Crl: (WI)BR 
Number/Sex/Group: 10/sex/group in main groups 

Age: approximately 6 weeks-old at initiation of dosing 
Weight: Males: 251-343 g; Females: 168-249 g  

Satellite groups: 6/sex/control and 27/sex/treated group in the satellite TK 
groups; 5 rats/sex/group in the 4-week recovery groups     

Unique study design: A 2-week dose adaptation period preceded the full 13-week 
dosing period for all treated groups. Rats were administered 1/3 
of the dose for one week (week -1) and then were administered 
2/3 of the dose for a second week (week 0) prior to the full 
dose for 13 weeks to avoid to dose-limiting clinical signs. 

Deviation from study 
protocol: 

It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity. 

 

Observations and Results 

Mortality 
All main study rats survived to scheduled sacrifice; one M rat from the TK group died on Day 0 
after the predose blood collection. 
 
Clinical signs 
Clinical signs were observed daily at time of dosing and occurred infrequently in both control 
and treated groups and were considered by the Applicant to be “common findings in laboratory 
rats”. There was one LDM rat that experienced tremors on study Day 76 that persisted until 
termination. 
 
Body Weight 
Body weight was recorded weekly. Males: There was a dose dependent decrease in absolute 
body weight and body weight gain in M at all doses. Absolute body weight decreased by 3%, 
8%, and 18% on Day 90 in the LD, MD, and HD groups, respectively, compared to Controls, 
while body weight gain decreased by 9%, 19%, and 41%, respectively, compared to Controls. 
There was a slight recovery of body weight gain loss in all treated groups at the end of the 4-
week recovery period. During the first 3 weeks rats were administered 10 mg/kg, and when the 
dose was increased to 12.5 mg/kg on Day 20, there was a more pronounced decrease in body 
weight compared to Controls. 
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Females: Absolute body weight and body weight gain were much less affected in F rats. There 
was an increase in absolute body weight. on Day 90 (+8% and +4% at the LD and MD, 
respectively, compared to Controls) and an increase in body weight gain of +14% and +9% at at 
the LD and MD, respectively, compared to Controls. At the HD, there was a decrease in both 
absolute body weight and body weight gain (-6% and -21%, respectively, compared to Controls). 
During the first 3 weeks rats were administered 10 mg/kg and there was no change in body 
weight compared to Controls (233 g and 240 g, respectively, for Controls and 10 mg/kg rats on 
Day 20). A decrease in absolute body weight compared to Controls was only seen in the HD rats 
after the dose was increased to 12.5 mg/kg on Day 20. At the end of the 4-week recovery period, 
body weight in the HD group was comparable to Controls. 
 
Food consumption 
Food consumption was recorded weekly. There were no significant effects on food consumption 
in either M or F rats. The only findings were equivocal increases in food consumption compared 
to Controls at the end of the dosing period for both M and F at the HD. 
 
Ophthalmology 
An ophthalmologic exam was done on every main study rat at the end of the dosing period. The 
only abnormality was one MD male that had a myelinated retinal nerve fiber which was not 
considered to be the test article-related. 
 
Hematology 
Clinical pathology (hematology and coagulation, clinical chemistry and urinalysis) was done on 
all main study rats (10/sex/group at end of dosing on Week 13 and 5/sex/group on Week 17 after 
a 4-week recovery period). Parameters evaluated: HGB, HCT, RBC, PLT, MPV, MCV, MCH, 
MCHC, RDW, WBC, RETIC, and differential WBC. Coagulation parameters: PT and APTT.  
There was a decrease in several hematological parameters in both M and F which included slight 
decreases in red blood cells at the MD and significant decreases in red blood cells, reticulocytes, 
hemoglobin, and hematocrit at the HD. For HDM on Day 90 there was a decrease of 7%, 11%, 
4%, and 5% for red blood cells, reticulocytes, hemoglobin, and hematocrit, respectively, 
compared to Controls. For HDF on Day 90 there was a decrease of 3%, 19%, 6%, and 6% for red 
blood cells, reticulocytes, hemoglobin, and hematocrit, respectively, compared to Controls. All 
of the hematological effects returned almost to Control levels at the end of the recovery period. 
There was only a slight increase in prothrombin time (5%) in HDM compared to Controls at 
termination, and returned to Control levels at the end of the recovery period. 
 
Clinical Chemistry 
Parameters evaluated: ALT, AST, ALKP, BUN, CREAT, GLU, CHOL, TRIG, TP, ALB, TBILI, 
Na+, K+, Cl-, Ca++, and PHOS. There were marked increases in the liver enzymes, AST and 
ALT in HDM (223% and 333%, respectively, compared to Controls). However, the increase was 
only due to 3/10 rats which had increases in AST of 1721%, 103%, and 336% and increases in 
ALT of 2600%, 85% and 517% compared to Controls. The other 7/10 rats had levels similar to 
Controls. There were no changes in total bilirubin in those 3 rats. There were also no 
histopathological changes in 2/3 rats and only minimal hepatocellular fatty vacuolation 
(periportal) in the third rat. There was a slight increase in BUN in HDM (13%) and in F at all 
doses (13-27%); these slight increases were within the historical control range provided by the 
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Applicant. There was also a decrease in glucose levels at all doses in M and F, a decrease in 
cholesterol in HDM, MDF, and HDF and a decrease in triglycerides in MDM, HDM, and HDF 
(See Applicant’s table below). The levels returned to Control levels for the cholesterol and 
triglycerides and almost to Control levels for glucose after the 4-week recovery period. 
 

 
 
(Note: Group 2, 3, 4 = 1, 3, and 10/12.5 mg/kg, respectively) 
 
There were also slight, equivocal decreases in total protein and albumin, and/or globulin levels at 
the HD in both males and females (≤10%), however the levels were within the historical control 
range and returned to Control levels at the end of the recovery period. 
 
Urinalysis 
HDM had slightly concentrated urine on Day 90 with a low urine volume (65% compared to 
Controls) and slightly high specific gravity (3% compared to Controls). The levels returned close 
to Control values at the end of the recovery period and were also not present in females. 
 
Macroscopic pathology 
Complete macroscopic examination was performed on all study animals at necropsy after 13 
weeks of treatment and following the recovery period. There was a greater number of rats with 
discolored tan foci in the lungs in the HD groups compared to Controls (Incidence: M: 2/10, 
1/10, 0/10, and 7/10; F 0/10, 1/10, 3/10, and 7/10 in the Controls, LD, MD, and HD, 
respectively). This finding was still present in the recovery group rats: in 1/5 M and 5/5 F. The 
relevance of this finding is unclear but it may be related to phospholipidosis. 5/10 females in the 
HD group had enlarged adrenal glands which correlated with the increase in adrenal weight, but 
there were no corresponding microscopic changes (low incidence of hyperplasia and vacuolation 
of zona fasciculata were observed in both control and dosed groups). 
 
Organ weights 
The following organs were weighed for all animals: adrenal glands, brain, epididymides, heart, 
kidneys, liver, ovaries, pituitary gland, prostate gland, seminal vesicles, spleen, testes, thymus, 
thyroid/parathyroid gland, and uterus. Test article-related changes in weights were observed in 
the adrenals, liver, and uterus. Absolute and relative (to body wt.) weights of the adrenals and 
liver were increased for both M and F at the HD. The increase in relative adrenal weight for M 
and F was 29% and 46%, respectively, compared to Controls. The increase in adrenal weight was 
still present after the 4-week recovery period: 31% and 23% for M and F, respectively, compared 
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to Controls. The slight increase in the relative liver weight for M and F was 9% and 27%, 
respectively, compared to Controls. There was no change in liver weight after the 4-week 
recovery period. There was also a decrease in the absolute and relative (to body wt.) uterus 
weight in F at all doses. The decrease in relative uterus weight was 38%, 40%, and 32% for 
females at the LD, MD, and HD, respectively. The decrease in uterus weigh was still present in 
the 4-week recovery group: 24%, 47%, and 35% in F at the LD, MD, and HD, respectively. 
However, there were no corresponding histopathological changes present in the adrenals, liver, 
or uterus. Relative (to body weight) thymus weight was decreased by 10% compared to Controls 
in HDF (but not M rats or recovery animals). 
 
Histopathology: 
Histopathology was performed on all main study rats using standard methods of preservation and 
staining. Organs/tissues evaluated: adrenal glands, aorta, bone marrow smear, bone, bone 
marrow, brain, epididymides, esophagus, eyes, heart, kidneys, lacrimal gland/Harderian glands, 
large intestine, liver, lungs, lymph nodes (mesenteric, mediastinal), mammary gland, nerve 
(sciatic), optic nerve, ovaries, pancreas, pituitary gland, prostate and seminal vesicles, salivary 
gland (mandibular), skeletal muscle, skin, small intestine, spinal cord, spleen, stomach, testes, 
thymus, thyroid/parathyroid glands, trachea, urinary bladder, uterus with cervix, vagina, tissues 
with macroscopic findings including tissue masses, and target organs. 
 
The major histopathological changes occurred in the lungs and mammary glands. There was an 
increased incidence of lungs with “alveolar/intraalveolar macrophages and foamy cytoplasm 
with and without inflammatory cell infiltrate” at the HD (10/10 HDM and 10/10 HDF) and in 
some LD and MD females (see Applicant’s table below). There was only a partial recovery in 
the LDF and MDF groups after the 4-week recovery period, and no recovery in the HD groups. 
The Applicant attributed these effects to drug-induced phospholipidosis. This finding was 
associated with pulmonary hemorrhage in several rats (incidence: M: 2/10, 1/10, 7/10, and 7/10; 
F 2/10, 2/10, 1/10, and 6/10 in the Controls, LD, MD, and HD, respectively). 
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There was also a dose related increase in the severity of mammary gland hyperplasia; all female 
rats from every dose group had acinar hyperplasia (see Applicant’s table below). This was 
associated with ductal ectasia with and without secretions in 0/10, 5/10, 5/10 and 7/10 female 
rats in the Control, LD, MD, and HD, respectively. There was partial recovery after the 4-week 
recovery period, since the severity of the acinar hyperplasia substantially decreased and there 
was no longer any associated ductal ectasia. The Applicant attributed the mammary gland 
hyperplasia to the hormonal/pharmacological action of cariprazine. 
 

 
 
In the recovery animals, optic nerve hemorrhage was observed in 3/5 HDM and 2/5 HDF, and 
minimal to slight optic nerve vacuolar degeneration was observed in 3/5 HDM rats, without 
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changes in the concurrent controls and without clearly test article-related changes in optic nerve 
in main group animals (observerd in 3/10 HDM and 2/10 control F at termination). This finding 
is mentioned here because the drug has adverse effects on eyes in other studies. No 
histopathological changes were observed in the adrenals, liver, or uterus. There were no changes 
in the sciatic nerve or thymus that were observed in other studies in rats.  
 
Toxicokinetics 
Systemic exposure to cariprazine, DCAR and DDCAR was demonstrated in both M and F rats. F 
rats had slightly higher exposure levels to cariprazine relative to M, with the effect being greater 
on after single dose than on Day 90. There was accumulation of the drug after repeated 
administration. The T1/2 ranged from 2.1 to 4.7 hours for M and 2.2 to 3.7 hours for F. The 
exposure levels for both metabolites was greater in M than F. The DDCAR could not always be 
detected in the LDM and LDF. TK parameters are shown in the Applicant’s table below. 
 

 
 

Dosing Solution Analysis 
Analysis of the accuracy of dose preparations revealed an acceptable level of accuracy. 
 
Study title:  RGH-188 HCl:  A 6-month oral toxicity study in rats with a 1-month 
recovery. 
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Study no.: CSCNRGHPCTX24 
Study report location:

Conducting laboratory and location:
Date of study initiation: October 6, 2005 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine (RGH-188 HCl), lot W45021A and 
W55007K, purity: 97.7 and 100.5%, respectively  

 

Key Study Findings 

• Marked decreases in body weight and body weight gain in males at all dose levels and in 
females at the high dose of 12.5 mg/kg/day; body weight gain returned to Control levels 
at the end of the recovery period. 

• Marked decrease (up to -64%) in cholesterol in males at 10 mg/kg/day and in females at 3 
and 12.5 mg/kg/day at the end of treatment period, and in males at 3 and 10 mg/kg/day at 
the end of the recovery period.  

• Marked decrease (up to -53%) in triglycerides observed at all dose levels in males at the 
end of treatment and at 10 mg/kg at the end of recovery, and in females at all dose levels 
at the end of recovery. 

• Marked increases in adrenal gland weight in females at 12.5 mg/kg/day at the end of the 
treatment and recovery periods. 

• Increases in the incidence and severity of the sciatic nerve axonal degeneration in females 
at 12.5 mg/kg/day; not observed following the recovery period.  

• Lungs: Increased incidence and severity of alveolar/intra-alveolar macrophages with 
foamy cytoplasm observed in the lungs in males at 10 mg/kg/day and in females at all 
dose levels, attributed to phospholipidosis and not reversible during the recovery period. 
Presence of lysosomal concentric lamellar bodies within the cytoplasm of type 2 
pneumocytes and macrophages, typical of those seen with pulmonary phospholipidosis, 
observed in ultrastructural TEM examination.  

• Acinar or ductular hyperplasia of the mammary gland observed in females at all dose 
levels, with secretion in some animals; partially reversible at the end of the recovery 
period. 

 
The MTD was 10 and 12.5 mg/kg in males and females, respectively, based on significant 
decreases in body weight. A NOAEL could not be established due to effects on body weight in 
males and the mammary gland hyperplasia and uterus weight changes in females, which were 
observed at all dose levels. Excluding pharmacologically mediated effects on the mammary 
gland and uterus, the low dose of 1 mg/kg could be considered the NOAEL for female rats. 
 
The 3 mg/kg dose is the NOEL for the sciatic nerve axonal degeneration (determined only in 
females; sciatic nerve has not been examined in males at this dose). The 3 mg/kg dose is also the 
NOEL for phospholipidosis in the lungs in male rats; the NOAEL could not be determined for 
female rats. The 3 mg/kg dose is ~3.2 times the MRHD of mg/day based on mg/m2. The AUC0-

24h for cariprazine at 3 mg/kg on Day 180 was 1284 and 1468 ng•h/mL in male and female rats, 
respectively, which is ~ 3.2 and 3.7 times the cariprazine AUC0-24h expected in humans at the 
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MRHD of mg/day (402 ng•h/mL). The combined AUC0-24h values for cariprazine, DCAR, and 
DDCAR at 3 mg/kg on Day 180 are 1517 and 1610 ng•h/mL in male and female rats, 
respectively, which is ~1.1 and 1.0 times the combined AUC0-24h for these moieties, expected in 
humans at the MRHD of mg/day (1626 ng•h/mL). Therefore, based on phospholipidosis 
observed in the lungs and degeneration of the sciatic nerve, there is no margin of safety for 
administration of cariprazine to humans at the MRHD of mg/day. 
 
In this 6-months study in rats, exposure (AUC0-24h) to cariprazine, DCAR, and DDCAR 
represents approximately 72%, 18%, and 10% for males, respectively, and 88%, 8%, and 4% for 
females, respectively, of the total AUC0-24h observed at steady state in male and female rats dosed 
at the high dose of 10 mg/kg (males) and 12.5 mg/kg (females) on Day 180 of the study. 
 
Methods 

Doses: 0, 1, 3, or 10 (males) or 12.5 (females) mg/kg/day (Control, 
LD, MD, and HD, respectively; doses are expressed in terms 
of free base) 

Frequency of dosing: Once daily for 6 months 
Route of administration: Oral (gavage) 

Dose volume: 10 mL/kg 
Formulation/Vehicle: Solution/purified water  

Species/Strain: Rat/Wistar Albino 
Number/Sex/Group: 15/sex/group; However, after 6 months, 10 animals/group 

were necropsied and 5 animals/group were held for a 1 month 
drug-free recovery assessment  

Age: Approximately 6 weeks old at initiation of dosing  
Weight: Males: 174.9 - 229.5 g, Females: 137.2 – 173.8 g 

Satellite groups: TK: 6/sex/Control group and 27/sex/test article groups; 
Recovery period (1 month): 5/sex/group   

Unique study design: Treatment included a 2 week dose adaptation period during 
which doses of 1/3 (Week  -1) and then 2/3 (Week -2) of the 
final dose were administered  

Deviation from study 
protocol: 

It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity. 

 

Observations and Results 

Mortality 
Observations for mortality were conducted twice daily. There were no test article-related deaths 
in this study. One MDF was found dead on Day 84. This death, attributed to a metastatic 
malignant lymphoma, was not considered test article-related.  
 
Clinical Signs 
Cage-side observations were made once daily. Physical examinations were conducted twice 
pretest and weekly thereafter. Two LDF (one in the main group, one in the TK group) had brief, 
handling-induced seizures during the final weeks of the study (Weeks 23-27 of full dose). There 
were no morphologic alterations in brain or nerve tissue of either animal. There were no similar 
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observations in animals administered higher doses. Therefore, these seizures are not considered 
test article-related. There were no other treatment-related clinical signs. 
 
Body Weight 
Animals were weighed twice pretest and weekly during cariprazine administration. Treatment 
with cariprazine resulted in marked, dose-related, statistically significant (p≤0.01; test name not 
provided) decreases in body weight in M at all dose levels and in HDF (M: -12%, -16%, and -
24% at the LD, MD, and HD, respectively; F: -22% at the HD; % difference from Control at 
Week 26). Body weight was still lower in the same groups following the 1-month drug-free 
recovery period (M: -11%, -17%, and -27% at the LD, MD, and HD respectively; F: -22% at the 
HD). Decreases in body weight gain were observed in the same groups (M: -16%, -23%, and -
34% at the LD, MD, and HD, respectively; F: -36% at the HD). Body weight gain changes were 
reversible because they were similar or higher (in some groups) than those in the Control 
following the 1-month recovery period [weight change during recovery (Week 26 minus 
Recovery Week 4) for M: +26%, +29%, +33, and +44 %; for F: +17, -10, -9, and +18% in the 
Control, LD, MD, and HD groups, respectively]. 
 
Food Consumption 
Food consumption was measured (weighed) weekly. Food consumption was decreased in MDM 
and HDM, and sporadically in LDM. These changes were consistent with decreases in body wts. 
Food consumption remained unchanged in F. These data are shown in the Applicant’s figures 
below. 
 
Mean food consumption in males: 
 

 
Mean food consumption in females: 
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Ophthalmoscopy 
All animals were examined pretest, after 3 months of dosing, and at the end of the dosing and 
recovery periods. Lids, lacrimal apparatus, and conjunctiva were examined visually. The cornea, 
anterior chamber, lens, iris, vitreous humor, retina, and optic disc were examined by indirect 
ophthalmoscopy. In addition, the anterior segment, lens, and anterior vitreous were examined by 
slit lamp biomicroscopy, using retroillumination, and optical section 3 months after initiation of 
dosing and at the end of the dosing period. A 1% tropicamide solution was used to induce 
mydriasis. There were no test article-related ophthalmology findings in this study.  
 
ECG  Not conducted 
 
Hematology 
Blood was collected from 10 and 5 fasted animals/sex/group at the end of dosing and recovery 
periods, respectively. Hematology and coagulation parameters evaluated: HGB, HCT, RBC, 
PLT, MPV, MCV, MCH, MCHC, RDW, WBC, RETIC, peripheral blood smear, differential 
leukocyte count, PT, and APTT. There were no apparent test article-related hematology or 
coagulation findings in this study.  
 
Clinical Chemistry 
Blood was collected from 10 and 5 fasted animals/sex/group at the end of dosing and recovery 
periods, respectively. Parameters evaluated: AST, ALT, ALKP, BUN, CREAT, GLU, CHOL, 
TRIG, TP, ALB, TBILI, NA+, K+, Cl-, Ca+, PHOS, GLB, and A/G. Mean liver enzymes, AST 
and ALT, were slightly to moderately elevated (~2-fold to 8.6-fold) in HDM and HDF. Percent 
difference from controls for the mean ALT was +132 and +100% in M and F, respectively, and 
for the mean AST was +95 and +45% in M and F, respectively. These elevations were due to 
some individual animals (5/10 M, 2/10 F). The following individual highest AST values were 
recorded for 5 HDM: 574, 166, 141, 134, and 128 U/L. Corresponding individual ALT values 
were 377, 110, 90, 75, and 103 U/L. For comparison, mean AST and ALT male Control values 
were 82 and 44 U/L, respectively. The following individual highest AST values were recorded 
for 2 HD females: 369 and 275 U/L. Corresponding individual ALT values were 192 and 240 
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U/L. For comparison, mean AST and ALT female Control group values were 107 and 47 U/L, 
respectively. AST and ALT were less elevated following one month of the recovery period, 
indicating reversibility. There were no corresponding liver histopathology findings. Mean group 
AST and ALT values are shown in the following reviewer’s table. 
 

Serum 
chemistry 

Necropsy 
time/N 

Control 1 
mg/kg/day 

3 
mg/kg/day 

10/12.5 
mg/kg/day 

  M F M F M F M F 
AST 
(U/L) 

Terminal 
N=10 

82±17 107±67 79±17 93±25 85±15 129±81 160±149
* 

155±96

 Recovery 
N=5 

81±13 93±29 78±13 109±30 79±12 87±16 115±48 98±14 

ALT 
(U/L) 

Terminal 
N=10 

44±13 47±21 40±9 51±14 47±11 82±86 102±100
* 

94±70 

 Recovery 
N=5 

51±9.1 53±17 42±9 58±20 45±5 45±12 66±23 41±8 

* absolute values significantly different form control mean: p≤0.05 
 
Mean blood urea nitrogen (BUN) was slightly increased above Control (+33%) in HDF at the 
end of dosing. This finding correlated with slightly concentrated urine and suggested 
dehydration. Mean cholesterol (CHOL) was markedly decreased in HDM, MDF, and HDF at the 
end of dosing. Decreases were also observed in MDM and HDM at the end of the recovery 
period. Mean triglycerides (TRIG) were markedly decreased in M rats at all dose levels at the 
end of dosing and in the HDM at the end of the recovery period. Mean TRIG were also 
decreased in F rats at all dose levels at the end of the recovery period; these increases may 
represent a delayed cariprazine or metabolite-related effect. Decreased levels of CHOL and 
TRIG may indicate drug-induced inhibition of their synthesis or another unknown pathological 
process, possibly related to phospholipidosis, a lipid storage disorder, which was observed in 
animals in this study. Mean group values for CHOL and TRIG are shown in the following 
reviewer’s table.  
 

Serum 
chemistry 

Necropsy 
time/N 

Control 1 
mg/kg/day 

3 
mg/kg/day 

10/12.5 
mg/kg/day 

  M F M F M F M F 
CHOL 
mg/dL; (% 
decrease)  

Terminal 
N=10 

97±26 77±27 79±20 60±11 81±17 46±8.1 
(-40%) 

** 

68±28 
(-30%) 

** 

28±14 
(-64%) 

** 
 Recovery 

N=5 
121±48 83±23 111±59 64±11 78±27 

(-36%) 
78±8 

 
75±7 

(-38%) 
72±14 

 
TRIG 
mg/dL (% 
decrease) 

Terminal 
N=10 

125±39 
 

64±19 91±36 
(-27%) 

* 

54±9.8 73±18 
(-42%) 

** 

53±15 59±20 
(-53%) 

** 

56±33 

 Recovery 
N=5 

143±39 110±79 132±50 47±5.1 
(-57%) 

* 

129±42 56±11 
(-49%) 

* 

88±15 
(-38%) 

* 

53±5 
(-52%) 

* 
* absolute values significantly different from control mean: p≤0.05 
** absolute values significantly different from control mean: p≤0.01 
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Urinalysis 
Urine was obtained via a 16 hour overnight collection period from 10 or 5 animals/sex/group at 
the termination of dosing or at the end of the recovery period, respectively. Parameters 
evaluated: TP, GLU, ketones, nitrites, pH, BILI, urobilinogen, appearance, Sp.G. and VOL. 
Urine was slightly concentrated in HDM and HDF based on the low volume (-37% and -38% of 
Controls in M and F, respectively) and increased specific gravity values. This effect was no 
longer observed at termination of the recovery period. 
 
Gross Pathology 
Complete macroscopic examinations were performed on all animals (10/sex/group) following 6 
months of cariprazine administration and on recovery animals (5/sex/group) one month after 
termination of dosing. There was an increase in the incidence of white, tan, or pale foci in the 
lungs in HDM, HDF, and MDF. In the recovery phase animals, these changes were still observed 
in the same groups, indicating a lack of reversibility. The Applicant did not provide any 
explanation for this finding. This reviewer considers discoloration of the lungs to be related to 
acumulation of the lipid-drug complex in the lung tissue due to phospholipidosis. These data are 
summarized in the following Applicant’s table. 
 

 
 
Organ Weights 
The following organs were weighed for all animals at scheduled sacrifice: adrenal glands, brain, 
epididymides, heart, kidneys, liver, ovaries, pituitary gland, prostate gland and seminal vesicles, 
spleen, testes, thymus, thyroid/parathyroid glands, and uterus with cervix. Non dose-related 
decreases in the absolute and relative (to body weight) uterus weights were observed in all 
female groups both at termination of the treatment (relative weight: -42%, -40%, and -28% at the 
LD, MD, and HD, respectively) and after the recovery period (relative weight: -38%, -40%, and -
16% at the LD, MD, and HD, respectively). Absolute and/or relative (to body weight) adrenal 
glands weights were increased in HDM and HDF at the end of treatment (relative weight: +22% 
and +70%, respectively) and after the recovery period (relative weight: +36% and +59%, 
respectively). There were no corresponding histopathology observations for changes in the uterus 
and adrenal glands weights. 
 
Histopathology 
The tissues/organs listed below collected from Control and HD animals were preserved using 
standard methods, and examined microscopically. Sciatic nerve collection and processing: A 3-5 
cm long segment of the right and left sciatic nerve was collected. The right sciatic nerve was 
fixed in 10% neutral buffered formalin and the left sciatic nerve was fixed in 2.5% cold 
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glutaraldehyde in 0.1 M sodium phosphate, post-fixed in the osmium tetraoxide, embeded in the 
epoxy resin, and stained with Toluidine Blue. Slides with the right sciatic nerve and all other 
tissues were stained with H&E. Based on the microscopic findings, lungs from 2 Control M, 2 
Control F, 1 HDM, and 4 HDF were chosen for examination by transmission electron 
microscopy (TEM) to confirm the nature of the phospholipidosis-like changes. Tissues/organs 
examined included the adrenal glands, aorta, bone marrow smear, bone, bone marrow, brain, 
epididymides, esophagus, eyes, heart, kidneys, lacrimal gland/Harderian glands, large intestine, 
liver, lungs, lymph nodes (mesenteric, mediastinal), mammary gland, nerve (sciatic), optic nerve, 
ovaries, pancreas, pituitary gland, prostate and seminal vescicles, salivary gland (mandibular), 
skeletal muscle, skin, small intestine, spinal cord, spleen, stomach, testes, thymus, 
thyroid/parathyroid glands, trachea, urinary bladder, uterus with cervix, vagina, and tissues with 
macroscopic findings including tissue masses. In addition, slides of the target organs i.e. lungs, 
mammary glands (females only), sciatic nerves (females only), and all gross lesions were 
prepared and examined for the LD and MD animals. All tissues were also collected and 
examined for one LD TK female that exhibited seizures by the end of the study. 
 
Peer Review: No information provided 
 
Histological Findings 
Histopathology findings related to the test article administration were noted in the sciatic nerve, 
lungs, and mammary gland.   
 
Sciatic nerve: Slight increase in the incidence and severity of the sciatic nerve axonal 
degeneration, characterized by axonal swelling and/or digestion chambers, was observed in 
HDM and HDF, as shown in the reviewer’s table below. After the 1-month recovery period, the 
incidence of axonal degeneration of the sciatic nerve was similar between the combined control 
groups and combined test article-treated HD groups.  
 
Incidence and severity of sciatic nerve axonal degeneration  
Sex Males  Females 
Dose (mg/kg/day) 0 1 3 10 0 1 3 12.5 
Termination 
Number examined  

10 0 0 10 10 10 10** 10 

Minimal 0 - - 1 3 2 2 3 
Slight 0 - - 1 0 0 0 1 
Moderate 0 - - 0 0 0 0 1 
Total  0 - - 2  

20%  
3 

30%  
2 2 5  

50% 
Recovery 
Number examined 

5 0 0 5 5 5 5 5 

Minimal 2 - - 0 1 2 2 2 
Slight 0 - - 0 0 0 0 0 
Moderate 0 - - 0 0 0 0 0 
Total  2 - - 0 

 
1 2 2 2 
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Numbers represent the total number of rats with axonal degeneration in either wax or plastic 
embedded nerves.  ** Includes descendent  
 
Lungs:  Alveolar/intraalveolar macrophages with foamy cytoplasm were observed in all groups, 
including Controls. However, the incidence and severity of this finding increased in the HDM 
and all dosed F groups, as shown in the reviewer’s table below, indicating a test article-related 
effect. This change was attributed to pulmonary phospholipidosis and was not reversible during 
the 1-month recovery period. The Applicant did not address the presence of foamy macrophages 
in the Control groups in any detail. 
 
Incidence and severity of alveolar/intraalveolar foamy macrophages in the lungs 
Sex Males  Females 
Dose (mg/kg/day) 0 1 3 10 0 1 3 12.5 
Termination 
Number examined  

10 10 10 10 10 10 10aa 10 

Minimal 4 3 5 5 2 4 4 0 
Slight 0 0 0 2 0 0 3 9 
Moderate 0 0 0 0 0 0 0 1 
Total  
% animals affected  

4 
40% 

3 5 7   
70% 

2 
20% 

4  7  
70% 

10  
100% 

Recovery 
Number examined 

5 5 5 5 5 5 5 5 

Minimal 0 1 1 1 0 2 1 0 
Slight 1 1 1 4 0 1 2 5 
Moderate 0 0 0 0 0 0 0 0 
Total  
% animals affected 

1 2 2 5  
100% 

0 3  3  5  
100% 

aa - includes descendent  
 
Reviewer’s comment: PLD observed in the lungs is consistent with the cationic amphiphilic 
nature of cariprazine. In addition to observations described above, this reviewer noted 
histopathological finding of minimal to slight congestion/hemorrhage in the lungs of animals 
from all groups, including Controls (at termination: 9/10, 10/10, 8/10, and 9/10 in M, and 4/10, 
5/10, 8/9, and 4/10 in F, in the Control, LD, MD, and HD groups, respectively; at recovery: 3/5, 
5/5, 4/5, and 3/5 in M, and 1/5, 2/5, 2/5, and 3/5 in F, in the Control, LD, MD, and HD groups, 
respectively). Since this finding was present in the Control groups and the incidence was not 
dose-related and not reversible, it may have been caused by gavage administration or may 
represent unknown chronic pathological conditions ongoing in the lungs of the majority of 
animals in this colony, possibly resulting in the presence of foamy macrophages in the Control 
groups, and is not drug-related. The congestion/hemorrhage in the lungs of the Control animals 
was not addressed in any detail by the Applicant. Moreover, slight increases in the incidence of 
the alveolar/intra-alveolar inflammatory cell infiltrate was observed at termination in some dosed 
females, but not in Controls (2/10, 1/9, and 2/10 in the LDF, MDF, and HDF groups, 
respectively), which may be test article-related but unlikely adverse. Based on these 
considerations, there was no indication of any significant concurrent lung toxicity despite 
presence of PLD.  
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Mammary gland:  Acinar or ductular hyperplasia of the mammary gland (slight to moderate) was 
observed in all test article dosed F groups and was partially reversible. These data are 
summarized in the following reviewer’s table.  
 
Incidence and severity of acinar or ductular hyperplasia of the mammary gland 
Sex Males  Females 
Dose (mg/kg/day) 0 1 3 10 0 1 3 12.5 
Termination 
Number examined  

0 0 0 0 10 10 9 10 

Slight - - - - 1 7 6 5 
Moderate - - - - - 1 3 3 
Total  - - - - 1 8  9  8  
Recovery  
Number examined 

0 0 0 0 5 5 5 5 

Slight - - - - 0 2 1 0 
Moderate - - - - 1 1 1 0 
Total  - - - - 1 3  2  0  

** Includes decendent  
- no findings 
 
In addition, increased incidence of the prominent mammary secretion was observed in the MDF 
and HDF (2/10, 1/10, 4/9, and 7/10 in the Control, LDF, MDF, and HDF groups, respectively) 
and was reversible. Changes in the mammary gland are consistent with the hormonal/ 
pharmacological activity of the dopamine D2 receptor antagonist. 
 
There were no test-article related changes in histopathology of the adrenal glands (zona 
fasiculata hyperplasia was observed only in 1/10 HD males at the end of dosing), although 
cortical hypertrophy and vacuolation of the cortex in adrenals of animals of both sexes was 
observed in a 28-day study in rats at doses ≥12.5 mg/kg/day (see above).  
 
Special Evaluation 
Transmission electron microscopy (TEM) evaluation of lung samples was conducted. It was 
designed to determine if there are ultrastructural changes that would confirm phospholipidosis in 
the lungs, which was suspected based on evaluation by light microsocopy. Ultrastructural TEM 
examination of lung samples from 4/10 HDF selected for this examination demonstrated 
presence of lysosomal concentric lamellar bodies within the cytoplasm of Type 2 pneumocytes 
or in phagocytic cells (macrophages), typical of those seen with pulmonary PLD. There were no 
similar observations in the selected control animals (2/sex) nor in the single HDM chosen for the 
TEM investigation based on foamy macrophages in the lungs. 
 
Toxicokinetics 
Blood for TK of cariprazine and the metabolites DCAR and DDCAR was collected on study 
Days 1, 90, and 180 from up to 6 animals/sex/group/time point pre-dose and at 0.5, 1, 2, 4, 8, 12, 
16, and 24 h post-dose. Systemic exposure to cariprazine and the metabolites increased with 
increasing dose. The exposure to cariprazine was higher than that for the metabolites. Plasma 
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concentrations on Day 180 were greater than on Day 1 indicating accumulation. Exposure to 
cariprazine was greater in F rats than in M rats, however, exposure to both metabolites was 
greater in M than in F rats. The terminal elimination half-life (T1/2) of cariprazine and the 
metabolites ranged from ~2.0 to 9.2 hours. Based on the exposure levels obtained on Day 180 of 
this 6-months study following administration of the high dose to rats, the CAR, DCAR, and 
DDCAR AUC0-24 values represent approximetely 72%, 18%, and 10% for M and 88%, 8%, and 
4% for F, respectively, of the total AUC0-24 observed at steady state. These results are shown in 
the following Applicant’s table (AUC0-t = AUC0-24h). 
 

 
Dosing Formulation Analysis 
The mean concentrations were within + 15% of nominal concentration, except for the minor 
deviation on a single occasion (83.7% of the nominal concentration). This deviation did not 
affect the quality or integrity of the study. 
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Exploratory studies in dogs 
 
Study title:  Maximum tolerated dose (MTD) study of RGH-188 hydrochloride with oral 
administration to dogs (final report) 
 

Study no.: RGD: 62277/E 
Study report location: Archives at Gedeon Richter Ltd. 

Conducting laboratory and location: Gedeon Richter Ltd., Budapest, Hungary 
Date of study initiation: January 8, 2004 

GLP compliance: No (exploratory study) 
QA statement: No 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCI), lot 
R3A0270, purity 99.1% 

 
Methods: The MTD study was conducted in Beagle dogs in two phases. In the Phase I,  
2 dogs/sex received escalating oral (capsule) cariprazine doses of 0.5 mg/kg/day increasing to 1, 
2, 4, 8, and then 32 mg/kg/day. The 0.5, 1, 2, 4, and 8 mg/kg/day doses were administered for 3 
days each, the 16 and 32 mg/kg/day doses were administered for 1 day and 2 days, respectively, 
giving a total of 18 days of dosing. The Phase II consisted of 2 groups of animals (2/sex/group) 
receiving cariprazine at a constant dose of 0 or 25 mg/kg/day for a total of 14 days. Parameters 
evaluated: clinical signs, body weight, food consumption, hematology, serum chemistry, organ 
weights, gross and microscopic pathology. 
 
Results: Administration of cariprazine was well tolerated at doses up to 8 mg/kg/day. Clinical 
signs of toxicity, including decreased activity, slow movements, and tremors were noted at 16 
and 32 mg/kg/day in Phase I and at 25 mg/kg/day in Phase II of the study. Additional more 
severe clinical signs were also observed at 25 and 32 mg/kg/day. At 32 mg/kg/day, there was 
slight body weight loss. Evaluation of serum chemistry revealed marked increases in ALT and/or 
GGT in 1/2 F dog at 32 mg/kg/day in the Phase I (ALT increased by 450%) and in 1/2 M dog 
following 7 and 14 days of dosing (ALT increased by 776% and 416%, respectively; GGT 
increased by 74% for both periods), as well as in 1/2 F dog following 14 days of dosing at 25 
mg/kg/day (ALT increased by 1695%; GGT increased by 134%) in the Phase II. 
Histopathological evaluation of the liver showed inflammatory cell infiltration in portal areas of 
animals with marked increases in ALT and/or GGT (1/2 F dog in Phase I; 1/2 M dog and 2/2 F 
dogs in Phase II).  Decreased plasma cholesterol concentration was observed in 1/2 M dog 
following 14 doses (-49%) and in 1/2 F dog following 7 and 14 doses (-47% and -52%, 
respectively). Increase in absolute and relative adrenal weights was observed in both sexes (M: 
+87% and +87%; F: +25% and +53%, respectively) following administration of 25 mg/kg/day 
for 14 days in Phase II (the only phase with organ wt. assessment). Histopathology indicated 
hypertrophy of the zona fasciculata and reticularis of the adrenal cortex in all dogs except M in 
Phase I and thymic atrophy in all dogs in both phases of the study. There were no major gender 
differences in the TK parameters. Therefore, M and F TK data are pooled in the Applicant’s 
table below. 
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Summary and evaluation: In the non-GLP exploratory MTD study conducted in Beagle dogs, 
administration of cariprazine for 14-18 days was well tolerated at doses from 0.5 to 8 mg/kg/day. 
Clinical signs of toxicity, including decreased activity, slow movements, and tremors, were 
observed at higher doses of 16, 25, and 32 mg/kg/day. Increased adrenal weights, adrenal 
hypertrophy and atrophy of the thymus were noted in almost all animals. The CRO concluded 
that this is a common observation and it is likely to be stress-related. In some animals, marked 
decrease in plasma cholesterol and increase in ALT and/or GGT associated with inflammatory 
cell infiltration in portal areas of the liver was observed. Therefore, the liver was a target organ 
of toxicity in this study. The dose of 8 mg/kg/day appeared to be the MTD of cariprazine for 
multiple dose administration in dogs. 
 
Pivotal studies in dogs 
 
Study title:  RGH-188 hydrochloride 28-day oral (capsule) toxicity study in dogs with a 
14-day recovery period 
 

Study no.: RGD 62334/E 
Study report location:

Conducting laboratory and location:

Date of study initiation: March 4, 2004 
GLP compliance: Yes (OECD) 

QA statement: Yes 
Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot W3C008K, 

purity 99.24%  
 

Key Study Findings   

• Marked clinical signs of body tremors, staring into space, slow body movements, 
subdued and/or aggressive behavior, and unsteady gait, observed in animals at all dose 
levels. 

Reference ID: 3345156

(b) (4)



NDA No. 204370                                 Reviewer Elzbieta Chalecka-Franaszek, Ph.D. 
 

 71

• Diffuse opacities in the left eye of one male dog (1/8 animals) dosed at 1 mg/kg/day 
observed during Week 4 of dosing and in the right eye of one male dog (1/14 animals) 
dosed at 2 mg/kg/day observed during Week 4 of dosing and during the recovery period. 

• Increased absolute adrenal glands wt. in animals administered 2 mg/kg/day (+9% and 
+17% in male and female dogs, respectively; there were no changes in body weights).  

• Slight dose-dependent increase in the incidence of inflammatory cell foci in lungs of 
male dogs (1/4, 1/4, 2/4, and 3/4 in the Control, 0.5, 1, and 2 mg/kg/day groups, 
respectively). 

• Increased incidence of pigmented macrophages in mandibular lymph nodes in male dogs 
dosed at 2 mg/kg/day (4/4) compared with the incidence in the Control group (1/4). 

• Increased number of pituitary gland cysts (anterior lobe) in male and female dogs 
(incidence in both sexes combined: 0/4, 1/4, 2/4, and 3/4 in the Control, 0.5, 1, and 2 
mg/kg/day groups, respectively) 

 
The MTD was exceeded following initial administration of cariprazine at single dose of 8 and 20 
mg/kg/day due to severe neurological clinical signs observed in all animals. Following restarted 
dosing at lower dose levels of 0.5, 1, and 2 mg/kg/day, marked clinical signs observed at all dose 
levels indicated that the MTD was achieved at 2 mg/kg/day and the NOAEL was not established 
in this study. Except the clinical signs and few low-incidence findings described above, there 
was no indication of any other target organ of toxicity in this study. 
 
Methods 

Doses: 0, 0.5, 1, and 2 mg/kg/day (Control, LD, MD, and HD, 
respectively; doses expressed in terms of the free base) 

Frequency of dosing: Once daily for 28 consecutive days 
Route of administration: Oral (capsule) 

Dose volume: Not provided 
Formulation/Vehicle: Cariprazine in gelatin capsule/empty capsule 

Species/Strain: Dog/beagle 
Number/Sex/Group: 4/sex/group in main study groups 

3/sex/group in recovery groups (Control and HD) 
Age: 5 to 6 months on arrival 

Weight: Males: 6.7-9.5 kg; Females: 6.7-9.2 kg 
Satellite groups: Recovery animals (Control and HD only) maintained without 

treatment for 14 days after the last dose 
Unique study design: Initially dogs received cariprazine at dose levels of 0, 0.5, 2, 

8, and 20 mg/kg/day. Due to adverse clinical signs, dosing 
was suspended. After a wash out period (23 days) dosing was 
restarted with a reduced number of dose groups and dose 
levels of 0.5, 1, or 2 mg/kg/day. 

Deviation from study 
protocol: 

It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity. 

 

Observations and Results 

Mortality 
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Animals were observed daily. There was no test article-related mortality in this study. 
 
Clinical Signs 
Animals were observed daily. At the initial dose levels of 8 and 20 mg/kg/day, severe body 
tremor, reluctance to stand, unnatural and/or unsteady gait, ataxia, and vocalization were 
observed. Effects at 0.5 and 2 mg/kg were less marked and restricted to the occasional slight 
tremors and unsteadiness with animals appearing normal after 24 hours. Due to the severity of 
clinical signs, dosing was suspended after a single dose. Dosing restarted at 0, 0.5, 1, or 2 
mg/kg/day. Clinical signs were observed again at all dose levels and included body tremors, 
staring into space, and slow body movements (incidences: 78-100%, 67-100%, and 10-35%, 
respectively, at the HD). Animals appeared tired, were subdued and/or aggressive, and appeared 
unsteady on their feet. These clinical signs were observed from 1.5 to 3 hours after dosing, with a 
general decrease in the incidence before dosing on the next day. However, clinical signs were 
still present before dosing on the next day in the HD group. No treatment-related clinical signs 
were observed during the second week of the recovery period. According to the Applicant, these 
signs are likely to represent an exaggerated pharmacological action of cariprazine rather than 
toxicity. 
 
Body Weights 
Animals were weighed twice weekly. There were no biologically significant changes in the 
absolute body weight or body weight gains. 
 
Food Consumption 
Food consumption was recorded daily. There were no biologically significant changes. 
 
