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Table 43  Bioavailability of Paliperidone and Risperidone Administered in Multiple Divided Doses
Compared to Administration of Risperidone as an Oral Solution Study ALZA-019

-
: Toal : g Cmax " Trnax CAger
Day1 l Day2. {."(mg) : | Dow®) [ Analyte 1 "N} oy i . (he) = 2§ gl R |
L e e e R SRR et
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3.10.4 Absolute and Relatlve Bioavailability, Enantiomer Pharmacokmetlcs
and Interconversion - Study P01-0007

Study P01-0007 was a randomized, open-label, single-dose, 5-way crossover study in healthy adults to
evaluate the absolute and relative bioavailability of paliperidone, and enantiomer pharmacokinetics and
interconversion.

Treatments consisted of:

Paliperidone Oral Solution 1 mg
Paliperidone OROS 3 mg
Paliperidone 1 mg IV over 30 mmutes
(+)-Paliperidone Oral Solution 1 mg
(-)-Paliperidone Oral Solution 1 mg

moow>»

With a 7 — 14 days inter-period washout phase.

3.10.4.1 Absolute and Relative Bioavailability

For immediate release paliperidone tablets the absolute oral bioavailability was 106% and for
paliperidone OROS the absolute oral bioavailability was 28%. The relative bioavailability or paliperidone
OROS relative to an oral solution was 26% (see Table 48).

Table 48 Absolute Bioavailability of IR Paliperidone Oral Soiuiidﬁ and ER OROS Paliperidone
Versus Paliperidone IV Infusion, Based Upon AUC- of Total Paliperidone - Study P01-1007

PAL IV (1 mg) | . -

PAL solutiori (1 mg) | ‘ '(18912?.1125 0

PAL ER OROS (3 mg) @ i 8)

a The AUC~ ofthe 3mg ER OROS paliperidone tréatment was dose-normalized to 1 mg. Data are analyzed on log scale, but
resuits are back-transformed to the original scale.

~ The overall exposures, (AUC-), after orally administered IR paliperidone po (1 mg) [mean, range; 241,
118 - 36] and ER OROS po (3 mg) {210, 32- 357] are comparable to exposures after i.v. treatment (1 mg)
[233, 105-411], (see Table 50). ‘

The maximal plasma concentration after ER OROS paliperidone (3 mg) administration was approximately
1/2 of the IR paliperidone oral administration (1 mg) Cmax, and ~ % of the post i.v. administration (1 mg)
Cmax.
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3.10.4.2 Enantiomer Pharmacokinetics and Interconversion

The plasma-protein binding differs between the 2 paliperidone enantiomers and was 82% for
(+)-paliperidone (R76543), 65% for (~}-paliperidone (R078544), and 76% for racemic paliperidone
(RO78547).

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, whereas after administration of the (-} R078544enantiomer there is about 55% in
vivo interconversion from the R078544 (-) to the enantiomer R078543 (+). After administration of
paliperidone as a racemate, the (+):(-) paliperidone AUC= ratio is about 1.6, imespective of the route of
administration and type of formulation, Although 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, (see Table 49, Table 50,
Figure 35, and Figure 40). No differences were noted by CYP2D6 phenotype, (see Figure 36).

Table.49 ~ Summary of Paliperidone Exposures and Enantiomer Ratios after Administration of
individual Enantiomers and Racemic Formulations ~ Study P01-1007

275 £ 109 219+77.9 | 2411731 2331 89.0 210 £ 100
(39.6) (35.6) (30.4) (38.3) “@7.7)
112-554 . 870-418 | 118-366 105 - 411 31.7-357
[259] [206} 227] [215]
2051840 11 35 | 1532485 |- 1481605

| (40.9) . . (31.9) (41.0)..
(+)-Paliperidone : | e82-243 | 584 274

| AUCInf - . I T Sew— 3 . [145] ",3?1
 (ng/mi x hr) o g 92 3, 1913233 §. 8941267
.. “(yPaliperidone

(+/-)-Paliperidone

131453  eax2 17845

0.6) . (25.0)
54:252 6-12. 9.45-257

(127] ‘ . (19.0]
122498 | 2 1 es5118 | 115%284
ar - B 1+ I s MU (26 4 -(258) |
(*)-Paliperidane : 488-236- | 27 | 25-92 | ‘602-163 °
, i | : . .

(#1-)-Paliperidone

Cmax
g (ng/mi)

235149
(20.9)

(#{-)-Paliperidone 6.0-28.0

E (+)«Pallperidone
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Figure 34 Exposures to both (+)- and (-)-Paliperidone after Solutions of each Single Enantiomer
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Figure 36 Graphical Representation of the Pharmacokinetic Parameters Cmaxand AUCins of

Paliperidone and its Enantiomers, R078543 and R078544 by CYD2D6 Phenotype
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Adverse Effects

Adverse events by treatment for study P01-1007 are shown in Table 51.

