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Discussion:
The pharmacology/toxicology reviewer and supervisor recommended that 
pimavanserin could be approved from the pharmacology/toxicology perspective 
for the indication listed above. 

The exact mechanism of pimavanserin in the treatment of psychosis is unknown. 
Therefore, an acceptable established pharmacologic class is “atypical 
antipsychotic” as with other members of this class.

One of the predominate findings in the nonclinical studies with pimavanserin was 
the induction of multi-organ phospholipidosis in multiple species. In the rat, 
phospholipidosis was associated with inflammation and secondary inflammatory 
fibrosis. These findings were further assessed by FDA pathologists. The fibrosis 
was not considered to be a direct drug-induced injury to the lungs. In addition, a 
margin (5 fold) exists between the human exposure and the exposure considered 
to be the no observed effect level for the chronic inflammation in the lungs.

Initially, the reviewer and supervisor recommended that a juvenile animal study 
be conducted as a post-marketing requirement. However, they subsequently 
decided that this was not necessary for this NDA. The supervisor has 
recommended a post marketing commitment asking the sponsor to conduct 
additional histochemical staining and examination for collagen in lung tissues of 
animals from the chronic toxicity studies.

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. I also agree that no 
juvenile animal study is necessary for this NDA. Further assessment of collagen 
in lungs will probably have minimal impact for the current indication; however, 
such information may better define a no effect level and may be useful if 
pimavanserin is used for other chronic indications. Additional comments on 
labeling have been provided separately.
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Supervisory Memo # 2

Drug: Pimavanserin

NDA # 207318

Indication: Parkinson’s disease Psychosis 

Sponsor: Acadia Pharmaceuticals, Inc. 

Review Date: April, 8 2016

PDUFA Date: May 1, 2016

Supervisor:  Aisar Atrakchi, Ph.D. 

Division Director:  Mitchell Mathis, M.D. 

Center/Division: CDER / Psychiatry Products

This is the 2nd supervisory memo for pimavanserin to address new information submitted to the 
Agency in SDNs 24, 25 on March 4 and 18, 2016. In order to further evaluate the lung fibrosis 
observed in the 6 month rat toxicity study, 616007, the sponsor consulted a Pathology Working 
Group (PWG). The PWG consisted of  representing  and Ricardo 
Ochoa who is the applicant pathologist. The PWG agreed that a stain specific for collagen (in this 
case Masson’s Trichrome (MTC)), is necessary to accurately evaluate the slides where “fibrosis” was 
identified. Lung sections from all animals in this study were recut, stained with MTC, and re-read 
independently by each pathologist (see Dr. Avila’s amendment review for detail). The PWG 
conclusion was similar to the one from the original report, that the lung fibrosis is a result of chronic 
inflammation and is not a direct drug-induced injury to the lungs.  However, this new report identified 
more cases of chronic inflammation that were not seen in the previous report which led to alteration in 
the safety margins for chronic inflammation. The Division consulted the newly submitted information 
to our internal experts who were also the consultants on the histopathology results from the original 
NDA and, they too agreed with the overall PWG conclusion (see Drs. Francke and Mog pathology 
consult review for detail). 

The identification of new cases of inflammation in the PWG report that were not identified previously 
in the original report that used standard H&E stain, introduces the question whether inflammation 
could also be present in the other repeat dose toxicity studies in the rat (the 2 year carcinogenicity 
study), as well as studies in mice and monkeys. Therefore, it would seem prudent and necessary to 
re-evaluate the lung slides using MTC stain for all chronic studies in order to determine the extent of 
inflammation and whether it is present at lower doses. Therefore, we recommend conducting this 
assessment as a post-marketing commitment. Information generated from this assessment will also 
be necessary if pimavanserin is to be indicated in the future for a chronic administration. 

Summary and Recommendation:

I agree with the conclusions of Dr. Avila, our internal expert pathologists Drs. Francke and Mog, 
and the sponsor’s PWG.  The results of the re-evaluation of the lung slides from the 6 month rat 
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study using specialized stain for collagen supported the conclusion made in the original NDA 
review. The lung fibrosis is secondary inflammatory fibrosis in response to chronic inflammation; it 
is not a direct drug-induced injury.  However, the PWG report identified new cases of 
inflammation not previously observed with standard staining using H&E. This resulted in different 
(lower), safety margins for inflammation relative to the clinical exposure at the maximum 
recommended human dose. Therefore, there is reasonable safety concern to support further 
investigation of the extent of inflammation and whether it is present at lower doses using 
specialized collagen stain. Therefore, we recommend conducting this assessment as a post-
marketing commitment. Information generated from this assessment will also be necessary if 
pimavanserin is to be indicated in the future for chronic administration.  

Upon further discussions with the primary reviewer, we have concluded that a juvenile animal 
study is not warranted at this time for this indication.
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1. Fibrosis, pleural/subpleural, defined as “denotes collage presence in areas of the pleura and the 
associated subjacent alveoli (i.e. subpleural) independent of the above-mentioned areas and with 
little inflammatory infiltrates”.

2. Inflammation, (chronic or subacute).

a. Inflammation, subacute defined as “denotes inflammatory foci that are intermediate in duration 
between that of an acute inflammation and that of a chronic inflammation, usually persisting longer 
than 3 or 4 weeks and may contain collagen fibers (i.e. fibrosis), were present as focal or multifocal 
areas in the lung parenchyma”.

b. Inflammation, chronic defined as “inflammation that may have a rapid or slow onset but is 
characterized primarily by its persistence and lack of clear resolution; it occurs when the tissues are 
unable to overcome the effects of the injuring agent. In this case it is used to denote the presence of 
collagen in foci of inflammatory infiltrates that were not necessarily connected with the pleura and 
were either focal or multifocal in the lung parenchyma”.

Pathology comment: We do not agree with the PWG’s definition of subacute inflammation; 
the duration of subacute inflammation usually applies to a timeframe of a few days to a few 
weeks. More importantly, the definition of subacute inflammation generally does not include 
the presence of collagen fibers (fibrosis) as fibrosis is the defining manifestation of chronicity
in chronic inflammation (Slauson and Cooper, Mechanisms of Disease, Textbook of 
Comparative General Pathology, 2002 3rd Ed. pg. 152). This distinction, is in our opinion 
crucial for a meaningful understanding of the given fibrosis issue and the interpretation of the
applied MTC collagen stain. Furthermore, a separate diagnosis (“fibrosis, pleural/subpleural”) 
unnecessarily confuses the issue, as it reintroduces a diagnosis of “fibrosis” in the lung. We 
re-advocate the use of just the term “chronic inflammation” (reference 2 pg. 15) for all PLD 
associated pulmonary changes with secondary inflammatory fibrosis of this rat study.

Results:
The PWG evaluated data from the unscheduled deaths (reference 1a 3.2 pg. 4), the primary necropsy 
data at week 13 (reference 1a 3.3 pg. 7), the primary necropsy data at week 26 (reference 1a 3.4 pg.
8), and the recovery necropsy data at weeks 39 and 52 (reference 1a 3.5 pg. 9, 3.6 pg. 10).

The PWG pathologists reported that none of the treatment animals that died early, had diagnoses of 
fibrosis pleural/subpleural, chronic inflammation, or a positive trichrome stain (reference 1a pg. 6) 
and concluded that “the presence of fibrosis required a longer time to appear...” (reference 1a pg. 6).

At the 13 week “early” sacrifice time point of the high dose females at 90 mg/kg, the PWG 
pathologists identified a 100 % incidence (15/15) of PLD and inflammation in two animals (6514 and 
6529, only the latter animal with positive MTC stain for fibrosis, reference 1a pg. 7).

At the 26 week the PWG pathologists identified for the low dose group at 60 mg/kg, 15/20 males with 
PLD, 3 PLD males with inflammation and fibrosis. For the high dose at 90 mg/kg, the PWG reported
16/16 males with PLD, 2 PLD males with inflammation and 2 PLD males with inflammation and 
fibrosis. From this, the PWG pathologists concluded, that “inflammatory changes in most of the 
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animals were accompanied by the presence of fibrosis evidenced by positivity of the trichrome stain”.
The PWG pathologists acknowledged furthermore “that at this time the lungs evidenced increased 
presence of focal areas of inflammation”. 

At the 39 week sacrifice (female high dose recovery only) the PWG pathologists reported 9/10 
females with PLD, 5/10 with fibrosis based on a positive MTC stain. 2 of the five fibrosis positive 
females were reported with chronic inflammation while the remaining 3 were reported with 
multifocal pleural/subpleural fibrosis. The PWG pathologists further stated, that “all the fibrosis 
observed in the five animals was residual, mature collagen accompanied by chronic inflammatory 
cells (observed on H&E and MTC)”.

At the 52 week sacrifice for males, the PWG pathologists reported 1/9 (changed from 2/9, recorded in 
reference 3) and 8/10 animals with remaining PLD after the 6 month recovery phase for 60 and 90 
mg/kg, respectively. The PWG pathologists reported that inflammation or fibrosis was not observed 
for the 60 mg/kg male dose group. For the 90 mg/kg dose group, 8/10 males were reported to be PLD 
positive; of these, six (6/10) high dose males were reported to also have fibrosis based on a positive 
MTC stain. 2 of these six fibrosis positive males were reported with chronic inflammation while the 
remaining 4 were reported with multifocal pleural/subpleural fibrosis.

At the 52 week sacrifice for the 60 mg/kg females, the PWG pathologists reported 8/9 animals with 
PLD. Five of these (5/9) low dose females were reported to also have fibrosis based on a positive 
MTC stain. 4 of these five fibrosis positive females were reported with chronic inflammation while 
the remaining 1 was reported with multifocal pleural/subpleural fibrosis.

Pathology comment:
In the Table below we summarized the combined PWG report (reference 1a pg. 26-27) and in 
the resulting amended pathology report data (reference 4a pg. 9, Text Table 3) restricted to 
PLD (macrophages, vacuolated) and secondary lung changes (inflammation and fibrosis).
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Pathology comment:
Overall the PWG results confirmed our previous assessment (reference 2) that the fibrosis 
findings presented in this and other Pimavanserin studies evaluated are representative of 
“chronic inflammation” which implies some degree of organizing fibrosis. The PWG affirmed 
that the PLD process is associated with a low grade ongoing inflammatory cell response which 
organizes over time (chronicity) resulting in collagen deposits manifesting as “inflammatory 
fibrosis”. The PWG confirmed that the secondary inflammatory fibrosis reported in this 6
month rat study with a 6 month recovery phase (reference 3 and 4a) was generally focal to 
multifocal in distribution and of minimal to mild severity. The PWG report further supports a 
continuum underlying the development of the minimal-mild, multifocal inflammatory 
“fibrosis” reported in this 6 month rat study, consisting of PLD, followed by inflammation
(subacute), and chronic inflammation (with fibrosis) over time. The “fibrosis” termed 
pleural/subpleural in the PWG report is, however, in our opinion, not a separate process from 
the “inflammation, chronic” but a “point in time” observation which represents the resolution 
process from minimal-mild, multifocal, subpleural inflammatory foci with fibrosis after the 
originally associated inflammation has subsided.

Summary: In our opinion, the PWG report supports an overall conclusion that low grade chronic 
inflammation is the source of fibrosis described in the original 6 month rat Pimavanserin study with a 
6 month recovery phase.

However, there were several approaches and / or statements in the PWG report with which we did not 
agree. In addition, inconsistencies and /or omissions largely confused the PWG pathologists’
message. Only a few examples are summarized below. 

Reference 1a /
Topic

CFSAN Pathology Comment

Several of the
Figures (1-8) 
provided in the 
PWG report pg. 
18-25 showed 
inconsistencies.

Figure Examples:

Figure 3, is introduced as pleural/subpleural fibrosis on pg. 10 of the PWG report; the figure 
legend (pg. 20) is consistent with this text statement of pleural/subpleural fibrosis, however, on 
pg. 27 (PWG Addendum 1, change to data table) a diagnosis change for this animal is noted as 
“changed fibrosis to inflammation, chronic”.

Similarly, Figure 6 – is referenced on pg. 9 and 14 of the PWG report as an example of 
subpleural fibrosis; the photo legend (pg. 23) also identifies the change as subpleural fibrosis; 
however, on pg. 26 (PWG Addendum 1, change to data table) a change of diagnosis for this 
animal is noted as “changed fibrosis to inflammation, chronic”. 

Based on the cellularity present in Figure 6, this change is in our opinion best described as 
inflammation, chronic. The presentation of Figure 3, we suppose is probably reflective of 
what the PWG pathologists’ envisioned as representative for fibrosis pleural/ subpleural. We,
however, find this distinction unnecessary as both lesion manifestations are a consequence of a 
chronic inflammatory process. These recording inconsistencies are perfect examples of why 
the distinction between “pleural /subpleural fibrosis” and “inflammation, chronic” only leads 
to confusion even to the PWG pathologists themselves. 
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Figure 7 – The figure legend to this photograph (pg. 24) is the only place in the PWG report,
where the presence of cholesterol clefts within inflammatory changes, are described by the 
PWG pathologists.  The original pathology report, however, described multinucleated giant 
cells as well as cholesterol clefts which both are clearly depicted in this photograph. 
We are at a loss of why this prominent observation of multinucleated giant cells with 
cholesterol clefts would be omitted in the PWG report as it constitutes an uncommon feature 
of PLD. The PWG pathologists did not describe the presence of intra and extracellular 
eosinophilic material (phospholipid secondary to macrophage lysis) either, mentioned in 4 of 7 
PLD positive Pimavanserin studies (reference 2 pg. 12) including this 6 month rat study with a 
6 month recovery phase.

That the PWG pathologists were mindful of the aforementioned multinucleated giant cell 
observation, becomes clear based on changes made, as result of the PWG report, (reference 1a)
in the amended pathology report (reference 4a pg. 5 and 7). These changes resulted in the 
deletion of any reference to multinucleated giant cells previously reported by 2 prior study 
pathologists (reference 3 pg. 62) in the pathology report narrative.

However, as a result of the PWG, a description of “multinucleated giant cells formed from 
vacuolated macrophages” was added by the PWG study pathologist to a PLD observation of 
one treated 60 mg/kg male rat in the individual animal tables (reference 4a pg. 313, animal 
6370). In addition, one diagnosis of “chronic inflammation …[  ] with “cholesterol clefts” was 
added to one treated 90 mg/kg recovery female in the individual animal tables (reference 4a
pg. 452, animal 6478, which is also the source of Figure 7 above). However, following these 
additional entries into the individual animal data tables, the PWG study pathologist chose to 
comment only on cholesterol clefts but not on multinucleated giant cells in the amended 
pathology report, despite the fact that both observations are clearly visible in Figure 7 of the 
PWG report (reference 1a pg. 24). 

These inconsistencies do not make sense to us. The PWG / study pathologist(s) did not attempt 
to explain or justify their decision to omit the observation of multinucleated giant cells, in 
either the PWG report or the amended pathology report. As this review is conducted on a 
finalized GLP pathology report, all changes - additions and omissions - should have been 
noted and justified in the amended pathology report by the study pathologist and, in our 
opinion, also in the PWG report by the PWG pathologists.

Figure 8 – is introduced on pg. 11 in the PWG report and in the figure legend to this photo 
(pg. 25), this image is supposed to provide an example of human pulmonary fibrosis
characterized by “diffuse interstitial deposition of connective tissue” implying a chronic long 
standing process. The PWG pathologists also use the same image to illustrate an acute 
pulmonary exudative phase with fibrin formation (pg. 14).  Following the provided internet 
link in the figure legend, the original description accompanying this image reads “DAD 
(diffuse alveolar damage) – pulmonary edema, formation of hyaline membrane (arrows, 
containing fibrin, proteinaceous debris and desquamated cells), organization with fibrosis”.
This image is, therefore, descriptive of a highly acute process that is, in our opinion, not a
representative human analogue to the fibrosis issues discussed in this 6 month rat study with 
an additional 6 month recovery phase.  
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Maximum 
Tolerated Dose 

On pg. 6 and 13 - the PWG pathologists stated that “both doses (60 and 90 mg/kg) exceeded 
the maximum tolerated dose in this study”. It is our opinion, that with this statement the PWG 
pathologists invalidate this rat study (reference 3) in its entirety. We do not agree with this 
conclusion, as all male rats as well as most of the females survived. However, we do think that 
this study had prominent shortcomings pertaining to the fact that it only included 2 test doses,
while the pivotal 30 mg/kg dose was not retested. The 30 mg/kg dose was, in our opinion,
equivocal in previous studies for the presence of PLD (reference 2 pg. 9).

Other comments On pg. 1 of the PWG report, it is stated, that the PWG consisted of only 2 pathologists, which 
is unusual. Usually, a PWG is composed of 3-5 voting members with a non-voting chair-
person and often includes the original study pathologist. It was stated on pg. 10 (reference 4a)
that a PWG was conducted instead of the originally planned Peer Review (pg. 153, protocol 
amendment 9), because the sponsor requested a PWG. As there are many defining differences 
between PWGs and Peer Reviews, overall, this PWG resembled the Peer Review process more 
so than a PWG process.

Your specific questions:

1. Do the basic methods for revaluating the lung tissues outlined in the report appear 
reasonable?

Pathology comment: The methods outlined in the PWG report, specifically the reevaluation 
of all lung slides by both pathologists and the evaluation of recut lung sections stained with 
MTC stain for collagen, are considered reasonable approaches. 

2. Do you agree with the PWG and sponsor’s overall conclusions and proposed 
mechanism for the development of lung fibrosis?

Pathology comment: As outlined above, we concur with the overall conclusion of the PWG 
report that chronic inflammation is the source of the fibrosis described in the original 6 month 
rat study with a 6 month recovery phase. However, the PWG pathologists describe 2 different 
mechanisms, a) Inflammation secondary to PLD (reference 1a pg. 13, 15), and b) pleural 
irritation through rubbing (pg. 14, 15) with which they attempt to explain 2 distinct 
diagnoses: a) inflammation, chronic or subacute and b) fibrosis, pleural/subpleural.
With regard to the first mechanism, we agree that the inflammation is likely a response to 
PLD but not, as proposed by the PWG pathologists, in response to “environmental” or 
“unidentified” pathogens (pg. 13, 15). We consider the inflammation a response to phagocytic 
overload, resulting in eosinophilic extracellular material, described and interpreted by the 
original study pathologist as phospholipid and a consequence of macrophage lysis (reference 
2, pg. 10, 12). Over time, the inflammation becomes chronic which is associated with 
deposition of collagen fibers (fibrosis). This process, in our opinion, remains the same 
independent of location within the lung (parenchymal or subpleural). The PWG pathologists,
however, propose the second mechanism for changes specifically observed in pleural and 
subpleural locations. We consider the outline of the second mechanism (rubbing) highly 
speculative. The separate diagnosis of “fibrosis, pleural/subpleural” unnecessarily confuses
the issue, as it reintroduces a diagnosis of “fibrosis” in the lung. We re-advocate the use of just 
the term “chronic inflammation” (reference 2 pg. 15) for all PLD associated pulmonary 
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changes with secondary inflammatory fibrosis of this rat study.

3. Do you have any additional questions or comments regarding the findings or the 
conclusions in the report?

Pathology comment: As mentioned above, we noted several inconsistencies within the PWG 
report; our main concern pertains to the fact that omissions in the amended pathology report, 
resulting from the PWG evaluation, were not justified and / or made apparent.

The most obvious example of this is the omission of any mentioning of multinucleated giant 
cells specifically characterizing the PLD of this rat study. The description by 2 prior study 
pathologists of  “vacuolated macrophages” being….[  ] “characterized by collections of 
large foamy macrophages and multinucleated giant cells”… implies that multinucleated 
giant cells were a consistent feature for the majority of the diagnoses pertaining to 
“macrophages, vacuolated” reported in lungs of treated animals. This omission in the GLP 
amended pathology report (reference 4a), obviously requires an explanation, as multinucleated 
giant cells were clearly depicted in at least one figure of the PWG report (Figure 7, reference 
1a). 

4. After reviewing the PWG report, would you recommend any additional nonclinical 
studies or evaluations with pimavanserin?

Pathology comment: Overall, we agree with some conclusions of the PWG report, supporting 
our previously stated opinion that chronic inflammation is the source of the “fibrosis” 
recorded by the original study pathologist. However, as mentioned above, there are several 
statements (rubbing mechanism leading to subpleural fibrosis; inflammation in response to 
“environmental” or “unidentified” pathogens) presented in the PWG report and omissions 
(e.g. multinucleated giant cells, cholesterol clefts, eosinophilic material) with which we do not 
agree. It needs to be noted that optimally CFSAN Pathology would have conducted its own 
review of the lung slides to make an independent assessment, for a comparison with any 
reported data presented (PWG report, reference 1a; original study report, reference 3; and 
amended pathology report data, reference 4a). However, in lieu of an independent slide 
review, we conclude that based on the information provided in the PWG report and in the 
amended pathology report (reference 4a), there is no evidence of primary pulmonary fibrosis 
in the rat Pimavanserin 6 month study with a 6 month recovery phase. Therefore we do not 
consider further studies necessary. 

Please let us know if you have any questions.

Sabine Francke, D.V.M., Ph.D., FIATP and Steven Mog D.V.M., DACVP
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Pharmacology/Toxicology NDA Review and Evaluation Amendment

Application number: NDA 207318

Supporting document/s: SDNs 24, 25

Applicant’s letter date: March 4, 2016, March 18, 2016

CDER stamp date: March 4, 2016, March 18, 2016

Product: Pimavanserin

Indication: Parkinson’s disease psychosis

Applicant: Acadia Pharmaceuticals, Inc. 

Review Division: Psychiatry Products

Reviewer: Amy M. Avila, Ph.D.

Supervisor: Aisar Atrakchi, Ph.D.

Division Director: Mitchell Mathis, M.D.

Project Manager: Brendan Muoio, Pharm.D.

Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 207318 are owned by Acadia Pharmaceuticals or are 
data for which Acadia Pharmaceuticals has obtained a written right of reference. Any 
information or data necessary for approval of NDA 207318 that Acadia Pharmaceuticals 
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 
207318.
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[Table excerpted from PWG report, NDA 207318 SDN 24.]

Review and Evaluation:

Unscheduled deaths: 

18 animals died or were sacrificed in extremis prior to their scheduled necropsies (table 
below from applicant). Microscopic findings, after re-examination, and diagnosis in the 
lungs of these rats are included in table 1 below. No inflammation or fibrosis, 
pleural/subpleural, was identified in any drug-treated animal that died or was sacrificed 
prematurely. A female at 60 mg/kg/day died on study day 12, had granulomas with 
trichrome positive staining within the granulomas (fibrosis). However, there was no 
evidence of phospholipid-laden macrophages within the lungs of this animal, and the 
granulomas were determined to be older than the 12 days the animal was in the study, 
therefore the death was not considered drug-related. Most other drug-treated animals 
that were found dead or died prematurely had evidence of pulmonary phospholipidosis 
(PLD) (diffuse vacuolated macrophages), with the exception of a 90 mg/kg/day female 
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that died on study day 4 that had no evidence of PLD. A 60 mg/kg/day female that was 
found dead on day 51 had only minimal amounts of PLD, while all others had either mild 
or moderate amounts of diffuse vacuolated macrophages and died starting on day 86 in 
group 3 animals (90 mg/kg/day), when several females were sacrificed in extremis, and 
day 178 in group 2 females (60 mg/kg/day). The PWG report noted that “[a]t the time of 
death many of the animals had considerable respiratory difficulties due to the decrease 
of respiratory function caused by the severe accumulation of phospholipids.”  These 
findings indicate that the incidence and severity of accumulated vacuolated 
macrophages in the lungs of rats treated with pimavanserin increased over time and 
also correlated with adverse effects of respiratory function, but fibrosis or inflammation 
in the lungs did not result in death or premature sacrifice.    

The following tables (1-7) are excerpted from the PWG report, NDA 207318. 

Microscopic evaluation of lungs from animals at scheduled sacrifices:

End of dosing phase (week 13 for group 3 females, week 26 for males and group 2 
females):

Only one 90 mg/kg/day female that was sacrificed at week 13 had a positive trichrome 
stain which correlated with the finding of pleural/subpleural fibrosis, subacute 
inflammation, and severe vacuolated macrophages. There was only one other finding of 
fibrosis, pelural/subpleural in animals sacrificed at the end of the dosing phase, but it 
was observed in a control male. There were 5 findings of trichrome positive staining at 
the end of the dosing phase all in males (3 at 60 mg/kg/day and 2 at 90 mg/kg/day). The 
trichrome positive staining in these males correlated with the finding of chronic 
inflammation (2 males each at 60 and 90 mg/kg/day); and a separate male at 60 
mg/kg/day with positive trichrome staining had no evidence of inflammation but the 
staining correlated with focal pigmented vacuolated macrophages in the alveolar 
septae. Subacute inflammation was also observed in the lungs of 1 male at 60 and 2 at 
90 mg/kg/day that were negative for trichrome staining. 
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6-month recovery groups (week 39 for group 3 females, week 52 for males and group 2 
females):

A greater incidence of positive trichrome staining occurred in recovery group animals (5 
each from 60 and 90 mg/kg/day females and 6 from 90 mg/kg/day males). The positive 
trichrome staining correlated with fibrosis pleural/subpleural or chronic inflammation.  
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Below is the text table of the respiratory system microscopic findings excerpted from the 
amended study report (SDN 25 of NDA 207318). The underlined information indicates 
changes made from the original pathology report. 
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[Table excerpted from amended study report -616007, NDA 207318 SDN 25.]

At the primary necropsies, the vacuolated macrophages found in the lungs were 
characterized by diffuse distribution, filled alveolar spaces of the lungs and were 
minimal to moderate in the 60 mg/kg/day groups and mild to severe in the 90 mg/kg/day 
groups. Focal to multifocal chronic inflammation was observed in males at both dose 
levels (60 and 90 mg/kg/day) at the end of dosing phase. The chronic inflammation was 
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characterized by lymphocytes and increased collagen matrix (fibrosis) that was also 
observed on trichrome stained lung slides (positive trichrome). Subacute inflammation 
(trichrome negative staining) was also observed at the end of the dosing phase in 1 
male at 60 mg/kg/day and in 2 males and 1 female at 90 mg/kg/day, respectively. One 
female at 90 mg/kg/day at the 13 week necropsy had positive trichrome staining that 
correlated with mild fibrosis, pleural/subpleural, and another 90 mg/kg/day female had 
moderate mixed cell inflammation (trichrome negative staining). 

