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1 EXECUTIVE SUMMARY

This addendum addresses the sponsor's responses to the two OCP phase IV commitment requests,
(FDA requests #2 and #3). OCP acknowledges the sponsor's commitment to perform request #2, and
agrees with the sponsor that request #3 is not justified.

1.1 Conclusions and Recommendations

1.1.1 FDA POST-APPROVAL COMMITMENT REQUEST #2

Within 3 months of approval, you should provide information that addresses the possibility that ethanol

- might result in dose dumping. This should include information on the solubility of the coating materials in -

ethanol, and information from other similar OROS formulations. If such information cannot exclude the
possibility of dose dumping and/or is not available, a dissolution experiment in ethanolic solutions should
be performed and the results provided.

QCP Comment:

Sponsor agreed to post-marketing commitment #2.

Cidmautop\temp\CKavanagh DataReviewsNDA21-999 Pafiperidone21-999 Paliperidone AZ 014 - Complete Response to
Approvable LetterReview21-998 AZ 014 OCP Addendum.doc :
Last printed 12/4/2006 4:30:00 PM

Page



1.1.2 FDA POST-APPROVAL COMMITMENT REQUEST #3:

Within 9 months of approval, results ¢f a drug interaction study with maintenance dosing of a proton
pump inhibitor should be submitted as increased gastrointestinal pH may decrease bioavailability.
Depending on whether an interaction is found and the magnitude of the interaction, an additional study
with antacids may be justified.

OCP Comment:

The initial OCP concern was due to the decrease in paliperidone bicavailability from paliperidone OROS
with time post ingestion. Studies with!a variety of different formulations administered in different ways
indicated that the lower bioavailability with the OROS formulation is due to regional differences in
bioavailability as the formulation progresses along the Gl tract and releases drug. OCP's original thoughts
were that this regional difference is likely to be at least partially due to decreasing solubility of the drug
substance with increasing pH. However, the pKa of paliperidone is 8.24 and the sponsor has provided
information that normal intra-duodenal pH is around 6.0, and the intra-duodenal pH doesn't vary much
over a 24 hour period and is relatively unaffected by proton-pump inhibitors. A quick literature search
suggests that H2 antagonists and all but extremely high doses of antacids are likely to have similar
effects on duodenal pH, and meals are likely to have as large or larger effect. In addition, the sponsor
provides some population PK data that C/F is 12% lower in subjects taking proton pump inhibitors,
(PPIs), which is the opposite of what would be expected if there were an interaction. Taken together it's
likely that regional differences in absorption may be more due to differences in transport than pH, and
OCP agrees with the sponsor that a drug interaction study with a PPI or other pH altering agent is not
justified at this time.

1.2 Comments for Sponsor

OCP agrees with the sponsor that a drug interaction study with a proton pump inhibitor, (PPI), or other pH
altering agent is not justified at this time.
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1 EXECUTIVE SUMMARY

1.1 Description of Submission

The present submission contains the following two items of interest to OCP:

* Sponsor's Counter-Proposal to AE Letter Labeling
* Response to Proposed Dissolution Specifications

The proposed dissolution specifications as outlined in the September 30", 2006 approvable letter are as

follows:

2 hours r
8 hours

14 hours

18 hours

24 hours l

7’

AN |

The sponsor has agreed with the 2, 8 and 24 hour specifications, but had challenged the range for the 14
hour, and the need for the 18 hour time point.
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1.2 Conclusions and Reéommendations

1.2.1 Dissolution Specifications

OCP has reviewed the sponsor's response and finds that the original FDA dissolution specifications as
outlined in the AE letter of September 30", 2006 are justified and should be adopted.

1.2.2 Labeling

OCP comments regarding the sponsor's: response to the:labeling have been previously sent to the
Division of Psychiatric Drug Products for collation into a master response document. OCP changes and
comments that were sent are included in APPENDIX 1 beginning on page 19, and are included here for
documentation.

1.3 Comments for Sponsor
The following should be sent to the sponsor in its entirety.

The final regulatory dissolution method for all strengths of Paliperidone Extended Release tablets are
shown in Table 1.

Table 1 Final Regulatory Dissolution Method and Specifications for Paliperidone Extended Release
Tablets 3 mg, 6 mg, 9 mg, and 12mg

Dissolutioh'Method and Specifications

Parameter

Reciprocating Disk
NaCl 2 gm/L (0.2% wiw) in 0.0825 N HCI pH1.0+0.5

Apparatus type:

Volume:
Temperature:
Frequency:
Amplitude:
Sampling Times:

Y

2,8, 14, 18, and 24 hours

8 hours
14 hours.
18 hours
24 hours

Conforms to USP XXVIHi <724> acceptance Table 1 for extended-release
articles -

Specifications .
(% of Label Claim)

Acceptance Criteria:
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2 REVIEW
2.1 Pivotal Clinical Batches

The sponsor included raw data for the pivotal clinical batches and for the stability batches from hours 14
through 24 of sampling.

Scatter-plots and high-low plots with means of the percent dissolved at 14 hours and 18 hours with the
proposed specification ranges are shown in Figure 1 and Figure 2 respectively for the pivotal clinical
batches.

These plots demonstrate that the proposed dissolution specifications at 14 and 18 hours are appropriate.

Figure 3 includes scatter-plots and high<low plots with means of the percent dissolved at 20 hours for the
pivotal clinical batches. These plots show that in some cases there is already =,  dissolution at 20
hours and this demonstrates the need for a dissolution sample prior to 20 hours and after 14 hours.

The 18 hour sampling time is the only time with sufficient difference in dissolution from the 14 hours
sample and with less than «s  dissolution to be acceptable. :

Figure 1 and Figure 2 also demonstrate the high intra- and inter-batch variability and the likely need to go
to L2 frequently.

Appears This Way
On Original
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2.2 Stability Data

The commercial scale batches and complete stability data were also examined.

The manufacturing process was develaped in Mountain View, California and subsequently transferred to

the commercial manufacturing facility in'Vacaville, California. The manufacturing process was carried out

at a batch size of wmmy for clinical and stability batches. For the actual commercial batches produced at
- Vacaville, California the batch size will be  —

Table 2 Facilities Involved in Manufactu'ring, Packaging, Release and Stability Testing of
Paliperidone ER Tablets

Facility

ALZA Corporation )
700 Eubanks Drive Manufacture
Vacaville, CA 95688 - ) Release and stability testing of finished product
Registration number 2938701 '

Janssen-Ortho L.L.C.

HC 02 Box 19250

State Road 933 Km 0.1

Mamey Ward

Gurabo, Puerto Rico 00778-9629
Registration number: 2650104

Primary and secondary packaging

. ) —

[ N

One batch of each tablet strength produced on the commercial equipment in Vacaville California were
used for stability testing. In addition another 2 batches each of 3mgand ammm tablets produced on the
development equipment at Mountain View California were also placed on stability.

For each stability line, the baseline dissolution data at 14 hours is shown in Figure 4 to Figure 6 and for
18 hours in Figure 7 to Figure 9. What's interesting is that in every case dissolution is more rapid for the
tablets packaged in blisters compared with those packaged in bottles. The odds of this are s

When dissolution data over = s examined for both the 14 and 18 hour samples, (see Figure 10
to Figure 27), there is no indication of any stability problems as trend lines on average remain flat, with
increases and decreases over time attributable to normal variability. However, individual tablets fall
outside of the proposed specification ranges quite frequently due to the high intra- and inter-dissolution
experiment variability, thereby necessitating L2 level dissolution testing. Typically whether the tablets
dissolution rates are falling above or below the proposed specification ranges depends upon the average
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dissolution rate at baseline. Consequently, if the average dissolution at baseline is relatively high or low
that particular batch is more likely to undergo 1.2 dissolution testing at some point, but it may be as early
as 1 month after baseline testing rather than later, (See Figure 10 to Figure 27).

Examination of manufacturing site, and time lapse between various manufacturing and packaging steps
and dissolution testing failed to reveal any clear patterns as to cause. However, there were significant
delays before tablets were packaged and tested that do not appear reasonable, (see Table 3 and Table
4).

'Figure 28 and Figure 29 show histograms of the distributions of all stability samples at the 14 and 18 hour
sampling times respectively. It's clear that only a single experiment would necessitate going to L3 testing
although this experiment would pass at L3.

Although not shown the average dissolution rates for every experirﬁent falls within the eme specification
range.
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OCP 11-16-06 edits to Sponsor's Marked up Oct-11-08 Response to FDA AE Lefter Labeling of 9-30-06

APPENDIX 1 OCP Labeling Comments

The following document is based on the labeling included in the FDA AE letter of September 30", 2006.
This text is shown in black type.

The sponsor's changes are indicated by green ink.
QCP's changes to the sponsor's counterproposal are indicated by red ink.

Deletions are indicated by single line strikeouts, and additions are indicated by single underiines,
regardless of whether from the sponsor of OCP.

pears This Way
On Original
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New Drug Application
Notes for Teleconference

Clinical Pharmacology Review

NDA: 21-999
Generic Name: Paliperidone
Formulation: Extended Release Tablets
Strengths: 3mg, 6 mg, 9mg, 12 mg, e=e———
| Route: PO
Brand Names ——— S ———
Sponsor: . -| Johnson & Johnson Pharmaceutical Research & Development, L.L.C.
Titusville, NJ _
Original NDA Submission November 30, 2005
Date:
Date of Meeting Request: October 11, 2006
Date of Teleconference: October 13, 2006
Reviewer: Ronald E. Kavanagh, B.S. Pharm., Pharm.D., Ph.D.

1 BACKGROUND

This teleconference was to discuss the dissolution speciﬁéations outlined in the approvable letter.

The sponsor wishes to widen the proposed dissolution specifications because the wide inter-individual
variabilitv'in dissolution is likely to either result in a expiry shorter than their desired expiry of -— O
recall of *mme of batches if a === expiry is granted. .

The background package inciuded a graph of clinical batch dissolution data at release, but this graph
included data from both pivotal and non-pivotal clinical batches (see Figure 1). The pivotal clinical drug
product batches used in the phase lli efficacy and safety studies are indicated by colored boxes around
the SS numbers. The multiple boxes associated with each color indicate a different packaging
configuration. Consequently, the appropriate data to use is from these == dissolution experiments rather
than the == sxperiments used by the sponsor.

Individual units with dissolution outside of wess=  gare circled. The values are highlighted by a box with
red dashed lines was reported to have a mean dissolution of w .in the NDA, whereas this is
inconsistent with data in Figure 1.

Individual unit dissolution data for the pivotal clinical batches were not submitted in the original FDA.

2 TELECONFERENCE NOTES

The sponsor and the FDA agreed on dissolution specifications at 2 hours and 8 hours.

Discussion included the various points made by the sponsor in the background package and concerns
OCP had, the problematic nature of using claims of having used ey tablets in clinical trials to
support a wsss expiry and the inability to adequately assess the nature of any clinical differences, and
OCP's rationale for the dissolution specifications proposed by FDA.
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3 COMMENTS TO SPONSOR

The following comments should be communicated to the sponsor.

Upon reflection, OCP would like the sponsor to provide the following information in their complete
response:

All individual unit dissolution data at release (and at time 0 of stability studies) for batches used in the
pivotal phase Il clinical efficacy and safety studies, and for batches used in study P01-1008, for samples
collected at 14, and 18 through 24 hours.

Post meeting notes:

The justification should include information on statistical methods, data files, and command files used to
generate calculations and simulations.

Please indicate which dissolution data was generated with encapsulated tablets.

N.B. The above comments do not include requests made by the chemistry team:.

4 SIGNATURES

Ronald E. Kavanagh, B.S. Pharm., Pharm.D., Ph.D. Date

Senior Reviewer
Division of Clinical Pharmacology !