Ophthalmoscopy 
Eyes were examined before the start of treatment, during Week 4 of treatment, and during the 
recovery period. Diffuse opacities developed during treatment period in the left eye of one MD 
male dog (1/8 MD animals) during Week 4 and in the right eye of one HD male dog (1/14 HD 
animals) during Week 4 and towards the end of the recovery period.  
 
ECG 
Electrocardiogram tracings were recorded for all animals twice before dosing, on Day 1 (2 h and 
24 h post dose), during Week 4 of treatment (2 h and 24 h post dose) and towards the end of the 
recovery period. Heart rate, P-R, QRS, and QT intervals were assessed. Heart rate was dose-
dependently increased 2 hours after treatment on Day 1 up to 30% and 23% above control values 
in HDM and HDF dogs, respectively, and 2 hours after treatment on Day 28 up to 41% above 
control values in HDM and HDF dogs.  P-R, QRS, and QT intervals were unchanged in this 
study. The Applicant did not provide QTc values. 
 
Hematology 
Blood samples were collected from all dogs pretest, during Week 4 of treatment, and towards the 
end of recovery period. Parameters evaluated: HGB, RBC, HCT, MCH, MCV, MCHC, RETIC, 
WBC, ANEU, ALYM, AMONO, AEOS, ABASO, ALUC, and PLT. Coagulation parameters 
evaluated: PT and APTT. Hemoglobin, red blood cells, and hematocrit were slightly decreased 
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during Week 4 in HD females. Activated partial thromboplastin time was slightly decreased in 
HD males. 
 
Clinical Chemistry 
Blood samples were collected from all dogs pretest, during Week 4 of treatment and towards the 
end of the recovery period. Parameters evaluated: BUN, GLU, AST, ALT, ALKP, LDH, Na+, 
K+, Cl-, TP, ALB, GLOB, A/G, CHOL, CREAT, Ca++, PHOS, TBILI, and CREAT. There 
were no biologically significant test article-related changes in clinical chemistry parameters. 
 
Urinalysis 
Urine samples were collected overnight from the animals individually housed in metabolism 
cages. Parameters evaluated: Sp.G., VOL, pH, GLU, ketones, urobilinogen, bilirubin, blood 
pigments, epithelial cells, crystals, WBC, RBC, organisms, casts and other abnormalities.  
There were no biologically significant test article-related changes in urinalysis parameters. 
 
Gross Pathology 
All animals were sacrificed at the end of the treatment period or recovery period and were 
subjected to a detailed necropsy. There were no biologically significant test article-related 
necropsy findings. 
 
Organ Weights 
The following organs were weighed: adrenal glands, brain, heart, kidneys, liver, lungs, ovaries, 
pancreas, pituitary gland, prostate, spleen, testes, thymus, thyroid with parathyroids, uterus and 
cervix. The Applicant considered organ wts. to be unaffected by the treatment. However, this 
reviewer notes minimal to slight increases in the mean absolute adrenal glands, pancreas, and 
pituitary gland weights in all treatment male and female dog groups. Absolute adrenal glands 
weights were increased by 9% and 17% in HDM and HDF dogs, respectively, although there 
were no changes in body weights.  
 
Histopathology 
Adequate Battery: Yes 
 
The following tissues/organs were collected from all animals, fixed in 10% neutral buffered 
formalin, embedded in paraffin, sectioned at 4-6 µm thickness, and stained with H&E using 
standard procedures: abnormal tissue, adrenal gland, aortic arch, brain, eyes (fixed in Davidson’s 
fluid), gall bladder, stomach, duodenum, jejunum, ileum, caecum, colon, rectum, heart, joint with 
bone, kidneys, liver, lungs, mesenteric lymph node, esophagus, optic nerve (fixed in Davidson’s 
fluid), ovary, pancreas, pituitary gland, prostate gland, sciatic nerve, skeletal muscle, skin and 
mammary gland, spinal cord, spleen, sternum, submandibular lymph node, submaxillary salivary 
gland, testes (fixed in Bouin’s fluid), thymus, thyroid with parathyroid, tongue, trachea, urinary 
bladder, uterus with cervix, and vagina. Bone marrow smear was taken but not evaluated.  
 
Peer Review: Yes 
Histological Findings: 
According to the Applicant, there were no microscopic findings that could be attributed to dosing 
with cariprazine. However, this reviewer notes a slight dose-dependent increase in the incidence 
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of inflammatory cell foci in lungs of male dogs (1/4, 1/4, 2/4, and 3/4 in the Control, LD, MD, 
and HD groups, respectively); increased incidence of pigmented macrophages in mandibular 
lymph nodes in HDM dogs (4/4) compared with the incidence in the Control group (1/4); 
increased number of pituitary gland cysts (anterior lobe) in M and F dogs (incidence in both 
sexes combined was 0/4, 1/4, 2/4, and 3/4 in the Control, LD, MD, and HD groups, 
respectively); foliculitis in 2/4 MDF dogs, and in 3/4 HDM and 1/4 HDF dogs; and chronic 
dermatitis in 1/4 MDM and 2/4 HDM dogs. 
 
Special Evaluation  None 
 
Toxicokinetics 
Blood samples for TK were collected from main study and recovery animals on Days 1 and 28 of 
dosing. Cmax and AUClast values increased approximately in proportion to the dose on both days. 
There were no significant gender differences in the exposure parameters or evidence of 
accumulation upon repeated dosing. The T1/2 in the individual animals ranged between 1.7 and 
5.6 hours. TK cariprazine parameters are shown in the Applicant’s table below. 
 

 
Dosing Solution Analysis 
No capsule analysis was performed as all individual capsule weights were verified. 
 
 
Study title:  RGH-188: A 13-week oral (capsule) toxicity study in dogs 
 

Study no.: CSCNRGHPCTX20 
Study report location:

Conducting laboratory and location:

Date of study initiation: February 21, 2005 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot 

W45021A, purity 99.59% 
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Key Study Findings  

• Death of one male dog dosed at 8 mg/kg/day after 22 days of cariprazine administration 
caused by cardiovascular abnormalities and considered potentially test article-related.    

• Neurological clinical signs observed in animals in the high dose group during the dose 
escalation period (transient disorientation, decreased activity, tremors and/or irregular 
gait) and during treatment at full high dose of 8 mg/kg/day (tremors, disorientation) and 
severe, dose-limiting adverse reaction to cariprazine administration (tremors and hunched 
appearance) in 1/6 female dog after four doses at 8 mg/kg/day (Note that these signs 
developed following an escalating dose regimen, during which a tolerance developed). 

• Decreased body weight gain in males in all cariprazine-treated groups (not dose-related) 
and in females dosed at 8 mg/kg/day with corresponding decreases in food consumption. 

• Cataracts observed in a total of 3/5 males and 5/6 females dosed at 8 mg/kg/day.  
• Marked increases in serum ALT in males dosed at 8 mg/kg/day.  
• Slight to severe decreases in serum cholesterol and triglycerides (up to -51%) in all 

cariprazine treatment groups, reversible only for cholesterol. 
• Increases in adrenal weights and decreases in thymus weights in animals dosed at 8 

mg/kg/day. 
• Minimal to mild lesions in the eyes, described as lens fiber swelling in the posterior pole 

of the lens or in the anterior lens cortex observed in histopathology examination of all 
dogs dosed at 8 mg/kg/day (including recovery animals). 

• Findings consistent with phospholipidosis observed in the adrenal gland (foamy 
vacuolation of the zona fasciculata cells) in all groups except female dogs dosed at 1 
mg/kg/day, lungs (increased incidence of accumulation of foamy alveolar macrophages) 
in 3/4 females dosed at 8 mg/kg/day, and foamy vacuolation of glomerular cells in the 
kidney of 1/3 male dogs dosed at 8 mg/kg/day. 

 
The MTD is 8 mg/kg in both sexes based on the development of severe clinical signs and 
cataracts. Majority of toxicologically significant findings occurred in animals at this dose level. 
The NOAEL could not be determined in male dogs based on the reduction in body weight gain 
and phospholipidosis observed in the adrenals at the lowest dose tested, while for female dogs 
the NOAEL is the low dose of 1 mg/kg, which is 3.6 times the MRHD of mg/day based on 
mg/m2. 
 
The AUC0-24h for cariprazine at 1 mg/kg on Day 90 is 723 and 1019 ng•h/mL in male and female 
dogs, respectively, which is ~1.8 and 2.5 times the cariprazine AUC0-24h expected in humans at 
the MRHD of mg/day (402 ng•h/mL). The combined AUC0-24h values for cariprazine, DCAR, 
and DDCAR at 1 mg/kg on Day 90 are 2041 and 2713 ng•h/mL in male and female dogs, 
respectively, which is ~1.3 and 1.7 times the combined AUC0-24h for these moieties, expected in 
humans at the MRHD of mg/day (1626 ng•h/mL). 
 
The medium dose of 3 mg/kg is the NOEL for the cataracts and eye lens fiber swelling in male 
and female dogs. This dose is ~11 times the MRHD of mg/day based on mg/m2. The AUC0-24h 
for cariprazine at 3 mg/kg on Day 90 is 3145 and 2528 ng•h/mL in males and female dogs, 
respectively, which is ~7.8 and 6.3 times the cariprazine AUC0-24h expected in humans at the 
MRHD of mg/day (402 ng•h/mL). The combined AUC0-24hvalues for cariprazine, DCAR, and 

Reference ID: 3345156

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)



NDA No. 204370                                 Reviewer Elzbieta Chalecka-Franaszek, Ph.D. 
 

 76

DDCAR at 3 mg/kg are 7852 and 6415 ng•h/mL in male and female dogs, respectively, which is 
~4.8 and 3.9 times the combined AUC0-24h for these moieties, expected in humans at the MRHD 
of 9 mg/day (1626 ng•h/mL). (Note that the NOAEL were achieved following an escalating dose 
regimen, during which tolerance to clinical signs was noted to develop). 
 
Therefore, based on phospholipidosis observed in the adrenal glands, there is no margin of safety 
for administration of cariprazine to humans at the MRHD of mg/day. Based on cataracts and 
eye lens fiber swelling, there is 3.9 to 4.8 safety margin for administration of cariprazine to 
humans at the MRHD of mg/day 
 
 
Methods 

Doses: 0, 1, 3, and 8 mg/kg/day (Control, LD, MD, and HD, 
respectively; doses expressed in terms of the free base) 

Frequency of dosing: Once daily for 13 weeks 
Route of administration: Oral (capsule)  

Dose volume: 1/8 oz (size 13) 
Formulation/Vehicle: Cariprazine in gelatin capsule/empty capsule 

Species/Strain: Dog/Beagle 
Number/Sex/Group: 4/sex/group in main study groups 

2/sex/group in recovery groups (Control and HD) 
Age: 4 to 5 months on arrival 

Weight: Males: 6.9-9.6 kg; Females: 6.3-9.1kg 
Satellite groups: Recovery animals (Control and HD only) were maintained 

without treatment for 4 weeks after the last dose. 
Unique study design: 4-week dose adaptation (escalation) period preceded the 

formal 13-week study for the MD and HD groups. Due to 
severe clinical signs, dosing was discontinued. Upon restart, 
doses for the original LD group were escalated to the MD 
through doses of 0.33, 0.67, 1, 2 and 3 mg/kg. Doses for the 
original MD group were escalated to the HD through doses of 
1, 2, 4, 6 and 8 mg/kg/day (see Clinical Signs below) 

Deviation from study 
protocol: 

Final study report was submitted to the Agency on February 
22, 2006. However, an amendment to the report to add the 
electron microscopic evaluation of the adrenal glands was 
issued on August 17, 2012 and was submitted for the first 
time on November 19, 2012. This deviation from the original 
protocol changed the outcome of the study. It is this 
reviewer’s assessment that the deviations from the protocol 
did not compromise the study validity. 

 

Observations and Results 

Mortality 
Observations for mortality were made twice daily. One HD male dog was found dead after 22 
doses. According to the Applicant, there were no prior clinical signs and pathology examinations 
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did not reveal a cause of death or any lesions attributed to the test article. However, drug-related 
cause of death cannot be ruled out (see histopathology section for full description of findings). 
 
Clinical Signs 
Observations for general conditions were made twice daily. Physical examinations were 
conducted pre-test and then weekly. During the initial dose escalation phase for the HD, 
cariprazine produced adverse neurologic signs (disorientation, tremors, vocalization, 
uncoordinated movements and decreased activity) at 3.3 mg/kg/day after 2 doses. Therefore, 
dosing was discontinued and animals were held for a 4-week drug-free period before returning to 
the study at the lowest dose (1 mg/kg/day). In the final study during the dose escalation phase, 
similar clinical signs were seen in the HD group (with escalation to 8 mg/kg/day) at doses of 4 
and 6 mg/kg/day. These signs included transient disorientation, decreased activity, tremors 
and/or irregular gait on a few occasions. In the dosing phase, there were no significant clinical 
signs in animals given the LD or MD. At the HD, 5/6 animals developed only transient 
occasional neurological signs (tremors, disorientation), primarily during the first week. 
Therefore, it is concluded that animals adopted and tolerated drug-induced signs due to gradual 
dose eescalation. However, one HDF (No. 3795) had a significant adverse reaction to cariprazine 
administration (tremors and hunched appearance) after 4 doses. This response was considered by 
the Applicant to be a dose limiting and atypical individual response. The animal was transferred 
to the LD group after a 4-day wash-out period and showed no subsequent abnormal signs. One 
animal from the LD group was transferred to the HD group as a replacement. There were no 
treatment-related clinical signs in the recovery period. Based on weekly physical examinations, 
some animals mainly in the HD group appeared to be thin. This finding correlated with low body 
weight gains or slight weight loss in some animals. 
 
Body Weights 
Dogs were weighed weekly. All dogs in this study in general gained weight except a few dogs 
that had slight to moderate weight losses. Mean body weight gain was statistically significantly 
lower than Control in all cariprazine-treated male groups (this effect was not dose-related) and in 
the HD females. These results are summarized in the following Applicant’s table. During the 
recovery period, weight changes were small in all groups. 
 

 
 
Food Consumption 
A visual estimate of the amount of food consumed per day was made for each dog daily. 
Food consumption was slightly lower in M dogs at all doses and in HDF. These decreases 
generally correlated with decreases in the body weight gains. 
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Ophthalmoscopy 
All animals were examined pretest, at the end of the dosing period, after the first two weeks of 
recovery and at termination of the recovery period. There were no treatment-related 
ophthalmology findings in the LD and MD dogs. Posterior subcapsular cataracts were noted at 
termination of dosing in 2/5 HDM and 4/6 HDF. During the 4-week recovery period, cataracts 
present at termination in 2/4 dogs progressed and dogs without previous cataracts developed 
them. Therefore, cataracts were observed in a total of 3/5 HDM and 5/6 HDF. Dr. L. Rubin, who 
conducted ophthalmoscopic examination of study dogs, concluded that observed bilateral 
posterior subcapsular cataracts, involving the sutures and posterior pole, are typical of those 
caused by toxic agents, as well as of genetic disease. However, the dose relationship makes it 
likely that these are caused by test article administration. 
 
ECG 
ECG tracings were taken on unanasthetized dogs positioned in right lateral recumbency twice 
pretest (after the initial week of acclimation and just prior to assignment to study), on all 
surviving animals during Weeks 4 and 13 (predose and 2 hours postdose, approximately at Tmax), 
and on all surviving animals at the end of recovery. Heart rates, RR, QT, and QTc (Fridericia, 
Van Der Water formulas) were calculated from all electrocardiograms. According to the 
Electrocardiographic Evaluation Summary Report, there was no electrocardiographic evidence of 
test article action in this study. Summary tables were not submitted for review. Based on the 
review of individual animal data, this reviewer notes a small increase in QTc values observed in 
two HDM dogs: animal #3290 (QTcF: +49 ms; QTcV: +45 ms above pretest value) and animal 
#3292 (QTcF: +34 ms; QTcV: +35 ms above pretest value) at Week 13 (2 hours postdose 
measurement). There were no increases of this magnitude in animals in other groups. 
 
Hematology 
Blood for hematology and coagulation was obtained from all animals twice pretest, during Week 
4, and at termination of the treatment (Week 13) and recovery periods. Parameters evaluated: 
HGB, HCT, RBC, PLT, MPV, MCV, MCHC, WBC, RETIC, and differential leukocyte count. 
Coagulation parameters evaluated: PT and APTT. Marked decreases in reticulocyte count (-30 to 
-60%) relative to the Control values were observed in MDM, HDM, and HDM. Reticulocyte 
counts were also lower (-45 to -59%) than the Control mean values in dogs following the 
recovery period. According to the Applicant, all individual values were within normal ranges. 
There were no correlating alterations in any other erythrocyte parameters. This reviewer notes 
also slight decreases in the mean white blood cells count in Week 4 and at termination in all 
groups, and at the end of recovery, when compared to the Control group. However, there were no 
correlating microscopic pathology observations in the bone marrow or other hematopoetic 
organs. Therefore, these changes are considered of no toxicological significance. Coagulation: 
Activated partial thromboplastin times (APTT) were shorter in HDF (-3 to - 4 seconds) than 
Control times in Weeks 4 and 13. 
 
Clinical Chemistry 
Blood for clinical chemistry was obtained from all animals twice pretest, during Week 4, and at 
termination of the treatment (Week 13) and recovery periods. Parameters evaluated: ALT, AST, 
ALKP, BUN, CREAT, GLU, CHOL, TRIG, TP, ALB, TBILI, Na+, K+, Cl-, Ca++, PHOS, 
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GGT, GLOB (calculated), and A/G (calculated). Marked elevation in alanine aminotransferase 
(ALT) values were observed in Weeks 4 and 13 in HDM dogs. These increases were exacerbated 
by one dog (#3290) with markedly high ALT values (at pretest 1: 46 U/L; at pretest 2: 52 U/L; at 
treatment Week 4: 404 U/L; at termination Week 13: 2209 U/L). There were no corresponding 
microscopic liver changes in this animal. ALT values were also increased in Weeks 4 and 13 in 
MDF and HDF but only approximately 2 fold of mean Control values. Mean group ALT values 
(U/L) are shown in the following reviewer’s table. There were no changes in ALT in the 
recovery groups. 
 
Mean group ALT values 

 Males Females 
Dose 

(mg/kg/day) 
Pretest 

1 
Pretest 

2 
Week  

4 
Week 

13 
Pretest 

1 
Pretest 

2 
Week 

4 
Week 

13 
0 (N=6) 36 33 35 36 40 39 38 38 
1 (N=4) 43 43 39 46 45 47 49 48 
3 (N=4) 39 47* 53 55 45 43 94* 58 
8 (N=6) 48* 51** 144** 546** 35 37 91* 91** 

*Significantly different from control mean; p≤ 0.05. 
**Significantly different from control mean; p≤ 0.01 
 
Slight to severe decreases in cholesterol (up to -51%) and triglycerides (up to -51%) were noted 
in all treatment groups. Mean group cholesterol values (mg/dL) and decreases from Control 
group level (%) are shown in the following reviewer’s table. Recovery was observed for 
cholesterol, while no recovery was noted for triglycerides. 
 
Mean group cholesterol values and decreases (%) 

 Males Females 
Dose 

(mg/kg/day) 
Pretest 

1 
Pretest 

2 
Week  

4 
Week 

13 
Pretest 

1 
Pretest 

2 
Week 4 Week 

13 
0 (N=6) 159 176 174 163 143 149 153 162 
1 (N=4) 131 142* 133*  

(-24%) 
106* 

(-35%) 
142 148 135 

(-12%) 
126 

(-22%) 
3 (N=4) 126 140* 106** 

(-39%) 
86** 

(-47%) 
141 153 140 

(-8%) 
132 

(-19%) 
8 (N=6) 150 161* 102** 

(-41%) 
86** 

(-47%) 
140 146 89** 

(-42%) 
79** 

(-51%) 
*Significantly different from control mean; p≤ 0.05. 
**Significantly different from control mean; p≤ 0.01 
 
Mean group triglycerides values and decreases (%) 

 Males Females 
Dose 

(mg/kg/day) 
Pretest 

1 
Pretest 

2 
Week  

4 
Week 

13 
Pretest 

1 
Pretest 

2 
Week 4 Week 

13 
0 (N=6) 41 48 42 39 40 36 37 41 
1 (N=4) 34 40 28  

(-33%) 
28** 

(-28%) 
52 43 34 

(-8%) 
30 

(-27%) 
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3 (N=4) 40 45 30 
(-29%) 

29** 
(-26%) 

40 36 28** 
(-24%) 

27* 
(-34%) 

8 (N=6) 33 38 25* 
(-40%) 

27** 
(-31%) 

43 38 20** 
(-46%) 

28* 
(-32%) 

*Significantly different from control mean; p≤ 0.05. 
**Significantly different from control mean; p≤ 0.01 
 
Urinalysis 
Urine obtained via 16-hours collection period was analyzed for all animals twice pretest, during 
Week 4 and at termination of the treatment (Week 13) and recovery periods. Urine parameters 
analyzed: TP, GLU, ketones, occult blood, pH, bilirubin, urobilinogen, appearance, Sp.G., and 
Vol. There were no test article-related urinalysis findings. 
 
Gross Pathology 
Necropsy and complete macroscopic examinations was performed on all main study animals 
after 13 weeks of cariprazine administration and on 2 animals/sex from the Control and HD 
groups 4 weeks after termination of dosing (recovery groups). One HDM was found dead on Day 
22 of the study. Macroscopic findings in this dog included agonal heart changes such as right 
ventricular dilatation with apparent left ventricular contraction, red discoloration of various 
organs/tissues and gaseous distension of the GI tract. The Applicant concluded that these were 
typical agonal and postmortem changes unrelated to cariprazine administration. In the HD group, 
adrenal glands were enlarged in 1/4 F. Focal discoloration of the lungs was noted in some HD 
animals. This finding correlated with the presence of foamy macrophages in the alveolar spaces. 
There were no important macroscopic findings in the recovery animals. 
 
Organ Weights 
The following organs were weighed for all animals at the scheduled sacrifice intervals: adrenal 
glands, brain, epididymides, heart, kidneys, liver, ovaries, pituitary gland, prostate gland, spleen, 
testes, thymus, thyroid/parathyroid glands, and uterus with cervix. Statistically significant 
increases in absolute and relative (to body and brain weights) adrenal gland weights were noted 
in the HD animals. These increases were graded moderate (+33 to 50%) for males and marked 
(+91 to 115%) for females. Changes in the adrenal weight correlated with microscopic findings 
of foamy vacuolation of the cortical zona fasciculata cells of the adrenals. Thymus weights were 
lower (-20 to -40%) than Control at termination in all male groups administered cariprazine and 
in HDF. There were no corresponding microscopic findings in the thymus. In the recovery 
group, slight increases in the adrenal weight were still obseved. Thymus weight remained lower 
than that of the Control following the recovery period. 
 
Histopathology 
Adequate Battery: yes 
Tissues and organs were collected at the scheduled sacrifice and preserved in 10% neutral 
buffered formalin (except eyes, optic nerve, and testes, which were placed in Modified 
Davidson’s solution). Slides were prepared and examined for all animals using light microscope. 
The following tissues/organs were examined: adrenal glands, aorta, bone marrow smear, bone, 
bone marrow, brain, epididymides, esophagus, eyes, gallbladder, heart, kidneys, lacrimal gland, 
large intestine, liver, lungs, lymph nodes, mammary gland, nerve (sciatic), optic nerve, ovaries, 
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pancreas, pituitary gland, prostate gland, salivary glands, skeletal muscle, skin, small intestine, 
spinal cord, spleen, stomach, testes, thymus, thyroid/parathyroid glands, trachea, urinary bladder, 
uterus with cervix, vagina, and tissues with macroscopic findings. 
 
Peer Review: Yes, for evaluation of the eyes 
 
Histological Findings 
According to this final report, there were no microscopic changes considered to be contributory 
to the cause of death of HDM dog that was found dead on Day 22 of cariprazine administration.  
This event has been previously described by the Applicant in the IND safety report submitted on 
July 5, 2005. According to the Applicant’s preliminary interpretation of the data in the safety 
report, microscopic findings in this dog did not provide a definitive cause of death. However, the 
observation of contracted left ventricle and dilated right ventricle at necropsy and the 
microscopic findings of thickened and degenerative changes in the tricuspid valves may suggest 
a cardiovascular cause of death. Death of the dog occurred prior to the 4-week ECG and clinical 
pathology evaluation. Week 4 ECGs of all other animals were normal. The cause of 
peribronchial fibrosis observed within the lungs of this animal was considered by the Applicant 
unlikely to be directly associated with the death of the animal because the microscopic features 
of the change suggest it is a long standing finding that was probably pre-existing before the study 
start and, therefore, unlikely to be attributable to the test article. However, it is important to note 
that these findings in the heart and lungs are not part of the normal background profile of 
incidental findings seen in dogs at this laboratory. In conclusion, the cause of death of single 
HDM dog cannot be determined by this reviewer based on available data. Therefore, the relation 
of this death to the test article administration cannot be excluded. In dogs that survived to the 
scheduled termination, myxomatous change of the atrio-ventricular valve was seen in 1/6 
Control M, 1/4 LDM, 1/4 LDF, and 1/4 MDF. These findings indicate a lack of dose 
relationship, and therefore, are unlikely to be test article-related. There were no other 
microscopic findings in hearts of dogs that survived to the end of the study.  
 
Administration of cariprazine resulted in microscopic changes in the eyes, adrenals, lungs, and 
kidneys. 
 
Eyes: All dogs administered the HD had lesions in the lens. These lesions were described as 
minimal to mild lens fiber swelling in the posterior pole of the lens or in the anterior lens cortex. 
The incidence and severity of lens fiber swelling are summarized in the Applicant’s table below. 
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Adrenal gland, kidney, and lung: 
A foamy vacuolation of the zona fasciculata cells of the adrenal glands graded minimal to 
moderate in M dogs at all dose levels and in MDF and HDF (total incidence: M: 0/4, 1/4, 1/4, 
and 4/4; F: 0/4, 0/4, 1/4, and 4/ 4 in the Control, LD, MD, and HD groups), accumulation of 
foamy alveolar macrophages in the lungs of 3/ 4 HDF (total incidence: M: 1/4, 1/4, 1/4, and 1/4; 
F: 0/4, 0/4, 0/4, and 3/ 4 in the Control, LD, MD, and HD groups) and foamy vacuolation of 
glomerular cells in the kidney (1/3 HDM dogs) were observed in this study. These findings are 
consistent with phospholipidosis. The incidence of the foamy vacuolation in the adrenals is 
shown in the following Applicant’s table. 
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At termination of the recovery period, changes in the adrenals were still present, in all recovery 
(4/4 HD) dogs examined, indicating lack of reversibility. The findings in kidneys and lungs were 
reversible. Reviewer’s comment: Adrenal gland hypertrophy/hyperplasia hsd not been reported 
despite significant enlargement of the adrenals. This reviewer also notes that the incidence and 
grade of extra medullary hematopoiesis was dose-dependently increased in adrenals in females. 
Dose-related increased incidence in hypospermatogenesis was seen in some cariprazine-
administered male dogs. 
 
Special Evaluation  
Transmission electron microscopy evaluation designed to determine if there are ultrastructural 
changes that would confirm phospholipidosis in the adrenal glands, suspected based on 
evaluation by light microsocopy. Because the need for these examinations was not anticipated, 
no special preservative or tissue handling was used for the adrenals. Adrenals (zona fasciculata) 
from 4 animals (3 HD dogs: male and female, and HD recovery female, as well as representative 
control male dog) were examined. The Applicant concluded that the adrenal samples from 2 (HD 
male and HD female) of 3 dogs that received cariprazine had concentric lamellar inclusions 
within the cytoplasm of adrenal cortical cells or in phagocytic cells that were considered 
morphologically consistent with phospholipidosis. 
 
Toxicokinetics 
Blood samples for the determination of plasma concentrations of cariprazine and its metabolites 
were collected on Day 0 (day of first full dose) and during Week 13 from all animals/sex/time 
points at predose, 1, 2, 3, 4, 6, 12, 16, and 24 hours postdose. Samples were also taken from all 
recovery animals in the HD group at termination of the recovery period at the same time points. 
The level of exposure to cariprazine, DCAR, and DDCAR increased with increased dose. No 
major gender differences in exposure were noted. The level of DCAR metabolite exposure 
(AUC) was lower than that of cariprazine while DDCAR exposure was very similar to that of the 
parent compound. There was little or no accumulation in the systemic exposure to cariprazine or 
the metabolites from Day 0 to Day 90. The T1/2 of DDCAR (10 to 23.8 h) was longer (about 2-3 
fold) than that of cariprazine (4-6.4 h) and DCAR (3.7-5.8 h). Median Tmax values were 1.5-3 h 
(cariprazine), 2-4.5 h (DCAR), and 5-12 h (DDCAR). These results are shown in the following 
Applicant’s tables. 
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Dosing Solution Analysis 
No capsule analysis was performed. Individual capsule weights were verified. 
 
Study title:  RGH-188 HCl: A one-year oral (capsule) toxicity study in dogs with a 2-
month recovery period   
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Study no.: CSCNRGHPCTX23 
Study report location:

Conducting laboratory and location:
Date of study initiation:

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot/purity: 
W45021A/97.7% and W55007K/100.5%  

Key Study Findings 

• Tremors observed in animals administered cariprazine at all dose levels. 
• Increases in serum ALT levels (2-17 times the Control values) in some individual 

animals at 4 and 6 mg/kg/day. (Reversible). 
• Decreases in serum cholesterol levels in males at all doses and in females at 6 mg/kg/day 

(up to -49% and -58%, respectively) and triglycerides levels in males at ≥2 mg/kg/day 
and in females at all dose levels (up to -58% and -46%, respectively). (Both reversible) 

• Adrenal gland findings including enlargement and increased absolute adrenal weights (up 
to +75% of the Control level) at 4 and 6 mg/kg/day in both sexes as well as microscopic 
phospholipidosis-like changes of foamy vacuolation of the zona fasciculata cells 
observed at all dose levels (except the low dose males), vesiculated/vacuolated and 
hypertrophic/hyperplastic zonae fasciculata and arcurata observed at 4 and 6 mg/kg/day, 
and extramedullary hematopoesis in the adrenal cortex observed at all dose levels at the 
end of the dosing phase.  

• Eye findings including ocular opacity and discoloration, slight to severe cataracts in the 
eyes at 4 mg/kg/day (6/6 males and 3/6 females) and 6 mg/kg/day (5/6 males and 6/6 
females), microscopic changes in the eyes described as minimal and reversible lens fiber 
swelling observed in ~50% of animals dosed at 1 or 2 mg/kg/day, and severe changes in 
the lens fibers (swollen, degenerated, fragmented with vacuoles, clefts and eosinophilic 
granular material) observed in all animals administered 4 and 6 mg/kg/day, as well as 
observation of irregular shaped/collapsed lens, detached retina, and cystic degeneration of 
the retina in some animals dosed at 4 or 6 mg/kg/day. 

• Lung findings including discoloration generally at 4 or 6 mg/kg/day and microscopic 
phospholipidosis-like changes of alveolar/intraalveolar foamy macrophages accompanied 
by subacute/chronic inflammation/fibrosis observed in all cariprazine-dosed groups at the 
end of the dosing phase (except the low dose females).  

 
The MTD was 4 mg/kg in this study based on severe degenerative findings in the eyes (and other 
adverse findings) observed at this dose. 
 
The NOAEL was not determined in this study and is less than 1 mg/kg because of the 
phospholipidosis-like changes in the lungs and adrenals, and lens fiber swelling in the eyes 
observed at all cariprazine dose levels (no phospholipidosis was observed in lungs of low dose 
females and adrenals of low dose males). Although the severity of findings in the eyes was low 
at the lower dose levels (1 and 2 mg/kg), these changes cannot be ignored since they progressed 
to severe lesions at higher dose levels. Therefore, based on these drug-related adverse effects, 
there is no margin of safety for human dosing at the MRHD of mg/kg.  
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The low dose of 1 mg/kg is 3.6 times the MRHD of mg/day based on mg/m2. The AUC0-24h for 
cariprazine at 1 mg/kg on Day 360 is 1371 and 837 ng•h/mL in male and female dogs, 
respectively, which is ~3.4 and 2.1 times the cariprazine AUC0-24h expected in humans at the 
MRHD of mg/day (402 ng•h/mL). The combined AUC0-24h values for cariprazine, DCAR, and 
DDCAR at 1 mg/kg on Day 360 are 3496 and 2191 ng•h/mL in male and female dogs, 
respectively, which is  ~2.1 and 1.3 times the combined AUC0-24h for these moieties, expected in 
humans at the MRHD of mg/day (1626 ng•h/mL). 
 
The 2 mg/kg dose is the NOAEL for the cataracts, cystic degeneration of the retina in male dogs, 
and hypertrophy/hyperplasia and vesiculation/vacuolation of the adrenal cortex. This dose is ~7 
times the MRHD of mg/day based on mg/m2. The AUC0-24h for cariprazine at 2 mg/kg on Day 
360 is 2471 and 1789 ng•h/mL in male and female dogs, respectively, which is ~6.1 and 4.4 
times the cariprazine AUC0-24h expected in humans at the MRHD of  mg/day (402 ng•h/mL). 
The combined AUC0-24h values for cariprazine, DCAR, and DDCAR at 2 mg/kg on Day 360 are 
6238 and 4530 ng•h/mL in male and female dogs, respectively, which is  ~3.8 and 2.8 times the 
combined AUC0-24h for these moieties, expected in humans at the MRHD of mg/day (1626 
ng•h/mL). Therefore, for the development of cataracts, cystic degeneration of the retina, and 
hypertrophy/hyperplasia and vesiculation/vacuolation of the adrenal cortex, there is 2.8 to 3.8 
safety margin for administration of cariprazine to humans at the MRHD of mg/day. 
 
The AUC0-24h for cariprazine, DCAR, and DDCAR represents approximately 40%, 20%, and 
40% for males and 38%, 19%, and 43% for females, respectively, of the total AUC0-24h observed 
at steady state on Day 360 in dogs dosed at the high dose of 6 mg/kg. 
 
Methods 

Doses: 0, 1, 2, 4, and 6 mg/kg/day (Control, LD, lowMD, highMD, 
and HD, respectively; doses expressed in terms of the free 
base) 

Frequency of dosing: Once daily for one year 
Route of administration: Oral (capsule) 

Dose volume: Not provided 
Formulation/Vehicle: Cariprazine in gelatin capsule/empty capsule 

Species/Strain: dog/Beagle 
Number/Sex/Group: 6/sex/group (4/sex/group/main study, 2/sex/group/recovery) 

Age: Approximately 5 to 6.5 months of age at initiation of dosing 
Weight: Males: 8.3 kg (6.4 – 11.2 kg); Females: 7.1 kg (5.8 – 10.6 kg) 

Satellite groups: Recovery: drug-free for 2 months after the last dose  
Unique study design: 1- to 3-week dose adaptation period preceded the formal 12- 

month study for the lowMD, highMD, and HD groups 
Deviation from study 

protocol: 
It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity. 

 

Observations and Results 

Mortality 
Observations for mortality were made twice daily. There were no unscheduled deaths. 

Reference ID: 3345156

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)



NDA No. 204370                                 Reviewer Elzbieta Chalecka-Franaszek, Ph.D. 
 

 87

 
Clinical Signs 
Observations and physical examinations were conducted twice daily and weekly, respectively. 
Test article-related observations included tremors and ocular opacity. Generally slight and 
transient tremors were noted primarily during the first month of dosing in most LD animals (5/6 
M, 4/6 F) and in all animals administered higher doses. The incidence of tremors decreased time-
dependently; they were observed occasionally through Month 7 and no longer present thereafter.  
Brief convulsions observed in one MDM during Month 11 and in one MDF early in the recovery 
(Day 3) did not appear to be test article-related due to lack of dose-dependence. Ocular opacity 
consistent with cataracts was observed in some animals at the highMD (1/4 M, 2/4 F) and HD 
(1/6 M, 2/6 F). There were no clinical findings in the eyes at lower dose levels. 
 
Body Weights 
Animals were weighed twice pretest and then weekly. There were no apparent test article-related 
effects on body weight or body weight gain.  
 
Food Consumption 
A visual estimate of the amount of food consumed per day was made daily for each dog. There 
was no apparent test article related effect on food consumption. 
 
Ophthalmoscopy 
All animals were examined twice pretest, at Month 1, 2, 3, 4, 5, 6, and 9, at the end of the dosing 
period, and at the end of the recovery period. Lids, lacrimal apparatus, and conjunctiva were 
examined visually. The cornea, anterior chamber, lens, iris, vitreous humor, retina, and optic disc 
were examined by indirect ophthalmoscopy. The anterior segment, lens and anterior vitreous 
were examined by slit lamp biomicroscopy, using retroillumination, and optical section. A 1% 
tropicamide solution was used to induce mydriasis. Cataracts were observed at termination of 
dosing in 6/6 highMDM, 3/6 highMDF, 5/6 HDM, and 6/6 HDF. These cataracts were dose 
related in the incidence and severity, and involved the posterior pole, the posterior sutures, the 
equatorial complex, the anterior cortex, or were complete bilateral cataracts. Cataracts were also 
observed earlier on Day 99 (but not on Day 66) in this study. No new cataracts developed at 
termination of the 2-month recovery period in dogs that did not have cataract during the 
treatment. However, cataracts in HD animals showed further progression. Clinically observed 
cataracts correlated with degenerative changes in the lens of the eye characterized by the 
Applicant as “minimal to mild lens fiber swelling in the posterior pole of the lens or in the 
anterior lens cortex and range to significant cataract change with lens capsule rupture and release 
of lens protein (see histopathology findings below). There were no ophthalmoscopic 
abnormalities in the LD and lowMD groups. 
 
ECG 
ECG tracings were taken on unanesthetized dogs positioned in right lateral recumbency twice 
pretest, at Month 3, 6, 9, and 12 (pre-dose and approximately 2 hours post-dose, at approximate 
Tmax), and at the end of the recovery period. Using the ECG tracing, the heart rates and RR, QT, 
and QTc intervals (calculated using Fridericia and Van De Water formulas) were determined for 
each animal. There were no clearly test article-related changes in the ECG parameters and the 
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Applicant’s cardiovascular physiologist/pathologist concluded that there were no test article-
related cardiovascular findings in this study. 
 
Clinical Pathology 
Blood was collected from 6 animals/sex/group (main and recovery groups) for hematology, 
coagulation, and clinical chemistry at pre-test, Month 3, 6, 9, 12, and recovery termination. 
 
Hematology/Coagulation 
Parameters evaluated: HGB, HCT, RBC, PLT, MPV, MCV, MCH, MCHC, WBC, RETIC, 
peripheral blood smear, differential leukocyte count, PT, and APTT. The following test article-
related findings were observed. Slight decreases in erythrocyte counts (-8 to -10% of the Control 
level), hemoglobin, and hematocrit were observed in HDF at Month 3 and 6 and in HDM at 
Month 3-12. Reversal was noted at the end of the recovery period (values were +11 to +18% of 
Control level). Moderate decreases in reticulocytes (-27 to -65% of the Control level) were 
observed in F at all dose levels and in M at doses ≥2 mg/kg/day at Month 3-12. The effects on 
reticulocytes were considered test article-related but appeared to be nonadverse since 
reticulocyte (and erythrocyte) counts returned to the Control levels at the end of the recovery 
period (values were +11 to +18% of the Control level). Based on study report, these findings 
correlated with minimal to marked extramedullary hematopoesis in the adrenal cortex. Decreased 
platelet counts (-30% of the Control level) observed in F at all dose levels at Month 3 and 6 
appeared to be not toxicologically relevant due to small magnitude and transient nature of these 
changes. There were no changes in other hematology or coagulation parameters.  
 
Clinical Chemistry 
Parameters evaluated: ALT, AST, ALKP, BUN, CREAT, GLU, CHOL, TRIG, TP, ALB, TBILI, 
NA+, K+, Cl-, Ca++, PHOS, GGT, GLOB, and A/G. The following test article-related findings 
were observed. ALT values were increased ~2-4 times the Control value in both sexes at the 
highMD and HD at all evaluation intervals (in M up to 2.9, 2.4, 3.3, and 3.6 times at Month 3, 6, 
9, and 12, respectively; in F up to 2.7, 3.2, 3.6, and 4.0 times at Month 3, 6, 9, and 12 months, 
respectively). Individual elevations were 2 to 17 times the concurrent Control mean value. 
However, changs in ALT were revirsible and returned to the Control level at the end of the 
recovery period. Cholesterol was decreased in M at all dose levels up to -49% of the Control 
level and in HDF up to -58% of the Control level. Triglycerides decreased in M up to -38%, -
43%, and -58% of the Control level in the lowMD, highMD, and HD groups, respectively, and in 
F up to -48%, -39%, -44%, and -46% below the Control level in the LD, lowMD, highMD, and 
HD groups, respectively. Recovery to Control values was noted at the end of the recovery period 
for both cholesterol and triglycerides. Total protein was ~16% lower than the Control for all test 
article-treated groups. Globulin was decreased for all test article treated groups; albumin was 
decreased at the HD. Recovery to Control values occurred after termination of treatment. See 
clinical chemistry data in the Applicant’s table: 
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Urinalysis 
Urine was obtained from 6 animals/sex/group via a 16 hour overnight collection period pre-test, 
at Month 3, 6, 9, 12 and termination of the recovery period. According to the Applicant, the 
following parameters were determined: PROT, GLU, ketones, occult blood, pH, bilirubin, 
urobilinogen, appearance, Sp.G., and VOL. However, only VOL, Sp.G., and pH data were 
included in the final report. Urine volume was statistically significantly increased in HDM dogs 
at Month 3 and 9 (218% and 122% above the Control levels, respectively). Urinalysis values 
were highly variable. There were no changes that could be clearly attributed to the test article. 
 
Gross Pathology 
Complete macroscopic examinations were performed on all animals. Test article-related gross 
pathology changes were seen in the eyes, lungs, adrenal glands, and gall bladder. The eyes of 
some dogs administered cariprazine at the highMD (1/4 M and 2/4 F) or HD (1/4 M and 2/4 F) 
were discolored (white) or had moderate to severe opacities. At the end of recovery period white 
lenses were observed only in 1/2 HDF dog. Scattered foci of slight to severe discolorations 
(white, tan, yellow) were observed in the lungs of all highMD and HD dogs and 2 lowMDM 
dogs at the end of the dosing phase, and in the lungs of dogs at highMD (1/2 M, 1/2 F) and all 
HD animals (2/2 M, 2/2 F) at the end of recovery. Based on the incidence and severity it can be 
concluded that signs of incomplete recovery were observed. The adrenal glands were enlarged at 
the end of dosing phase in animals administered highMD (1/4 M, 3/4 F) or HD (4/4 F). This 
finding was graded slight to severe and was no longer obsered following the recovery period. 
Green or brown material was observed in the gall bladder of some dogs at highMD (2/4 M) and 
HD (1/4 M, 2/4 F) at the end of dosing period. This finding was graded slight to severe and was 
reversible, and there was no microscopic correlate. The incidence of gross pathology findings is 
shown in the following Sponsor’s table. 
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Organ Weights 
The following organs were weighed for all animals at scheduled sacrifice intervals: adrenal 
glands, brain, epididymides, heart, kidneys, liver, pituitary gland, testes with epididymides, 
thymus, thyroid/parathyroid gland, and uterus. After 12 months of treatment mean adrenal glands 
weights were 28 to 39% higher than Control at the highMD and 41 to 75% higher than control at 
the HD in both sexes. This effect was no longer observed at the end of the recovery period. 
These data are shown in the Applicant’s table below. 
 