At the recovery necropsies, the incidence and severity of the vacuolated macrophages 
was lower, indicating partial recovery of the phospholipidosis (although very slow). Also, 
after the 6-month recovery period the vacuolated macrophages were characterized by 
multifocal distribution (no longer diffuse) with aggregates in alveolar spaces in the 
subpleural alveoli and to a lesser extent, the periacinar alveoli. Chronic inflammation 
was observed recovery group males at 90 mg/kg/day and in recovery group females at 
both dose levels and correlated with positive trichrome staining. Pleural/subpleural 
fibrosis was also observed in recovery group males at 90 mg/kg/day and recovery group 
females at 60 and 90 mg/kg/day and was characterized by increased collagen matrix 
that expanded the pleura and alveolar septae of the subpleural alveoli and was 
observed on trichrome stained lung slides (positive trichrome). The chronic inflammation 
or fibrosis and macrophages corresponded to white areas observed macroscopically. 

It is noted that in the original pathology report, inflammation was not listed as a 
diagnosis in the lungs from any animals in the study. However, fibrosis, and evidence of 
minimal to severe phospholipidosis was listed. The re-evaluation of lung tissues as part 
of the PWG identified new findings of subacute and/or chronic inflammation at both 
dose levels for males and females. In eight instances, the original diagnosis of fibrosis 
was changed to “inflammation, chronic, focal/multifocal” (4 females at 60, 2 females at 
90, and 2 males at 90 mg/kg/day). In addition, eight new cases of inflammation 
(subacute or chronic) were identified (1 female at 60, 2 males at 60, 4 males at 90 
mg/kg/day and in 1 control male). In all cases where the diagnosis of fibrosis still 
applied (1 female at 60, 3 females at 90, and 3 males at 90 mg/kg/day) or was newly 
identified (1 control male and one male and female each at 90 mg/kg/day), the 
diagnostic term was changed to “fibrosis, pleural/subpleural”. 

Changes made to study  616007: (table excerpted from PWG report). 
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Conclusions:

The PWG made the following conclusions after re-examination of lung tissues, with the 
use of the trichrome stain for collagen, from all animals of study  616007.  The 
following text is excerpted directly from the PWG report.
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The PWG pathologists provide two possible explanations for the occurrence of fibrosis 
in the lungs of rats treated with pimavanserin. It is important to note that both of these 
possible events leading to fibrosis are “secondary effects to the lung phospholipidosis.” 
This reviewer agrees the lung findings of inflammation and fibrosis are directly caused 
by phospholipidosis in the lungs. 

The following text is excerpted from the PWG. 
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This reviewer agrees with the overall conclusions made in the PWG report, that the 
fibrosis in the lungs of rats is part of a chronic inflammatory response secondary to 
phospholipidosis and not a direct primary fibrotic process similar to human pulmonary 
fibrosis. Furthermore, the PWG report and amended study report were also reviewed by 
Drs. Francke and Mog (CFSAN expert pathologists), who were also consulted to review 
the histopathology data from the original NDA 207318 submission. Drs. Francke and 
Mog also agreed with the overall conclusions in the PWG report (see consult review of 
the PWG report). Explanation number 1 above provided by the PWG pathologists for 
the possible events leading to fibrosis appears to be the most plausible. This reviewer 
does not agree with the statement in the PWG report that the doses used in the rat 
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study (60 and 90 mg/kg/day) were beyond MTD doses. The majority of males and 
females at 60 mg/kg/day and males at 90 mg/kg/day survived until scheduled 
necropsies. By saying this, the pathologists and applicant are invalidating the study. 
Also, multi-nucleated giant cells and cholesterol clefts were noted as being observed in 
the lungs however, these findings were not entered as a separate line listing in the data 
tables. Multi-nucleated giant cells and cholesterol clefts are not typically seen with 
phospholipidosis. This finding should be looked at more closely in any future nonclinical 
studies with pimavanserin. 

Recommendations:

The new submitted data to the NDA, PWG report and amended study report -
616007, do not change this reviewer’s recommendation for approval of pimavanserin for 
the indication of Parkinson’s disease psychosis (PDP). However, these new data altar 
the safety margins for chronic inflammation in the lungs of rats. This impact will change 
this reviewer’s recommended language for section 13.2 (Animal Toxicology and/or 
Pharmacology) of the label.

In addition, it is clear from the PWG report that the use of more sensitive microscopic 
techniques (including the use of a special stain to detect collagen) identified new 
adverse findings in the lungs of rats treated with pimanvanserin  that were not identified 
with H&E staining (subacute and chronic inflammation in males and females at both 
dose levels tested). Therefore, the question remains if the same sensitive microscopic 
techniques were used to re-evaluate lung tissues from rats in other chronic repeat-dose 
studies in which lower doses were used (the first 6-month rat study in which 30 
mg/kg/day was the highest dose tested) or the 2-year rat carcinogenicity study (high 
doses of 30 mg/kg/day for males and 50 mg/kg/day for females) or from monkeys in the 
chronic 12-month repeat-dose toxicity study, would additional diagnoses of inflammation 
be found. Without the use of special stains to detect collagen and more sensitive 
microscopic techniques in these studies, the confidence for an accurate no observed 
effect level (NOEL) for inflammation and/or fibrosis in the lungs of animal is low. This 
has prompted this reviewer to consider the following postmarketing requirement.  

If pimavanserin is approved for the indication of PDP, we are considering a nonclinical 
postmarketing requirement to further evaluate the effects of phospholipidosis in animals. 
Additional required data may include microscopic re-evaluation of lung tissue samples 
using special stains to detect collagen from rats treated with pimavanserin at lower 
doses to obtain a more accurate NOEL for phospholipidosis-induced inflammation.  
Microscopic re-evaluation of lung tissue samples using special stains to detect collagen 
may also be required from the 12-month monkey study in order to determine if 
inflammation can be detected in the lungs of monkeys using more detailed microscopic 
techniques.
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This is a 505(b)(1) drug application for pimavanserin a new molecular entity developed by 
Acadia Pharmaceuticals.  The drug indication is for treatment of Parkinson’s disease psychosis 
to be administered orally as an immediate release tablet.

Summary and Recommendation:

The safety of pimavanserin was investigated in standard and adequate animal studies. 
Pharmacology studies showed pimavanserin binds with high affinity to serotonin 5HT2A and 
5HT2C receptors acting as an antagonist and inverse agonist. This site of action as well as 
results from in vivo rodent models support the anti-psychotic-like effects of pimavanserin and its 
potential therapeutic benefit in patients with psychosis associated with Parkinson’s disease. 
Pimavanserin caused a significant prolongation of the QTc interval in monkey (40 msec), and 
moderately inhibited the hERG channel with an IC50 of 0.21 μM. In the rat and/or rabbit, it 
decreased respiratory rate, caused rales (noisy breathing), and difficulty breathing.  Adverse 
effects of pimavanserin were investigated in mice, rats, and monkeys following daily 
administration up to 3, 6, and 12 months respectively. Pimavanserin is a Cationic Amphiphilic 
Drug (CAD) these are drugs that based on their chemical and physical properties cause 
phospholipidosis (PLD), an excessive accumulation of phospholipids in cells both in animals 
and humans.  Pimavanserin-induced PLD occurred in all animal species tested, in over 30 
tissues/organs, and as early as 2 weeks of daily dosing. The most effected organs in all species 
are the lungs and kidneys. PLD is a reversible process without functional injury once the 
causing agent is removed.  In general the PLD caused by pimavanserin was either fully or 
partially reversible and except as noted, did not lead to tissue/organ dysfunction nor impact the 
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overall well-being of the animal.  A dose- and, time/duration- dependent lung inflammation 
occurred in the rat that led to poor condition and mortality as well as lung fibrosis.  The lung 
fibrosis is the safety concern from nonclinical perspective because it is an irreversible pathology 
and is of clinical relevance. However, the sponsor considered the lung fibrosis to be secondary 
to persistent chronic inflammation and the inability of the cells to clear the PLD.  This conclusion 
was accepted by the pharmacology reviewer Dr. Avila and by CFSAN Expert pathologists, Drs. 
Franke and Mog. After a thorough review of the sponsor’s data both Drs. Franke and Mog 
concluded that the fibrosis is not a direct drug insult and therefore, not in line with human 
pulmonary fibrosis as seen with amiodarone-induced lung fibrosis, for example.  

Recommendations:

I agree with Dr. Avila’s recommendation to approve pimavanserin to treat patients with 
Parkinson’s disease psychosis based on nonclinical results. However, I would not support any 
future use of pimavanserin in a younger patient population that would require long term 
administration unless the finding of lung fibrosis is further investigated due to the uncertainty 
surrounding the nature and progression to this pathology. This is also in agreement with Dr. 
Avila’s recommendation. Studies should focus on the development of lung fibrosis and its 
association with the degree and duration of persistent inflammation. Results from such 
investigation are important since they can demonstrate either the clinical relevance or the lack 
of such relevance.  Additionally, based on off-label use of anti-psychotics in children with 
autism, I concur with Dr. Avila that a juvenile animal toxicity study is recommended as a 
postmarketing requirement with special emphasis on the lung and respiratory function. 
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1 Executive Summary

1.1 Introduction
This application is a 505(b)(1) NDA for pimavanserin (NUPLAZID). The indication is the 
treatment of Parkinson’s disease psychosis. Pimavanserin is a new molecular entity and 
is being developed as an immediate release tablet formulation for oral administration. 
This drug is not approved outside the U.S. 

1.2 Brief Discussion of Nonclinical Findings
The nonclinical studies conducted with pimavanserin tartrate and submitted with the 
NDA are adequate to assess the safety of pimavanserin for the treatment of Parkinson’s 
disease psychosis. Pimavanserin binds with high affinity to the serotonin 2A (5-HT2A) 
and serotonin 2C (5HT2c) receptors and acts as an inverse agonist and antagonist. 
Similar results were found in in vitro functional assays. Pimavanserin demonstrated 
antipsychotic-like activity in several rodent behavioral models. In safety pharmacology 
studies, pimavanserin moderately inhibited the hERG channel with an IC50 of 0.21 µM 
and significantly prolonged the QTc interval in monkeys at a dose which is 57-times the 
maximum recommended human dose (MRHD) of 34 mg/day based on mg/m2. 
Pimavanserin also decreased respiratory rate in rats and produced emesis and nausea 
in male ferrets. 

Toxicity of pimavanserin was studied in three species (mice, rats and monkeys), up to 3-
months, 6-months and 12-months in duration, respectively following oral administration. 
Pimavanserin is characterized as a cationic amphiphilic drug (CAD). CADs are known to 
cause phospholipidosis (PLD), the excessive accumulation of phospholipids in cells, in 
animals and humans. Pimavanserin caused widespread, multi-organ, systemic PLD in 
mice, rats and monkeys after both sub-chronic and chronic administration, as early as 
2-weeks of daily dosing in mice and rats. While microscopic findings consistent with 
PLD (foamy macrophages and/or cytoplasmic vacuolation) were observed in over 30 
tissues/organs in rats; the lungs and kidneys were the most severely affected tissues in 
all species. In mice and monkeys, multi-organ PLD was either fully or partially reversible 
in all tissues and did not lead to any adverse tissue damage or impact the general well-
being of animals. Conversely in rats, high doses of pimavanserin or long-duration of 
exposure at slightly lower doses resulted in PLD-related adverse tissue damage in the 
lungs of chronic inflammation with or without secondary fibrosis and PLD-related 
morbidity/mortality. The sponsor suggested that the severe multi-organ PLD leading to 
morbidity/mortality and chronic inflammation with fibrosis in the lungs of rats is only 
dose- but not duration- dependent. However, based on the totality of data submitted, 
this reviewer does not agree with the sponsor and believes multi-organ PLD which 
leads to toxicity is both dose- and duration- dependent. The fibrosis that was observed 
in the lungs of rats after 3- and 6-months of administration and at the end of a 6-month 
drug-free period was considered by the sponsor to be the culmination of a chronic 
inflammatory response due to repeated injury to lung tissue and inability to clear 
phospholipids. This reviewer agrees with the sponsor’s assessment. Moreover, this 
conclusion is also supported by two internal expert pathologists from CFSAN (Center for 
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Food Safety and Nutrition), who conducted a thorough histopathology review and 
evaluation of the data (Appendix 4), and concluded the fibrosis in the lungs is not a 
direct drug-effect and therefore not consistent with human pulmonary fibrosis. Lung 
fibrosis was observed only in the rat. Other toxicities observed in monkeys included 
atrophy of the testes with decreased sperm production at pimavanserin exposures 
approximately 9-fold the MRHD of 34 mg/day based on AUC and dose-limiting emesis. 

There is both a 9-fold safety margin to the no observed effect level (NOEL) for PLD with 
chronic inflammation and secondary fibrosis in the lungs, and for PLD-related 
morbidity/mortality compared to the predicted human AUC of 1630 ng.hr/ml at the 
MRHD of 34 mg/day pimavanserin. There is a similar 9-fold safety margin to the NOEL 
for PLD based on mg/m2. Although Parkinson’s disease psychosis is a chronic 
indication, the average life expectancy for these patients is not more than a few years.  
Therefore, the concern for developing multi-organ PLD that may lead to chronic 
inflammation and possible progression to secondary fibrosis in the lungs is reduced 
compared to a patient population in which the life expectancy is much longer and taking 
the drug chronically. For this reason, from a nonclinical standpoint and based on risk to 
benefit assessment, this reviewer considers the 9-fold safety margin acceptable for the 
treatment of patients with Parkinson’s disease psychosis. However, this safety margin is 
not acceptable if pimavanserin is to be used off-label to treat other chronic indications in 
which pimavanserin would be administered chronically to patients expected to live for a 
longer period of time (e.g. autism). 

Pimavanserin was non-genotoxic in the Ames assay, in vitro mouse lymphoma assay, 
or in the in vivo mouse micronucleus assay. Pimavanserin was not carcinogenic and did 
not induce tumors in rats (up to approximately 4- and 16-times the MRHD of 34 mg/day 
based on AUC in males and females, respectively) or in mice (up to approximately 1- 
and 7-times the MRHD based on AUC in males and females, respectively).  
Pimavanserin was not teratogenic in rats or rabbits up to 10- and 12-times the MRHD 
based on AUC, respectively. Pimavanserin adversely affected male reproductive organs 
and spermatogenesis in rats and decreased pup survival when administered to 
pregnant rats. Nonclinical data describing the adverse developmental, reproductive and 
fertility effects of pimavanserin are incorporated into the drug label.  
The toxicity assessment for the major, active, human metabolite AC-279 was 
adequately covered in nonclinical species and impurities present at levels above the 
qualification threshold have been adequately qualified in nonclinical studies. 

1.3 Recommendations

1.3.1 Approvability
Based on the review and evaluation of the results of pimavanserin testing in animals, 
this application is recommended for approval from a Pharmacology/Toxicology 
perspective for the indication of Parkinson’s disease psychosis. 

1.3.2 Additional Non Clinical Recommendations
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mg/person/day (calculated based on MRHD of 34 mg pimavanserin per day), 
which is less than those tested in animal studies.  However, it should be noted that for 
chronic indications impurities are to be tested in general toxicity studies up to 90 days to 
be qualified at higher limits (ICH M3(R2), 2010). Nevertheless, to date neither of these 
impurities has been detected at levels greater than % and % respectively in the 
drug substance. Therefore, based on absence of assessment up to 90 days and the 
manufacturing capability of limiting these impurities to the lower specifications, we 
encourage and highly recommend that the sponsor limit the highest amounts to % 
and % respectively. 

2.6 Proposed Clinical Population and Dosing Regimen
Patients with Parkinson’s disease psychosis. Maximum recommended human dose of 
34 mg pimavanserin (free base)/day. 

2.7 Regulatory Background
Pre-NDA meeting held on June 2, 2014 with the Agency’s meeting minutes sent on July 
2, 2014 and the sponsor’s meeting minutes received on July 29, 2014. 
Breakthrough Therapy designation was granted on August 13, 2014. 
A series of nonclinical information requests were submitted to the sponsor during the 
NDA review on September 30, 2015. The sponsor submitted responses to those 
requests on October 14, 2015 in SDN 7. 

3 Studies Submitted

3.1 Studies Reviewed 
All studies submitted by the sponsor were reviewed except as indicated below. 

3.2 Studies Not Reviewed 
All pharmacology studies were reviewed and evaluated with conclusions provided in this 
review. However, formal written reviews for each study are not done. No formal written 
reviews were conducted for the bioanalytical methods studies. 

3.3 Previous Reviews Referenced
Dr. Violetta Klimek was the nonclinical reviewer for the IND (68,384). Several reviews 
are located in DARRTS for studies conducted during the IND phase, including reviews 
for the mouse and rat Special Protocol Assessments and meetings with the Executive 
Carcinogenicity Assessment (ECAC) committee to review those protocols. Summaries 
of these reviews are included in this review.
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4 Pharmacology

4.1 Primary Pharmacology
In vitro radioligand binding assays with pimavanserin (tartrate salt) revealed that 
pimavanserin binds with high affinity to the human recombinant serotonin 2A (5-HT2A) 
receptor (Ki of 0.087 nM) and binds with moderate affinity to the human recombinant 5-
HT2C (Ki of 0.44 nM). Pimavanserin tartrate demonstrates only minimal binding affinity to 
the human recombinant 5-HT2B receptor with a Ki of 0.33 µM (330 nM). Pimavanserin 
was also shown to bind with high affinity to 5-HT2A receptors in homogenates from 
cerebral cortex of several animal species (mouse, rat, rabbit, dog, and monkey) by 
displacing binding of [3H]-MDL100907, a selective 5-HT2A receptor ligand, (pKi values 
ranging from 7.3-8.3). In addition, pimavanserin bound with high affinity to 5-HT2A 
receptors in human cortex from normal and Parkinson’s disease brains.

Table 1: Binding affinity of pimavanserin tartrate to human recombinant 5-HT2A, 5-
HT2B and 5-HT receptors 

[Excerpted from the pharmacology written summary section of NDA 207318.]

Table 2: Binding affinity of pimavanserin tartrate to 5-HT2A receptors in 
homogenates from cerebral cortex of various animal species

[Excerpted from the nonclinical summary section of NDA 207318. MDL100907 is a 
selective 5-HT2A receptor ligand.]

The functional activity of pimavanserin at 5-HT2A and 5-HT2C receptors, as well as other 
receptors, was measured using the following in vitro cell-based assays: 5-HT receptor 
coupled activation of phosphatidylinositol-hydrolysis using tsA cells (a transformed 
HEK-293 cell line) transfected with human 5-HT2A or 5-HT2C receptors, receptor 
selection and amplification technology (R-SATTM), and a cell-based bioluminescence 
resonance energy transfer (BRET) assay. These assays demonstrated that 
pimavanserin acts as a potent antagonist at both the 5-HT2A and 5-HT2C receptor, with 
greater potency at the 5-HT2A receptor (pKi values of 8.8-9.0 at 5-HT2A compared to pKi 
values of 7.6-8.3 at 5-HT2C). In addition, pimavanserin acts as an inverse agonist at 5-
HT2A and 5-HT2C receptors, again with greater potency at the 5-HT2A receptor (pEC50 of 
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tolerance to pimavanserin’s effect to attenuate MK-801-induced hyperactivity. This 
indicates that the efficacy of pimavanserin in rodents decreases with repeated 
administration. 

The activity of pimavanserin was assessed in a rodent model of Parkinson’s disease 
which also evaluated psychosis-like behaviors (McFarland, K. et. al, 2011). In this 
rodent model, rats received bilateral 6-hydroxydopamine (6-OHDA) lesions of the 
substantia nigra pars compacta (SNc) and then were evaluated in various animal 
models for antipsychotic activity. Rats with lesions were either pretreated with vehicle or 
increasing doses of pimavanserin and were compared against sham treated animals. 
Pimavanserin pretreatment of rats significantly reversed the number of head twitches 
that were induced with 6-OHDA lesions, significantly reduced the amount of 
amphetamine-induced hyperactivity, and significantly disrupted prepulse inhibition 
induced by the 6-OHDA lesions. 

Figure 1: Effect of pimavanserin on head twitch, amphetamine-induced
hyperactivity and prepulse inhibition behavior in a rodent model of Parkinson`s 
disease

[Excerpted from the nonclinical summary section of NDA 207318]

Pimavanserin was also evaluated in rodent models of Alzheimer’s disease psychosis 
(ADP) and sleep maintenance. Pimavanserin did not induce catalepsy in mice or rats 
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(up to 30 mg/kg, oral) as compared to haloperidol or increase serum prolactin levels in 
male rats (3 mg/kg, s.c.). 

4.2 Secondary Pharmacology
The off-target effects of pimavanserin were evaluated in radioligand binding assays at 
65 different receptor targets. Pimavanserin showed a ≥50% inhibition of binding at 10 
receptors other than 5-HT2A, including norepinephrine transporters, calcium and sodium 
channels, dopamine D3, muscarinic M1, M2, and M3, sigma σ1 and σ2 receptors. 
However, pimavanserin did not demonstrate any significant functional agonist or 
antagonistic activity at the 5-HT1A, 5-HT1B, 5-HT1D, 5-HT1E, 5-HT1F, 5-HT2B, and 5-HT7, 
serotonin receptors or at any other monoamine G-protein coupled receptor that was 
tested in the R-SAT™ assay (including α1a, α1b, α1d, α2a, α2b, and α2c adrenergic 
receptors; D1, D2, and D3 dopamine receptors; H1 or H3 histamine receptors; or M1, M2, 
M3, M4, or M5 muscarinic receptor types). Pimavanserin did not show any binding affinity 
or functional activity at SST2, SST3, SST4 or SST5 somatostatin receptors or any 
antagonistic activity at histamine H3 receptors. Pimavanserin also did not show 
significant inverse agonist activity at the 5-HT2B, 5-HT6 or 5-HT7, serotonin receptors. 
Follow-up full concentration-response curves were generated for the 11 receptors that 
pimavanserin showed >50% inhibition of binding. Pimavanserin is much more potent  at 
5-HT2A receptors compared to other receptors tested (338- to 11,837-fold) . Therefore, 
the potential for any significant off-target effects is lessened. 

Table 5: Binding affinities of pimavanserin to off-target receptors

[Table excerpted from Pharmacology Summary section of NDA 207318.]

4.3 Safety Pharmacology
For detailed reviews of safety pharmacology studies refer to reviews in IND 68,384.

CNS
Study no. SPI02-003, GLP
Male Sprague-Dawley rats (6/group) were administered single doses of pimavanserin 
tartrate by oral gavage at dose levels of 10, 100, and 1000 mg/kg and a control group 
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received single oral doses of the vehicle, 0.9% sodium chloride, in a volume of 10 ml/kg. 
Animals were observed 30, 90, 150, 300 minutes, and 24-hrs after dosing using a 
primary observation test (Irwin test). 
Results: 
There were no gross behavioral or physiological changes in the 10 or 100 mg/kg 
groups. In the 1000 mg/kg group, there was a rapid onset of signs, with all rats 
exhibiting signs by 30 min postdose. Clinical signs included gasping or decreased 
respiration rate, decreased locomotor activity, apathy, decreased alertness, piloerection, 
and salivation. Three animals died following treatment and one was sacrificed 
moribund. The peak effect occurred ~5-8 hr postdose, and was mostly resolved by 24 
hrs postdose. Necropsy findings in the animals that died included distended stomachs 
(gas and/or fluid filled), and indications of slight gastric damage in 4/6 animals. 
NOEL = 100 mg/kg
No Toxicokinetics. 

Cardiovascular
hERG channel assay, GLP (study no. 7916-100). 
Cloned hERG channels expressed in HEK293 cells.
There was a statistically significant and concentration dependent inhibition of the hERG 
current by 10.6%, 25.1%, 54.0%, 80.3% and 99.3% at pimavanserin tartrate 
concentrations of 0.03, 0.075, 0.24, 0.83, and 9.35 µM, respectively. IC50 = 0.21 µM.

In vivo cardiovascular studies were conducted in beagle dogs administered i.v. doses of 
pimavanserin (non-GLP, study no. 2002-19) and in cynomolgus monkeys via oral 
gavage (GLP, study no. DHTI1004). In the dog i.v. study, there was a limited increase in 
heart rate at 1.8 mg/kg, without effects on any other cardiovascular parameters. In the 
oral gavage monkey study, 4 animals were dosed with 1, 10, and 100 mg/kg 
pimavanserin (expressed as free base) in a cross over design. Vomiting was observed 
in 2 animals following the 100 mg/kg dose. There were no effects on any cardiovascular 
parameters at 1 and 10 mg/kg at any time point or at 100 mg/kg up to 6 hrs postdose. 
There was a statistically significant increase in the QTc interval at 120 and 360 minutes 
postdose after the 100 mg/kg dose, ~24-40 msec. The sponsor considered the 
magnitude of the effect to be small and not time related (not occurring around Tmax) and 
hence the relationship to pimavanserin is uncertain. This reviewer considers the findings 
to be drug-related since they only occurred at the high dose and there was a 
corresponding marked inhibition of the hERG current. It is not unreasonable to consider 
the potential role of pimavanserin metabolites on these effects as well.  There were no 
significant changes in gross morphology or rhythm. No toxicokinetic analysis performed. 

There is a signal for QT prolongation in humans (refer to clinical review for details). 

Respiratory
Study no. SPR02-007, GLP
Male Sprague-Dawley rats (8/group) were administered single doses of pimavanserin 
tartrate by oral gavage at dose levels of 10, 100, and 500 mg/kg (expressed in terms of 
free base) and a control group received single oral doses of the vehicle, 0.9% sodium 
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presystemic clearance mechanism (intestinal and hepatic metabolism) which would limit 
oral absorption. The time to reach maximal concentration (Tmax) was about 1-2 hrs after 
a single oral dose in rats and increased slightly after repeat dosing, up to 8 hrs. Tmax 
values ranged between 2 and 5 hrs in monkeys and did not appear to change 
substantially after repeated dosing. 

The elimination half-life (t1/2) was about 7.4 and 7.6 hrs after a single oral dose (30 
mg/kg) in male and female rats, respectively. T1/2 values increased slightly in rats after 
repeat dosing, up to 16.6 hrs for females after 91 days of consecutive dosing and 38.6 
hrs for males after 187 days of consecutive dosing at 30 mg/kg (data from 6-month rat 
study no. .146.02). T1/2 values for the major metabolite (AC-279) also increased 
after repeat dosing in rats from ~6 hrs to 13 hrs after 364 days of consecutive dosing 
(data from 2-year rat carcinogenicity study no. -6160004). T1/2 values were not 
calculated in any other rat studies or any studies in monkeys. T1/2 values ranged from 
~2 hrs to 6 hrs in mice after oral dosing for up to 3-months and did not appear to 
increase much after repeat dosing. There was evidence of drug accumulation after 
repeat dosing in both rats and monkeys, as exposure levels were up to 2-fold higher 
after ~3-months of repeat dosing as compared to exposures on day 1. Steady state 
appeared to be reached after about 3-months of dosing in rats and 45-91 days of dosing 
for monkeys. There was a gender difference in exposure levels for rats only, as 
exposure in female rats were ~55-65% higher than in male rats at equivalent doses. 
There was no clear evidence of any gender differences in exposures for either mice or 
monkeys. The sex difference in rats is unclear and could not be explained based on 
ADME data.