Ramen Baweja, Ph.D. Date

Team Leader
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New Drug Application
Clinical Pharmacology Review

NDA: 21-999 _
Generic Name: Paliperidone
Formulation: Extended Release Tablets
Strengths: ' 3mg, 6 mg, 9mg, 12 mg, e
Route: PO
Brand Names | ——————
Sponsor: Johnson & Johnson Pharmaceutical Research & Development, L.L.C.
Titusvilie, NJ .
‘Original Submission November 30, 2005
Date:
Supplements to Original | 0001 | January 12, 2006 | BM | Minor Amendment — Medical
Submission 0002* | March 29, 2006 SU | 120 day Safety Update
0003 | May 4, 2006 BC. - (Includes revised phase | study reports) |
0004 | May 26, 2006 BC | Minor Amendment — Chemistry
0005 | June 15, 2006 BM | Minor Amendment — Chemistry
0006* | June 15, 2006 BZ Minor Amendment — Muitiple Disciplines
(Revised Labeling)
0007 | June 27, 2006 BM | Minor Amendment — Medical
0008* | July 27, 2006 BM | Minor Amendment — Medical
" (impact of investigator site)
0009 | July 31, 2006 BC | Minor Amendment — Chemistry
0010 | August 29, 2006 BZ | Minor Amendment - Multiple Disciplines

Related NDAs 20-272  Risperidone IR Tablets
‘ 20-588 Risperidone Oral Solution
21-346  Risperidone IM Injection
21-444  Risperidone Orally Disintegrating Tablets

Reviewer: Ronald E. Kavanagh, B.S. Pharm., Phaﬁn.D., Ph.D.

*  Amendments with information reviewed by OCP -
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2 EXECUTIVE SUMMARY

2.1 Recommendations

The Office of Clinical Pharmacology / Division of Clinical Pharmacology | (OCP/DCP-1) has reviewed
NDA #21-998 submitted January 12, 2006, March 29, 2006, May 4, 2006, May 26, 2006, June 15, 2006,
June 15, 2006, June 27, 2006, June 27, 2006, July 27, 2006, July 31, 2006 and August 29, 2006.

OCPB finds this application acceptable provided that currently outstanding issues are adequately
resolved, (e.g. agreement on dissolution and fabeling).

Comments should be communicated to the sponsor as appropriate (see Section 2.3.3 Dissolution undef

Section 2.3.1 Comments to the Sponsor on page 13. Labeling comments should also be communicated
to the sponsor as appropriate (see Section 2.3.4 Labeling Comments on page 14).

2.2 Summary of Major Conclusions
The information provided was close to complete, more so than is typically seen.
The major findings are as follows:

e Exposures to paliperidone and its enantiomers after maxmal dosmg are Iess than after maximal
doses of risperidone. e

¢ There are regional variations in bioavailability possibly due to pH Consequently bloavailablllty
may be decreased by a shortened Gl system or pH changes.

¢ Inter and intraday variability is likely to be quite high, as peak concentrations from one day can
occur on the following day

* There is a food effect that may result in clinically observable CNS and cardiovascular side effects,
as smaller changes in other studies did result in these types of side effects.

+ There does not appear to be a gender effect.

« There was no indication of a difference between Japanese and Caucasians; however there was
little or no data to establish this in most other racial groups.

e Exposures are higher in the elderly than young.
. Paliperidone is eliminated toa significant extent by both renal and hepatic mechanisms.
« Paliperidone dosage needs to be reduced in renal insufficiency.

* Moderate hepatic insufficiency did not affect the pharmacokinetics of paliperidone, although the
possibility of a pharmacodynamic interaction for any CNS active agent should be considered. .

e There are no clinically significant changes in sleep parameters.

e There is a higher incidence in side effects inthe presence of trimethoprim, possibly due to-protein
binding changes.
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¢ There is a measurable increase in QTc, (9.3 mSec) that is greater than with the control drug
moxifloxacin, (6.1 mSec).

e There is a dose response that suggests that the maximal therapeutic index occurs at a dose of 6
mg.

I e ———— D
2.3 Comments
231 Comments to the Medical Division-
From a pharmacokinetic and clinical pharmacology perspective paliperidone has very desirable
properties. The side effect profile appears to be what is expected based upon the receptor binding and
may well be unavoidable for the current state of knowiledge and pharmacologic approach to managing
psychosis. Paliperidone does not tend to possess the pharmacokinetic properties that result in the typical
issues with adjusting dosage that are typical with lipophilic drugs.

2.3.2 Comments to the Sponsor

1. The proposed dissolution speciﬁcations are not acceptable. We are proposing the folfowing
specifications:

2 hours e
8 hours :

14 hours

18 hours ]

24 hours

(" 1
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3. Our review suggests that there might be some advantage in terms of side effects for the (+)
enantiomer compared to the racemate when both are administered as OROS formulations and
this may be of interest to you. If pursued this review finding would need to be confirmed as well
as possibly whether there is similar or differential efficacy. -

4. Our review of the available information and your dose response analysis fead us to believe that it
may be possible to predict who may be better or worse candidates for increasing or decreasing
the dose from 6 mg in the case of an inadequate therapeutic response or unacceptable side
effects. This may also be useful in obtaining an adequate therapeutic response more quickly as
well as assuring who is likely to obtain a fair therapeutic trial before switching to another product.
Additional analysis of samples for genotype as well as pharmacodynamic modeling would be
needed to investigate this. We would be amenable to dlscussmg this in the future.

2.3.3 Dissolution

. The sponsor is requested to adopt the following regulatory dlssolutlon method and spec1f cations for
Paliperidone Modified Release Tablets, (see Table 1). e e

Table 1 Proposed Regulatory Dissolution Method and Specnﬁcauons for Paliperidone Extended
Release Tablets 3 mg, 6 mg, 9 mmg, and 12 mg
‘Appa'ratus type: v | USP Type VIl Reciprocating Disk : ;
I Media: — NaCl 2 gm/L (0. 2% wiw) in 0.0825 N HCipH 1.0 £ 0.5 }
1 volume: 1 50 ml 5
! ':T‘e'mperature: _ 137+£05°C
Frequency: [} Agitation by Reciprocating Arm 30 cycles per minute (cpm)
| Amplitude: @~ §2-3cm ' -

| Sampling Times: 2,8, 14, and 18 hours
- . R 2 hours

. @ 8hours
{ Specifications - § .,

f-(%of Label Claim) | 18 hours

|} 24 hours .
, Accep’tan e Crife " a: grct)lr;:ce):ns to USP XXVIIHl <724> acceptance Table 1 for extended-release

234 Labeling Comments

" The sponsor is requested to adopt OCP proposed labeling as outlined in §4.3 Appendlx 3: Labeling on
page 232.
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2.4

2.5

Commitments to be Perfdrmed Prior to Approval

The sponsor should provide information that addresses the possibility that ethanol might result in
dose dumping. This should include information on the solubility of the coating materials in
ethanol, and information from other similar OROS formulations. If such information cannot
exclude the possibility of dose dumping and/or is not available, a dissolution experiment in
ethanolic solutions should be performed and the results provided.

We are concerned about the possibility that increases in gastrointestinal pH may increase
bioavailability. Information on the distribution of efflux transporters in the Gl tract, gastrointestinal
pH in different regions of the Gl tract associated with efflux transporters, and the effect of possible
alterations of pH in these regions on paliperidone bioavailability should be submitted. If
convincing information cannot be provided, a drug interaction study with maintenance dosing of a
proton pump inhibitor should be considered by the sponsor. Depending on whether an interaction
is found in'such a study and depending on the magnitude of the interaction an additional study
with antacids may need to be considered.

Phase IV Commitments to be Performed Post Approval

None are recommended.

A

kg

P
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AP Srigine!
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2.6 Summary of Clinical Pharmacology and Biopharmaceutics
Findings

2.6.1 Introduction and Background

Chemistry and Mechanism of Action

Paliperidone is a benzisoxazole derivative and is the racemic 9-hydroxy-metabolite of risperidone.
Risperidone is an antipsychotic that is approved for the treatment of schizophrenia.

Paliperidone is a serotonergic 5HT2A and dopaminergic D2 receptor antagonist. Paliperidone also binds
to at-adrenergic receptors, and, with lower affinity, to H1-histaminergic and a2-drenergic receptors, and
belongs to the atypical antipsychotic class of psychotropic drugs.

Proposed Indication

The proposed indication is for the treatment of schizophrenia.

Proposed Formulation and Strengths

The proposed to-be-marketed formulation is an osmotically activated modified release tablet,l (OROS® —
Alza), that is designed to deliver drug through a semi-permeable rate controlling membrane over a 24
hour period.

Four tablets strengths are presently proposed for marketing, including 3mg, 6:mg, 9mg and 12 mg
tablets.

Proposed Dosage Regimen

The proposed dosage regimen for paliperidone OROS MR tablets is 6'mg po daily, with dose adjustment
within the range of 3 mg to 12 mg based on clinical response and tolerability.

eqrs This wWay
on o;igind\
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2.6.2 Pertinent Clinical Pharmacology and Biopharmaceutic Questions

Are other indications or formulations anticipated? '

What dosege regimens are anticipated for these indications and formulations?

What formulations were used in the pharmacokmetlc, clinical pharmacology studies, and pivotal
phase llf studies?

All pivotal phase lil trials as well as the majority of pharmacokinetic and clinical pharmacology studies

" used combinations of 3 mg and 9 mg strength Phase Il Clinical Trial Formulation tablets, (CTF). For the
- pivotal phase |l studies these tablets were over-encapsulated for blinding purposes. The to-be-marketed

(TBM) formulation was used in the pivotal BE study, the single-dose dose proportionality study, =

An . ——- ' release development formulations were used in early exploratory
, PKIPD «mmsminmw  studies. ' Y

Solutions, IR tablets, IR capsules, and 2 ER encapsulatec *™* formulations were used in several early
PK and exploratory PK/PD studies.

Were there differences between the To-Be-Marketed, (TBM), and Clinical Trial Form_ulation, (CTF)?
The differences between the TBM and the CTF formulations appear to be minor.
The TBM formulation uses in a higher percentage in the tablet mm—

compared with use of a lower percentage of hydroxy-ethyl-cellulose in the phase Il CTF formulation,
. .“‘L :

S~ _
Are the CTF and TBM formulations bioequivalent?

A single — TBM formulation tablet was btoequwalent toe e, ‘9 Mg and two 3 mg CTF
formulation tablets

Does paliperidone OROS exhibit linear kinetics over the dosage range?

In two separate studies Paliperidone OROS MR CTF and TBM tablets were shown to exhibit linear
kinetics for single doses ranging from 3 mg to - «=hes
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What is the effect of food on the bioavailability of paliperidone?

When a single 12 mg or 15 mg dose of the ==emssm=me - DS formulation was administered with food
there was approximately a 50% - 60% average increase in both Cmax and AUC with little change in
Tmax. Increases in bioavailability in individuals subjects ranged up to >10 fold, (studies P01-1012 and
P01-1008).

There was no effect on the extent of absorption of paliperidone drug substance when administered as an
IR tablet and only a small change in the rate of absorption as indicated by a 15 minute delay in the
median lag time and a 1 hour delay in the median Tmax. (Study BEL-1)

What is the exposure to paliperidone and its' enantiomers compared to exposures from

. risperidone?

The exposure to paliperidone after administration of paliperidone OROS 15 mg daily, (proposed
maximum daily dose 12 mg), is approximately 1/3 the exposure to total ‘active’ moieties, (i.e. risperidone
and paliperidone), after the approved maximum daily dose of risperidone IR tablets 8 mg BID, (i.e. 16 mg
daily). Of the total active moieties after dosing with risperidone, 2/3's are due to paliperidone, so even if -
paliperidone alone is compared, the exposure after dosing of risperidone is still twice as high as after
dosing with paliperidone OROS. After dosing with both risperidone and paliperidone OROS 2/3 of the
paliperidone in plasma is composed of the (+) enantiomer and 1/3 of the exposure is due to the (-)
enantiomer, (study SCH-102). Consequently, even accounting for increases in bioavailability due to food,
etc. exposures to paliperidone with paliperidone OROS are still probably less than after maximal
exposures with risperidone. If we consider more typical clinical dosages of 6 mg daily of paliperidone
OROS and 6 mg daily of risperidone the exposure ratios are only about 10% less, consequently there is
still an adequate margin. e e

Are there pharmacokinetics differences by Race or Ethnicity?'