 
Histopathology 

Tissues/organs listed below were preserved and stained with H & E using standard procedures 
and examined by light microscopy for all animals: adrenal glands, aorta, bone marrow smear, 
bone marrow, brain, epididymides, esophagus, eyes, gall bladder, heart, kidneys, lacrimal gland, 
large intestine, liver, lungs, lymph nodes (mesenteric, mediastanial), mammary gland, nerve 
(sciatic), optic nerve, ovaries, pancreas, pituitary gland, prostate gland, salivary gland 
(submandibular), skeletal muscle, skin, small intestine, spinal cord, spleen, stomach, testes with 
epididymides, thymus, thyroid/parathyroid gland, trachea, urinary bladder, uterus, vagina, and 
tissues with macroscopic findings. 
 
Adequate Battery: yes 
Peer Review: conducted only for lesions in the eyes. 
Histological Findings: 
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Drug-related microscopic changes were noted in the eyes, adrenals, and lungs. 
 
Eyes: Microscopic changes in the lens were observed in all groups administered cariprazine at 
the end of both the dosing and recovery phases. Cariprazine administration at lower doses 
resulted in minimal and reversible lens fiber swelling in 4/6 LDM, 3/6 lowMDM, and 3/6 
lowMDF. These changes were described by the Applicant for anterior lens fiber swelling as 
“variable fiber profile with little disruption in organization” and for posterior lens fiber swelling 
as “swelling of the posterior terminus of the lens only but not exaggerated in the posterior 
suture”. According to the Applicant, the lens fiber swelling seen in the lower dose groups would 
not be expected to be detectable as lens opacity and would not be expected to impact vision. In 
animals administered the highMD and HD, findings in the eyes were more severe and present in 
all animals. Lens fibers were swollen, degenerated, and fragmented with vacuoles, clefts and 
granular eosinophilic material. The lens capsule rapture and release of lens protein was observed. 
The findings in the lens were dose dependent were still observed at the end of the 2-month 
recovery period. In addition, irregular shaped/collapsed lens, detached retina, and cystic 
degeneration of the retina were observed in some animals dosed at highMD and HD. The 
incidence of these findings from the Pathology Report is shown in two tables below. 
 
Reviewer’s comment:  Changes in the lens observed at the LD and lowMD (described above) 
are excluded by the Applicant from this table. 
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Lungs: At the end of doing, alveolar/intra-alveolar foamy macrophages with or without 
“cholesterol clefts” consistent with phospholipidosis and accompanied by subacute/chronic 
inflammation/fibrosis (see page 533 of the study report) were noted in all 4/4 M and 4/4 F at 
highMD and HD, in 2/4 M and 2/4 F at lowMD, and in 2/4 M at LD. Severity of both findings 
ranged from minimal to moderate and was dose-related. At the end of 2-month recovery period, 
these findings in the lungs were minimal to slight and were present in 1/2 M and 1/2 M at 
highMD, and in 2/2 M and 2/2 F at HD. The decrease in the incidence and severity indicated 
incomplete reversibility of phospholipidosis in the lungs during the recovery period. The 
incidence of these findings is shown in the following Applicant’s table. 

 
Adrenal glands: Findings in the adrenal cortex at the end of the dosing phase included foamy 
vacuolation of the cytoplasm of the cortical zona fasciculata cells (minimal to marked) at all dose 

Reference ID: 3345156



NDA No. 204370                                 Reviewer Elzbieta Chalecka-Franaszek, Ph.D. 
 

 93

levels except the LD males (all HD animals, 3/4 M and 2/4 F at the highMD, 1/4 animals/sex at 
the lowMD, and 2/4 LDF). Foamy vacuolation of the zona fasciculata cells was also observed at 
the end of recovery phase in both MD and HD animals, indicating a lack of reversibility. Zonae 
fasciculata and arcuata (known also as zona glomerulosa) were slightly to moderately 
vesiculated/vacuolated (fasciculata: 4/4 HD animals/sex, 4/4 highMDM and 2/4 highMDF; 
arcurata: 3/4 HD animals/ sex, 3/4 highMDM and 2/4 highMDF). However, it is unclear to this 
reviewer whether this observation indicates vesicles/vacuoles in the cytoplasm of cells or the 
organ based on discrepancy in the summary tables in the report. In addition, the zonae arcuata 
and fasciculata of the adrenal cortex were slightly to moderately hypertrophic/hyperplastic in 
highMD and HD animals. In the study report, both types of findings (“vesiculated/vacuolated” 
and “hypertrophic/hyperplastic”), together with thymic atrophy, were interpreted as a response to 
stress. They were absent in the recovery animals. Foamy macrophages have not been reported 
although lamellar inclusions in phagocytotic cells were observed by electron microscopy in 
adrenal cortex in the 13-week study in dogs. A number of dogs in all groups administered the test 
article had minimal to marked extramedullary hematopoesis in the adrenal cortex that correlated 
with hematology findings. The incidence of these findings is shown in the following Applicant’s 
table. 
 

 
  
Reviewer’s comment:  The following request was conveyed to the Applicant: “You mention a 
correlation between phospholipidosis and target organ toxicity. Please explain and provide 
detailed discussion of such correlation, specifically between phospholipidosis and inflammation 
and hemorrhage, in nonclinical studies. Please include the number of animals per group that 
were positive for both phospholipidosis and inflammation and/or hemorrhage”. In response, the 
Applicant indicated that “in the 52-week dog study, the primary observation was 
phospholipidosis in the adrenals without observation of inflammation or hemorrhage” supported 
by the following table. Although not discussed by the Applicant in any detail, the same table 
indicated clearly correlation between phospholipidosis and inflammation in the lungs since both 
are present in all groups (except the LD females) together (see below). 
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Special Evaluation None 
 
Toxicokinetics 
Plasma samples for TK were collected from all animals at Month 1, 3, 6, 9, 12, and at the end of 
the recovery period. TK assessment demonstrated exposure to cariprazine and its metabolites, 
DCAR and DDCAR, which was similar in both sexes. Slight accumulation of the test article and 
both metabolites was observed following repeated dosing. T1/2 ranged from ~4.1 to 13.5 h, 3.7-
12 h, and 9.7-18 h for cariprazine, DCAR, and DDCAR, respectively. Mean TK parameters on 
Days 1, 90, and 360 are summarized in the following Applicant’s tables.  
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  AUC0-t = AUC0-24h 
 
Dosing Solution Analysis:  Not applicable. The test article was administered orally via capsule. 
 
Exploratory study in nonhuman primate 
 
Study title:  RGH-188 hydrochloride; oral capsule maximum tolerated dose study in 
Cynomolgus monkeys 
 

Study no.: 507728 
Study report location:

Conducting laboratory and location:
Date of study initiation: July 23, 2004 

GLP compliance: No 
QA statement: No 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot 
W3C008K, purity 99.84% 

 
Methods:  
Two cynomolgus monkeys (1M and 1F, 20-24 months old) were administered ascending 
cariprazine doses of 0.25, 0.5, or 2 mg/kg/day via oral capsule for up to 4 days at each dose level. 
The results obtained were used to select a dose level of 1 mg/kg/day, administered later to the 
same animals for 14 days. Parameters examined: clinical signs, body weight, food consumption, 
hematology, clinical chemistry, urinalysis, ophthalmoscopy, electrocardiography, organ weights 
(adrenal gland, brain, heart, kidneys, liver, lungs, ovary, pancreas, pituitary gland, prostate gland, 
spleen, submaxillary salivary gland, testis, thymus, thyroid, and uterus), gross and microscopic 
pathology (abnormal tissue, eye, gall bladder, GI tract, heart, kidneys, liver, lungs, mesenteric 
lymph node, esophagus, optic nerve, ovary, pancreas, pituitary gland, prostate gland, sciatic 
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nerve, seminal vesicles, skeletal muscle, skin, mammary gland, spinal cord, spleen, sternum, 
submandibular lymph node, submandibular salivary gland, testes, thymus, thyroid, tongue, 
trachea, urinary bladder, uterus, and vagina with cervix). Brain was sectioned at three levels 
(cerebral cortex, mid-brain and cerebellum with medulla) but was not examined. Concentration 
of cariprazine and its metabolites (DCAR and DDCAR) in plasma was examined following 
blood samples collection at 1, 2, 6, 9, and 24 h post-dose on Days 1 and 14. 
 
Observations and Results: 
Neurological clinical signs observed in monkeys following administration of 2 mg/kg included 
slow body movement, fixed stare, and a loss of appetite in the male monkey and partially closed 
eyes, slow body movements, subdued behavior, and unsteady posture in the female monkey. 
Dosing was subsequently suspended. No clinical signs were observed at 0.25 or 0.5 mg/kg. Body 
weight and food consumption were unaffected for both animals at 0.25 or 0.5 mg/kg and the 
female at 2 mg/kg. Food consumption of the male was very low following the third 
administration of 2 mg/kg. During the 14-day portion of the study at 1 mg/kg, slow body 
movement, quiet behavior, fixed stare, and a loss of appetite were observed in both animals. 
Although animals showed a recovery between approximately 7 hours and dosing on the next day, 
slow body movements were noted throughout the treatment period. Body weight was unaffected 
during this part of the study although a large reduction in food consumption was noted in both 
animals on Days 2 to 5 of administration. No abnormalities were detected during necropsy. All 
histology findings were typical of spontaneously arising background findings in cynomologus 
monkeys of this age. No other toxicologically significant effects were noted during this study. 
Clinical signs were apparently dose-limiting and considered as an exaggerated pharmacological 
action of the test article. According to the Applicant, the MTD of 1 mg/kg was established during 
this study; human equivalent dose is 19 mg/day for a 60 kg person. The combined AUC0-24h 
values for cariprazine, DCAR, and DDCAR at 1 mg/kg on Day 1 are 507 and 226 ng•h/mL in 
male and female monkey, respectively, which is ~0.3 and 0.1 times the combined AUC0-24h for 
these moieties, expected in humans at the MRHD of  mg/day (1626 ng•h/mL). 
 
Plasma concentrations of cariprazine reached the Cmax at ~9-23 and 5-10 hours post-dose on 
Days 1 and 14, respectively. The metabolites, DCAR and DDCAR, were detected in plasma at 
similar or higher levels relative to cariprazine. The DDCAR AUC0-24h was 3.5- and 2.1 times 
(male and female monkey, respectively) the cariprazine AUC0-24h on Day 14. TK analysis 
showed no accumulation of cariprazine, minimal (1.2-fold) accumulation of DCAR, and 2-fold 
accumulation of DDCAR on Day 14 relative to Day 1. 
 
The combined AUC0-24h values for cariprazine, DCAR, and DDCAR at the MTD of 1 mg/kg on 
Day 14 are 507 and 226 ng•h/mL in male and female monkey, respectively, which is  ~0.3 and 
0.1 times the combined AUC0-24h for these moieties, expected in humans at the MRHD of
mg/day (1626 ng•h/mL). TK parameters for the 14-day dosing period are provided in the 
Applicant’s table and figure below. 
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The AUC0-24h values of cariprazine and the metabolites following administration of cariprazine to 
Cynomologus monkeys for 14 days: 

 

7 Genetic Toxicology 
Four genetic toxicology studies (2 conducted with cariprazine and 2 conducted with the 
metabolite DDCAR) have been previously reviewed; a brief summary of these studies is 
provided. Studies that have not been previously reviewed are reviewed below in detail.  
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7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 
Study title: Testing of RGH-188 hydrochloride with bacterial reverse mutation assay 
The mutagenic potential of cariprazine (RGH-188) was studied in the in vitro bacterial reverse 
mutation assay using a pre-incubation method in Salmonella typhimurium strains TA98, TA100, 
TA1535, and TA1537 and Escherichia coli strain WP2uvrA in the presence or absence of 
metabolic activation (rat S9). This study was adequately conducted. No increases in revertant 
colony numbers of any of the five test strains were observed following treatment with cariprazine 
at concentrations from 78.13 to 2500 μg/plate. Therefore, cariprazine was considered to be non-
mutagenic under conditions of this study (Pharmacology/Toxicology Review dated August 15, 
2005). 

7.2 In Vitro Assays in Mammalian Cells 
Study title: RGH-188: Mutation at the thymidine kinase (tk) locus of mouse lymphoma L5178Y 
cells (MLA) using the microtitre fluctuation technique.  The in vitro mouse lymphoma 
mutagenicity assay was performed with cariprazine in L5178Y TK+/- cells in the absence (3- 
and 24-hour treatment) and presence (3-hour treatment) of metabolic activation (rat S9) at 
concentrations of 5-125 μg/mL and 10-200 μg/mL, respectively. This study was adequately 
conducted. The Applicant concluded that, under conditions of this study, cariprazine was not 
mutagenic. However, this reviewer noted that the study evaluation criteria for a positive result 
were fulfilled. Two separate experiments for the 3-hour treatments in the presence of metabolic 
activation demonstrated an increase in mutation frequency, which was small but statistically 
significant. There was also a significant dose-relationship as indicated by the linear trend 
analysis in both experiments. Therefore, this reviewer concluded that cariprazine is positive for 
mutagenicity in the mouse lymphoma assay under conditions of this study 
(Pharmacology/Toxicology Review dated August 15, 2005). 
 
Study title:  Chromosomal aberrations in cultured human peripheral blood lymphocytes 
with RGH-188 HCl 

Study no.: CSCNRGHPCTX15 
Study report location:

Conducting laboratory and location:
Date of study initiation: August 3, 2005 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot W45021A, 
purity 99.62% 

 
Key Study Findings: Cariprazine was considered to be negative for induction of chromosomal 
aberrations in cultured human peripheral blood lymphocytes under conditions of this study. 
 
Methods 

Cell line: Cultured human peripheral blood lymphocytes obtained 
from healthy donors 

 Concentrations in definitive 
study: 

7.35, 14.7, 29.4, 58.8, 84.0, 120, 172, 245, 350 and 500 
µg/mL without metabolic activation; 58.8, 84.0, 120, 172, 
245, 350, 245, 350 and 500 µg/mL with metabolic 
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activation. Cultures treated at 58.8, 84.0, 120, and 500 
µg/mL without metabolic activation and 58.8, 84.0, 120, 
and 172 µg/mL with metabolic activation were analyzed 
for chromosomal aberrations.   

Basis of concentration 
selection: 

Solubility limit of cariprazine in culture medium below 
500 µg/mL 

Negative control: Cell culture grade water (vehicle) 
Positive control: Mitomycin C (MMC; 0.75, 1.0, and 1.5 µg/mL for 3-hour 

treatment; 0.2, 0.3, and 0.4 µg/mL for 22-hour treatment) 
for assays without metabolic activation and 
cyclophosphamide (CP; 20.0, 25.0, and 40.0 µg/mL) for 
assays with metabolic activation. 

Formulation/Vehicle: Cariprazine solution/water 
Incubation & sampling time: The treatment period was 3 hours with and without 

metabolic activation and 22 hours without metabolic 
activation system. Cultures treated for 3 hours were 
harvested 22 hours after the initiation of treatment. This 
harvest time corresponds to 1.5 times a cell cycle time of 
approximately 15 hours after the lymphocytes are induced 
to divide. Colcemid was added for the last 2 ± 0.5 hours of 
incubation. 

 
Study Validity 
Cariprazine was tested in the initial and confirmatory chromosomal aberration assays with 
duplicate cultures used for each concentration of the test article and controls, with and without 
metabolic activation (rat liver post-mitochondrial fraction S9). At least 100 cells were analyzed 
from each culture for the chromosomal aberrations. Mitotic index was evaluated in at least 1000 
cells per culture. Polyploidy and endoreduplication were analyzed in 100 metaphases per culture. 
The aberrant cells were presented excluding gaps and including gaps. The historical controls 
were presented. The vehicle and negative control cultures yielded expected results that were 
consistent with historical control range for cells with chromosomal aberrations. The high 
concentrations selected for analysis had a ~50% reduction in the mitotic index and/or a 
precipitate at the end of treatment. Therefore, this reviewer considers this to be a valid study.  
 
Results 
No statistically significant increase in cells with chromosomal aberrations, poliploidy, or 
endoreduplication was observed in cultured human lymphocytes in the absence or presence of 
metabolic activation system. 

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 
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Study title:  In vivo mouse micronucleus assay with RGH-188 HCl 
 

Study no.: CSCNRGHPCTX14 
Study report location:

Conducting laboratory and location:
Date of study initiation: February 9, 2005 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot W45021A, 
purity 99.56% 

 
Key Study Findings: Cariprazine was evaluated as negative for the induction of micronuclei in 
the mouse bone marrow under the conditions of this study. 
 
Methods 

Cell line: Cells in CD-1®(ICR)BR mouse bone marrow 
 Concentrations in definitive study: 18.75, 37.5, and 75 mg/kg/day 

Basis of concentration selection: Dose range-finding study conducted in mice 
administered single dose of  25 - 100 mg/kg 

Negative control: 1% methylcellulose 
Positive control: cyclophosphamide 

Formulation/Vehicle: Cariprazine suspension in 1% methylcellulose 
Incubation & sampling time: Bone marrow was harvested at 24 and 48 hours 

after administration of single dose of cariprazine 
 
Study Validity 
Cariprazine administered as a single dose induced signs of clinical toxicity in the treated animals 
at all doses examined, which included hypoactivity, hunched posture, squinted eyes, and/or 
recumbency, indicating systemic exposure to the test article. Three animals per time point were 
bled for possible future measurement of plasma levels at 0.5, 1, 3, 6, 12, and 24 hours post-dose. 
However, no TK data were provided. Only males were used in the assay since no relevant 
differences in toxicity between the sexes were observed in the dose range-finding study. Bone 
marrow was extracted from the hind limb bones and at least 2000 PCEs per animal were 
analyzed for the frequency of micronuclei. Cytotoxicity was assessed by scoring the number of 
PCEs and normochromatic erythrocytes (NCEs) in at least the first 500 total erythrocytes for 
each animal. Control groups provided expected data. The positive control, cyclophosphamide, 
induced a statistically significant increase in micronucleated PCEs as compared to that of the 
vehicle control. Therefore, this reviewer considers this to be a valid study. 
 
Results 
Cariprazine did not induce any statistically significant increases in micronucleated PCEs at any 
time point or at any test article dose examined and was not cytotoxic to the bone marrow (i.e., no 
statistically significant decreases in the PCE:NCE ratios were observed) at any dose level.  
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7.4 Other Genetic Toxicity Studies 
Genotoxic potential of the major human metabolite of cariprazine, didesmethyl cariprazine 
(DDCAR), was evaluated in the bacterial reverse mutation assay and in the in vitro chromosomal 
aberrations test using human peripheral blood lymphocytes.  
 
Study title:  Didesmethyl cariprazine: bacterial reverse mutation assay. The mutagenic potential 
of DDCAR was studied in the in vitro bacterial reverse mutation assay in Salmonella 
typhimurium strains TA98, TA100, TA1535, and TA1537 and Escherichia coli strain WP2uvrA 
using the plate incorporation method. This study adequately conducted. DDCAR did not induce 
bacterial reverse mutation assay at concentrations up to 4000 μg/plate in both the absence and 
presence of metabolic activation (rat S9). Therefore, DDCAR was considered to be non-
mutagenic under the conditions of this study (Pharmacology/Toxicology Review dated June 18, 
2012). 
 
Study title:  Didesmethyl cariprazine: in vitro mammalian chromosome aberration test. 
DDCAR was tested in the in vitro mammalian chromosome aberration test using human 
peripheral blood lymphocytes in the absence and presence of metabolic activation (rat S9) at 
concentrations from 10-100 μg/mL and 15-150 μg/mL, respectively. This study was adequately 
conducted. DDCAR met the criteria for a positive test for clastogenic potential in this assay in 
the presence of metabolic activation after 4 hours of exposure at the highest concentration tested 
(150 μg/mL). At this concentration, DDCAR reduced the mitotic index by 54% and increased the 
percentage of cells with structural aberrations by 2.5% relative to solvent control (0%; historical 
range: 0-1.5%). DDCAR was negative for clastogenic potential in the chromosome aberrations 
assay in the absence of metabolic activation after 4 and 20 hours of exposure. The percentage of 
cells with numerical aberrations did not increase relative to the solvent control, in any treated 
group. Therefore, DDCAR was positive for the induction of structural chromosome aberrations 
at the cytotoxic dose level (Pharmacology/Toxicology Review dated June 18, 2012). 

8 Carcinogenicity 
Dose range-finding studies in mice 
 
Study title:  RGH-188: 6 week dose escalation oral toxicity and toxicokinetic study in 
CByB6F1 hybrid mice  

Study no.: Study RGH-TX-27 
Study report location:

Conducting laboratory and location:
Date of study initiation: September 18, 2007 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot L0001761, 
purity 99.77% 

 
Key Study Findings 
 

• Severe neurological clinical signs of toxicity (lethargy and coma) observed in male mice 
following administration of cariprazine at 10 and 20 mg/kg/day. 
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• Cholesterol and triglycerides: slight to moderate dose-related decreases observed in both 
sexes at all dose levels. 

• Adrenal glands: enlargement in males or red discoloration in females and minimal to 
moderate adrenal cortex hypertrophy observed at all dose levels, and increase in mean 
absolute weights of the adrenals in both sexes at 30 mg/kg/day. 

• Lungs: phospholipidosis-like changes: alveolar histiocytosis with multifocal 
accumulations of foamy alveolar macrophages observed at all dose levels.  

• Female reproductive system: changes indicating estrus cycle disruption consistent with 
pseudopregnancy (enlarged corpora lutea in the ovaries, myometrial hypertrophy of the 
uterus, and mucification of the vagina) observed at all dose levels. 

• Female mammary gland: tubuloacinar hyperplasia with increased secretion observed at 
all dose levels. 

 
The MTD was achieved in this study based on severe neurological clinical signs observed before 
the dose adjustment. The NOAEL could not be determined and was less than 15 mg/kg/day 
based on adverse histopathology findings in the adrenals, lungs, and female reproductive system 
at all dose levels; for these adverse effects, there is no margin of safety for human dosing at the 
MRHD of 9 mg/day.  
 
The 15 mg/kg dose is ~8.1 times the MRHD of mg/day on a mg/m2 basis. The AUC0-24h for 
cariprazine at 15 mg/kg on Day 39 is 6630 and 7280 ng•h/mL in male and female mice, 
respectively, which is ~16 and 18 times the cariprazine AUC0-24h expected in humans at the 
MRHD of mg/day (402 ng•h/mL). Combined AUC0-24h for all three active moieties (CAR, 
DCAR, and DDCAR) at 15 mg/kg on Day 39 is 10120 and 10320 ng•h/mL in male and female 
mice, respectively, which is  ~6.2 and 6.3 times the combined AUC0-24h expected in humans at 
the MRHD of mg/day (1626 ng•h/mL). 
 
Note: On March 16, 2010, the Agency’s Executive CAC concluded that based on this 6-week 
study in mice, the data are inadequate data to support the proposed dose selection for the 
carcinogenicity study, and in order to obtain the Agency’s concurrence on doses, the Applicant 
should conduct another dose range finding study with higher and lower doses (after a dose 
escalation lead-in for 2 weeks). 
 
Methods: 
Cariprazine toxicity and TK was assessed in CByB6F1 hybrid mice (Tg.rasH2 non-transgenic 
littermates, 10 animals/sex/group) after a 2-week oral (gavage) dose escalation period followed 
by repeated administration for 4 weeks. The TK study consisted of three cariprazine treatment 
groups (52 animals/sex/group) and one Vehicle Control group (10 animals/sex/group). The final 
planned full dose levels were 15, 30, and 60 mg/kg/day (LD, MD, and HD, respectively; dose 
vol. 20 mL/kg). The treatment plan was to administer 1/3 of each final dose level daily for one 
week, followed by administration of 2/3 of the final planned dose level for the second week, 
followed by administration of the final full dose level from Weeks 3 to 6. This plan was followed 
for the LD only. The dose levels administered to the LD, MD, and HD males on Day 1 were 5, 
10, and 20 mg/kg, respectively. However, the MDM and HDM experienced severe neurological 
clinical signs of toxicity (lethargy and coma) from ~2 hours post-dosing on Day 1 to the next 
morning. Therefore, the escalation levels and schedule for males were changed. The MDM and 
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HDM were not dosed on Days 2 or 3 and were then reintroduced to cariprazine at lower daily 
doses starting on Day 4. The MDM were administered 5 mg/kg on Days 4-6, 10 mg/kg on Days 
7-10, 15 mg/kg on Days 11-13, and the full MD (20 mg/kg) from Day 14 to 45 (end of study). 
Beginning on Day 4, the HDM were administered 5 mg/kg on Days 4-6, 10 mg/kg on Days 7-10, 
15 mg/kg on Days 11-13, 20 mg/kg on Days 14-16, and the full HD (30 mg/kg/day) from Day 17 
to 45 (end of study). In order to avoid similar toxicity on the first dosing day in female mice, the 
MDF were administered a daily dose of 5 mg/kg on Days 1-3, 10 mg/kg on Days 4-7, 15 mg/kg 
on Days 8-10, and 20 mg/kg from Day 11 to 42 (end of study). The HDF were administered 
daily doses of 5 mg/kg on Days 1-3, 10 mg/kg on Days 4-7, 15 mg/kg on Days 8-10, 20 mg/kg 
on Days 11-13, and 30 mg/kg from Day 14 to 42 (end of study). The final full dose levels 
administered to male and female mice were 0, 15, 20, and 30 mg/kg/day (Control, LD, MD, and 
HD, respectively). 
 
Observations and Results: 
Mortality: All animals were observed twice daily for moribundity and mortality. One LDF died 
on Day 10 due to gavage error. There was no test article-related mortality.  
 
Clinical signs: Cage-side observations were conducted daily within 2 hours after last dose 
administration to the last animal. Detailed examinations were performed weekly. The following 
severe CNS-related clinical signs were observed in males: in the HDM dosed on Day 1 at 20 
mg/kg, 5/10 mice were comatose, 3/10 were lethargic, and 5/10 exhibited hunched posture. 
These signs were still noted on Day 2, although the MDM and HDM were not dosed on Day 2. 
In the MDM dosed on Day 1 at 10 mg/kg, 2/10 mice were comatose, 7/10 were lethargic, and 
4/10 exhibited hunched posture. Additionally, 3/10 LDM were lethargic after dosing on Day 1 at 
5 mg/kg, 1/10 MDM was ataxic on Day 1, and 1/10 MDM exhibited rapid and shallow breathing 
on Day 34. Two/10 HDM were prostrate on Days 1 or 2 and 1/10 HDM exhibited rapid and 
shallow breathing on Day 34. Due to these severe post-dose neurological clinical signs, the study 
design was altered to lower the dose escalation for both sexes (see Methods above). Females: 
The initial dose levels for both the MDF and HDF groups were 5 mg/kg. Therefore, the clinical 
signs of toxicity in F were less severe than in M and included lethargy in 3/10 MDF and 3/10 
HDF on Day 1 and Day 2, and in 1/10 LDF on Days 2-5 during post-dose observations. There 
were no abnormal clinical post-dose cage side observations in either sex after Day 3 and no 
abnormal hands-on observations associated with the test article (the latter were taken pre-dose 
and no earlier than Day 8). 
 
Body weights: Body weights of main study animals were recorded weekly. Group mean body 
weight in the LD, MD, and HD mice of both sexes was slightly lower than that of the Vehicle 
Control group on Day 42. The decrease was not dose-dependent: -7.7% (LD), -8.8% (MD), and -
-5.2% (HD) in M mice and -4.9% (LD), -6.7% (MD), and -4.9% (HD) in F mice of the mean 
Vehicle Control group values (statistically significant only in the MDM and MDF). 
Body weight gain from Day 1 to Day 42 was statistically significantly decreased in all M test 
article-treatment groups compared to the Vehicle Control. At the end of the analysis period M 
mice lost 0.27 g (LD), 0.24 g (MD), and 0.24 g (HD) of their base weight on Day 1. There was 
no statistically significant difference in the body weight gain in the F groups but there was a 
trend for a decreased growth rate similar to that observed for the M. F mice gained 30% (LD), 
34.3% (MD), and 26.8% (HD) less than the Vehicle Control group on Day 42. Statistical 
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analysis of the weekly and total absolute (from Day 1 to Day 42) body weight gain data revealed 
significantly decreased body weight gain in the HDM between Day 1 and 8, and in the LDF and 
MDF between Day 36 and 42. Effect on body weight did not correlate with changes in food 
intake.  
 
Food consumption: Food consumption was measured weekly for main study animals. There were 
no statistically significant differences in the test article-treated groups in either sex when mean 
daily food consumption per group (from Day 1 through Day 42) was compared to that of the 
Vehicle Control group. A statistically significant increase in weekly food consumption was 
observed between Days 36 and 42 only in the HDM.  
 
Clinical pathology: Blood was collected from up to 5 animals/sex/main study group for 
hematology and from up to 5 separate fasted animals/sex/main study group for clinical chemistry 
before scheduled sacrifice (Day 43 or later). Hematology: There were slight decreases in mean 
corpuscular hemoglobin and mean corpuscular hemoglobin concentration, as well as increases in 
mean platelet volume in both sexes at all dose levels. A decrease in red blood cell count and 
slight decreases in hemoglobin and hematocrit were observed in HDF. Decreases in red blood 
cell parameters in F mice are considered test article-related but the significance of these findings 
is unclear. Clinical chemistry: Slight to moderate dose-related decreases in cholesterol in both 
sexes with concurrent decreases in triglycerides (statistically significant in LDM and HDM 
only), albumin, total proteins, and globulin were observed at all dose levels. Serum calcium was 
also slightly decreased, a variation considered to be secondary to the decrease in proteins. In 
females there was a mild increase in total bilirubin at the HD and in bile acids at the MD and 
HD. There was also a slight increase in serum ions (potassium in both sexes and chloride in 
males) and ALT in HD males, BUN in MD and HD males when compared to the Vehicle 
Control. Sodium levels were decreased in the LDF compared to the Vehicle Control. Due to their 
low magnitude, lack of dose response, and lack of corresponding microscopic changes, these 
variations were not considered to be biologically significant. Decreases in cholesterol and serum 
proteins (all treated groups) and triglycerides (LDM and HDM) were considered test article-
related. 
 
Necropsy: Main study animals were sacrificed on study Day 43 (F) or Day 46 (M). Tissues and 
organs that were collected, fixed in 10% neutral buffered formalin, and processed using standard 
protocols included adrenal glands, aorta, bone, bone marrow, brain, epididymides, esophagus, 
eyes, gall bladder, gross lesions, Harderian gland, heart, kidneys, large intestine, liver, lungs and 
bronchi, lymph nodes, mammary gland with adjacent skin, nasal cavity, ovaries, pancreas, 
parathyroid glands, pituitary gland, prostate gland, salivary gland, sciatic nerve, seminal vesicles, 
skeletal muscle, small intestine, spinal cord, spleen, stomach, testes, thymus, thyroid gland, 
trachea, urinary bladder, uterus, and vagina. Test article-related gross lesions were observed in 
the adrenal glands at all dose levels and consisted of enlargement observed in males (incidence: 
0/10, 7/10, 6/10, and 10/10 in the Control, LD, MD and HD groups, respectively) or red 
discoloration observed in females (incidence: 0/10, 7/10, 9/10, and 10/10 in the Control, LD, 
MD, and HD groups, respectively). These changes correlated with microscopically observed 
hypertrophy of the adrenal cortex. Organ weights: The following organs were weighed for all 
animals: brain, heart, liver, kidneys, spleen, adrenal glands, and testes/ovaries. There was a slight 
to mild increase in mean absolute weights of the adrenals in both sexes at the HD (up to 
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approximately 33% in males) that was considered treatment-related and correlated with minimal 
to moderate adrenal cortex hypertrophy observed at all dose levels, but not in the control groups. 
The mean weight of the ovaries was decreased in all treated female groups. Although the weight 
change was considered to be test article-related, the microscopic correlate was unclear. 
 
Histopathology: All tissues for all animals that died early, control animals, and all HD animals 
were embedded in paraffin, sectioned at 6 microns or less, stained with H&E, and evaluated 
microscopically. Microscopic changes related to cariprazine administration were observed in the 
lungs, adrenal glands, female reproductive organs, and mammary gland; these tissues were 
evaluated for all test article-treated animals.  
 
Lungs: Treatment-related alveolar histiocytosis characterized by multifocal accumulations of 
foamy alveolar macrophages most commonly located in subpleural regions or paravascular 
position was observed at all dose levels. According to the Applicant, as in the rat and dog, this 
change may be indicative of phospholipidosis-like activity of this drug. The severity of this 
change was dose-dependent as shown in the Applicant’s table below. 
 

 
 
Reproductive organs: The reproductive system of treated female groups showed treatment-
related changes in the ovaries (minimal to mild increase in the size of corpora lutea with 
maturing follicles present), vagina (mucification of the epithelium), and uterus (myometrial 
hypertrophy with increase in the thickness of the muscular layers) at all dose levels. These 
microscopic changes are indicative of estrus cycle disruption and are consistent with an 
inhibition of luteolysis leading to pseudopregnancy, and are related to the hormonal/ 
pharmacologic action of the test article. Mammary gland tubuloacinar hyperplasia was 
considered to be secondary to reproductive tract effects. The incidence of these reproductive tract 
changes was high in all groups as shown in the following Applicant’s table. 
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Adrenal glands: Minimal to moderate cortex hypertrophy was observed in the adrenal glands of 
nearly all treated animals. The severity of this change was dose-dependent and correlated with 
macroscopic evidence of enlargement (M) or red discoloration (F). There was also a slightly 
greater mean weight of the adrenal glands in HD groups. The incidence and severity is shown in 
the following Applicant’s table. 
 

 
 
Toxicokinetics: 
Up to 3 animals/sex/dose/time points were bled on Days 13, 14, 16 or 18 and during Week 6 or 7 
(on Days 40, 42 or 43) pre-dose and at 0.5, 1, 2, 4, 8, 12, and 24 hours post-dose. Systemic 
plasma exposure to cariprazine, DCAR, and DDCAR increased in proportion to the dose in all 
cariprazine-treated groups on Days 15 or 39 with mean Tmax values for cariprazine and DCAR 
ranging from 0.5 to 1.0 hours for both F and M, respectively. After reaching Cmax, cariprazine 
and DCAR declined while DDCAR showed little decline in plasma concentrations. Mean Tmax 
values for DDCAR ranged from 1.0 to 12.0 hours, which was distinct from cariprazine and 
DCAR. No evidence of a gender difference was observed in cariprazine or DCAR plasma 
concentrations; for DDCAR, F had ~2-fold lower mean exposure than M. There was no 
accumulation between Study Day 15 and 39; slight decreases in mean plasma cariprazine, 
DCAR, and DDCAR exposure was noted at all dose levels. TK parameters are shown in the 
following Applicant’s table. Note: The Applicant did not provide T1/2 data for mice. 

Reference ID: 3345156



NDA No. 204370                                 Reviewer Elzbieta Chalecka-Franaszek, Ph.D. 
 

 108

 

 
 
Study title:  7-week dose escalation oral toxicity and toxicokinetic study in 
Tg.rasH2 transgenic and/or CByB6F1 hybrid mice 

Study no.: RGH-TX-44 
Study report location:

Conducting laboratory and location:
Date of study initiation: March 23, 2010 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine  HCl (RGH-188 HCl), lot L0001761, 
purity 99.77% 

 
Key Study Findings 
 

• Death of one female mouse administered the HD of 140 mg/kg/day. 
• Clinical signs of decreased motor activity observed at all dose levels (except LDF), rapid 

and shallow breathing observed in highMD males and HD animals of both sexes, and 
ataxia, ruffled fur, and hunched posture observed in HDF.  
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• Decrease in mean group body weight in males at all dose levels (up to -14%) and in HD 
females (-8%). There were no corresponding changes in food consumption.  

• Clinical chemistry changes in males and females, including increase in potassium at all 
dose levels, increase in ALT and total bilirubin, and decrease in calcium, creatinine, total 
protein, albumin and globulin in the highMD and/or HD groups. 

• Discoloration or enlargement of the adrenals in both sexes and thinning of the uterus in 
females at the highMD and HD. 

• Effects on organ weights including increase in liver weights and adrenal gland weights 
and decrease in ovaries weights at the highMD and/or HD. 

• Microscopic effects noted in both sexes observed in the pituitary glands (atrophy), 
adrenal glands (hypertrophy), lungs (histiocytic infiltration), liver (hypertrophy and 
necrosis), and nasal cavity (inflammation) and, in females only, changes in the stomach 
(vacuolation and necrosis), mammary gland (ectasia and tubulo-acinar proliferation), 
ovaries (lack of corpora lutea), uterus (atrophy), and vagina (mucification).  

 
Due to frequent changes in dose levels, considerations regarding the MTD or NOAEL cannot be 
reliable and are not presented by this reviewer. 
 
Methods 
Doses: Males: 0, 1, 5, 15, 45 → 60 mg/kg/day; Females: 0, 1, 5, 15 

→ 25, 45 → 60 → 75 →100 → 140 mg/kg/day (Control, LD, 
lowMD, highMD and HD, respectively; doses are expressed 
in terms of the free base) 

Frequency of dosing: Once daily 
Route of administration: Oral (gavage) 
Dose volume: 20 mL/kg body weight 
Formulation/Vehicle: Solution of cariprazine in the vehicle/water for injection 
Species/Strain: Tg.rasH2 transgenic mice in main study groups; CByB6F1 

hybrid mice (Tg.rasH2 non-transgenic littermate mice) for TK 
Number/Sex/Group: 10/sex/group 
Age: 7-9 weeks old 
Weight: Males: 22.2 – 24.8 g; females: 15.5 to 19.5 g 
Satellite groups: TK groups: 52 animals/sex/test article groups; 10/sex/Vehicle 

Control groups 
Unique study design: Dose levels were changed as described below. 
Deviation from study 
protocol: 

It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity.  

 
Unique study design 
This study was designed to select dosages for a subsequent carcinogenicity study.  Dosing was 
initiated with 14 days of dose escalation period included to minimize signs of acute toxicity. Due 
to the escalation schedule, dose administration for lower test article treatment groups did not 
begin until Week 2 or Week 3. The full dose was administered for the first time on study Day 15. 
The original design indicated that animals will be dosed daily at full dose for 4 weeks. Therefore, 
the total planned dosing period was 6 weeks. Based on the lack of toxicity observed in the MDF 
and HDF, the initial study design was changed for further escalation of the MD and HD in 
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female mice. On Day 29, the MD was increased from 15 to 25 mg/kg and the HD was increased 
from 60 to 75 mg/kg. The HD was increased again from 75 to 100 mg/kg on Day 38 and from 
100 to 140 mg/kg on Day 45 until females were sacrificed on Day 52. For males, in order to 
“better separate the toxicity profile” between the MD and HD, the HD was increased from 45 to 
60 mg/kg on Day 37. Therefore, treatment period was extended to 7 weeks.  
 
Observations and Results 
 
Mortality  
All animals were observed daily for moribundity and mortality. One HDF in the main study was 
found dead on Day 51. Decreased motor activity, hunched posture, and ruffled fur were noted in 
this animal the day before its death. Necropsy showed an autolysed GI tract, small spleen, and 
enlarged, dark adrenals. This death was considered test article-related. One control TK male and 
one HD TK female were found dead on Days 8 and 34, respectively. Two additional TK females 
died early due to gavage errors. All other animals survived to scheduled necropsy.  
 
Clinical Signs   
Main study animals were observed cage-side daily for clinical signs of toxicity. Detailed 
examinations were performed weekly. Based on cage-side observations, test article-related 
clinical signs included decreased motor activity at all dose levels (incidence: 0/10, 6/10, 7/10, 
10/10, and 10/10 in M; 2/10, 0/10, 3/10, 10/10, and 10/10 in F in the Control, LD, lowMD, 
highMD, and HD groups, respectively), rapid and shallow breathing (incidence: M: 1/10 in the 
highMD and 1/10 in the HD groups; F: 8/10 in the HD group), ataxia, ruffled fur and hunched 
posture (1/10 HDF), and labored breathing (3/10 HDF). Similar observations were recorded 
during weekly hands-on clinical examination.  
 
Body Weights 
Body weights were recorded on Days 1, 8, 15, 22, 29, 36, 43, 49, and 50/52 M/F.  
Body weight:  At the end of study, mean group body weight was statistically significantly 
decreased in males by 4%, 8%, 8%, and 14% at the LD, lowMD, highMD, and HD, respectively, 
when compared to the Control group. Mean group body weight at the end of study was increased 
in females by 10%, 5%, and 3% in the LD, lowMD, and highMD groups, respectively, and 
decreased by 8% in the HD group, when compared to the Control group. Statistically significant 
decrease in mean body weight was observed in F starting at 100 mg/kg/day. Body weight gain: 
Absolute mean group body weight gain from Day 1 to 49 was decreased in males compared to 
the Control group. At the end of the analysis period M gained 2.3 g (control), 1.84 g (LD), 0.61 g 
(lowMD), 0.57g (highMD; 2.4% gain of the base weight on Day 1), and lost 0.85 g (HD) of their 
base weight on Day 1. Therefore, M mice gained ~20%, 73%, and 75% less than the Control 
group at the LD, lowMD, and highMD, respectively, and lost 0.85 g (~4%) of their base weight 
on Day 1 at the HD of 45→60 mg/kg/day. These changes were statistically significant in the 
lowMD, highMD, and HD male groups at the end of the study. Absolute mean group body 
weight gain from Day 1 to Day 50 was increased in females in all test article groups, except the 
HD group, when compared to the vehicle control group. At the end of the analysis period F 
gained 1.72 g (control), 3.72 g (LD), 2.75 g (lowMD), 2.64 g (highMD), and 0.30 g (HD) of their 
base weight on Day 1. These changes were statistically significant in the LD and HD female 
groups. F administered the HD did not gain weight from Day 22 to the end of treatment. 

Reference ID: 3345156



NDA No. 204370                                 Reviewer Elzbieta Chalecka-Franaszek, Ph.D. 
 

 111

Therefore, F gained 116%, 60%, and 53% more than the Control group in the LD, lowMD, and 
highMD groups, respectively, and gained 87% less than the Control group at the HD (60→140 
mg/kg/day). Changes in body weights observed in this study were used to select doses for the 
carcinogenicity study in transgenic mice.  
 
Feed Consumption 
Food consumption was measured on Days 1, 8, 15, 22, 29, 36, 43, 49 (males) and 50 (females). 
There were no test article-related changes in food consumption.  
 
Ophthalmoscopy Not examined 
 
ECG Not examined 
 
Hematology 
Blood for hematology was collected from 5 separate animals/sex/group scheduled to be 
sacrificed on Day 50 (females) and Day 52 (males). The following parameters were examined by 
an automated CBC machine: RB, HCT, HGB, MCH, MCHC, MCV, WBC, RETIC, PLT, blood 
cell morphology, RDW, and MPV. Test article-related changes in males included decreased 
mean corpuscular hemoglobin at the highMD (↓4%) and HD (↓6%), decreased mean corpuscular 
hemoglobin concentration at the highMD (↓5%) and HD (↓7%), and decreased red blood cells 
(↓13%), hemoglobin (↓18%), and hematocrit (↓12%) at the HD, when compared to the Control 
group. Test article-related changes in females included decreased mean corpuscular hemoglobin 
at the HD (↓12%) and decreased mean corpuscular hemoglobin concentration at the highMD 
(↓8%) and HD (↓11%), when compared to the Control group. Red blood cells, hemoglobin, and 
hematocrit values were also slightly decreased in females, but these changes did not reach 
statistical significance. Test article-related hematology findings in both sexes indicate slight 
anemia. 
 