Table 6: Pimavanserin Pharmacokinetic Parameters across Species

[Table excerpted from pharmacokinetic written summary of NDA 207318.]

PK data in above table is after a single 100 mg/kg dose in animals. Exposure levels 
significantly higher were reached in animals after repeated dosing (see general 
toxicology section below). Also, the MRHD is only 40 mg pimavanserin tartrate (34 mg 
pimavanserin free base). The estimated human AUC at the MRHD of 34 mg 
pimavanserin free base is 1630 ng.hr/ml, based on the clinical pharmacologist’s review 
of the sponsor’s document:  Expert Opinion entitled “Pharmacokinetic modeling of 
pimavanserin in healthy subjects, subjects with Parkinson’s disease, and subjects with 
Parkinson’s disease psychosis” (see clinical pharmacology review). 

Distribution:
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Pimavanserin is highly bound to plasma protein in animals and humans (93.8% to 
96.8% in vitro) (study BA030066). In addition, plasma samples from two clinical trials 
(ACP-103-001 and ACP-103-002) were analyzed for the extent of protein binding. The 
plasma protein binding ranged from 91.2% to 96.8% in the samples analyzed. A 
separate in vitro study was conducted to investigate plasma protein binding of 
pimavanserin and the major metabolite, AC-279, in human plasma (study CYP0202-
R25). Plasma protein binding of metabolite AC-279 was only 79%, however plasma 
protein binding of pimavanserin was also lower, only 81%, as well as haloperidol, 72%. 
Since the plasma protein binding of haloperidol was lower than that reported in 
published literature, >90%, it is possible that the plasma protein binding in this study 
was underestimated for pimavanserin and metabolite AC-279.  

Table 7: Plasma protein binding of pimavanserin 

[Data from study BA030066 of NDA 207318]

The blood to plasma ratio of 14C-pimavanserin-derived radioactivity was determined in 
male and female rats after administration of a single oral dose of 30 mg/kg 14C-
pimavanserin. Radioactivity was higher in blood compared to plasma, increased over 
the course of study. The mean blood-to-plasma ratios for rats ranged from 1.21 to 2.48.  
The blood-to-plasma ratios were also calculated using human blood samples from the 
human mass balance study with 14C-pimavanserin tartrate (study CYP202-R20) and the 
mean blood-to-plasma ratio was 1.80, 1.53, and 1.51 at 0.05, 0.2 and 1 µM 
pimavanserin, respectively. The ratio values were greater than 1 in both rats and 
humans indicating that pimavanserin distributes slightly higher into blood cells than 
plasma which the sponsor suggests may be a consequence of partitioning into 
phospholipid membranes (Expert Opinion report on the human mass balance study, 
report no. -13-019).   

Tissue distribution of radiolabeled pimavanserin was determined in male Long Evans 
rats using whole body autoradiography. 5 male Long Evans rats were administered a 
single oral dose of 30 mg/kg 14C-ACP-103 and tissue distribution of radioactivity was 
determined up to 72 hrs postdose. 14C-ACP-103 was widely distributed to all tissues by 
1 hr postdose and most tissues reached maximum concentration of radioactivity by 4 
hrs postdose. Tissues with the highest maximum concentrations of radioactivity, 
excluding the gastrointestinal (GI) tract, were liver, pituitary gland, uveal tract, spleen, 

Reference ID: 3886901

(b) (4)



NDA 207318 Amy M. Avila, Ph.D.

23

salivary gland, lung, thyroid, and exo-orbital lacrimal gland. Radioactivity was still 
measurable in some tissues at 72 hrs postdose with the highest concentration of 
radioactivity in uveal tract suggesting melanin binding. The half-life (t1/2) in the eye and 
uveal tract is 101 and 432 hrs, respectively. Radioactivity was still present at relatively 
high levels in both tissues at 72 hr after dosing, although levels did decline over time. 
Since pimavanserin is highly lipophilic and causes widespread phospholipidosis in 
multiple tissues, it is possible that drug may be sequestered and could accumulate in 
tissues after repeated dosing. However, no study was conducted to measure tissue 
distribution and potential accumulation after repeated/chronic dosing. It may be 
beneficial to conduct a study that would measure concentrations of pimavanserin and its 
major metabolite (ACP-279) in tissues that were shown to develop severe 
phospholipidosis with concurrent tissue damage (lung, kidneys, skeletal muscle, testes, 
epididymides) to determine if drug accumulates in these tissues, especially after sub-
chronic and/or chronic treatment and how long after drug cessation the drug stay in 
tissues. 
Table 8: Tissue Distribution of radioactivity after 14C-ACP-103 administration to rats
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[Table excerpted from Pharmacokinetics Tabulated Summary section of NDA 207318]

The brain-to-plasma ratios of pimavanserin were determined in rats after a single oral 
administration of 10 mg/kg pimavanserin. The brain/plasma ratios were 3.3-4.5, 3.8-5.8 
and 7.6-15.8 at 1, 2 and 4 hrs after dosing. The peak brain and plasma concentrations 
occurred at 2 hrs after dosing. The brain/plasma ratios also increased over time 
indicating a longer elimination half-life in brain versus plasma.  

Metabolism:
In vitro:
In vitro stability of pimavanserin  in liver microsomes of mouse, rat, dog, 
monkey and human, indicated that pimavanserin was very stable in microsomes from all 
species including human over the 40 min. incubation period, with the exception of dog. 
In dog liver microsomes, pimavanserin rapidly degraded and less than 50% of drug 
remained after only 10 min. of incubation.  Also, metabolism of pimavanserin in dog liver 
microsomes resulted in a very different metabolic profile compared to human, monkey 
and rat liver microsomes; the major metabolite in dog microsomes was AC-423 as 
opposed to AC-279 for humans and monkeys. Rats also had high levels of metabolite 
AC-423, however AC-279 was still formed in rats in vitro at measurable amounts 
compared to very little if any in dogs. Therefore, dog was not chosen to be used as the 
non-rodent species for the general toxicity studies. 
CYP3A4/5 was determined to be the major enzyme in human liver microsomes 
responsible for metabolizing pimavanserin to metabolites AC-279, AC-527, and AC-285. 
CYP2J2 was determined to be the enzyme responsible for converting pimavanserin to 
metabolite AC-423. 

In vivo:
Pimavanserin is extensively metabolized in monkey, rabbit, rat, and mouse (39, 45, 52 
and 55 metabolites detected, respectively). 37 metabolites were identified in plasma 
from human subjects dosed with pimavanserin to steady-state levels (20 days at 80 
mg/day). No human specific metabolites were identified in human subjects. Metabolite 
AC-279 (N-desmethyl-pimavanserin) is the most abundant metabolite formed in mouse, 
rabbit, monkey and humans, while metabolite AC-423 is the most abundant metabolite 
formed in rats. Based on metabolic profiles, the monkey appears to be the most similar 
species to humans. In humans, metabolite AC-279 is greater than 25% of pimavanserin 
and ~15% of total drug-related material based on AUC at steady state. Accordingly, AC-
279 qualifies as a major circulating human metabolite. Exposure to AC-279 is greater in 
all animal species used in toxicity studies (mouse, rat, rabbit and monkey) compared to 
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humans at the maximum recommended human dose (MRHD) of 34 mg/day 
pimavanserin (based on the predicted human exposure level for AC-279 of 847 
ng.hr/ml). Exposure levels of AC-279 were measured in a 6-month repeat dose toxicity 
study in rats with a 6-month recovery period (study no. -616007) and in the rat and 
mouse 2-year carcinogenicity studies (study nos. -616004 and -616-006, 
respectively); in which exposure levels of AC-279 reached in all three studies were 
higher than those reached in humans. Therefore, major metabolite AC-279 has been 
adequately qualified in nonclinical studies and no additional nonclinical studies using 
AC-279 are necessary. 

Originally the structure of metabolite M36 was not known and it was thought to be a 
potential major human metabolite based on the human mass balance study, however 
the structure of M36 (AC-272035) was later identified as a bicyclic metabolite of 
pimavanserin (studies 14720 and 2014-05). Also, M36 was measured in human 
plasma samples following dosing with pimavanserin to steady-state and represented 
only 5.9-6.4% of total drug-related material (study ACP-103-029). Regardless, M36 is 
present in multiple animal species (monkey, rat, mouse and rabbit) at exposure levels 
higher than that in humans (see sponsor’s table below). Metabolite M1 was also 
originally considered a significant circulating human metabolite, but it was later identified 
as radioactive bicarbonate (H14CO3

-), formed from the release of radioactive carbon 
dioxide from the urea moiety of 14C-pimavanserin and therefore MIST and DDI 
considerations are not relevant. No other circulating metabolites identified in human 
plasma were determined to be major metabolites (>10% of total drug-related material at 
steady state). 
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Figure 2: Phase I Metabolites of pimavanserin

Table 9: AUC0-24h (h*ng/mL) for select metabolites across species on day 1 and 
for humans at steady-state (80 mg pimavanserin)

[Excerpted from pharmacokinetics written summary of NDA 207318]
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than male rats. In both studies, the majority of radioactivity was excreted in the feces 
and urine and elimination was nearly complete 72 hrs postdose.    

5.2 Toxicokinetics
Toxicokinetic data are reported in the general toxicology section for each reviewed 
study. 

6 General Toxicology
All pimavanserin dosage information are expressed as free base in the label (MRHD of 
34 mg) and not as pimavanserin tartrate (40 mg pimavanserin tartrate). Dosage 
information was expressed as pimavanserin tartrate in all nonclinical toxicity studies. 
Therefore, all dose information in the pivotal animal toxicity studies were converted to 
free base for labeling purposes. The conversion factor for converting the tartrate salt 
dose to the free base is 0.8507.  

6.1 Single-Dose Toxicity

Table 11: Mouse and Rat single-dose toxicity studies

[Table excerpted from Toxicology Tabulated Summary of NDA 207318.]

In study no. TOX02-007, the single dose oral gavage study in rats, the following gross 
necropsy findings were observed in the 3 rats that were found dead (on days 2, 3 and 5) 
after a single dose of 1000 mg/kg (excerpted from study report): “On study Day 15, all 
surviving Phase II animals were sacrificed by CO2 asphyxiation. The animals were 
examined externally and internally for any abnormalities. The only abnormalities noted 
were in three animals that died prior to the scheduled sacrifice, with the cause of the 
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deaths undetermined. Abnormalities included: in one male (G051, found dead on Day 3) 
red/pink mottling of all lung lobes, and red/yellow mottling of the median lobe of the 
liver; one male (G054, found dead on Day 5) a red color of all lung lobes, and dark 
red/black foci on the left anterior ventral lung and on the right apical lobe of the lung; 
and one female (G071 on Day 2) had a diffuse red color of all lobes of the lung, 
distended stomach with a white focus on the nonglandular portion, and a distended 
jejunum with an orange color.”

6.2 Repeat-Dose Toxicity

6.2.1 Mouse
14-day and 13-week repeat dose toxicity studies were conducted in CD-1 mice with 
pimavanserin tartrate at doses ranging from 50-300 mg/kg/day and 10-100 mg/kg/day, 
respectively (study no. -616001 and -616002). The 13-week study was used as 
the basis for dose selection for the 2-year carcinogenicity study. In the 14-day study, 
toxicities at doses ≥200 mg/kg/day included drug-related mortality, although no 
definitive cause of death was determined, along with a decrease in body weight and 
food consumption and lower white cells counts. Cytoplasmic changes consistent with 
systemic phospholipidosis (PLD) (cytoplasmic vacuolation and/or vacuolated 
macrophages) were observed in the lungs, pituitary, kidney and spleen in the 14-day 
study at doses ≥200 mg/kg/day. The microscopic findings in the lungs correlated with 
increased lung weights and a couple gross findings of pale or not fully collapsed lungs. 
There were also decreases in white blood cells, and lymphocytes and increases in 
neutrophils at ≥200 mg/kg/day. No recovery groups were included in this study; 
therefore the reversibility of the PLD-findings at doses ≥200 mg/kg/day is unknown. 
Additional microscopic changes occurred in liver at doses ≥200 mg/kg/day (cytoplasmic 
alterations and/or necrosis) which correlated with clinical pathology changes of 
increased ALT and AST, and increased liver weights. However, these liver changes 
were not consistent with phospholipidosis.  

In the 13-week study, drug-related mortality occurred in males at ≥30 mg/kg/day and in 
females at 100 mg/kg/day, although a definitive cause of death was not determined. 
Cardio-pulmonary-related clinical signs including pale and/or cool extremities, rales, 
shallow/labored/decreased respiration, and gasping were observed at doses of 30 
and/or 100 mg/kg/day. There was a significant decrease in body weight for males at 100 
mg/kg/day. Similar to the 14-day study, higher neutrophil counts and lower lymphocyte 
counts were observed in males at 100 mg/kg/day. Higher thyroid/parathyroid weights 
were observed in males at ≥30 mg/kg/day; however there were no correlated 
microscopic findings. The only microscopic finding observed was cytoplasmic 
homogeneity in the liver at doses ≥10 mg/kg/day in females and at ≥30 mg/kg/day for 
males, which was reversible after a 28-day recovery period. The hepatocytes were 
described as granular, eosinophilic cytoplasm, giving a “ground glass” appearance. The 
microscopic findings were not associated with alterations in liver weight or clinical 
chemistry. The changes in the liver were not consistent with phospholipidosis. 
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[Summary table excerpted from Toxicology Tabulated Summary Section of NDA 
207318.]
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from the control and high dose groups were retained for a further 28 days after 
completion of dosing to assess the reversibility of any findings. TK satellite groups were 
included. 

Results:
Administration of 84.7 mg/kg/day or 126.8 mg/kg/day ACP-103 orally by gavage for up 
to 28 days was associated with multi-organ findings indicative of multi-organ
phospholipidosis. Primary target tissues affected at both these doses included lungs, 
liver, spleen, thymus, lymph nodes, cervix, uterus, ovaries, kidneys, jejunum and ileum. 
In addition, at 169 or 126.8 mg/kg/day, there was a higher incidence of findings within 
the thyroid glands, prostate and vagina. The no effect level for this finding was 16.9 
mg/kg/day. After a 28 day recovery period there was evidence of some reversibility. The 
findings in the lungs persisted at a lower level of severity in all recovery animals. 
Females were more severely affected than males from both main study and recovery 
groups. Findings persisted in a wider range of tissues in females after a 28 day recovery 
period, which correlated with increased exposure in females compared to males at the 
mid and high doses. Blood samples were only taken out to 8 hrs on day 28 but were 
taken out to 24 hrs on day 1. Therefore AUC0-24 values on day 28 may not be accurate. 

Table 12: Toxicokinetics in male rats after 28-days of dosing

Table 13: Toxicokinetics in female rats after 28-days of dosing

[Tables excerpted from study report. Error in table, high dose should be 126.8.]

6.2.2.2 Rat 3-month + 28-day recovery
Study no. 03-S12-UK 
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Study Title: A Subchronic Toxicity Study of ACP-103 in the Rat Administered Daily for 3 
Months by Oral Gavage with Toxicokinetic sampling (GLP and QA)

Conducting laboratory:  
 (different CRO than both 6-month rat studies)

Study initiation date: January 5, 2004
Drug: ACP-103, lot # 851875/ 98.7 % purity (used during Week 1); Lot # 090/15/99.2 % 
purity (used for the reminder of the study)

Table 14: Study design of 3-month rat study

[Doses in brackets are of free base. Table excerpted from study report.]

5 rats/sex/group were used in a 28-day recovery period. 
*Toxicokinetic samples were taken on days 1 and 28 at predose, 0.5, 1, 2, 4, and 8 hrs 
postdose only. Therefore, AUC values are for 0-8hr and may not compare directly to 
AUC values using similar doses from other studies which took samples for TK analysis 
out to 24 hrs postdose to calculate AUC 0-24hrs.   

Results: 
Nine deaths occurred during the course of the study across all dose groups for both 
males and females. However, none were considered drug-related. Many occurred in TK 
animals during or shortly after bleeding. Clinical signs of fur staining were observed at 
30 and 90 mg/kg/day. Reduced body weight compared to controls was observed in 
males at ≥30 mg/kg/day and in females at 90 mg/kg/day. Changes in clinical chemistry 
(increased serum aspartate aminotransferase, blood urea nitrogen, and creatinine), 
coagulation (increased prothrombin time), and hematology (increased WBC counts and 
morphologic alterations in the mature lymphocytes, described as consisting of 
cytoplasmic vacuolation) were noted in both males and females at 90 mg/kg. These 
effects were shown to be reversible in the 28-day recovery period. However, decreased 
urine pH persisted during the recovery period. Discoloration and/or abnormal 
consistency of the lungs were noted at high dose. There were weight increases in the 
following organs: adrenals, kidneys, lungs, spleen, epididymides, and ovaries, which all 
corresponded to microscopic findings of phospholipidosis. Weight gain in these organs 
was partially reversed after the 28-day recovery period except in the case of the lungs 
and kidneys. 
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Plasma samples for TK analysis were taken, but only out to 8 hrs postdose on days 28 
and 91. The resultant calculated AUClast values were not similar to those obtained in 
other rat studies using similar doses. There was also substantial inter-group variability in 
plasma concentrations. Therefore, the AUC values from this study cannot be directly 
compared to those in other studies. 
NOAEL = 10 mg/kg/day due to decreased body weight at 30 mg/kg/day. No evidence of 
phospholipidosis at 10 and 30 mg/kg/day. 

Table 15: TK parameters in male rats

Table 16: TK parameters in female rats

[TK tables excerpted from 03-S12-UK study report.]
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Methods
Doses: 0, 3, 10, 30 mg/kg/day pimavanserin tartrate

0, 2.6, 8.5, 25.5 mg/kg/day pimavanserin free 
base

Frequency of dosing: Once daily
Route of administration: Oral gavage

Dose volume: 10 ml/kg
Formulation/Vehicle: 0.9% sodium chloride for injection, USP

Species/Strain: Rat/Sprague-Dawley (SD) IGS  

Number/Sex/Group: 20/sex/group
Age: ~6 weeks upon receipt

Weight: Males: 126.2-221.0 g, females: 120.3-190.7 g
Satellite groups: Toxicokinetics: 6/sex/group

Recovery: 5/sex/group
Unique study design: NA

Deviation from study protocol: None that affected the outcome of the study or 
data integrity. 

Observations and Results

Mortality
6 animals were found dead and one sacrificed moribund during the course of the study. 
Dosing error was determined as the cause of death for 3 animals; however no cause of 
death was determined for the remaining animals. There were no clinical signs in any of 
those animals preceding death, with the exception of slight gasping and fast respiration 
on the day preceding death (day 19) for male #349. 

Table 17: Mortality in 6-month rat study

[The above table was excerpted from the study report.]
Clinical Signs
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Drug-related clinical signs were observed mainly in high dose animals and included 
hunched posture, lethargy and sedation in most all males and females at 30 mg/kg/day. 
Hunched posture was also observed in 4 males and 1 female at 10 mg/kg/day and 1 
male at 3 mg/kg/day. Lethargy was observed in 1 female at 3 mg/kg/day. These findings 
occurred mainly during the 2nd and 3rd months of dosing and did not worsen with time. 
Raspy breathing was also observed in 5 high dose (30 mg/kg/day) (2 males and 3 
females) animals compared to only 1 control animal during the course of the study. 
Most of the respiratory findings occurred only for a few days and did not persist or 
worsen. However, one male had slight to moderate raspy breathing on days 139-161 
and one female was observed wheezing on days 179-180. Clinical observations were 
performed twice daily starting on acclimation day 2; the first in the morning and the 
second at least 4 hrs after the first observation. 
Body Weights
Drug-related effect noted only in high dose groups. A slight drug-related decrease in 
mean body weight (-6% compared to controls) at the end of the dosing period for both 
males and females and body weight gain was statistically significantly decreased 
compared to controls (17-20% compared to controls) for both males and females.  
These changes did not correspond to a decrease in food intake.
Body weights were recorded on acclimation day 1, prior to the first day of dosing, once 
weekly throughout the study and on the day of necropsy. 

Table 18: Mean body weight on day 179 and body weight gain in rats

[Table excerpted from study report.]

Food Consumption
There were no drug-related effects on food consumption. Food consumption was 
recorded once weekly. 
Ophthalmoscopy
There were no drug-related findings. 
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Eye exams were conducted once during acclimation and once during week 26 and 30. 
Hematology
There were no drug-related findings. 
Blood samples were collected from all main study and recovery animals once during 
acclimation and once prior to necropsies. An adequate battery of hematology and 
coagulation parameters was evaluated. 
Clinical Chemistry
There were no drug-related findings. 
Blood samples were collected from all main study and recovery animals once during 
acclimation and once prior to necropsies. An adequate battery of clinical chemistry 
parameters was evaluated. 
Urinalysis
There were no drug-related findings. 
Urine was collected from each animal over a 24 hr period using a metabolic cage. An 
adequate battery of urinalysis parameters was evaluated. 
Gross Pathology
There were no drug-related macroscopic findings upon necropsy. 
Organ Weights
There were no drug-related effects on organ weights. 
The following organs were weighed: adrenals, brain (cerebrum, cerebellum and brain 
stem), epididymides, heart, kidneys, liver, lungs (including bronchi), ovaries, pituitary, 
prostate/seminal vesicles, spleen, submandibular/sublingular salivary glands, thyroids 
(including parathyroids), testes, thymus, uterus (body and cervix). 
Histopathology

Adequate Battery: Yes

Peer Review: No

Histological Findings
The only drug-related finding was an increased incidence and severity of macrophage 
infiltration in the alveoli on the lungs of females at 30 mg/kg/day. The incidence rate was 
similar to controls in the recovery group animals indicating complete reversibility. The 
sponsor did not report this finding in the lungs to be attributed to systemic 
phospholipidosis. However, the study pathologist did report the finding in high dose 
females to be “treatment related”. According to this reviewer and the expert pathology 
consult review from Drs. Francke and Mog (see consult review in appendix 4), evidence 
of phospholipidosis in the lungs was observed in female rats at a dose of 30 mg/kg/day. 
In high dose female rats the incidence of “macrophage infiltration, alveoli” was  above 
that of the background rate in control animals based on increased incidence, severity 
and distribution: it was focal in controls compared to diffuse and multifocal in treated 
animals. Although no transmission electron microscopy was conducted in this study in 
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order definitively know if this finding is PLD-related, due to similar findings in rats in 
other repeat-dose studies, this finding is considered to be related to PLD. Therefore, the 
NOEL for any evidence of PLD in the lungs of rats after 6-months of treatment is 30 
mg/kg/day for males, but 10 mg/kg/day for females. 

Table 19: Microscopic findings in the lungs of rats (macrophage infiltration, 
alveoli)

[Table excerpted from -146-02 study pathology report.
Grade of 1 = minimal, 2 = mild]

[Table excerpted from study report.]
Toxicokinetics
Blood samples were collected from TK satellite animals on days 1, 91, and 182 at pre-
dose, 0.5, 1, 2, 4, 8 and 24 hrs post dose. Exposure levels to ACP-103 (AUC and Cmax) 
increased after repeat dosing from day 1 to 91, but values were similar from day 91 to 
182 indicating steady state was reached. The increase in both parameters in both sexes 
was not dose-dependent (greater than linear). Exposure was greater in females than 
males (~2-fold). The half-life (t1/2) increased with increasing dose and after repeated 
dosing indicating a possible decrease in the rate of metabolism. 
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Table 20: Toxicokinetic parameters for ACP-103 in plasma of rats (day 1, 91 and 
182)

Dosing Solution Analysis
All dose formulations were within the acceptable range of % of the nominal 
concentration. No test article was detected in any control article preparations. 
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Table 21: Early Mortality

The sponsor’s table is continued below. 

[The above table is excerpted from the sponsor’s study report]

Clinical Signs
Drug-related clinical signs were observed in males and females at 60 and 90 
mg/kg/day, were dose-dependent (increased number of animals and frequency with 
increasing dose), and females were more sensitive than males. Signs observed at both 
dose levels included: labored respiration, rales, dried red material around 
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nose/mouth/forelimbs, wet clear material around nose/ventral neck/forelimbs, wet/yellow 
material around urogenital area, dried yellow material around urogenital area/anogenital 
area/ventral trunk. The respiratory-related clinical sign of rales was observed in 0, 23, 
and 28 males and 0, 25, and 28 females at 0, 60 and 90 mg/kg/day at the 1-2 hr 
postdose time point respectively. Additional clinical signs observed in males at 90 
mg/kg/day and in females at 60 and 90 mg/kg/day included: dermal atonia, thin, 
extremities pale/blue/cool to touch, body cool to touch, and decreased defecation. The 
cardio-pulmonary-related clinical signs correlated with macro- and microscopic findings 
in the lungs. The incidence and frequency of these signs decreased in the recovery 
group animals, however a few animals continued to show respiratory-related clinical 
signs indicating incomplete (or slow) reversibility (11 high dose recovery group females 
with rales). Clinical signs were recorded at the time of dosing and ~1-2 hrs postdose. 
During the recovery period, animals were observed once daily. Detailed physical exams 
were conducted prior to randomization, at the time of randomization, and weekly during 
the study. 

Table 22: Clinical signs in male and female rats
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[Table excerpted from -616007 study report.]

Body Weights
A drug and dose-related decrease in mean body weight compared to controls was 
observed for both males and females. Body weights for males at 60 and 90 mg/kg/day 
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Females at 90 mg/kg/day had higher absolute neutrophil counts and higher absolute 
monocyte counts as compared to historical control data1*. At week 26 necropsy, 
females at 60 mg/kg/day had higher absolute white blood cell counts, absolute red 
blood cell counts, hemoglobin concentration, hematocrit, absolute neutrophil counts, 
absolute lymphocyte counts, and absolute monocyte counts. Males at 60 and 90 
mg/kg/day had higher absolute white blood cell counts, lymphocyte counts, absolute 
monocyte counts, and absolute large unstained counts. Findings only observed at 90 
mg/kg/day in males included higher absolute neutrophil counts, lower absolute 
eosinophil count, higher absolute basophil count, higher red blood cell distribution width, 
and higher hemoglobin distribution width. The changes in the red blood cell parameters 
were not considered adverse due to the small change in magnitude and the absence of 
other alterations. However, the significant increases in white blood cells are consistent 
with an inflammatory response. 
There were no statistically significant drug-related changes in any hematology 
parameters at the recovery necropsy; therefore all findings are considered reversible. 
Blood samples for hematology and coagulation parameter evaluations were collected 
from all fasted animals at their scheduled necropsies. An adequate battery of 
hematology and coagulation parameters was evaluated. 