There was no indication that the single dose pharmacokinetics of paliperidone differ between Japanese
and Caucasians. Other races/ethnic groups were not formally studies and there were insufficient numbers
of subjects for an independent analysis. S0

g

oY

Does paliperidone’s pharmacokinetics change with increasing age?

There is a trend for increasing exposures as age increases, such that exposures are around 1/3 higher in
subjects around 75 years of age compared with those around 25 years of age. No 'old' elderly, (i.e. > 85
yo), were included in the studies so the pharmacokinetics in this age group are unknown, although trends
suggest they may have even higher exposures. In addition, to increases in half-life and both total and
unbound Cmax and AUC with age there are also decreases in CUF and Vdss/F. In addition to the change
in CUF probably being partially due to decreasing renal function, and possibly hepatic function with age,
the decrease in Vdss/F and CI/F might also be partially due to an increase in F due to slower Gl transit in
the elderly. (Study SCH-1011)

What are the pharmacokinetic characteristics in children?
No studies were conducted in children or adolescents less than 18 years of age.
Are there pharmacokinetics differences by gender?

No specific gender effect study was performed, however inspection of the data from the age effect study,
(SCH-1011), indicates that there is unlikely to be a significant gender effect on pharmacokinetics.
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What is the metabolic prpfile of paliperidone?

The plasma concentration profiles of total radioactivity and unchanged paliperidone are very similar.
Although terminal elimination of unchanged paliperidone appears to be paradoxically slower than for *C
moieties this is probably due to a lack of assay sensitivity. Concentration profiles indicate formation rate
limited metabolite kinetics and little exposure to metabolites, as “C to unchanged paliperidone ratios for
Cmax and AUC are 1.1 or less. Based upon these low exposures to metabolites, the metabolites
probably don't contribute much to efficacy or to toxicities due to binding at serotonergic, dopaminergic,
adrenergic, or histamine receptors, however without receptor binding and transporter data for the
metabolites we can't be certain. .

What is the metabolic scheme of paliperidone and how are paliperidone and its metabolites
eliminated from the body?

Just under 60% of an oral dose of paliperidone solution is eliminated unchanged in the urine, with about
slightly more than 30% eliminated as metabolites in urine and feces and less than 10% of the dose was
not recovered. This indicates that paliperidone is well absorbed and that both renat elimination and
hepatic metabolism contribute significantly to elimination. Of the 30% of the dose that is metabolized
approximately 1/3 is eliminated in the feces (range 25% - 50%), and the 2/3's is eliminated renally.

There are four primary metabolic pathways for paliperidone metabolism in humans:

(See Figure 14 on page 73 for a schematic of the metabolic scheme. )

¢ Dehydrogenation of a hydroxyl group to form paliperidone ketone
Oxidation to form 1 or possibly 2 hydroxy-paliperidone products possibly mediated by CYP2D6
Oxidative metabolism to form a benzisoxazole scission product possibly mediated by both
CYP2D6 and CYP3A4

+ N-dealkylation to form an acid and amine cleavage products.

&

Each of these primary pathways appears to mediate 12% or less of total efimination.

Secondary metabolism appears to include benzisoxazole scission of hydroxy-paliperidone and/or
hydroxylation of the benzisoxazole scission product to yield a hydroxyl-benzisoxazole scission product,
and glucuronidation of the benzisoxazole scission product.

Although 60% of the dose on average is eliminated unchanged in urine in CYP2D6 extensive
metabolizers the average is 55% and in poor metabolizers it's 65%.

~ No single metabolic pathway can be singled out as being particularly significant, but both renal and total

hepatic elimination and function are clinically important.
What is the receptor and monoamine transporter binding of paliperidone and its metabolites?

In vitro receptor binding experiments indicate that paliperidone and its' enantiomers bind to §-HT,, 5-
HTpa, 5-HT1pg, 5-HT24 serotonin receptors, dopamine D, D3, Dy receptors, adrenergic Oz, Ozg, Gz
receptors, and histamine H, receptors at clinically relevant concentrations, with relatively similar affinities
for each receptor to both enantiomers. Paliperidone does not appear to inhibit any of the monoamine
reuptake transporters at clinically relevant concentrations.

What transporters are involved in paliperidone’s disposition?

~ Cell transport experiments in Caco-2 cells indicate that there is facilitated absorption of racemic

paliperidone at in vivo plasma concentrations. In addition, there is net active renal tubular secretion that
comprises about 30% of total body clearance or 50% of renal clearance. As paliperidone has a pKa of
8.24, alterations in pH in the Gl tract could effect absorption due to.decreased facilitated absorption with
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increasing pH, as well as due to decreased solubility. In addition, if there is any active renal tubular
reabsorption, alterations in renal tubular pH could alter renal elimination.

At clinically achieved concentrations paliperidone has little ability to inhibit pGP transport. However, if
paliperidone is concentrated in the Gl tract, bile tract, renal tubules, or other tissues, concentrations might
be sufficiently high to inhibit pGP transport.

Does paliperidone induce or inhibit any disposition pathways?

Little to no inhibition of P450 isozymes examined in vitro was detected when incubated with a 50:50
mixture of racemic paliperidone at claimed clinically relevant concentrations, (Cmax < 150 ng/ml).
However, concentrations in vivo are not at a 1:1 molar ratio of the (+) and (-) enantiomers so the in vitro
data must be interpreted cautiously. in addition all inhibition experiments included a pre-incubation period
of only § minutes, and no experiments were conducted without pre-incubation. Due to the lack of
experiments without pre-incubation, the limited duration of the pre-incubations used, and the low absolute
quantities of the incubation experiments thereby limiting the ability to detect metabolism, we need to
conclude that the potential for mechanism based inhibition by pahperldone metabolites or suicide
substrate inhibition was not adequately tested for in vitro.

The interaction of paliperidone with the metabolism of a number of specific cytochrome P-450 substrates
was investigated in vifro in a batch of human liver microsomes, (H-INT-1), by examining the inhibitory
effect on the overall metabolism of specific substrates and/or on the formation of their major metabolites
at concentrations well in excess of clinically relevant concentrations. Except for possibly some inhibition
of CYP2D6 no significant inhibition was detected for CYPs 1A2, 2A6, 2C8,9,10, 2E1, 3A4 and 4A.

Further examination of the inhibition by paliperidone of CYP2D6 and of CYP3A4, using various substrates
of CYP3A4 that may represent different binding sntes also falled to. show any significant inhibition in vitro
at clinically relevant concentrations. o

What is paliperidone’s protein binding and the effects of changes in protein binding?

There is little likelihood of a clinically significant protein binding interaction. At concentrations achieved
with clinical usage, (<250 ng/ml), the overall binding of paliperidone and its enantiomers to ptasma protein
were concentration independent, with free fractions of 27%, 18% and 37% for paliperidone, (+)-
paliperidone, and (-)-paliperidone respectively. However, when protein binding to purified protein
solutions of human serum albumin and a1-acid glycoprotein were examined at a paliperidone
concentration of 50 ng/mi; there were clear relationships for free fraction to protein concentration for each
type of protein, and these relationships were different for protein and for each enantiomer. For a decrease
in albumin concentration from 4.3 gm% to 2.0 gm%, the free fraction of (+)-paliperidone was unchanged
at 61.5% and 62.9% respectively, whereas for (-)-paliperidone the free fraction increased from 53.5% to
66.7%. For a1-acid glycoprotein the free fraction of (+)-paliperidone decreased from 14.9% at 0.1 gm% to
10.1% at 0.15 gm%, whereas for (-)-paliperidone the free fraction decreased from 24.6% to 20.7%.
Changes in albumin will typically occur slowly and even if they didn't total free concentrations would
quickly re-equilibrate. However, a1-acid glycoprotein is an acute phase reactant that increases in the
presence of physiologically stressful conditions, (e.g. Ml). Consequently, a rapid rise in a1-acid
glycoprotein might result in a decrease in free concentrations and there might be some temporary clinical
consequences to the differential change in binding, however the risks are difficuit to predict and
considering the relative safety profile are not likely to be significant.

What is the degree of interconversion for the enantiomers and are there any significant clinical
differences between them? :

There is preferential conversion from the (-} to the (+) enantiomer in vivo. Specifically, after administration
of the (+) R078543 enantiomer there is about 28% in vivo interconversion from the (+) R078543 to the (-)
R078544 enantiomer as assessed by AUC ratios, whereas after administration of the (-)
R0O78544enantiomer there is about 55% in vivo interconversion from the R078544 (-) to the enantiomer
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R078543 (+). After administration of paliperidone as a racemate, the (+):(-) paliperidone AUC ratio is
about 1.6, irrespective of the route of administration and type of formulation, Aithough when unbound
drug is examined the AUC for (-)-paliperidone is higher. Cmax +:- ratios are 1.9 after administration of the
racemate, 8:1 after administration of (+)-paliperidone and 0.5 after administration of (-)-paliperidone.

For racemic paliperidone the incidence of somnolence and orthostatic hypotension was related to the rate
of absorption and the Cmax, with the incidence by formulation in the following order: IV > IR > OROS.

- In contrast the incidence of somnolence is lower after administration of (+)-paliperidone compared with
after administration of (-)-paliperidone or the racemate. The incidence of hypotension, fatigue, and
headache is slightly higher after administration of (+)-paliperidone compared with the racemic solution,
the (-)-enantiomer and the OROS formulation. Aithough the Cmax for each individual enantiomer is
higher when the enantiomer is given by itself, for the (+) enantiomer the Cmax is much higher than after
administration of the racemate. When the incidence of AEs and the exposures by treatment are
examined, there appears that there may be some advantage in terms of side effects for the (+)
enantiomer compared to the racemate when both are administered as OROS formulations. This would
need to be confirmed as well as whether there is similar or differential efficacy.

What are the pharmacokinetic / pharmacodynamic characteristics of paliperidone with respect to
efficacy and extrapyramidal system toxicities?

The three Phase 3 studies (Studies R076477-SCH-303, R076477-SCH-304 and R076477-SCH-305) in
subjects with schizophrenia or schizoaffective disorder were included in the sponsor's PK/PD and PD
analysis of PANSS and responder rates, where response is defined as a drop in PANSS of >30%. In
addition, the sponsor also performed a PK/PD and PD analysis of the risk of developing an EPS-related
adverse event. These studies employed either fixed doses of oral ER OROS PaTlpendone placebo or
olanzapine for 6 weeks. e

For both efficacy and safety measures of EPS, both dose and model-predicted average steady-state
concentrations at endpoint were tested as drivers of the response. .

The sponsor claims that the dose —response relationship was less variable than the concentration

' response relationship. This is not surprising as the sponsor used estimated individual average steady-
state concentrations based on a post-hoc NONMEM analysis and due to the sparse sampling and the
extreme variability in Tmax it's expected that these Css estimates would not be very accurate.
Specifically, the intraday variability on multiple dosing with superposmomng of two peaks or two troughs
from different days means that average concentration estimates in'a particular patient may be way off
resulting in any model having poor predictability. ,

-

For the dose-response the sponsor claims that the mean maximal response rate after correction for a

- placebo response is 26.6% and the sponsor provides simulations with this degree of maximal corrected
response. However, responses for both placebo and drug as stated by the sponsor in the text, in tables,
and in the computer output does not match this and instead suggests a maximum response rate of only
around 17.5%. NONMEM data sets were not prowded by the sponsor.

Based on the sponsor's simulations for doses above 6 mg — 9 mg, there is no major increase in response
rate, and at 9 mg there is no significant increase in the precision of the prediction. With the sponsor's
claimed dose response relationships for EPS it's clear that there is-a major increase in EPS at a dose of 9
mg compared to 6 mg. Although, the percentage increase is large (81.5%), the absolute increase is small,
(9.8% vs. 5.4%). In spite of this, if the dose-response relationship for EPS in these short term studies is
predictive of permanent tardive dyskinesia after long term treatment, the risk to benefit ratio may not be
acceptable at a dose of 9 mg for patients who are obtaining a response at 6 mg. Thus doses of 9 mg and
12 mg should probably be reserved for patients who don't respond-at lower doses.

it may be possible to predict who would be a candidate for a higher dose based on estimated creatinine
clearance, drug metabolizing genotyping, and other factors. No recommendations are being made
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presently as additional data analysis including additional genotyping data from the sponsor would be
needed in order to make recommendations.