Clinical Chemistry 
Blood for clinical chemistry was collected  from 5 separate animals/sex/group scheduled to be 
sacrificed on Day 50 (females) and Day 52 (males). The following parameters were examined: 
ALT, ALB, A/G ratio, AST, Ca++, Cl-, CHOL, CREAT, CPK, GLOB, GLU, K+, NA++, total 
bile acids, TP, TBILI, TRIG, and BUN. Test article-related changes in M included dose related 
increase in potassium at all dose levels (↑11-39%), increase in alanine aminotransferase at the 
HD (↑159%) and total bilirubin at the HD (↑300%), decrease in calcium at the highMD (↓4%) 
and HD (↓8%), creatinine at the HD (↓20%), total protein at the highMD (↓8%) and HD (↓13%), 
and globulin at the highMD (↓13%) and HD (↓20%) when compared to the Control group. In 
females, test article related changes included dose related increase in potassium at all dose levels 
(↑17-40%), increase in ALT at the highMD (↑101%) and HD (↑202%), and decrease in calcium 
(↓7%), total protein (↓25%), globulin (↓24%) and albumin (↓26%) at the HD when compared to 
the Control group. Total bilirubin was also increased in females at the HD (↑133%) when 
compared to the Control group, but this change did not reach statistical significance. 
 
Urinalysis  Not examined 
 
Gross Pathology 
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Necropsy was performed for main study animals (10/sex/group) on Day 50 (males) or Day 52 
(females) one day after the final dose administration. Test article-related macroscopic changes 
included discoloration or enlarged adrenals (incidence: M: 0/10, 0/10, 1/10, 4/10, and 6/10; F: 
0/10, 0/10, 0/10, 6/10, and 9/10 in the Control, LD, lowMD, lowMD, and HD, respectively), and 
thinning of the uterus (incidence: F: 0/10, 0/10, 0/10, 5/10, and 5/10 in the Control, LD, lowMD, 
lowMD, and HD, respectively).  
 
Organ Weights 
The following organs were weighed: adrenal glands, brain, heart, liver, kidneys, spleen, testes, 
and ovaries. Statistically significant and test article-related organ weight changes when compared 
to the control group are summarized in the following reviewer’s table. 
 
Organ weight  Dose Significant difference compared to 

control in % (respectively to dose) 
Males 

Heart LD, highMD, HD ↓14%, ↓14%, ↓23% 
Relative heart  LD, HD ↓12%,↓14% 
Kidneys LD, lowMD, highMD, HD ↓ 8%, ↓8%,↓8%, ↓15% 
Relative kidneys LD, HD ↓5%,↓6% 
Liver HD ↑9% 
Relative liver HD ↑21% 
Adrenals  HD ↑66% 
Relative adrenals HD ↑86% 
Relative testes lowMD, HD ↑12%,↑10% 

Females 
Brain HD ↓6% 
Kidneys LD ↑10% 
Relative kidneys HD ↑7% 
Liver highMD, HD ↑34%,↑50% 
Relative liver highMD, HD ↑31%,↑62% 
Spleen HD ↓14% 
Adrenals  HD ↑110% 
Relative adrenals HD ↑125% 
Ovaries highMD, HD ↓30%,↓35% 
Relative ovaries highMD, HD ↓31%,↓30% 
 
Histopathology 
The following tissues/organs were collected at necropsy from main study animals: adrenal 
glands, aorta, bone (femur and sternum), bone marrow (femur and sternum), brain, epididymides, 
esophagus, eyes, gall bladder, gross lesions, Harderian gland, heart, kidneys, large intestine 
(cecum, colon, rectum), liver, lungs and bronchi, lymph nodes (mesenteric and mandibular), 
mammary gland with adjacent skin, nasal cavity, ovaries, pancreas, parathyroid gland, pituitary 
gland, prostate gland, salivary gland, sciatic nerve, seminal vesicles, skeletal muscle (thigh), 
small intestine (duodenum, jejunum, and ileum), spinal cord (cervical, thoracic, and lumbar), 
spleen, stomach, testes, thymus, thyroid glands, trachea, urinary bladder, uterus, and vagina. All 
tissues listed above from the Control and the HD groups and early deaths were processed using 
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standard methods and stained with H&E. Microscopic test article-related effects were noted in 
the adrenal glands (hypertrophy), pituitary (atrophy), nasal cavity (inflammation), liver 
(hypertrophy and necrosis), and lungs (histiocytic infiltration) of both sexes. The incidence of 
histological findings is shown in the following reviewer’s table. 
 
Test article-related microscopic lesions observed in males and females 
Dose (mg/kg/day) 0 1 5 15 60 0 1 5 25 140 
Gender  
Number examined 

M 
10 

M 
10 

M 
10 

M 
10 

M 
10 

F 
10 

F 
10 

F 
10 

F 
10 

F 
10 

Adrenal hypertrophy 
total No. 

0 0 0 9 10 0 0 0 10 10 

    minimal 0 0 0 9 0 0 0 0 10 0 
mild 0 0 0 0 10 0 0 0 0 0 

moderate 0 0 0 0 0 0 0 0 0 10 
Pituitary atrophy 
total No. 

0 0 0 0 10 0 0 0 9 10 

    minimal 0 0 0 0 10 0 0 0 7 0 
mild 0 0 0 0 0 0 0 0 2 3 

moderate 0 0 0 0 0 0 0 0 0 7 
Nasal cavity 
inflammation 
total No. 

0 0 0 0 9 0 0 0 0 10 

minimal 0 0 0 0 6 0 0 0 0 1 
mild 0 0 0 0 3 0 0 0 0 9 

Liver hypertrophy 
total No.  

0 0 0 0 5 0 0 0 0 10 

    minimal 0 0 0 0 5 0 0 0 0 0 
mild 0 0 0 0 0 0 0 0 0 1 

moderate 0 0 0 0 0 0 0 0 0 9 
Liver necrosis            

minimal 0 0 0 0 0 0 1 0 1 3 
Lungs: infiltration 
histiocytic total No. 

1 3 2 10 10 0 0 1 10 10 

    minimal 1 3 1 1 0 0 0 0 0 0 
mild 0 0 1 9 10 0 0 1 10 6 

moderate 0 0 0 0 0 0 0 0 0 4 
 
In addition, in female mice only, test article-related microscopic changes were observed in the 
stomach (minimal vacuolation and necrosis in 4/10 mice dosed at 140 mg/kg/day), mammary 
gland (minimal to mild ectasia in 10/10, 10/10, and 9/10 mice dosed at 5, 25, and 140 mg/kg/day, 
respectively, and minimal to mild tubulo-acinar proliferation in 7/10, 10/10, and 8/10 mice dosed 
at 1, 5, and 25 mg/kg/day, respectively), ovaries (lack of corpora lutea in 4/10 mice dosed at 140 
mg/kg/day, respectively), uterus (minimal to mild atrophy in 1/10, 2/10, 6/10, 10/10, and 10/10 
mice dosed at 0, 1, 5, 25, and 140 mg/kg/day, respectively), and vagina (mucification in 1/10, 
5/10, 8/10, 7/10, and 10/10 mice dosed at 0, 1, 5, 25, and 140 mg/kg/day, respectively). 
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Special Evaluation None 
 
Toxicokinetics 
Blood was collected from TK animals on Day 15 (both sexes) and on Day 48 (males) and 50 
(females). Animals were bled pre-dose and at 0.5, 1, 2, 4, 8, 12, and 24 hours post-dose.  
Animals were exposed to cariprazine and its metabolites, DCAR and DDCAR on both blood 
collection days. Tmax values for cariprazine and DCAR ranged form 0.5 to 4 hours in both sexes.  
Tmax values for DDCAR ranged form 1 to 8 hours in both sexes. Exposure to cariprazine and the 
metabolites increased with increasing dose on both Days 15 and 48/50. TK parameters are shown 
in the following Applicant’s table. 
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Study title:  Cariprazine: 28-week repeated dose oral carcinogenicity study in 
Tg.rasH2 Mice 
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Study no.: RGH-TX-33 
Study report location:

Conducting laboratory and location:
Date of study initiation: October 8, 2010 

GLP compliance: Yes, except statistical analysis of pathology data  
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot L0002025, 
purity 99.4% 

  
CAC concurrence: Protocols for the Tg.rasH2 mouse carcinogenicity study were presented to the 
Executive CAC on March 16, 2010 and October 5, 2010. The Exec CAC recommended doses of 
0, 1, 5, and 15 mg/kg/day in males based on MTD (initial lower body weight gain, followed by 
partial recovery) and doses of 0, 5, 15, and 50 mg/kg/day in females based on MTD (body 
weight decrements). The doses used in the Tg.rasH2 mouse carcinogenicity study were those 
recommended by the Exec CAC. On June 11, 2013, the Exec CAC concurred that the study was 
adequate, noting prior Exec CAC concurrence with the protocol. The Committee concurred that 
there were no drug-related neoplasms in the Tg.rasH2 mice. 
 

Key Study Findings   

• Clinical signs of hunched appearance, rapid and shallow respiration, and decreased motor 
activity observed in males at 5 and 15 mg/kg/day and hunched appearance, rapid and 
shallow respiration in females at all dose levels. 

• Decrease in body weight in males at 5 and 15 mg/kg/day (-10 and -11% of the Vehicle 
Control values, respectively, at the end of dosing period) and decrease in body weight 
gain at all doses (up to - 49% at the HD) without changes in food consumption. There 
were no test article-related changes in body weight in female rats. 

• Adrenal glands: discoloration and enlargement in males at 5 and 15 mg/kg/day and in 
females at 15 and 50 mg/kg/day, marked increase in the absolute and relative (to body 
weight) adrenal glands weights in males at 15 mg/kg/day and females at 50 mg/kg/day 
(relative weights +39% and +61%, respectively), which correlated with adrenocortical 
hypertrophy observed microscopically. 

• Lungs: discolored and mottled in males at 15 mg/kg/day and in females at 50 mg/kg/day.  
• Discolored ovaries and thin uterus in females at 50 mg/kg/day.  
• Skin nodules in the mammary axillary area in females at all dose levels. 
• Increased incidence of non-neoplastic microscopic lesions in the adrenal cortex, pituitary, 

lungs, spleen, and nasal cavity observed generally in animals at all dose levels and at a 
very low incidence in males at 1 mg/kg/day, as well as in the pancreas, mammary gland, 
and reproductive organs (ovary, uterus, and vagina) in females at all dose levels. 

• There were no statistically significant drug-related neoplasms. 
 
No drug-related neoplasms were observed at the high doses of 15 mg/kg in male mice and 50 
mg/kg in female mice, which are ~ 8 and 27 times, respectively, the MRHD of mg/day based 
on mg/m2. The cariprazine AUC0-24h on Day 191 is 6590 ng•h/mL in male mice at 15 mg/day 
and 15400 ng•h/mL in female mice at 50 mg/kg, which is ~16 and 38 times the cariprazine 
AUC0-24h expected in humans at the MRHD of mg/day (402 ng•h/mL). The combined AUC0-24h 
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for cariprazine, DCAR and DDCAR on Day 191 is 10010 ng•h/mL in male mice at 15 mg/day 
and 23710 ng•h/mL in female mice at 50 mg/kg, which is ~6 and 15 times the combined human 
AUC0-24h for these moieties, expected in humans at the MRHD of mg/day (1626 ng•h/mL).  
 
The NOAEL for non-neoplastic microscopic lesions was 1 mg/kg for male mice and could not be 
determined for female mice. These lesions are the adrenal cortex hypertrophy, adrenal 
lipofuscinosis and multifocal infiltration of histiocytes in the lungs (phospholipidosis), and 
pituitary atrophy (in both sexes), and pancreatic islet cell hyperplasia, lesions in the mammary 
gland and reproductive organs (in female mice).  
 
The 1 mg/kg dose is ~0.5 times the MRHD of  mg/day based on mg/m2. The AUC0-24h for 
cariprazine at 1 mg/kg on Day 191 is 547 ng•h/mL in male mice, which is ~1.4 times the 
cariprazine AUC0-24h expected in humans at the MRHD of mg/day (402 ng•h/mL). The 
combined AUC0-24h values for cariprazine, DCAR, and DDCAR at 1 mg/kg on Day 191 is 779 
ng•h/mL in male mice, which is ~ 0.5 times the combined AUC0-24h for these moieties, expected 
in humans at the MRHD of mg/day (1626 ng•h/mL). Therefore, based on non-neoplastic 
lesions observed in male and female mice, there is no margin of safety for administration of 
cariprazine to humans at the MRHD of mg/day. 
 
Based on the exposure levels obtained on Day 191 of study following administration of the high 
doses to mice, the cariprazine, DCAR, and DDCAR AUC0-24h values represent approximetely 
66%, 13%, and 21% in males and 65%, 15%, and 20% in females, respectively, of the total 
exposure (AUC0-24h) observed in mice at steady state. 
 
Adequacy of Carcinogenicity Study 
The route of administration, dose selection, number of animals/sex/group, and study conduct 
were adequate. A positive control group demonstrated sensitivity of the test system. Historical 
control data from the testing laboratory were provided. Therefore, this study is considered to be 
adequate. 
 
Appropriateness of Test Models 
This short-term (28 weeks) carcinogenicity assay in Tg.rasH2 mice is an acceptable model as an 
alternative to the traditional two-year mouse carcinogenicity assay. 
 
Evaluation of Tumor Findings 
There was no statistically significant increase in tumor incidence in Tg.rasH2 mice treated with 
cariprazine for 28 weeks when compared to Vehicle Control group. Based on the statistical 
review conducted by Dr. Steven Thomson, in both genders of mice, the only statistically 
significant results were pairwise comparisons between the Positive Control and Vehicle Control 
group for hemangiosarcomas in the spleen, systemic hemangiomas/hemangiosarcomas, and 
alveolar bronchiolar adenomas, carcinomas, and adenocarcinomas or pooled adenoma/carcinoma 
in the lungs (see Histopathology section for more details). 
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Methods 
Doses: Males: 0, 1, 5, and 15 mg/kg/day; females: 0, 5, 15, and 50 

mg/kg/day (Vehicle Control, LD, MD, and HD, respectively) 
Frequency of dosing: Daily for 2 weeks of dose escalation (MD females,  HD males 

and females) and 26 weeks at the final full dose 
Dose volume: 20 mL/kg body weight 

Route of administration: Oral (gavage) 
Formulation/Vehicle: Solution/sterile water  

Basis of dose selection: Changes in body weight in the 7-week dose range-finding 
study 

Species/Strain: CByB6F1-Tg(HRAS)2Jic (+/- hemizygous c-Ha-ras mice), 
referred to as Tg.rasH2 for main study, CByB6F1 (-/- 
homozygous c-Ha-ras; non-transgenic littermates) for TK 
study 

Number/Sex/Group: 25/sex/group for Vehicle Control and 3 dose groups in the 
main study; 15/sex in the main study Positive Control groups 

Age: 7 to 8 weeks of age at initiation of dosing 
Animal housing: Animal were housed individually in an environmentally 

controlled room 
Paradigm for dietary 

restriction: 
None; Water and food was provided at libitum. 

Dual control employed: Negative Control: Vehicle administered orally; Positive 
Control: Urethane, 1000 mg/kg/day in 0.9% saline 
administered by i.p. injections 3 times (study Days 1, 3, 5) 

Interim sacrifice: None 
Satellite groups: TK: 10 wild type animals/sex in TK Vehicle Control group, 

68 wild type animals/sex/group in 3 test article dosed TK 
groups 

Deviation from study 
protocol: 

It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity. 

Observations and Results 

Mortality 
All animals were observed twice daily for moribundity and mortality. The following animals 
(total no.: 13/200; excluding deaths in the Positive Control) were sacrificed in moribund 
condition or found dead: 2/25 Vehicle Control M (Days 97 and 142), 2/25 LDM (Days 151 and 
198), 1/25 MDM (Day 55), 2/25 Vehicle Control F (Days 78 and 165), 2/25 LDF (Days 119 and 
197), 3/25 MDF (Days 94, 121, and 142), and 1/25 HDF (Day 170). None of these deaths 
appeared to be test article-related. All other animals survived until scheduled sacrifice on Days 
197 or 198. In the Positive Control groups, additional 6/15 M and 4/15 F were sacrificed in 
moribund condition or found dead before scheduled (early) sacrifice on Days 121 or 123. Main 
study mortality with the cause of death is summarized in the Applicant’s table below. (Note: This 
reviewer found that one LDM that died on Day 198 is missing form the table).  
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Clinical Signs 
Cage side observation were conducted once daily within 2 hours after last dose. A detailed 
hands-on examination was performed weekly. Test article-related clinical observations in males 
included decreased motor activity in 1/25, 0/25, 3/25, and 8/25 animals, hunched appearance in 
1/25, 0/25, 9/25, and 12/25 animals, and rapid and shallow respiration in 0/25, 1/25, 7/25, and 
15/25 animals in the Vehicle Control, LD, MD, and HD groups, respectively. In females, 
hunched appearance was observed in 0/25, 6/25, 11/25, and 13/25 animals, and rapid and 
shallow respiration was observed in 0/25, 6/25, 8/25, and 6/25 animals in the Vehicle Control, 
LD, MD, and HD groups, respectively. These clinical signs were noted early in the study in the 
HD groups and later in the MD and LD groups. A thin appearance was noted in some animals; 
the incidence of this observation was low, indicating minimal biological significance. In the 
Positive Control groups, animals exhibited decreased motor activity, prostration, hunched 
posture, rapid and shallow respiration, and ataxia. 
 
Body Weights 
Body weights were recorded weekly through Week 13 and biweekly thereafter. Males: Group 
mean body weight in MDM was lower than that of the Vehicle Control group generally from 
Week 9 for 11 weeks and in HDM from Week 3 for 18 weeks (-9.9% and – 11.4% less than the 
Vehicle Control, respectively, at the end of dosing period). There were no significant changes in 
body weights in LDM (-3.4%). Test-article related decrease in mean body wt. gain was observed 
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in M (-13.6%, - 45.6%, and - 48.8% at the LD, MD, and HD, respectively) at the end of the 
dosing period, when compared to the Vehicle Control. Females: Group mean body weights in 
HDF were lower than that of the Vehicle Control group only from Week 4 for 7 weeks (up to -
6% in Weeks 10-12), without significant change at the end of dosing period (-2.3%). There were 
no changes in body weight in MDF. Body weights in LDF were increased from Week 6 for 12 
weeks. Body wt. gain was increased in the LDF and MDF and only minimally decreased in HDF 
(+16.6%, +6.0%, and -3.7%, respectively) at the end of the dosing period.  
 
Food Consumption 
Food consumption was measured weekly. Changes in food consumption (increases and 
decreases) were not considered to be test article-related. 
 
Ophthalmology 
Board Certified Veterinary Ophthalmologist and Peer Review Ophthalmologist performed 
examinations on all main study animals, excluding Positive controls. The eyes were examined 
with indirect ophthalmoscope and slit lamp on Days 23, 111 and 188 (males) and Days 26, 114 
and 191 (females). Several M and F mice in the Vehicle Control and treatment groups had focal 
(punctate) nuclear cataract in one or both eyes. According to the ophthalmologist, distribution of 
mice with a focal nuclear cataract among control and treatment groups was not remarkably 
different. Therefore, there were no ophthalmic abnormalities related to cariprazine 
administration. This reviewer agrees with this assessment. 
 
Gross Pathology 
Main study animals were sacrificed and necropsies were performed on Days 197 or 198. 
Tissues/organs listed in the Histopathology sections were collected for all main study animals 
and fixed in 10% neutral buffered formalin (NBF), except eyes, which were fixed in Davidson’s 
before transfer to NBF. Macroscopic findings in the Positive Control group included gross 
lesions in the spleen and lungs, expected following treatment with the urethane. Test article-
related gross lesions were observed in the adrenal glands and lungs of both sexes and in the 
ovaries, auxiliary area of the skin and uterus in the females, with the incidence shown in the 
reviewer’s table below. 
 
Incidence of gross lesions observed in male and female mice 
Dose 
(mg/kg/day) 

Vehicle 
Control 

1 5 15 Vehicle 
Control 

5 15 50 

Gender 
N 

M 
N=25 

M 
N=25 

M 
N=25 

M 
N=25 

F 
N=25 

F 
N=25 

F 
N=25 

F 
N=25 

Adrenal gland, 
discoloration/ 
enlargement 

0 1 3 17 0 0 3 21 

Lung, discoloration, 
mottled 

0 0 0 10 0 0 0 15 

Ovaries, discoloration 
yellow 

- - - - 0 0 0 4 

Skin, auxiliary, nodules - - - - 0 4 5 3 
Uterus, thin - - - - 0 0 0 17 
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According to the Applicant, “the discoloration and/or enlargement of adrenals in both sexes of 
mice were due to adrenal cortical hypertrophy. The mottled discoloration of lungs was due to 
multifocal infiltration of histiocytes in the lungs. The auxiliary area skin nodules were due to 
tubulo-acinar proliferation as well as dilation of the mammary glands. The discoloration of 
ovaries was due to lipofuscinosis and the thin uterus was because of uterine atrophy”.  
 
Reviewer’s comment: This reviewer notes that findings in the mammary gland and uterine 
atrophy are likely prolactin related, although the levels of prolactin were not measured in this 
study. Findings in the lungs and ovaries, and possibly in the adrenals, indicate phospholipidosis-
like changes. Adrenal discoloration/enlargement was clearly dose dependent in both sexes.  
 
Organ Weights  
The adrenal glands, brain, heart, kidneys, liver, spleen, testes, and ovaries were weighed for all 
main study animals. Marked absolute and relative (to body wt.) increase in the adrenal glands 
weights was observed in HDM (absolute +24%, relative: =39%) and HD females (absolute 
+57%, relative: +61%), when compared to the Vehicle Control. This finding correlated with 
adrenocortical hypertrophy observed microscopically. Changes in other organs were not 
biologically significant because of small magnitude or the lack of related histopathology. 
 
Histopathology 
All tissues/organs listed below, as well as the lungs and spleen from the Positive Control group, 
were processed using standard procedures, stained with H&E, and examined microscopically. 
Tissues examined: adrenal glands, aorta, bone, bone marrow, brain, epididymides, esophagus, 
eyes, gall bladder, gross lesions, Harderian gland, heart, kidneys, large intestine, liver, lungs and 
bronchi, lymph nodes (mesenteric and mandibular), mammary gland (females), nasal cavity, 
ovaries, pancreas, parathyroid glands, pituitary, prostate, salivary gland, sciatic nerve, seminal 
vesicles, skeletal muscle, skin (mammary area), small intestine, spinal cord, spleen, stomach, 
testes, thymus, thyroid glands, trachea, urinary bladder, uterus, vagina, and tongue. 
 
Peer Review:  Yes, partial histopathology peer review was conducted. 
Neoplastic: There was no test article-related increase in the incidence of tumors in the 
cariprazine-treated mice of either sex. All other tumors were present in random organs and their 
incidence was low. Moreover, the incidence of all tumors fell within the historical control range 
established at the laboratory conducting this study. In the Positive Control Tg.rasH2 mice treated 
with urethane, tumors in lung and spleen and increased mortality were observed, demonstrating 
the validity of the study. According to the statistical review conducted by Dr. Thomson, “in both 
male and female mice, the only statistically significant results were the pairwise comparisons 
between the positive control and water vehicle. In particular, in both genders in mice the 
differences between the positive control and vehicle were statistically significant in 
hemangiosarcomas of the spleen, and systemically (actually the same animals) and in alveolar 
adenoma, carcinoma, and adenocarcinoma or pooled adenoma/carcinoma.”  
 
The incidence and statistical analysis of “potentially statistically significant neoplasms in mice”, 
excerpted from the statistical review, is shown below. This table shows the tumors that had at 
least one mortality adjusted test that was statistically significant at 0.10 level. 
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Potentially Statistically Significant Neoplasms in Mice  
Sex/                         Incidence                 Significance Level 
  Organ/                     Veh  Pos. Low  Med  High  ptrend phigh  pmed 
      tumor                       Ctrl                        vsVeh  vsVeh/ 
                                                        plow  pvehvs 
                                                        vsVeh PosCtrl  
Male Mice  
Systemic 
 # Evaluated                  25   15   25   25   25 
 Adj. # at Risk               23.5 14.0 24.5 25.0 25.0 
 Hemangioma/Hemangiosarcoma    2   14    3    3    1    .8197  .8976  .5408 
                                                        .5209  <0.0001 
 Adj. # at Risk               23.5 14.0 24.5 25.0 25.0 
 hemangiosarcoma               2   14    2    3    1    .7584  .8976  .5408 
                                                        .7121  <0.0001 
lungs with bronchi 
 # Evaluated                   25   15   25   25   25 
 Adj. # at Risk                23.5 15.0 24.5 24.0 25.0 
 Alv.Bronch. Adenoma/Carcinoma  7   15    3    3    2   .9467  .9922  .9699 
                                                        .9699  <0.0001 
 Adj. # at Risk                23.5 15.0 24.5 24.0 25.0 
 alveolar bronchiolar adenoma   7   15    3    3    2   .9467  .9922  .9699 
                                                        .9699  <0.0001 
 Adj. # at Risk                23.5  9.8 24.5 24.0 25.0 
 alveolar bronchiolar carcinoma 0    9    0    1    0   .5104  .      .5106 
                                                        .    <0.0001 
 Adj. # at Risk                23.5  5.2 24.5 24.0 25.0 
 hemangiosarcoma                0    3    0    0    0   .      .      . 
                                                        .      .0031 
spleen 
 # Evaluated                   25   15   25   25   25 
 Adj. # at Risk                23.5 14.0 24.5 24.0 25.0 
 hemangiosarcoma                1   14    2    0    1   .6517  .7757  1 
                                                        .5163  <0.0001 
Female Mice        
Systemic 
 # Evaluated                   25   15   25   25   25 
 Adj. # at Risk                23.7 12.6 24.2 22.7 24.7 
 hemangiosarcoma                0   12    1    0    2   .1134  .2553  . 
                                                        .5106  <0.0001 
lungs with bronchi 
 # Evaluated                   25   15   25   25   25 
 Adj. # at Risk                23.7 15.0 24.2 23.3 24.7 
 Alv.Bronch. Adenocarcinoma     1   15    1    4    3   .1751  .3206  .1731 
                                                        .7660  <0.0001 
 Adj. # at Risk                23.7 15.0 24.2 22.7 24.7 
 alveolar bronchiolar adenoma   1   15    0    2    2   .1721  .5163  .4829 
                                                        1      <0.0001 
 Adj. # at Risk                23.7 15.0 24.2 23.3 24.7 
 alveolar bronchiolar carcinoma 0   15    1    2    1   .3302  .5106  .2444 
                                                        .5106  <0.0001 
spleen 
 # Evaluated                   25   15   25   25   25 
 Adj. # at Risk                23.7 12.6 24.2 22.7 24.7 
 hemangiosarcoma                0   12    0    0    1   .2581  .5106  . 
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                                                        .      <0.0001 

 
Non Neoplastic:  Test article-related lesions were observed in the adrenals, lungs, pituitary, nasal 
cavity, and spleen of mice of both sexes. Lesions in the pancreas, ovaries, uterus, vagina, and 
mammary gland were observed in the female mice only. Dose-dependent increase in the 
incidence and severity of the diffuse adreno-cortical hypertrophy was observed in MDM, HDM 
and in F at all dose levels. The incidence and severity of adrenal lipofuscinosis, present mainly at 
the cortico-medullary interface, and pituitary atrophy increased at all dose levels in both sexes, 
although the incidence in the LDM was very low. Adrenals and pituitary of the Vehicle Control 
group animals were not affected. In the lungs, multifocal infiltration of histiocytes was increased 
in incidence in MD and HD animals. Focal infiltration is a background lesion in these mice and 
was present at all dose levels. According to the Applicant, “most of the infiltrating histiocytes 
are usually acidophilic. However, in this study, particularly in the female mice, the type of 
infiltrating histiocytes was predominantly multifocal and the infiltrating histiocytes were more 
foamy to vacuolated than being acidophilic in nature”.  
 
Reviewer’s comment: Adrenal lipofuscinosis and multifocal infiltration of histiocytes in the 
lungs indicate presence of phospholipidosis in mice induced by cariprazine administration. 
Pituitary atrophy most likely resulted from pharmacological/hormonal (prolactin mediated) 
effects of dopamine D2 receptor antagonism of cariprazine. In the spleen, the incidence of 
extramedullary hematopoesis was increased in the HD animals. In the nasal cavity, glandular 
inflammation of submucosa, exudative inflammation, and glandular and mucosal 
hypertrophy/hyperplasia were observed with sporadic increase in severity or incidence with 
increasing dose. The significance of findings in the spleen and nasal cavity is unclear. The 
incidence and severity of non-neoplastic test article-related lesions and lesions of unclear 
significance is shown in the following reviewer’s table. 
 
Incidence and severity of non-neoplastic lesions observed in males and females 
Dose 
(mg/kg/day) 

Vehicle 
Control 

1 5 15 Vehicle 
Control 

5 15 50 

Gender M 
N=25 

M 
N=25 

M 
N=25 

M 
N=25 

F 
N=25 

F 
N=25 

F 
N=25 

F 
N=25 

Adrenal cortex 
hypertrophy – total No. 

0 0 17 25 0 23 25 25 

    minimal   17 1  23 1  
mild    24   24 3 

moderate        22 
Adrenal lipofuscinosis-
total No. 

0 2 7 21 0 24 24 24 

    minimal  2 7 19  21 17 8 
mild    2  3 7 16 

Pituitary atrophy – total 
No. 

0 1 3 12 0 7 25 25 

    minimal  1 3 12  7 8 1 
mild       16 19 

moderate       1 5 
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Lungs: infiltration, 
histiocytic, focal/ 
focally extensive – total 
No.  

9 10 8 2 12 12 12 0 

    minimal 9 10 6 1 7 4 6  
mild   2 1 3 7 5  

moderate     2 1 1  
Lungs: infiltration, 
histiocytic multifocal 
(foamy, vacuolated) – 
total No. 

0 0 1 23 0 0 8 25 

    minimal   1 10   6  
mild    13   2  

moderate        25 
Spleen: Extramedullary  
hematopoesis – total 
No. 

7 4 2 15 17 13 12 22 

    minimal 5 3 1 10 10 11 7 12 
mild 2 1 1 5 5 2 3 10 

moderate       2  
marked     2    

Nasal cavity 
inflammation, 
glandular, submucosa - 
total No.  

21 20 22 21 16 23 19 20 

    minimal 20 20 22 19 16 19 18 16 
mild 1   2  4 1 4 

Nasal cavity 
inflammation, 
Exudative - total No. 

7 10 7 5 2 6 15 17 

    minimal 7 10 6 5 2 5 14 12 
mild   1   1 1 5 

Nasal cavity glandular 
hypertrophy/hyperplasia- 
total No. 

5 12 12 15 8 16 11 9 

    minimal 4 11 10 12 8 10 10 6 
mild 1 1 2 3 0 6 1 3 

Nasal cavity epithelial 
mucosal hypertrophy/ 
hyperplasia- total No. 

5 5 7 7 2 15 14 12 

    minimal 5 5 6 5 2 12 14 11 
mild      3  1 

moderate   1 2     
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In females only, pancreatic islet cell hyperplasia, ovary atrophy, mammary gland dilation and 
tubulo-acinar proliferation, ovary lipofuscinosis, enlarged corpora lutea in ovaries, uterus 
atrophy, and vaginal mucification and atrophy were observed at all dose levels in majority of 
animals as shown in the Applicant’s table below.  
 
Incidence of non-neoplastic lesions observed in female mice  
 

 
Reviewer’s comment: Microscopic cariprazine-related changes observed in the female 
pancreas, mammary gland, and reproductive organs (listed below) are known to be class effects 
of antipsychotics, and most likely result from pharmacological/hormonal (prolactin mediated) 
effects of dopamine D2 receptor antagonism. Discoloration of the ovaries in HD females and 
minimal to moderate lipofuscinosis in the ovaries of all females at all dose levels may be related 
to cariprazine-induced phospholipidosis. There were no findings of microscopic degeneration of 
the sciatic nerve or thymus atrophy in this study, although such changes were observed following 
cariprazine administration in other nonclinical species. 
 
Toxicokinetics 
Blood was collected from TK animals at 0.5, 1, 2, 4, 8, 12, and 24 hours post-dose on Days 15 
(the first day of the full dose) and 191. TK analysis indicated that cariprazine was rapidly 
absorbed in plasma. The cariprazine, DCAR, and DDCAR plasma exposure increased with 
increasing dose on Days 15 and 191. For cariprazine and DCAR, the observed increase in both 
Cmax and AUC on both Days 15 and 191 was generally proportional to dose. For DDCAR, the 
observed increase in Cmax and AUC on Day 15 was greater than proportional to dose. There was 
no major gender difference in exposure levels to cariprazine, DCAR, and DDCAR at comparable 
dose levels (the difference was ≤ 2 fold). There was no accumulation following repeated dosing 
between Days 15 and 191.  
 
For cariprazine, mean Tmax values ranged from 0.5 to 2.0 hours for M and 0.5 to 1.0 hours for F 
rats. The cariprazine T1/2 ranged from 3.08 to 5.80 hours for M and from 3.41 to 18.7 hours for F 
rats over the dose range evaluated. For the metabolite DCAR, mean Tmax and T1/2 values were 
similar to those for cariprazine. However, for the metabolite DDCAR, mean Tmax values were 
longer and ranged from 2.0 to 8.0 hours for M and 2.0 to 12.0 hours for F rats. DDCAR mean 
T1/2 ranged from ~9.6 to 26 hours for M and from ~5.8 to 26 hours for F rats over the dose range 
evaluated. TK parameters are summarized in the Applicant table below. 
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Dosing Solution Analysis 
Concentrations of the duplicate samples were within ± 15 % of each other and the mean 
concentrations were within ± 15 % of nominal concentration. 
 
Study title:  Two-year oral (gavage) carcinogenicity study in rats 
 

Study no.: RGH-TX-34 
Study report location:

Conducting laboratory and location:
Date of study initiation: August 11, 2006  

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot W55007K: 
purity 99.7/100.3% and L0001761: purity 88.8%  

 
CAC concurrence:   
The Exec CAC reviewed the protocol for this study on August 1, 2006. The Committee 
recommended doses of 0.25, 0.75, and 2.5 mg/kg/day for males and 1, 2.5, and 7.5 mg/kg/day 
for females by oral gavage, based on MTD (decrements in body weight gain in the 13-week 
study in rats). On June 11, 2013, the Exec CAC concurred that the study was adequate. The 
Committee noted an increase in the incidence of benign and malignant pheochromocytomas of 
the adrenal medulla in high dose females and concurred that there were no statistically 
significant drug-related neoplasms. 

Key Study Findings  

• Enhanced survival in all cariprazine-dosed groups, statistically significant in males dosed 
at 2.5 mg/kg/day. 
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• Marked decrease in body weight and body weight gain in males dosed at 2.5 mg/kg/day 
and females dosed at 7.5 mg/kg/day, and slight decrease in males at lower doses. 

• Slight to moderate decreases in food consumption in both sexes at all dose levels. 
• Decreases in blood cholesterol levels in males at 2.5 mg/kg/day and in females at all dose 

levels and decreases in triglycerides levels in males dosed at 0.75 and 2.5 mg/kg/day and 
in females at all dose levels. 

• Increased incidence white parenchymal discoloration of the lungs in females at all dose 
levels and increased incidence and/or severity of alveolar foamy macrophages and 
subchronic/chronic inflammation in the lungs in males dosed at 2.5 mg/kg/day and in 
females at all dose levels (phospholipidosis). 

• Enlarged adrenal glands and diffuse adrenal cortex hypertrophy in some females at 7.5 
mg/kg/day. 

• Increased incidence and/or severity of the sciatic nerve degeneration in males at 2.5 
mg/kg/day and in females at all dose levels. 

• Increased incidence and/or severity of retinal degeneration/atrophy in males at 0.75 and 
2.5 mg/kg/day and in females at all dose levels. 

• No test-article increases in neoplasms were observed, except for a slight numerical 
increase in the incidence of benign and malignant pheochromocytomas of the adrenal 
medulla in female rats administered the high dose of cariprazine (7.5 mg/kg/day). 
However, there were no statistically significant drug-related neoplasms.  

 
The high doses of 2.5 mg/kg in male rats and 7.5 mg/kg in female rats are ~ 2.7 and 8.1 times, 
respectively, the MRHD of mg/day on mg/m2 body surface area basis.  
 
The AUC0-24h for cariprazine at 2.5 mg/kg (males) and 7.5 mg/kg (females) on Day 558 are 1900 
and 4670 ng•h/mL in male and female rats, respectively, which is ~4.7 and 11.6 times the 
cariprazine AUC0-24h expected in humans at the MRHD of mg/day (402 ng•h/mL). The 
combined AUC0-24h values for cariprazine, DCAR and DDCAR on Day 558 are 2250 and 5229 
ng•h/mL in male and female rats, respectively, which is ~1.4 and 3.2 times the combined human 
AUC0-24h for these moieties, expected at the MRHD of mg/day (1626 ng•h/mL). 
 
The NOAEL for non-neoplastic findings is the low dose of 0.25 mg/kg for males and could not 
be determined for female rats based on changes in the lungs and eyes observed at ≥0.75 mg/kg in 
male rats and in female rats at all dose levels. The 0.25 mg/kg dose is ~0.3 times the MRHD of
mg/day based on mg/m2. The AUC0-24h for cariprazine at 0.25 mg/kg in male rats on Day 558 is 
190 ng•h/mL, which is ~ 0.5 times the AUC0-24h expected in humans at the MRHD of mg/day 
(402 ng•h/mL). Combined AUC0-24h value for cariprazine, DCAR, and DDCAR at 0.25 mg/kg in 
male rats on Day 558 is 221 ng•h/mL, which is ~ 0.1 times the combined AUC0-24h for these 
moieties, expected in humans at the MRHD (1626 ng•h/mL). Therefore, based on non-neoplastic 
changes in the lungs and eyes, there is no margin of safety for administration of cariprazine to 
humans at the MRHD of mg/day. 
 
Adequacy of Carcinogenicity Study 
The route of administration, dose selection, number of animals/sex/group, and study conduct 
were adequate. A second vehicle control group was included to control for any variations in 
tumor incidence that may occur randomly.  
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Note. This reviewer requested historical control data for the incidence of tumors of the adrenal 
medulla observed in the 2-year studies conducted by the CRO The 
Applicant responded that the test facility data for Wistar rats are not available and provided 
information related to “common background tumors, particularly adrenal medullary tumors” 
based on literature (Tischler and DeLillis, 1988) which “cite the incidence of nonproliferative 
adrenal tumors in Wistar rats to be 86% in males and 74% in females, which is relatively higher 
than that reported for Sprague-Dawley rats (31% and 5% for males and females, respectively)”. 
 
Appropriateness of Test Models 
The rat has been used in previous toxicology studies and this species is appropriate for 
evaluation of carcinogenic potential of cariprazine. However, the rat is the inappropriate species 
for evaluation of potential toxic and carcinogenic effects of the DDCAR because this metabolite 
is present at very low levels in the rat relative to humans. 
 
In humans, following the MRHD of mg/day proposed by the Applicant for treatment of the 
bipolar I disorder, the mean AUC0-24h (ng•h/mL) was 536, 152, and 1479 for cariprazine, DCAR, 
and DDCAR, respectively. The highest levels of AUC0-24h (ng•h/mL) on Day 558 of the rat 
carcinogenicity study (last assessment) were 1900, 245, and 105 in male and 4670, 321, and 238 
in female rats, for cariprazine, DCAR, and DDCAR, respectively. Therefore, exposure (AUC) to 
cariprazine and DCAR in rats during this study exceeded or was similar to that expected in 
humans at the MRHD of  mg/day. However, exposure to the metabolite DDCAR was very low 
relative to its levels expected in humans at MRHD of  mg/day (14 and 6 X less for male and 
female rats, respectively). The exposure to DDCAR is important from toxicological perspective 
because this metabolite is active and is present in humans at levels exceeding the exposure to 
cariprazine. The mean cariprazine, DCAR, and DDCAR exposure (AUC0-24h) values in humans 
represent ~23%, 7%, and 70% of the total exposure at steady state, respectively. In the 2-year 
carcinogenicity study in rats, exposure (AUC0-24h) for cariprazine, DCAR, and DDCAR 
represents approximately 84%, 11%, and 5% for male and 89%, 6%, and 5% for female rats, 
respectively, of the total AUC0-24h observed at steady state at the high dose of 2.5 mg/kg (males) 
and 7.5 mg/kg (females) on Day 558 of the study. 
 
Evaluation of Tumor Findings 
No test article-related increases in neoplasms were observed, except for a slight numerical 
increase in the incidence of benign and malignant pheochromocytomas of the adrenal medulla in 
female rats administered the high dose of cariprazine (7.5 mg/kg/day). The Applicant provided 
two separate data sets for the incidence of pheochromocytomas: the original study report and 
reevaluation by the Pathology Working Group (PWG). Based on the FDA statistical review 
conducted by Dr. Steven Thomson, the test of trend in pooled benign and malignant 
pheochromocytoma of the adrenal medulla in female rats was only statistically significant, based 
on the incidence of these neoplasms in the PWG analysis (p = 0.002 which is <0.005) and close 
to significance using the neoplasms diagnosis used by the original toxicologist (p = 0.0072 ≈ 
0.005). However, pairwise comparisons of the test article-treated groups, including the high dose 
group to pooled control groups of female rats, were not statistically significant. No other 
comparisons achieved statistical significance. Therefore, there were no statistically significant 
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drug-related neoplasms in this study. The following reviewer’s table provides both sets of the 
adrenal medulla neoplasm (pheochromocytoma) incidence data. 
 
The number of animals that developed adrenal medullary neoplasms 
Dose (mg/kg/day) 0 0 0.25 0.75 2.5 0 0 1 2.5 7.5 
 M M M M M F F F F F 
 60 60 60 60 60 60 60 60 60 60 
Pheochromocytoma, benign 
as reported by study 
pathologist 
(all minimal) 

2 4 3 4 7 1 1 0 1 4 

Pheochromocytoma, benign 
as reported by the PWG  

2 4 4 5 6 1 3 1 1 6 

           
Pheochromocytoma, 
malignant as reported by 
study pathologist (all 
minimal) 

0 1 0 0 2 0 0 0 0 1 

Pheochromocytoma, 
malignant as reported by the 
PWG 

0 1 0 0 2 0 0 0 0 2↑ 

           
Total incidence: benign + 
malignant as reported by 
study pathologist 

2 
 

5 3 4 8 1 1 0 1 5 

Total incidence: benign + 
malignant as reported by the 
PWG 

2 5 4 5 8 1 3 1 1 8 

 
The PWG concluded that “the absence of a clear dose response in the incidence of adrenal 
medullary neoplasms and lack of a dose-related increase in medullary hyperplasia supports the 
conclusion that the slightly higher incidence in female rats in the 7.5 mg/kg/day dose group was 
due to biological variation of a common spontaneous neoplasm in the Wistar rat and unrelated to 
treatment with RGH-188 HCl”.  
 
Reviewer’s comments: Trend tests employing the vehicle control groups and treated groups 
were considered statistically significant by this reviewer at p=0.005 and p=0.025 for increases in 
common or rare tumors, respectively. Tumors were considered rare if they occurred in 1% or less 
of the vehicle control animals and common otherwise. Pair-wise comparisons were statistically 
significant at p=0.01 and p=0.05 for common and rare tumors, respectively. The same levels of 
statistical significance were used for neoplasm evaluation in the 2-year rat and 28-week mice 
studies. 
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Methods 
Doses: 0, 0, 0.25, 0.75, and 2.5 mg/kg/day for males 

0, 0, 1, 2.5, and 7.5 mg/kg/day for females 
Control 1, Control 2, LD, MD, and HD, respectively. 
Adaptation period: animals received 1/3 of the final dose for 
one week and 2/3 of the final dose for one week prior to 
dosing for 2 years. 