Table 24: Changes in hematology parameters

1*At study week 13, samples from female controls were not collected and therefore females in the 90 
mg/kg/day group were compared to the  historical control database.
[The above table is excerpted from the sponsor’s toxicology tabulated summary section 
of the NDA]

Clinical Chemistry
The increase in urea nitrogen (BUN), creatinine (up to 2-fold) and phosphorus levels in 
males at 90 mg/kg/day and females at 60 and 90 mg/kg/day correlated with macro- and 
microscopic renal findings (tubular degeneration). 
Blood samples for clinical chemistry parameter evaluations were collected from all 
fasted animals at their scheduled necropsies. An adequate battery of clinical chemistry 
parameters was evaluated. 
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Table 25: Clinical chemistry parameters

1*At study week 13, samples from female controls were not collected and therefore females in the 90 
mg/kg/day group were compared to the  historical control database.
[The above table is excerpted from the sponsor’s toxicology tabulated summary section 
of the NDA]

Urinalysis
There was a significant decrease in urine specific gravity for males at 60 and 90 
mg/kg/day and a decrease in urine pH for males at 90 mg/kg/day and females at 60 and 
90 mg/kg/day. There was also a dose-related increase in the amount of urine 
amorphous crystals observed during microscopic evaluation of urine sediment in both 
males and females at both doses compared to controls. The toxicological relevance of 
the increase in urine crystals and whether the crystals would form a precipitate is 
unknown. 
There were no drug-related findings at the recovery necropsies, indicating that all 
findings were reversible. 
Urine was collected from all animals using metabolism cages at their scheduled 
necropsies. An adequate battery of urinalysis parameters, including microscopic 
evaluation of sediment, was evaluated. 

Table 26: Urinalysis parameters

1*At study week 13, samples from female controls were not collected and therefore females in the 90 
mg/kg/day group were compared to the  historical control database.

[The above table is excerpted from the sponsor’s toxicology tabulated summary section 
of the NDA]

Gross Pathology
Macroscopic findings were observed in females at 60 and/or in males and females at 90 
mg/kg/day they included findings in the adrenal glands, kidneys, liver, lungs, lymph 
nodes, parathyroids, spleen, thyroids and thymus. Macroscopic findings in rats that died 
or were sacrificed early included enlarged adrenal glands, kidneys and lymph nodes, 
discoloration (pale, mottled, white areas or yellow areas) of the kidneys, lungs, liver, 
thyroid and spleen, adhesions on the liver, and lungs not fully collapsed. Similar findings 
were also observed in surviving males and females at 60 and 90 mg/kg/day during the 
scheduled necropsies. 
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Table 27: Correlation between selected necropsy findings, organ weights and 
microscopic findings. 

Organ Weights
There was a significant increase in relative weights of the adrenal glands, brain, 
kidneys, liver, lungs, pituitary, prostate, and spleen in both males and females in 
addition to increased testes and epididymides weights in males. Relative lung weights 
were increased 3- to 4-fold compared to controls. The increased organ weights 
correlated with multi-organ phospholipidosis observed microscopically. 
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1*At study week 13, no control females were sacrificed therefore there is no direct comparison for the 90 
mg/kg/day females that were sacrificed at week 13.  
[The above table is excerpted from the sponsor’s toxicology tabulated summary section 
of the NDA]
Histopathology

Adequate Battery: Yes, a standard battery of tissues and organs were examined 
microscopically. Tissues from all animals, including those that were found dead or 
euthanized early, were examined. In addition, right lung samples from selected animals 
(3/sex/control, three 90 mg/kg/day males, three 60 mg/kg/day females) were evaluated 
via transmission electron microscopy (TEM). 

Peer Review: No 

Histological Findings
*All histopathology tables included below were excerpted from the sponsor’s study 
report. 

Drug-related microscopic findings were observed at both dose levels in males and 
females and comprised of systemic cytoplasmic vacuolation consistent with findings 
from previous studies in rats and with multi-organ phospholipidosis. Cytoplasmic 
vacuolation or accumulation of vacuolated macrophages were found in the respiratory 
system (lungs and trachea), urinary system (kidneys, urinary bladder, and ureters), 
nervous system (brain), cardiovascular system, hepatic system, lymphoid system, 
exocrine and endocrine systems (adrenals, thyroids, parathyroids, pituitary, lacrimal 
glands, mammary glands, harderian glands, and mandibular salivary glands), 
reproductive system (epididymides, prostate, seminal vesicles, ovaries, oviducts,
uterus, cervix, and vagina), hematopoietic system (bone marrow of the sternum and
femur), gastrointestinal tract, musculoskeletal system, and integumentary system.
Some of the more severe findings that correlated with the multi-organ phospholipidosis 
included minimal to mild fibrosis in the lungs of recovery group males at 90 mg/kg/day 
and recovery group females at 60 and 90 mg/kg/day and in 1 main toxicity study female 
at 90 mg/kg/day. Fibrosis is a permanent non-reversible change. It should be noted that 
the one female rat with lung fibrosis was from the 90 mg/kg/day main study group that 
was sacrificed at study week 13 due to that entire dosing group being sacrificed due to 
poor tolerability and mortality. The fibrosis in the lungs is most likely part of the 
continuum of a chronic inflammatory response in the lungs due to excessive 
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phospholipidosis. Minimal to moderate tubular degeneration occurred in the kidneys of 
males and females at both doses which is considered to be secondary to multi-organ 
phospholipidosis and was also listed as the cause of death of several animals. The 
original study pathologist concluded that renal (tubular degeneration) changes were the 
basis for the higher serum urea nitrogen (BUN) and creatinine levels observed at 90 
mg/kg/day. This reviewer agrees with that conclusion. Cytoplasmic vacuolation in the 
brain was also observed in a few animals at 90 mg/kg/day. Hypertrophy (moderate and 
severe) in the adrenal cortex was observed in some recovery group animals. 
Degeneration of skeletal muscle was also observed in males and females at the end of 
the primary necropsy.
Even though complete  reversibility of the phospholipidosis findings was observed 
following a 6-month drug free period for many tissues and organs,  only partial or 
minimal evidence of recovery (with only a slight decrease in the severity level) was 
observed in the lungs, liver, lymph nodes, kidneys, adrenals, thyroids, spleen (males 
only), heart, epididymides, and ovaries. 

Retinal dysplasia was observed in one 90 mg/kg/day female at the 13 week necropsy, 
and in one 60 mg/kg/day female at the 26-week necropsy, which was not included in the 
sponsor’s tables below.

Table 28: Microscopic findings in the respiratory system 

    

In addition to the findings listed in the sponsor’s table above, minimal hemorrhage in the 
lungs occurred in two 90 mg/kg/day males and two 60 mg/kg/day females at the primary 
necropsy, in one 90 mg/kg/day male at the 6-month recovery necropsy and in two 90 
mg/kg/day females at the 39-week necropsy compared to no findings in any control 
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animals. Also, mineralization was observed in the lungs of one high dose (90 
mg/kg/day) male at the 6-month recovery (#6281). 

The following is excerpted from the pathology report: 
“In the lungs, minimal to severe vacuolated macrophages were observed in all dose 
groups at the primary and recovery necropsies and were characterized by collections of 
large foamy macrophages and multinucleated giant cells with lightly eosinophilic 
cytoplasm filling the alveoli. Macrophages were accompanied by cholesterol clefts and 
variable amounts of extracellular eosinophilic proteinaceous material. The extracellular 
material was similar to the macrophage cytoplasm and likely a result of macrophage 
lysis and release of contents. The vacuolated macrophages were associated with the 
gross observations of pale lungs, white areas, and lungs that did not collapse, and the 
higher absolute and relative lung weights. In addition, in the 60 and 90 mg/kg/day group 
males and females, pneumocytes lining the alveoli protruded into the lumen and 
contained numerous cytoplasmic vacuoles as did the respiratory epithelium of the larger 
airways and the trachea (minimal to mild vacuolated epithelium). At the recovery 
necropsies, the incidence and severity of vacuolated macrophages and vacuolated 
epithelium was lower; however, minimal to mild interstitial and pleural fibrosis was 
observed in the 90 mg/kg/day group males and females and the 60 mg/kg/day group 
females in addition to vacuolated epithelial cells and macrophages. The fibrosis and 
macrophages correlated to the white areas observed at the recovery necropsies and the 
higher absolute and relative lung weights that persisted at the recovery necropsies. 
Although the incidence and/or severity of vacuolation (epithelial and macrophage) was 
reduced following the nondosing (recovery) period and would have likely completely 
resolved with additional time, the fibrosis was considered a permanent change.”
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Table 29: Microscopic findings in the urinary system

Table 30: Microscopic findings in the nervous system

4 out of 10 high dose females had minimal brain vacuolation in the choroid plexus and 1 
out of 10 high dose males had minimal neuronal cytoplasmic vacuolation. Any PDL in 
the brain is considered adverse. However, the vacuolation is minimal in severity and 
was completely reversible. Table 31: Microscopic findings in the cardiovascular system
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Table 32: Microscopic findings in the hepatic system
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Table 36: Microscopic findings in the hematopoietic system
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Table 37: Microscopic findings in the gastrointestinal system

Table 38: Microscopic findings in the musculoskeletal system

Skeletal degeneration was also observed in a shorter (3-month) repeat dose study in 
rats at a similar dose. The degeneration is considered adverse, but it was completely 
reversible. 
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Table 40: Toxicokinetics for ACP-103

Table 41: Toxicokinetics for metabolite AC-260279

Table 42: Toxicokinetics for metabolite AC-260423
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Table 43: Toxicokinetics for metabolite AC-269527

Dosing Solution Analysis
All dose formulations were found to contain % to % of test article which is within 
the target concentration range. No drug was detected in any vehicle formulation. 
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6.2.3.3 Monkey 3-month + 1-month recovery
Study no. 177.01
Study Title: A 3-month oral repeat-dose toxicity study of ACP-103 with Toxicokinetics 
and a 1-month recovery period in cynomolgus monkeys, GLP and QA
Conducting laboratory: 

Design:
Cynomolgus monkeys from  stock, age 2-6 years old, weight prior to dosing: 
males: 2.382-2.966 kg, females: 2.223-3.109 kg. 
Doses: 0, 5, 25, 60 mg/kg/day ACP-103 (pimavanserin tartrate) [0, 4.3, 21, 51 
mg/kg/day pimavanserin free base) dosed once daily by nasogastric intubation for 3-
months
Parameters evaluated in all animals: clinical observations (twice daily), food 
consumption (twice daily), body weight (once weekly), ECG (once each  during weeks 6 
and 13), ophthalmology (once each during weeks 6 and 13), urinalysis, hematology, 
coagulation and serum chemistry (once each  during weeks 4 and 13, and last week of 
recovery), gross pathology, organ weight and histopathology (adequate battery). Blood 
samples for toxicokinetic analysis were taken from all animals on days 1, 45 and 90 at 
predose, and 0.5, 1, 2, 4, 8, and 24 hrs postdose.

Results:
There were no mortalities. 
There was a dose-related increase in relative lung weights for both males and females 
at all dose levels, up to 59% and 20% compared to controls, respectively. At the end of 
the recovery period, lung weights were still increased to the same amount in males and 
females at 25 and 60 mg/kg/day. Epididymides, prostate/seminal vesicles and testes 
weights were slightly decreased, which corresponded to small organ sizes observed 
macroscopically, however theses effects were most likely due to immaturity of animals. 
Microscopic findings of foamy macrophages or cytoplasmic vacuolation, considered to 
be consistent with phospholipidosis, were observed in multiple tissues at 25 and 60 
mg/kg/day. Foamy macrophages, consistent with PLD, were only observed in the lungs 
in males and females at the high dose of 60 mg/kg/day. There was full reversibility of 
these findings at 25 mg/kg/day in the recovery group animals, with some suggestion of 
partial but not complete reversibility at 60 mg/kg/day. The lung findings were not fully 
reversible. 

NOEL = 5 mg/kg/day and sponsor considered 25 mg/kg/day to be the NOAEL
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Recovery group animals:
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and rectum), increased granulopoiesis and relatively decreased erythropoiesis and 
megakaryopoiesis in the bone marrow, decreased zymogen granules in the pancreas, 
decreased glycogen in the hepatocytes and decreased lipids in the adrenals, bile in the 
bile canaliculi of the liver, atrophy of the thymus, decreased lymphocytes in germinal 
centers of the lymph nodes and spleen. The cause of death was determined to be colitis 
of an undetermined etiology. The majority of the microscopic findings in this animal 
were considered to be due to colitis. 
Clinical Signs
There was a dose-related increase in emesis, both number of animals affected and 
overall incidences, for females at all dose levels compared to controls and for males 
mainly at the high dose. Emesis was also observed in low and mid dose males; 
however the incidence was similar to the controls. Clinical observations were conducted 
twice daily, with the second observation taking place 2-4 hrs after dosing, during the 
dosing period and once daily during acclimation and recovery periods. 

Table 44: Incidence of emesis in monkeys

[The above table was excerpted from the sponsor’s study report.]
Body Weights
Absolute body weight was slightly decreased for high dose males and females 
compared to controls during the entire dosing period, with the greatest decrease 
observed during the first 3 months of dosing, however did not reach statistical 
significance. There was a statistically significant decrease in body weight gain for high 
dose males, 75% compared to controls, during the first 91 days of dosing and a body 
weight loss of -2.208 kg for high dose females. Body weight gain was comparable to 
controls for high dose males and females from day 91 onwards and during the recovery 
period. Body weights were recorded once weekly throughout the study and on the day 
of scheduled necropsy. 
Food Consumption
There were no drug-related effects on food consumption. Estimated food consumption 
(fed biscuits) was calculated twice per day. 
Ophthalmoscopy
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There were no drug-related findings. Eye exams were performed once during the 
acclimation period and once during weeks 12, 25 (groups 5 and 6) or 26 (groups 1-4) or 
41 (groups 5 and 6) and 52 of the dosing period. Since no abnormalities were detected 
during the dosing period, exams were not conducted during the recovery period. 
ECG
There were no drug-related findings. All ECGs were qualitatively and quantitatively 
within normal limits. ECGs were recorded once during the acclimation period and once 
during weeks 12, 25 (groups 5 and 6) or 26 (groups 1-4), 38 and 51 of dosing and once 
during week 16 of the recovery period. QTc values were calculated using Bazett’s 
formula. 
Hematology
There were no clear drug-related, or statistically significant, changes in any hematology 
or coagulation parameters. Blood was collected from the cephalic saphenous or femoral 
veins of restrained, conscious animals. Samples were collected once during 
acclimation, once during weeks 26, 39 and 52 of the dosing period and once during 
week 16 of the recovery period. An adequate battery of hematology and coagulation 
parameters was evaluated. 
Clinical Chemistry
There were no clear drug-related, or statistically significant, changes in any clinical 
chemistry parameters. Blood was collected from the cephalic saphenous or femoral 
veins of restrained, conscious animals. Samples were collected once during 
acclimation, once during weeks 26, 39 and 52 of the dosing period and once during 
week 16 of the recovery period. An adequate battery of hematology and coagulation 
parameters was evaluated. 

Urinalysis
There were no drug-related findings. Urine was collected from overnight fasted animals 
once during acclimation, once during weeks 26, 39 and 52 of the dosing period and 
once during week 16 of the recovery period. An adequate battery of urinalysis 
parameters was evaluated. 
Gross Pathology
There were no drug-related macroscopic findings in any animals at the terminal 
necropsies. The macroscopic findings observed in the two animals that were found 
dead are described in the mortality section. 
Organ Weights
Relative testes weights were decreased (not statistically significant) in all dose groups 
(19-29% compared to controls), but not in a dose-related manner, therefore the 
toxicological significance is unknown. Relative lung weights were increased 22% and 
21% compared to controls for high dose males and females, respectively (not 
statistically significant). 
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The following organs were weighed: adrenals, epididymides, kidneys, lungs (including 
bronchi), pituitary, spleen, thyroids (including parathyroids), thymus, brain (cerebrum, 
cerebellum and brain stem), heart, liver, ovaries, prostate/seminal vesicles, 
submandibular salivary glands, testes, uterus (body and cervix). 
Histopathology

Adequate Battery: Yes

Peer Review: Yes

Histological Findings

Drug-related microscopic findings were observed in the lungs, stomach, small intestines 
(duodenum, jejunum or ileum), adrenal and submandibular glands of high dose (25/60 
mg/kg/day) males and females at the end of the 12-month dosing period (main study 
animals). The findings were consistent with multi-organ phospholipidosis (foamy 
macrophages or foamy cytoplasm). Minimal to mild atrophy of the testes (bilateral, 
multifocal atrophy of seminiferous tubules) was also observed in 2/3 high dose males at 
the end of the dosing period. It is unclear if the findings in the testes are related to PLD. 
None of the above findings were observed in any of the high dose animals at the end of 
the 4-month recovery period, indicating complete reversibility. 

Reference ID: 3886901



NDA 207318 Amy M. Avila, Ph.D.

78

[The above tables were excerpted from the Toxicology Tabulated Summary of NDA 
207318.]

Mild “fibrous thickening” was observed in the lungs of one low dose and one high dose 
male at the end of the dosing phase (primary necropsy). Similar findings were not 
observed in any control animals or in any of the recovery group animals. The sponsor 
did not comment on this finding in the study report. Since fibrosis was observed in the 
lungs of rats after 6-months of a drug-free period in a 6-month chronic repeat-dose 
toxicity study (study no. 616007) this finding in monkeys may possibly be drug-
related and represent permanent tissue damage as a result of severe phospholipidosis. 
An information request was sent to the sponsor regarding the “fibrous thickening” in 
these 2 animals, specifically asking about the clinical relevance and similarity to the rat 
findings and historical control data. The sponsor responded to the information request 
(SDN 7) on October 14, 2015. They provided “preliminary” control background data for 
fibrosis and fibrous thickening in cynomolgus monkeys from this particular laboratory 
and indicated that it is approximately 10.3% in males and 6.4% in females (or 8.4% in 
males and females combined; n=~125/sex). The incidence of fibrous thickening in this 
study was 6.25% (2 out of 32 terminal/found dead animals) and was therefore 
considered to be comparable to the background rate. The final background data is 
being processed and will not be available until near the end of the first half of 2016. The 
sponsor also stated that the study pathologist  confirmed that the fibrous 
thickening in monkeys is not analogous to lung fibrosis and was mild in severity and 
without any clinical correlates. Based on this information, this reviewer acknowledges 
that the fibrous thickening observed in monkeys is likely to be incidental and represents 
a background finding. Nevertheless, since it was only observed in drug-treated animals 
it is possible that it is drug-related. The only way to know for certain is if more studies 
were to be conducted. 
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Methods
Strains: Salmonella typhimurium strains TA1535, 

TA1537, TA98, TA100 and E. coli strain 
WP2 uvrA

 Concentrations in definitive study: Plate incorporation method –S9: 
0, 0.32, 1.6, 8, 40, 120, 200 µg/plate
Plate incorporation method +S9:
0, 1.6, 8, 40, 200, 500, 600, 1000 µg/plate
Pre-incubation method –S9:
0, 1.6, 8, 40, 120, 200 µg/plate
Pre-incubation method +S9:
0, 1.6, 8, 40, 200, 500 µg/plate

Basis of concentration selection: A range-finding assay was conducted using 
concentrations of 8, 40, 200, 1000, and 
5000 µg/plate in strains TA98 and WP2 
uvrA. In strain TA98 in the absence of S9, a 
slight reduction in the background lawn was 
observed at 40 µg/plate and a complete 
absence of growth in the background lawn 
at 200 and 1000 µg/plate, indicating 
cytotoxicity. Cytotoxicity, as indicated by no 
growth in the background lawn, was also 
observed at concentrations of 1000 µg/plate 
and higher in strains TA98 and WP2 uvrA 
+S9, and at a concentration of 5000 
µg/plate in WP2 uvrA –S9.  

Negative control: 0.9% w/v saline
Positive control: Without metabolic activation (S9):

TA1535, TA100: Sodium azide 1 µg/plate
TA1537: 9-aminoacridine 50 µg/plate
TA98: 2-nitrofluorene 0.5 µg/plate
WP2 uvrA: 4-nitroquinoline-N-oxide 1 
µg/plate
With metabolic activation (S9):
All strains used 1-aminoanthracene at 2 
µg/plate, WP2 uvrA at 10 µg/plate

Formulation/Vehicle: 0.9% w/v saline up to 50 mg/ml
Incubation & sampling time: Both the plate incorporation method and 

pre-incubation method were used. For both 
methods, plates were incubated at 37 °C for 
~65 hours. 

Study Validity
All doses were tested in duplicate for the range-finding assay and in triplicate for the 
definitive assay. All negative and positive control values were within the historical 
control range for this laboratory, and all positive controls produced an increase in 
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100 µg/ml +/- S9. A third assay used 
concentrations of 5, 10, 15, 20, 25 µg/ml 
+S9; 3, 6, 8, 10, 15 -S9 for a 3 hr incubation 
or 2, 4, 6, 8, 10 µg/ml -S9 for a 24 hr 
incubation.

Negative control: 1% (v/v) of 0.9% (w/v) saline.
Positive control: -S9: Ethyl methanesulphonate (EMS): 250, 

500 and 750 µg/ml 
+S9: methylcholanthracene (MCA): 5 µg/ml 
and benzo (a) pyrene (BP): 15 µg/ml

Formulation/Vehicle: Solution in 0.9% (w/v) saline
Incubation & sampling time: In the first experiment, drug treatment was 

for 3 hours both with and without metabolic 
activation (S9). In the second experiment, 
drug treatment was for 3 hours with S9 and 
for 24 hours without S9. 

Study Validity
Two independent experiments were conducted. The negative and positive control 
values were within the range of the historical control values for this laboratory. The drug 
solutions did not cause any significant changes in pH or osmolality that could result in 
artificial aberrations. 
Results
Cytotoxicity (severe toxicity/precipitation that prevented cells from being plated) was 
observed at concentrations ≥25.1 µg/ml in the presence of metabolic activation (S9) and 
at ≥16.7 µg/ml in the absence of S9.  The concentrations selected for mutation 
frequency assessment in experiment 1 ranged from 2.8-22.3 µg/ml in the presence of 
S9 and produced relative total growth (RTG) values between 1-82%; and ranged from 
2.8-13.9 µg/ml in the absence of S9 producing RTG values between 1-55%. RTG 
values in experiment 2 at concentrations used for mutation frequency assessment 
ranged from 3-116% and 22-112% in the presence and absence of S9, respectively. 
There was no statistically significant increase in mutation frequency or small colony 
frequency at any dose level of ACP-103 either in the presence or absence of metabolic 
activation in both experiments. ACP-103 is considered to be non-mutagenic under the 
conditions of this assay. 
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Methods
Doses in definitive study: 0, 200, 320, 500 mg/kg/day pimavanserin 

tartrate (0, 170, 272, 425 mg/kg/day 
pimavanserin free base)

Frequency of dosing: Once a day for two consecutive days~24 hrs 
apart. Animals were sacrificed 24 hrs following 
the second dose.

Route of administration: Oral gavage
Dose volume: 10 ml/kg

Formulation/Vehicle: 0.9% (w/v) saline
Species/Strain: Mouse/CD1 

Number/Sex/Group: 7/group (males only for definitive study)
Satellite groups: 3 controls and 3 males dosed at 500 mg/kg for 2 

days. Blood samples were taken at 2 and 4 hrs 
after dosing. *Plasma samples were not 
analyzed.

Basis of dose selection: A range-finding study was conducted using 5 
male and 5 female mice dosed by oral gavage 
with 500 and 800 mg/kg ACP-103 for 2 
consecutive days and followed up for 48 hrs. All 
animals at 800 mg/kg had to be euthanized 
following the second dose. The MTD was 
determined to be 500 mg/kg. 

Negative control: 0.9% (w/v) saline
Positive control: Mitomycin C: 0.4 mg/ml, single i.p. injection and 

sacrificed 24 hrs following the single dose. 

Study Validity
There were no adverse clinical signs observed in any control animals or 200 and 320 
mg/kg/day drug-treated animals. Clinical signs observed in animals dosed at 500 
mg/kg/day included rough coat in all animals and vocalizing in one animal. One animal 
was found dead following the second dose. An MTD was used in the definitive study, as 
800 mg/kg was determined to be a lethal dose in the range-finding study. All negative 
and positive control values were within the acceptable historical control range for this 
laboratory.  

Results
There was a statistically significant increase in the proportion of micronucleated PCEs 
at the low dose of 200 mg/kg/day. Since no increase was observed at any of the higher 
doses and the minimum mean value of micronuclei per 2000 PCE per animal was less 
than 5, this increase was not considered to be toxicologically relevant. 
There was a statistically significant decrease in the PCE/NCE ratio at 500 mg/kg/day. 
The sponsor attributed this as an indication of drug-related toxicity to the erythrocyte. 
No other doses were affected. Since this was evidence of drug exposure, the plasma 
samples from the satellite animals were not analyzed for the presence of drug. 
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These are approximately 2 and 5 fold the predicted AUC for ACP-279 in humans 
at the MRHD of 34 mg pimavanserin of 847 ng.hr/ml.

 Systemic phospholipidosis (widespread in multiple organs) occurred in high dose 
males and females. Phospholipidosis-related mortality (excessive vacuolated 
macrophages in the lungs and adverse respiratory-related clinical signs) 
occurred in females at 50 mg/kg/day. 

 Increased incidence of cardiomyopathy, secondary to the pulmonary 
phospholipidosis, occurred in females at 50 mg/kg/day. 

 Females at 50 mg/kg/day also had open sores on the feet and nodules on the 
tails that corresponded to microscopic findings of ulcerative pododermatitis and 
cystic dilation of hair follicles, respectively. 

 Adverse (>10%) decrease in body weight for males at 30 mg/kg/day and females 
at 50 mg/kg/day, compared to controls. 

 The NOEL for systemic phospholipidosis in males is 10 mg/kg/day, which 
corresponds to an AUC of 1,140 ng.hr/ml and is 0.7-fold the MRHD of 34 mg 
pimavanserin (free base). The NOEL for systemic phospholipidosis and 
phospholipidosis-related morbidity/mortality in females is 15 mg/kg/day, which 
corresponds to an AUC of 3,200 ng.hr/ml and is 2-fold the MRHD of 34 mg 
pimavanserin (free base). 

Adequacy of Carcinogenicity Study
The carcinogenicity study was adequately conducted according to the protocol and 
protocol amendments. No deviations impacted study integrity. 
Appropriateness of Test Models
The species and strain used in the study (Sprague Dawley rat) is appropriate for long-
term study and there is significant historical control data. 
Evaluation of Tumor Findings
A separate statistical review was conducted by Dr. Hepei Chen from the Division of 
Biometrics.  

Reference ID: 3886901



NDA 207318 Amy M. Avila, Ph.D.