What is the effect of the food effect on the incidence of EPS?

As a secondary objective, the EPS PK/PD-model was used to predict the impact of the food effect on the
dose response of the EPS incidence. Based on an average increase in bioavailability of 60% and using
the PK/PD model the sponsor’'s estimated percentage increase in EPS is 74% at a dose of 6 mg and 30%
at the maximum dose of 12 mg. However, as stated above the absolute increase is predicted to be small,
i.e. 9.4% vs. 5.4% at 6 mg and 17.1% vs. 13.2% at 12 mg. However, the poor estimate of average
steady-state concentrations mentioned previously raise significant concerns about the accuracy of
concentration predictions and there would be even greater efrors in predictions in the presence of a food
effect. In addition, the range of increased concentrations in the presence of food may vary up to > 10 fold
which was not taken into account by the sponsor. These factors may be especially important early in
treatment where this could precipitate an acute dystonic reaction, or where interday variability might result
in hypotension. ‘ . '

What was the effect of paliperidone on hormones?

The effect of paliperidoné on prolactin levels was examined in 5 studies, Alza-039, Alza-019, INT-1, SCH-
101, and SCH-1008.

All studies used immediate release paliperidone or oral solutions, except for study SCH-101 that
examined the steady-state dosing of the OROS formutation at a dose of 12 mg. Examination of prolactin
exposures after placebo, risperidone, and paliperidone immediate release formulations at various doses
and regimens suggests that the maximum effect for elevating prolactin exposures. may be close to being
achieved with around the 15 mig OROS dose or less. In addition, after slow administration of both
risperidone and paliperidone the plasma drug concentrations for active moiety peaked at 22 to 23 hours
however the prolactin peak occurred much earlier (from 2.5 to 5.5 h).

Also of note, is that in 6ne study two subjects reporting early menses ﬁgad the highest peak prolactin
levels.

A

No specific clinical pharmacology studies examined the potential er effects on ADH secretion.
' What was the effect of paliperidone on cardiovascular vital signs?

When diastolic blood pressure is examined after single or multiple dosing of paliperidone there does not
appear to be any obvious dose response relationship. However when systolic blood pressure is examined
after single doses of paliperidone in the same studies there appears to be a small signal for a dose
response relationship, although this isn't apparent in the muitiple dosing study. In addition, when the
incidence of potentially orthostatic changes in SBP or symptoms consistent with orthostasis is examined,
the incidence appears to track with expected changes in dose, rate, and extent of absorption and this is
observed in several studies. '

As with changes in blood pressure there appears to be a diurnal pattern to changes in heart rate after
single doses of paliperidone OROS with a decrease in HR during sleep with rebound tachycardia the day
after dosing which appears to be dose related.

*  What was the PK/PD relationship of paliperidone to QTc?

The sponsor conducted a multiple dose QT study using immediate release paliperidone and moxifloxacin
as the active control. A day averaged linearly corrected QT based on QT vs. RR for the study populations
examined was the primary comparison. This type of comparison is inappropriate as these are averaged
values across the entire dosage interval. Thus these QTcLD values are lower than the actual changes in
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QTcLD observed around the concentration peak. In addition correction of QT by other methods may be
larger. .

The sponsor's assessment criteria for a ‘negative' effect on QTc were if the upper limit of the 2-sided 90%
confidence interval excluded 10 milliseconds. However, the criteria used for the positive control,
(moxifloxacin 400 mg), were if the lower limit of the 2-sided 90% confidence interval was greater than 0
milliseconds. Thus the assessment criteria for determining if there were QT effects were inconsistent
between the test and control groups. Even using the sponsor's inappropriate assessment method,
although the upper limit of the 90% Cl for QTcLD at steady-state dosing of paliperidone 8 mg IR is less

than 10 mSec, the change in QTcLD is still greater for paliperidone than for the active control

moxifloxacin, albeit the difference is small (1 mSec).

When change from baseline in QTcLD is examined by time post dose it clearly occurs around the peak
concentration, and there appears to be a dose response with QTcLD prolongation, which is confirmed by
hysteresis plots. The QTc prolongation is apparent even at the lowest dose studied and even at this dose
is greater than for the active control, In addition, it appears that the QTc changes in the control group is
driven by QTc effects in fewer individuals and that the relative degree of effect varies by the correction
method used. In addition, the effect on QTc is seen not only with the QTcLD correction, but also with
Fridericia's and Bazett's methods. : o '

According to the sponsor none of the subjects in either the IR paliperidone or moxifloxacin treatment
group had a QTcLD increase >60 mSec, although nineteen (26%) of 72 subjects in the IR paliperidone
group and 12 (17%) of 69 subjects in the moxifloxacin group had a 30-60 ms increase in QTcLD. Yet the
sponsor claimed that no subject in either treatment group had a QTcLD, QTcF, or QTlc interval 2450 ms
at any time during the study. .

The present study was conducted with an IR formulation however; the proposed ER-OROS formulation
has lower bioavailability and a lower Cmax. In spite of this, there does appear to be overlap of the

- concentrations associated with a QT effect in the controlled QT study and the peak concentrations likely
to be seen with clinical dosing of the Paliperidone OROS formulation, even without accounting for slightly
higher peak concentrations in the elderly, with any food effect, or in patients with organ dysfunction that
might resuit in higher exposures than is typical.

The sponsor claims that the increase in QTcLD interval exceeds the 5 mSec threshold for regulatory
concern but is considerably less than the >20 mSec increase associated with a substantially increased
risk for arrhythmia. There were also a number of changes in ECG morphology that are not addressed in
this review. :

Several other studies also mentioned potential cardiac findings.

In study Alza-039 there was one report of syncope during Ascend treatment, two subjects each
experienced tachycardia, another subject experienced bradycardia, and there was a case of tachycardia
and presumed arrhythmia that was described as an irregular pulse lasting eight minutes, One subject, a
55 year-old male, had ectopic beats on his ECG first during IR treatment and again during both slow
paliperidone administration and placebo treatments. '

In study Alza-034 a higher incidence of palpitations was noted with a more rapidly absdrbed paliperidone
OROS development formulation. ' ‘

Also in study SCH-1011 there were a number subjects who had prolongations of QTcF between 30 — 60
milliseconds while receiving paliperidone OROS 3 mg qd, with more instances in elderly subjects than in
young subjects.

The possibility of increased bioavailability in the presence of potent pGP efflux transporter inhibitors
needs to be considered as a risk factor. Especially with drugs that may both increase bioavailability and
also have effects on QT, such as quinidine. A
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A cardiology consult has been requested by the medical review team to assess the potential clinical
significance of these observations. '

What was the effect of paliperidone on sleep?

The sponsor was unable to show any improvement in sleep parameters when paliperidone was ‘
administered to schizophrenic patients. The effects of paliperidone OROS 9 mg compared to placebo on
sleep parameters was examined in schizophrenic patients after 2 weeks of therapy and included a
comparison of the duration and proportion of sleep stages as measured by polysomnography.

The time to onset of sleep is decreased by 10 minutes and stage 2 sleep is increased by 30 minutes,
however the sponsor indicates that these differences are not clinically relevant as the differences couid
be due to differences between the two groups at baseline with the lack of difference between groups at 2
weeks due to normal variability.

There were no clinically significant differences between groups in measures of sleep continuity, including
the duration of uninterrupted sleep, sleep duration, latency to sleep onset or persistent sleep, sleep
efficiency index, awakenings, microarousals, and time awake. .

What is the effect of renal insufficiency on paliperidone?

After single doses average exposure to paliperidone increases 1.5, 2.6, and 4.8 fold in patients with mild
(Clcr >50 - <80 ml/min), moderate (Cler >30 - <560 ml/min), and severe (Clcr 9.5 - <30 ml/min), renal
insufficiency respectively compared to subjects with normal renal function (Clcr >80 ml/min). Subjects on
dialysis were not studied. Based on changes in total paliperidone clearances 'aikérage dosages should
probably be decreased by approximately 1/3 in mild renal insufficiency, at least ¥z i moderate
insufficiency, and by 75 — 80% in severe insufficiency. Using the sponsor's proposed dose range of 3 mg
to 12 mg dose and a typical recommended dose of 6 mg, this translates into dosages of 4 - 8 mg in mild
renal insufficiency, 1.5 - 3 mg in moderate insufficiency, and 1.2 — 2.4'mg severe renal insufficiency.
Since, the OROS tablet only comes in dose increments of 3 mg and cannot be divided, the maximum

allowable dose would be 6 mg in mild renat insufficiency and 3 mgin moderate and severe insufficiency.

at A

i

What's interesting is that the enantiomer ratio changes as renal function decreases and is a
proportionately greater change for the unbound ratio. This appears to be due to differences in the
elimination of the enantiomers, as evidenced by the fact that the enantiomer ratio changes to a greater
extent as the time post dosing increases. Thus the ultimate exposure to each enantiomer is difficult to
predict. Since the enantiomer pharmacokinetic studies indicated that there may be a pharmacodynamic
difference between the enantiomers in their propensity to cause toxicity even at the same exposures, we
are unable to predict the risk benefit ratio with higher steady-state dosing of paliperidone in patients with
renal insufficiency. Consequently, clinicians should be aware that the toxicity to efficacy profile in renally
impaired patients may be different than in patients with normal renal function.

What is the effect of hepatic insufficiency on paliperidone?

. In subjects with moderate hepatic impairment the free fraction of (+)-paliperidone increases on average
by almost 50% and of (-)-paliperidone by almost 20%. Because of this the total paliperidone exposure
decreases in patients with moderate hepatic impairment, (mean AUC- 128 vs. 176 ng/ml x hr'). However
the exposure to unbound racemic paliperidone as well as to the unbound paliperidone enantiomers
remains essentially unchanged, (mean AUCu,e- 45. 8 vs. 45.7 ng/ml x hr'™"), (study SCH-1008). Although

" pharmacokinetically there does not appear to be a reason to alter dosing in moderate hepatic impairment,
pharmacodynamically paliperidone as a CNS active agent might induce a hepatic encephalopathy in
patients with hepatic impairment. The effect of severe hepatic insufficiency on paliperidone kinetics is
unknown.
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What are the resuits of the drug / drug interactions studies?

When paliperidone was administered together with trimethoprim the significant changes for paliperidone
included a 25% — 30% increase in the total and unbound Cmax of the paliperidone enantiomers with a
decrease in total drug AUC. The average free fraction also increased by 15.5% for racemic paliperidone,
20.8% for (+)-paliperidone, and 9.4% for (-)-paliperidone. There was also a decrease in average half-life
for each paliperidone species of about 5 hours. There was little change in other metrics including
unbound AUC and no difference in unbound oral clearance (Clu/F).

These observations are consistent with a protein binding displacement interaction without a change in
active renal secretion. With a first dose of paliperidone or of trimethoprim or other displacers, there may
be transient clinical consequences such as hypotension, somnolence ,or other cardiovascular snde effects
as was seen in this study, but this is likely to be less than with the food effect.

The effect on trimethoprim pharmacokinetics was not fully examined. Pre-dose concentrations were
obtained prior to trimethoprim on all days, and 2 hour post-dose concentrations were obtained on day 6
and day 8, i.e. 26 and 74 hours after dosing with paliperidone. For each subject, 2 hour trimethoprim
concentrations were lower on day 6 than on day 8. Although this possibly suggests a lack of an effect of
paliperidone on trimethoprim pharmacokinetics, it is also consistent with a protein binding displacement of
trimethoprim, prevention of reabsorption, some other mechanism, or assay interference

Is there any potential for other drug / drug interactions?

In vitro data suggests that quinidine and verapamil may inhibit gastrointestinal transporter efflux and
increase bioavailability.