Frequency of dosing: Once daily for up to 2 years 
Dose volume: 10 mL/kg/day 

Route of administration: Oral (gavage) 
Formulation/Vehicle: Solution/Distilled water 

Basis of dose selection: The ECAC recommended doses administered in this study 
based on the MTD (decrements in body weight) in the 13-
week toxicity study in rats. 

Species/Strain: Rats/Wistar Albino (Outbred) Crl: (WI)BR 
Number/Sex/Group: 60/sex/group 

Age: Approximately 6 weeks old at initiation of dosing 
Animal housing: Individually housed in appropriate cages  

Paradigm for dietary 
restriction: 

Not applicable 

Dual control employed: Yes, 2 control groups of 60 animals/group/sex administered 
the vehicle (water) 

Interim sacrifice: None 
Satellite groups: TK: 6/sex/group in the control groups and 27/sex/group in the 

CAR groups; Clinical pathology: 10/sex/group 
Deviation from study 

protocol: 
Males were terminated after 23 months at the full dose, due to 
declining survival of the Control groups. This reviewer agrees 
with the Applicant that this and other deviations did not 
compromise the validity or integrity of the study. 

Observations and Results 

Mortality 
Animals were observed for mortality and general condition twice daily. Administration of 
cariprazine was associated with enhanced survival in all dosed groups when compared to control 
groups. In male rats, the HD group had the highest survival (i.e. lowest mortality) and control 
groups had the lowest survival. The percent of males that survived to scheduled sacrifice was 
25%, 28%, 43%, 43%, and 58% in the Control 1, Control 2, LD, MD, and HD groups, 
respectively. Through most of the study the male Control 1 group had generally the lowest 
survival. However, near the end of the study, the mortality in the male Control 2 group increased 
to levels similar to that in the Control 1. According to the statistical reviewer, Dr. Thomson, 
these apparent differences between the two essentially equivalent controls are likely due to 
random fluctuations that occur in any study and should be ignored. The survival analyses 
conducted by Dr. Thomson in rats are based on both the log rank test and the Wilcoxon test 
comparing survival. Tests of trend and pairwise differences between the HD and pooled Controls 
1 and 2 were highly statistically significant for male rats (all four log rank and Wilcoxon p < 
0.0001). Kaplan-Meier survival curves for male and female rats excerpted from Dr. Thomson’s 
statistical review are shown below.  
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Figure A.1.1 Kaplan-Meier Survival Curves for Male Rats  

 
 
In female rats, Control groups 1 and 2 had generally the lowest survival. The percent of females 
that survived to scheduled sacrifice was 45%, 43%, 60%, 62%, and 58% in the Control 1, 
Control 2, LD, MD, and HD groups, respectively. According to the statistical reviewer Dr. 
Thomson, the differences between three female treatment groups and pooled Vehicle Control 
groups are close to statistical significance at the usual 0.05 level (log rank p =  0.0654, Wilcoxon 
p = 0.0979).  
 
Figure A.1.2 Kaplan-Meier Survival Curves for Female Rats  
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The decreased mortality correlated with the decreased body weight gains and consequent low 
body weights in all male groups and in the HD females. Low body weight gains consequent to 
dietary restriction have been shown to enhance survival in rats. All males were terminated at 
Month 23 due to declining survival in the two male control groups (15/60 and 17/60 male rats 
survived in the Control 1 and Control 2, respectively). Females were terminated after 24 months 
of treatment, as scheduled. Mortality summary and cause of unscheduled death are shown in the 
Applicant’s table below. 
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Clinical Signs 
Cage-side observations were made daily at the time of dosing. Physical examinations were 
conducted weekly. There were no clinical signs related to cariprazine administration. Relatively 
high incidence of seizures occurred in both Control and dosed animals (No. of occurrences: M: 
3, 48, 36, 45, and 26, F:  16, 11, 16, 17, and 1 in the Control 1, Control 2, LD, MD, and HD, 
respectively). This effect was not dose-dependent and, therefore, unrelated to the test article. No 
explanation was provided by the Applicant for this unexpected finding.  
 
Body Weights 
Animals were weighed weekly. Body weights and body weight gains (changes from baseline) 
generally decreased, when compared to control groups, in males at all doses and in females at the 
HD. For example, at Week 52 differences in body weight gains were slight, but statistically 
significant, in LDM and MDM (-11 and -14%, respectively) and marked in HDM and HDF (- 
19% and -24%, respectively). Body weights and body weight gains at selected time points are 
shown in the following reviewer’s tables. 
 
Body weight: percent difference from combined control means  
Dose Control (g) Control (g) 0.25 1 0.75 2.5 2.5 7.5 
Gender M F M F M F M F M F 
Month 12 
(Week 52)  

835.4 451.2 830.7 458.2 -8.4 
** 

+10.6 
** 

-10.7 
** 

+4.0 -15.7 
** 

-16.6 
** 

Month 18 
(Week 72) 

856.6 561.0 868.5 559.8 -5.4 
* 

+7.4 
* 

-7.7 
** 

-7.3 
 

-12.4 
** 

-25.7 
** 

Month 23 
(Week 92) 

770.9 586.4 787.0 589.4 +4.2 +6.0 -4.1 -6.1 
* 

-12.8 
** 

-29.4 
** 

 
Body weight gains (from baseline): percent difference from combined control means  
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Dose Control (g) Control (g) 0.25 1 0.75 2.5 2.5 7.5 
Gender M F M F M F M F M F 
Month 12 
(Week 52)  

658.4 315.3 655.3 319.4 -10.8 
** 

+15.7 -13.5 
** 

+5.1 -19.2 
** 

-23.8 
** 

Month 18 
(Week 72) 

680.4 425.3 692.7 420.2 -6.9 
* 

+10.2 -9.6 
* 

-2.1 -16.4 
** 

-34.1 
** 

Month 23 
(Week 92) 

593.7 462.2 611.9 443.7 +5.4 +7.7 -5.2 -8.8 -15.6 
** 

-40.6 
** 

For controls, group means are shown (g). For treated groups, percent differences from combined 
control means are shown. Statistical significance, calculated by the Applicant, is based on actual 
data (not on the percent differences).   *- p<0.05 ** - p<0.01 
 
Food Consumption 
Food consumption was measured weekly during the first 13 weeks of the full dose and for one 
week per month thereafter. Slight to moderate dose-dependent decrease in food consumption was 
observed in both sexes at all dose levels, as shown in the following reviewer’s table. Food 
consumption in animals administered the HD was, in general, 10-15% less than that in the 
control groups.  
 
Food consumption: percent difference from combined control means (selected time points) 
Dose Control (g) Control (g) 0.25 1 0.75 2.5 2.5 7.5 
Gender M F M F M F M F M F 
Month 12 
(Week 53)  

34.6 28.4 35.1 27.9 -2.7 -4.8 
* 

-6.7 
** 

-10.5 
** 

-11.3 
** 

-12.6 
** 

Month 18 
(Week 77) 

32.7 26.5 32.3 26.7 -4.6 -3.0 -8.3 
** 

-7.5 
** 

-13.3 
** 

-11.0 
** 

For controls, group means are shown (g). For treated groups, percent differences from combined 
control means are shown. Statistical significance, calculated by the Applicant, is based on actual 
data (not on the percent differences).   *- p<0.05 ** - p<0.01 
 
Clinical pathology 
Blood and urine samples were collected for hematology, clinical chemistry, and urinalysis at 
Months 6, 12, 18, and at the end of treatment (termination) from separate satellite group of 
animals (10/sex/dose). Hematology: Parameters evaluated by the hematology analyzer at each of 
four time points: HGB, HCT, RBC, PLT, MPV, MCV, MCH, MCHC, RDW, WBC, RETIC, and 
differential leukocyte count. There were occasional statistically significant alterations in 
hemoglobin concentration, hematocrit, red blood cell count, absolute reticulocyte count, and 
white blood cell count in HDM and HDF at all dose levels that were not considered 
toxicologically relevant due to their small magnitude or transient nature, or the opposite direction 
of change in M and F. None of these parameters were different from controls at termination. 
However, the reviewer notes lower than original number of animals (10/sex/group) were 
available at termination (M : N=3, 4, 3, 5, and 7, F: 4, 2, 4, 9, and 8 in the Control 1, Control 2, 
LD, MD, and HD groups, respectively), making hematology findings at this time point less 
reliable.  
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Clinical chemistry: Parameters evaluated: ALT, AST, ALP, BUN, CREAT, GLU, CHOL, TRIG, 
TP, ALB, TBILI, Na+, K+, Cl-, Ca++, PHOS, GLOB, and A/B. Cholesterol levels were severely 
and statistically significantly decreased (up to ~ 75% less than Control) in F at all dose levels in a 
time- and dose-dependent manner. In M, decreases in cholesterol levels were also observed but 
were in general less pronounced and did not reach statistical significance with the exception of 
the HDM group at termination (~ 44% less than control). Percent differences from the control 
values and absolute values are shown in the following reviewer’s tables. 
 
Serum cholesterol (mg/dL): percent differences from combined control means 
Dose Control Control 0.25 1 0.75 2.5 2.5 7.5 
Gender M F M F M F M F M F 

           
Month 6 92 71 104 69 -9.2 -24.3 -3.1 -15.7 -10.2 -52.9 

** 
Month 12 162 81 175 105 -9.2 -38.7 

** 
-19.3 -30.1 

** 
-24.0 -55.9 

** 
Month 18 239 131 178 145 -7.9 -47.8 

** 
-16.1 -55.1 

** 
-17.5 -74.6 

** 
Termination 326 199 

:  
202 168 +20.8 -55.3 

** 
-2.3 -48.8 

** 
-43.6 

** 
-60.2 

** 
For controls, group means are shown. For treated groups, percent differences from combined 
control means are shown. Statistical significance, calculated by the Applicant, is based on actual 
data (not on the percent differences). * - p<0.05 ** - p<0.01 
 
Serum cholesterol (mg/dL) - absolute values  
Dose Control Control 0.25 1 0.75 2.5 2.5 7.5 
Gender M F M F M F M F M F 

           
Month 6 92 71 104 69 89 53 95 59 88 33 
Month 12 162 81 175 105 153 57 136 65 128 41 
Month 18 239 131 178 145 192 72 175 65 172 35 
Termination 326 199 202 168 319 82 258 94 149 73 

 
Triglycerides levels were severely and statistically significantly decreased in F at all dose levels 
(up to ~ 65.5% less than Control) and in males at the MD and HD (up to ~ 45% less than control) 
except the termination time point. Percent differences from Control values are shown in the 
following reviewer’s table. 
 
Triglycerides (mg/dL): percent differences from combined Control means 
Dose Control Control 0.25 1 0.75 2.5 2.5 7.5 
Gender M F M F M F M F M F 

           
Month 6 127 49 112 41 -25.5 +13.3 -35.6 

* 
-15.6 -36.4 

* 
-8.9 

Month 12 219 76 188 103 -6.1 -18.4 -23.8 -20.7 -45.0 -43 
Month 18 360 367 215 363 -18.3 -51.0 -20.7 -55.1 -23.8 -65.5 
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* * ** * ** 
Termination 208 248 159 119 +38.4 +1.4 -5.2 -19.9 -6.3 -15.5 

For controls, group means are shown. For treated groups, percent differences from combined 
control means are shown. Statistical significance, calculated by the Applicant, is based on actual 
data (not on the percent differences). * - p<0.05 ** - p<0.01 
 
Urinalysis 
Parameters evaluated: protein, glucose, ketones, pH, bilirubin, urobilinogen, nitrites, appearance, 
specific gravity, volume, and microscopic examination. There were no clear test article-related 
findings in urinalysis.  
 
Ophthalmoscopy 
Animals were examined pretest and after 6, 12, and 18 months of treatment at the full dose. Lids, 
lacrimal apparatus and conjunctiva were examined grossly. The cornea, anterior chamber, lens, 
iris, vitreous humor, retina, and optic disc were examined by indirect ophthalmoscopy. In 
addition, the anterior segment, lens and anterior vitreous were examined by slit lamp 
biomicroscopy, using retroillumination, and optical section. There were no test article-related 
findings. However, microscopic pathology examination demonstrated test article-related increase 
in the incidence and/or severity of retinal degeneration/atrophy (see below). 
 
Gross Pathology 
Necropsy was performed on all study survivors and animals that died early. Macroscopic 
changes related to cariprazine administration were present in the lungs, adrenal glands, and 
pituitary gland. Increased incidence of white parenchymal discoloration was observed in the 
lungs of F at all dose levels which correlated with microscopic observation of accumulation of 
intralveolar foamy macrophages and subacute/chronic inflammation. Adrenal glands were 
enlarged in HDF and this finding correlated with microscopic evidence of diffused cortical 
hypertrophy observed in HDF. Pituitary gland was enlarged in F at all dose levels and red and 
black discolored in HDF. According to the Applicant, these findings correlated with microscopic 
observation of presence of adenomas or diffuse hyperplasia within pars distalis, and are unrelated 
to cariprazine administration, since there was no test article-related increase in the incidence of 
pituitary hyperplasia or adenomas. The incidence of gross findings is summarized in the 
following Applicant’s table. 
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Reviewer’s comment:  Although the incidence of findings in the adrenals and pituitary is 
correctly presented in the table above, the incidence of discoloration in the lungs based on 
reviewer’s analysis of the submitted data was different (males: 26, 26, 22, 29, and 29, females: 
20, 27, 34, 40, and 56 in the Control 1, Control 2, LD, MD, and HD, respectively). The reason of 
this discrepancy is unclear; however, conclusions regarding increased incidence of discoloration 
in the lungs remain the same. 
 
Histopathology   
The following tissues were preserved and examined microscopically: adrenal glands, aorta 
(thoracic), bone marrow smear (rib), bone (sternum, femur with joint), bone marrow (sternum, 
femur), brain (medulla, pons, cerebrum, cerebellum), epididymides, esophagus, eyes, heart, 
kidneys, lacrimal glands/Harderian glands, large intestine (cecum, colon, rectum), larynx, liver, 
lungs, (with main stem bronchi), lymph nodes (mesenteric, mediastinial), mammary gland, nasal 
cavity, nerve (sciatic), ovaries, pancreas, pituitary gland, preputial/clitoral gland, prostate gland, 
salivary glands (sublingual, submandibular), seminal vesicles, skeletal muscle, skin, small 
intestine (duodenum, ileum, jejunum), spinal cord (cervical, thoracic, lumbar), spleen, stomach, 
testes, tongue, thymus, thyroid/parathyroid glands, trachea, urinary bladder, uterus (body/horns) 
with cervix, vagina, Zymbal gland with external ear (held for possible examination), and tissues 
with microscopic findings. All tissues were fixed in 10% neutral buffered formalin. Eyes and 
testes were placed in the Modified Davidson’s solution. The tissues/organs were embedded in 
paraffin, sliced, mounted on glass, stained with H & E, and examined for all carcinogenicity 
study animals by light microscopy. No special stains were employed.   
 
Peer Review: A peer review of the pathology findings for only 10% of the Control and HD 
animals, target tissues (lung, sciatic nerve, and eye) for all animals, mammary glands for all F 
and hyperplasias and/or neoplasias diagnosed by the study pathologist for all animals was 
conducted. In addition, slides with sciatic nerve and proliferative changes involving the adrenal 
medulla from all animals received an expert review. 
 
Neoplastic 
There were no test article-related neoplastic findings in male rats. In female rats, the incidence of 
benign and malignant pheochromocytoma of the adrenal medulla was increased in the HD group. 
Two separate assessments of the incidence of the neoplastic changes in the adrenal medulla were 
conducted (see table in the Evaluation of Tumor Findings section above for the incidence).  
The Applicant’s statistical analysis of the original report data showed a significant increase in the 
combined incidence of benign and malignant neoplasms of the adrenal medulla 
(pheochromocytoma) in HDF relative to Control. For these tumors, the trend test was statistically 
significant (p=0.005) across test-article groups when compared with the pooled Controls. 
Pairwise comparisons of the test-article groups to the pooled control group in F rats was 
statistically significant (p=0.048) only for the HD group. The trend test for benign medullary 
pheochromocytoma in female rats was statistically significant across groups (p=0.015) but no 
test article-treated groups were statistically significant by pairwise comparison with the pooled 
Control group.  
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The second analysis of adrenal slides, which was conducted by the PWG, resulted in higher 
incidence of benign and malignant pheochromocytomas. According to the PWG, new changes 
observed by them had either initially been reported by the study pathologist as changes involving 
the adrenal cortex or no proliferative lesion was reported for either the adrenal cortex or medulla. 
No statistical analysis of the PWG data was provided.  
 
Non Neoplastic 
Microscopic findings included changes in the lungs, sciatic nerve, eyes, and adrenal cortex.  
 
LUNGS: The incidence and severity of alveolar foamy macrophages and the incidence of 
subacute/chronic inflammation in the lungs was increased, compared to controls, in HDM and in 
F at all doses, as shown in the Applicant’s table below. 

 
 
SCIATIC NERVE: Increased incidence and/or severity of the sciatic nerve fiber degeneration, 
characterized by axonal swelling, digestion chambers containing degraded axonal material and 
replacement of axons by connective tissue, was observed in HDM (75% in M controls vs. 92% in 
HDM) and female rats at all dose levels (55% in F controls vs. 85% in HDF). The severity of 
nerve degeneration was also increased (marked severe vs. moderate) in a small number of LDM 
and MDM, but did not differ in incidence from the Control groups, as shown in the Applicant’s 
table below. 
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An expert review of the sciatic nerves was conducted by  

who concluded that: “(1) In the absence of underlying age-related spontaneous 
neuropathy, the test article does not induce the sciatic nerve lesion in rats; (2) The test article 
may exacerbate the age-related spontaneous neuropathic process; (3) Given the frequency of the 
spontaneous sciatic nerve neuropathy findings in this study, the toxicological significance of 
these findings relative to test article administration appears questionable. The reported presence 
of connective tissue increase in nerves of affected animals in the 2-year study is interpreted to be 
endoneurial (between individual nerve fibers) in location. As such it suggests there is failure of 
regeneration in the face of a long-term ongoing neuropathic process. Since no difference is 
described between control and test article exposed animals, this is interpreted as a part of the 
aging-related neuropathy seen in these animals, and not a separate change induced by exposure 
to the test article”. Reviewer’s comment: These conclusions are inconsistent with data from the 
28-day study conducted in rats, apparently not reviewed by , which showed a dose-
dependent increase in the incidence of the sciatic nerve degeneration in young animals of both 
(see review of study RGD: 62210/E for details).  
 
EYES: Retinal degeneration/atrophy, primarily involving the outer nuclear and outer plexiform 
layers, occurred in the eyes of all groups, but was increased in both sexes in cariprazine-treated 
animals, except the LD males, with dose-related increase in incidence and severity, as shown in 
the Applicant’s table below.  
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ADRENAL CORTEX: Diffuse hypertrophy graded slight to moderate was observed in F rats 
with the incidence of 0/60, 0/60, 1/60, 2/60, and 5/60 (8.3% animals) in the Control 1, Control 2, 
LD, MD, and HD groups, respectively but not in M rats. This finding correlated with the 
enlargement of the adrenals observed macroscopically in HDF. Additional observation related to 
adrenals noted by this reviewer was slightly increased combined focal hypertrophy/hyperplasia 
and vacuolization of the adrenal cortex, graded slight in most cases, in MDM and HDM, but not 
in F (incidence in M: 34/60, 36/60, 31/60, 43/60, and 41/60 in the Control 1, Control 2, LD, MD, 
and HD groups, respectively). 
 
Other microscopic findings: Lymphoid cell depletion/atrophy of mesenteric lymph node was 
minimally increased from 5.8% in the control groups to 15% in the HD female. 
Degeneration/atrophy/regeneration of the muscles was minimally increased from 12% in the 
male control groups to 18% in the HD male group and from 5% in the female control groups to 
12% in the HD female groups. Cysts in the ovaries increased minimally in the incidence from 
21% in the female control groups to 32% in the HD female group. Atrophy of the ovaries 
increased minimally in the incidence from 72% in the female control groups to 90% in the HD 
female group. 
 
Toxicokinetics:  
Plasma samples for TK analysis were obtained from the TK animals on Day 1 and Months 6, 12, 
and 18. In general, there were no major (greater than 2-fold) differences in exposure (AUC) to 
the test article between males and females following administration of the same dose (2.5 
mg/kg/day). Exposure to cariprazine, DCAR, and DDCAR increased with increasing doses on 
Study Day 1 and at Months 6, 12, and 18 in proportion to or greater than proportionally to dose. 
At Month 18 (last assessment), the overall mean AUC values for cariprazine and its metabolites 
were greater than Study Day 1 values, indicating accumulation. In the HDM and HDF, the 
exposure (AUC) to cariprazine was 3.3 and 1.6 X, respectively, greater at the end of the study. 
Respective values for DCAR were 2.2 and 1.7 X greater in HDM and HDF, respectively, and for 
DDCAR were 3.2 and 2.3X greater in HDM and HDF, respectively. The TK data are shown in 
the following Applicant’s tables. 
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Dosing Solution Analysis 
The majority of dosing formulations were within acceptable limits. Deviations did not have 
impact on the tumor assessment. 

9 Reproductive and Developmental Toxicology 
The following reproductive toxicology studies were conducted with cariprazine:    
(1) Study of the oral effects of cariprazine on fertility and early embryonic development to 
implantation in rats, (2) Dose range-finding study of the oral effects of cariprazine on embryo-
fetal development in rats, (3) Study of the oral effects of cariprazine on embryo-fetal 
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development in rats, (4) Dose range-finding study of the oral effects of cariprazine on embryo-
fetal development in rabbits, (5) Study of the oral effects of cariprazine on embryo-fetal 
development in rabbits, (6) Dose range-finding study of the oral effects of cariprazine on pre- 
and post-natal development in rats, (7) Study of the oral effects of cariprazine on pre- and post-
natal development, including maternal function in rats, and (8) Study of the oral effects of 
cariprazine on lacteal transfer in rats. 

Fertility and Early Embryonic Development 
 
Study title:  A two-phase study of fertility and early embryonic development to 
implantation of RGH-188 HCl in rats 
 

Study no.: CSCNRGHPCTX 26 
Study report location:

Conducting laboratory and location:
Date of study initiation: May 17, 2005 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188), lot W45021A, 
purity 99.59%. 

 

Key Study Findings 

• Death of 1/25 male rat administered cariprazine at 10 mg/kg/day. 
• Decreased body weight and/or body weight gain associated with reduced food 

consumption in males and females at all dose levels.  
• Increased estrous cycle length, mean precoital interval duration and decreased number of 

pregnancies in treated females paired with untreated males at all dose levels. 
• Lower male and female fertility index for females treated at 10 mg/kg/day paired with 

untreated males relative to other groups.  
• Lower female conception index and male copulation index for females treated at 10 

mg/kg/day paired with untreated males relative to other groups.  
• Slightly decreased number of implantation sites, number of pups born per litter and live 

litter size observed in females treated at 10 mg/kg/day paired with untreated males.  
• There were no test article-related effects on: 

o Number of sperm positive females, female mating index, duration of gestation 
and parturition in treated females paired with untreated males. 

o Reproductive performance of males and spermatogenesis in treated males paired 
with untreated females. 

o Postnatal survival through PND 1 or the percentage of males born per litter. 
 
The NOAEL for cariprazine systemic toxicity could not be determined (is less than 1 mg/kg) 
based on decreased body weight gain at all dose levels observed in both sexes.  
 
The NOAEL for female reproductive toxicity could not be determined based on increased estrus 
cycle length and extended precoital interval, resulting in dose-dependent decrease in the number 
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of pregnant females and a reduction in the fertility and conception indices noted in treated 
females at all dose levels relative to controls. The lowest dose tested of 1 mg/kg is ~1.1 times the 
MRHD of 9 mg/day on a mg/m2 basis. 
 
The NOAEL of 3 mg/kg is determined for female-mediated developmental toxicity based on 
decreased numbers of implantation sites, mean number of pups per litter, and mean number live- 
born pups per litter in the 10 mg/kg group. The 3 mg/kg dose is ~ 3.2 times the MRHD of 9 
mg/day on a mg/m2 basis. 
 
The NOAEL of 10 mg/kg is determined for male reproductive toxicity and male-mediated 
developmental toxicity based on unaffected spermatogenic endpoints and fertility/copulation for 
males paired with untreated females and unaffected male-mediated developmental parameters.  
 
The NOAEL of 10 mg/kg is determined for neonatal toxicity based on postnatal survival from 
birth to PND 1 and no effect on F1 pup body weight following the test article administration to F0 
females. The 10 mg/kg dose is ~11 times the MRHD of mg/day on a mg/m2 basis. The AUC0-

24h for cariprazine at 10 mg/kg on Day 100-105 is 3740 ng•h/mL in male rats, which is ~9.3 
times the cariprazine AUC0-24h expected in humans at the MRHD of mg/day (402 ng•h/mL). 
Combined AUC0-24h for all three active moieties (cariprazine, DCAR, and DDCAR) at 10 mg/kg 
on Day 100-105 is 5513 ng•h/mL in male rats, which is ~3.4 times the combined AUC0-24h 
expected in humans at the MRHD of mg/day (1626 ng•h/mL). Note: No TK evaluation was 
conducted in female rats.   
 
Methods 

Doses: 0, 1, 3, and 10 mg/kg/day (Control, LD, MD, and HD, 
respectively; doses are expressed in terms of the free base) 

Frequency of dosing: Once daily  
Dose volume: 10 mL/kg 

Route of administration: Oral (gavage) 
Formulation/Vehicle: Cariprazine solution in the vehicle/distilled water 

Species/Strain: Rat/Crl: CD(SD) 
Number/Sex/Group: 25 

Satellite groups: None; Blood for TK of cariprazine and 2 metabolites (DCAR 
and DDCAR was collected from surviving male rats. 

Study design: See below 
Deviation from study 

protocol: 
It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity. 

 
Study design 
In Phase 1, untreated males were paired with treated females. In Phase 2, treated males were 
paired with untreated females. The same males were used for both phases. A 2-week dose 
adaptation period preceded administration of the full dose levels to minimize acute clinical signs 
of toxicity with 1/3 of the full dose administered for 7 days, followed by 2/3 of the full dose for 7 
days. In Phase 1, females were dosed from premating to implantation. Full dose was 
administered for 14 days before pairing (total 28 days including adaptation period); treatment 
continued through gestation day (GD) 7 (total treatment period: 35-50 days). In Phase 2, males 
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were dosed at the full dose level for 56 days (total of 70 days including adaptation period) from 
completion of the first mating period with treated F0 females continuing through the second 
mating period with untreated females (total treatment period: 100-105 days). Clinical 
observations, body weights, and food consumption were recorded at appropriate intervals for all 
males and females. Phase 1 females: Vaginal lavages were performed daily on Phase 1 females 
for determination of estrous cyclicity beginning 10 days prior to treatment. Phase 1 females were 
allowed to deliver and rear their offspring to lactation day (LcD) 1. Detailed physical 
examination was conducted and body weights were recorded for their offspring (F1 pups) on 
post-natal day (PND) 1. Pups were then euthanized on PND 1. Phase 1 females were necropsied 
on postpartum Day 11. Gross necropsies were performed on females with no evidence of mating. 
Phase 2 males: Blood was collected from males for TK analysis on the day prior to necropsy. 
Males were necropsied, selected organs were weighed, and spermatogenic endpoints were 
evaluated. Phase 2 females: Laparohysterectomy for untreated females was conducted on GD 15. 
Mating, fertility, copulation, and conception indices were calculated as follows: 
 

 
 
Observations and Results 

Mortality 
All animals were observed daily for mortality. One HD male died on Day 80 following 31 days 
of dosing. This death is considered test article-related based lower body weight and food 
consumption. There were no clinical or macroscopic test article-related observations in this 
animal. Another MD male was euthanized due to test article-unrelated urolithiasis.  
 
Clinical Signs 
All animals were observed for signs of toxicity for 1 hour following dose administration and 
twice daily for appearance and behavior. During daily examinations of males, a dose-dependent 
increase in the incidence of brown, red, and yellow material around the anogenital and/or 
urogenital areas (total occurrence/no. of animals: 15/4, 10/7, 86/12, and 420/23 in the Control, 
LD, MD, and HD animals, respectively) and red material around the nose (total occurrence/no. 
of animals: 55/15, 59/16, 76/21, and 212/21 in the Control, LD, MD, and HD animals, 
respectively) were observed beginning on study Day 50. During 1 hour post-dose observations in 
males, the increased incidence of red and yellow material around the mouth was noted beginning 
on study Day 69 (total occurrence/no. of animals: 1/1, 6/6, 13/7, and 28/12 in the Control, LD, 
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MD, and HD animals, respectively). The nature of this observation has not been addressed by the 
Applicant in any detail and its significance is unclear. There were no test article-related clinical 
observations in treated females. 
 
Body Weight 
Body weights were recorded twice weekly. Treated females: Mean group body weight was 
statistically significantly decreased relative to Control in the HDF at the end of premating period. 
During GD 0 to 7, body weight gain was decreased in all female treatment groups (-40% to -63% 
relative to Control). However, body weight on GD 7 and body weight on LcD 1 were statistically 
significantly lower than the Control only in the HD group (-13.8% and -7.2%, respectively), as 
shown in the following reviewer’s table. These decreases were related to lower food 
consumption. 
 

Dose (mg/kg/day) Female body weight and body weight 
change  

Control 
1 3 10 

Premating body weight change, g 
SD 0-7 (1/3 dose) 
SD 7-14 (2/3 dose) 
SD 0-27 (pre-mating period) 

 
10 
11 
33 

 
21** 

4* 
36 

 
23** 
-2** 
32 

 
15 

-6** 
13** 

Premating body weight SD 27, g  
(%) 

271 277 
(+2.2%) 

268  
(-1.1%) 

249  
(-8.1%)**

Gestation body weight change, g     
GD 0-7 
(%) 

30  
(100%) 

18** 
(-40%) 

17** 
(-43%) 

11** 
(-63%) 

GD 7-20 99 101 103 107 
Gestation body weight GD 7, g 
 (%) 

305 305 294 
(-3.6%) 

263** 
(-13.8%) 

Lactation body weight Day 1, g  
(%)  

307 311 
(+1.3%) 

301 
(-2.0%) 

285 
(-7.2%)* 

SD: study day; GD: gestation day;  Dunnet’s test: * -p<0.05;  ** -p<0.01 done by the 
Applicant; g=grams 

 
Treated males: Statistically significant lower mean body weight gains and corresponding lower 
food consumption were observed in males at all dosage levels throughout the treatment period, 
as shown in the following table.  
 

Dose (mg/kg/day) Male body weight change (g) Control 
1 3 10 

SD 50-57 (1/3 dose) 
SD 57-64 (2/3 dose) 
SD 50-119 (prior to mating) 
SD 50-150 (entire treatment period) 
 (% change from Control level) 

19 
20 

126 
159 

100% 

14 
12** 
84** 

104** 
(-35%) 

13* 
8** 

72** 
90** 

(-43%) 

1** 
-6** 
35** 
40** 

(-75%) 
SD: study day; Dunnet’s test: * -p<0.05;  ** -p<0.01; done by the Applicant; g=grams 

 
Food Consumption 
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Individual food consumption was recorded twice weekly. Decreased food consumption was 
observed in all groups of treated females during the premating and gestation periods and in all 
groups of treated males as shown in the tables below. 
 
Treated female food consumption 
(g/animal/day) 

Control 1 
mg/kg/day

3 
mg/kg/day 

10 
mg/kg/day

Premating food consumption 
SD 0-3 
SD 3-7 
SD 24-27 

 
19 
19 
19 

 
21** 
22** 

18 

 
20** 
22** 
17** 

 
19 

21* 
16** 

Gestation food consumption     
GD 0-7 23 20** 20** 17** 
GD 7-20 24 22* 22* 22* 
SD: study day; GD: gestation day;  Dunnet’s test: * - p<0.05;  **- p<0.01   

 
Treated male food consumption 
(g/animal/day) 

control 1 
mg/kg/day

3 
mg/kg/day 

10 
mg/kg/day

SD 50-53 
SD 57-60 
SD 60-64 
SD 67-71 
SD 148-150 

27 
28 
28 
28 
28 

28 
29 
28 

26** 
25** 

28 
27 

25** 
24** 
25** 

27 
25** 
23** 
23** 
23** 

SD: study day; Dunnet’s test: * - p<0.05;  **- p<0.01  done by the Applicant 
 
Toxicokinetics 
Blood was collected from surviving males following 100-105 doses pre-dose and 0.5, 1, 3, 6, 12, 
and 24 hours after administration on the day prior to euthanasia. Systemic exposure to 
cariprazine and the metabolites DCAR and DDCAR was demonstrated at all 3 dosage levels. 
Plasma concentrations were higher for cariprazine than for the metabolites. DDCAR had a longer 
T1/2 than that for cariprazine and DCAR. The Cmax and AUC0-24h of cariprazine increased 
approximately in proportion to the dose increase from 1 to 3 mg/kg, and slightly less than 
proportionally from 3 to 10 mg/kg. The Cmax and AUC0-24h of DCAR and DDCAR increased 
greater than dose-proportionally from 1 to 10 mg/kg.  
 
Exposure (AUC0-24h) for cariprazine, DCAR, and DDCAR represents approximately 68%, 18%, 
and 14% of the total AUC0-24h observed at steady state in male rats dosed at the high dose of 10 
mg/kg. The TK data are shown in the following Applicant’s table. 
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Dosing Solution Analysis 
The dosage formulations were suitable for their intended use. The concentrations of the duplicate 
samples were within ±10 % of each other, except for 0.3 mg/mL dosing formulation and the 
mean concentrations were within ±10% of nominal concentration, except for the 0.1 mg/mL 
dosing formulation. Study Director accepted the original results as the out of specification results 
for 0.1 mg/mL and 0.3 mg/mL dosing formulation did not have any impact on the overall study. 
 
Necropsy and Fertility Parameters  
Phase 1 (Treated females paired with untreated males): Mean estrous cycle and mean precoital 
interval were longer at all dose levels (see the Applicant’s table below). Number of pregnant 
females was lower in the treatment groups (25, 22, 20, and 13 animals in the Control, LD, MD, 
and HD groups, respectively). Male and female fertility indices were statistically significantly 
lower for the HD group relative to Control and were slightly lower than that of the Control group 
for the LD and MD groups; however, this decrease did not reach statistical significance and fell 
within the  Laboratories historical control range, indicating weak, if any, test article-related 
effect. Conception index for treated females and copulation index for untreated males were also 
lower in the HD groups relative to other groups. All test article-related changes in treated 
females were most likely caused by the prolonged estrous cycle duration attributed to the drug’s 
pharmacologic effect on prolactin levels (demonstrated in other studies). Parameters unaffected 
by the test article administration in this phase of the study included the number of sperm-positive 
females (25, 24, 25, and 24 in the Control, LD, MD, and HD females, respectively), mating 
index for treated females and untreated males (see table below), mean duration of gestation 
(21.8, 22.0, 21.8, and 22.2 days in the Control, LD, MD, and HD females, respectively), and 
parturition. Reproductive performance of treated females with untreated males is summarized in 
the following Applicant’s table.  historical control data are included.  
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from birth to PND 1 was not attributed to the test article administration. F1 data are shown in the 
following reviewer’s table. 
 
F1 litters Control 1 mg/kg/day 3 mg/kg/day 10 mg/kg/day 
Number of litters evaluated 25 22 20 13 
Mean number of implantations  15.3 15.0 15.0 13.0↓ 
Mean number pups per litter 14.3 13.5 14.5 12.3↓ 
Mean No. live-born pup per litter 14.1 13.3 13.9 12.2 ↓ 
Pup sex ratio (% males per litter) 48.7 45.1 48.8 54.1 
Postnatal survival (birth to PND 1) 97.1 97.2 90.9 94.0 
Pup clinical observations - - - - 
Pup body weights (g) 
Males PND 1 (%) 
Females PND 1  
(%) 

7.4 
 

7.0 

7.3  
(-1.4%) 

6.9  
(-1.4%) 

6.8  
(-8.1%) 

6.5  
(-7.1%) 

7.3  
(-1.4%) 

7.0  
(0.0%) 

 

Embryonic Fetal Development 

 
Study title:  A dose range-finding oral gavage study of the effects of RGH-188 HCl on 
embryo/fetal development in rats  

Study no.: CSCNRGHPCTX 17 
Study report location:

Conducting laboratory and location:
Date of study initiation: February 22, 2005 

GLP compliance: No 
QA statement: No 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot W45021A, 
purity 99.56% 

 
Methods 
Pregnant Crl:CD® (SD) rats (~70 days of age at study initiation; 8/group) were administered 
cariprazine daily by oral gavage from gestation day (GD) 6 through 17 at 0, 1, 3, 10, 20, and 30 
mg/kg/day (dose vol.: 10 mL/kg; doses are expressed in terms of the free base). A concurrent 
control group received the vehicle (distilled water). Females were evaluated for mortality clinical 
signs, body weights, and food consumption at appropriate intervals. Laparohysterectomy was 
performed on each female on GD 20. The uteri, placentae, and ovaries were examined. The 
numbers of corpora lutea, fetuses, early and late resorptions, and total implantations were 
recorded. Gravid uterine weights were recorded, and net body weights and net body weight 
changes were calculated. Fetuses were weighed, sexed, and examined for external and 
developmental malformations. Blood samples were collected ~1 hour after dose administration 
GD 20 from satellite dams (4/group) and from fetuses to determine plasma levels and placental 
transfer. 
 
Observations and Results 
F0 Dams: 
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The NOAEL for the maternal systemic and embryo-fetal developmental toxicity is the 1 mg/kg 
dose. Based on results of this study, dosage levels of 0.5, 2.5 and 7.5 mg/kg were selected for the 
definitive embryo-fetal development study of cariprazine in pregnant rats. 
 
Study title:  A study of the effects of RGH-188 on embryo/fetal development in rats 
 

Study no.: CSCNRGHPCTX19 
Study report location:

Conducting laboratory and location:
Date of study initiation: May 2, 2005 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188), lot W45021A, purity 
99.59% 

 

Key Study Findings 

• Clinical signs of red material around the nose, yellow material around 
urogenital/abdominal area, stuporous behavior (disorientation, hypoactivity), and 
drooping and/or half-closed eyelids in the 7.5 mg/kg F0 group. 

• Body weight loss and decreased body weight gain (up to -11% and -49%, respectively) 
during treatment period with corresponding decreases in food consumption in the 2.5 and 
7.5 mg/kg F0 groups. 

• Fetal developmental toxicity, characterized by: 
o Decreased mean fetal weights (- 8 to - 22%) in all test article-treated groups. 
o Decreased male angiogenital distances (- 5 to - 23%) in all test article-treated 

groups. 
o External malformations (localized thorax fetal edema) in the 2.5 and 7.5 mg/kg 

groups.  
o Skeletal malformations (bent limb bones, scapula and/or humerus) in all test 

article-treated groups.  
o Visceral variations (renal papillae not developed and/or distended urethrae) in the 

2.5 and 7.5 mg/kg groups. 
o Skeletal variations (bent ribs and/or sternebrae unossified) in the 2.5 and 7.5 

mg/kg groups. 
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• There were no test article-related effects on gross pathology, abortions, or total 
resorptions of litter in maternal animals or on the survival of fetuses (viable fetuses per 
litter), fetal sex ratio, visceral malformations, and external variations. 

 
The 7.5 mg/kg dose was the MTD in this study based on decreased body weight in F0 females. 
The NOAEL for the fetal developmental toxicity was not determined in this study (is less than 
0.5 mg/kg) based on decreased fetal weights and male angiogental distance, and malformations 
observed at the lowest dose level evaluated. The NOAEL for F0 maternal systemic toxicity is 0.5 
mg/kg based on the absence of adverse effects in maternal females at this dose.  
 
The 0.5 mg/kg dose is ~0.5 times the MRHD of mg/day on a mg/m2 body surface area basis. 
The AUC0-24h for cariprazine at 0.5 mg/kg in F0 female rats on gestation day (GD) 17 is 267 
ng•h/mL, which is ~0.7 times the cariprazine AUC0-24h expected at the MRHD of mg/day (402 
ng•h/mL) and ~0.2 times the combined AUC0-24h for cariprazine, DCAR, and DDCAR expected 
at the MRHD of mg/day (1626 ng•h/mL). (Note: exposure to DCAR and DDCAR at 0.5 
mg/kg/day was low and, therefore, “not calculable” in this study).  
 
In conclusion, fetal developmental toxicity, including malformations, was observed in rats at the 
cariprazine systemic exposure level less than that achieved in humans at the MRHD of
mg/kg/day based on AUC.  
 
Methods 

Doses: 0, 0.5, 2.5, and 7.5 mg/kg/day (Control, LD, MD, and HD, 
respectively; doses are expressed in terms of the free base) 

Frequency of dosing: Once daily  
Dose volume: 10 mL/kg 

Route of administration: Oral (gavage) 
Formulation/Vehicle: Solution of cariprazine in the vehicle/water 

Species/Strain: rat/Crl:CD®(SD) 
Number/Sex/Group: 24 pregnant female rats/group  

Satellite groups: TK group: 12 additional pregnant female rats/test article 
group administered cariprazine on GD 6-12 

Study design: See below  
Deviation from study 

protocol: 
It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity. 

 
Study design  
Cariprazine was administered throughout the period of organogenesis from GD 6 to 17. Maternal 
animals were evaluated for mortality, clinical signs, body weights, and food consumption at 
appropriate intervals. Laparohysterectomy was performed on GD 20 on each female and the 
uteri, placentas, ovaries, and numbers of corpora lutea, fetuses, early and late resorptions, and 
total implantations were recorded. Fetuses were weighed, sexed, and examined for 
developmental malformations and variations. Blood samples for TK were collected from satellite 
dams. 

Observations and Results 

Mortality 
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Pregnant females were observed twice daily for mortality and moribundity. There were no 
unscheduled deaths in this study.  
 
Clinical Signs  
Clinical signs in maternal animals were recorded daily. Noteworthy observation in HDF included 
red material around the nose following one day of dosing (10/24 females), yellow material 
around urogenital/abdominal area (5/24 females) and stuporous behavior (disorientation and 
hypoactivity with normal arousal upon handling in 14/24 females) from GD 9 until the end of 
dosing, and drooping and/or half-closed eyelids in several females from GD 6 until the end of 
dosing. The nature and significance of excreted material was not addressed by the Applicant in 
any detail. Observed behaviors were considered test article-related, but did not persist to the next 
day. There were no significant clinical signs in other groups.  
 
Body Weight 
Maternal body weights were recorded on GD 0, 6-18 (daily) and 20. Mean body weight gain and 
body weight decreased during the treatment period in the MD and HD groups relative to the 
Control, as shown in the following reviewer’s table. Decrease in body weight correlated with 
decrease in food consumption. 
 
Gestation Days (GD) Control 0.5 mg/kg/day 2.5 mg/kg/day 7.5 mg/kg/day 

Mean group body weight gain (g) 
6-9 7 10 1* -15** 

9-12 16 13 7** 3** 
12-18 64 64 63 55** 

6-18 (%) 87 (100%) 87 (100%) 72** (-17%) 44** (-49%) 
Mean group body weight (g) 

GD 0 249 249 249 249 
GD 20 (%) 404 (100%) 401 (-1%) 385* (-5%) 361** (-11%) 

* p< 0.05   ** p< 0.01 statistical significance is based on actual data (not on percent differences)  
 
Food Consumption 
Food consumption was recorded for maternal animals on GD 0, 6-18 (daily) and 20. Mean food 
intake was decreased in the MD and HD groups, as shown in the reviewer’s table. 
 