92

Methods
Doses: Males: 0, 0, 3, 10, 30 mg/kg/day pimavanserin 

tartrate (0, 0, 2.6, 8.5, 26 mg/kg/day 
pimavanserin free base)
Females:  0, 0, 5, 15, 50 mg/kg/day 
pimavanserin tartrate (0, 0, 4.3, 13, 43 
mg/kg/day pimavanserin free base)

Frequency of dosing: Once daily
Dose volume: 10 ml/kg

Route of administration: Oral gavage
Formulation/Vehicle: Deionized water

Basis of dose selection: The 3- and 6-month repeat-dose toxicity 
studies were used for the basis of dose 
selection. The high doses were based on an 
MTD of body weight decrease for males and 
mortality for females. The doses used in the 
study were the doses recommended by the 
ECAC on (see ECAC meeting minutes in the 
appendix).  

Species/Strain: Rat/Sprague Dawley
Number/Sex/Group: 60/sex/group

Age: 6 weeks at dosing initiation
Animal housing: Individually housed

Paradigm for dietary restriction: NA
Dual control employed: Yes (both controls were the same: deionized 

water)
Satellite groups: Toxicokinetic: 15/sex/drug-treated groups, 

6/sex/control groups. TK animals were dosed 
once daily for 365 consecutive days and blood 
collected for TK analysis on days 89, 182, and 
364. 

Deviation from study protocol: None that affected the integrity of the study.
*All tables and figures excerpted from sponsor’s study report, unless stated otherwise. 
Observations and Results

Mortality
Due to the group size reaching 20 animals, dosing was stopped for group 5 males (30 
mg/kg/day) on day 674 (week 96). On study day 708 (week 101), the surviving number 
of animals for this group reached 15, and the group 5 males were sacrificed. Dosing 
was discontinued for group 3 males (3 mg/kg/day) on study day 723 due to surviving 
animal numbers reaching 20. The sponsor received agreement from the division and 
the ECAC prior to the early termination and cessation of dosing for these groups. 
Percent survival for males at study week 101 were 33.3%, 30.0%, 43.1%, 41.7%, and 
25.0% at 0, 0, 3, 10, and 30 mg/kg/day, respectively. Percent survival for females at 
study week 104 were 31.7%, 33.3%, 35.0%, 39.0%, and 42.4% at 0, 0, 5, 15, and 50 
mg/kg/day, respectively. Although, there are no statistically significant effects on 
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survival rates at any dose level for males and females, there appears to be a trend for a 
decrease in survival for high dose males compared to controls (see figure 6 below). The 
statistical reviewer (Dr. Hepei Chen) confirmed that there is no statistically significant 
effect on survival for either males or females. However, it should be noted that a high 
incidence of clear drug-related deaths occurred in high dose females that were the 
result of severe phospholipidosis in the lungs with corresponding macroscopic findings 
and cardio-pulmonary-related clinical observations (see below). 
Three of the most common causes of death were: undetermined, pituitary adenomas, 
and hibernomas and none of these were considered to be drug-related since a similar 
incidence was also observed in control animals. However, a high incidence of lung-
related deaths was observed in females at 50 mg/kg/day and these were clearly drug–
related (10 females or 28.6% of all early deaths).  The cause of death/euthanasia in 10 
high dose females was due to severe, excessive accumulation of vacuolated 
macrophages in the lungs. These females also had cardiopulmonary-related clinical 
signs (rales, blue exterminates and/or bodies, and few were gasping), and macroscopic 
findings in the lungs (pale, not fully collapsed, white areas and a few were mottled 
and/or firm). These deaths are clearly directly related to severe phospholipidosis in the 
lungs, which in turn impacted the animals general well-being and lead to 
mortality/morbidity. 

Table 49: Incidence of Common Causes of death in rats from 24-month study
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Figure 7: Percent Survival: Males

Figure 8: Percent Survival: Females

Clinical Signs
The observation of rales (noisy breathing) was observed in most all high dose males 
and females throughout the study at the time of detailed physical exams and during the 
daily observations at 1-2 hrs postdose. The incidence rate was slightly higher in females 
as compared to males. Gasping was also observed in a few drug treated males and 
females compared to none in control animals. Wet clear material and/or dried red 
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material around the mouth were also observed in most high dose males and female 
compared to only a few control animals. Several (7-10) high dose females were 
observed with blue extremities and/or blue bodies. Cage sores on the limbs and 
scabbing of the hindlimbs and tail were observed in many high dose females and 
correlated with macro- and microscopic findings. The respiratory-related clinical signs 
correlated with macro- and microscopic findings in the lungs of high dose males and 
females and were most likely related to an increase in phospholipids in the lungs due to 
drug-induced phospholipidosis. 
Body Weights
There was a statistically significant decrease in absolute body weight for both males 
and females compared to controls. For males, mean body weights at study week 100 
were 2.4%, 2.3%, and 14% lower compared to the combined control groups at 3, 10, 
and 30 mg/kg/day, respectively. The effect was more pronounced for low and mid dose 
males early in the study, up to week 64. For females, mean body weights at study week 
104 were 6.3%, 9.1%, and 24% lower compared to the combined control groups at 5, 
15, and 50 mg/kg/day, respectively. The decreases in weight correlated with a slight 
decrease in food consumption for males only. 

Figure 9: Body weights: Males
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Figure 10: Body weights: Females

Food Consumption
Food consumption was lower for males at 30 mg/kg/day compared to both control 
groups starting the first week of dosing. At week 26, food consumption was significantly 
decreased for males at all dose levels 7% compared to group mean controls. Starting 
around study week 65-66, food consumption for males at 30 mg/kg/day was 
comparable to controls however; mean body weight continued to decrease. There was 
no drug-related effect on food consumption for males at 3 or 10 mg/kg/day or for 
females from any dose group. 
Gross Pathology
Drug-related macroscopic findings were observed in the lungs of high dose males and 
females included lungs not fully collapsed and pale, and observations of mottled lungs, 
white areas and firm lungs were observed in high dose females only. High dose females 
also had an increased incidence of open sores on paws and nodules on the tail. The 
macroscopic findings in the lungs correlated with respiratory-related clinical signs and 
microscopic findings. The findings on the paws and tail also correlated with microscopic 
findings in high dose females. 
There was no drug-relate effect on the number of animals with palpable masses 
compared to controls. 
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Table 51: Macroscopic findings in all rats from 24-month study

Histopathology

Peer Review: Yes. Peer review statement concludes that the pathology data and report 
reflect the consensus opinions of the study pathologist and the peer review pathologist. 

Neoplastic:
No drug-related neoplastic findings were found in males or females from any dose 
group. A separate statistical review was conducted by Dr. Hepei Chen from the Division 
of Biometrics.  Pituitary adenomas and hibernomas were listed as common causes of 
death however since a similar incidence was observed in control animals compared to 
drug-treated animals they were not considered to be drug-related. 

Table 52: Statistical analysis of selected tumors (Statistical Reviewer’s tables)
The following table was excerpted from the statistics review (Dr. Hepei Chen). 
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The following is excerpted from the statistical review. 
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Non Neoplastic:
Systemic cytoplasmic vacuolation consistent with widespread phospholipidosis was 
observed in multiple tissues/organs in 10 males at 30 mg/kg/day and in 45 females at 
50 mg/kg/day. The sponsor defined systemic phospholipidosis as animals that “have 
cytoplasmic vacuoles morphologically consistent with phospholipidosis; the extent of 
vacuolation had to exceed ‘background’ severity levels of concurrent control group 
tissues that may manifest cytoplasmic vacuolation due to other pathologic processes or 
altered physiology unrelated, but histopathologically similar to, phospholipidosis; and 2 
or more tissues had to be affected”. All animals that were considered to have systemic 
phospholipidosis had findings in the lung. 
The following description is an excerpt from the pathology report describing the 
microscopic findings in the lungs. 
“With the exception of the lungs in the 50 mg/kg/day group females, the presence of
cytoplasmic microvacuoles consistent with phospholipidosis within macrophages,
parenchymal cells, or epithelial cells appeared to be innocuous. However, moderate to
severe involvement of the lungs (by ‘macrophages, vacuolated’) was characterized by
numerous microvacuolated to foamy alveolar macrophages admixed with abundant
extracellular material that filled alveolar spaces. This extracellular material was similar
in appearance to the cytoplasm of the vacuolated macrophages and was considered to
represent macrophage lysis with release of cellular contents. The filling of confluent
regions of the lungs with these macrophages and/or extracellular material commonly
corresponded to the gross findings of not fully collapsed, pale, mottled, white areas
and/or firm; severe cases were often considered to be the cause of death in found dead 
or moribund animals. In addition, the accumulation of this material in the lungs likely
would have created an increased workload on the heart and was considered to be the 
most likely explanation for the increased incidence and severity of cardiomyopathy seen 
in the 50 mg/kg/day group females. There also were higher incidences of mixed 
inflammatory cell infiltrates seen surrounding blood vessels and/or bronchioles and 
inflammation within the lung parenchyma in the 50 mg/kg/day group females. Although 
similar changes were seen across all treatment groups (including control groups) from 
both sexes, the higher incidences seen in the 50 mg/kg/day group females seemed to 
be associated with many cases of moderate to severe infiltrates of vacuolated 
macrophages and were therefore considered test article-related effects. Also seen in 
the lungs, but at a lower incidence in both the 30 mg/kg/day group males and 50 
mg/kg/day group females, was cytoplasmic vacuolation of bronchial and/or bronchiolar 
epithelial cells. Similar findings were often seen in the respiratory epithelium of the 
trachea. It is not known if involvement of the respiratory epithelium influenced muco-
ciliary clearance of foreign material from the lungs and may have been a contributing 
factor to the moderate to severe accumulations of macrophages and material seen in 
the 50 mg/kg/day group females.”
The open sores (cage sores) on the paws and nodules of the tail observed in several 
animals at necropsy, corresponded to ulcerative pododermatitis and cystic dilatation of 
hair follicles, respectively observed microscopically. However, since the tail and paws 
were not protocol-required tissues, they were only examined histologically if a gross 
lesion was present and the same trend seen at necropsy was present with the 
microscopic evaluations. The toxicological relevance of these findings is unknown.

Reference ID: 3886901





NDA 207318 Amy M. Avila, Ph.D.

102

Table 54: Incidence of selected histopathological findings from all animals

Toxicokinetics
Blood samples for toxicokinetic analysis of ACP-103, and metabolites AC-260279, AC-
260423, and AC-269527 were taken from 3 animals/sex/group satellite animals on days 
89, 182, and 364 at 0.5, 1, 2, 4, 8, and 24 hrs postdose and at 2 hrs postdose from 
control group animals. Metabolite AC-260279 (AC-279) was identified as major 
circulating metabolite in humans. Exposures to ACP-103 and metabolite AC-260279 
increased much greater than dose-proportional for both males and females e.g. for the 
parent there was a 371-fold and 523-fold increase in exposure in females dosed 50 vs. 
5 mg/kg/day and in males dosed 30 vs. 3 mg/kg/day. The half-life (t1/2) for parent and all 
metabolites increased with increasing dose and also increased over time. Most 
significant was the half-life for ACP-103 in high dose females of 27 hrs on day 364. This 
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prolonged half-life could potentially lead to extensive uptake/accumulation in 
tissues/organs. There was very little, if any, drug accumulation for parent or metabolites 
in males and females after 3-months of repeat dosing, as exposures were similar on 
day 89 compared to day 364 indicating steady state was achieved by 3 months of 
repeated dosing. There is a marked difference in exposure and Cmax between sexes 
with higher levels in females relative to males.  

Table 55: Toxicokinetic parameters of ACP-103 in rats
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Table 56: Toxicokinetic parameters of metabolites in rats

Dosing Solution Analysis
Most of the analyzed dosing formulations were within % of ACP-103 which is 
within the acceptable range. In a few instances, dosing formulations were slightly 
outside that range ( % and %). Since the differences were slight, they 
were not considered to have had an impact on the study. 
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Methods
Doses: Males: 0, 0, 3, 7, 15 mg/kg/day pimavanserin 

tartrate (0, 0, 2.6, 6.0, 13 mg/kg/day 
pimavanserin free base)
Females: 0, 0, 10, 25, 50 mg/kg/day 
pimavanserin tartrate (0, 0, 8.5, 21, 43 
mg/kg/day pimavanserin free base)

Frequency of dosing: Once daily
Dose volume: 10 ml/kg

Route of administration: Oral gavage
Formulation/Vehicle: Deionized water

Basis of dose selection: 13-week dose range-finding study. The high 
doses were selected on basis of mortality (1/2 
the lethal dose). The doses used in the study 
were the doses recommended by the ECAC on 
December 13, 2007 (see ECAC meeting 
minutes in the appendix).  

Species/Strain: Mouse/CD1(ICR)  

Number/Sex/Group: 60/sex/group
Age: At dose initiation: ~6 weeks old

Animal housing: Individual
Paradigm for dietary restriction: NA

Dual control employed: Yes (both controls were the same: deionized 
water)

Satellite groups: TK: 21/sex/treated groups, 6/sex/control 
TK animals were dosed once daily for 182 
consecutive days.

Deviation from study protocol: None of the protocol deviations affected the 
integrity of the study. 

*All tables and figures excerpted from sponsor’s study report, unless stated otherwise. 
Observations and Results

Mortality
There was no early termination of any control or dose groups except dosing was 
terminated during study week 101 (study day 710) for high dose males (15 mg/kg/day) 
due to the number of surviving animals reaching 20. The sponsor received agreement 
from the division and the ECAC prior to the cessation of dosing for this group. There 
was a statistically significant dose-related decreasing trend in survival rates for males 
when compared to pooled control groups and control group 1 alone. In addition, there 
was a statistically significantly lower survival rate in the 15 mg/kg/day group males 
compared to pooled control groups and control group 1 alone. The same statistical 
finding was found by the statistical reviewer; Dr. Hepei Chen. There was no statistically 
significant effect on survival rates for females. There were a higher number of 
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undetermined deaths for high dose females at 50 mg/kg/day (16/35 or 47% compared 
to 6/38 or 16% and 1/29 or 3% for control groups 1 and 2, respectively). 

Table 57: Statistical analysis of survival rates for males and females
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Table 58: Survival of animals during study (number and percent)

Figure 11: Percent survival: males
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Figure 12: Percent survival: females

Table 59: Selected causes of unscheduled death for males
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Table 60: Selected causes of unscheduled death for females

Clinical Signs
A slightly higher incidence of dried yellow material was observed around the mouth and 
neck of mid and high dose males and females. The significance of this finding is 
unknown. Gasping was observed in a few high dose females compared to no findings in 
control females. In addition, a higher incidence of rales was observed in high dose 
males and in mid and high dose females compared to controls. Detailed physical 
examinations and palpable mass observations were performed approximately weekly; 
clinical observations were recorded daily. There was no clear drug-related effect on the 
incidence of palpable masses. 
Body Weights
Mean body weights and body weight gains were lower for high dose males (15 
mg/kg/day) and for mid and high dose females (25 and 50 mg/kg/day). At week 100, 
mean body weights were 6.2% lower for males at 15 mg/kg/day compared to the mean 
combined control groups. Overall body weight gain from weeks 0 to 100 (the dosing 
period for high dose males) was significantly decreased for males at 15 mg/kg/day, 21% 
compared to the mean combined control groups. For females during week 104, mean 
body weights were 12.2% and 14.9% lower at 25 and 50 mg/kg/day, respectively 
compared to the mean combined control groups. Overall body weight gain from weeks 0 
to 104 was significantly decreased for females at 25 and 50 mg/kg/day, 32% and 44% 
compared to the mean combined control groups, respectively. 
Body weights were recorded once weekly through study week 12 and biweekly 
thereafter. The drug effect on body weight slightly correlated with changes in food intake 
for females only. 
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Figure 13: Mean body weight: males

Figure 14: Mean body weight: females
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Food Consumption
There was a decrease in mean food consumption for females at 25 and 50 mg/kg/day 
during the first part of the study, but values were comparable to the control groups 
throughout the remainder of the study. At weeks 25 to 26, there was a non-statistically 
significant decrease in food consumption of 8% for females at 50 mg/kg/day compared 
to controls. The effect on food consumption for females correlated with decreased body 
weights. There was no effect on food consumption for males. Food consumption was 
recorded once weekly through study week 12 and biweekly thereafter. 
Gross Pathology
There were no clear drug-related macroscopic findings. All findings in drug-treated 
groups were at a similar incidence in control groups, and/or not dose-related and 
common background findings. Necropsies were performed on all animals found dead, 
euthanized moribund and all surviving animals during week 104. Blood smears were 
taken from all animals. 
Histopathology

Peer Review: Yes

The peer review statement states that the pathology data and report reflect the 
consensus opinions of the study pathologist and peer review pathologist.

Neoplastic:
No drug-related neoplastic findings were found in males or females from any dose 
group. The only statistically significant finding was for hemangiosarcomas in control 
group 2 and low dose males compared to control group 1 males, but since none were 
observed in high dose males and the finding was not statistically significant when the 
control groups were combined, this finding was not considered drug-related. A separate 
statistical review was conducted by Dr. Hepei Chen from the Division of Biometrics. 

The following is an excerpt from Dr. Chen’s review.  
Reviewer’s findings: 
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Non Neoplastic:
There were no clear drug-related non-neoplastic microscopic findings for males or 
females. 
Toxicokinetics
Blood samples for toxicokinetic analysis of ACP-103 and metabolites AC-260279, AC-
260423, and AC-269527 were collected from satellite animals, 3 animals/sex/group/time 
point at 0.5, 1, 2, 4, 8, and 24 hours post-dosing (collected from Group 2A at 2 hours 
post-dosing only) on study day 182. Metabolite AC-260279 (AC-279) was identified as a 
major circulating metabolite in humans. Similar to the rat, exposure levels increased 
much greater than dose proportional from the low to mid dose groups for both males (up 
to 68x) and females (up to 16x), but then increased roughly dose proportional from the 
mid to high dose groups. 
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Table 61: Toxicokinetic parameters of ACP-103 in 24-month mouse study

Table 62: Toxicokinetic parameters of Metabolites in 24-month mouse study

Dosing Solution Analysis
All analyzed dose formulations were within % of nominal ACP-103 
concentrations, within the acceptable SOP range. 
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decreased food consumption. For males, body weights were recorded twice weekly and 
prior to necropsy. For females, body weights were recorded once weekly prior to 
cohabitation and during cohabitation, and after mating on GDs 1, 4, 7, 10, 13 and prior 
to necropsy. 

Males
Dose  (mg/kg/day) Mean body weight

g (% control)
Body weight gain 

(days 1-65
g (% control)

0 528 (100%) 234 (100%)
10 509 (96%) 224 (96%)
60 490 (93%) 196 (84%)
90 431 (82%) 170 (73%)

Females
Dose (mg/kg/day) Mean body weight

g (% control)
Body weight gain
(pre-cohab. 1-15)

g (% control)

Body weight gain
(GD 1-13)

g (% control)
0 274 (100%) 17 (100%) 57 (100%)

10 268 (98%) 7 (41%) 59 (104%)
60 260 (95%) 4 (24%) 39 (68%)
90 251 (92%) -2 50 (88%)

[Mean body weight values on day 64 for males, GD 13 for females. Body weight tables 
generated by reviewer.]

Food Consumption
There was a statistically significant decrease in food consumption for males at all dose 
levels and for females at 60 and 90 mg/kg/day. Decreases in food consumption 
correlated with decreased in body weights. 
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Table 63: Food consumption in males and females in fertility study

For males, food consumption was recorded once weekly except during cohabitation. For 
females, food consumption was recorded once weekly prior to cohabitation and after 
mating on GDs 1 to 4, 4 to 7, 7 to 10, and 10 to 13.  
Toxicokinetics
NA
Dosing Solution Analysis
All dose formulations were within the acceptable range, % to %. No test 
article was detected in any control samples. 
Necropsy
Males at 90 mg/kg/day were observed with enlarged adrenal glands (4/25), enlarged 
kidneys (3/25), and enlarged lymph nodes (4/25). The sponsor did not consider these 
findings to be drug-related, but this reviewer disagrees since enlargement of these 
organs were observed in previous rat studies, and correlated with phospholipidosis in 
those organs, and the findings occurred only in high dose animals. There were no drug-
related macroscopic findings in females. 
All confirmed mated females were sacrificed on GD 14±1. Surviving males were 
sacrificed ~24 to 48 hrs after the last dose. All animals were necropsied. 

Table 64: Male organ weight changes from control
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There were significant and dose-related effects on male reproductive organ weights at 
60 and 90 mg/kg/day. Absolute prostate weights were decreased at ≥60 mg/kg/day up 
to 21% compared to controls and absolute seminal vesicle weights were decreased at 
90 mg/kg/day (26% compared to controls). Relative epididymis weights were increased 
at ≥60 mg/kg/day (up to 25% compared to controls) and testis weights were increased 
at 90 mg/kg/day (17% compared to controls).The changes in epididymis weights 
correlated with microscopic findings.  
Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation Loss, 
etc.)
There were no effects on mating or fertility indices (number of pregnant females, length 
of pre-coital period) or the number and length of estrous cycles. 
There was a significant decrease in the number of corpora lutea, implantations and 
percent viable implants. Three was also a slight increase in the percentage of pre-
implantation loss and increased early resorptions all at 90 mg/kg/day that was outside 
the historical control range for this laboratory. The changes observed at 10 mg/kg/day, 
decrease in number of implantations and increase in non-pregnancies, was not 
considered drug-related since similar effects were not observed at the 60 mg/kg/day 
dose.  

Table 65: Summary of uterine data

* Statistically significant difference from control group, p<0.05
[Table excerpted from sponsor’s study report.]

There was a decrease in sperm motility parameters at 60 and 90 mg/kg/day, and a 
decrease in sperm density at 90 mg/kg/day (sperm density and spermatid concentration 
were not measured at 10 and 60 mg/kg/day). There was also a dose-related increase in 
epididymis weights at 60 and 90 mg/kg/day with corresponding microscopic findings of 
minimal to moderate cytoplasmic vacuolation of the tubular epithelium, primarily in the 
body (isthmus) of the epididymis. Testes weights were increased only at 90 mg/kg/day 
but without corresponding microscopic findings. The NOEL for male organ weight 
changes and microscopic findings and effects on sperm motility is 10 mg/kg/day. 
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Table 66: Sperm Motility Parameters

[The above table is excerpted from the sponsor’s study report]

Table 67: Sperm density and spermatid head counts

[The above table is excerpted from the sponsor’s study report]

Sperm density and spermatid concentrations were not measured in the low and mid 
dose groups (10 and 60 mg/kg/day). Therefore a NOEL for decreased sperm density 
could not be determined from this study and an accurate NOAEL for effects on male 
fertility could not be determined for this study. In a September 30, 2015 information 
request to the sponsor, the sponsor was asked to analyze sperm density and spermatid 
head counts from the 10 and 60 mg/kg/day groups. The sponsor informed the division 
that those tissues could not be located. The sponsor re-evaluated all data from the 
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Key Study Findings
There were no drug-related effects on any pregnancy parameters measured or fetal 
morphology. ACP-103 is considered non-teratogenic under the conditions of this study. 

 Maternal NOAEL was 10 mg/kg/day pimavanserin tartrate due to a significant 
decrease in body weight, body weight gain and food consumption at 60 
mg/kg/day. 

 Fetal  NOEL = 60 mg/kg/day 
AUC and Cmax at fetal NOEL = 34,800 ng.hr/ml and 909 ng/ml, respectively. 

Methods
Doses: 0, 1, 10, 60 mg/kg/day pimavanserin tartrate

0, 0.9, 8.5, 51 mg/kg/day pimavanserin free 
base 

Frequency of dosing: Once daily from gestation day (GD) 7-20
Dose volume: 10 ml/kg

Route of administration: Oral gavage
Formulation/Vehicle: 0.9% saline

Species/Strain: Rat (time-mated)/Sprague Dawley  
 

Number/Sex/Group: 20/sex/group
Satellite groups: Toxicokinetic (9/drug-treated group) dosed from 

GD 7-13.
Study design: Animals were dosed once daily from GD 7-20 

and sacrificed and necropsied on GD 22. Full 
uterine examinations were conducted. 

Deviation from study protocol: None that affected the outcome of the study. 

Dose selection was based on an oral dose range-finding study in time-mated female 
rats (study no. 1612-05308) using doses of 10, 30, 60 and 90 mg/kg/day. Clinical signs 
of nasal discharge, rales and/or rough hair coat were observed at 60 and 90 mg/kg/day. 
There was a dose-dependent decrease in body weight and body weight gain at ≥30 
mg/kg/day with a corresponding decrease in food consumption. Fetal body weights 
were reduced, but there were no external morphologic fetal effects. Based on the 
maternal toxicity findings of clinical signs and decreased body weight, the high dose of 
60 mg/kg/day was selected for the definitive study. 
Observations and Results

Mortality
One 60 mg/kg/day TK animal was found dead after the 24-hr blood collection, however 
the death was most likely related to the blood collection procedure and not drug-related. 
Clinical Signs
There were no abnormal clinical or cage-side observations as no findings were reported 
in the clinical observation tables. 
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Cage-side observations were conducted twice daily and more detailed clinical 
observations were recorded on GDs 7, 10, 13, 16, 20, and 22. The time observations 
were recorded after dosing was not included in the study protocol.
Body Weight
There was a statistically significant decrease in absolute body weight for dams at 60 
mg/kg/day during the entire study period (GD 7-22), maximum decrease of10% 
compared to controls. Mean body weight values at the end of dosing on GD 20 were 
354, 350, 349, and 320 g at 0, 1, 10, and 60 mg/kg/day, respectively. Body weight gains 
were also significantly decreased at 60 mg/kg/day, with an overall decrease during the 
dosing period from GD 7-20 of 30% compared to controls. Body weight gain values from 
GD 7-20 were 104, 102, 101, and 72 g at 0, 1, 10, and 60 mg/kg/day, respectively. After 
dosing cessation from GD 21-22, there was a statistically significant increase in body 
weight gain at 60 mg/kg/day, 13% compared to controls. The effects on body weight 
correlated with effects on food consumption observed in the 60 mg/kg/day group. There 
were no significant effects on body weight observed at 1 or 10 mg/kg/day. 
Body weights were recorded daily. 
Food Consumption
Food consumption was significantly decreased at 60 mg/kg/day during the entire dosing 
period, 15-24% compared to controls. From GD 21-22, after dosing cessation, there 
was a significant increase in food consumption of 18% compared to controls in the 60 
mg/kg/day group. There was no significant effect on food consumption at 1 or 10 
mg/kg/day. Food consumption was recorded daily. 
Toxicokinetics
Exposure levels, both Cmax and AUC, increased much greater than dose proportional 
from 10 to 60 mg/kg/day, and the half-life also increased with increasing dose. This may 
indicate a decrease in metabolism at higher doses. The TK parameters appear similar 
to those in non-pregnant female rats. All plasma concentrations of ACP-103 were 
<LLOQ for the 1 mg/kg/day dose. 
Blood samples for TK analysis were taken from satellite animals on GD 13-14 at pre-
dose, 0.5, 1, 4, 12, and 24 hrs postdose. 