Since paliperidone's bioavailability varies with time post administration it's reasonable to presume that
there're regional differences in absorption. This might be due to regional differences in pH or transporters,
or a combination of these factors. Since the OROS formulation releases drug at a relatively consistent
rate differences in Gl transit time may affect bioavailability. Since bioavailability is complete in the upper
Gl tract and decreases as the tablet presumably travels down the intestines, drugs with anticholinergic
properties such as tricyclic antidepressants are expected to decrease bioavailability, and drugs that
increase motility such as laxatives are expected to decrease bioavailability.
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3 DETAILED REVIEW

3.1 Overview of Clinical Development Program

3.1.1 Description of Clinical Development Program

The clinical development program consists of the typical Phase 1 / It Pharmacokinetic and Clinical
Pharmacology and Phase Ili Efficacy / Safety studies for which the OROS Clinicat Trial formulation was
used, (except for the pivotal BE study where the TBM formulation was also used). The CTF is essentially
identical to the To-Be-Marketed formulation.

Prior to conducting the typical Phase I/ll Pharmacokinetic and Clinical Pharmacology program, a
preliminary program of 9 formulation development studies was conducted. Initial review plans were to
skip review of these studies. However upon examination virtually every study provided useful information
on the pharmacokinetic and pharmacodynamics related to delivery:rate often in comparison to risperidone
or information on the properties of the drug substance itself. Since this information could be critical in
evaluating delivery rate related adverse effects these studies were also reviewed. See Table 5 for an
overview of these studies.

Table 3 on the following page‘shows a list of all in vivo studies and reports that includes study report '
numbers and titles. Following this Table 4 lists the in vitro studies conducted with human biomaterials.

a A
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3.1.2 Lists of Studies

3.1.2.1 Study Titles by Primary Goal

Table 3 Phase |, ll, and lll Clinical Studies and Study Reports

mulation Development Bioa

RIS-BEL-28

Comparatlve Tnal on the Phannacokmetlcs Pharmacodynamlc Effects
Tolerability, Cardiovascular and Laboratory Safety of 9-Hydroxy-

Risperidone and Risperidone in Healthy Subjects After Single Oral Dosing ;

of 1 mg. A Randomized, Double-Blind and Placebo-Controlled Cross-Over
Study

R076477-BEL-1

A Comparative Trial in Healthy Volunteers to Assess the Relative Oral
Bioavailability of a Single Oral Dose of 0.5 mg R076477 (9-hydroxy-
risperidone) Taken Either as a Solution When Fasting, as a Tablet When
Fasting or as a Tablet Immediately After the Intake of Food

ALZA-C-2001-032

Pharmacokinetics of Paliperidone and Risperidone when Administered as
Osmotic Modules and Oral Solutions in Healthy Volunteers

ALZA-C-2001-039

A Pharmacokinetic-Pharmacodynamic Study to Evaluate Various Dosing
Regimens of Paliperidone

ALZA-C-2002-019

A Comparison of Pharmacodynamic Effects of Risperidone and-
Paliperidone - IO

ALZA-C-2002-034

Evaluation of OROS® (pahpendone) Pharmacoklnetlcs and
Pharmacodynamics

R076477-P01-101

A Comparative Evaluation of the Pharmacokinetics and Pharmacodynamics }

Under Fasting and Fed Conditions.of 2 Paliperidone Extended-Release
Formulations With Paliperidone Oral Solution in Healthy Aduits

R076477-P01-102

A Comparative Evaluation of the Pharmacokinetics and Pharmacodynamics §

under Fasting and Fed Conditions of 2 Paliperidone Extended-Release
= Formulations with Paliperidone Oral Solution in Healthy Aduits

PAL-SCH-101

A Randomized, Double-Blind, Placebo- and Active-Controlled, Paraliel-

Group, Phase 1 Study to Compare the Tolerability of OROS® Paliperidone -

(Extended-Release) With lmmedtate-Release (IR) Risperidone in Subjects
With Schtzophrema

| singte Dose Pharmacokinetics

d 10 | RO76477-P01-1007

Disposition of Pallperidone Enantiomers After Treatment With Different
Formulations of the Racemate and the Separate Enantiomers and the
Determination of the Absolute Bioavailability of IR and ER OROS
Paliperidone

111 | ALZA-C-2003-044

A Study To Evaluate the Pharmacokmetlcs of Four OROS®(Pahpendone)
Doses (6 mg, 9 mg, 12 mg, and 15 mg) in Healthy Subjects

¥ 12 | R076477-P01-1010

Dose-Proportionality Study of the Five ER OROS Paliperidone e
~=mase  Tablet Strengths (3 6, 9, 12, and 15 mg) in Healthy Male
Subjects

Multiple Dose Safety/Tolerability and Ph

| 13 | Ro7B477-INT-1

Steady-State Phan'nacokmetlcs of R076477 in Chromc Schlzophremc
Patients Following Repeated Oral Administration of 1, 4,-and 8 mg
R076477
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14

RO76477-SCH-102

Comparison of Steady—State Pharmacokinetics of Paliperidone After
Extended-Release OROS® Paliperidone 15 mg and Immediate-Release
Oral Risperidone 8 mg b.i.d. in Subjects With Sch|20phren|a or
Schizoaffective Disorder

Pivotal Bioequivalence Stud

ies

15

v

R076477-P01-1008

Pivotal Bioequivalence Study With 15 mg ER OROS Paliperidone

Comparing the Phase 3 Formulation With =~ ===mm======  Eommulation |
and Evaluation of Food Effect on the amsmemmsse  Formulation in Healthy §
Male Subject ;

1 Metabolism

17

R076477-P01-103

Plasma Concentrations, Metabolism and Excretion of 14C- Pahperldone
After a Single Oral Dose in Healthy Male Subjects

PK/PD

18

RO76477-SWE-1

PET study of D, and 5-HT2A receptor occupancy induced by R076477
(9-hydroxy-risperidone) in three healthy volunteers

19

R076477-Si1V-101

Open-Label Positron Emission Tomography (PET) Study of Central D,-
Receptor Occupancy in Healthy Subjects FoIIowmg a Single Oral Dose of
OROS Paliperidone

120

R076477-SCH-1009

A Placebo- and Positive-Controlled, Randomized Study Evaluating QT and
QTc Intervals Following Administration of Immediate-Release Paliperidone
in Subjects With Schizophrenia or Schizoaffective Disorder

A Double-Blind, Placebo-Controlled, Randomized Study Evaluating the

e A

21 | RO76477-SCH-1010 Effect of ER OROS® Paliperidone Compared With Placebo on Sleep
Architecture in Subjects With Schizophrenia
Pop PK & PK/PD .
22 psdb-4647364° Population Pharmacokinetic Analysis of ER OROS® Paliperidone
23 psdb-4855692 ° Dose- and Concentration-Response Modeling of Endpoint PANSS Scores

and Responder Analysis

1 Effect of Intrinsic Factors:

1 24

RO76477-P01-1005

A Randomized, Double-Blind, Placebo-Controlled, Single and Muitiple Dose‘
Study to Evaluate and Compare the Pharmacokinetics of ER OROS® ;
Paliperidone in Healthy Japanese and Caucasian Subjects

125

R076477-SCH-1008"

Pharmacokinetics of Paliperidone in Subjects With Moderate Hepatic
Impairment as Compared to Subjects With Normal Hepatic Function

i 26

R076477-REI-1001

The Pharmacokinetics of ER OROS® Paliperidone in Subjects With
Varying Degrees of Impaired Renal Function (Mild, Moderate, and Severe)
as Compared to Subjects With Normal Renal Function

| 27

PALIOROS-SCH-1011

An Open-Label, Single- and Multiple-Dose Study to Evaluate the
Pharmacokinetics of ER OROS® Pahpendone in Healthy Elderly and
Young Subjects

Effect of Extrinsic Factors

28

ALZA C-2004-006

A Study To Evaluate Tolerability and Pharmacokinetics of ER
OROS®(Paliperidone) 12 mg and 15 mg and ER OROS® (Paliperidone) 15 §
mg with Food in Healthy Subjects
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R076477-P01-1006

A Randomized, Open-Label, Crossover Study to Evaluate the Effect of
Food on the Pharmacokinetics of ER OROS® Paliperidone in Healthy
Japanese Subjects

Palioros-P01-1012

Evaluation of the Effect of Food and Posture on the Pharmacokinetics of ;
Paliperidone After a Single Administration of 12 mg ER OROS Paliperidone [
to Healthy Men ;

R076477-P01-1004

Investigation of the Potential Effects of Trimethoprim on the

Studies.

Pharmacokinetics of ER OROS® Paliperidone in Healthy Male Subjects

32 | R0O76477-SCH-303/703

A Randomized, Double-Blind, Placebo- and Active-Controlled, Parallel-
Group, Dose-Response Study to Evaluate the Efficacy and Safety of 3
Fixed Dosages of Extended Release OROS® Paliperidone (6, 9, and 12
mg/day) and Olanzapine (10 mg/day), With Open-Label Extension, in the
Treatment of Subjects With Schizophrenia

OL extension

R0O76477-SCH-304/704

A Randomized, Double-Blind, Placebo- and Active-Controlled, Parallel-
Group, Dose-Response Study to Evaluate the Efficacy and Safety of 2
Fixed Dosages of Extended Release OROSO Paliperidone (6 and 12
mg/day) and Olanzapine (10 mg/day), With Open-Label Extension, in the
Treatment of Subjects With Schizophrenia

OL extension

R076477-SCH-305/705

A Randomized, Double-Blind, Placebo- and Active-Controlied, Parallel-
Group, Dose-Response Study to Evaluate the Efficacy and Safety of 3
Fixed Dosages of Extended Release OROS®. Paliperidone (3, 9, and 15
mg/day) and Olanzapine (10 mg/day), With Open-Label Extension, in the
Treatment of Subjects With Schizophrenia

OL extension

R076477-SCH-302/702

A Randomized, 6-Week Double-Blind, Placebo-Controlled Study With an ;
Optional 24-Week Open-Label Extension to Evaluate the Safety and -
Tolerability of Flexible Doses of Extended Release OROS® Paliperidone in |
the Treatment of Geriatric Subjects With Schizophrenia

W -;\.:"

A

OL extension

a - Reports of analyses from more than one study or study(ies) and experiments(s).

b - The study title associated with this study number in the global summit review tree structure of the FDA electronic document room
is erroneously listed as the title for the pivotal bioequivalence study for the15 mg dose. However, the link does comrectly go to the

hepatic impairment study.
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"Table 4 In Vitro Studies with Human Biomaterials

FK3009 | Plasma protein binding of Paliperidone enantiomers.

| FK5209 | Plasma protein binding of Paliperidone and its enantiomers

 ceit Transport

FK4856 | In vitro study on mechanisms of transé_pithelial transport of paliperidone across monolayers

, VitrOMetabollsm ' e T T e T ,
FK2995 In vitro metabolism of paliperidoné and individual enantiomers in human liver cells and
subcellular fractions

| - In vitro pooled human microsomal CYP450 metabolism of Paliperidone
i FK3103

Effect of paliperidone on human CYP450 probe substrates

In vitro study of the inhibition of paliperidone on CYP450 3A4/5 and 2D6 probe substrates in
pooled human microsomes ,

I FK5304

3122 Summary of Study Design, Populations, Treatments and
Formulations Used Arranged by Primary S__tuqy__gqgl_

Table 5 on the following page shows a summary of study designs, stdd{pobﬂﬁtfdh '&émographics,
treatments and formulations used for each study. The studies themselves are grouped and arranged by
the primary study goal as shown by the sub-headers in the table.

Significant objectives as well as multiple dose clinical pharmacology studies are indic
PRERERIE. Use of phase (Il clinical trial formutations, (Ph I} CTF), are’indicated b
and use of the to-be-marketed, (TBM), formulations are indicated by B
formulations or facts are highlighted by use of different colored text, e.g.

ated by

ow:highlighting
4. Significant other
r violet.

Rt
PV

Light yellow shaded cells indicate pivotal bioequivalence and pharmacokinetic studies.

C -~ —

Lig aded ¢ells indicate studies that compared exposures after dosing of both Risperidone and
Paliperidone. : .

is i;1dicate studies that included PK/PD information that are not highlighted
elsewhere.