. —=C:\dmautop\temp\CKavanagh DataReviewsNDA21-999 PahpendoneRevuewFlnalN21-999 Orig submission OCP Review.doc

’

~* Last printed 9/12/2006 6:23:00 PM

Page 116 of 266



Table 51 Incidence of Common Treatment-Emergent Adverse Events (Study R076477-P01-1007:
Safety Analysis Set

: jTotal no: subjects w:th adverse events
EPsychlatrlc,,-dlsorders Lo -6(30) € 7
| Somnolence T 7165 11 (55) 12600 | 6(@30) .18 (90)" )
§ Cardiovascular disorders, general - 5) 2(10) e 420) ’

Hypotensuon postural 2(10)

g
9 (45)
200 |
1)
1(5)
- 5 (25)

| Body as.a whole - general disorders " "3(15) | 2(10).
Fatigue 2 (10)
Back pain : 0

} Centr & periph nervous system disordere.ﬁ' . 5(2 2 (10)
Headache ' v 1(5) 3(15)
Dizziness 1 : 0 1(5)

: Migraine 0 : 1(5)

§ Platelet, bleeding & clotting disorders | 5 ToNE B

| Haematoma 5 1(5)

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 foIIowmg order: IV > IR > OROS,
(see Table 51).

e

In contrast the incidence for 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 to with the racemic solution,
the (-)-enantiomer and the OROS formulation. Although 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, (see Table 50). Looking at the incidence of AEs and the exposures by
treatment in Table 51 and Table 49, there may be some advantage in terms of side effects for the (+)
enantiomer compared to the racemate when both are administered as OROS formulations, whether there
is similar or differential efficacy would need to be determined.

"

ag

3.10.5 MR OROS Formulation - Single Dose Pharmacokinetics (Dose
Linearity)

Two single dose, dose linearity studies were conducted. Study Alza-044 studied a range of 6 mg to 15 mg
by. using combinations of 3 and 9 mg phase lll clinical trial formulations and study P01-1010 studied a 3
mg to 15 mg range using the phase Ill clinical trial formulation for the 3 mg dose and the  “======—my
formulations for the other 4 strengths. Study Alza-044 was a sequential and study P01-1010 employed a
crossover design. Both studies were conducted in healthy adult males.

Study Alza-044 was initially designed only to examine the two lowest doses and the tow higher doses
were added to the design later. Consequently, not all subjects were available to participate in all four
treatment arms. Thirty subjects were enrolled in the study Alza-044 and received the first two treatments
{6 and 9 mg ER OROS® paliperidone, respectively). Of these subjects, 23 continued in the study and
received Treatment C (12 mg ER OROS® paliperidone), and fifteen subjects continued on to complete all
treatments, including Treatment D (15 mg ER OROS® paliperidone). Since Periods 3 and 4 were initially

P P
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unplanned, none of the subjects was considered to have withdrawn from the study due to an AE,
withdrawn consent, or lost to follow-up.

Exammatlon of the pharmacokinetic data from study Alza-044 and study P01-1010 reveal dose linearity
for single doses over the range of 3 mg to 15 mg, (see Table 52, Figure 37, Figure 38, Figure 39, Table
53, Table 54, and Figure 40).

Table 52 Paliperidone Pharmacokinetic Metrics Followmg Single Doses of Pallperldone OROS -
Study Alza-044

243178
(7.3)
20.0-27.0
[24.0]

11.85 +3.68
(31.08)
6.7-234
{11.30]

444.9 £ 1450
(32.6)
223-872
[407.9]

484.9 £ 159.4
(32.9)
238 - 937
[439.1]

2344275 |
(11.73)
19.1-29.0
[23.53]

24.241

11.36

424.6

462.0

23.29

108 110 111
112119120
121

23916
(6.8)

20.0-27.0.

[24.0]

12.44 £3.71
(29.83)
85-234
[11.80]

465.8 £ 144.1
(30.9)
314-872
[421.6]

507.1 £ 155.9
(30.7)
327 -937
[444.1]

2354+264 §
(11.23)
19.1-29.0
[23.88]

23.823

11.99

4479

487.5

23.40

- 102 104 108
110111 112
116-117 119
120 121 123
127 128 130

23713

(55)
22.0-27.0
- f24.01

| 11931416

{34.88)
85-234
[9.64]

436.8 + 119.4
(27.3)
314 -736

1386.2]

479.5 £ 133.4
(27.8)
327 -806
[434.1]

24.18'+2.85-
(11.80)-
19.1-29.0 |
[24:15] -

249131
(12.4)
16.0 - 30.0
[27.0]

1139

16.77 £5.55
(33.09)
8.7-31.0
(15.85]

4235 |7

647.0 £219.9
. (34.0)
364 - 1170
[597.1]

464.1.