Table 69: Toxicokinetic parameters of ACP-103 in female rats

[Table excerpted from study report.]
Dosing Solution Analysis
All dose formulations were within the acceptable range ( % of the target 
concentration). 
Necropsy
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Key Study Findings
Severe maternal toxicity, including mortality, body weight loss and dyspnea, was 
observed at doses ≥150 mg/kg/day pimavanserin tartrate which required removal of the 
two highest dosing groups. Clinical signs of rales were observed at doses ≥50 
mg/kg/day. Decreased body weight with a corresponding decrease in food consumption 
was observed at ≥100 mg/kg/day. Maternal gross macroscopic findings were observed 
in the heart, lungs and spleen from the 300 mg/kg/day group. Mortality and abortions 
occurred at 100 mg/kg/day. There were no drug-related effects on any other pregnancy 
or fetal parameters. ACP-103 was considered non-teratogenic under the conditions of 
this study.

 Maternal NOAEL = 50 mg/kg/day pimavanserin tartrate due to decreased body 
weight, food consumption, mortality and abortions at doses ≥100 mg/kg/day. 
AUC and Cmax at 50 mg/kg/day on GD 14 = 6,600 ng.hr/ml and 611 ng/ml

 Fetal NOAEL = 100 mg/kg/day (fetuses were not evaluated from the 150 and 300 
mg/kg/day groups). 
AUC and Cmax at 100 mg/kg/day on GD 14 = 19,000 ng.hr/ml, 1,300 ng/ml

Methods
Doses: 0, 5, 50, 150*, 300* mg/kg/day pimavanserin 

tartrate
0, 4.3, 43, 128, 255 mg/kg/day pimavanserin 
free base
Due to mortality and severe signs of toxicity at 
doses ≥150 mg/kg/day, animals in the 2 highest 
groups were removed from the study after 
administration of 1-3 doses. The remaining 
available 16 rabbits that had not received any 
drug (due to staggered dosing) were re-
assigned to the study (13 to main group and 3 to 
TK groups) and administered ACP-103 at a 
dose of 100 mg/kg/day on the same schedule. 

Frequency of dosing: Once daily
Dose volume: 5 ml/kg

Route of administration: Oral gavage
Formulation/Vehicle: 0.9% saline

Species/Strain: Rabbit/New Zealand white  

Number/Sex/Group: 16/group
Satellite groups: Toxicokinetic groups: 3/group. Dosed from GD 

8-14.
Study design: Time-mated female rabbits were administered 

test article or control from gestation day (GD) 8 
through 20, and euthanized for reproductive and 
fetal evaluations on GD 30. 

Deviation from study protocol: None that affected the integrity of the study.
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Dose selection was based on an oral dose range-finding study in time-mated female 
rabbits (study no. 1612-05306) using doses of 5, 30, 50, and 80 mg/kg/day treated by 
oral gavage from GD 8-20. Two rabbits (one each at 30 and 80 mg/kg/day were found 
dead on GD 9, possibly due to gavage error). No other mortality, no adverse clinical 
signs and no significant effects on body weight or food consumption. No maternal 
toxicity and no effects on fetal survival or external fetal morphology, although reduced 
fetal weights were observed at ≥30 mg/kg/day.   
A separate maximum tolerated oral dose study was also conducted in female non-
pregnant rabbits (study no. 1612-05305) using doses of 30, 100, 300, 600, and 1000 
mg/kg/day for up to 13 consecutive days. Severe signs of toxicity (death, nasal/oral 
discharge, respiratory distress, body weight loss, and/or decreased food consumption) 
were observed at doses ≥100 mg/kg/day in a dose-related manner. Mortality was 
observed as early as dosing day 2 at 1000 mg/kg/day and after 9 days of dosing at 100 
mg/kg/day. The NOEL was 30 mg/kg/day. No macro- or microscopic pathology was 
conducted. 
Observations and Results

Mortality
Maternal mortality occurred at doses ≥100 mg/kg/day. One doe each at 100, 150 and 
300 mg/kg/day was found dead on GD day 20, 9, and 9, respectively. Due to mortality 
and severe clinical signs of dyspnea and weight loss at 150 and 300 mg/kg/day, dosing 
was stopped after 1-3 days of dosing for the two highest groups and animals were 
euthanized. Pregnant rabbits were now dosed with 100 mg/kg/day. No fetal 
examinations were conducted for the 150 and 300 mg/kg/day groups. 
Clinical Signs
Adverse clinical signs were observed in does at ≥50 mg/kg/day. Dyspnea was observed 
in 2 animals at 150 mg/kg/day and 4 animals at 300 mg/kg/day. Rales were observed in 
3, 1 and 3 animals at 50, 100 and 300 mg/kg/day, respectively. Hunched or low posture, 
paleness and languid behavior were noted in the animals that were sacrificed moribund 
at 300 mg/kg/day. Cage side observations were conducted twice daily and clinical 
observations were conducted on GD 8, 11, 14, 17, 21, 24, 27 and 30. 
Body Weight
There was significant body weight loss in animals dosed at 150 and 300 mg/kg/day for 
1-3 days, which in part lead to the animals needing to be euthanized. A smaller, but not 
statistically significant, decrease in body weight and body weight gain was also 
observed at 100 mg/kg/day during the dosing period, 8-9% compared to controls. There 
was no effect on body weight at 5 or 50 mg/kg/day. The effects on body weight 
correlated with effects on food consumption. Body weights were recorded daily. 
Food Consumption
Food consumption was decreased for animals treated at 150 and 300 mg/kg/day during 
GD 8-11, 51% and 97% compared to controls, respectively. Food consumption was also 
decreased during the entire dosing period at 100 mg/kg/day, 23% to 62% compared to 
controls. Food consumption continued to be decreased compared to controls at 100 
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mg/kg/day after dosing cessation between GD 21-26, up to 23% compared to controls. 
Food consumption was slightly decreased at 50 mg/kg/day, 9% to 13% compared to 
controls during the dosing period. Food consumption was recorded daily. 
Toxicokinetics
Exposure levels, Cmax and AUC, increased much greater than dose proportional from 5 
to 50 mg/kg/day and only slightly greater than dose proportional from 50 to 100 
mg/kg/day. Tmax was comparable in low and high dose (2-2.5 hrs) but higher at the mid 
dose (4 hrs). Half-life increased with an increase in dose perhaps reflecting saturation of 
metabolism. Blood samples for TK analysis were collected from satellite animals on GD 
14 prior to dosing and at 0.5, 1, 2, 4, 12 and 24 hrs post-dose. 

Table 70: Toxicokinetic parameters of ACP-103 in rabbits on GD 14

[Table excerpted from study report.]
Dosing Solution Analysis
All dose formulations were within the acceptable range ( % of nominal 
concentration). 
Necropsy
Gross macroscopic drug-related findings were only observed in animals at 300 
mg/kg/day. Findings included thickening, enlargement, and/or discoloration of the heart 
in 3 does. Discolored lungs, which did not collapse, was observed in an additional doe 
at 300 mg/kg/day that was euthanized moribund and a distended colon and irregularly 
shaped spleen in another doe at 300 mg/kg/day that was also sacrificed moribund. The 
above findings may be related to phospholipidosis that was observed in mice, rats and 
monkeys from other studies, although since histopathology was not conducted on these 
does, a definitive cause cannot be determined. 
Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)
There were no drug-related effects on the mean numbers of corpora lutea, 
implantations, early or late resorptions, dead fetuses, total intra-uterine deaths or the 
numbers of live fetuses. In addition to the female that died in the 100 mg/kg/day group on GD 
20, 3 additional females at 100 mg/kg/day aborted following termination of dosing between GD 
24 and 28. The abortions may be due in part to maternal toxicity of decreased body weight and 
food consumption observed at 100 mg/kg/day. There were slight decreases (5% and 9%) in mean 
gravid uterine weights at 5 and 100 mg/kg/day compared to controls, respectively. These 
decreases were the result of one doe in each of these groups with a small number of implantation 
sites (1 and 4 in the 5 and 100 mg/kg/day groups, respectively) and therefore were 
considered incidental. Uteri and ovaries of animals from the 150 and 300 mg/kg/day 

Reference ID: 3886901

(b) (4)



NDA 207318 Amy M. Avila, Ph.D.

128

groups were examined only for implantations and corpora lutea; there were no clear 
drug-related findings. 
Offspring (Malformations, Variations, etc.)
There were no clear drug-related effects on fetal morphology (external, visceral or 
skeletal) or any effects on fetal weights. A single fetus from the 5 mg/kg/day had 
multiple malformations of the cardiovascular system. Abnormal lung lobe formation was 
observed in two fetuses, from separate litters, in the 100 mg/kg/day group, but was also 
observed in one control fetus. One fetus from the 50 mg/kg/day group was observed 
with the skeletal malformation of thickened left ribs. Multiple skeletal variations were 
noted in fetuses from all groups. However, the incidence rates were similar across all 
dose groups including controls; therefore the skeletal variation findings were considered 
incidental and not drug-related. None of the other fetal findings were considered drug-
related, due to their low incidence rates and lack of a dose-response. Fetuses were not 
examined from the 150 and 300 mg/kg/day groups. 

[Table excerpted from Toxicology Tabulated Summary of NDA 207318.]

9.3 Prenatal and Postnatal Development
Study title:  A Developmental and Perinatal/Postnatal Reproduction Study of
Pimavanserin Tartrate (ACP-103) by Oral Gavage in Rats, Including a
Postnatal Behavioral/Functional Evaluation
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Clinical signs:

Clinical signs observed during both the gestation and lactation periods in animals at ≥30 
mg/kg/day included hunched posture, rales, dehydration, sparse or ungroomed hair 
coat, chromorhinorrhea, salivation, decreased activity. The incidence and frequency 
increased with dose. 

Body weight:

There was a significant decrease in maternal body weight at 60 mg/kg/day during the 
gestation and lactation periods and at 30 mg/kg/day during the lactation period. There 
was an average body weight loss at 60 mg/kg/day between GD 7-10 (-4.6 g compared 
to +16.4 g for controls), however after GD 10 average body weight gain at 60 mg/kg/day 
was comparable to controls. During the lactation period, average body weights were 
lower at 60 mg/kg/day (85-95% compared to controls), however body weight gain was 
significantly increased compared to controls. Body weight gain was significantly 
decreased at 30 mg/kg/day compared to controls during the lactation period (71% 
compared to controls). The effects on body weight correlated with decreased food 
consumption. Body weights for dams were recorded once on GD 0, and daily during the 
dose and post-dose periods, and on the day of euthanasia. 

Figure 15: Maternal body weights: F0 female rats

[Figure excerpted from  20046298 study report.]

Food consumption:
There was a dose-related decrease in food consumption at 30 and 60 mg/kg/day during 
both the gestation and lactation periods. During GDs 7-20, food consumption was 
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significantly decreased 68% to 94% compared to controls. During lactation days 1-14, 
food consumption was significantly 80% to 90% compared to controls. There were no 
effects on food consumption at 10 mg/kg/day. 
Food consumption for dams was recorded on GDs 0, 7, 10, 12, 15, 18, and 20 and GD 
25 (where necessary), and on days 1, 4, 7 and 14 postpartum. 

Litter observations:
There were no drug-related effects on the numbers of dams delivering litters, the 
duration of gestation, averages for implantation sites per delivered litter, the gestation 
index (number of dams with one or more liveborn pups/number of pregnant rats), the 
numbers of dams with stillborn pups and of dams with all pups dying, litter sizes, and 
the percentage of male pups per number of pups sexed per litter. There were no dams 
with total litter losses. 

Necropsy observation:

There were no drug-related macroscopic findings in the F0 generation rats that survived 
to scheduled necropsy. 

Toxicokinetics:

On the last day of dosing (LD 21) blood samples were collected from 3 control group 
females and 9 treated group females at predose, 0.5, 1, 4, 12, and 24 hrs postdose. 

Tmax was 20 fold higher at 60 mg/kg/day compared to 10 mg/kg/day, indicating a 
possible saturation of absorption. Exposure levels, both Cmax and AUC, increased more 
than dose proportional. 

[Table excerpted from  20046298 study report.]

Dosing solution analysis: All samples analyzed were within the acceptable range, % 
of target concentration. 

F1 Survival:

There was a significant decrease in pup survival compared to controls at 30 mg/kg/day 
during postpartum days 2-4 and at 60 mg/kg/day during postpartum days 2-14. Overall 
pup viability index was significantly decreased at 30 and 60 mg/kg/day, 90.2% and 
94.3% respectively, compared to 99.4% for controls. 
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Table 71: F1 pups: litter sizes and pup survival 

Clinical signs:

There was an increased incidence of one or more pups from a litter that were cold to 
touch on one or more occasion at 30 and 60 mg/kg/day (6 and 7 litters compared to 3 
control group litters). There were no drug-related clinical signs in the F1 pups at 10 
mg/kg/day. 

Body weight:
There was a dose-related and significant decrease in pup body weight at all dose levels 
during postpartum day (PD) 1-4, and during PD 1-22 at 30 and 60 mg/kg/day (up to 
26% compared to controls). There was also a dose-related and significant decrease in 
pup body weights for males at 30 and 60 mg/kg/day during most of the post-weaning 
period (PD 22 onwards); 6-15% at 30 mg/kg/day and 10-20% at 60 mg/kg/day 
compared to controls. Body weight gains for F1 males at 30 and 60 mg/kg/day were also 
decreased compared to controls. There was a much smaller effect on body weight for 
F1 females. Body weights were decreased 7-9% compared to controls at 30 mg/kg/day 
between PD days 22 and 36, and decreased 6-16% compared to controls at 60 
mg/kg/day during PD days 22-57. The decrease in F1 body weights correlated with a 
decrease in food consumption at the same dose levels. 
Body weights were recorded at least once weekly during the post weaning period 
(including on the day that the sexual maturation criterion was met and on the first day of 
cohabitation), on GDs 0, 7, 10, and 13 (females only) and on the day of euthanasia 
(terminal weight). 
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Table 72: F1 pup weights during PD 1-22 

Figure 16: Body weights: F1 generation male rats
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Figure 17: Body weights: F1 generation female rats

Food consumption:

There was a dose-related and significant decrease in food consumption for F1 males at 
30 and 60 mg/kg/day during postpartum days 43-71 (5-8% compared to controls).  The 
decrease in food consumption correlated with decreased body weights. There was no 
effect on absolute food consumption for F1 females at any dose level. 

Physical development:
Sexual maturation in F1 pups was assessed by time of balano-preputial separation for 
males and of vaginal patency for females. There was no drug-related effect on sexual 
maturation in F1 pups; the mean day of observation of male balano-preputial separation 
(46.6 to 47.7 days) and of female vaginal patency (34.0 to 34.7 days) was comparable 
across all dose groups.

Neurological assessment:
There were no drug-related effects on short-term and long-term retention in the passive 
avoidance tests or on overt coordination, swimming ability, and learning and memory in 
the M-shaped water maze test in F1 pups from any dose group. 
Beginning on Day 24 postpartum ± 1 day, one male and one female rat from each litter 
were tested twice for passive avoidance evaluations. The test sessions were separated 
by a one-week interval, and the criterion was the same for both days of testing. 
Beginning on Day 70 postpartum ± 2 days, one male and one female rat from each litter 
were evaluated in a water-filled M-maze for overt coordination, swimming ability, 
learning and memory. 

Reproductive assessment:
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There were no drug-related effects on F1 generation offspring mating or fertility. The 
mating index was 100%, the number of days in cohabitation ranged from 2.5 to 2.6 
days, and the male and female fertility index was 96.0% or 100%. 
On Days 93 through 98 postpartum, within each dose group, consecutive order was 
used to assign rats to cohabitation (i.e., pairing), one male per one female. Sibling 
matings were excluded. The cohabitation period consisted of a maximum of 14 days. 
Females observed with spermatozoa in a smear of the vaginal contents and/or a 
copulatory plug observed in situ were considered to be at DG 0 and assigned to 
individual housing. 

F1 pup gross pathology:
There were no drug-related macroscopic findings in the F1 pups at any dose level. Of 
the pups that were found dead and necropsied, 2, 0, 3, and 4 pups did not have any 
milk in their stomachs from the 0, 10, 30, and 60 mg/kg/day groups, respectively. This 
finding suggests that the pups failed to thrive due to a lack of nursing. There was a 
slight, but statistically significant, decrease in paired testes weights at 30 and 60 
mg/kg/day, 8.4% and 7.4% compared to controls, respectively. However, the sponsor 
noted that the group means and individual testes weighs were generally within the 
historical control range for the laboratory. The testes were not examined 
microscopically; therefore the toxicological significance is unknown. There were no 
drug-related effects on the paired weights of the epididymides at any dose level or 
testes at 10 mg/kg/day. 

F1 ovarian and uterine examinations:
Pregnancy was confirmed in 100% (25/25) of F1 females from all drug-treated groups. 
There were no drug-related effects on any ovarian and uterine parameters (% 
preimplantation loss, litter sizes, viable and non-viable embryos, and % postimplantation 
loss). No placental abnormalities were detected. 

10 Special Toxicology Studies

10.1 Combination toxicity study
Study Title: ACP-103/L-Dopa/Carbidopa: 14-day oral gavage combination toxicity 
study in male rats
Study no. 1574-001
Testing Facility: 
Study initiation date: May 1, 2008

Design: non-GLP
ACP-103  lot no. 1046433, 98.8%
Levodopa, lot no. 080202, 99.92%
Carbidopa, lot no. 20070503, 100% 
Vehicle: 1% methylcellulose in deionized water
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Rat/males only/Sprague-Dawley  ~8 weeks old, 230-
251 g at day of randomization
Dosed once daily by oral gavage in a volume of 10 ml/kg

Parameters evaluated: Clinical observations, body weights on Days -1, 1, 3, 7, and 14, 
food consumption recorded weekly started week -1, clinical chemistry, hematology and 
coagulation (blood samples taken prior to necropsy only), organ weights, gross and 
microscopic pathology. Blood for toxicokinetic analysis was taken from TK satellite 
animals prior to dosing and at 0.5, 1, 2, 4, 8, and 24 hours postdose on Days 1 and 14. 

The following sponsor’s table shows the dosing design for all groups. The doses for 
levodopa (LD) and carbidopa (CD) were the same for all treatment groups, 120 and 30 
mg/kg/day, respectively. The doses for ACP-103 were 15, 30, 45 and 100 mg/kg/day. 
There was no control group in this study, and there was not a group dosed with ACP-
103 alone to compare toxicities to the combination groups. The overall study design 
was not optimal for assessing if LD/CD combined with ACP-103 exacerbated toxicities 
caused by ACP-103 alone. Toxicities ideally should be compared within the same study. 

Organs/tissues collected and examined:
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All tables and figures excerpted from study report, unless stated otherwise. 
Results:
There were no deaths. 
Clinical signs included dose-dependent piloerection and salivation, and to a lesser 
extent red/black/brown material around the nose/mouth, which was not dose-
dependent. One high dose animal had breathing abnormalities of rales and audible 
sounds and two high dose animals had unkempt appearance. 
There was an overall decrease in body weight gain at the high dose, 31% compared to 
the low dose group. This is consistent with decreases in body weight and body weight 
gain observed in rats treated with ACP-103 alone in previous studies. There was a 
corresponding decrease in food consumption in the high dose group. 
At the 45 and 100 mg/kg/day ACP-103 dose, lymphocytes and monocytes were 
increased 1.2-fold and 1.8-fold compared to the low dose group, respectively. At the 
high dose, eosinophils were decreased 0.54-fold compared to the low dose group. 
There were no major differences in any coagulation or clinical chemistry parameters 
between the groups.  

There were no gross macroscopic findings. There was an increase in liver and lung 
weights in the high dose group compared to the low dose group. Microscopic findings 
were observed in the adrenal glands, liver, epididymides and lungs. Vacuolation was 
observed in the adrenal glands of the 45 and 100 mg/kg/day ACP-103 group animals 
and in the liver and epididymides of high dose animals. Vacuolated macrophages were 
observed in the lungs at 45 and 100 mg/kg/day. Lymphoid depletion of the thymus 
gland cortex was observed in one high dose animal. No adverse (inflammation, 
degeneration, hyperplasia, etc.) microscopic findings were observed at any of the dose 
combination groups. 

Conclusions: 
The microscopic findings observed in rats treated with the combination of ACP-103 and 
levodopa/carbidopa are consistent with systemic phospholipidosis observed with ACP-
103 treatment alone in previous rat studies (28-day repeat dose study at doses up to 
100 mg/kg/day). The addition of levodopa and carbidopa does not appear to exacerbate 
the findings or produce any additional toxicity or have a significant effect on plasma 
exposure of ACP-103, however this was done indirectly separate studies as no direct 
comparison could be done in this study due to the lack of an ACP-103 alone treated 
group. This study demonstrated that phospholipidosis in the lungs (including rales), and 
adrenal glands occurs in male rats after only 14-days of repeat dosing with 45 
mg/kg/day of ACP-103 (AUC of 13,055 ng.hr/ml). 
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Toxicokinetics:

[Table excerpted from Toxicology Tabulated summary section of NDA 207318.]

Dosing solution analysis:
Concentration analysis of dose formulation samples showed that ACP-103 
concentrations were within the required specifications of % of the nominal 
concentrations % of theoretical). Carbidopa and L-dopa concentrations 
ranged slightly outside of the ±15% specifications (-9.33% to +19.33% for Carbidopa 
and -23.75% to +1.67% for L-dopa). The sponsor did not consider these variations to 
have affected either the quality or the integrity of the study.

Note:
As per discussion in the pre-NDA meeting minutes, the sponsor was not required to 
conduct an combination embryo-fetal toxicity study with pimavanserin and L-
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cell bilayers and is highly absorbed from the GI tract. The volume of distribution is large 
in rats, >25 L/kg, which is consistent with its high rate of passive diffusion across cell 
membranes and ability to enter all tissues including brain and erythrocytes. Oral 
bioavailability in rats was dose-dependent and reached ≥61% after a 10 mg/kg oral 
dose. The elimination half-life (t1/2) ranged from 8-16 hrs in all species tested after a 
single oral dose of 100 mg/kg and increased after repeated dosing in rats, up to 16 hrs 
in males and 38  hrs in females after 3 and 6-months of repeated dosing. The t1/2 value 
in humans is higher than in animals, 25 hrs after a single 80 mg dose and 44 hrs at 
steady state. Pimavanserin is highly protein bound, >94% in all species including 
human.  Based on its high lipid solubility and large volume of distribution, it is rapidly 
and widely distributed to organs/tissues, including brain, with the highest amount of 
tissue-to-plasma levels of drug-derived radioactivity in the liver, lung, and kidney. These 
three organs have a high content of phospholipids and lysosomes and consequently 
showed some of the more severe phospholipidosis (PLD) findings in repeat-dose 
toxicity studies. Drug-derived radioactivity was also found in high levels in the eye and 
uveal tract and remained high for a long time, suggesting binding to melanin. However, 
there were no corresponding histopathological findings or disturbances in 
ophthalmological parameters noted in toxicology studies, or significant drug-related 
effects in vision/eyes reported in clinical trials. 
Pimavanserin is extensively metabolized in monkey, rabbit, rat, and mouse (39, 45, 52 
and 55 metabolites detected, respectively) as well as in humans with 37 metabolites 
identified in plasma; but no human specific metabolites were identified. Metabolite AC-
279 (N-desmethyl-pimavanserin) is the most abundant metabolite formed in mouse, 
rabbit, monkey and human, while metabolite AC-423 is the most abundant metabolite 
formed in rat. These metabolites are all pharmacologically active and bind to the target 
receptors. Based on metabolic profiles, the monkey appears to be the most similar 
species to human. Metabolite AC-279 qualifies as a major circulating human metabolite. 
Exposure to AC-279 is greater in all animal species used in toxicity studies compared to 
exposure in humans at the maximum recommended human dose (MRHD) of 34 mg/day 
pimavanserin (based on the predicted human exposure level for AC-279 of 847 
ng.hr/ml), and therefore, its safety is adequately assessed. Pimavanserin is primarily 
excreted in feces, and to a lesser extent in urine. 

General Toxicology:
Single dose toxicity studies were conducted with pimavanserin tartrate (ACP-103) in 
mice (subcutaneous) and rats (oral gavage and intravenous). Repeat dose toxicity 
studies were conducted in mice up to 13-weeks, rats up to 9-months and monkeys up to 
12-months in duration. 

Mice
14-day and 13-week repeat dose toxicity studies were conducted in CD-1 mice at doses 
of pimavanserin tartrate ranging from 50-300 mg/kg/day and 10-100 mg/kg/day, 
respectively. Drug related mortality and cytoplasmic changes consistent with 
phospholipidosis (PLD) (cytoplasmic vacuolation and vacuolated macrophages) were 
observed in the lungs, pituitary, kidneys, and spleen in the 14-day study at doses ≥200 
mg/kg/day. Cytoplasmic alterations and/or hepatocellular necrosis were observed in the 
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livers of mice at ≥200 mg/kg/day which correlated with clinical pathology changes of 
increased ALT and AST and increased liver weights, although this finding may not be 
consistent with PLD. No recovery group was included in the 14-day study; therefore 
reversibility of the PLD at doses ≥200 mg/kg/day is unknown. The only microscopic 
finding observed in the13-week study was cytoplasmic homogeneity in the liver at doses 
of 10-100 mg/kg/day, which was not consistent with PLD, did not correlate with 
alterations in liver weight or clinical chemistry and was reversible at the end of 28 day 
recovery period. Mortality occurred in males at ≥30 mg/kg/day and in females at 100 
mg/kg/day and there was a significant decrease in body weight in males at 100 
mg/kg/day. The NOAEL doses were 10 and 30 mg/kg/day for males and females, 
respectively due to mortality at higher doses. 

Rat
An oral dose range-finding and 7-day, 28-day with a 28-day recovery, 3-month with a 
28-day recovery, and two separate 6-month repeat-dose toxicity studies, the first with a 
3-month recovery and the second with a 6-month recovery, were conducted in rats. In 
the oral dose range-finding study, rats were orally administered pimavanserin tartrate 
starting at 50 mg/kg/day and increased up to 400 mg/kg/day; and in the 7-day repeat 
dose phase doses of 250 or 350 mg/kg/day were used. The maximum tolerated dose 
(MTD) was considered to be between 200 and 250 mg/kg/day due to body weight loss 
and decreased food consumption, adverse clinical signs including irregular breathing, 
unsteady gait, salivation, subdued behavior, agitated behavior, partially closed eyes and 
fur staining which resulted in premature sacrifice of animals at doses ≥250 mg/kg/day. 
No histopathology was conducted in this study. In the 28-day study rats were orally 
administered pimavanserin tartrate at 16.9, 84.7 and 126.8 mg/kg/day. PLD was 
observed at ≥84.7 mg/kg/day primarily in the lungs, liver, spleen, thymus, lymph nodes, 
cervix, uterus, ovaries, kidneys, jejunum and ileum. In addition, at the high dose, there 
was a higher incidence and severity of findings in the thyroid gland, prostate and 
vagina. After a 28 day recovery period there was some evidence of reversibility, 
however the findings in the lungs persisted at a lower level of severity in all recovery 
animals. Females were more severely affected than males from both main study and 
recovery groups, which correlated with increased exposure in females compared to 
males at equivalent doses. The NOEL for PLD finding was 16.9 mg/kg/day.  