Table 6 contains a guide to formulation codes for paliperidone and its associated formulations and may
be useful to the reader when examining Table 5. (Risperidone codes are not included in Table 6 but may-

be found in §4.2.
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3.2 Pharmacology

Paliperidone is the active 9-hydroxy-metabolite of the antipsychotic risperidone that is approved for the
treatment of schizophrenia. '

The following description of the pharmacology of paliperidone is quoted directly from the sponsor's
submission;

"Paliperidone is a monoaminergic antagonist with a high affinity for serotoninergic
(5-hydroxytryptamine [5-HT] type 24 [SHT2A]) and dopaminergic D2 receptors.
Paliperidone binds also to al-adrenergic receptors, and, with lower affinity, to HI-
histaminergic and a2-drenergic receptors. Paliperidone has no affinity for
cholinergic, muscarinic, or Bl- and B2-adrenergic receptors. Paliperidone is a new
chemical entity belonging to the atypical antipsychotic class of psychotropic drugs. It
is the major active metabolite of risperidone that is registered worldwide for the
treatment of schizophrenia. Paliperidone 'is a racemate comprised of enantiomers
R078543 (+) and R0O78544 (-). The pharmacological profiles of the racemate and the
2 enantiomers are similar in in vitro binding assays, in vivo receptor occupancy
studies, and in in vivo functional interaction studies."”

The sponsor's findings and conclusions regarding in vivo and in vitro pharmacology of
paliperidone include the following:

1) shared nearly the same binding affinity for 5-HT:4, D2, a1, and a: receptors

2) reversed dopamine-induced suppression of PRL release from anterior
pituitary cells RS G

3) reduced 5-HT-induced human platelet aggregation. In a series of standard in |
vivo pharmacology tests, paliperidone, its enantiomers and risperidone
showed similar effects at closely related doses.

“Paliperidone was shown to distribute to specific brain regions with high density of
5-HT24- and Dz-receptors and achieve exposure (AUC) that was in excess of that in
plasma. There was no undue tissue retention of paliperidone except in melanin-
containing tissues of pigmented rats. The melanin binding of paliperidone was shown
to be reversible. ‘

The major biotransformation routes of paliperidone were similar in laboratory
animals and in humans. All metabolites identified in the human mass balance study
were also observed in at least one laboratory animal species. All the metabolites that
were identified following paliperidone administration in humans were also observed
Jollowing risperidone administration in humans.

Paliperidone at relevant clinical concentrations had no or only a marginal inhibitory
effect on the major CYP450’s. Paliperidone was shown to be a P-gp substrate but the
influence of any drug-drug interaction with P-gp at the level of the blood-brain
barrier is likely to be modest." :
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3.3 Chemistry
3.3.1 Drug Substance

" Paliperidone is a 50:50 racemic mixture of (+) and (-) paliperidone. It is the 9-hydroxy- metabolite of
risperidone. ‘

3.3.1.1 Chemical Name

(£)-3-[2-[4-(6-fluoro-1,2-benzisoxazol-3-yl)-1 -piperidinyl]ethyl]-s,7,8,9—tetrahydro-9-hydr6xy—2—methyl-4H-
pyrido[1,2a]pyrimidin-4-one )

3.3.1.2 Code Names and Numbers

Paliperidone: R076477
(+)-paliperidone: R076473
(—)-paliperidone: . R076474

3.3.1.3 Structural Formula

3.3.1.4 Molecular Formula

B

- C23H27FN40O3 - o ’
3.3.1.5 Molecular Weight |
426.49

3.3.1.6 Polymorphs
- ]

3.3.1.7 pKa

8.24
3.3.1.8 Solubility
Solvent Solubility (mg%)

Water 3
3.3.1.9 Particle Size

Dso Mean
Range wesassemmy
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| OROS Formulations

3.3.2 Drug Product

3.3.2.1 Formulation Descriptions

Five OROS formulations are described in the NDA, including three development formulations, the pivotal
phase Il clinical trial formulation (Ph Il CTF), — \. The three
OROS development formulations include ‘siow”, ~ s
formulation that also contains an immediate release coating on the outside of the tablet, resulting in a

) drug release pattern. ' :

In addition to the OROS formulations oral solutions, immediate release encapsulated === . immediate
release tablets, and extended release encapsulate. ===’ formulations were also used.

As many of the tables and documents submitted only referred to the formulations that were used by code
number some of the tables in this review also had to be generated in the same manner. A guide to these
codes and their associated formulations are shown in Table 6. Note that the OROS Ph lll CTF  exmmgmr=
formulations also have second codes that were used when the dosage units were over-encapsulated for
blinding purposes or were also imprinted with identifying codes.

Table6  Codes for Paliperidone Formulations Used in NDA 21-999

—
'—

‘Phlll CTF

P

~

"

A

I Oral Solutions

| IR Bul;, =—

1 IR Capsules

{R Tablets

| ER Encapsulated ==

’ “‘C:\dmautop\temp\CKaVanagh DataReviewsNDA21-999 PaliperidoneReviewFinalN21-999 Orig submission OCP Review.doc

L 4

-~ Page 43 of 266
Last printed 9/12/2006 6:23.00 PM



3.3.2.2 Qualitative / Quantitative Composition of MR OROS Formulations

The qualitative /quantitative compositions of the paliperidone modified release OROS formulations are
shown in Table 7, along with the studies that they were used in.

Differences in the qualitative composition of the formulations are highlighted by differential coloring of
table cells. :

The major differences between formulations follow and are best reviewed while simultaneously examining
Table 7. - :
For the TBM and the Phase il CTF formulations the differences: include

percentage in the TBM formulation
§ at a lower percentage the

compared with use of H
phase lll CTF formulation-

— )

Rate Controlling Membrane: . - rate controlling membrane was also used in the
TBM formulation compared with the_pt_lgase.!_ll_ fg(mgl_ation.

Except for colorants, imprinting ink, probable use of slightly different descriptors for certain ingredients
and use of over-encapsulation for blinding purposes there does not appear to be any other differences
between the Ph Ill CTF and TBM formulations. In addition, the differences mentioned are unlikely to alter

the drug release properties of the formulations.
Best Possible Copy

For the . - formulation the differences compared to the Phase lli CTF formulation
include: '

-

Rate Controlling Membrane: " e tablets not indicated.

C B 7

r m
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3.3.2.3 Manufacturing, QC, Stability Testing and Packaging Sites
3.3.2.4 Commercial Batch Sizes

3.3.24.1 Manufacturing Formulae

3.3.24.2 Capsule Batch Qualitative Quantitative Composition

‘“\S\NCN |

pppg?\ o‘\g\“o\
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3.4 Bioanalytic Methods

L4

’,

3.41 Methods Used and Assay Validations
3.4.2 Sample Handling and Storage

3.4.3 In-Process Quality Controls

eOrs s W

o on
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{ Amplitude:

3.5 Dissolution ————

3.51 Sponsor's Proposed Dissolution Method and Acceptance Criteria

Table 8

Sponsor’'s Proposed Paliperidone MR Tablets Dissolution Method and Specifications

‘@ USP Type VIl Reciprocating Disk

# NaClI 2 gm/L (0.2% wiw) in 0.0825 N HCI pH 1.0 + 0.5

“Hsomt

| f‘,_'llf.‘e”'m@erature:

- f#37zo0s°C

| Frequency:

Agitation by Reciprocating Arm 30 cycles per minute (cpm)

2-3cm

‘ ‘ 2 hour intervals for a duration of 24 hours

| sampling Times:

f -Acceptance Criteria:

' Conforms to USP <724> acceptance Table 1 for extended-release
i articles :

¥ 2 hours Q \
¥ 8 hours Q
{ 14 hours Q
1 24 hours Q

| Analysis

1 HpLc uv
 Analytical Method TN

*  The sponsor is calling this media '"Modified Artificial Gastrointestinal Fiuid, (AGF). The sponsor claims
that this is the same as USP Simulated Gastric Fluid (SGF) without enzyme. The USP's description of
SGF follows, and a comparison the varying methods used to acidify the solution and ballpark
verification of the pH may be found in Table 9.

“Gastric Fluid, Simulated, TS —Dissolve 2.0 g of sodium chloride and 3.2 g of purified pepsin, that is
derived from porcine stomach mucosa, with an activity of 800 to 2500 units per mg of prolein, in 7.0
ml of hydrochloric acid and sufficient water to make 1000 mL. [NOTE—Pepsin activity is described in
the Food Chemicals Codex specifications under General Tests and Assays.] This test solution has a

pH of about 1.2.7
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3.5.2 Dissolution Data =

3.5.2.1 Dissolution Data

Table 10 shows dissolution data as reported in the COAs for development, clinical trial, and To-Be-
Marketed formulation batches and also which studies they were used in. Except for batch MV0301019 no

. additional dissolution data was found for any batches used in the pivotal phase lli studies. For batch

MV03011019 full dissolution profile data in shown in Table 11, as it was used for external validation of the
P :

In Table 10 light yelfow shaded rows indicate the primary batch and unshaded rows indicate over-
encapsulated sub-batches used for blinding purposed in the phase Hii pivotal efficacy studies, these
studies are also indicated by red text and fight blue text. Orange, gi highlight
different batches that were used in a single study. Light turqiio xt highlight

" overall mean dissolution rates and ranges for clinical and to-be-marketed formulation batches.

Appears This Way
On Criginal

e

Appears This Way
On Original
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3.7 Metabolism
3.71 In Vivo Metabolism

Study P01-103 was a single dose mass balance study of 1 mg of orally administered *C labeled
paliperidone to 5 heaithy male volunteers. Subjects included 3 phenotypic CYP2D6 extensive
metabolizers and 2 poor metabolizers. Plasma, urine and feces samples were collected for up fo 1 week
post-dosing. Analysis of the urine and feces were reported in in vitro study report FK4612.
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Figure 12 and Figure 13 show an over and under comparison of Total '*C Radioactivity and unchanged
paliperidone concentration-time profiles after administration of 1 mg “C-Paliperidone Oral Solution and
Table 24 shows a comparison of their pharmacokinetic metrics.

The plasma concentration profiles of total radioactivity and unchanged paliperidone are very similar.
Although terminal elimination of unchanged paliperidone appears to be paradoxically slower than for “C
moieties this is probably due to a lack of assay sensitivity. Overall these figures and Table 24 indicate
formation rate limited metabolite kinetics and little exposure to metabolites. Based upon this, the low
molar exposures to metabolites, the metabolites probably don't contribute much to efficacy or to toxicities
due to binding at serotonergic, dopaminergic, adrenergic, or histaminergic receptors, however without
receptor binding and transporter data we can't be certain. '
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Table 24 Comparison of Pharmacokinetic Metrics of Total 14C-Labeled Moieties and Uachanged
Paliperidone after “C-Paliperidone 1 mg Solution PO ~ Study P01-103

n 5 5 5
9.54+1.35 885+ 1.31 1.081 £ 0.066
Cmax* (142) (14.8) 6.1)
{ng/mi) 7.90-11.3 7.18-106 0974 - 1.138
[9.00] 923 [1.100]
_ 1.40 £ 0.224 1304 0.274
Tmax. (16.0) @1.1)
(hr) 1.00- 1.50 1.00 - 1.50
‘ {1.50] : {1.50} _
: 114199 111£220 0.970 £ 0.0250
AUC24* (17.5) (19.8) (2.6)
1 (ngimix he') 90.7 - 145 85.3-145 0.940 - 1.00
[113] {108] {0.962]
120+ 31.7 1831293 0.653 + 0.086
AUClast" (26.4) (16.0) (13.1)
{ng/mil x he') 90.7- 174 _ 143-218 0.574-0.798
. {113] [191] [0.634]
175+ 30.7 187 +29.3 0.935 + 0.083
AUC=* (17.5) (15.7) (8.8)
{(ng/ml x hr') 134-217 147 - 221 0.821 - 1.042
: [175] {196] [0.921}
97.9+17.6 91.0¢ 15.0 )
CUF {18.0) (16.5)
(mU/min) 76.8- 124 754-113
[95.2] [85.0]
"a  For "Clabeled metrics, units are ng-equivalent instead of ng. ]

The metabolic scheme for paliperidone as best as can be determined by this reviewer from the reports of
studies P0t-103 and FK4612 is shown in Figure 14.

The reported data for the breakdown of paliperidone recovery in urine and feces is show in Table 25.
Unfortunately, recovery in feces of individual moieties from individual subjects was not reported. However,
recoveries from some pooled feces samples were reported and are shown in Table 25. No unchanged
paliperidone was recovered from feces. .