711.0 £2463
(34.6)
398 - 1297
[659.8]

; _vgg;qéy- il

24.53 £3.01
(12.25)
18.2-29.8
[24.33)

24.721

15.96

615.0

674.4

LW

I

2435

108 110 111
112119120
121

253 £3.0

 (11.8)

16.0-30.0
[27.0]

16.84 £ 5.71
(33.88)
8.7-31.0
(16.50]

647.7 £2258
(34.9)
364 - 1170
[617.9]

710.5 £251.5
(35.4)
398 - 1297
(688.3]

B

el

24.47£2.46 |
(10.03)

205-29.8
(23.93

16.01

6147

673.2

:102:104108 |- -

11011112
T116 117119
120:121.123

127128130

110111 112_
MENMT119 | o
120121123 | 7
.»:,127 128 130 '

102 104108
110 111 112
116 117 119
120 121 123
127 128 130

" 592.34188.8

(31.9)
'364-1130
[550. 8]

(32.4)

398 -1247°

~ [631.4]

6527 £211.2 | 24634223

252121

. {8:4).
22.0- 270

1 2061£6.47

- (31:39)
[21.40]

568.6

8242 +2338

. (28.4)
'355-1195
8733

625 3

' 908.8 £+ 2685

(29.5)
395 - 1369
[940.6] .

e |

249124
(9.5)
22.0-27.0
[27.0]

1953

31.04 £5.62

(18.11)

219-412

{31.90]

787.8

1358.6 £ 281.5

. (20.7)
831- 1766
[1430.3]

8659

1478.3 £ 309.2
(20.9)
910-1934
[1531.5]

24.65+2.86 |
(11.61)
20.5-29.0
[24.28]

24.8

30.55

1328.9

14457

24.50
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Figure 37 Mean Paliperidone Single Dose Concentration vs. Time Profiles by Paliperidone OROS

Dose - Study Alza 044 :
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Figure 39 Paliperidone Single Dose AUCs by Paliperidone OROS Dose — Study Alza 044
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Table 54 Dose Proportionality Geometric Mean Ratios for Singlle Dose Paliperidone OROS
Pharmacokinetic Metrics - Study P01-1010 .

(82.41 - 102.32)

A12mg:15myg .

0.36 " 9476 (86.10 - 104.30)

10.33 94.49 (85.80 - 104.05)

(80.27 - 99.67)

0.080 - 9030 (82.05 - 99.39)

0.074 90.06 . (81.78-99.17)

0.66 ' 97.16 (87.19 - 108.27)

0.91 © 99.34 (90.25 - 109.34)

(90.89 - 110.21)

(82.24 - 102.12)

(85.49 - 103.56)

Log-transformed parameters dose-nommalized to 15-mg

, Cmax; ngiml
3mg:6mg - AUClast, ng/mi x hr" 0.35 © 94.72 (86.05 - 104.25)
AUC=, ng/mix hr" 0.36 9477 | (86.06 - 104.36)
| cmax, ngfint: - - 0.21 108.63 (97.48 - 121.04)
6 mg : 9mg AUClast, ngiml x b 0.10 110.01 .| (99.95- 121.08)
AUG=, ngimixhr® - - 0.072 11113 | (100.92 - 122.38)
| Cmax,ngmi 0.69 ..97.41 | (87.41-108.54)
AUCIast, ng/mlxhr' - 0.41 95.29 (86.58 - 104.88)
AUC=, ngimixhe” 0.41 9531 | (86.55- 104.96)

Figure 40 Mean Single Dose Plasma Concentration-vs Time Profites of Paliperidone OROS by

Dose - Study P01-1010

-t [X) (o] [
[} (o] wm Q
1 1 | ]

-t
L

Mean plasma paliperidone (ng!mL)

-©- 3mg ER OROS Fatperidone
-8~ & mg ER OROG Paiperdons
-&~ %mg ER QROS Patperdicas
~A- 12 m3ER OROS Paliperidane
- 15 mgER OROS Patipesidone

o 8 t2182‘43b3ﬁ4248545@68727884§096
Post-dose time (h)
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observed in study Alza-044, and text in plum and orange are potentially worrisome. The myalgia and

and increase in CPK are signs consistent with neuroleptic malignant syndrome and rhabdomyolysis, This
needs to be evaluated by the safety reviewer to see if they occurred in the same individual.

Plots of changes in puise and systolic blood pressure for study Alza-044 are shown in Figure 41 and
Figure 42 and overlaid on a probable circadian rhythm are decreases in both pulse and SBP.

Table 55 Adverse Events by Body System and Preferred Term Reported in 2 or More Subjects
by Treatment —~ Study Alza-044 '

il Subjects reporting | :
at least one AE 12 (40.0) 20 (66.7) 18 (78.3) 15 (100)

I Somnolence 4(13.3) 8 (34.8) 12 (80.0)

; Rhinitis 7(23.3) 4(17.4) 8 (53.3)

¥ Dyspnea ©13(10.0) - | 40174 - _|640.0)

0 4 (17.4) 8 (53.3)

W Dizziness 4(13.3) 3(13.0) 167
| Headache 3(10.0) 4(17.4) o
W Asthenia | 3(10.0) 0 e,

Thinking abnormal | 2(6.7) 1(4.3)
Y Insomnia ’ 2(6.7) 1 (4.3)
I Nausea |267) 1(4.3)
| | ' 1(3.3)
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Table 56

Categorized by Dose - Study P01-1010

Incidence of Treatment-Emergent Adverse Events by Body System and Preferrod Term

(N=47) (N=46) (N=46) (N=48)
n (%) n (%) - n (%) n (%)

Total no. subjects with adverse events 12(25.5) | 19(41.3).| 14(30.4) | 19(39.6)

i# Centr & periph nervous system disorders 4 (8.5) 9 (19.6) 5(10.9) | 14(29.2)