In the 3-month study, rats were administered oral doses of 10, 30 and 90 mg/kg/day. 
There was a decrease in body weight in males at ≥30 mg/kg/day and in females at 90 
mg/kg/day. Most of the drug-related effects occurred at the high doses. Changes in 
clinical chemistry and hematology parameters included increased white blood cells, 
BUN, AST, ALT and creatinine. Adrenal, kidney, lung, spleen, epididymal and ovary 
weights were increased and macroscopic findings of discoloration and/or abnormal 
consistency were observed in the lungs. Most of these findings correlated with 
microscopic findings. Microscopic findings consistent with PLD were observed in 
multiple organs/tissues with the most widespread effects in the lungs and kidneys. 
Adverse microscopic findings observed at the high dose of both sexes included kidney 
nephrosis (degeneration), myofiber degeneration of skeletal muscle and 
cardiomyopathy (degeneration/fibrosis). After a 28-day recovery period, the clinical 
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chemistry, hematology and organ weight changes were fully or partially reversible with 
the exception of increased lung and kidney weights. The PLD was partially reversible, 
as evident by a lower incidence and severity at the end of the recovery period in most 
tissues; however PLD remained in several organs/tissues (adrenals, epididymides, liver, 
lung, spleen, ovaries, mesenteric lymph nodes, pituitary gland and skin). The skeletal 
muscle degeneration and cardiomyopathy was completely reversible while the 
nephrosis in the kidney was not. One new finding observed in high dose males and 
females at the end of the recovery period was chronic inflammation in the lungs. The 
overall NOAEL for the study was 10 mg/kg/day based on decreased body weight. The 
NOEL for PLD was 30 mg/kg/day for both males and females. 

In the first 6-month study, doses of 3, 10, and 30 mg/kg/day were administered by oral 
gavage and included a 3-month recovery period. Drug-related findings were limited to 
the high dose of 30 mg/kg/day. These included a decrease in mean body weight and 
body weight gain in both sexes, signs of lethargy, sedation, hunched posture and few 
incidences of raspy breathing. Microscopic findings were limited to findings consistent 
with PLD in the lungs of females at 30 mg/kg/day (increased incidence and severity of 
macrophage infiltration in the alveoli), which was completely resolved following the 3-
month recovery period. None of the effects adversely affected the overall well-being of 
the animals, therefore the highest dose of 30 mg/kg/day is the NOAEL for both males 
and females. However, the NOEL for evidence of PLD in the lungs is 30 mg/kg/day for 
males and 10 mg/kg/day for females.
 
A second 6-month study was conducted in rats to explore the chronic effects of higher 
doses of pimavanserin tartrate (60 and 90 mg/kg/day) and also extend the recovery 
period to 6-months. Drug-related deaths occurred in males dosed at 90 mg/kg/day and 
females dosed 60 and 90 mg/kg/day. Several deaths were attributed to tubular 
degeneration or vacuolation of the epithelium in the kidneys or in 1 case due to 
extensive vacuolated macrophages filling the alveoli of the lungs (PLD). Due to poor 
tolerability and mortality in females at 90 mg/kg/day, this dose group was euthanized 
during study week 13, although 10 females from that group still entered the 26-week 
recovery phase. Multi-organ PLD was observed in males and females at 60 and 90 
mg/kg/day with  only partial reversibility (decrease in severity only) observed in lungs, 
liver, lymph nodes, kidneys, adrenals, thyroids, spleen (males only), heart, 
epididymides, and ovaries. In this study only, drug-related PLD in the lungs was 
confirmed by transmission electron microscopy. The minimal to severe vacuolated 
macrophages in the lungs were characterized by collections of large foamy 
macrophages and multinucleated giant cells with lightly eosinophilic cytoplasm filling the 
alveoli and the macrophages were also accompanied by cholesterol clefts and variable 
amounts of extracellular eosinophilic proteinaceous material. The extracellular material 
in the lungs was consistent with cytoplasm of the macrophages and was most likely the 
result of macrophage lysis. This material filled the alveolar space and most likely 
impaired lung function, as was evident by cardio-pulmonary-related clinical signs 
including rales, labored respiration, gasping, blue extremities, cool bodies; no lung 
function analysis was conducted in any general toxicity study. Lung fibrosis was also 
observed in recovery group males and females at 90 mg/kg/day and in recovery group 
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females at 60 mg/kg/day. 1 female at 90 mg/kg/day also had lung fibrosis at the 13-
week necropsy. The lung fibrosis was considered a permanent irreversible finding. The 
lung fibrosis is considered to be secondary to chronic inflammation, and not a direct 
fibrotic process consistent with human pulmonary fibrosis. Nonetheless, any PLD with 
accompanying chronic inflammation and fibrosis is considered adverse and relevant to 
humans (see histopathology consult in appendix 4, and Nikula et. al., 2014). PLD 
(vacuolation) was also observed in the brain of high dose males and females at the end 
of the dosing period, although it was absent at the end of the recovery period. Any 
evidence of PLD in the brain is also considered adverse. Similar to the 3-month study in 
rats, skeletal muscle degeneration was observed in high dose animals, but was again 
fully reversible. Cardio-pulmonary-related clinical signs were observed in many animals 
at both dose levels and correlated with the findings of severe PLD in the lungs and 
cardiomyopathy in the heart. This indicates that the extensive multi-organ PLD had a 
functional impact on the animals overall well-being. No NOAEL could be determined in 
this study (<60 mg/kg/day).

Monkey
A 7-day, 28-day with a 28-day recovery, 3-month with a 28-day recovery, and a 12-
month with a 4-month recovery repeat-dose toxicity studies were conducted in 
cynomolgus monkeys. In an MTD and 7-day repeat-dose toxicity study, the MTD was 
determined to be between 40 and 64 mg/kg/day pimavanserin tartrate based on 
vomiting at higher doses. Doses of 5, 25 and 60 mg/kg/day were used in the 28-day 
study and toxicities were limited to the high dose which included vomiting and salivation 
at the high dose and a decrease in body weight gain in high dose females. PLD 
(alveolar macrophage infiltration) was observed in the lungs of high dose males and 
females which was increased in incidence over control levels. However, the PLD was 
completely reversible at the end of a 28-day recovery period. The same doses were 
used in the 3-month study as the 28-day study. There was a dose-related increase in 
lung weights for both males and females at end of dosing and at the end of the 28-day 
recovery period at the 25 and 60 mg/kg/day dose levels. Multi-organ PLD was observed 
in the adrenal glands, small intestines, spleen and thyroid at 25 mg/kg/day and in 
multiple other tissues and organs, including the lungs at 60 mg/kg/day. There was full 
reversibility of these findings at 25 mg/kg/day after a 28-day recovery period, with some 
suggestion of partial but not complete reversibility at 60 mg/kg/day (including incomplete 
recovery in the lungs). The NOEL for PLD in any tissue was 5 mg/kg/day.
 
In the 12-month study, dosing was initiated at 1, 5, and 25 mg/kg/day and then 
increased to 5, 25 and 60 mg/kg/day on day 43. Pimavanserin tartrate caused a 
decrease in body weight independent of food intake and emesis. Multi-organ PLD was 
observed, but only at the high dose of 25/60 mg/kg/day. It is unclear why PLD was not 
observed at the mid dose of 5/25 mg/kg/day, since 25 mg/kg/day resulted in PLD in the 
3-month study. Atrophy of the testes with decreased sperm production and decreased 
sperm counts in the epididymis which may have potential clinical relevance was 
observed in high dose males, 9-times the MRHD of 34 mg/day based on AUC. All 
microscopic findings, including PLD, were completely reversible at the end of a 4-month 
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recovery period. The NOAEL was 5/25 mg/kg/day; AUC at 5/25 mg/kg/day = 6,680 
ng.hr/ml in males and 6,230 ng.hr/ml in females. 

Genetic Toxicology:
Pimavanserin was non-mutagenic in the in vitro Ames assay and in the in vitro mouse 
lymphoma assay. There was no evidence of clastogenicity in the in vivo mouse 
micronucleus assay when male mice were administered two consecutive doses of 
pimavanserin tartrate up to a MTD of 500 mg/kg/day.  

Carcinogenicity:
Pimavanserin did not induce any significant increases in tumors in either rats or mice as 
assessed in long-term carcinogenicity studies. CD-1 mice were treated with 
pimavanserin tartrate up to 15 and 50 mg/kg/day in males and females, respectively 
which is approximately 1- and 7-times the MRHD based on estimated clinical AUC. 
There was however a statistically significant decrease in survival rates for males at the 
high dose of 15 mg/kg/day compared to controls. There was also a >10% decrease in 
body weight for females at 25 and 50 mg/kg/day, and a higher incidence of rales in both 
high dose males and females. The NOAEL for systemic toxicity was 7 mg/kg/day for 
males and 10 mg/kg/day for females due to mortality and decreases in body weight, 
respectively. Sprague-Dawley rats were treated with pimavanserin tartrate up to 30 and 
50 mg/kg/day in males and in females respectively which are approximately 4- and 16-
times the MRHD based on AUC. Exposures to the major metabolite ACP-279 at the 
highest doses are approximately 2- and 5-times the predicted AUC for ACP-279 in 
humans at the MRHD. Multi-organ PLD was observed in high dose males and females. 
Cardio-pulmonary-related clinical signs including rales, gasping, blue extremities and/or 
blue bodies were also observed at the high dose. PLD-related mortality (excessive 
vacuolated macrophages in the lungs and adverse respiratory-related clinical signs) 
occurred in females at 50 mg/kg/day. An increased incidence of cardiomyopathy, 
secondary to the pulmonary PLD, also occurred in high dose females. In addition, high 
dose females had an increased incidence compared to controls of open sores on the 
feet and nodules on the tails that corresponded to microscopic findings of ulcerative 
pododermatitis and cystic dilation of hair follicles, respectively. A >10% decrease in 
mean body weight was observed in high dose males and females. The NOEL for multi-
organ PLD in males is 10 mg/kg/day, which is 0.7-fold the MRHD based on AUC. The 
NOEL for multi-organ PLD and PLD-related morbidity/mortality in females is 15 
mg/kg/day, which is 2-fold the MRHD based on AUC. 

Reproductive Toxicology:
Reproductive toxicity studies conducted with pimavanserin tartrate included a fertility 
and early embryonic development study in male and female rats, embryo-fetal 
development study in pregnant rats and rabbits and a pre- and post-natal development 
study in rats. In the fertility and early embryonic development study, male and female 
Sprague-Dawley rats were administered 10, 60, and 90 mg/kg/day pimavanserin 
tartrate before and during cohabitation, and from gestation days 1-7 for females.  
Clinical signs of rales, rough hair-coat and thinness, as well as decreased body weight 
and food consumption were observed at ≥60 mg/kg/day in males and females. Maternal 
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and embryotoxicity was observed at 90 mg/kg/day and consisted of a significant 
decrease in the number of corpora lutea, implantations and percent viable implants, as 
well as slight increases in the percentage of pre-implantation loss and increased early 
resorptions. Male reproductive toxicity was observed at ≥60 mg/kg/day with dose-
related changes in sperm motility and decreased sperm density and microscopic 
changes in epididymis (vacuolation). Sperm density measurements were not taken at 
10 or 60 mg/kg/day, so an accurate NOEL for sperm density could not be determined in 
this study. However, based on the lack of organ weight changes and microscopic 
findings in males at 10 mg/kg/day, the NOAEL for male reproductive toxicity is 
estimated to be 10 mg/kg/day. There were no effects on any mating or fertility 
parameters at any dose level. The NOAEL for maternal reproductive toxicity and/or 
embryotoxicity is 60 mg/kg/day. The estimated NOEL for systemic toxicity and male 
reproductive toxicity is 10 mg/kg/day, which is approximately 2-fold the MRHD based on 
mg/m2. 

Pimavanserin tartrate was not teratogenic to pregnant Sprague-Dawley rats 
administered oral doses of 1, 10 and 60 mg/kg/day from gestation days 7-20. There 
were no drug-related effects on maternal reproductive pregnancy parameters or fetal 
external morphology. The maternal NOAEL was 10 mg/kg/day pimavanserin tartrate 
due to a significant decrease in body weight, body weight gain and food consumption at 
60 mg/kg/day. The fetal NOEL was 60 mg/kg/day, which corresponds to an AUC 34,800 
ng.hr/ml and is approximately 22-fold the MRHD.
 
Pimavanserin was not teratogenic to pregnant New Zealand White rabbits administered 
oral doses up to 100 mg/kg/day. Severe maternal toxicity, including mortality, body 
weight loss and dyspnea, was observed at doses of 150 and 300 mg/kg/day. Clinical 
signs of rales were observed at doses ≥50 mg/kg/day. Decreased body weight with a 
corresponding decrease in food consumption was observed at ≥100 mg/kg/day. 
Mortality and abortions occurred at 100 mg/kg/day. Maternal gross macroscopic 
findings of thickening, enlargement, and/or discoloration of the heart, discolored lungs 
which did not collapse and irregularly shaped spleen were observed at 300 mg/kg/day. 
The findings may be related to PLD, consistent with findings observed in mice, rats and 
monkeys from other studies, although since histopathology was not conducted in this 
study, a definitive cause cannot be determined. The maternal NOAEL was 50 
mg/kg/day which, corresponds to an AUC on gestation day 14 of 6,600 ng.hr/ml, which 
is approximately 4-times the MRHD. The fetal NOAEL was 100 mg/kg/day which, 
corresponds to an AUC on gestation day 14 of 19,000 ng.hr/ml, which is approximately 
12-times the MRHD. 

In the pre- and postnatal development study, pregnant Sprague-Dawley rats were 
administered oral doses of 10, 30 or 60 mg/kg/day pimavanserin tartrate from gestation 
day 7 through lactation day 21. Maternal mortality occurred at 60 mg/kg/day along with 
a decrease in maternal body weight at ≥ 30 mg/kg/day. Clinical signs including rales, 
hunched posture and dehydration were observed in F0 dams at ≥ 30 mg/kg/day. There 
was a significant decrease in F1 pup survival and pup body weight at ≥ 30 mg/kg/day. 
There were no effects on sexual maturation, neurobehavioral or reproductive function in 
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F1 pups. The maternal and reproductive NOAEL was determined to be 10 mg/kg/day 
with a corresponding AUC of 233 ng.hr/ml, which is <1-times the MRHD. The NOEL for 
pup viability and growth was also 10 mg/kg/day. 

Combination Toxicity:
A study was conducted in rats in order to characterize the toxicity and toxicokinetic 
properties of pimavanserin tartrate in combination with L-dopa/carbidopa. Male 
Sprague-Dawley rats were administered pimavanserin tartrate at oral doses of 15, 30, 
45 or 100 mg/kg/day in combination with 120 mg/kg/day L-dopa and 30 mg/kg/day 
carbidopa. No pimavanserin alone group was included. The addition of levodopa and 
carbidopa did not appear to exacerbate any toxicity, produce any new toxicity or have a 
significant effect on plasma exposure of pimavanserin. However, this evaluation was 
done indirectly as no direct comparison could be done in this study due to the lack of 
pimavanserin-alone treated group. This study demonstrated that PLD in the lungs and 
adrenal glands occurs in male rats after only 14-days of repeat dosing with 45 
mg/kg/day of pimavanserin (AUC of 13,055 ng.hr/ml). 

In the pre-NDA meeting dated June 2, 2014, the sponsor was asked to conduct an 
embryo-fetal toxicity study with pimavanserin in combination with L-dopa/carbidopa. 
However, after further discussion it was decided that a combination embryo-fetal 
combination study was not required (meeting minutes dated July 2, 2014); although the 
sponsor was asked to submit a justification for not conducting this study. The sponsor 
submitted a justification in the nonclinical overview section and included the following 
reasons: the average mean age of onset of Parkinson’s disease is 70.5 years for 
women (range of 31-93 years), however psychotic symptoms generally occur about 10 
years after diagnosis is made, and for women, this would make it more likely to occur 
beyond the years of childbearing potential. This reviewer agrees with the sponsor’s 
justification for not conducting a combination embryo-fetal development study for the 
indication of Parkinson’s disease psychosis. 

Local Tolerance:
A series of studies were conducted to assess the local tolerance effects of pimavanserin 
tartrate. Pimavanserin was not a dermal irritant in an acute dermal irritation/corrosion 
study when administered to the skin of rabbits. It was determined to be a 
severe/corrosive irritant in a Hen’s eggs test using an alternative methodology to the 
Draize methodology. It was also considered to be a severe irritant in a bovine corneal 
opacity and permeability test. An acute inhalation toxicity study in rats using aerosols of 
pimavanserin tartrate at concentrations of  resulted in mortality. Pimavanserin 
was considered a dermal sensitizer in a local lymph node assay when topically applied 
to mice. 

Overall Conclusions and Recommendations:
Pimavanserin is a cationic amphiphilic drug (CAD). CADs are known to cause 
phospholipidosis (PLD), the excessive accumulation of phospholipids in cells, in animals 
and humans. Many marketed drugs are CADs and cause drug-induced PLD in animals 
and humans (e.g. fluoxetine, choroquine, amiodarone). PLD is usually reversible after 
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cessation of drug treatment, however high or prolonged exposures to CADs may lead to 
dose-limiting functional and structural tissue damage (e.g. nephrotoxicity, pulmonary 
toxicity, myopathy and retinopathy) (Halliwell, 1997; Vonderfecht, et. al., 2004).  
In the case of pimavanserin, multi-organ PLD was observed in mice, rats and monkeys 
which was both dose and duration dependent and observed as early as after 14 days of 
daily administration. The number of tissues/organs affected in mice, monkeys and rats 
was extensive at 5, 15 and over 30, respectively, with the lungs and kidneys being the 
most severely affected. In mice and monkeys, there was no adverse tissue damage or 
functional impairment that was related to PLD and the findings were completely or 
partially reversible, however reversibility was not assessed in the 14-day mouse study in 
which PLD was observed in the lungs at doses ≥200 mg/kg/day. Conversely in rats, 
severe PLD correlated with adverse microscopic findings, impacted the general well-
being of animals, had possible functional impairment, and resulted in 
morbidity/mortality. The adverse microscopic findings in rats included chronic 
inflammation in the lungs with or without secondary lung fibrosis, a permanent and 
irreversible finding (although it was minimal to mild in severity, therefore the fibrosis 
most likely did not cause any functional respiratory impairment) and type 2-pneumocyte 
hyperplasia. Severe PLD in several tissues of rats was not fully reversible, including the 
lungs, even after a 6-month recovery period, indicating no or very slow reversibility in 
the most sensitive tissues. Fibrosis that occurs in the lungs of rats after continued 
exposure to pimavanserin is most likely the end result of a chronic inflammatory 
response due to repeated injury to lung tissue and inability to clear phospholipids. It is 
not considered to be a direct fibrotic process consistent with human pulmonary fibrosis, 
although no special stains for collagen were included in any of the toxicity studies. The 
microscopic findings of PLD in the lungs, were verified by transmission electron 
microscopy in the second 6-month rat study, correlated with gross macroscopic findings 
and cardio-pulmonary-related clinical signs, indicating a possible functional impairment 
(although no lung function assessment was conducted in any toxicity study). 
Additionally, severe vacuolated macrophages in the lungs were also considered to be 
the cause of death of female rats at a dose of 50 mg/kg/day in the 2-year 
carcinogenicity study.  

The sponsor considered the severe PLD in rats that leads to chronic inflammation and 
fibrosis in the lungs and morbidity/mortality to be only dose and not duration dependent 
(response to IR, SDN 7). However, this reviewer disagrees, and believes the finding to 
be both dose- and duration-dependent. A dose of 30 mg/kg/day administered to male 
rats for 3- and 6-months is a NOEL for PLD. The same dose of 30 mg/kg/day (and 
slightly lower exposure) in the 2-year study resulted in widespread, multi-organ PLD, 
including macro- and microscopic lung findings (vacuolated macrophages) with 
corresponding respiratory-related clinical signs, indicating possible functional 
impairment. In addition, as noted in the consult review by Drs. Francke and Mog 
(CFSAN expert pathologists) they also disagree with the sponsor that the PLD is not 
duration related and support the conclusion of this reviewer (see appendix 4). They also 
state that in their opinion, “multi-systemic PLD is not rat specific as it occurs in multiple 
species (mouse, monkey and rat). The manifestation of the type of fibrosis observed 
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(secondary to inflammation) is not rat specific either but depends on the severity and 
the PLD and the degree of chronicity of the inflammation the PLD is associated with.” 

Multi-organ PLD with chronic inflammation and secondary fibrosis in the lungs and PLD-
related morbidity/mortality in rats is a clinically relevant finding. If feasible, signs of 
inflammation should be carefully monitored in humans in any future long-term clinical 
trials. However, from a nonclinical standpoint, the current safety margin of 9-fold, based 
on AUC, for adverse PLD effects (i.e. chronic inflammation with secondary fibrosis in 
the lungs, and morbidity/mortality) compared to the MRHD of 34 mg/day pimavanserin 
is acceptable for the indication of Parkinson’s disease psychosis. This is due to the fact 
that the average life expectancy for these patients is not more than a few years and 
therefore the concern for developing multi-organ PLD that may lead to chronic 
inflammation and possible secondary fibrosis in the lungs is reduced compared to a 
patient population in which the life expectancy is much longer. It is this reviewer’s 
opinion that a 9-fold safety margin would not be acceptable for other chronic indications 
in which patients could potentially be treated with pimavanserin for more than a few 
years. In addition, this reviewer would require additional nonclinical studies with 
pimavanserin to further our understanding of reversibility, margin of safety, and extent of 
the severity of PLD-associated lung fibrosis. 
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Table 74: Sponsor’s table of incidence of phospholipidosis in lungs of rats, mice 
and monkeys

[The above two tables are excerpted from NDA 207318 SDN 8]
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Table 76: Reviewer’s table of Safety Margins for PLD with Chronic Inflammation in 
lungs or PLD-related morbidity/mortality in rats

Table 77: Reviewer’s table of Overall Safety Margins for Phospholipidosis in 
Lungs of animals from all Toxicology studies

Doses in the above tables are for pimavanserin tartrate. 
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12 Appendix/Attachments

12.1  Meeting minutes from ECAC for rat SPA 
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12.2  Meeting minutes from ECAC for mouse SPA
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12.3  Meeting minutes from ECAC for review of rat and mouse 
carcinogenicity study results
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Based on your request (reference 1) we both have reviewed the materials that were provided to us; we 
have focused our evaluation on documents listed above, relevant to answering your specific questions 
(reference 1a) which we addressed below in this memorandum.

Background:
Pimavanserin (ACP-103; Nuplazid) is an oral cationic amphiphilic drug (CAD) used as a serotonin 5-
hydroxytryptamine (5-HT) receptor inverse agonist for chronic treatment of psychosis occurring with 
Parkinson’s disease. The sponsor, ACADIA Pharmaceuticals, Inc. (San Diego, CA) tested the 
compound over a 12 year period (2002-14) pre-clinically in multiple laboratories and test species 
(mouse, rat, monkey) as well as clinically (open labeled trial; reference 1f, Appendix 1 pg. 14).
Consistent with other CADs, in all three non-human species tested, Pimavanserin was reported to 
cause multi-systemic phospholipidosis. In addition, the findings of “chronic inflammation” and 
“fibrosis” were reported mainly in recovery animals of two rat studies. The sponsor was asked to 
provide more detailed information concerning these findings and provided comments (#2, #3, and #4) 
to answer FDA’s specific questions (reference 1 f).

What follows is a brief chronological summary of study results from relevant studies in laboratory 
animals you provided for our review (referenced above), focusing specifically on histopathological 
findings reported in the lungs, as your questions below center mainly around pulmonary Pimavanserin
induced phospholipidosis.

1. June 2002 – September 2003: HTI 1002, 1 month Rat study with 1 month recovery: (R 1/1)
The study was conducted (reference 2 b iv pg. 1) administering 
Pimavanserin by oral gavage to 10 Sprague-Dawley rats per sex per group with an additional 5 
recovery animals in the control and high dose groups only. The dose groups were 0, 17, 85, 169
mg/kg/day (high dose reduced to 127 at day 12 (recovery group) -13 (main study animals) due to 
severity of clinical effects; reference 2 b iv pg. 16). 

Results
General results: treatment with Pimavanserin for 1 month in rats was reported to result in noisy 
breathing, post dose salivation and fur staining around the mouth, reduced food consumption and 
weight loss and/or reduced bodyweight gain and marked multi-systemic phospholipidosis (PLD) at 
the two high doses of 85 and 169/127 mg/kg/day (reference 2 b iv pg. 28, 29). The study authors 
described the incidences of PLD to occur in a dose related pattern and noted that in general, females 
showed more severe signs than males. Two unscheduled deaths in the high dose (127 mg/kg) were 
reported (reference 2 b iv pg. 16, 18). 
Lung results: The authors described the manifestation of treatment related PLD in the lung as 
“multifocal alveolar foamy macrophage aggregate(s)” and extracellular eosinophilic material as
“diffuse eosinophilic alveolar foci” at the following incidence:  M/F (for each sex): 0, 0, 10, 10. A
different diagnosis was made for non-treatment related alveolar macrophages which were not 
associated with eosinophilic material and termed “focal alveolar, foamy macrophage aggregate(s)” at 
incidences of M: 1, 1, 0, 0; F: 0, 0, 0, 0 (reference 2 b iv pg. 27). Occurrence of “inflammatory cell 
infiltrates” were recorded only in the summary tables (M: 7, 5, 10, 10; F: 4, 3, 6, 8; reference 2 b iv
pg. 99) but not brought forward in the pathology report narrative.
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Results 
General results: Treatment with Pimavanserin for 3 month in rats was reported to result in decreased 
body weights for both sexes at 90 mg/kg and for males at 30 mg/kg as well as fur staining at 90 and 
30 mg/kg in both sexes (reference 2 b i, pg. 27). Test article related mortality, reduced food 
consumption and respiratory signs were not recorded. 
Clinical Chemistry: Creatinine, Blood Urea Nitrogen (BUN) and Aspartate Aminotransferase (AST) 
were elevated at 90 mg/kg in both sexes (reference 2 b i, pg. 28-29).
Gross: An increased incidence of abnormal discoloration and/or consistency of the lungs in 90 
mg/kg females was reported (reference 2 b i, pg. 30).
Organ weights: Several organ weight changes were reported to be increased at the 90 mg/kg dose 
level for both sexes including lungs and kidneys. 
Microscopic changes:
Treatment related multi-systemic PLD (consistent with findings noted in the 28-day rat study) was 
reported only at 90 mg/kg for both sexes with partial reversibility noted during the 1 month recovery 
period (reference 2 b i, pg. 39-41).
In addition, renal nephrosis (M/F: 0, 0, 0, 10; which consisted of one or more of the following 
lesions: a segmental cortical tubular vacuolation, cortical tubular degeneration, tubular casts, and
medullary tubular dilatation) and individual myofiber degeneration of skeletal muscles (M: 0, 0, 0, 3
; F: 1, 0, 0, 7) at the 90 mg/kg dose were noted to be different from changes consistent with PLD
(reference 2 b i, pg. 39). During the 1 month recovery phase the incidence of renal nephrosis in males 
was reported to be partially reduced (M: 0, /, /, 3/5) while the severity slightly increased from 2.1 to 
2.3. For females, renal nephrosis incidences were not reported lower after the recovery phase (F: 0, /, 
/, 5/5) however the severity was slightly reduced (2.0 vs. 1.6; reference 2 b i, pg. 302, 317). Skeletal 
muscle myofiber degeneration was not reported at the end of the 1 month recovery phase.
Lung results: The authors described the manifestation of treatment related PLD in the lung as 
“foamy macrophage(s)” at the following incidence:  M/F: 0, 0, 0, 10. This treatment related 
observation was differentiated from a background observation of “Macrophages, alveolar”, a non-
treatment related finding at incidences of M: 2, 2, 6, 0; F: 0, 1, 1, 0 (reference 2 b i, pg. 304).
Treatment related inflammation associated with PLD was not reported in the main study. However, a 
finding of “chronic inflammation” (M: 0, /, / , 3/5; F: 0, /, / , 4/5; reference 2 b i, pg. 319) labeled as 
“a new finding consistent with a chronic inflammatory response, associated with the foamy 
macrophage accumulations, attributed to the body’s attempt at removing the alveolar luminal 
material” was reported (reference 2 b i, pg. 40).