In summary, the metabolism and excretion of paliperidone is as follows:

Just under 60% of an oral dose of paliperidone solution is eliminated unchanged in the urine, with about
slightty more than 30% eliminated as metabolites in urine and feces and less than 10% of the dose was
not recovered. This indicates that paliperidone is well absorbed and that both renal elimination and
hepatic metabolism contribute significantly to elimination. Of the 30% of the dose that is metabolized
approximately 1/3 is eliminated in the feces (range 25% - 50%), and the 2/3's is eliminated renally.

There ére four primary metabolic pathways for paliperidone metabolism in humans:

Dehydrogenation of a hydroxyl group to form paliperidone keténe
Oxidation to form 1 or possibly 2 hydroxy-paliperidone products possibly mediated by CYP2D6
+  Oxidative metabolism to form a benzisoxazole scission product possibly mediated by both
CYP2D6 and CYP3A4 .
* N-dealkylation to form an acid and amine cleavage products.

Each of these primary pathways appears to mediate 12% or less of total elimination.

Secondary metabolism appears to include benzisoxazole scission of hydroxy-paliperidone and/or
hydroxylation of the benzisoxazole scission product to yield a hydroxyl-benzisoxazole scission product,
and glucuronidation of the benzisoxazole scission product. )

Aithough 60% of the dose on average is efiminated unchanged in urine in CYP20D6 extensive
metabolizers the average is 55% and in poor metabolizers it's 65%.

No 'single metabolic pathway can be singled out as being particularly significant, but both renaf and total
hepatic elimination are important.
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Table 26 shows the metabolism rate of unchanged paliperidone and the formation rate of the
benzisoxazole scission product, (R084852 aka M11) by CYP2D6 and CYP 3A4 in microsomes from E.
Coli heterologous expression systems.

Table 26 Paliperidone Metabolism Rate and Formation Rate of R084852 by CYP2D6 and CYP3A4
from Heterologously Expressed Microsomes

CYP2D6

CYP3A4

3.7.2.2 Pooled Human Hepatocytes

The metabolism of ’f‘C labeled racemic paliperidone (10 pM) and the (+) and (-) enantiomers (5 uM) were
each examined in pooled human hepatocytes cultures in study FK2995. From (+)-paliperidone M1, the
acid cleavage product, and M9, one of the alicyclic hydroxyl-paliperidones was formed, whereas only M1,
the acid cleavage product, was detected after incubation of (-)-pahpendone

3.7.2.3 Pooled Human 12,000 x g Subcellular FractlonS" '

Study FK2995 examined the metabolism of '*C labeled racemic paliperidone (10 uM) and the (+)and (-)
enantiomers (5 M) in pooled human 12,000 x g subcellular fractions and microsomes. M1, the acid -

cleavage product, and M9, an alicyclic monohydroxy-paliperidone were formed in 12,000 x g subcellular
fractions as well as M15, a second alicyclic monohydroxy-pallpendone L

3.7.2.4 Pooled Human Microsomes -

Study FK2995 also examined the metabolism of 'C labeled racemic paliperidone (10 M) and the (+) and
(-) enantiomers (5 pM) in pooled human microsomes. Formation of M9, an alicyclic monohydroxy-
paliperidone, M12, paliperidone ketone as weIl as M15, a second alicyclic monohydroxy-paliperidone,

was detected.

3.7.2.5 Induction By Paliperidone

Induction experiments in human hepatocyte cultures do not appear to have been performed.
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3.7.2.6 Inhibition by Paliperidone

Little to no inhibition of P450 isozymes examined in vitro was detected when incubated with a 50:50
mixture of racemic pafiperidone at claimed clinically relevant concentrations, (Cmax < 150 ng/mt).
However, concentrations in vivo are not at a 1:1 mofar ratio of the (+) and (-) enantiomers so the in vitro
data must be interpreted cautiousty. In addition all inhibition experiments included a pre-incubation period
of only 5 minutes, and no experiments were conducted without pre-incubation. Due to the lack of
experiments without pre-incubation, the limited duration of the pre-incubations used, and the low absolute
quantities of the incubation experiments thereby limiting the ability to detect metabolism, we need to
conclude that the potential for mechanism based inhibition by paliperidone metabolites or suicide

.substrate inhibition was not adequately tested for in vitro.

The interaction of paliperidone with the metabolism of a number of specific cytochrome P-450 substrates
was investigated in vitro in a batch of human liver microsomes, (H-INT-1). The inhibitory effect on the
overall metabolism of the specific substrates and/or on the formation of their major metabolites is shown
in Table 27. When less than 50 % inhibition was observed at the highest concentration tested, the %

"inhibition at this concentration is given.

Examination of the inhibition by paliperidone of CYP2D6 and CYP3A4 using various substrates of
CYP3A4 that may represent different binding sites also failed to show any significant inhibition in vitro at
clinically refevant concentrations, (see Figure 16 and Table 28).

Table 27 Inhibition of Metabolism of CYP Isozyme Probes by Palipe

ridone - Study FK3103

LS

N3-desmethyl

Caffeine caffeine formation

7-OH-coumarin

Coumarin formation

 CYP2C8.9.10

4-OH-tolbutamide.
formation
4-OH-phenytoin
formation

Tolbutamide

Phenytoin

| Dextromethorphan

-~ overall metabolism- | - 030,

4-OH-hydroxylation

'| ‘Debrisoquine

6-OH-chlorzoxazone

Chlorzoxazone formation

Cyclosporine A overall metabolism

overall metabolism

Testosterone 6-f-OH testosterone
: formation

o and {(&-1)-
ids

Figure 16 Percentage of Dextromethorphan O-demethylase, Midazolam 1'- and 4-hydroxylase and
Testosterone 6-8 hydroxylase Inhibition in the Presence of Various Concentrations of Paliperidone

(2-5000 ng/ml)
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3.8 Protein Binding
Experiments of human piasma protein binding of paliperidone and its enantiomers were conducted using
“C-labeled drug equilibrium dialysis.

At concentrations achieved with clinical usage, (<250 ng/mi), the overalt plasma protein binding of
paliperidone and its enantiomers were concentration independent under the conditions studied, (see
Table 29 and Figure 17). - :

Table 29 Concentration Dependency of Protein Binding of Paliperidone and its Enantiomers in
Pooled Human Plasma - Study FK5209°° : '

Mean%Free § 268
Pooled ptasma from five male healthy subjects.
b  Each value represents the mean of two determinations.

Figure 17 Plots of Concentration Dependency of Plasma Protein\ Binding of Paliperidone and its
Enantiomers in Pooled Human Plasma - Study FK5209*° 0
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However, when protein binding to purified protein solutions of human serum albumin and a1-acid
glycoprotein was examined at paliperidone concentrations of 50 ng/ml; there was a clear relationship of
. protein concentration to the amount of drug bound that was different for each enantiomer. Consequently,

there may be some clinical consequences to this differential binding in situations where plasma protein
concentrations are altered.

Table 30 Concentration Dependence of Binding of Paliperidone and its Enantiomers to Purified
Human Serum Albumin at concentrations of 50 ng/mi - Study FK5209°

0.1 29 8.0 , 73 0.992

0.25 6.9 212 14.4 0.921
0.50 114 224 20.7 0.979
1.0 16.5 21.2 | 21.2 1.000
2.0 | 26.7 37.1 333 0.943
43 43.8 | 385 | ' as ‘ 1.150
60 50.1 457 | 52.1 1.134

43 %62 | 615
a  Each value represents the mean of two determinations
Table 31 Concentration Dependence of Binding of Paliperidone and its Enantiomers to Purified

a1-Acid Glycoprotein - Study FK5209°
, —

ntration
(gm/100 mi)

Each value represents the mean of two del

a terminations
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3.9 Cell Transport

The presence and characteristics of trans-epithelial transport of paliperidone was investigated in CaCQ-2
monolayers. The integrity of cell monolayers was evaluated by measuring transepithelial electrical
resistance (TEER) before the transport experiment, and by determining the leakage of **C- or *H-mannitol
during the experiment. In addition, each Caco-2 cell batch was validated by measuring transport of *C-
alniditan and H-levocabastine and *H-theophytline which are marker compounds for low, medium and
high transepithelial permeation rates, respectively.

3.9.1 Facilitated Trans-Epithelial Transport of Paliperidone

The highest Cmax observed in vivo with multiple dosing of paliperidone OROS 12 mg was 166 ng/ml or
390 nM/L. .

At a paliperidone concentration of 1 pM/L at physiologic pH, the efflux ratio (ER) is 1.8 indicating
facilitated efflux of paliperidone at this concentration. In addition, as concentration increases well above
clinically achieved concentrations passive absorption becomes more prominent as indicated by a
decreasing ER ratio, (see Table 32).

Paliperidone has a pKa of 8.24. When the effect of pH is examined, facilitated absorption increaées as pH
decreases as is shown by an increasing ER ratio indicated increased paliperidone transport with
ionization,

Table 32  Effect of Paliperidone Concentration and Apical pH on Transepitheliat Transport of
Paliperidone across Caco-2 Monolayers — Study FK4856 : :

3uM 340113 213x23 1.6 5
10 uM | 322%14 24+45 | 14 |
30 uM 30.1+£09 _ 265140 1.1
paliperidone 1 uM (pH 6.0) 14.0
| 1uM(pHES5) § " 8908 | 34
1 pM (pH 7.0) 16.2+3.5 1.9
1 M (pH 7.4) L e )
| 1 pM (pH 8.0) 28.1+£24 0.9
levocabastine® 20 uM 213114 130113 1.8
theophylline® 20 uM | EE: 36570 10
a low permeability control - High Facilitated Excretion
b  medium permeability control — High Facilitated Absorption
¢ high permeability control — Passive Transport
These effects of concentration and pH on paliperidone bidirectional transport are shown graphically in

Figure 18, Figure 19 and Figure 20.
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Best Possible Copy

Figure 18 Mean (isd, n=4) Amount of AP-BL and BL-AP Paliperidone Transport vs. Time across
Caco-2 Monolayers for Initial Paliperidone Concentrations of 3-100 uM.
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Figure 19 Effect of Apical pH on-absorptive (AP-BL) and secretory (BL-AP) Transport of

paliperidone (1 yM) across Caco-2 monolayers. Bars represent average (t sd, n=4) Papp values as
determined from the 15-45-90 min (steady-state) slopes of the transpovt-tlme profiles. The ¥
basolateral pH was always adjusted to 7.4.
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Figure 20 Relationship between fraction of paliperidone in the apical compartment in unionized
form and the Papp value for paliperidone obtained for absorptive transport across Caco-2

monolayers®
50
fypotrieies lnear
_ % reomnp .
& 1 the ateerce of Fgp”
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a The‘ﬁaction of unionized paliperidone was calculated based on a pKa value far the piperidine group of 8.24 and the apical pH

during the transport experiments.

3.9.2 Paliperidone Inhibition of pGP Trans-Epi‘theIial Transport

At clinically achieved concentrations paliperidone has little ability to inhibit PGP transport. However, if
paliperidone is concentrated the Gl track, bile track, renal tubules, or other tissues, concentrations might
be sufficiently high to inhibit pGP transport, (see Table 33, Figure 21, and Figure 22).”

Table 33  Effect of Paliperidone on Polarized Transport of the P-glycoprotein Substrate 3H-taxol
across Caco-2 Monolayers — Study FK4856 ,

Test

Substance {nhibitor

{  ’Hetaxol
_{(control)

Concentration |

Papp (10”° cm / sec)
Mean * SD°

Basolateral to Apical

Efflux Ratio «_ |
(Bto A/AtoBf |-

0.1 uM

11.0+£ 0.8

— 03 uM.

129+

0.5 pM

163119

—AuM

14.5%1.