Food consumption (g/animal/day) 
GD Control 0.5 mg/kg/day 2.5 mg/kg/day 7.5 mg/kg/day 
6-9 22 23 21  17** 

9-12 23 23 21 18** 
12-18 27 26 24** 20** 

6-18 (%) 25 25 22** (-12%) 19** (-24%) 
* p< 0.05   ** p< 0.01 statistical significance is based on actual data (not on percent differences)  
 
Toxicokinetics 
Blood samples were taken from pregnant TK animals (12/group; 4 animals/time point) prior to 
dosing and 0.5, 1, 3, 6, 12, and 24 hours following dose administration on GD 6 and 17.  
Cariprazine plasma levels were greater on GD 17 than on GD 6, indicating accumulation. 
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Systemic exposure to the metabolites DCAR and DDCAR was lower than that to the parent drug. 
There was no accumulation for DCAR on GD 17. However, DDCAR accumulated ~ 2.2-fold 
following repeated dosing at 7.5 mg/kg. Combined AUC0-24h for all three active moieties 
(cariprazine and the metabolites) on GD 17 was 1499 and 4491 ng•h/mL at the MD and HD, 
respectively. Exposure to DCAR and DDCAR at 0.5 mg/kg/day was “not calculable”. The TK 
data for cariprazine, DCAR, and DDCAR are shown in the Applicant’s table below. 
 

 

 
 
Dosing Solution Analysis 
Homogeneity analysis was not conducted as part of this study. The concentrations of the samples 
were within ± 15 % of the nominal concentration and were suitable for the study. 
 
Necropsy 
Cesarean Section Data   
There were no test article-related macroscopic observations in maternal females. A lower mean 
gravid uterine weight was noted at the HD. There were no abortions or total resorptions of litter 
in this study. Post-implantation loss was greater at the HD compared to the Control. However, 
changes in the post-implantation loss were not dose-dependent and, therefore, their relation to 
the test article administration is questionable.  
 
Offspring  
Survival of the fetuses was not affected by cariprazine administration. However, fetal 
developmental toxicity, characterized by decreased mean fetal weights (- 8 to - 22 % of the 
concurrent control level and below the minimum mean value of 3.4 g in the . historical 
control data) and male angiogenital distances (- 5 to 23% of control) was observed in all test 
article-treated groups. External malformations (localized thorax fetal edema), observed in the 
MD and HD mg/kg groups (0.3% and 1% per litter, respectively), exceeded the maximum mean 
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value (0.0% per litter) in the  historical control data, and were considered test 
article-related. There were no external variations or test article-related visceral malformations in 
fetuses. Test article-related skeletal malformations (bent limb bones(s): scapula and/or humerus) 
were observed at all dose levels. The test article-related skeletal developmental variations and 
visceral developmental variations (renal papillary findings; see table below) corresponded to the 
lower fetal weights and indicated developmental delay. Unossified sternebrae No. 5 and 6 were 
observed in the MD and HD groups; the proportions of these findings exceeded the concurrent 
Control levels and the mean value in the  historical control data. In addition, 
renal papillae were not fully developed and/or urethrae were distended, and adrenals were dark 
red discolored in the fetuses in the MD and HD groups. Fetal findings are summarized in the 
reviewer’s table below. 
 

Litter data 
Dose (mg/kg/day) 0 0.5  2.5  7.5  
No. of litters evaluated 24 23 24 24 
Post-implantation loss per litter, % 6.1 3.5 7.0 4.0 
Viable fetuses per litter, % 93.9 96.5 93.0 96.0 
Mean fetal body weight, g  
(%a) 

3.6 3.3**  
(-8.3) 

3.2** 
(-11.1) 

2.8** 
(-22.2) 

Fetal sex ratio (% males per litter) 48.5 48.7 51.5 46.6 
Mean male anogenital distance, mm 
(%a) 

3.77 3.57**  
(-5.3%) 

3.45**  
(-8.5%) 

2.91**  
(-22.8%) 

 
Summary of fetal malformations and developmental variations 

Dose (mg/kg/day) 0 0.5  2.5  7.5  
Fetuses and litters with malformations (all observed); absolute numbers (No. of fetuses/No. 
of litters) 
Number examined externally  377/24 364/23 386/24 383/24 
Localized thorax fetal edema 
Mandibular microgranathia 
Meningocele 
Anal atresia 
Vertebral agenesis 

0/0 
0/0 
0/0 
0/0 
0/0 

0/0 
1/1 
0/0 
1/1 
1/1 

1/1 
0/0 
0/0 
0/0 
0/0 

4/2 
0/0 
1/1 
0/0 
0/0 

Number examined viscerally 377/24 364/23 386/24 383/24 
Retroesophageal aortic arch 
Lungs: lobular dysgenesis 
Hydrocephaly 

0/0 
0/0 
0/0 

1/1 
1/1 
1/1 

0/0 
0/0 
0/0 

1/1 
0/0 
0/0 

Number examined skeletally 377/24 363/23 386/24 382/24 
Bent limb bones(s) scapula and/or 
humerus 
Rib anomaly 

 
0/0 
0/0 

 
1/1 
2/1 

 
1/1 
0/0 

 
14/6 
0/0 

Total number with malformations 
External 
Soft tissue 
Skeletal 

 
0/0 
0/0 
0/0 

 
3/3 
2/2 
2/1 

 
1/1 
0/0 
1/1 

 
5/3 
1/1 
14/6 
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Combined 0/0 6/5 2/2 20/8 

Total and test article-related fetal malformations (% per litter) 
External malformations - total 
Localized thorax fetal edema 
Visceral malformations – total 
Skeletal malformations - total 
Bent limb bones: scapula and/or 
humerus 

0.0 
0.0 
0.0 
0.0 
0.0 

0.8 
0.0 
0.4 
0.5 
0.3 

0.3 
0.3 
0.0 
0.3 
0.3 

1.2 
1.0 
0.3 
3.7 
3.7 

Fetal developmental variations (% per litter) 
Visceral  
Renal papillae not developed and/or 
distended urethers 
Skeletal  
Bent ribs 
Sternebrae No. 5 and/or 6 unossified 

 
 

0.2 
 

0.0 
3.3 

 
 

0.6 
 

0.5 
5.2 

 
 

4.4 
 

2.8 
10.8 

 
 

9.3 
 

15.6** 
15.9 

Other morphological findings b (No. of fetuses/No. of litters) 

Renal papillae not fully developed 
Adrenal glands - dark red and/or  
dark red area 

0/0 
 

0/0 

1/1 
 

1/1 

14/7 
 

4/2 

32/7 
 

13/4 
** p< 0.01 statistical significance is based on actual data (not on percent differences)  
a – for control group, means are shown; for test article groups, means are shown with 
percent differences form control in parenthesis 
b - not classified as malformation or variation, proportional data not calculated 
g - grams 

 
 
Study title:  A dose range-finding oral gavage study of the effects of RGH-188 on 
embryo/fetal development in rabbits. 

Study no.: CSCNRGHPCTX16 
Study report location:

Conducting laboratory and location:
Date of study initiation: February 7, 2005 

GLP compliance: No 
QA statement: No 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188), lot W45021A; 
purity 99.56% 

 
Methods  
Pregnant New Zealand White rabbits (~5.5 month of age at study initiation; 6/group) were 
administered cariprazine daily by oral gavage (dose vol. 10 mL/kg) from gestation days (GD) 6 
to 20 at 0, 0.1, 0.5, 2.5, 7.5, and 15.0 mg/kg; doses are expressed in terms of the free base. A 
concurrent control group received the vehicle (distilled water). Mortality, clinical signs, body 
weights and food consumption were recorded at appropriate intervals. Laparohysterectomy was 
conducted on GD 29. The uteri, placentae, and ovaries were examined. Numbers of fetuses, early 
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and late resorptions, total implantations, corpora lutea, and gravid uterine weights were recorded. 
The fetuses were weighed and examined for external malformations and developmental 
variations. Blood samples were collected from additional pregnant TK rabbits (4/group) ~3 hours 
following dose administration on GD 20 for evaluation of plasma levels of cariprazine and the 
matabolites DCAR and DDCAR and for placental transfer assessment. All TK animals were 
euthanized on GD 20 following blood collection and blood for evaluation of cariprazine, DCAR, 
and DDCAR in the plasma was collected from all fetuses. 
 
Observations and Results 
F0 Dams: 
There were no test article-related deaths. One female dosed at 2.5 mg/kg died due to gavage 
error. Decreased defecation was observed in medium and high dose groups [incidence: (no. of 
occurrences/no. of animals): 8/2, 13/4, 6/5, 25/5, 25/5, and 12/4 in the Control, 0.1, 0.5, 2.5, 7.5, 
and 15.0 mg/kg groups, respectively]. Mean body weight losses, relative to Control, were 
observed in all cariprazine treatment groups except the 0.1 mg/kg group from the beginning of 
the treatment period. Mean body weight gains were reduced in the 2.5, 7.5, and 15 mg/kg groups 
throughout the remainder of the treatment period. These changes correlated with reduced food 
consumption observed in these groups (see table below for more information). 
 
Terminal and necroscopic evaluations: 
There were no test article-related macroscopic findings at necropsy. Mean gravid uterine weight 
slightly reduced at 15 mg/kg. This decrease was most likely related to a slight decrease in the 
mean number of viable fetuses, resulting from a small increase in the pre-implantation loss and 
small decrease in the number of implantations and corpora lutea. Mean gravid uterine weights 
and intrauterine growth and survival were unaffected in other groups. 
 
Offspring:  
The mean number of viable fetuses per litter was slightly decreased in the 15 mg/kg group when 
compared to the Control. The mean number of total resorptions per litter was slightly increased 
in this group. However, there were no dead fetuses in any group. Mean fetal body weight was 
generally unaffected by maternal test article administration. Malformations were observed in one 
fetus in the 0.5 mg/kg group and two fetuses from the same litter in the 7.5 mg/kg group. These 
findings were not attributed to test article administration since no malformations were observed 
at a higher dose level. There were no external developmental variations noted in this study. 
Maternal and fetal findings are summarized in the following Applicant’s table. 
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Study no.: CSCNRGHPCTX18 
Study report location:

Conducting laboratory and location:
Date of study initiation:

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188), lot W45021A, purity 
99.56% -99.59%  

Key Study Findings 

• Decrease in maternal body weight and body weight gain (-8% and -50%, respectively) 
and food consumption (-23%) in F0 female rabbits administered 5 mg/kg/day when 
compared to the control group. 

• There were no significant test article-related effects on pregnancy or fetal parameters at 
any of doses tested. 

 
The MTD was 5 mg/kg in this study based on effects on body weights and food consumption in 
maternal animals observed at this dose level. The NOAEL for F1 maternal toxicity was 1 mg/kg. 
The NOAEL for embryo/fetal developmental toxicity was 5.0 mg/kg because there was no 
significant cariprazine-related effect on fetal parameters at any dose level. 
 
The NOAEL for F0 maternal systemic toxicity (1 mg/kg) is ~2.2 times the MRHD of mg/day 
on a mg/m2 basis. The AUC0-24h for cariprazine in F0 female rabbits at 1 mg/kg on GD 20 is 
492.6 ng•h/mL, which is ~1.2 times the cariprazine AUC0-24h expected in humans at the MRHD 
of  mg/day (402 ng•h/mL). Combined AUC0-24h for cariprazine, DCAR, and DDCAR in F0 
female rabbits at 1 mg/kg on GD 20 is 627.3 ng•h/mL, which is ~0.4 times the combined AUC0-

24h for these moieties expected in humans at the MRHD of mg/day (1626 ng•h/mL). 
 
The NOAEL for F1 embryo/fetal developmental toxicity (5 mg/kg) is ~11 times the MRHD of
mg/day on a mg/m2 basis. The AUC0-24h for cariprazine in F0 female rabbits at 5 mg/kg on GD 20 
is 3947 ng•h/mL, which is ~9.8 times the cariprazine AUC0-24h expected in humans at the MRHD 
of  mg/day (402 ng•h/mL). Combined AUC0-24h for cariprazine, DCAR, and DDCAR in F0 
female rabbits at 5 mg/kg on GD 20 is 5836.3 ng•h/mL, which is ~3.6 times the combined AUC0-

24h for these moieties expected in humans at the MRHD of mg/day (1626 ng•h/mL).  
 
Methods 

Doses: 0, 0.1, 1, and 5 mg/kg/day (Control, LD, MD, and HD, 
respectively; doses are expressed in terms of the free base)  

Frequency of dosing: Once daily  
Dose volume: 10 mL/kg 

Route of administration: Oral (gavage) 
Formulation/Vehicle: Cariprazine solution in vehicle/distilled water 

Species/Strain: Rabbit/New Zealand White, 5 months of age at study initiation 
Number/Sex/Group: 22 pregnant (time-mated) females/group 

Satellite groups: TK: 4 pregnant females/group 
Study design: See below 
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Deviation from study 
protocol: 

It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity. 

 
Study design:  This study was designed to assess maternal toxicity and developmental toxicity of 
cariprazine when administered to pregnant rabbits during organogenesis [gestation days (GD) 6 
to 20]. Maternal animals were evaluated for clinical signs, body weights, and food consumption 
at appropriate intervals. On GD 29, a laparohysterectomy was performed on all females. The 
uteri, placentae, ovaries, and numbers of corpora lutea, fetuses, early and late resorptions, and 
total implantations were recorded. Fetuses were weighed, sexed, and examined for external and 
developmental malformations. Blood samples for TK evaluation were collected from satellite 
pregnant females (4/group) on GD 6 and 20. 

Observations and Results 

Mortality 
Females were observed for mortality twice daily. There were no test article-related deaths. Three 
animals died early in this study: one MD was found dead and one LD female was euthanized due 
to documented gavage errors on GD 9. One Control female was euthanized due to abortion on 
GD 15.  
 
Clinical Signs 
Dams were observed for clinical signs daily. Decreased defecation was observed in the MD 
group during the second week of dosing and in the HD group during entire treatment period. 
 
Body Weight 
Maternal body weight and body weight gain were decreased in HD group when compared to the 
Control (-8% and -50%, respectively) during gestation. However, increased body weight gain 
was observed during the post-treatment period (GD 21 to 29) in affected animals, indicating 
recovery following the cessation of treatment. Body weight data are shown in the following 
reviewer’s table. 
 

Body weight (g)  
Gestation Day 21 (%) 4006 3921 (-2.1) 3822 (-4.6) 3689 (-7.9)** 

Body weight gain (g) 
Gestation Days Control 0.1 mg/kg/day 1 mg/kg/day 5 mg/kg/day 

6-10 122 144 61 28** 
10-14 98 116 74 43* 
14-21 144 156 181 112 

6-21 (%) 370 416 (112) 317 (-14.3) 184** (-50.3) 
* = p<0.05; ** = p<0.01 
 
Food Consumption 
Food consumption was decreased by 23% in HD females on GD 6 to 21. Transient decrease in 
food consumption observed on GD 6 to 10 in MD females was test article-related but 
nonadverse. Increased food consumption was observed during the post-treatment period (GD 21 
to 29). Food consumption data are shown in the following reviewer’s table. 
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Food consumption (g/animal/day) 
Gestation Days control 0.1 mg/kg/day 1 mg/kg/day 5 mg/kg/day 

6-10 203 188 170 * 165** 
10-14 186 180 156 * 137** 
14-21 185 190 167 142** 

6-21 (%) 190 186 167 146** (-23%) 
* = p<0.05; ** = p<0.01 
 

Toxicokinetics 
Blood samples were collected from additional pregnant rabbits (4/group) on GD 6 and 20 prior 
to dosing and at 0.5, 1, 3, 6, 12, and 24 hours after dosing. TK data indicated that the Cmax and 
AUC0-24h for cariprazine, DCAR, and DDCAR increased greater than dose-proportionally. 
Systemic exposure (AUC0-24h) was greater on GD 20 than on GD 6 (4.7-, 2.6-, and 4.8-fold for 
cariprazine, DCAR, and DDCAR, respectively, in the HD group) indicating accumulation 
following repeated dosing. The T1/2 was longer for DDCAR than for the cariprazine and DCAR 
(23, 4.5, and 5 h, respectively, in the HD group). The TK data are shown in the following 
Applicant’s table. 
 

 
 
Dosing Solution Analysis 
The mean concentration of the test article in the formulation was within ±10% of the nominal 
concentration with one exception, which was not considered to have an impact on the overall 
study.  

Reference ID: 3345156



NDA No. 204370                                 Reviewer Elzbieta Chalecka-Franaszek, Ph.D. 
 

 166

 
Necropsy 
Cesarean Section Data  
There were no test article-related macroscopic observations in laparohysterectomies performed 
on GD 29. There were no test article-related effects on pregnancy parameters including 
reproductive organs (uterus, placenta, and ovaries), number of fetuses, early and late resorptions, 
total implantations, corpora lutea, and gravid uterine weight. Selected pregnancy data are shown 
in the following reviewer’s table. 
 

Pregnancy data 
Dose (mg/kg/day) 0 (Control) 0.1  1  5  
Mean No. of corpora lutea 8.8 8.3 9.9 8.9 
Mean No. of implantations 8.6 8.0 9.3 8.1 
Mean % pre-implantation 
loss (per litter) 

2.5 5.1 5.5 9.1 

 
Offspring  
There were no test article-related effects on fetal parameters (weight, sex, external, visceral, and 
skeletal malformations and developmental variations). Selected parameters are shown in the 
following reviewer’s table. 
 

Litter data 
Dose (mg/kg/day) 0 (Control) 0.1  1  5  
No. of litters evaluated 20 20 20 21 
No. of viable fetuses 165 152 182 167 
Mean % total resorptions/litter 2.7 4.5 1.5 1.7 
No. of dead fetuses 1 0 0 0 
Mean % post implantation loss 
(per litter) 

3.2 4.5 1.5 1.7 

Mean % viable fetuses/litter 96.8 95.5 98.5 98.3 
Mean fetal body weight g (%) 43.3 43.3 (0.0) 42.7 (-1.4) 41.9 (-3.2) 
Fetal sex ratio (% males/litter) 48.4 53.8 47.1 56.7 
Fetal malformations - - - - 
Fetal developmental variations - - - - 

 

Prenatal and Postnatal Development 
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Study title:  An oral (gavage) dose range-finding study of the effects of RGH-188 on 
pre- and postnatal development in rats 
 

Study no.: RGH-TX-36  
Study report location:

Conducting laboratory and location:
Date of study initiation: November 13, 2007 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188), lot L0001761, purity 
99.7% 

 
Methods:  
Pregnant Crl:CD (SD) rats (~84 days of age at study initiation; 10/group) were administered 
cariprazine daily by oral gavage (dose vol. 10 mL/kg) from gestation day (GD) 6 through 
lactation day (LcD) 20 at 0, 0.3, 1, and 3 mg/kg (Control, LD, MD, and HD respectively; doses 
are expressed in terms of the free base). A concurrent control group received the vehicle 
(deionized water). All females were allowed to deliver and rear their offspring to LcD 21. All 
dams and remaining pups were euthanized on LcD/postnatal day (PND) 21 and gross necropsy 
was performed. For F0 generation, maternal survival, clinical observations, body weight, food 
consumption, gestation length, parturition, and gross necropsy findings, including the number 
and location of former implantation sites, were evaluated. For F1 generation, litter size, survival, 
clinical observations, body weights, and sexes were recorded. 
 
Observations and Results: 
F0 Dams: 
There was no test article-related mortality. One nongravid LD female was euthanized on post-
mating Day 25. This death was not considered to be test article-related. One MD female had a 
total litter loss on LcD 5. In addition, 8/10 HD females had total litter loss on LcD 1 or 2. 
Animals were observed daily for signs of toxicity for ~1 hour following test article 
administration. Females expected to deliver were also observed twice daily for dystocia 
(prolonged labor, delayed labor, or other difficulties). Intermittent twitching was noted 
approximately 1 hour following administration in almost all animals at all doses during gestation 
period (see table below for total occurrence/no. animals affected). In addition, single 
observations of twitching were recorded on LcD 13 in the LD group and on LcD 20 in MD 
group. Individual maternal body weights were recorded on GD 0, 6, 9, 12, 15, 18, and 20 and on 
LcD 1, 4, 7, 10, 14, 17, and 21. Gestation period: Mean body weight gain was statistically 
significantly reduced in the HD group from GD 6 to 9 (loss of 4 g) and from GD 6 to 20 (see 
table below). Mean body weight also was statistically significantly decreased (-6.1 to -7.2%) 
from GD 9 to 20 in the HD group relative to Control. Lactation period: Mean body weight of the 
HD group on LcD 1 (when N=10) was statistically significantly decreased (-6.6%) relative to 
Control. Individual body weight gains for the 2 remaining HD females were lower on LcD 1-4 
than that of the Control and generally similar to the Control group throughout the remainder of 
the lactation treatment period until LcD 21. Food consumption:  Individual maternal food 
consumption was recorded on GD 0, 6, 9, 12, 15, 18, and 20 and on LcD 1, 4, 7, 10, and 14. 
Food consumption was reduced in the HD group during gestation and lactation periods. 
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Gestation and parturition: Gestation lengths and parturition were unaffected by test article 
administration. Necropsy observations: A gross necropsy was conducted for all females. The 
thoracic, abdominal, and pelvic cavities were examined. There were no noteworthy findings. The 
number of former implantation sites was recorded for females that delivered. Pre-implantation 
loss was calculated by subtracting the number of pups born from the number of implantation 
sites. There were no test article-related effects on the number of implantation sites and pre-
implantation loss. 
 
F1 Generation 
Each litter was examined daily for survival. Mean number of pups born were slightly lower in 
the MD and HD groups when compared with the Control. However, these values were within the 
range of the   historical control data. Mean live litter size on postnatal Day 
(PND) 0 was significantly lower in the MD and HD groups when compared with the Control (see 
table below). The total number of pups (litters) found dead or euthanized in extremis from PND 
0 through 21 was 4(3), 16(6), 51(10), and 137(10) in the Control, LD, MD, and HD, respectively. 
Postnatal survival in the LD group from PND 0 to 1 and in the MD and HD groups from birth to 
PND 4 was decreased compared to the Control. Decreased postnatal survival was primarily 
attributed to the high number of pup deaths from 2 dams in the LD group or to the complete litter 
loss of 1 MD and 8 HD dams. The decreased postnatal survival correlated with an increased 
incidence of milk absent in the stomach of pups that were found dead on PND 0 or 1. Postnatal 
survival was generally similar to the Control following PND 1 in the LD group and following 
PND 7 and 4 in the MD and HD groups, respectively. Overall decrease in postnatal survival in 
all treatment groups is considered to be test article-related. Clinical signs: Pale body, cyanotic 
appearance, and/or gasping were noted in 4 and 5 pups that were found dead in the MD and HD 
groups, respectively. Body weights: Mean pup body weights in the MD and HD groups were 
lower than the Control on PND 1 (-14.5% and -34.4%, respectively). Mean offspring body 
weight and body weight gains in the LD group were unaffected. Mean pup body weights 
remained lower during PND 4-7 for the HD group. Mean body weight gains in the MD group 
and in the remaining 2 litters in the HD group were similar to or higher (according to  
a result of smaller and less competitive litter size) than the Control throughout the remainder of 
the postnatal period. Macroscopic findings: Renal papillary findings were noted in HD pups 
found dead (renal papillae not fully developed). Renal papillae not developed were also noted in 
9 (5) pups (litters) in the HD group. This finding correlated with decreased pup weight in the HD 
group and indicates treatment-related developmental delay. According to  these are 
non-specific changes associated with the severe growth retardation seen in this group. All data 
are summarized in the following Applicant’s tables. 
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• F2 generation: At 1 mg/kg/day, test article-related findings included lower birth weights, 
clinical signs similar to these in the F1 generation (pale and cool body, small stature), and 
lower body weight on PND 4 (end of study). 

• Systemic exposure of F0 animals to the metabolites DCAR and DDCAR was observed 
only at 1 mg/kg/day, and was very low when compared to that of cariprazine. 

 
The NOAEL for F0 maternal systemic toxicity is 1 mg/kg/day based on the absence of adverse 
effects in maternal females at this dose. This dose is similar (~1.1 times) to the MRHD of
mg/day on a mg/m2 basis. The AUC0-24h for cariprazine at 1 mg/kg in F0 female rats on lactation 
day (LcD) 20 is 441 ng•h/mL, which is ~1.1 times the cariprazine AUC0-24h expected in humans 
at the MRHD of mg/day (402 ng•h/mL). Combined AUC0-24h for cariprazine, DCAR, and 
DDCAR at 1 mg/kg on LcD 20 is 476 ng•h/mL in F0 female rats, which is ~0.3 times the 
combined AUC0-24h for cariprazine, DCAR, and DDCAR expected in humans at the MRHD of
mg/day (1626 ng•h/mL). Therefore, there is no margin of safety for any toxicity observed in the 
F1 or F2 generations for human dosing at the MRHD of  mg/day. 
 
The NOAEL for F1 and F2 generation developmental toxicity is 0.3 mg/kg/day based on the 
lower postnatal survival, birth weights, body weights and body weight gains and decreased 
auditory startle responsiveness in F1 males observed at 1 mg/kg in the F1 generation, and based 
on lower body weights and body weight gains at 1 mg/kg in F2 generation. The 0.3 mg/kg dose is 
~0.3 times the MRHD of mg/day on a mg/m2 basis. The AUC0-24h for cariprazine at 0.3 mg/kg 
on LcD 20 is 125 ng•h/mL in F0 female rats, which is ~0.3 times the cariprazine AUC0-24h 
expected in humans at the MRHD of  mg/day (402 ng•h/mL) and ~0.08 times the combined 
AUC0-24h for cariprazine, DCAR, and DDCAR expected in humans at the MRHD of mg/day 
(1626 ng•h/mL). The exposure of maternal animals to the metabolites DCAR and DDCAR 
following administration of cariprazine at 0.3 mg/kg was low and considered “not calculable” by 
the  
 
Methods 

Doses: 0, 0.1, 0.3, and 1 mg/kg/day (Control, LD, MD, and HD, 
respectively; doses are expressed in terms of the free base) 

Frequency of dosing: Once daily for 35 to 36 days 
Dose volume: 10 mL/kg 

Route of administration: Oral (gavage) 
Formulation/Vehicle: Solution of cariprazine in the vehicle/deionized water 

Species/Strain: Rat/Crl:CD(SD) 
Number/Sex/Group: 25 females/group (13 weeks old) 

Satellite groups: TK group: 4 mated females in the Control, 12 mated females 
per each of the test article groups 

Study design: See below 
Deviation from study 

protocol: 
It is this reviewer’s assessment that the deviations from the 
protocol did not compromise the study validity. 

 
Study design: This study was designed to determine potential adverse effects of daily 
administration of cariprazine to maternal animals from gestation day (GD) 6 to lactation day 
(LcD) 20 (35 to 38 days from implantation to weaning) on pregnancy, parturition, and lactation 
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of maternal animals (F0). Growth, viability, development, and reproductive performance of the 
offspring (F1 generation) and growth and viability of the F2 neonates through postnatal day 4 
(PND 4) were also evaluated. See Applicant’s figure below for more design details. 
 

 
Study design (continued): 
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Observations and Results  

F0 Dams 
Mortality: All F0 dams survived to scheduled necropsy on LcD 21. Clinical signs: There were no 
test article-related clinical signs during once or twice daily observations. Body weight: Maternal 
body weights were measured on GD 0, 6, 9, 12, 15, 18, and 20 and on LcD 1, 4, 7, 10, 14, 17, 
and 21. On GD 6-20 body weight gain was decreased by 8% in MD and HD groups. This change 
did not reach statistical significance. Statistically significant transient decrease in body weight 
(up to -5.6%), noted in HD females during LcD 7-17, was test article-related, but considered 
nonadverse. On LcD 21, mean body weights were similar in all groups. Food consumption: 
Maternal food consumption was recorded on GD 0, 6, 9, 12, 15, 18, and 20 and on LcD 1, 4, 7, 
10, 14, and 21. There were no test article-related changes in food consumption during gestation. 
Statistically significant decrease in food consumption during LcD 1-21 (by 18% when evaluated 
as g/animal/day) in HD females was attributed to decreased lactational demand that resulted 
from deaths of several pups. Gestation length was minimally longer in the HD group, however, 
duration was similar to the mean value in the  historical control database, and 
not considered test article-related. Parturition was similar in all groups. Uterine content: 
Pregnancy rates were 100%, 96%, 96%, and 96%, in the Control, LD, MD, and HD, respectively 
because one dam in each of the treated groups failed to deliver and were found to be nongravid. 
Necropsy observation: There were no macroscopic findings at F0 necropsies, including females 
with total litter loss. F0 data are summarized in the following reviewer’s table. 
 
F0 females – summary of findings 
Dose (mg/kg/day) Control 0.1 0.3 1.0 
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No. dams evaluated 25 25 25 25 
No. died or euthanized 0 0 0 0 
Clinical observations - - - - 
Necropsy observations - - - - 
Gestation body weight gain, g 
G 6 - 20 

117 122 108 108 

Gestation food consumption 
G 6 - 20 (g/animal/day) 
G 6 - 20 (g/kg/day) 

 
23 
72 

 
24 
72 

 
23 
72 

 
23 
71 

Lactation body weight, g 
LcD 7 (%) 
LcD 10 (%) 
LcD 14 (%) 
LcD 17 (%) 

 
326 
338 
346 
350 

 
337 (3.4) 
345 (2.1) 
354 (2.3) 
354 (1.1) 

 
324 (- 0.6) 
334 (- 1.2) 
342 (- 1.2) 
349 (- 0.3) 

 
310 (-4.9)* 
319(-5.6)** 
329 (-4.9)* 
332 (-5.1)* 

Lactation body weight gain, g 
LcD 4-7  
LcD 1-21  

 
17 
37 

 
13 
33 

 
10* 
33 

 
11 
34 

Lactation food consumption 
LcD 1-21 (g/animal/day) 
LcD 1-21 (g/kg/day) 
Gestation length (days) 

 
55 

165 
21.6 

 
55 

162 
21.8 

 
53 

161 
21.9 

 
45** 

144** 
22.0** 

Dunnett’s Test * - p < 0.05  ** - p < 0.01; G = Gestation Day; LcD = Lactation Day;   
g = grams 
 
Toxicokinetics: Blood for TK was collected from pregnant satellite female rats on GD 6 and LcD 
21 (after 1st and last dose). Systemic exposure (AUC0-24h) to cariprazine increased with 
increasing dose on GD 6 and LcD 21. Exposure to cariprazine on LcD 21 was higher than 
exposure on GD 6 at each dosage level. The accumulation ratio was 6.6 at 0.1 mg/kg, but only 
1.7 and 1.3 at 0.3 and 1 mg/kg, respectively. Administration of cariprazine resulted in systemic 
exposure to the metabolites DCAR on GD 6 and LcD 21 and to DDCAR on LcD 21 only in the 
HD animals (see tables below). Exposure to metabolites was very low when compared to that of 
cariprazine and below the limit of quantitation (3 ng/mL) at the LD and MD. The T1/2 for 
cariprazine in plasma, when reportable, was from 2.5 to 3.7 hours. The T1/2 for DCAR was 4.5 h 
on GD 6 and 3.2 h on LcD 21. The T1/2 for DDCAR in plasma could not be calculated. Mean TK 
parameters are shown in the Applicant’s table below. 
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Dosing Solution Analysis 
The analyzed dosing formulations were within  SOP range for solutions (90% to 
110%) and the protocol-specified range (85% to 115%), except 4 samples, which had no impact 
on the integrity of the study and conclusions.  
 
F1 Generation 
F1 postnatal observations: The mean number of pups born\litter and percentage of males\litter at 
birth were unaffected by maternal treatment. Postnatal survival was lower in the HD F1 litters on 
PND 0 (not statistically significant) and PND 0-1, PND 1-4, and from birth to PND 4 (all 
decreases statistically significant; p<0.01) (see table below). Five HD F0 females had total litter 
loss during PND 2-12, including 4 HD F0 females with litter loss during PND 2-4. Fifteen other 
HD F0 females had pup survival rates 11.8 to 80% that were lower than the minimum value in 
the  historical control database (83.8%) for PND 1-4. Number of pups (litters) 
that were found dead were 15(9), 22(18), 33(16), and 178(22) in the Control, LD, MD, and HD 
groups, respectively. Clinical signs: General physical condition of the F1 pups in the LD and MD 
groups was unaffected by maternal test article administration. F1 pups in the HD group were 
pale, cool to touch, had small stature and cyanotic body, and gasping. Body weight: Birth weight 
and body weight gains in the HD group through PND 10 were lower than Control resulting in 
lower body weights during the pre-weaning period. Food consumption: The majority of pups that 
died on PND 0 or 1 did not have milk present in the stomach, indicating they died without 
nursing. Physical development: Renal papillary findings were observed at necropsy of the HD 
pups that were found dead, indicating developmental delay (see table below). There were no test 
article-related malformations. There were no findings at necropsy of pups euthanized on PND 
21. F1 developmental landmarks: The mean age of attainment of balanopreputial separation and 
mean body weight at the age of attainment in male pups, as well as the mean age of attainment of 
vaginal patency in female pups, were unaffected by the test article administration. These data are 
summarized in the reviewer’s table below. 
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F1 litters postnatal parameters 
Dose (mg/kg/day) Control 0.1 0.3 1.0 
No. litters evaluated 25 24 24 24 
Mean no. pups per litter 14.8 15.2 14.1 14.7 
Pup sex ratios (% males/litter) 51.4 54.3 47.0 51.6 
Mean postnatal survival 
PND 0 (relative to no. born) (%) 
PND 0-1 (%)  
PND 1-4 (pre-selection) (%) 
PND 4 (post-selection) to 7 (%) 
Birth to PND 4 (%) 

 
98.6 
98.8 
97.6 
99.5 
95.3 

 
98.0 
96.9 
98.4 
98.4 
93.6 

 
99.0 
96.7 
95.3 
97.4 
91.1 

 
93.8 

73.5++ 
63.1++ 

94.0 
49.0++ 

Clinical findings (no. pups/no. litters) 

Body cool 
Cyanotic 
Body pale 
Small stature 
Gasping 

 
0/0 
0/0 
1/1 
1/1 
0/0 

 
1/1 
0/0 
1/1 
8/3 
0/0 

 
3/3 
0/0 
3/3 

25/11 
0/0 

 
11/11 

2/2 
6/6 

21/13 
3/3 

Macroscopic findings 
Renal Papilla Not Fully Developed 
Renal Papilla Not Developed 

 
0/0 
0/0 

 
0/0 
0/0 

 
0/0 
0/0 

 
7/3 
4/3 

M F M F M F M F Offspring Weights 
PND 1; g  
(%) 

6.8 
 

6.5 
 

6.8 
(0.0) 

6.4 
(-1.5) 

6.7 
(-1.5) 

6.3 
(-3.1) 

5.6**
(-17.6) 

5.3**
(-18.5) 

Offspring Weights 
PND 21; g (%) 

49.0 47.3 50.8 
(3.7)

48.3 
(2.1) 

50.5 
(3.1)

47.8 
(1.1) 

46.9 
(-4.3)

45.2 
(-4.4)

Offspring Weight Gain, PND 4-7; g 6.0 5.7 5.9 5.6 5.9 5.3 4.9* 4.4* 
Balanopreputial Separation (days) 45.5 NA 45.5 NA 44.8 NA 46.3 NA 
Vaginal Patency (days) NA 33.6 NA 33.0* NA 33.2 NA 33.8 
Clinical findings - - - - - - - - 

Dunnett’s Test * - p<0.05  ** - p<0.01; G = Gestation Day; LcD = Lactation Day;   
g = grams 
 
F1 sensory function and behavioral testing: The auditory startle response habituation paradigm 
was conducted with selected F1 male and female animals on PND 20, and again at sexual 
maturity on PND 60. F0 maternal administration had no significant impact on auditory startle 
responsiveness in the LD and MD F1 groups. On PND 20, the maximum response values (MAX) 
for the HD males were 17.2% to 23.1% lower than the Control throughout all 50 trials and this 
result is considered test article-related and adverse. On PND 60, the MAX values for all trials 
combined for F1 males and females were similar to the Control group values (see table below). 
Swimming ability in the Biel maze test conducted on the PND 22 or 62 and locomotor activity 
(total activity and ambulatory activity counts) evaluated on PND 21 and 61 (as animals 
approached sexual maturity) were unaffected by F0 maternal test article administration at all dose 
levels (see the Applicant’s table below). 
 
F1 post-weaning parameters: No mortality or clinical signs related to F0 maternal treatment were 
noted during the F1 generation. The lower mean body weights observed in the HD group during 
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the pre-weaning period continued into the post-weaning period. Lower body weight and body 
weight gain were noted in HD males during PND 28-84 and 28-126. Lower body weight was 
also observed in HD females during PND 28-35; it was similar to the control group for the 
reminder of the study. The effects on body weights in the HD male and female groups are 
considered test article-related and adverse. Body weights in the LD and MD groups were 
unaffected during the post-weaning period. Mean F1 maternal body weights and body weight 
gains during F1 gestation and lactation were unaffected by F0 maternal test article administration. 
These data are summarized in the Applicant’s table below. 
 

F1 Litters Control 0.1 mg/kg 0.3 mg/kg 1 mg/kg 
 M F M F M F M F 
 

 
F1 reproduction: There were no test article-related changes in F1 reproductive performance, 
based on unaffected estrus cycle length, male and female mating and fertility index, copulation 
index, conception index, gestation length, and macroscopic observations in all groups. 
 
F2 Generation 
The mean number of pups per litter, live litter size, pup sex ratios, and postnatal survival from 
birth to PND 4 (end of study) were unaffected by the F0 maternal test article administration. 
However, the general physical condition of F2 pups in the HD group was similar to that in the F1 
generation HD group, with clinical signs of small stature, pale and cool body. In addition, mean 
group body weights on PND 1 and 4 were lower than that in the control group (PND 1: -5.7% in 
males and -6.1% in females, not statistically significant; PND 4: -8.5% in males and -11.2% in 
females; statistically significant in females at p<0.05) as shown in the Applicant’s table below. 
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There were no relevant necropsy findings in the 1 mg/kg group. Other groups were unaffected by 
the test article administration. 
 

 
 

10 Special Toxicology Studies 
 
Study title:  A lacteal transfer study of cariprazine in rats 
 

Study no.: RGH-TX-45 
Study report location:

Conducting laboratory and location:
Date of study initiation: June 13, 2011 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCL (RGH-188 HCl), lot P69001K, 
purity 99.4% 

 

Key Study Findings 

• Cariprazine and its metabolites DCAR and DDCAR were detected in milk of F0 dams 
when measured at 2 hours post-dosing.  

• Cariprazine milk concentrations were 1.6- to 2.8-fold higher than plasma concentrations 
in F0 dams. 

• Cariprazine was detected in plasma of F1 pups at very low levels when measured at 4 
hours post-dosing, while the metabolites DCAR and DDCAR were not detectable. 
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Methods 
Doses: 0, 0.1, 0.3, and 1 mg/kg/day (Control, LD, MD, and HD, 

respectively; doses are expressed in terms of the free base) 
Frequency of dosing: Once daily  

Route of administration: Oral (gavage) 
Dose volume: Due to out-of-specification analytical results obtained on all 4 batch 

preparations of test article formulations, the dosage volume 
administered to animals was adjusted as listed below, in order to 
administer the target doses. P1 - P4 = Weekly preparations 1 - 4. 

Formulation/Vehicle: Cariprazine solution in the vehicle/deionized water 
Species/Strain: Rat/Sprague Dawley [Crl:CD(SD)]  

Number/Sex/Group: 12 female rats/group 
Age: 14 weeks of age at the beginning of test article administration 

Weight: ~ 248-251 g at initiation of dosing 
Satellite groups: None 

Unique study design: Cariprazine was administered to rats from gestation day (GD) 6 
through lactation day (LcD) 10 for a total of 26 to 28 doses. 
Concentration of the test article and the metabolites in maternal and 
neonatal plasma and maternal milk was measured. 

Deviation from study 
protocol: 

It is this reviewer’s assessment that the deviations from the protocol 
did not compromise the study validity. 

 

Observations and Results 
F0 Dams 
All maternal animals were observed for moribundity and mortality (twice daily), clinical signs 
(daily), body weights (GD 0, 6, 9, 12, 15, 18, and 20 and LcD 0, 1, 4, 7, and 10), food 
consumption (the same days as body weights except the LcD 0) and the process of parturition. 
One MDF was euthanized on LcD 1 due to dystocia (pale body, limbs and body cool to the 
touch, and red vaginal discharge). Dystocia was not considered test article-related, as it was not 
observed at higher dose levels and in other studies conducted with cariprazine. One LDF failed 
to deliver, and two HDF lost their litters on LcD 2. All other females survived to the scheduled 
necropsy on LcD 10. There were no test article-related clinical signs or changes in body weights 
during gestation or lactation or in the process of parturition. Food consumption was unaffected 
during gestation, and was lower in MD and HD females during lactation due to decreased 
lactation demand caused by reduced F1 survival. There were no test article-related macroscopic 
findings, including no effects on the number of former implantation sites and the number of 
unaccounted-for sites in the F0 dams. 
 
F1 Generation 
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Concentrations of cariprazine, DCAR, and DDCAR in plasma of dams and offspring 4 hours 
after the last dose are shown in the following Applicant’s table. 
 

 
 
Study title:  3-month electroretinography study of cariprazine (RGH-188) following     
daily oral capsule administration in Beagle dogs with a 2-month recovery 
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Study no.: RGH-TX-49 
Study report location:

Conducting laboratory and location:
Date of study initiation: September 27, 2011 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot 
L0004508/L06038N, purity 99.7% 

 
Methods:  
This study was designed to investigate the potential for adverse effects of melanin binding of 
carprazine and/or its metabolites on the retina by electroretinography (ERG). Beagle dogs (~5-6 
months of age at study initiation; 6/sex/group; males: 8.2 - 10.5 kg, females: 5.6 - 8.7 kg at 
dosing initiation) were administered cariprazine orally in capsule at 0, 1, 3, and 8 mg/kg/day 
(Control, LD, MD, and HD, respectively; doses expressed in terms of the free base). The MD 
and HD dose animals underwent the 2- or 4-week dose-adaptation period, respectively, prior to 
Day 1 of the dosing phase (MD group: 1 and 2 mg/kg/day in Weeks -2 and -1, respectively; HD 
group: 1, 2, 4, and 6 mg/kg/day in Weeks -4, -3, -2, and -1, respectively). A concurrent control 
group received the vehicle (empty capsule). During the dosing phase, all animals were dosed 
from Day 1 at full dose levels for 13 weeks, followed by 8 weeks of recovery. Mortality, clinical 
signs, food consumption, body weight, and TK were assessed at appropriate intervals. 
Assessment of test article-related effects on ocular structure and function was based on 
ophthalmic examinations and the ERG.  
 
Observations and Results: 
There were no test article-related deaths in this study. Cage side observations were conducted 
daily; detailed observations were performed weekly. Sporadic convulsions and more frequent 
observations of tremors were reported. The convulsions occurred 9 to 21 minutes after dosing, 
and were only sporadically observed on Days 1 to 8 of the main dosing phase in a few animals 
from each test article treated group. According to the Applicant, it is likely that the convulsions 
reported by the technical staff in this study were actually extrapyramidal signs due to the 
pharmacology of the test article, and not true convulsions. In addition, aggressive behavior 
(snapping/biting, growling/snarling, hyperactivity, and lunging) was observed in all test article-
treated groups. Observations of lost teeth, swelling, broken skin, red skin, and scabs at various 
regions of the anatomy were likely the result of injury during aggressive interactions. Some of 
the behavioral effects persisted into the recovery phase. The incidence of behavioral signs is 
shown summarized in the Applicant’s table below. 
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Clear ocular discharge was observed in a few MD and HD animals. Body weights were recorded 
weekly. There were no effects on body weight during the dosing phase. MD and HD animals had 
significantly larger body weight gains early in the recovery phase and the overall body weight 
gain during the recovery phase. There were no significant changes in food consumption, which 
was recorded weekly. 
 