; Headache 2(4.3) 7(15.2) 4(8.7) 6 (12.5)
Dizziness 0 2(4.3) 1(2.2) 5(10.4)
Hyperkinesia 0 0 0 3 (6.3)
Dyskinesia 0 0 0 0
Dystonia 0 0 0. 0
Hypertonia 1(2.1) 0 0 0
Speech disorder 0 Q 0. 1(2.1)

: Tremor 1(2.1) 0 0 0

#l Body as a whole - general disorders 2(4.3) 6 (13.0) 6 (13.0) 2(4.2) 9(18.4)

: Fatigue 0 5(10.9) 4(8.7) 2(4.2) 7 (14.3)
Chest pain 1(2.1) 1(2.2) 0 1(2.1)
Back pain 0 ) 2(4.3) 1]

Hot flushes 0 0 0- 0
njury 1(2.1) 0 0 0
Syncope 0 -0 0. 0

8 Psychiatric disorders 3(6.49) 4(8.7) 4(8.7) 5(10.4)

‘ Somnolence 2(4.3) 3(6.5) 2(4.3) 1(2.1) | 10 (20.0) |
Anxiety 0 0 0 3(6.3) i 360 |
Depression 0 2(4.3) 0 0 | 3(6.0) |
Dreaming abnormal 1(2.1) 1] 0 1(2.1) :
Agitation 0 0 0 1(2.1)
Concentration impaired 0 0 0 1(2.1)
Amnesia 0 0 1(2.2) 1]
Euphoria 0 0 0 1(2.1)
Insomnia 0 0 0 0

‘ Thinking abnormal 0 0 1(2.2) 0

Respiratory system disorders 2(4.3) 3 (6.5) 2(4.3)-|-4(8.3) -1
Rhinitis 0 1(2.2) 2(4.3) 4 (8.3)
Pharyngitis 2(4.3) 2(4.3) 0 0
Coughing .0 0 1(2.2) 0

Gastro-intestinal system disorders 2(4.3) 2(4.3) 3(6.5) 4 (8.3)
Constipation 1(2.1) 1(2.2) 122) | 0
Mouth dry 0 0 1(2.2) 2(4.2)
Nausea 0 1(2.2) 0 0
Melaena 0 0 0 2(4.2)
Abdominal pain [+ 0 0 1(2.1)
Diarrthoea 1(2.1) 0 0 0
Increased stool frequency [ 0 1(2.2) 0
Vomiting 0 0 0 1(2.1)

Ml Heart rate and rhythm disorders 1(2.1) 4} 0 Q
Palpitation 1(2.1) 0 0 0
Tachycardia 0 0 0 0

Cardiovascular disorders, general 1(2.1) 0 1(2.2) 0
Hypotension postural 1(21) 0 1(2.2) 0
Hypotension 0 0 0 0

Platelet bleeding & clotting disorders 0 4 1{22) 0.
Bleeding time increased 0 0 1{2.2) 0
Haematoma 0 ¢} 0 0

Metabolic and nutritional disorders 0 1(2.2) 1(2.2) 0
Creatine phosphokinase increased 0 1(2.2) 1{2.2) 0
LDH increased 0 0 0 0

il Skin and appendages disorders 0 '] 0 1(2.1)
Dermatitis fungal 0 0 0 0

# = Eczema 0 0 0 1(2.1)

jl Liver and biliary system disorders 0 0 0 0

: SGOT increased 0 0 0 0

B Musculo-skeletal system disorders 0 0 1(2.2) 0

‘ Myalgia 0 0 1(2.2) 0

Hll Resistance mechanism disorders 0 1{2.2) ] 0

; infection 0 1(2.2) 0 0

3 Urinary system disorders 0 0 0 1(2.1)

: Micturition frequency 0 0 0 1(2.1)

@ Vision disorders Q Y ] 1(2.1)
Vision abnormal - 0 0 0 1(2.1)
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Figure 41 Mean Pulse Profile by Dose - Study Alza-044

Figure 7
Mean (SD) Puise Profile Following Pahpendone Treatments

T Rmg i3y
&= Gmgin=3
welire-  EP ey
55 rog 185

604
04
> 404 -- [
Q o v o X I B R nJ i T
(o) & £2 H *® r&gaw 1] 7. %
0 . T 41
_‘g", 'Figure 42 Mean Systolic Blood Pressure Profile by Dose - Study Alza-044
g Figure § -
y
.g Mean (SD) Systalic Profile Following Pahpendone Treatments
Q 10
% S (6300
150 ] ~g— @ mg (el
3 e Eeg )

w5 g {18

R e I R P =3

o%
4
804
a 12 P % & &0 Ep) 84 6
T (i) :
e
Q:\dmautop\temp\CKavanagh DataReviewsNDA21-999 PallpendoneRewemealN21-999 Orig submission OCP Review.doc
e Page 124 of 266

Last printed 9/12/2006 6:23:00 PM



VoA

INT-1

Table 57 Overview of Multiple Dose Paliperidone Studies

3.10.6 Multiple Dose Pharmacokinetics

Six multiple dose studies were conducted and are outlined in Table 57. Studies INT-1 and SCH-1009
were conducted with the IR formulation were an early exploratory study and the QT study respectively.
They are reviewed in detail in §3.10.2.3 and §3.10.7.5.1. The remainder of the studies used the OROS
formulation. Studies SCH-102 and SCH-101 are reviewed in detail in this section and the remaining
studies are either PD or special population studies and are reviewed in detail in their respective sections,
i.e. §3.10.7.3 for study SCH-1010, §3.10.8.1 for study SCH-1011, and §3.10.8.3 for study P01-1005.