Pathology comment: It should be noted that the incidences of “chronic inflammation” reported to 
affect 3/5 high dose males in the Recovery Summary Table (reference 2 b i, pg. 319) could not be 
correlated as a diagnostic entry in the individual animal table of recovery males. Instead 3/5 males 
had a diagnosis of pulmonary “adenomatous hyperplasia” surrounding foci of foamy alveolar
macrophages characterized by hyperplasia of the type 2 pneumocytes, in the individual animal tables. 
Therefore, it appears that a table compilation error occurred regarding the population of the summary 
table because, “adenomatous hyperplasia” reported in the individual animal data for these 3 high dose 
males (UK7001, 7004, 7005), became an incidence of 3 high dose males with “chronic inflammation”
in the summary tables. “Chronic inflammation” was not an entry for any recovery male in the 
individual animal tables (reference 2 b i, pg. 851, 854, 860, 861); in females, however, the entries for 
“chronic inflammation” correlated correctly between the individual animal data and the summary data 
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tables. Therefore the correct summary incidences based on the individual animal entries for
treatment related cellular responses to pulmonary PLD in the recovery phase of this study would be:

1. chronic inflammation M: 0, /, /, 0; F: 0, /, /, 4
2. adenomatous hyperplasia M: 1, /, /, 3; F: 0, /, /, 0 

4. November 2007, completion – Pathology Report:  616001, 14 day Mouse study, no 
recovery: MS 14D/0
The study was conducted  administering 
Pimavanserin by oral gavage to 5 CD-1 mice per sex per group. The dose groups were 0, 50, 100, 
200, 300 mg/kg/day (reference 2 a iv, pg. 1-3). 

Results 
General results: Treatment with Pimavanserin for 14 days in mice was reported to result in 3
treatment related deaths (0, 0, 0, 1 F, 1F/1M; and one non-treatment related death (F: 200 mg/kg 
interpreted as gavage accident; reference 2 a iv, pg. 8). Body weight was reported to be reduced in 
both sexes of the 300 mg/kg dose group. Organ weights of the lung was increased in males of the 300 
mg/kg dose group; lung and liver weights were reported to be increased in the females of the 200 and 
300 mg/kg dose groups. The study pathologist reported systemic cytoplasmic vacuolation or 
alteration in the lung, spleen, pituitary gland, kidney, and liver (several body tissues were not 
examined). 
Lung results: The authors described treatment related vacuolated alveolar macrophages in the lungs 
as “enlarged macrophages due to abundant amounts of lightly basophilic foamy to microvacuolated 
cytoplasm” at incidences of M: 0, 0, 0, 4, 5; F: 0, 0, 0, 5, 5 with mild to moderate severity (reference 2 
a iv, pg. 15). An inflammatory response in the lung to this change was not reported. 

Pathology comment: This is the first Pimavanserin study conducted  
while previous studies (2 rat and 1 monkey study), performed at different laboratories were completed 
at the time this mouse study was reported. It appears based on the careful phrasing of the study 
finding-interpretation as being consistent with PLD (mainly based on comparison of the observed 
study findings to a publication by Rudman et al., 2004; reference 2 a iv, pg. 16), that the pathologist 
reading this mouse study had no knowledge of the Pimavanserin study results of studies previously
conducted in other species by other laboratories.

5. December 2007, completion – Pathology Report:  616002, 3 month Mouse study, with 1 
month recovery: MS 3/1
The study was conducted  administering 
Pimavanserin by oral gavage to 10 CD-1 mice per sex per group with an additional 5 recovery 
animals for the all dose groups. The dose groups were 0, 10, 30, 100 mg/kg/day (reference 2 a vi, pg. 
1-3). 

Results 
General results: Treatment of mice with Pimavanserin for 3 months was reported to result in deaths 
of treated mice as well as one control animal at the following incidences M: 1, 0, 2, 3; F: 0, 0, 0, 2. 
Because of these deaths, reduced numbers of recovery animals were allocated for the higher dose 
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Lung results: The authors did not describe changes consistent with PLD in the lung but reported 
increased “macrophage infiltration, alveoli” as a “weak” test article related change in high dose 
females at 30 mg/kg only (F: 2, 2, 2, 9). The finding was also described in treated males but 
incidences (M: 8, 4, 4, 6) were interpreted to not be elevated over control animals (reference 2 b ii, 
pg. 2, 12 of 13 of the pathology report). The change was not reported in recovery animals of either 
sex. 

Pathology comment:
We analyzed the high dose female incidence of “macrophage infiltration, alveoli“ further by 
evaluating the individual animal data (reference 2 b ii, pg. table 3.1) which revealed that the finding at 
the 30 mg/kg dose, was not only increased over controls with regard to incidence and severity but also 
by distribution (diffuse and multifocal in treated animals vs. focal in the controls).
As this study was conducted by , one would assume that the study authors were aware of results 
reported in the 3 month Monkey study (MK 3/1) including multi-systemic PLD. Furthermore, we 
would expect a more detailed morphological description of the “macrophage infiltration, alveoli”
finding, to specifically rule out a possible PLD manifestation. Unless EM was conducted, it is not 
certain that these macrophage infiltrations may not have been consistent with a mild form of PLD at 
the 30 mg/kg dose. In addition, an alternative explanation concerning the cause of these infiltrates 
termed “treatment related” in females but not males was not provided by the study authors.  

7. March 2008 – Path report completion,  146.01, 12 Month Monkey study with 4 month 
recovery: MK 12/4
This study was conducted administering Pimavanserin by oral 
gavage to 4 cynomolgus monkeys per sex per group with an additional 2 recovery animals in all dose 
groups. The dose groups were 0, 1 (= starting dose) /5 (= escalated dose), 5/25, 25/60 mg/kg/day.
Animals were on the starting dose until day 43 and continued from then on with the escalated dose 
until study completion (reference 2 a v pg. 1, 5).

Results 
General results: Treatment with Pimavanserin for 12 months in monkeys was reported to result in 2
deaths unrelated to treatment, one high dose male (60 mg/kg, day 54, interpreted to be a dosing 
accident) and one high dose female (60 mg/kg, day 149, interpreted to be due to colitis). Changes 
concerning clinical signs, clinical pathology, body weight/or body weight gain, and food consumption 
was not addressed in the pathology report. 
Changes consistent with multi-systemic PLD were reported but the specific term of PLD was not 
used by the study authors in the report. The authors referred to these changes by using the term 
“foamy macrophages” (lung, stomach and small intestine) as well as “foamy cytoplasm” (adrenal and 
submandibular salivary glands (reference 2 a v pg.10).
Lung results: A pulmonary pleural adhesion (fibrous thickening, pleura) was a reported gross 
necropsy finding in one high dose male (60 mg/kg) and one low dose male (5 mg/kg) interpreted to be 
a common background finding in monkeys by the study authors (reference 2 a v pg.10, 404 and 
reference 2 c ii pg. 1764).
The authors reported mild treatment related “perivascular and alveolar foamy macrophages” in the 
lung at the following incidences: M/F: 0, 0, 0, 2. These observations were distinguished from a
background finding of “alveolar foamy macrophages” without perivascular foamy macrophages at 
incidences of M: 1, 0, 2, 0; F: 2, 1, 1, 0.
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interpreted as “poor tolerability” leading to early termination of this dose group (90 mg/kg) at study 
week 13 (reference 2 a vii, pg. 48). 

Pathology comment:
*The reported early termination of the female high dose group (90 mg/kg) at study week 13 resulted 
in only about half of the intended exposure of 6 month, which needs to be taken into consideration 
when comparing study findings among all dose groups as they consequently have different exposure 
periods. 
Several clinical observations were recorded including “respiration labored” and “rales” (M: 0, 23, 
28; F: 0, 25, 28 at 1-2 hrs post dosing; reference 2 a vii, pg. 50). Body weight reduction and lower 
food consumption was reported for male and female high dose groups; reduced body weight was also 
reported for females at 60 mg/kg (reference 2 a vii, pg. 52-53).
Clinical pathology: Several clinical parameter changes were reported including an increase in 
absolute neutrophil counts (F: 60 mg/kg, M/F: 90 mg/kg) and monocyte counts (M/F: 60, 90 mg/kg) 
(reference 2 a vii, pg. 54-55).
Serum chemistry: BUN increases were reported for males and female at 90 mg/kg; increased 
creatinine values were reported in females at 60 mg/kg and males at 90 mg/kg. Elevated phosphorus 
levels were increased in 60 and 90 mg/kg males. The urinalysis specific gravity was reported to be 
lower for males at 60, 90 mg/kg; (reference 2 a vii, pg. 56).
Gross findings: The study authors reported an extensive list of organs to be discolored (pale, mottled, 
white / yellow areas) including lungs and kidneys in males at 90 mg/kg and females at 60 and 90 
mg/kg. All but the lung discolorations (white areas) were reported to resolve in the recovery phase of 
6 months (reference 2 a vii, pg. 58-59).
Organ weights: Organ weight changes were reported for both treatment groups (60 and 90 mg/kg) 
and both sexes for many organ tissues including lung and kidney; higher absolute lung weights were 
reported to remain increased in recovery animals over controls in both sexes of the high dose group 
(90 mg/kg; reference 2 a vii, pg. 59-60).
Microscopic evaluation: Multi-systemic phospholipidosis (PLD) was reported for a long list of 
body tissues including lungs and kidney for both sexes at both doses (60 and 90 mg/kg).
Lung results: The study authors described “minimal to severe vacuolated macrophages in all dose 
groups at the primary and recovery necropsies”. Specifically, the study authors described the 
incidences of PLD to occur in the lung of treated animals as “macrophages, vacuolated” at the 
following incidences (M: 1/N=17, 15/20, 16/16; F: 0/19, 17/17, 15/15) and to be characterized by 
“collections of large foamy macrophages and multinucleated giant cells with lightly eosinophilic 
cytoplasm filling the alveoli. Macrophages were accompanied by cholesterol clefts and variable 
amounts of extracellular eosinophilic proteinaceous material”. The authors described the
extracellular material to be similar to the macrophage cytoplasm and interpreted the material to likely
result from “macrophage lysis and release of contents”. In addition the authors describe
“pneumocytes lining the alveoli protruded into the lumen and contained numerous cytoplasmic 
vacuoles as did the respiratory epithelium of the larger airways and the trachea (minimal to mild 
vacuolated epithelium” in the 60 and 90 mg/kg/ group for males and females, (reference 2 a vii, pg.
62). The study authors reported that by “the recovery necropsies, the incidence and severity of 
vacuolated macrophages and vacuolated epithelium was lower (M: 2/10, 2/9, 8/10; F: 2/10, 8/9, 9/10);
however, minimal to mild interstitial and pleural fibrosis was observed in the 90 mg/kg males and 
females and the 60 mg/kg females in addition to vacuolated epithelial cells and macrophages”
(reference 2 a vii, pg. 62- 63). One main study high dose female (90 mg/kg) was also recorded with 
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fibrosis in the lung (mild) in text table 3 but not mentioned in the report narrative (reference 2 a vii, 
pg. 62).
The study authors stated that the “fibrosis and macrophages correlated to the white areas observed at 
the recovery necropsies and to the higher absolute and relative lung weights that persisted at the 
recovery necropsies”. The observed fibrosis (interstitial and pleural) was reported for the recovery 
animals at the following incidences (M: 0, 0, 5: F: 0, 7, 5*). The study authors offered the following 
interpretation for the fibrosis finding: “Although the incidence and/or severity of vacuolation
(epithelial and macrophage) was reduced following the non-dosing (recovery) period and would have
likely completely resolved with additional time, the fibrosis was considered a permanent change”
(reference 2 a vii, pg. 62, 63).
Transmission Electron Microscopy (TEM): TEM was conducted on lung tissue only, resulting in 
the authors confirming that “the accumulation of the concentric lamellar inclusions in the alveolar
macrophages was considered consistent with drug-induced phospholipidosis” reference (reference 2 a 
vii, pg. 76).

Pathology comment: Base on the records available, this appears to be the only study for which PLD 
was confirmed by TEM.

Kidney: The study authors attributed several of these unscheduled deaths to vacuolation of the renal
tubular epithelium with subsequent tubular degeneration (4/30 males and 3/30 females in the 90 
mg/kg/day group; reference 2 a vii, pg. 80). Renal tubular degeneration secondary to multi-
systemic PLD was not only reported in early death animals but also in main study animals at the 
following incidences M: 0/N=17, 1/20, 12/16; F: 0/19, 5/17, 8/15. In the kidneys of the main study,
the authors described “minimal to severe cytoplasmic vacuolation with minimal to moderate tubular 
degeneration characterized by tubules devoid of epithelium or with flattened epithelium (restitution) 
and increased incidence of mononuclear infiltrates occurring at primary necropsies in the 60 and 90 
mg/kg/day males and females”.
At the recovery necropsies, the majority of findings in the kidneys were reported to have “largely
resolved” (tubular degeneration, M: 0, 0, 0; F: 0, 0, 0; reference 2 a vii, pg. 61, 63-64). 
The original study pathologist  stated in the final pathology report (10/03/2012) that 
the “histopathologic changes in the kidneys were considered to be the basis of the higher serum urea 
nitrogen level in the 90 mg/kg/day group and higher creatinine level in males in the 90 mg/kg/day 
group” (reference 2 a vii, pg. 769). However, this sentence was removed in “Amendment 1 to the 
final pathology report” (01/29/2014; reference 2 a vii, pg. 736). Instead these study authors (“new 
study pathologist of record, ) offered the following interpretation of these changes being 
consistent with a “pre-renal (non-renal) cause, most likely increased protein catabolism secondary to 
the lower food consumption and lower body weights seen in this group” (90 mg/kg).

Pathology comment:
We correlated all rats with moderate renal tubular degeneration to BUN, Cr and phosphorus levels 
and found good correlation. Therefore, we agree with the original interpretation by the first 
pathologist that renal (tubular degeneration) and not pre-renal changes (Amendment 1) are the 
underlying cause for the clinical chemistry alterations observed.  

Summary Pathology Comments:  
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The 9 laboratory animal studies (5 rat, 2 mouse, 2 monkey) listed above were conducted over a period 
of 12 years (2002-2014) at 4 different laboratories/locations 

 and read by different pathologists. Most study narratives read as though the study 
pathologists / authors were not familiar with study findings recorded in studies conducted earlier. This 
was evidenced by variation in terminology and interpretation of treatment related changes. 
Our evaluation revealed diagnoses compatible with or implying multi-systemic PLD in 7/9 studies
(R1/1, MK 3/1, R3/1, MS14D/0, MK12/4, R24/0, R6/6). Studies negative for PLD were the MS 3/1 
study (which resulted in non-PLD induced liver toxicity 
treatment related increase in alveolar macrophages was reported in females at the 30 mg/kg level. 
TEM is in our opinion necessary to unequivocally rule out a low grade PLD manifestation at this 
level for this study. TEM confirming PLD was conducted only for tissues from one (R6/6) of the 7 
PLD positive studies. In one of the 7 studies positive for PLD (MK12/4), the term PLD was never 
specifically stated. To us, however, the description of foamy macrophage / cytoplasm of this study 
was compatible with multi-systemic PLD. 

Female rats appeared to be more sensitive than males when comparing overall incidence tables for 
PLD related changes. 2 of the 7 PLD positive studies specifically stated that rat lung and kidneys 
were generally more severely affected, when multiple organs were reported with PLD. In all PLD 
positive studies, macrophages were characterized by some form of dose dependent increases in
cytoplasmic vacuolation (foamy macrophages). In 4 (R1/1, R3/1, R24/0, R6/6) of 7 PLD positive 
studies, eosinophilic material (generally interpreted to be phospholipid) was observed inside 
vacuolated macrophage as well as extracellularly within the alveolar lumen (interpreted to be a 
consequence of macrophage lysis). Only in the R6/6 study, macrophages were further described to 
also include multinucleated giant cells and cholesterol clefts. Multinucleated giant cells generally 
result from macrophage fusion secondary to an inability of the macrophage to digest phagocytosed 
material; intracellular cholesterol clefts in macrophages are indicative of lipid rich materials stored 
within the macrophages. The manifestation of both of these features is theoretically conceivable 
considering the drug-class context of phospholipidosis. Multinucleated giant cells as well as 
cholesterol clefts are, however, not a typical feature of phospholipidosis; therefore these observations 
may warrant further investigation and safety consideration.

In the rat study of the longest duration (R24/0) inflammatory cell infiltrates and inflammation
were described to be associated with the vacuolated macrophages and the extracellular material. In 
addition the R1/1 and the R3/1 also recorded inflammatory cell responses although the combined 
inflammatory response of the R1/1 study did not necessarily show incidences indicating a treatment 
relationship. Nevertheless, overall it appears that with PLD at higher doses, alveolar macrophages and 
extracellular material elicit a low grade inflammatory response in the pulmonary parenchyma. The 
incidences of inflammatory responses generally correlated to the higher PLD severity scores and 
treatment doses of Pimavanserin. In one of these rat studies (R3/1 – following the correction of an 
assumed summary table compilation error (see pathology comment for study R3/1 for details), the 
recorded inflammatory response was restricted to the 1 month recovery group and consisted of 
“adenomatous [type 2 pneumocyte] hyperplasia in males and chronic inflammation in females”. 
Chronic inflammation by definition implies low degrees of interstitial collagen deposition which is 
consistent with fibrosis, resulting from long standing (weeks to months) inflammatory processes. In 
the recovery group of the R6/6 study, minimal to mild interstitial and pleural fibrosis was 
diagnosed which was identified by the study authors as a permanent change. Resolution of chronic 
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inflammation with low grade collagen deposition, as a component of chronic inflammation, will result
in small areas of focal to multifocal fibrosis which persists while the inflammatory cellular 
components subside over time. 

Fibrosis:
Optimally a slide review would have been conducted by CFSAN Pathology to assess the quality and 
quantity of the specific histological changes associated with the reported PLD. However, in lieu of 
slides, we concluded based on the overall information provided in the studies above, that the 
described ‘fibrosis’ appears different from primary pulmonary fibrosis and is not compatible with
“human pulmonary fibrosis”.
The described changes are not suggestive of the spectrum of pathologic changes usually associated 
with the group of chronic diffuse lung disorders or acute lung injury associated with adverse drug 
reactions in humans. We propose a PLD process with an associated low grade ongoing inflammatory 
cell response which organizes over time (chronicity) resulting in collagen deposits manifesting as 
fibrosis”. This “fibrosis” is a minor component of the lesions and is interpreted as being a secondary 
consequence of the inflammatory reaction. Fibrosis (newly produced collagen) at very small amounts is 
difficult to discern histologically in an H&E stained slide from preexisting collagen as both stain 
eosinophilic (pink). To more readily identify and visualize the degree of fibrosis, a special stain (Masson’s 
trichrome) for collagen is generally used.
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Your specific Questions: reference 1 a
1. The sponsor acknowledges that pimavanserin causes widespread “systemic” 

phospholipidosis in mice, rats and monkeys. They also stated in their toxicology 
summary section that fibrosis occurred in the lungs of rats and that the finding was 
considered a permanent change that is toxicologically relevant to humans. However, 
the sponsor suggests that the finding is rat-specific, only dose- and not duration-
dependent and there is an adequate safety margin compared to human exposures (9-
fold). Do you agree with the sponsor’s conclusions that the lung fibrosis is not a 
relevant risk to humans?

Pathology comment: With regard to PLD and fibrosis observed in the lungs of rats the 
sponsor states the following ( reference 1 f comment #2): 

“In the rat study (Study -616007), putative events leading to the observed lung 
fibrosis, i.e., collections of large foamy macrophages and the presence of extracellular 
material with or without chronic inflammation and eventual fibrosis [  ], reflect a 
known path in fibrogenesis. 

We agree with the sponsor’s assessment regarding the underlying pathomechanism leading to 
the fibrosis described in these studies (secondary to chronic inflammation which in turn is a 
response to PLD).

The sponsor proceeds (comment #2):
“It is important to note that the moderate to severe phospholipidosis, the putative 
initiating factor for the lesion, is dose related but not duration related.”

We agree with the sponsor that the PLD appears to be dose dependent, evidenced by e.g. the 
R6/6 study showing reduced incidences and severities of the PLD in the 60 mg/kg dose 
compared to the 90 mg/kg group of both sexes. However, we disagree with the sponsor that 
the PLD is not duration related. While PLD changes are not reported for males at the 30 
mg/kg dose in the R3/1 and R6/3 studies, this dose level is affected by PLD after prolonged 
treatment with Pimavanserin in males of the R24/0 study. In addition in our opinion, multi-
systemic PLD is not rat specific as it occurs in multiple species (mouse, monkey and rat). The 
manifestation of the type of fibrosis observed (secondary to inflammation) is not rat specific 
either but depends on the severity of the PLD and the degree and chronicity of the 
inflammation the PLD is associated with. 

With regard to relevant risk, the sponsor stated (comment #2): 
“The observation of fibrosis is toxicologically relevant to humans; however, the 
finding in rats occurred only at a high dose (a dose causing lethality), and at ~18-fold 
human exposure”…[…….] Fibrosis in rats occurred only in animals that had moderate 
to severe phospholipidosis that was slow to resolve and only at high doses. With a high 
margin (>15 fold) for the fibrotic finding in rat, this is not considered to be a concern 
for patients”.

We do not see that the sponsor specifically states that “the lung fibrosis is not a relevant risk 
to humans?” We do agree with the sponsor, that the observed minimal multifocal fibrosis that 
resides following longstanding low grade inflammation in response to PLD at high doses is 
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relevant to humans. The exposure margins and resulting concern for patients, are depending 
on the assessment of the adverse effect levels and are beyond the scope of this evaluation. 
Events considered adverse secondary to PLD reported in some of the 9 studies evaluated are 
inflammation (including chronic inflammation with fibrosis) and type 2-pneumocyte 
hyperplasia (Nikula et al., 2013; STP Position Paper: Interpreting the significance of increased 
alveolar macrophages in rodents following inhalation of pharmaceutical materials). 

2. In your expert opinion, do you have a hypothesis for why the lung fibrosis was 
primarily observed at the end of the 6-month recovery period and not in main study 
animals?

Pathology comment: as outlined above under the Pathology summary comments we agree 
with the sponsors scenario outlined in reference 1 f comment #3, that a continuum underlies 
the development of the minimal-mild, multifocal fibrosis observed in the R6/6 study 
consisting of PLD (at high doses with multinucleated giant cells and cholesterol clefts),
extracellular material, inflammation, and chronic inflammation (with fibrosis). The fibrosis 
reported in the R6/6 study represents a “point in time” observation which after cessation of 
treatment at which the resolution process resulted in remnant minimal-mild, multifocal foci of 
fibrosis while the originally associated inflammation had resolved.

3. In your expert opinion, is it accurate to conclude that lung fibrosis is progression of 
persistent inflammation which in turn is a result of PLD? If so, is it reasonable to 
conclude that lung fibrosis is a clinically relevant outcome if pimavanserin is to be 
administered over a long period of time?

Pathology comment: The fibrosis findings presented in the studies evaluated are in our 
opinion not consistent with the term “lung fibrosis” which implies a primary fibrotic process. 
We prefer the term “chronic inflammation” which implies some degree of organizing fibrosis 
or “fibrosis secondary to chronic inflammation”.  The level of secondary inflammatory 
fibrosis reported in the rat were described as of minimal to mild severity and being focal to 
multifocal in distribution; therefore, the clinical relevance of this finding depends on dose and 
duration. The relevant clinical parameter to monitor for is inflammation. We do consider any 
PLD with inflammation (including chronic inflammation) a clinically relevant outcome. 

4. Although the sponsor did not conduct any specific pulmonary function tests in 
animals, do the clinical respiratory-related findings in rats, along with the macro- and
microscopic findings in the lungs suggest that pimavanserin may adversely affect lung 
function? If so, would this be a clinically relevant finding that can be monitorable? 

Pathology comment: The studies evaluated reported in 3/5 rat studies respiratory related 
findings of “noisy breathing” (R1/1) or “rales” (R24/0, R6/6) which correlated to pulmonary 
PLD and the amount of extracellular eosinophilic material. Auscultation of rales would be a 
clinically monitorable parameter. Monkeys and mice were not reported to show rales or noisy 
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breathing. The clinical relevance of this observation would, however, better be answered by a 
clinician. 

5. Please provide any additional comments/recommendations you may have regarding 
the significance of the histopathological findings of pimavanserin in animals. 

Pathology comment:
The lung and kidney appeared to be the most sensitive organs in the rat. In 2/5 rat studies 
(R3/1, R6/6), renal changes were reported consistent with “renal nephrosis” (tubular 
degeneration) in response to PLD with renal tubular vacuolation. For the R6/6 study we 
concurred with the original study pathologist, that the treatment related renal findings 
described are consistent with a renal manifestation, but not a pre-renal manifestation, as 
amended in the overall study report.

Please let us know if you have any questions.

Sabine Francke, D.V.M., Ph.D., FIATP and Steven Mog D.V.M., DACVP
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