Ophthalmic examinations were performed by the veterinary ophthalmologist once prior dosing 
and during Week 13 of dosing using slit-lamp biomicroscopy and indirect ophthalmoscopy.  
Posterior capsular to posterior cortical cataracts were observed in 1/6 MD male dog (incipient in 
both eyes), in 5/6 HDM males (punctate in one eye of one animal, punctate in both eyes of two 
animals, and incipient in both eyes of two animals), and in 3/6 HD females (incipient in both 
eyes of one animal and punctate in both eyes of two animals). The Applicant indicated that “the 
opacities appeared to begin in the posterior capsular to posterior cortical region near the tips of 
the “Y” sutures of the lens. In eyes with incipient cataracts, the opacity was denser and involved 
the axial lens, and extended down the arms of the “Y” sutures to the “Y” suture tips. Although 
regarded as potentially toxicologically adverse, the density of these changes would not be 
expected to appreciably alter the ERG”.  
 
ERG testing was conducted during the pre-dose phase, in Weeks 4, 8, and 13 of the dosing 
phase, and in Weeks 4 and 8 of the recovery phase. Dark-adapted (scotopic) and light-adapted 
(photopic) ERGs were recorded. The ERG traces were examined qualitatively for clinically 
significant changes. Clinically significant changes, based upon experience with human ERG 
testing, included three broad categories: normal, subnormal (arbitrarily defined in this context as 
waveforms with amplitudes of 50% or less than the expected amplitude), and extinguished (i.e., 
no detectable waveform that differs from background noise). Clinically, under these test 
conditions, the 30 Hz flicker test of cone function is considered abnormal if the implicit time 
measure of peak latency exceeds 30 ms in canines. According to the Applicant, relatively few 
statistically significant effects were observed in the ERG parameters. Among these significant 
findings, many were in the opposite direction of a deleterious effect on retinal function. There 
were no consistent, potentially deleterious ERG findings associated with dose group or test 
week. Therefore, the observed effects were consistent with random variation and not related to 
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the test article. The Applicant concluded that no evidence of test article-related effects on the 
ERG was observed based on qualitative clinical evaluation and formal statistical analysis.  
Note: The results of the ERG study are currently being evaluated by the Division of Transplant 
and Ophthalmology Products. This review will be amended upon completion of the consultative 
review.  
 
Toxicokinetics: Blood was collected on Days 1 and 90 pre-dose and at ~1, 2, 3, 4, 6, 12, 16, and 
24 hours post-dose. Plasma samples were assayed for cariprazine and the metabolites DCAR and 
DDCAR. Males generally had higher Cmax and AUC0-24h values than females for cariprazine and 
both metabolites. However, sex differences were less than 2-fold. The increases in mean Cmax 
and AUC0-24h were roughly dose proportional for cariprazine and DCAR, while the increases for 
DDCAR were inconsistently dose proportional. Minimal accumulation of cariprazine and DCAR 
was observed between Days 1 and 90, while the DDCAR showed greater accumulation. The 
Applicant’s TK summary table is shown below.  
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The 1 and 3 mg/kg doses are the NOELs for cataracts in male and female dogs, respectively, 
which is ~3.6 and 11-times, respectively, the MRHD of mg/day based on mg/m2. The AUC0-24h 
for cariprazine at 1 and 3 mg/kg on Day 90 is 1186 and 3164 ng•h/mL in male and female dogs, 
respectively, which is ~3 and 7.9 times the cariprazine AUC0-24h expected in humans at the 
MRHD of mg/day (402 ng•h/mL). The combined AUC0-24h values for cariprazine, DCAR, and 
DDCAR in male and female dogs on Day 90 at 1 and 3 mg/kg are 2775 and 7622 ng•h/mL in 
male and female dogs, respectively, which is ~1.7 and 4.7 times the combined AUC0-24h for these 
moieties, expected in humans at the MRHD of mg/day (1626 ng•h/mL).  
 
Study title:  Antigenicity study of MP-214 
 

Study no.: 800924 
Study report location:

Conducting laboratory and location:
Date of study initiation: December 20, 2004 

GLP compliance: Yes (  GLP) 
QA statement: Yes 

Drug, lot #, and % purity: Cariprazine HCl (MP-214; RGH-188 HCl), lot 
W3C008K, purity 99.6% 

 
Methods:  
The antigenic potential of cariprazine (MP-214) was assessed using both active systemic 
anaphylaxis and passive cutaneous anaphylaxis in male Hartley guinea pigs using serum 
obtained from sensitized guinea pigs. The animals were sensitized s.c. with a mixture of 
cariprazine (2 mg/kg) and Freud’s adjuvant (FA), as shown in the Applicant’s table below. 
Control animals were sensitized s.c. with a mixture of water for injection and FA. Following 
sensitization, the guinea pigs were challenged intravenously with cariprazine (2 mg/kg). 
 

 
 
Results: 
No anaphylactic reactions were observed in cariprazine-treated male guinea pigs. The positive 
control confirmed the validity of the assay. Therefore, cariprazine did not have antigenic 
potential under conditions of this study. 
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Study title:  Investigative study for detecting effects of RGH-188 and olanzapine on 
body weight and metabolic parameters of female rats by oral administration for 14 days 
 

Study no.: 188OL/R-M-14D-O1 
Study report location: Archives at Gedeon Richter Plc. 

Conducting laboratory and location: Gedeon Richter Plc.  
Date of study initiation: November 9, 2007 

GLP compliance: No 
QA statement: No 

Drug, lot #, and % purity: Cariprazine HCl (RGH-188 HCl), lot 
R620241, purity 99.44% 

 
Methods:  
Effects of cariprazine and olanzapine on body weight and metabolic parameters were  
investigated in a 14-day study in female Wistar rats. Groups of 5 rats were administered 0.1 or 1 
mg/kg/day cariprazine or 2 or 20 mg/kg/day olanzapine in the vehicle (2% aqueous solution of 
Hypromellose 2910) by oral gavage. Animals were assessed for mortality, clinical signs, body 
weight, body weight change, food and water consumption, serum chemistry, estrus cycle length, 
organ weights, and gross and microscopic pathology. Satellite animals were used for both the 
prolactin assessment on Day 14 (all groups, 5/group) and TK assessment on Days 1 and 14 
(cariprazine administered animals only, 8/group).  
 
Results:  
Clinical signs were noted in animals treated with 20 mg/kg/day olanzapine and included slight 
hypoactivity, hunched posture, and vocalization accompanied by slight tremor and hind limb 
abduction in the majority of rats. Slight increases in body weight gain were noted in cariprazine-
treated rats as well as in rats treated with 2 mg/kg/day olanzapine. A significant increase in body 
weight gain, along with a decrease in water consumption, was noted in the 20 mg/kg olanzapine 
group. Dose dependent estrus cycle prolongation was noted in cariprazine treated animals. 
Because the olanzapine treated animals displayed permanent diestrus, an assessment of estrus 
cycle length could not be made for those groups. Mammary gland hyperplasia with increased 
secretion and statistically significant increase in prolactin levels were observed in all cariprazine 
and olanzapine groups following 14 days of administration. Cariprazine induced 87- and 256-
fold increases in the mean prolactin levels at 0.1 and 1 mg/kg, respectively, relative to the control 
group level. These data are show in the following Applicant’s table. 
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TK parameters are shown in the Applicant’s table below. 
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Secondary Pharmacology 
Cariprazine and DDCAR induced anxiolytic-like effects in the punished drinking test and in the 
foot shock induced ultrasonic vocalization paradigm in rats. The anti-abuse potential of 
cariprazine was investigated in rats in cocaine self-administration paradigms. The reports 
concluded that cariprazine decreased cocaine-seeking behavior and increased cocaine self-
administration in rats. The results of these studies are currently being evaluated by the Controlled 
Substances Staff. This review will be amended upon completion of the consultative review.  
 
Safety Pharmacology 
Clinical signs of the CNS depression (abnormal gait and decreases in motor activity, startle 
response, body tone, grip strength and several reflexes) were observed in cariprazine 
administered rats in the Irvin test, with a NOAEL of 0.4 mg/kg. Pentylenetetrazol seizure test in 
rats indicated the absence of pro- and anticonvulsant effects for cariprazine. Cariprazine had no 
significant effects on hexobarbital-induced sleep time but impaired motor coordination in rats at 
all dose levels tested, including the lowest dose of 0.25 mg/kg. Cariprazine and DDCAR 
appeared to lack cataleptogenic potential and decreased haloperidol-induced catalepsy. The 
estimated IC50 values for inhibition of hERG tail current are 3.4, 3.6, and 3.5 µM for cariprazine, 
DCAR and DDCAR, respectively; therefore the drug is expected to have low risk for arrhythmia. 
While administration of cariprazine to dogs had variable effects on heart rate and blood pressure, 
it did not show an increased incidence of arrhythmia. Cariprazine had significant effect on 
respiration in rats, causing hypoventilation by decreasing the respiration rate, and caused marked 
depression in the respiration rate without effect on tidal volume at 12.5 mg/kg. No adverse 
effects on the GI or renal systems were observed in rats. Administration of cariprazine 
significantly increased prolactin levels in rats (14 to 19-fold in males and 65 to 160-fold in 
females). 
 
Pharmacokinetics/ADME/toxicokinetics 
PK studies conducted with cariprazine in Wistar rats and Beagle dogs demonstrated rapid 
absorption of the drug. After oral administration of a single dose, the Tmax values were in the 
range of 0.5-1 hour for rats and 1-4 hours for dogs. The T1/2 values were in the range of 2-4 hours 
for rats and 4-9 hours for dogs. The Tmax and T1/2 did not differ significantly between male and 
female rats or dogs. The absolute oral bioavailability was 52-63% in rats and 64-80% in dogs, 
Absorption in humans is similar to that in animals: approximately 65% of the dose was absorbed 
after oral administration of 12.5 mg cariprazine in a mass balance study. PK studies using i.v. 
administration showed extensive tissue distribution of cariprazine in rats and dogs, with an 
apparent volume of distribution ranging from 6.5 to 7.8 L/kg in rats and 17 to 19 L/kg in dogs. 
 
In vitro studies conducted in the mouse, rat, dog, monkey, and human liver microsomes 
demonstrated qualitative, but not quantitative, similarity in the metabolic profile of cariprazine. 
In rats and dogs, the metabolites produced in vitro were also present in vivo. In vivo, cariprazine 
is extensively metabolized in rats, dogs, and humans. The metabolism of cariprazine involves 
demethylation, hydroxylation, and a combination of these two. Among all identified metabolites, 
desmethyl cariprazine (DCAR) and didesmethyl cariprazine (DDCAR) are the two 
pharmacologically active metabolites based on similar in vitro receptor binding and functional 
activity profiles compared to cariprazine. DDCAR is the major human metabolite, since its 
steady-state AUC in plasma is greater than 10% (~70%) of total drug-related exposure. 
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Adequately high levels of DDCAR have been achieved in nonclinical studies in dogs, mice, and 
rabbits, but not in rats. 
 
In humans, the cariprazine, DCAR, and DDCAR AUC0-24h values represent approximately 23% 
7%, and 70%, respectively, of the total AUC0-24h expected at steady state. However, in the rat, 
DDCAR is present at lower levels relative to cariprazine, as determined in the 6-months study in 
Wistar rats, where the exposure (AUC0-24h) for cariprazine, DCAR, and DDCAR represents 
approximately 72%, 18%, and 10% for males and 88%, 8%, and 4% for females, respectively, of 
the total AUC0-24h observed at steady state at the high dose of 10 mg/kg (males) and 12.5 mg/kg 
(females) on Day 180 of the study. DDCAR and cariprazine were circulating at relatively equal 
levels in the dog, as determined in the one-year study, where the exposure (AUC0-24h) for 
cariprazine, DCAR, and DDCAR represents approximately 40%, 20%, and 40% for males and 
38%, 19%, and 43% for females, respectively, of the total AUC0-24h observed at steady state at 
the high dose of 6 mg/kg on Day 360 of the study. 
 
Quantitative whole body imaging studies have demonstrated high binding of cariprazine to many 
tissues of pigmented and albino rats with slow elimination. The choroid layer of the eye and the 
adrenal gland were among the organs with the highest cariprazine- and/or metabolite-related 
tissue radioactivity concentrations and retention. Cariprazine and DDCAR readily crossed the 
blood-brain barrier in rats following oral administration of cariprazine or DDCAR. In vitro 
protein binding of [14C] cariprazine to plasma proteins is high (approximately 96%) in rat, dog, 
and human plasma, with no apparent difference in the extent of binding between genders or 
species; the binding was concentration independent over the range of 100 to 1000 ng/mL of 
cariprazine. The primary route for elimination is biliary, since approximately 77% and 62% of 
the dose was recovered in feces in rats and dogs, respectively. Only ~ 15% and 21% of the dose 
was recovered in urine in rats and dogs, respectively, indicating the minor role of renal excretion. 
 
In rats and dogs, the terminal elimination half-lives (T1/2) for cariprazine, DCAR, and DDCAR 
are less than 24 hours after multiple doses and accumulation is generally less than 2-fold 
between Day 1 and the end of the study. However, in humans, the T1/2 of cariprazine and its 
major active metabolites is longer. Mean T1/2 values for cariprazine, DCAR, and DDCAR are 
about 3-9 days, 2-4 days, and 2-3 weeks, respectively, and significant accumulation was 
observed in humans for cariprazine, DCAR, and DDCAR after multiple doses (~25-fold increase 
in total effective exposure between Day 1 and Day 14 following dosing at 0.5 mg/day).  
 
General toxicology and carcinogenicity 
General toxicology studies were conducted following oral administration of cariprazine to Wistar 
rats (gavage), Beagle dogs (capsule), and Cynomologus monkeys (capsule). Carcinogenicity 
studies were conducted following oral (gavage) administration of cariprazine to transgenic 
Tg.rasH2 mice and Wistar rats. Dose-range-finding studies for the mouse carcinogenicity study 
were conducted in nontransgenic CByB6F1 hybrid mice and transgenic Tg.rasH2 mice (oral 
gavage). In general, administration of cariprazine did not induce mortality in animals at clinically 
relevant exposure levels, but did significantly decrease body weight, body weight gain and food 
consumption. Target organs for cariprazine toxicity identified in nonclinical studies include the 
central nervous system (CNS), eye, adrenal cortex, lungs, reproductive organs, and sciatic nerve. 
Most of these organs were affected in the rat, dog, and mouse. The sciatic nerve was affected 
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only in the rat. Moreover, significant adverse effects on plasma cholesterol and triglycerides 
levels were observed in the rat, dog, and mouse.  
 
Repeated-dose general toxicology and carcinogenicity studies included (cariprazine doses are 
shown in parenthesis): 4-day exploratory toxicity study in rats (0, 1, 10, 30, and 100 mg/kg/day), 
14-day exploratory toxicity study in rats (0, 1, 10, and 50 mg/kg/day), 28-day toxicity study in 
rats (0, 0.5, 2.5, 12.5, and 50 mg/kg/day), 13-week toxicity study in rats (0, 1, 3, and 12.5 
mg/kg/day), 6-month toxicity study in rats [0, 1, 3, and 10 mg/kg/day (males) or 12.5 mg/kg/day 
(females)], 28-day day toxicity study in dogs (0, 0.5, 1, and 2 mg/kg/day), 13-week toxicity 
study in dogs (0, 1, 3, and 8 mg/kg/day), 1-year dog study in dogs (0, 1, 2, 4, and 6 mg/kg/day), 
14 day MTD study in monkeys (1 mg/kg/day), 6-week dose range-finding study in CByB6F1 
hybrid mice (0, 15, 20 and 30 mg/kg/day), 7-week dose range-finding study in transgenic 
Tg.rasH2 mice [0, 1, 5, 15, 45 → 60 mg/kg/day (males) and 0, 1, 5, 15 → 25, 45 → 60 → 75 
→100 → 140 mg/kg/day (females)], 28-week carcinogenicity study in transgenic Tg.rasH2 mice 
[ 0, 1, 5, and 15 mg/kg/day (males) and 0, 5, 15, and 50 mg/kg/day (females)], and 2-year 
carcinogenicity study in rats [0, 0, 0.25, 0.75, and 2.5 mg/kg/day (males) and 0, 0, 1, 2.5, and 7.5 
mg/kg/day (females)]. 
 
Central nervous system (CNS) 
CNS-related, pharmacological clinical signs that showed dose-dependent incidence and severity 
were observed in subchronic studies conducted with cariprazine at variable, but generally high, 
dose levels in rats, dogs, mice and monkeys. These signs included decreased motor activity, 
tremors, flat body posture, limb abduction, lower lip retraction, increased or decreased muscle 
tone, back muscle contraction, hunched posture, lethargy, piloerection, brown/yellow fur 
staining, and chromodacryorrhea. The NOAELs were achieved following an escalating dose 
regimen in 2-weeks dose-adaptation periods during which the development of tolerance to 
clinical signs was noted. No test-article related clinical signs were observed in the chronic (6-
month) toxicity study in rats, due likely to the use of lower doses than in the subchronic studies. 
In the chronic (1-year) toxicity study in dogs, generally slight and transient tremors were noted 
primarily during the first month of dosing. The incidence of tremors decreased time-dependently 
through Month 7; tremors were not observed thereafter.  
 
Ocular toxicity (cataracts and retinal degeneration) 
The eye is a target organ of cariprazine toxicity in rats and dogs. Cariprazine produced adverse 
effects on the eye structure in the 13-week and 1-year toxicity studies in dogs (cataracts, lens 
degeneration, cystic degeneration and detachment of the retina) and 2-year carcinogenicity study 
in rats (retinal degeneration/atrophy). 
 
Quantitative whole body imaging studies demonstrated binding of cariprazine to melanin in the 
eyes of rats. The eye choroid layer was among the organs with the highest cariprazine- and/or 
metabolite-related tissue radioactivity concentrations observed following oral administration of a 
single 3 mg/kg [14C]cariprazine dose to Long Evans (pigmented) rats. Mean choroid layer to 
blood radioactivity ratios were 79, 1345, and 2851 at 2, 24, and 48 hours, respectively, and 
radioactivity was still present in the choroid layer on Day 56 (last measurement) at 8% of the 
maximum level, indicating accumulation and slow elimination. 
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Cataracts (clouding of the eye’s lens) and lens fiber swelling were observed at termination of 
dosing in the 13-week toxicity study in dogs. Posterior subcapsular cataracts were observed in 
2/5 males and 4/6 females at 8 mg/kg. During a 4-week recovery period, cataracts present at 
termination of dosing progressed in 2/4 dogs, and dogs without previous cataracts developed 
them. Therefore, cataracts were observed in a total of 3/5 males and 5/6 females at 8 mg/kg. 
These dogs also had microscopic lesions in the lens, which were described as minimal to mild 
lens fiber swelling in the posterior pole of the lens or in the anterior lens cortex. The NOEL for 
the cataracts and eye lens fiber swelling is 3 mg/kg, which is 11 times the MRHD of 9 mg/day 
based on mg/m2 and 3.9 to 4.8 times the combined exposure for cariprazine, DCAR, and 
DDCAR expected in humans at the MRHD of 9 mg/day based on AUC. Cataracts were also 
observed in dogs at 3 and 8 mg/kg/day in the 13-week electroretinography study of similar 
design (see below). 
 
Ocular opacity, discoloration, cataracts, and degenerative changes in the lens were observed in 
the 1-year toxicity study in dogs. Cataracts were observed at termination of dosing in 6/6 males 
and 3/6 females at 4 mg/kg and 5/6 males and 6/6 females at 6 mg/kg. These cataracts were dose 
related in the incidence and severity, and involved the posterior pole, the posterior sutures, the 
equatorial complex, the anterior cortex, or were complete bilateral cataracts. Cataracts were also 
observed earlier on Day 99 (but not on Day 66) in 2/4 dogs. No new cataracts developed during 
the 2-month recovery period in dogs that did not have cataracts during the treatment period. 
However, cataracts in high dose animals showed further progression. Clinically observed 
cataracts correlated with degenerative changes in the lens observed microscopically. Minimal 
and reversible lens fiber swelling was observed in ~50% of animals dosed at 1 or 2 mg/kg. 
Severe changes in the lens fibers (swollen, degenerated, fragmented with vacuoles, clefts and 
eosinophilic granular material) and irregular shaped/collapsed lens were observed in all animals 
administered 4 and 6 mg/kg. Moreover, detached retina and cystic degeneration of the retina 
were noted in some animals dosed at 4 or 6 mg/kg. The NOEL for findings in the eyes was not 
determined in this study and is less than 1 mg/kg, based on the lens fiber swelling observed at all 
cariprazine dose levels. Although the severity of this finding was low at the low dose level (1 
mg/kg), this effect cannot be ignored because it progressed to a severe level at higher doses. 
Therefore, based on the eye toxicity, there is no margin of safety for human dosing at the MRHD 
of mg/day. The NOEL for cataracts is 2 mg/kg for both sexes, which is 7 times the MRHD of
mg/day based on mg/m2 and 2.8 to 3.8 times the combined exposure for cariprazine, DCAR, and 
DDCAR expected in humans at the MRHD of mg/day based on AUC. Therefore, for cataracts, 
there is approximately a 3- to 4-fold margin of safety for administration of cariprazine to humans 
at the MRHD of mg/day based on AUC in this study. Additional studies to further evaluate the 
mechanism have not been performed and the Applicant did not propose any explanation for the 
development of the cataracts in dogs. No cataracts were produced by cariprazine in rats or mice. 
 
The mechanism underlying the development of cataract is unclear. This reviewer notes that 
cataracts may be associated with lipid changes in lens fibers, especially with increased 
accumulation and redistribution of cholesterol inside these cells. Some direct and indirect 
evidence also suggests involvement of cholesterol oxide derivatives (oxysterols) in the 
development of cataract. Oxysterol formation can result either from nonenzymatic or enzymatic 
processes, and some oxysterols can induce a wide range of cytotoxic effects (overproduction of 
reactive oxygen species; phospholipidosis) which might contribute to the initiation and 
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progression of cataract (Vejux A. et al., Journal of Ophthalmology, 2011). Cariprazine produced 
significant disruption of lipid metabolism in nearly all nonclinical toxicity studies, including 
light to severe decreases in serum cholesterol and triglycerides (up to -51%) in dogs in all 
cariprazine treatment groups in the 13-week toxicity study and in males at all doses and females 
at 6 mg/kg (up to -49% and -58%, respectively) in the 1-year study (see more information 
below). It has also been proposed that the cataract development in dogs may be related to 
inhibition of cholesterol biosynthesis. For comparison, in dogs receiving another atypical 
antipsychotic, quetiapine, for 6 or 12 months, but not for 1 month, focal triangular cataracts 
occurred at a dose of 100 mg/kg/day (4 times the MRHD of 800 mg/day based on mg/m2). This 
finding was considered to be due to the inhibition of cholesterol biosynthesis by quetiapine. 
Quetiapine caused a dose-related reduction in plasma cholesterol levels in multiple-dose dog 
study at Weeks 23 (-14%) and 35 (-26%) and in monkey studies; however, there was no 
correlation between plasma cholesterol and the presence of cataracts in individual dogs. 
Additionally, there was a 25% reduction in cholesterol content of the outer cortex of the lens 
observed in a special study in quetiapine treated female dogs (see Seroquel labeling and SBA for 
more details). 
 
Retinal degeneration/atrophy was observed microscopically in the 2-year carcinogenicity study 
in rats (albino). Although there were no test article-related ophthalmoscopy findings, minimal to 
moderate retinal degeneration/atrophy, primarily involving the outer nuclear and outer plexiform 
layers, was observed in males dosed at 0.75 and 2.5 mg/kg and in females administered all dose 
levels with a dose-related increase in the incidence and/or severity (total incidence in male rats: 
4/60, 1/60, 4/60, 10/60, 8/60 and female rats: 5/60, 8/60, 21/60, 26/60, 46/60 in the Control 1, 
Control 2, low, medium, and high doses, respectively). The NOEL for retinal 
degeneration/atrophy could not be determined for female rats and was 0.25 mg/kg for male rats. 
The 0.25 mg/kg dose is 0.3 times the MRHD of mg/day based on mg/m2 and ~ 0.1 times the 
combined exposure for the cariprazine, DCAR, and DDCAR expected in humans at the MRHD 
of mg/day based on AUC. Therefore, based on the retinal degeneration/atrophy, there is no 
safety margin for administration of cariprazine to humans at the MRHD of mg/day. 
 
Among other approved atypical antipsychotics, aripiprazole produced retinal degeneration in 
Sprague-Dawley (albino) rats in the 26-week chronic toxicity study at doses 13 to 19 times the 
MRHD of 30 mg/day based on mg/m2 and 7 to 14 times human exposure at the oral MRHD 
based on AUC. Additional studies to further evaluate the mechanism have not been performed 
and findings were attributed to the drug exacerbating light-induced retinopathy. Blurred vision 
was observed in clinical trials with aripiprazole. Given the lack of identification of any major 
ocular pathology in the clinic, the drug was approved (Abilify labeling and SBA). In this context, 
this reviewer notes that the albino rats (Wistar and Sprague-Dawley), although commonly used 
in nonclinical studies, may not be the best model for ocular toxicity considering that the eye of 
the human is pigmented. The albino rat is susceptible to light-induced retinal degeneration that 
may complicate the ability to detect drug-induced ocular toxicity. Differences in ocular toxicity 
between the albino and the pigmented rat have been seen for some drugs, but not for others. If 
light induced, the finding of retinopathy in rats administered cariprazine would be considered of 
minimal relevance to humans (Brook W.J. et al., International Journal of Toxicology, 2013). 
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Special electroretinography (ERG) study was requested by the Division to investigate the 
potential for adverse effects of cariprazine (and/or its metabolites) binding to melanin on the 
retina and is reviewed by the Division of Transplant and Ophthalmology Products. The ERG 
study was conducted in dogs administered cariprazine at 0, 1, 3, and 8 mg/kg/day for 13 weeks; 
the results did not reveal evidence of retinal degeneration. However, posterior capsular to 
posterior cortical cataracts were observed in 1/6 male dogs dosed at 3 mg/kg (incipient in both 
eyes), in 5/6 male dogs dosed at 8 mg/kg (punctate in one eye of one animal, punctate in both 
eyes of two animals, and incipient in both eyes of two animals), and in 3/6 female dogs at 8 
mg/kg (incipient in both eyes of one animal and punctate in both eyes of two animals). The 
Applicant indicated that, although regarded as potentially toxicologically adverse, “the density of 
these cataracts would not be expected to appreciably alter the ERG”. The main function of the 
eye is to regulate and focus light from the environment onto the retina where it is absorbed and 
converted into action potentials for processing by the brain. Therefore, this reviewer is concerned 
that processing of light by the neural retina might have been affected by cataracts that developed 
in dogs. This review will be amended upon conclusion of the consultative review conducted by 
the Division of Transplant and Ophthalmology Products.  
 
Adverse effects on the structure of ocular tissues, potentially affecting their function, observed in 
the eyes of rats and dogs following systemic administration of cariprazine were noted early 
during the drug development process. Therefore, ocular safety risks were addressed in clinical 
trials, including the OCT studies, which are also currently under clinical review. At this time, the 
relevance of cariprazine-induced eye toxicity in observed in dogs and rats to human risk is 
unknown. The eye toxicity will be described in the Animal Toxicology and/or Pharmacology 
section of the labeling to alert patients and prescribers.  
 
Adrenal cortex toxicity 
The adrenal gland is a target organ of cariprazine toxicity in rats, dogs, and mice. Administration 
of cariprazine produced adverse changes in the structure of the adrenal cortex that can potentially 
affect its function. 
 
Quantitative whole body imaging study demonstrated binding of cariprazine to the adrenal 
cortex, and to a lesser extent to the adrenal medulla, in rats. The adrenal cortex was among the 
organs with the highest cariprazine- and/or metabolite-related tissue radioactivity concentrations 
observed following oral administration of a single 3 mg/kg [14C]cariprazine dose to Long Evans 
(pigmented) rats. Mean adrenal cortex to blood radioactivity ratios were 30, 188, and 628 at 2, 
24, and 48 hours, respectively, and radioactivity was still present in the adrenal cortex on Day 
28, indicating accumulation and slow elimination; it was not detectable on Day 56 (the next 
measurement time). 
 
Administration of cariprazine in general toxicity and carcinogenicity studies resulted in a dose-
dependent changes in the zona fasciculata (glucocorticoid producing) in rats, dogs, and mice. In 
addition, zona reticularis was affected in rats (14-day study) and zona glomerulosa (arcuata) was 
affected in dogs (1-year study). Test article-related observations in all three species at several 
dose levels included enlargement, red discoloration, increases in absolute and relative weights, 
and cortical hypertrophy of the adrenal gland.  
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RATS: Hypertrophy of zona fasciculata and reticularis with necrotic cells and hemorrhages was 
observed in female rats at 50 mg/kg/day (14-day study). Multifocal cystic degeneration, diffuse 
dilated sinusoids, and vacuolation of the adrenal cortex were observed in rats at 50 mg/kg/day, 
the dose that also caused mortality (28-day study). The NOEL for the death and changes in the 
adrenal gland cortex was 12.5 mg/kg/day, which is ~14 times the MRHD of mg/day based on 
mg/m2 and ~10 times human exposure expected at the MRHD of  mg/day based on AUC. 
(Note: No AUC for DCAR and DDCAR was measured in this study). Minimal increases in the 
incidence of hypertrophy/hyperplasia and vacuolization of the adrenal cortex were observed in 
male rats at 2.5 and 7.5 mg/kg/day following long-term treatment (2-year carcinogenicity study).  
 
DOGS: Phospholipidosis (PLD)-like foamy cytoplasm of zona fasciculata cells was observed in 
dogs (13-week and 1-year studies). PLD often presents as vacuolation by light microscopy; 
however, vacuolation by itself, is not considered sufficient for PLD classification. Transmission 
electron microscopy (TEM) examination conducted in the 13-week toxicity study in dogs 
identified concentric lamellar inclusions within the cytoplasm of adrenal cortical cells or in 
phagocytic cells (macrophages) that were considered morphologically consistent with PLD. The 
NOEL for PLD could not be determined in male dogs, while for female dogs the NOEL was 1 
mg/kg/day, which is 3.6 times the MRHD of mg/day based on mg/m2 and 1.3 to 1.7 times 
human exposure expected at the MRHD of mg/day based on the combined AUC for 
cariprazine, DCAR, and DDCAR.  
 
In the one-year dog study in dogs, findings in the adrenals included enlargement and increased 
absolute weights (up to +75% of the control level) at 4 and 6 mg/kg/day in both sexes. PLD, as 
indicated by a foamy cytoplasm in the cortical zona fasciculata cells, was noted at all dose levels 
except 1 mg/kg/day male dogs; foamy macrophages have not been reported although lamellar 
inclusions in phagocytotic cells were observed by TEM in the adrenal cortex in the 13-week 
study in dogs. Foamy vacuolation of the calls of zona fasciculata was also observed at the end of 
2-month recovery phase indicating a lack of reversibility of PLD. Other histopathology findings 
(hypertrophy/hyperplasia and vesiculation/vacuolation) in the calls of the cortical zonae 
fasciculata and glomerulosa (arcuata) were observed at 4 and 6 mg/kg/day. These findings were 
absent at the end of the recovery period, indicating reversibility. PLD occurred in the adrenals 
without observation of inflammation or hemorrhage. However, hypertrophy/hyperplasia and 
vesiculation/vacuolation are considered to be more serious lesions. Their relation to PLD is 
unclear although the possibility that they are caused by the PLD cannot be excluded. The NOEL 
for PLD-like changes in the adrenals (and lungs, see below) could not be determined and is less 
than 1 mg/kg. Therefore, for PLD, there is no margin of safety for human dosing at the MRHD 
of 9 mg/day. The NOEL for hypertrophy/hyperplasia and vesiculation/vacuolation of the adrenal 
cortex is 2 mg/kg, which is 7 times the MRHD of mg/day based on mg/m2 and 2.8 to 3.8 times 
human exposure expected at the MRHD of mg/day based on the combined AUC for 
cariprazine, DCAR, and DDCAR. Therefore, based on these findings, there is a margin of safety 
for human dosing at the MRHD of mg/kg. 
 
In addition, lipofuscin pigment deposition (lipofuscinosis) was noted, mainly at the cortico-
medullary interface, in mice (28-week carcinogenicity study). Moreover, enlarged and discolored 
adrenals were observed in animals that died early in some studies, generally in the absence of 
other findings. Dark red discolored adrenals were also reported in rat fetuses following maternal 
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administration of cariprazine during gestation in the reproductive toxicology studies. A slight 
increase in the numerical incidence of benign and malignant pheochromocytomas of the adrenal 
medulla was observed at 7.5 mg/kg female rats, although this increase did not reach statistical 
significance (2-year carcinogenicity study).  
 
Potential mechanism of the adrenal cortex toxicity 
Drug-induced stress and/or PLD are two potential mechanisms proposed by the study reports for 
the adrenocortical toxicity. Findings in the adrenal cortex in the 4-day study in rats were 
considered to be stress-related “consequences of the hypothermic effect (a very strong stressor) 
of the drug” and in the 28-day study in rats “were considered to be indicative of the syndrome 
known as phospholipidosis. Furthermore, findings noted in the adrenals might also be related to 
stress”. The TEM report from the 13-week study in dogs concluded that the lamellar inclusions 
within the cytoplasm of adrenocortical cells or in phagocytic cells were “morphologically 
consistent with the occurrence of phospholipidosis”. The foamy vacuolation of the zona 
fasciculata cells of the adrenal cortex observed in the 1-year study in dogs was considered also 
“to be compatible with phospholipidosis, commonly seen with cationic amphiphilic drugs in this 
and several other therapeutic classes”. However, hypertrophic/hyperplastic morphology of the 
zonae arcuata and fasciculata with their increased cytoplasmic vesiculation/vacuolation, 
observed in the same study, was attributed again to the “commonly seen response to stress”.  
 
The Applicant’s explanation is that the findings in the zonae arcuata and fasciculata are “related 
to the pharmacologic action of cariprazine (i.e., partial D2/D3 receptor agonist), as dopamine 
D2 receptor agonists (e.g., quinpirole) have been shown to increase the synthesis of 
catecholamines, including dopamine, in the adrenal gland (Kujacic and Carlsson, 1993)”. This 
explanation is inaccurate because the catacholamines are known to be released by the adrenal 
medulla (not the adrenal cortex) and the referenced publication did not address any relevant 
adrenocortical histopathology (Kujacic M. and Carlsson A., J. Neural Transm., 1993). Moreover, 
there were no adverse histopathology findings in the adrenal medulla in cariprazine studies. 
Furthermore, the total weight of the adrenal gland, found to be increased in the rat, dog, and 
mouse cariprazine studies, is a poor indicator of the adrenal gland weight because the medulla 
comprises only about 10 to 20% of total adrenal volume in laboratory animals (Greaves P., 
Histopathology of Preclinical Toxicity Studies, 2012).  
 
Based on available data, the exact mechanism of the cariprazine-induced adrenocortical toxicity 
can only be partially explained. The toxicity of the adrenal cortex may be secondary to the 
presence of PLD in the adrenal cortex, which was confirmed in dogs by TEM. General 
physiological and biochemical characteristics of adrenal glands enable the development of PLD 
because this organ is lipophilic due to its rich cholesterol and steroid content that favors the 
deposition of lipophilic xenobiotics (Harvey P.W. and Sutcliffe C., J. of Applied Toxicology, 
2010). The physicochemical property of drugs associated with PLD is primarily lipophilicity 
(affinity for lipids or ability to dissolve in lipids, including cell membranes) and a positive 
charge. Cariprazine is known to be a cationic, amphiphilic compound with such properties. PLD 
is a lipid storage disorder in which phospholipid–drug complexes accumulate within lysosomes 
as lamellar inclusion bodies (Razor M.J., et al., Expert Opin. Drug Safety, 2006). Based on 
available data, it is reasonable to suspect that cariprazine and/or its metabolites accumulate in the 
adrenal cortex forming a lipid-drug complex in quantities that affect morphology of this tissue. 
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Both hypertrophy/hyperplasia and vesiculation/vacuolation observed in the adrenal cortex in 
dogs may be secondary to this extensive accumulation. Other direct or indirect toxic effects on 
the adrenal cortex cannot be excluded.  
 
Another mechanism may also be relevant. Compounds which inhibit enzymes involved in the 
synthesis of corticosteroids induce adrenocortical hyperplasia by a deficient negative feedback 
mechanism that stimulates ACTH secretion. This hyperplastic process can be accompanied by an 
accumulation of cholesterol and steroid precursors in the cytoplasm of the adrenal cortex, giving 
rise to a clear cell or foamy appearance, sometimes with cholesterol cleft formation. These 
changes have been termed lipid or lipoid hyperplasia. Accumulation of lipids described above 
should be distinguished from the generalized phenomenon of PLD (Greaves, Histopathology of 
Preclinical Studies, 2012). 
 
It is important to note in this context that even the less concerning proliferative lesion 
(hypertrophy) of the zona fasciculata, which was observed in rats, dogs, and mice following 
cariprazine administration, may reflect functional changes. The primary cause of adrenocortical 
hypertrophy is increased ACTH stimulation. In toxicology studies, such a condition can arise not 
only as a result of the stress response, but it may also occur due to deficient glucocorticoid 
feedback regulation of ACTH due to toxicity to the adrenal cortex. This latter condition is 
defined as adrenocortical insufficiency and represents a serious adverse toxic effect on the 
function of the adrenal cortex. Adrenocortical hypertrophy may occur due to pharmacological 
inhibition of steroidogenesis at the biochemical level induced by xenobiotics, in the absence of 
other adrenocortical lesions (Harvey P.W. and Sutcliffe C., J. of Applied Toxicology, 2010). 
 
The proposed mechanism of normal stress response is unlikely, based on the adrenal toxicity 
findings (vesiculation/vacuolation and hypertrophy/hyperplasia of the adrenal cortex) observed 
in dogs following long-term treatment (52-week study), as well as the toxicities (multifocal 
cystic degeneration, diffuse dilated sinusoids, and vacuolation) observed following short-term 
administration of relatively high cariprazine dosages to rats (28-day study). There were no 
corresponding findings in the control groups, indicating that animals tolerated the stress of 
handling well. The development of this toxicity in dogs is time-dependent, since there were no 
similar observations in shorter studies (28-day, 13-week) at similar doses. The question of 
whether or not such lesions resulted in impaired function (e.g. the development of adrenal 
insufficiency) of the adrenal cortex in nonclinical species is currently unresolved because 
hormonal function studies have not been conducted. 
 
In the absence of information about the direct effects of cariprazine on adrenocortical 
steroidogenesis (e.g. glucocorticoid and/or mineralocorticoid production) in nonclinical species, 
histopathology findings in the zona fasciculata and zona glomerulosa (arcuata) in dogs are 
interpreted by this reviewer as an adverse effect of cariprazine on the adrenal cortex, which is 
likely to be associated with functional deficit in hormonal production (adrenocortical 
inhibition/insufficiency). However, there are also factors that decrease the level of concern for 
the aforementioned adrenocortical findings, which include observed reversibility of hypertrophy/ 
hyperplasia and vesiculation/vacuolation of the adrenal cortex in dogs following the 2-month 
recovery period, despite the lack of reversibility of PLD, and lack of necrosis in this tissue, as 
well as a ~3 to 4 fold safety margin for human dosing at MRHD of mg/day based on AUC. 
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In assessing adrenocortical toxicity, it is noteworthy that the primary circulating glucocorticoid 
differs among species. In the rat and mouse, corticosterone is primary, since the pathway for 
formation of cortisol does not exist. In the dog, monkey, and human, it is cortisol. However, the 
molecular steroidogenic steps within the adrenal cortex are generally similar between rat, mouse, 
and humans, thus supporting the relevance of the rodent as a predictive toxicological model. 
Because the metabolite DDCAR is pharmacologically active, its long terminal elimination half 
life in humans increases the level of concern as this compound may play an additional enhancing 
role in this pathology. If similar pathology develops in patients, it may go undiagnosed for a long 
period of time until stress triggers serious symptoms.  
 
It is important to note that cariprazine administration significantly decreased plasma cholesterol 
and triglyceride levels in all nonclinical studies and species examined (see below), and it can be 
speculated that this effect may be related to the impairment of the adrenocortical function. The 
biosynthesis of steroid hormones in the adrenal cortex is initiated by the utilization of available 
free plasma cholesterol or stored pools of labile cholesterol. Most of its cholesterol comes from 
low density lipoproteins (LDL). The uptake of LDL-cholesterol by adrenal cells is promoted by 
ACTH. Cholesterol and triglycerides are nonspecific components of plasma lipids. They are both 
synthesized endogenously and present in diet. In general, total cholesterol level in serum reflects 
levels of cholesterol-rich lipoproteins and is considered as an indicator of endocrine (e.g. 
adrenal) hepatic, or renal disease and is inversely related to thyroid hormone activity. It is known 
that decreased levels of cholesterol may indicate malnutrition, hyperthyroidism, impaired hepatic 
function (i.e. decreased synthesis of cholesterol) or may be drug-induced. Changes in 
triglycerides may also be secondary to endocrine (e.g. adrenal), pancreatic, hepatic, or renal 
disease.  
 
Adrenal cortex hypertrophy has also been reported in studies conducted with aripiprazole in rats, 
but not in monkeys. However, significantly increased circulating levels of ACTH and 
corticosterone, associated with aripiprazole-induced hypertrophy, provided some evidence of 
normal adrenocortical function. Aripipraziole-induced hypertrophy was considered to be 
indirectly related to drug-induced pharmacologic effects (e.g., 5-HT1A agonist activity), which 
has been shown to produce increases in plasma ACTH and corticosterone levels in rats (SBA for 
Abilify). Interestingly, ketoconazole, an antifungal drug, was found to increase lipids associated 
with lipofuscin pigment deposition in the adrenal gland cortex following administration to rats 
for 6 months, a possible mechanism being inhibition of steroid synthesis by inhibition of CYP 
450-mediated reactions (Greaves, Histopathology of Preclinical Studies, 2000). It is noteworthy 
that lipofuscinosis was induced by cariprazine in the adrenal cortex of mice, as described above. 
The relevance of this finding to human risk is unknown. 
 
In conclusion, the relevance of the toxicity in the adrenal cortex in nonclinical species to humans 
is currently unclear. Additional studies to further evaluate the mechanism have not been 
performed and the Applicant has not proposed any evaluation of human risk. This reviewer is not 
aware of any safety signal emerging from clinical trials at this time. However, adrenal 
insufficiency may be initially hidden in the clinic, as illustrated by experiences with other drugs. 
The key factor in distinguishing stress from adrenal insufficiency as the mechanistic cause of 
adrenocortical lesions is providing evidence of adrenocortical functional competence. The 
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adrenocortical toxicity induced by cariprazine in nonclinical studies has been discussed with the 
clinical review team, and will be described in the Animal Toxicology and/or Pharmacology 
section of the labeling to alert patients and prescribers. 
 