Paraltel

 scH-1

009 iR ) QTc study

SCH-1

. Dosages
‘?1‘32:3 N t'gys administered

sequentially

02 | Parallel | OROS CTF

SCH-1

01 OROS ‘Slow' ) Ris IR4 mg

SCH-1

over-encapsulated : PBO

010 OROS CTF

Sleep study

| scH-1

011 OROS CTF ' elderly

| Pot-1005

over-encapsulated

OROS CTF Japanese fed

A summary of the Paliperidone OROS pharmacokinetics from studies SCH-102 and SCH-101 are shown
in Table 59 to Table 62.

3.10.6.1 Time Invariance el e e
The following is a summary of the conclusions obtained from these studies:

« First dose pharmacokinetics metrics were not provided for study SCH-102. For study SCH-101
only AUC+< were reported so AUC accumulation cannot be determined, however mean first dose
Cmax is approximately half of the steady-state Cmax, which is consistent with what was reported
for the IR formulation. (Data not shown). ) h %,

e

+ Cmax and AUC are roughly dose proportional, (see Figure 43 and Figure 44)

A

o First dose pharmacokinetics are not provided )
« There does not appear to be any differences by CYP2D6 genofype.
e The exposure to the (+) enantiomer is approximately 50% higher than to the (-} enantiomer.
e Mean haif-life is 34 hours which is consistent with the accumulation ratios. .
* Mean paliperidone Cmax and AUC+ with the maximum proposed dose of paliperidone OROS
15 mg are approximately half of the values for paliperidone observed with the maximum approved
dose of risperidone IR (8 mg bid), and approximately 1/3 of the values observed for the total
active moieties.
* Mean paliperidone Cmax and AUC+ with the maximum proposed dose of paliperidone OROS
15 mg are less than or similar to values for total active moieties seen with typically maximally
efficatious doses of risperidone, (i.e. risperidone IR 6 mg po qd).
+ First dose pharmacokinetics are not provided
e so for time in Enantiomer study bo1 -1007 in §3.10.4 Table 50
SCH-101 HR BP changes relative to Risperidone 4 mg IR qd '
Doesn't look fike any consistent differences except in 1° dose higher HR with pal oros.

Also more QTc prolongation with Pal than with moxifioxacin

See also SCH-101 in PK/PD
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However, simply examining the summary metﬁcs fails to tell the entire story. In addition, concentration vs.
time profiles must also be examined. After single dosing peak concentrations are achieved after an
average of around 24 hours with a range of 9 to 36 hours, (see Table 58).

Table 88 Comparison of Paliperidone OROS Single Dose and Steady-State Tmaxs

 Single Dose Values. .. .

§ Aiza-044 | OROS CTF 9mg

6 mg

12mg

: R . aa» _ )
H PO1-1010 OROS 3mg-15mg CTF

3 mg arm used OROS

SCH-1011 | OROS CTF 3mg

3 P01-1005

§ Steady-State Values,

over-encapsulated

OROS CTF 3mg

§scr102 | OROSCTF Pal

Dosages administered
sequentially

Pal
OROS ‘Slow' (+)-Pat
(-)-Pal

1 scH-1010

over-encapsulated

OROS CTF Sleep study

I sch-1011 | OROS CTF Elderly

1 P01-1005

over-encapsulated

OROS GTF » —:i‘a_bahhe-s'e & Caucasians

e

R

. ed
APT on otigind!
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Figure 43 Steady-Stafe Paliperidone OROS Cmax vs. Dose - Studies P01-1005, SCH-1011, SCH-
101, and SCH-102

Figure 44 Steady-State Paliperidone OROS AUCtau vs. Dose ~ Studies P01-1005, SCH-1011, SCH-
101, and SCH-102 ’ ’
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m_nzwo AW Mean Single Dose and Day 12 Multiple Dose Paliperidone OROS 3 mg Concentratlon Figure 46 Individual m_a.c_.o Dose and Day 12 Multiple Dose Paliperidone OROS 3 mg
vs, Time Profiies In Elderly and Young Subjects - Study SCH-1011 Concentration vs. Time Profiles in Elderly and Young Subjects - Study SCH-1011
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Figure 47 Individual Single Dose and Day 11 Muitiple Dose Paliperidone OROS 3 mg
Concentratlon vs. Time Profiles in Caucasian Subjects -P01-1005
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Figure 48 Individual Single Dose and Day 11 Multiple Dose Pa"peridone OROS 3 mg
Concentration vs. Time Profiles in Japanese Subjects -P01-1005
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Figure 49 Multiple Dose Paliperldone OROS 9 mg Day 10 ConcepmtIon vs. Time Profiles - Study
SCH-1010 Sleep study o ’
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3.10.6.2 Paliperidone Exposure with Paliperidone OROS Compared to
Exposures of Paliperidone and Active Moeity with Risperidone
Tablets ‘