Paliperidone 3 uM

155108

SuM

155£11

100 uM

0.03

|- verapamil . |
+ control

100 M-

o— T —
a  Caco-2 cell monolayers were maintained for 22 days on cell culture inserts. 3H-taxol (75 nM) was added to the a

BRI R 133105
30 uM 136+ 1.4 0.74 £ 0.03
50 M 125+09 003 16412~
9.0£02 091+

Tu2v0s

10£04°*

pical or to the

basolateral compartment. All Taxof Papp values were caiculated based on 120 min transport data (0-120 min slope). Values
shown in this table result from incubations conducted in the presence of Hank’s Balanced Satt Solution, adjusted to pH 7.4 in
both compartments. The average mannitol permeability value across all incubation conditions included in this table was 0.4 x
10° cmy/s and the highest average mannitol permeability value measured was 0.6 x 10° cm/s. This indicates that tight
junctional and cell monolayer integrity were maintained for all incubations. (*) denotes statistically significantly different from

control based on one-way ANOVA followed by post-hoc Dunnett's test for pair-wise comparison of each condition with control

(a=0.01)

» ~C\dmautoptemp\CKavanagh DataReviewsNDA21-999 PaliperidoneReviewFinalN21-999 Orig submission OCP Review.doc
Page 85 of 266

+ “Tast printed 9/12/2006 6:23:00 PM



’

Figure 21 Effect of Increasing Concentrations of paliperidone (0.1- 100 pM) or of 100 M of the P-
gp inhibitor verapamil (positive control) on absorptive (AP-BL) and secretory (BL-AP) transport of
the P-gp substrate taxol (75 nM) across Caco-2 monolayers®

Tanol Py 1 10% covs)

VERAP

= R

100

g1 B3 85t 3 5 .10
Pafiperidana cancentration (i) or Verapami 10

2 435

1 -

a  Bars represent average Papp values (x SD; n=3) at 120 min. BOTTOM: Effect of paliperidone an P-gp mediated taxo!
transport, represented by: i) taxol efflux ratio (=secretory/absormptive transport) and i) taxol efflux transport (= secretory -
absorptive transport, as % of control). Points are average (& sd, n=3).

Figure 22 Effect of paliperidone on P-gp mediated taxol transport, represented by taxol efflux
" ratio (=secretory/absorptive transport). Points are average ( sd, n=3). ANOVA followed by "

Dunnett's post-hoc test (for pair-wise comparison of each treatment with control) was used to *

evaluate statistical significance of the ER values. * denotes statlstlcally significantly different from

control at the 0.01 level. ¥
35 :

o (Y
Paliperidone conc (NS}
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3.9.3 Inhibition of Paliperidone pGP Facilitated Trans-EpitheIial Transport

Consistent with the data that paliperidone is a moderately potent competmve inhibitor of pGP transepithelial transporters,
some potent pGP transport inhibitors inhibit paliperidone transport whereas others don't. The pGP substrates that don't
inhibit pa_llperldone are instead potentially inhibited by paliperidone, (see Table 34 and Figure 23).

Table 34 Effect of Transport Inhibitors on Transepithelial Transport of Paliperidone across
Caco-2 Monolayers— Study FK4856

z:::lnptfg;)ione 1uM 189+ 1.3 : 347124

cimetidine {d ° 214+20 |, 356£19
quinidine : 362126 272+12

metformin  § 18044 | 372217
levofloxacin | 18.11 4.0 350126
| paliperidone 1 uM | verapamit 1 36946 | 298£13
| procainamide | 187 £1.7 = 367£26
imipramine | 36.8 +3.1 . 286108
probenecid | 197 £1.7 o 363:!:18_
_trimethoprim . 199439 - | 349121

a  All Papp values were calculated from the siopes of 15-45-80 min transport-time proﬁles Unless specified otherwise, ﬁgures shown in this
table result from incubations conducted in the presence of Hank's Balanced Salt Solution, adjusted to pH 7.4 in the apical compartment.
Inhibitor concentrations were 200 uM. The pH in the basolateral compartment was always adjusted to 7.4. The average absormptive
mannitol permeability (determined over the 15-45-90 min incubation period) value across for incubation conditions included in this table
was 1.2 x 10-6 cis and the highest average absorptive mannitol permeability value méasured was 1.9 x 10-6 cv's. This indicates that
tight junctional and cell monolayer integrity were maintained for all incubations :
b  Statistically significantly different from control based on one-way ANOVA followed by post-hoc Dunnett's test for pair-wise comparison of *\5

each inhibitor-treated condition with control (a=0.005).

As shown in Table 34 quinidine, verapamil, and imipramine inhibit paliperidone efflux at a paliperidone concentration of 1
HM. A concentration of 1 uM is about 10 fold higher than the average peak concentration with maintenance dosing of
paliperidone OROS 12 mg, and 20 fold higher than with a maintenance dose of 6 mg. Consequently this raises a concern
of decreased paliperidone efflux and increased bioavailability in the presence of these pGP inhibitors. Since, both
inhibitors and paliperidone were used at excessive concentrations, (i.e. 200 pM and 1 pM respectively), the potential for in
vivo inhibitor becomes more difficult to assess. However, the ratio of inhibitor to paliperidone was 200:1. in addition
inhibition appears to be 100% and since the ratio of inhibitor to substrate concentration/Ki ratios needs to be 10 fold for
complete competitive inhibition. Based on the in vivo concentration ratios as shown in Table 35 both quinidine and
verapamil are predicted to increase paliperidone bioavailability in vivo.

Table 35 Prediction of pGP Inhibitor to Paliperidone Conceﬁtration Ratios In Vivo

E Quinidine
i VVerapamil

i Imipramine
] Substrate
} Paliperidone 6 mg
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Figure 23 Effect of various transport inhibitors (200 uM) on péliperidone efflux ratio (ER) values®
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a  Bars shown represent average (+ sd, n=4) ER values obtained from the secrefory/absorptive Papp values of paliperidone at 90
* min. The initial paliperidone concentration in the donor compartment was 1 yM (TOP pane) or 30 uM (BOTTOM panel).
ANOVA followed by Dunnett's post-hoc test was applied to compare treatments with control condition. * denotes significantly
different from control at the 0.005 level. - . :
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3.10 Pharmacokinetics

3.10.1 Review of Amendments to Original Submission

The sponsor submitted a number of amendments to the NDA that are listed on the first page of this
review in the review header table.

Each submission has been checked to determine if there was any information that is pertinent to the OCP
review. Three submissions were found to have information of interest to OCP, one included changes to a
phase | study, (0008) None of the three submissions were found to have any bearing on the conclusions
of this review.

One of the submissions (0006) included revised labeling and that version of labeling was used as the
basis for OCP labeling comments.

In addition, the sponsor sent an e-mail dated Aug-23-2006 to this reviewer that was intended to alleviate
this reviewer’s concerns regarding the lack of a dissolution assay method that is adequate to cover the
upper range needed for the assay. This e-mail failed to address the issue and instead addressed a
different unasked question. A followup T-con resolved the issue and is addressed in the dissolution
section. The sponsor was requested to submit a minor amendment to the NDA for documentation,
however as of September 12, 2006 the amendment was not recorded in the electronic document room
submission.

3.10.2 Initial Investigations of Paliperidone Pharmacokinetics

3.10.2.1 Comparison of Inmediate Release Paliperidone and Risperidone
Gl Absorption and Exposure

Study BEL-28 was a crossover study that compared the absorption characteristics and relative exposures
of equal mass doses of 1 mg of risperidone and paliperidone administered orally as solutions to young
males. Both drugs were absorbed rapidly with lag times of only 15 minutes. Exposure after administration
of paliperidone was slightly higher than exposures to all active moieties combined from Risperidone.
Although not corrected for on a molar basis, as paliperidone has a slightly higher molecular weight,
exposures on a molar basis should be slightly higher for paliperidone compared to risperidone. Overall
the-data suggests that dosages of paliperidone should be similar to dosages of Risperidone, (see Table

36).

Appears This Way
On Original
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3.10.2.2 Relative Bioavailability of Paliperidone IR Tablets and Effect of

Next the relative bioavailability of a 0.5 mg immediate relea
was compared to an oral solution in a 3-way crossover stu

This study revealed that abso
by both adelay in Tlag and a

Table 37 Single Dose Pharmacokin
Tablet in the Fed and Fasted State C.

Food

etic Metrics of Paliperidone when Administe
ompared to Administration as a Solution — St

rption from a tablet was only slightly slower than from a solution, as shown
n even greater lag in Tmax, with no effect on the extent of absorption.

red as 0.5mg
udy BEL-1

se tablet under both fasted and fed conditions
dy, BEL-1, in 12 young males and females.

i 1 H o510 107 £35 113138 242426
| sowtion | N (00 0.4) (0.3) (0.3) (0.3) ©.1) ©1)
Fasted | 24 05.05 | 31-90 2-4 67.4-173 | 739-185 | 65-99 | 201.279
| 105 [4.0] 2] [100] . [103] [8.5] [23.6]
lo54£014 | 45:11 | 22:06 | 104228 116429 | 10537 | 27445
Tablet (26.6) (23.7) (27.3) (26.9) (25) (35.2) (16.4)
05-1 32-6.7 1-3 62 - 140 70-153 | 4.8-203 | 166.325 |
[0.5] [4.5] 2] [106] [116] [104] | [278]
- | 0804 | 43212 | 3121 102+30 | 113531 | 10:35 | 261251
o 1 533 (28.2) (32.3) (29.4) (27.4) (35) (19.5)
| TabletFed | 120 55770 | 26.64 1-4 102-581 | 112-661 | 92-55 | 244-184
, [0.75] [154] [163] [36.5]

111 +40 100 + 26 103 +25
B at - _ (36) _ (26) (24.3)
| Top Fasted: 62.8 - 217 786-175 | 805- 165 v
0 [99.3] [92] [98.2] ’
95.6 + 20.1 999£212 | 986+17.8
_ 1) _ 21.2) (18.1) B N
97 - 47.1 989-538 | 96.8-556
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Table 39 Day 14 Renal Elimination of Paliperidone from IR Tablets — Study INT-1

271 £ 117

. 192 - 530

[238]

274176
35-514
(35.6]

1448 £ 867
1.93 - 2280
[1622]

1125 £ 411
720 - 1659
[1061]

304157
16.3-52.8
[26.3]

2640 + 498
2250 - 3201
[2468]

1968 + 497

1476 - 2470
[1957]

.234+72

152-27.9
[27.3]

3.10.2.4 Paliperidone Modified Release Gl Absorption Characteristics

Aftér the examination of paliperidone IR pharmacokinetics three studies were conducted to examine the
feasibility of a slower releasing modified release formutation.

These 3 studies included:

e ALZA-C-2001-032

A pilot study comparing the absorption of both paliperidone and. ‘
risperidone from both oral solutions and osmotic modules in young males
and female adults S '

e ALZA-C-2001-039 An exploratory PK/PD study comparing the incidence and severity of
hypotension from paliperidone after drug delivery and absorption by 3
different delivery rates in male and female adults

o

An exploratory PK/PD study comparinb the incidence and severity of
hypotension from both paliperidone and Risperidone after drug delivery
and absorption by 2 different delivery rates in male and female aduits

* ALZA-C-2002-019

4,\‘.("‘

3.10.2.4.1 Exploratory Study Alza-C-2001-032

Study Alza-032 showed that the total exposure to active moieties after administration of solutions of
risperidone and paliperidone were similar, although the Cmax of total active moieties was slightly higher
after administration of risperidone. When administered as osmotic modules Tmax was delayed and Cmax
was decreased as expected for both risperidone and paliperidone as expected, although to a greater
extent with risperidone. Total exposure to active moieties was also decreased for both drugs by about 1/3
to 40%, (i.e. Frel ~ 0.6 — 0.67), suggesting either incomplete release or differences in regional absorption,
(see Table 40).

3.10.2.4.2 - Exploratory Studies Alza-019 and Alza-039

‘When paliperidone oral solutions were administered in multiple small doses over the course of a day in
studies ALZA-03S and ALZA-019, the total exposures and Cmaxs after adjustment for dose are similar to
total exposures to active moieties after administration of paliperidone and risperidone as immediate
release formulations, (see Table 41, Table 42 and Table 43). This suggests that the lower bioavailability
seen in study ALZA-032 is either due to incomplete release, a drug by formulation interaction, a spurious
finding, or due to regional differences in absorption, (see §3.5.2Dissolution Data e ee———
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