Phospholipidosis (PLD) in lungs   
Cariprazine produced PLD and related effects in rats, dogs, and mice (all of the species 
examined). Two organs were affected - the adrenal gland cortex and the lung. This section will 
discuss cariprazine-induced pulmonary PLD (PLD in the adrenals has been described above). 
Drug-related findings in the lungs in animals included discoloration, presence of alveolar 
macrophages with foamy cytoplasm, increased alveolar inflammation and hemorrhages, 
histiocytic multifocal infiltration, and subacute/chronic inflammation/fibrosis. These changes 
increased in incidence and severity in a dose-dependent manner and were not reversible during 
recovery periods. In general, a NOAEL for PLD could not be determined in the pivotal studies; 
therefore, for this adverse effect, there is no margin of safety for cariprazine administration to 
humans at the MRHD of mg/day. 
 
RATS: Alveolar macrophage foci, accompanied by alveolar inflammation, were increased in 
incidence and severity at 12.5 and 50 mg/kg/day in the 28-day toxicity study in rats. The report 
states that these findings indicate the presence of PLD in the lungs. No reversibility was 
observed; changes were still present at the end of the 14-day recovery period at 50 mg/kg/day, 
the only dose group examined. The 2.5 mg/kg dose is the NOEL for PLD and inflammation in 
the lungs in both sexes. This dose is ~2.7 times the MRHD of mg/day based on mg/m2 and ~ 
1.5 to 2.1 times expected human exposure at the MRHD of mg/day based on cariprazine AUC 
(exposure to the metabolites has not been examined in this study). In the 13-week toxicity study 
in rats, increased incidence of discolored tan foci was observed in the lungs at 12.5 mg/kg/day at 
the end of dosing and the 4-week recovery period. Moreover, an increased incidence of lungs 
with “alveolar/intra-alveolar macrophages and foamy cytoplasm with and without inflammatory 
cell infiltrate” was observed in all males at 12.5 mg/kg/day and in females at all dose levels. 
There was no recovery at 12.5 mg/kg/day; partial recovery was noted in females at lower dose 
levels. The Applicant attributed these findings to drug-induced PLD. PLD was associated with 
pulmonary hemorrhage in several rats at 3 and 12.5 mg/kg/day, but their relation is unclear. The 
NOAEL for pulmonary PLD is 3 mg/kg/day for male rats and was not determined for female rats 
in this study. The 3 mg/kg dose is ~3.2 times the MRHD of mg/day based on mg/m2 and 0.8 
times human exposure expected at the MRHD of mg/day based on the combined AUC for 
cariprazine, DCAR and DDCAR. In the 6-month toxicity study in rats, alveolar/intra-alveolar 
macrophages with foamy cytoplasm were observed in all groups, including controls. However, 
the incidence and severity of this observation was increased in males at 10 mg/kg/day and all 
dosed females; this finding was not reversible during the 1-month recovery period. The 
Applicant did not address the presence of foamy macrophages in the control groups in any detail; 
they could be gavage-related. In addition, an alveolar/intraalveolar inflammatory cell infiltrate 
was observed at termination in a few dosed females, but not in control animals. TEM 
examination of lung samples of 12.5 mg/kg females demonstrated presence of concentric 
lamellar bodies within lysosomes in the cytoplasm of Type II pneumocytes or in phagocytic cells 
(macrophages), indicating the occurrence of pulmonary PLD. There were no similar observations 
in the selected controls nor in the single 10 mg/kg/day male that had foamy macrophages in its 
lungs. The NOEL for PLD in the lungs is 3 mg/kg for male rats and could not be determined for 
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female rats. The 3 mg/kg dose is ~3.2 times the MRHD of mg/day based on mg/m2 and 1.1 
times human exposure expected at MRHD of mg/day based on the combined AUC for 
cariprazine, DCAR and DDCAR.  
 
The Applicant was asked to explain a correlation between phospholipidosis and target organ 
toxicity, and responded that “in the 6-month rat study, phospholipidosis was observed in many 
instances in the absence of other histological observations (e.g. inflammation or hemorrhage). 
While there were observations of phosphoplipidosis and also inflammation and/or hemorrhage, 
based on the data, there is no clear relationship between them. When hemorrhage was cited as a 
histological finding, it was typically observed with congestion (the presence of an excessive 
number of erythrocytes in alveolar septa)”. Indeed, the incidence of inflammation in the lungs 
was low in the 6-month study in rats. However, a clear correlation between pulmonary PLD and 
inflammation was observed in the 28-day and 13-weeks studies in rats, though this correlation 
was not mentioned by the Applicant. Moreover, the incidence of PLD and inflammation 
increased in the 2-year carcinogenicity study conducted in rats in a dose-dependent manner.  
 
In the 2-year carcinogenicity study in rats, an increased incidence of white parenchymal 
discoloration of the lungs was observed in female rats at all dose levels. This finding correlated 
with an increased incidence and severity of alveolar foamy macrophages, consistent with PLD, 
and subacute/chronic inflammation in the lungs of males at 2.5 mg/kg and in females at all dose 
levels.  
 
The Applicant was asked to provide the number of animals per group that were positive for PLD, 
inflammation, and/or hemorrhaging in the rat carcinogenicity study and provided the following 
proportion of animals per group that were positive for both PLD and inflammation: males: 12%, 
14%, 16%, and 24%; females: 26%, 40%, 53%, and 85% in the vehicle control, low, medium, 
and high dose groups, respectively. Despite clear data that the incidence of PLD associated with 
inflammation is increased in males at 2.5 mg/kg/day and females at all dose levels, the Applicant 
provided the following statement (June 4, 2013): “Based on the data from this two-year 
carcinogenicity study, and consistent with the observations in the repeat-dose rat studies, there 
is no relationship between phospholipidosis and target organ toxicity in the cariprazine 
nonclinical studies. Furthermore, there is no relationship between observations of 
phospholipidosis, inflammation, and/or hemorrhage”. This statement is inconsistent with the 
original NDA study report, in which the , that conducted the 2-year 
carcinogenicity study, concluded as follows: “Compared to controls there was an increase in 
incidence and severity of alveolar macrophages with foamy cytoplasm in RGH-188 HCl-treated 
animals. The change occurred in males at 2.5 mg/kg/day and in females at ≥1 mg/kg/day, with a 
dose-related increase in incidence and severity. Macrophages contained intracytoplasmic 
eosinophilic material which was also present (extracellularly) within alveolar spaces, 
particularly in animals administered RGH-188 HCl at ≥ 2.5 mg/kg/day. Macrophages and 
eosinophilic material were often associated with subacute/chronic inflammation that was 
generally low in severity (minimal to slight) and was increased in incidence in treated animals 
compared to the controls" (page 53 of the study report). 
 
DOGS: Only a few findings were noted in the lungs of dogs in the subchronic toxicity studies. In 
the 28-day toxicity study in dogs, dose-dependent increases in the incidence of inflammatory cell 
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foci in lungs was observed in males at 1 and 2 mg/kg/day. In the 13-week toxicity study in dogs, 
focal discoloration was noted in some animals at 8 mg/kg/day. Moreover, an increased incidence 
of foamy macrophages was observed in the lungs of females at 8 mg/kg/day. This finding was 
reversible during the 4-week recovery period. However, PLD was clearly demonstrated in the 
subsequent chronic toxicity study. In the 1-year study in dogs, alveolar/intra-alveolar foamy 
macrophages with or without “cholesterol clefts” consistent with PLD and accompanied by 
subacute/chronic inflammation/fibrosis (page 533 of the report) were noted in all 4/4 males and 
4/4 females at 4 and 6 mg/kg/day, in 2/4 males and 2/4 females at 2 mg/kg/day, and in 2/4 males 
at 1 mg/kg/day at the end of dosing. Severity of these findings ranged from minimal to moderate 
and was dose-related. At the end of 2-month recovery period, findings in the lungs were minimal 
to slight and were present in 1/2 males and 1/2 females at 4 mg/kg/day, and in 2/2 males and 2/2 
females at 6 mg/kg/day, indicating incomplete reversibility. The NOEL for PLD was 1 mg/kg for 
female dogs and could not be determined for male dogs. The 1 mg/kg dose is 3.6 times the 
MRHD of 9 mg/day based on mg/m2 and 1.3 to 2.1 times human exposure expected at the 
MRHD of 9 mg/day based on the combined AUC for cariprazine, DCAR, and DDCAR. 
Therefore, based on PLD and associated lung toxicity (subacute/chronic inflammation/fibrosis) 
observed in dogs, there is no margin of safety for human dosing at the MRHD of mg/day. The 
following Applicant’s table confirms association of PLD with inflammation in the lungs of dogs 
(but not in the adrenals). 
 

 
 
MICE: In the 6-week study in CByB6F1 hybrid, multifocal accumulations of foamy alveolar 
macrophages, most commonly located in subpleural regions or paravascular position, were 
present in all animals in all cariprazine-dosed groups, but not in the control. According to the 
Applicant, this change may be indicative of the PLD-like activity of this drug, although no TEM 
confirmation was conducted. In the 28-week carcinogenicity study in transgenic Tg.rasH2 mice 
dosed at 0, 1, 5, and 15 mg/kg/day (males) and 0, 5, 15, and 50 mg/kg/day (females), discolored 
and mottled lungs were observed in 10/25 males at 15 mg/kg and in 15/25 females at 50 mg/kg. 
Moreover, histiocytic multifocal infiltration was noted in medium and high dose animals. Based 
on PLD observed in the lungs of mice, there is no margin of safety for human dosing at the 
MRHD of mg/day. 
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Drug-induced PLD is a lipid storage disorder characterized by the intra-lysosomal accumulation 
of polar lipids, membranous lamellar inclusions, and drug. The cytological features of PLD 
mimic inherited lipidoses. Common primary tissue targets are alveolar macrophages, although 
numerous other cellular targets have been reported. Many marketed and experimental drugs have 
been reported to cause PLD in animals. Most have basic and hydrophobic physicochemical 
properties (amphiphilic cations) similar to that of cariprazine that enable binding with 
phospholipids, crossing of biological membranes, and lysomotropism (partitioning of drug into 
lysosomes once it is protonated at the acidic intralysosomal pH; known as the ‘depo effect’). It is 
noteworthy that cariprazine is a high permeability drug with pH solubility dependence; highest 
solubility was demonstrated at the acidic pH of 3; the drug is insoluble at neutral pH. 
 
From the literature, over 50 marketed and experimental drugs containing cationic amphiphilic 
drug (CAD) structures have been reported to induce PLD in vitro and/or in vivo. Labels include 
PLD findings from nonclinical studies and indicate that the significance of PLD findings to 
humans is unknown. There is a consensus view that PLD itself is largely an adaptive rather than 
an adverse response to xenobiotics (Razor M.J., et al., Expert Opin. Drug Safety, 2006). 
However, there is suggestive evidence that phospholipogenic compounds are associated with 
concurrent toxicities both nonclinically and clinically. Examples of these toxicities include liver 
necrosis (amiodarone), motor neuropathies (imipramine, amitriptyline), proximal tubule kidney 
injury (gentamicin), pulmonary alveolitis that can progresses to fibrosis (amiodarone), 
pneumonitis (fluoxetine), peripheral neuropathies (suramin, amiodarone, chloroquine, 
perhexiline), and corneal opacity (chloroquine, amiodarone). In a study investigating the link 
between administration of phospholipogenic pharmaceuticals and the incidence of nonclinical 
histological signals, an internal AstraZeneca in vivo toxicology report database revealed  
proportionally more histological changes (exclusive of PLD itself) in all organs in response to 
phospholipogenic compounds compared to that for nonphospholipogenics (e.g. statistically 
significant higher frequencies of liver necrosis, alveolitis/pneumonitis, as well as 
lymphocytolysis in the thymus, lymph nodes, and spleen). The data, while compelling, are 
correlative and cannot be used to prove causality between PLD and toxicities. Even with these 
caveats, it is clear that phospholipogenic compounds tend to produce more histological findings 
(Barone L.R. et al., Journal of Toxicology, 2012). 
 
The Applicant’s states: “Phospholipidosis-like effects were observed in the lungs (mouse, rat, 
and dog) and adrenal glands (dog). Such effects are commonly associated with cationic 
amphiphilic agents such as cariprazine. This finding did not impact viability, or result in overt 
functional effects or major histopathologial changes of the organs affected in the pivotal repeat-
dose toxicity studies” (see Toxicology Written Summary of the NDA). This reviewer disagrees 
with the latter because inflammation was consistently observed in the lungs of animals that 
developed pulmonary PLD, and lung fibrosis was observed in dogs following chronic 
administration. The Phospholipidosis Working Group (PWG) of the Agency was consulted about 
cariprazine-induced PLD. Three other approved antipsychotics that produced pulmonary PLD in 
the rat were identified in the Group’s internal database: chlorpromazine, haloperidol, and 
aripiprazole. However, there is a difference in pulmonary toxicity between cariprazine and these 
drugs: only cariprazine is associated with parenchymal lesions of the lung (inflammation and 
fibrosis). Whether or not PLD may develop and result in impaired function of the lung in humans 
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cannot be determined based on currently available information. The cariprazine-induced 
pulmonery phospholipidosis will be described in the Animal Toxicology and/or Pharmacology 
section of the labeling to alert patients and prescribers. 
 
Decreased cholesterol and triglycerides 
Plasma cholesterol and triglycerides were significantly decreased in rats, dogs, and mice 
following administration of cariprazine. These decreases, graded as severe in many studies, were 
clearly dose-related. It is noted that, in some cases, in either male of female animals, these effects 
were reversible and values returned to normal following the drug-free period.  
 
RATS: In the 28-day toxicity study in rats, marked decreases in total cholesterol (-84 % in males, 
-85% in females), HDL and LDL cholesterol, phospholipids (-59% in males and females), and 
triglycerides (-30% in males, -24% in females) were observed at 50 mg/kg/day relative to 
controls; decreased total cholesterol (-47%), HDL cholesterol, and phospholipids (-34%) were 
also observed in female rats at 12.5 mg/kg/day. These decreases were no longer observed after 
the 14-day recovery period. Similar changes were observed in the 13-week toxicity study in rats: 
decreases in blood cholesterol (up to -81% of control) were observed in males at 12.5 mg/kg/day 
and in females at 3 and 12.5 mg/kg/day, and decreases in plasma triglycerides (up to -60% of 
control) were observed in males at 3 and 12.5 mg/kg/day and in females at 12.5 mg/kg/day. The 
levels returned to control levels after the 4-week recovery period. In the 6-month toxicity study 
in rats, marked decreases (up to -64%) in cholesterol were noted in males at 10 mg/kg/day and in 
females at 3 and 12.5 mg/kg/day at the end of the treatment period, and in males at 3 and 10 
mg/kg/day at the end of the recovery period, relative to controls. Marked decreases (up to -53%) 
in triglycerides were observed in males at all dose levels at the end of dosing and at 10 
mg/kg/day at the end of the recovery period. Mean triglyceride levels were decreased in female 
rats at all dose levels only at the end of the recovery period; these decreases may represent a 
delayed cariprazine or metabolite-related effect. In the 2-year carcinogenicity study in rats, 
decreases in blood cholesterol levels were observed in males at 2.5 mg/kg/day and in females at 
all dose levels, while decreases in triglycerides levels were noted in males dosed at 0.75 and 2.5 
mg/kg/day, and in females at all dose levels. 
 
MICE: Slight to moderate dose-related decreases in cholesterol and triglycerides were observed 
in the 6-week dose range-finding study in CByB6F1 hybrid mice. 
 
DOGS: No effect on cholesterol and triglycerides was noted in dogs following 28-days of 
cariprazine administration. Slight to severe decreases in cholesterol and triglycerides (up to -
51%) were observed in all cariprazine treatment groups, relative to controls, in the 13-week 
study. Recovery was observed for cholesterol, while no recovery was noted for triglycerides after 
the 4-week drug-free period. In the 1-year study in dogs, decreases in cholesterol levels were 
noted in males at all doses and in females at 6 mg/kg/day (up to -49% and -58%, respectively, 
relative to controls). Triglycerides were also decreased in males at ≥2 mg/kg/day and in females 
at all dose levels (up to -58% and -46%, respectively). These effects, although considered 
adverse, were reversible following the 2-month recovery period.  
 
In general, based on studies discussed above, a clear NOAEL for changes in blood cholesterol 
and triglyceride levels cannot be demonstrated. One of the reports (28-day study in rats) 
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proposed that the significant decreases in blood cholesterol and triglycerides observed in rats 
could have resulted from a general malnutrition of animals due to reduced food consumption. 
However, similar decreases were observed in the 1-year study in dogs in the absence of drug-
related effects on body weight, body weight gain, or food consumption. Therefore, changes in 
cholesterol and triglycerides may also indicate a drug-induced inhibition of their synthesis or 
other unknown pathological process, possibly related to PLD (a lipid storage disorder) produced 
by cariprazine in all nonclinical species examined. 
 
Since lipids are stored in the body and serve as an energy source, in addition to their role in cell 
structure, such significant changes in their levels could potentially indicate adverse effects for the 
entire organism affected. There is also potential for related functional deficits in specific organs, 
for example the adrenals, since cholesterol is an essential precursor for adrenocortical 
steroidogenesis. However, the Applicant did not provide any explanation for these findings. The 
Applicant was asked to characterize and, if possible, explain the mechanism underlying 
significant decreases in plasma cholesterol and triglycerides in nonclinical species observed in 
response to cariprazine administration. The following explanation was received: “Dopamine 
D2/D3 receptor agonists (e.g., bromocriptine) have been reported in the literature to reduce 
prolactin secretion in rodents where it has a role in lipid metabolism. This in turn can lead to 
reduced body fat stores resulting in a reduction of plasma cholesterol and triglycerides (Cincotta 
and Meier, 1989). The data from the non-clinical safety program with cariprazine also 
demonstrated reductions in plasma cholesterol, triglyceride levels, and body weights, relative to 
controls, findings which are considered to be consistent with its pharmacological mechanism of 
action”.  
 
No assessment of prolactin levels was conducted in the pivotal toxicology studies. However, 
separate cariprazine studies conducted in rats indicated significant increases in serum prolactin 
levels in both male and female rats when the drug was administered acutely and repeatedly. 
Therefore, the Applicant was asked to discuss an apparent discrepancy between their response 
and the submitted data. In response, the Applicant states: “it is likely that decreases in 
cholesterol and triglycerides were a result of decreases in serum prolactin levels. Although a 
decrease in prolactin levels in the toxicology studies seems to contrast the increase observed in 
the acute and 14 day studies, similar dynamic prolactin effects have been reported in the rat with 
other D2 receptor partial agonists depending on the strain, dose and duration of administration. 
For example, in Wistar rats, the same strain used in our toxicology studies, aripriprazole, 
another D2 receptor partial agonist, increases prolactin levels when administered acutely at 
single doses (Summary Basis of Approval, NDA 21-436) but decreases prolactin levels following 
multiple dosing for 1 week (Kalinichev et al., 2005). Aripriprazole and cariprazine have very 
similar degree of partial agonist activity at D2 receptors; therefore, cariprazine would be 
expected to have similar effects on prolactin. Furthermore, decreases in lipids were observed in 
the toxicology studies with cariprazine and aripriprazole and literature data links decreased 
lipids with decreased prolactin levels (Cincotta and Meier, 1987; 1989).” 
 
In general, it is known that a decrease in cholesterol levels may indicate malnutrition (cholesterol 
can be obtained from the diet), hyperthyroidism (levels of cholesterol are inversely related to 
thyroid hormone activity), impaired hepatic function (decreased cholesterol synthesis), or adrenal 
insufficiency (a condition in which the adrenal glands do not produce adequate amounts of 
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steroid hormones, primarily cortisol). Undesirable alterations in lipids have been observed in 
patients treated with atypical antipsychotics. The underlying biology of these adverse effects in 
humans is poorly understood and numerous studies have sought to model these with rodents. The 
effects of antipsychotics on lipids in rodents are not consistent, but molecular studies are 
providing converging evidence about the effect of these drugs on the transcriptional regulation of 
genes related to lipid metabolism (Boyda H.N, et al., Trends Pharmacol. Sciences, 2010). Steroid 
hormones regulate a wide variety of developmental and physiological processes from fetal life to 
adulthood. Human adrenals can synthesize cholesterol de novo from acetate, but most of its 
supply of cholesterol comes from plasma low-density lipoprotein (LGLs) derived from dietary 
cholesterol. By contrast, rodent adrenals derive most of their cholesterol from high-density 
lipoproteins via a receptor termed scavenger receptor B1, but this pathway appears to play a 
minor role in humans (Liller W.L., Endocrine Reviews, 2011). While all of the drugs in this class 
have been shown to produce some metabolic changes in humans, each drug has its own specific 
risk profile.  
 
This reviewer concludes that the toxicological significance of decreased blood cholesterol and 
triglycerides levels in animals to human safety is unclear. However, in long-term, uncontrolled 
clinical trials conducted with cariprazine in schizophrenia patients, no significant changes from 
baseline were observed at 12, 24, and 48 weeks. These data, if considered definitive, supersede 
the nonclinical data.  
 
Reproductive systems 
There were no significant drug-related findings in the reproductive organs in dogs. However, 
there were numerous adverse findings in rats. Drug-related changes included reduction in the 
number of corpora lutea in the ovaries, vaginal epithelial atrophy and mucification, abnormal 
estrus cycling, and mammary gland hyperplasia and increased secretion in female rats, observed 
generally at all dose levels. Limited adverse effects were noted in male rats. These findings are 
attributed to the pharmacologically-induced changes in prolactin level. Cariprazine increased 
mean prolactin levels 87- and 256-fold in female rats at 0.1 and 1 mg/kg/day, respectively, 
relative to the control group level, following oral administration for 14 days in a separate study, 
consistent with its D2 receptor blocking activity. However, hyperprolactinemia was not observed 
in clinical studies.  
 
Sciatic nerve degeneration 
Cariprazine caused peripheral nerve lesions (myelin fragmentation or axonal degeneration of the 
sciatic nerve) in rats in the 28-day and 6-month toxicity studies, and in the 2-year carcinogenicity 
study. No drug-related findings in the sciatic nerve were observed in the 13-week study in rats 
and studies conducted in dogs and mice.  
 
In the 28-day toxicity study in rats, minimal to slight sciatic nerve myelin fragmentation was 
observed in all groups, including controls. However, the incidence of this observation increased 
in a dose-dependent manner in all male cariprazine groups and in the females at 50 mg/kg/day. 
After the 2-week recovery period, minimal myelin fragmentation occurred in 33% control 
animals and minimal to slight myelin fragmentation was noted in 75% of surviving high dose 
animals (only control and 50 mg/kg/day animals were examined). The 0.5 mg/kg dose could be 
considered the NOAEL for the sciatic nerve lesions in male rats. This dose is ~0.5 times the 
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MRHD of mg/day based on mg/m2 and ~0.2 times human exposure at MRHD of mg/day 
based on cariprazine AUC. The NOAEL for this lesion in female rats is 12.5 mg/kg, which is 
~13 times the MRHD of mg/day based on mg/m2 and ~9.6 times the human exposure at 
MRHD of mg/day based on cariprazine AUC. According to the Applicant, relevant historical 
control data indicate that sciatic nerve myelin degeneration can occur at an incidence of up to 
60% in control groups in the 28-day studies. In the 6-month toxicity study in rats, slight increases 
in the incidence and severity of the sciatic nerve axonal degeneration, characterized by minimal 
to moderate axonal swelling and/or digestion chambers, was observed in high dose groups: males 
at 10 mg/kg/day and females at 12.5 mg/kg/day, but the incidence of this lesion was no longer 
increased after the 1-month recovery period. The 3 mg/kg dose is the NOEL for the sciatic nerve 
axonal degeneration in female rats; the sciatic nerve has not been examined in males at this dose. 
The 3 mg/kg dose is ~3.2 times the MRHD of mg/day based on mg/m2 and 1 times the 
expected human exposure at the MRHD of mg/day based on combined AUC for cariprazine, 
DCAR, and DDCAR. In the 2-year carcinogenicity study in rats, the sciatic nerve fiber 
degeneration with axonal swelling, digestion chambers containing degraded axonal material, and 
replacement of axons by connective tissue, occurred in all groups, including controls, but with 
increased incidence and/or severity in some cariprazine-treated groups. In males, an increase in 
the incidence and severity of the sciatic nerve degeneration was observed at the high dose of 2.5 
mg/kg/day (75% control vs. 92% high dose animals). The severity also increased in a dose-
dependent manner in a small number of males administered cariprazine at the low and medium 
doses of 0.25 and 0.75 mg/kg/day, respectively, without any changes in the incidence level. In 
females, an increase in the incidence of this lesion was observed at all dose levels (55%, 85%, 
85%, and 80% animals in the Control, LD, MD, and HD groups, respectively). The NOAEL for 
the sciatic nerve degeneration was 0.75 mg/kg for male rats and could not be determined for 
female rats. The dose of 0.75 mg/kg is ~0.8 times the MRHD of mg/day based on mg/m2 and ~ 
0.5 times the human exposure at MRHD of mg/day based on combined AUC for cariprazine, 
DCAR, and DDCAR. To clarify the issue of high background lesions, this reviewer requested 
historical control data for the incidence of sciatic nerve histopathology findings observed in the 
6-month and 2-year rat studies. The Applicant responded that test facility historical control data 
for Wistar rats are not available.  
 
Additional reviews of the 6-month toxicity and 2-year carcinogenicity studies in rats, with a 
focus on peripheral (sciatic) nerve changes, were conducted by  

veterinary neuropathologist.  concluded that “ the test article may 
exacerbate the age-related spontaneous neuropathic process; given the frequency of the 
spontaneous sciatic nerve neuropathy findings in this study, the toxicological significance of 
these findings relative to test article administration appears questionable. The reported presence 
of connective tissue increase in nerves of affected animals in the 2-year study is interpreted to be 
endoneurial (between individual nerve fibers) in location. As such, it suggests there is a lack of 
regeneration in the face of a long-term ongoing neuropathic process. Since no difference is 
described between control and test article exposed animals, this is interpreted as a part of the 
aging-related neuropathy seen in these animals, and not a separate change induced by exposure 
to the test article”.  
 
This reviewer has discussed the histopathology of the sciatic nerve with the Neurotoxicity 
Assessment Subcommittee. The Subcommittee concurred that the finding of nerve fiber 
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degeneration noted in the 2-year carcinogenicity study, coupled with the apparent slight increase 
in incidence of sciatic nerve degeneration in the 6-month study and evidence of myelin 
fragmentation in the 1-month study, suggests potential treatment-related adverse effects on 
peripheral nerve function and in general agreed that additional information could provide greater 
understanding of the potential significance of these findings. It was noted that, although the 
Applicant employed toluidine blue in addition to H&E in the 6-month study to evaluate 
peripheral nerve histology, (which is standard practice for examining peripheral nerves), 
toluidine blue is not a myelin-specific stain and alternative stains could be employed to better 
characterize the potential for adverse effects on myelin. Moreover, this reviewer and several 
Subcommittee members were surprised by the high background incidence of nerve fiber 
degeneration of the sciatic nerve that was reported in the 2-year carcinogenicity study and noted 
that this was unusual compared to what they have generally found reported in toxicology studies. 
The high background incidence and the variable ages of the animals across the studies were seen 
as confounding variables as was the possibility that the findings could be attributable to fixation 
artifacts. The general consensus of the Subcommittee was that lack of an obvious functional 
impact of the neuronal changes noted in the toxicology studies to date did not remove the 
concern over the histopathological findings. However, this reviewer notes that the overall 
incidence of the sciatic nerve lesions in rats was very low, and no peripheral nerve lesions were 
produced by cariprazine in dogs and mice. Therefore, the relevance of this finding to human risk 
is unknown and appears to be unlikely. 
 
Carcinogenicity 
The carcinogenic potential of cariprazine was tested in the 28-week carcinogenicity study in 
transgenic Tg.rasH2 mice and in the 2-year carcinogenicity study in Wistar rats. Dose-range-
finding studies for the mouse carcinogenicity study were conducted in CByB6F1 hybrid mice (6-
week study) and transgenic Tg.rasH2 mice (7-week study). 
 
Tg.rasH2 Mouse Carcinogenicity Study: Transgenic [CByB6F1-Tg(HRAS)2Jic (+/- hemizygous 
c-Ha-ras)] mice (25/sex/group) were administered cariprazine by gavage for 26-28 weeks. The 
vehicle was sterile water for injection. Positive control animals (15/sex) were administered 1000 
mg/kg urethane i.p. on study days 1, 3, and 5. Satellite animals (CByB6F1 nontransgenic 
littermates) were used for toxicokinetic evaluation. A two-week dose adaptation period preceded 
the 26-week dosing period for the mid-dose males and high dose males and females. The final 
oral (gavage) doses of cariprazine were 0, 1, 5, and 15 mg/kg/day (males) and 0, 5, 15, and 50 
mg/kg/day (females). The Executive CAC concurred that the study was adequate, noting prior 
concurrence with the protocol. No increases in tumors, relative to vehicle controls and historical 
control ranges, were noted in cariprazine-treated mice. As expected, statistically significant 
increases in lung (adenomas and carcinomas) and spleen (hemangiosarcomas) tumors were noted 
in positive control animals.  
 
The high doses of 15 mg/kg/day in male mice and 50 mg/kg/day in female mice are ~ 8 and 27 
times, respectively, the MRHD of mg/day based on mg/m2. The combined AUC0-24h values for 
cariprazine, DCAR, and DDCAR in male and female mice at 15 and 50 mg/kg are ~6 and 15 
times (males and females, respectively) the combined human AUC0-24h expected at the MRHD of 

mg/day.  
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A number of non-neoplastic drug-related findings were detected in mice of both sexes, including 
neurological clinical signs (5-50 mg/kg/day), adrenal gland discoloration, increased weight, 
hypertrophy, and lipofuscinosis (1-50 mg/kg/day), pituitary atrophy (1-50 mg/kg/day), and 
pulmonary phospholipidosis (5-50 mg/kg/day). Drug-related observations in female mice 
included reproductive organs histopathology (5-50 mg/kg/day), mammary gland proliferation (5-
50 mg/kg/day), and pancreatic islet cell hyperplasia (5-50 mg/kg/day) (see evaluation above). 
 
Rat Carcinogenicity Study: Wistar rats (60/sex/group) were treated with cariprazine by oral 
gavage for up to 2 years. Following a 2-week dose adaptation period, male rats were 
administered 0.25, 0.75, and 2.5 mg/kg/day by gavage, while females were administered 1, 2.5, 
and 7.5 mg/kg/day. Control animals (2 groups/sex) received vehicle only (distilled water). Two 
groups of satellite animals were used for plasma concentrations (27/sex/treated group) and also 
for clinical pathology (10/sex/treated group). The Executive CAC concurred that the study was 
adequate, noting prior concurrence with the protocol. No test article-related increases in 
neoplasms were observed, except for a slight numerical increase in the incidence of benign and 
malignant pheochromocytomas of the adrenal medulla in female rats administered the high dose 
of cariprazine (7.5 mg/kg/day). The Applicant provided two separate data sets for the incidence 
of pheochromocytomas: the original study report and reevaluation by the Pathology Working 
Group (PWG). Based on the FDA statistical review conducted by Dr. Steven Thomson, the test 
of trend in pooled benign and malignant pheochromocytoma of the adrenal medulla in female 
rats was statistically significant only based on the incidence of these neoplasms in the PWG 
analysis (p = 0.002 which is <0.005) and close to significance using the neoplasms diagnosis 
used by the original toxicologist (p = 0.0072 ≈ 0.005). However, pairwise comparisons of the test 
article-treated groups, including the high dose group, to pooled control groups of female rats 
were not statistically significant. No other comparisons achieved statistical significance. 
Therefore, there were no statistically significant drug-related neoplasms in this study. 
 
The high doses of 2.5 mg/kg/day in male rats and 7.5 mg/kg/day in female rats are ~ 2.7 and 8.1 
times, respectively, the MRHD of mg/day based on mg/m2. The combined AUC0-24h value for 
cariprazine, DCAR, and DDCAR is ~1.4 and 3.2 times (male and female rats, respectively) the 
combined human AUC0-24h expected at the MRHD of mg/day. 
  
Enhanced survival was noted in all cariprazine-dosed groups, statistically significant in males 
dosed at 2.5 mg/kg/day. Several non-neoplastic findings were detected in rats including marked 
decrease in body weights (2.5-7.5 mg/kg/day), severe decreases in blood cholesterol and 
triglycerides (0.75-7.5 mg/kg/day), lung discoloration and phospholipidosis associated with 
inflammation (1-7.5 mg/kg/day), increased incidence of sciatic nerve degeneration (1-7.5 
mg/kg/day), retinal degeneration/atrophy (0.75 -7.5 mg/kg/day), and adrenal cortex hypertrophy 
in females (7.5 mg/kg/day) (see evaluation above). 
 
Genetic toxicology 
The genotoxic potential of cariprazine was evaluated in the following studies: in vitro bacterial 
reverse mutation assay in Salmonella typhimurium strains TA98, TA100, TA1535, and TA1537, 
and Escherichia coli strain WP2uvrA, in vitro mouse lymphoma mutagenicity assay in L5178Y 
TK+/- cells, in vitro chromosome aberrations assay in human peripheral blood lymphocytes, and 
in vivo mouse micronucleus assay in PCE from bone marrow of male CD-1 mice.  
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Cariprazine was not mutagenic in the in vitro bacterial reverse mutation assay, human 
lymphocyte chromosomal aberrations assay, or in the in vivo mouse micronucleus assay. The in 
vitro mouse lymphoma assay was positive (small but statistically significant increases in mutant 
frequency were observed under conditions of metabolic activation). Based on the negative 
findings in the three additional mutagenicity studies, the weight of evidence suggests that 
cariprazine has negligible mutagenic potential. The major active metabolite DDCAR was not 
mutagenic in the in vitro bacterial reverse mutation assay. However, this metabolite was positive 
in the in vitro human lymphocyte chromosomal aberrations assay in the presence of metabolic 
activation based on the observation of a small increase in the percentage of cells with structural 
aberrations. 
 
Reproductive and developmental toxicity  
The following reproductive toxicology studies were conducted (administered doses are shown in 
parenthesis): study of the oral effects of cariprazine on fertility and early embryonic development 
to implantation in rats (0, 1, 3, and 10 mg/kg/day), dose range-finding study of the oral effects of 
cariprazine on embryo-fetal development in rats (0, 1, 3, 10, 20, and 30 mg/kg/day), study of the 
oral effects of cariprazine on embryo-fetal development in rats (0, 0.5, 2.5, and 7.5 mg/kg/day), 
dose range-finding study of the oral effects of cariprazine on embryo-fetal development in 
rabbits (0, 0.5, 2.5, 7.5, and 15 mg/kg/day), study of the oral effects of cariprazine on embryo-
fetal development in rabbits (0, 0.1, 1, and 5 mg/kg/day), dose range-finding study of the oral 
effects of cariprazine on pre- and post-natal development in rats (0, 0.3, 1, and 3 mg/kg/day), 
study of the oral effects of cariprazine on pre- and post-natal development, including maternal 
function in rats (0, 0.1, 0.3, and 1 mg/kg/day), and study of the oral effects of cariprazine on 
lacteal transfer in rats (0, 0.1, 0.3, and 1 mg/kg/day). 
 
Administration of cariprazine in fertility and early embryonic development studies produced 
adverse effects on female fertility and early embryonic development in Wistar rats. No adverse 
effect on male fertility was observed. The NOAEL for female reproductive toxicity could not be 
determined based on increased estrus cycle length and extended precoital interval; these caused a 
dose-dependent decrease in the number of pregnant females and a reduction in the fertility and 
conception indices noted in treated females at all dose levels, relative to controls. The lowest 
dose tested of 1 mg/kg/day is ~1.1 times the MRHD of mg/day based on mg/m2. The NOAEL 
of 3 mg/kg/kg is determined for female-mediated developmental toxicity based on decreased 
numbers of implantation sites, mean number of pups per litter, and mean number of live-born 
pups per litter in the 10 mg/kg/day group. The 3 mg/kg dose is ~ 3.2 times the MRHD of 
mg/day based on mg/m2. The NOAEL of 10 mg/kg/day is determined for male reproductive 
toxicity and male-mediated developmental toxicity based on unaffected spermatogenic endpoints 
and fertility/copulation for males paired with untreated females and unaffected male-mediated 
developmental parameters. The 10 mg/kg/day dose is ~11 times the MRHD of mg/day based 
on mg/m2 and ~3.4 times the combined AUC0-24h expected in humans at the MRHD of mg/day 
(1626 ng•h/mL). Note: No TK evaluation was conducted in female rats.   
 
Embryo-fetal developmental toxicity was evaluated in Wistar rats and New Zealand White 
rabbits administered cariprazine during gestation. In rats, decreased fetal weights and presence of 
external (localized thorax fetal edema) and skeletal (bent bones) malformations and 
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developmental variations were observed at many dose levels, including those that did not cause 
any maternal toxicity (0.5 mg/kg/day). At this dose, cariprazine systemic exposure level was less 
that that expected in humans (0.2 times the MRHD of  mg/day based on AUC). Cariprazine did 
not produce test article-related effects on pregnancy or fetal parameters in rabbits at any of doses 
tested, including the high dose of 5 mg/kg/day that caused maternal toxicity based on decreases 
in body weight and food consumption. 
 
Effects of cariprazine on pre- and postnatal development in Wistar rats demonstrated the 
NOAEL for F1 and F2 generation developmental toxicity at 0.3 mg/kg/day based on the lower 
postnatal survival, birth weights, body weights, body weight gains, and decreased auditory startle 
responsiveness in F1 males observed at 1 mg/kg/day in the F1 generation, and based on lower 
body weights and body weight gains at 1 mg/kg/kg/day in the F2 generation. The 0.3 mg/kg/day 
dose is ~0.3 times the MRHD of  mg/day based on mg/m2 and ~0.08 times human exposure 
based on combined AUC0-24h for cariprazine, DCAR, and DDCAR expected in humans at the 
MRHD of mg/day. 
 
In conclusion, administration of cariprazine is expected to increase the risk of adverse 
reproductive and developmental outcomes in humans when used in accordance with the dosing 
information in the product label. This conclusion is based on the observations of alterations to 
growth and dysmorphogenesis in the rat embryofetal development study and lower postnatal 
survival, birth weights, body weights and decreased auditory startle responsiveness in the pre- 
and postnatal development in study in rats in the absence of significant maternal toxicity and at 
clinically relevant maternal plasma drug concentrations. Therefore, the Pregnancy Category C is 
recommended for drug labeling. 
 
The lacteal transfer study of cariprazine in rats was conducted in pregnant Sprague-Dawley rats 
administered cariprazine during gestation through lactation. Cariprazine and its metabolites 
DCAR and DDCAR were detected in milk of maternal animals when measured at 2 hours post-
dosing. Cariprazine milk concentrations were 1.6- to 2.8-fold higher than plasma concentrations 
in maternal animals. Cariprazine was detected in plasma of pups at very low levels when 
measured at 4 hours post-dosing, while the metabolites DCAR and DDCAR were not detectable. 
 
Special toxicology studies 
The antigenic potential of cariprazine was assessed using both active systemic anaphylaxis and 
passive cutaneous anaphylaxis in male Hartley guinea pigs using serum obtained from sensitized 
guinea pigs. No anaphylactic reactions were observed. Therefore, cariprazine was not considered 
to have antigenic potential. Other special toxicology studies are described above. 
 
Margins of exposure 
This reviewer calculated exposure margins for cariprazine and the metabolites DCAR and 
DDCAR based on AUC values provided in the report entitled “Population Pharmacokinetic 
Evaluation of Cariprazine (RGH-188) and Its Metabolites in the Treatment of Schizophrenia and 
Bipolar Mania” (RGH-MS-01). The objective of this PK analysis was to assess model-predicted 
exposures, time to steady state, and the functional half-life of cariprazine, DCAR, and DDCAR 
based on data obtained from 12 clinical studies. 
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Based on report RGH-MS-01, the median time to achieve 90% steady state for cariprazine and 
DCAR is 4 days in humans. The value is the same because the PK of DCAR is formation-rate 
limited. The median time to achieve 90% steady state for DDCAR and the total concentration is 
31 and 27 days, respectively. Following administration of 12 mg/day at steady state, the mean 
(SD) of the AUC0-24h (ng • h/mL) for cariprazine, DCAR, and DDCAR is 536.08 (165.11), 
152.21 (70.73), and 1479.76 (814.58), respectively, with median values of 525.03, 141.45, and 
1345.52, respectively. 
 
Comparison of systemic drug exposure at no observed adverse effect levels (NOAELs) for 
toxicity in the test species to that in humans at the maximum recommended dose (MRHD) was 
based in this review on the most relevant metric (AUC0-24h or body surface area-adjusted dose) 
and assumed the MRHD of mg/day. Therefore, for the MRHD of mg/day, proportionally 
adjusted mean AUC0-24h values for cariprazine, DCAR, and DDCAR are 402 ng•h/mL, 114 
ng•h/mL, and 1110 ng•h/mL, respectively; for all three moieties, the combined AUC0-24h value is 
1626 ng•h/mL. However, if a lower dose is approved, exposure margins will proportionally 
increase.  
 
Calculation of relative systemic exposure ratios (animal: human) considered both the parent 
compound and its metabolites (DCAR and DDCAR) because of their pharmacological activity 
and high levels circulating in humans. Therefore, the AUC0-24h values for cariprazine, DCAR, 
and DDCAR were combined for toxicology species or humans. However, there is no data to 
assess relative contribution of the DCAR or DDCAR to the cariprazine-related toxicity observed 
in nonclinical studies. 
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12 Appendix/Attachments 
 
List of abbreviations used in this review [abbreviation (term)]: 
DCAR (desmethyl cariprazine), DDCAR (didesmethyl cariprazine), HGB (hemoglobin), HCT 
(hematocrit), RBC (erythrocyte count), RETIC (reticulocyte count), PLT (platelet count), MPV 
(mean platelet volume), MCV (mean corpuscular volume), MCH (mean corpuscular 
hemoglobin), MCHC (mean corpuscular hemoglobin concentration), RDW (red cell distribution 
width), WBC (total leukocyte count), ANEU (absolute neutrophils), ALYM (absolute 
lymphocytes), AMONO (absolute monocytes), AEOS (absolute eosinophils), ABASO (absolute 
basophils), ALUC (absolute large unstained cells), PT (prothrombin time), APTT (partial 
thromboplastin time), AST (aspartate aminotransferase), ALT (alanine aminotransferase), ALKP 
(alkaline phosphatase), BUN (blood urea nitrogen), CREAT (creatinine), GLU (glucose), CHOL 
(cholesterol), TRIG (triglycerides), TP (total protein), ALB (albumin), GLOB (globulin), A/G 
)albumin/globulin ratio), TBILI (total bilirubim), GGT (gamma glutamyl transferase), CPK 
(creatinine phosphokinase), LDH (lactate dehydrogenase), Na+ (sodium), K+ (potassium), Cl- 
(chloride), Ca++ (calcium), PHOS (inorganic phosphate), VOL. (volume), Sp.G. (specific 
gravity), GD (gestation day), LcD (lactation day), PND (post-natal day), H&E (hematoxilin and 
eosin), M (male), F (female), TK (toxicokinetics), PK (pharmacokinetics), T1/2 (terminal 
elimination half-life), ↑ (increase), ↓ (decrease), MTD (maximum tolerated dose), NOAEL (no 
observed adverse effect level), NOEL (no observed effect level), HCG (human chorionic 
gonadotropin), AUC (area under the curve), Cmax (maximum plasma concentration), i.v. 
(intravenous), MRHD (maximum recommended human dose), LD (low dose), MD (medium 
dose), HD (high dose), and PLD (phospholipidosis). 
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