When steady-state exposures of paliperidone OROS at a dose of 15 mg daily, which is 25% higher than
the proposed maximum daily dose of 12 mg, is compared to steady-state exposures of the approved
maximum daily dose of risperidone IR tablets 8 mg BID, (i.e. 16 mg-daily). The exposures to total ‘active’
moieties after risperidone, (i.e. risperidone and paliperidone), is approximately triple the exposure to _
paliperidone after administration of paliperidone OROS 15 mg daily. Of the total active moieties, 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, (see Table 60 and Table 62). 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. '
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3.10.7 Pharmacokinetic / Pharmacodynamic Relationships

3.10.7.1 Positive and Negative Symptom Score (PANSS) Modeling
According to the sponsor:

“The effect of the drug on the endpoint PANSS and responder rates was best described by an Emax model. For
PANSS, the placebo effect was estimated to be an 8% drop in PANSS, with an additional maximal drug effect of
26.6% on top of the placebo response. Both effects are proportional to the baseline PANSS score. The ED50
was estimated at 2.42 mg, although with high uncertainty (relative standard error, RSE 74%). For the _
responder analysis, the placebo response was different between studies: 19.3% for R076477-SCH-305 and
31.3% for RO76477-SCH-303 and R076477-SCH-304.

3.10.7.1.1 Dose and Concéntration Response Modeling

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 PD analysis of
PANSS and responder rates. Both dose and model-predicted average steady-state concentrations at
endpoint were tested as drivers of the response.

According to the sponsor:

“The endpoint PANSS data of all subjects in the three studies were included in the current analysis. For subjects
who dropped out of the study before the 6-week period, the LOCF methodology was applied to impute the endpoint
PANSS. The percent change in PANSS at endpoint from baseline was calculated by subtracting the baseline PANSS
JSrom the endpoint PANSS, and dividing the difference by baseline-30. Responders were def ned as those subjects
who had an improvement (=drop) in PANSS of at least 30%. e e )

In order to perform the concentration-response analysis, average steady-state exposuré (Css) was calculated. This
calculation used the individual clearance values obtained through the POSTHOC step (Bayesian estimation) from
the final population PK analysis run. The following formula: dose(ng)/CL(L/h)/24,000(h.mL/L) provides the Css in

ng/mL. .

Several structural models were tested, starting with a linear model, followed by a log-linear, and finally an Emax

and sigmoid Emax model. The effect was modeled as the sum of a placebo contribution and on top of that a drug

effect. It was tested in two different ways: as an additive effect, and as a proportional effect to the baseline. In total,

data from 1304 subjects from 3 Phase 3 studies were included in the analysis, including 500, 326 and 478 subjects
. from Studies R076477-SCH-303, R076477-SCH-304 and R076477-SCH-303, respectively."

However, these reported results in the summary section don't match the reported values in the results
section where an additive model was selected as the best model, (see Table 65). The sponsor's results
for the dose response model, including placebo response is shown in Table 63, and the lack of
improvement in the model estimates using concentration is shown in Table 64.

Table 63 PANSS Modeling -Dose-Response: Central Tendency and Interindividuat Variability

} Baseline PANSS | 93.5 (0.35) 11.0(7.0)

vPlécebo effect (%) | 5.07* (23.1) 119.3* (4.8)
| 16.9* (17.0)

| : 2.42 (74.0)

| Resndual error (SD) | 4.17 (41.5)

‘ * recalculated to the baseline PANSS value of 93.5 points
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Table 64 PANSS Modeling -Concentratlon-Response. Central Tendency and Interindividual
Variability

93.5 (0.36) v 10.9 (7.46)

-5.16* (22.8) 19.1* (5.06)

16.7* (13.4)

4.24 (83.5)

&S » 4.25 (41.9)
recalculated to the BSL PANSS value of 93.5 points

Plots of PANSS Scores and Change from Baseline vs. Dose are shown in Figure 50

Figure 50 Plots of PANSS Scores and Change from Baseline vs. Dose
Figure 1: Plots of Actual PANSS (Upper Panel) and Change fiom Baseline PANSS .(LQWQI Panel) at

Eadpoint vs. Dose.
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The red line represents a local smoother. The thin and the thick blue horizontal lines mdtcate a15%
and 30% drop in PANSS, respectively.
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3.10.7.1.2 Responder Modeling

According to the'sponsor.

“The best model to describe the responder data tumed aut o be a logistic regression model, with the
probability to be a responder expressed as an Emax function of drug dose. Treatment with placebo
also results in a probability of response. As such, the drug effect is generated on top of the placebo
response. ) i

When looking at the placebo response from the different Phase 3 studies, it is clear that Study
R076477-SCH-305 has a much lower placebo response (Figure 51), which is accounted for in the
model and found to be statistically significant. Essentially, it also means that if one corrects for the
placebo response in a given study, the drug effect is the same (Figure 52)."

Figure 61 Plots of Actual % Responders and % Change from Placebo Responders at Endpoint vs.
Dose

Figute 5: Plots of Actual % Responders (Upper Panel) and % Chﬁmge from Placebo Responders
{Lower Panel) at Endpoint vs. Dose.
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Figure 52 Percent Responders vs. Dose as Predicted by Final Dose Response Model
Figure 6: Percent Responders v5. Dose, as Predicted by the Final Dose-Response Model.
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The blue line shows the prediction for Studies R0O76477-SCH-303 and R076477-SCH 304, the red line
shows the prediction for Study RO76477.SCH-305.

According to the sponsor:

"The probability to show response after placebo is estimated to be 31.3% for Studies R076477-SCH-303 and
R076477-SCH-304, and 19.3% for Study R076477-SCH-305. The maximum probability of response upon drug
treatment is 43.9, while the ED50 is estimated at 2.45 mg. All parameters areé estimated with good precision, except
Jor the ED50." (See Table 65)

Table 65 Sponsor's Claimed PANSS Dose and Concentration Response Modelmg Parameter
Estimates

P.gf.«.'

Study RO76477-SCH-303: v
and RO76477-SCH-304 (% § 31.3 (8.47%) 32.8 (8.4%)

Responders)

a7

Study R07‘6477-'SCH-:‘§05: _ _
(% Responders) B 19.3(16.7%) 17.9 (17.4%)

Emax % Responders) ' | 43908 | _ 39.8 (18.5)
: 1.82 (235%)

“Using the model with its associated uncertainties to simulate the dose response, the lowest dose for which the lower
bound of the 95% prediction limits exceeds the target response of 10% above the placebo response is 3.2 mg. For
the 3 mg-dose itself; the probability that the true drug effect exceeds 10% is 0.96. For a dose of 2 mg, this is 0.80
and for I mg it is 0.39. Summarizing, the dose-response modeling suggests that 3 mg is close to the minimal
effective dose, whereas it is uncertain whether 2 mg would yield a relevant response rate. A dose of 1 mg is likely to
be an ineffective dose.” .

o
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Figure $3 (upper panel) shows the predicted dose-response for percent responders in the case of a high placebo-
response (31.3%) with 95%-prediction limits. These limits take into account the uncertainty of all model parameters
Jointly. They indicate the range of possible Emax dose-response relationships that are consistent with the data. The
figure in the lower panel shows the dose-response of the drug-effect, i.e. the additional percent of responders on top
of the placebo effect. The horizontal dashed line indicates the target response level for a minimal effective dose
(10%)."

Appears This Way i
On Originat
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Figure 53 Final Dose Response Model Percent Responders vs. Dose with 95% CI

Figure 7: Pe:rcent.Respen_ders vs. Dose. as Predicted by the Final Dose-Response Model With 95%
. Prediction Limits Arouad it. The Uncertainty in All the Model Parameters Jointly is Taken tato
Account.
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The upper panel shows the predicted percent respender&, while the lower panel shows predicted
percent responders on top of the placebo response. '

"The lowest dose for which the lower bound of the prediction limit exceeds the target response of 10% above the
placebo response is 3.2 mg. For the 3 mg-dose itself, the probability that the true drug effect exceeds 10% is 0.96.
For a dose of 2 mg, this is 0.80 and for 1 mg it is 0.39. It is therefore very likely that 3 mg reaches the target level of
10% whereas for 2 mg this is less certain. For [ mg it is unlikely to be the case.

For doses above 6 mg, there is no major increase in response rate, and at 9 mg there is no significant
increase in the precision of the prediction. :

"4 similar model was used to analyze the concentration-response curve. The ED50 parameter is replaced by an
ECS0, but for the rest, the model is similar to the model developed based on dose.” (see Table 65)

“The probability to show response after placebo is estimated to be 32.8% for Studies R076477-SCH-303 and
R076477-SCH-304, and 17.9% for Study R076477-SCH-305. The maximum probability of response upon drug
treatment is 39.8, while the EC50 is estimated at 1.82 ng/mL. All paramelers are estimated with good precision,
except for the EC50, where the RSE was 235%." , ‘
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Sponsor’'s Conclusions

“The focus of the current analysis was on endpoint data, either PANSS or responder status, and as such, has
limitations associated with it, one of it being the way drop-outs are handled. As the intent of the current analysis
was to be complementary to the standard statistical analysis as defined per the statistical analysis plan, and to
provide alternative viewpoints to the MED question, it was decided not to analyze longitudinal PANSS profiles, but
rather to use endpoint data only. Nevertheless, baseline PANSS data were also included in the model, so that raw
data could be analyzed, rather than changes from baseline. This allowed 1o test two versions of the model, one
where the drug effect was added to the baseline, and another one where the drug effect was proportioral to the
baseline. The latter model described the PANSS data best, and was retained as the final model.

For PANSS, the drug effect was of the Emax type, and was added to the placebo effect. All parameters were
estimated with good precision, except the ED50. This could be expected based upon the shape of the dose-response
(Figure 51): all doses equal 1o or higher than 6 mg either approach or are close to Emax. This implies that there is
essentially only one dose that determines the slope of the dose-response curve, i.e. the 3 mg dose. When the current
model is used to predict the dose response curve by simulating n=1000 subjects for each dose level, taking into
account the interindividual and residual variability, a wide prediction interval can be observed (Figure 54)."

Figure 54 Median Predicted Drop in PANSS vs Dose with 80% Cl per Final Dose-Response Model

Figure 8: Median Predicted Drop in PANSS for Each Dose as Predicted by the Final Dose-Response
Model, and 80% Prediction Interval Around the Median.
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“Similar to what was observed for the dose-response analysis, the uncertainty in the EC50 for the concentration-
response analysis was fairly high, precluding firm conclusions to be drawn from that value. All other parameters
obtained from both the dose- and concentration-response analysis of the PANSS are in very good agreement.

With respect to the responder analysis, a clear difference in placebo response was observed between the different
studies. Studies R076477-SCH-303 and R076477-SCH-304 had essentially a similar placebo response, and Study
R076477-SCH-305 had a much lower placebo response. This was implemented in the model and found to be
statistically significant. The drug effect, which is added to the placebo effect, was found to be best described by an
Emax type model, and was constant over the different studies. Again, the uncertainty in ED50 was high, in line with
what was found using the PANSS scores, and which can be explained in a similar way. Note that although the
uncertainty in ED50 is very high, the two analyses (PANSS and responder analysis) yield a very consistent ED5 0
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value. Due to the high uncertainty (>200%) in determination of the EC50-value, the concentration-responder
analysis is of limited value.

The dose-response model of the responder rate shows that it is highly likely that the 3-mg dose reaches the target of
a minimal effective dose, whereas for a 2-mg dose this is less certain. For the [-mg dose it is unlikely that the
response would reach the minimal target.

In conclusion, the dose-response modeling suggests that 3 mg is close to the minimal effective dose, whereas it is
uncertain whether 2 mg would yield a relevant response rate. A dose of 1.mg is likely to be an ineffective dose.”

vq‘

n Orlglna,
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3.10.7.2 Extrapyramidal Symptoms (EPS)
3.10.7.21 Model Development |

A PK/PD model was developed relating the log of the risk of having any type of extrapyramldal symptom
at time t after beginning paliperidone.

The data contributing to this model come from 3 placebo—controlled,- double-blind Phase 3 clinical studies
(R0O76477-SCH-303, R076477-SCH-304 and R076477-SCH-305) in subjects with schizophrenia who

were randomized to either fixed doses of oral ER OROS Paliperidone, placebo or olanzapine for 6 weeks.

The first objective was to establish a model-based characterization of the relationship between
paliperidone exposure and the risk to develop an EPS-related adverse event. The second objective was
to use the PK/PD-model to investigate the tmpact of the food effect on the dose response of the EPS
incidence.

The hazard (A), the risk of having the event of interest at time ¢, given that it had not occurred before, is
modeled as a function of the change in the underlying risk over time, the pallpendone concentration, and
the dropout rate.

The time to onset of the first EPS-related adverse event was modeled as the outcome of interest, through
hazard modeling, as follows:

log At, ¢) =f(t) + g(c)

‘where:

¢; individual measure of exposure

t time since trial start

A: hazard
f(t) describes how the hazard changes over time in a population of patients treated with placeon
g(ci) quantifies the drug effect and is a function of an individual measure of drug exposure.

It is assumed that the time effect and the drug effect on the log hazard are additive.

The form of f{t) was first explored graphically using Kaplan-Meier plots of the time to EPS for the placebo
patients only. The derived plots of the cumulative hazard over time give an indication of the appropriate
baseline hazard model. : "

Two common cases, i.e. that Iog A decreases linearly with  or with log (f), were fit to the data and the
better model per Akaike's Information Criteria (AIC) was selected, see examples.

EX 1 J1t) =Bo + Bit
EX 2 S = Bo + B1log(?)

g(c:) was fit to a Hill equation,
- where:
g(c) = Emax/ (1 + (ECso/C))*6,)
and where ¢; is the indivieual estimated steady state concentration.
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A dropout model was also incorporated, otherwise there would be an over-prediction of EPS based on the
number of subjects randomized, or an under-prediction of EPS based on the number of subjects still in
the study, (see Figure 55 and Figure 56).

Figure 55 Sponsor's Dropout Model
logi=g8,+ 8 R+D2L.8, +(B, + £, R) dose

- A hazard
B, -intercept for North - America
B, - effect of region on mtercept
B, -effectof Day 21
A, slope for North Amenca
B, -effect of region on slope

R= indicator for region {0 = North - America, I = Other
D21=indicator for Day 21 :

The parameter estimates of this mode} are given below.

Table 14: Parameters of ths Dropous Modet

Parameter Estimate . Stand Errer - - -7
Be 401 009 . . .
Bi. 0.14 812

By 205 a.10

By 0026 0QE2

B 0.067 0817 .

Figure 56 Kaplan-Meier Curves for Dropouts by Dose Group
Figure 13: Esplan-Meier Carve of the Time to Dropout by Dese Group.
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The dropout model assumes there is no difference in dropouts between subjects with EPS and subjects
without EPS. Although the sponsor claims this is a reasonable assumption based on data presented in
Table 66, this reviewer is not convinced as this is only a breakdown of the reasons given for dropouts,
also as there is no correction for dropout rate with dose.

Table 66 Reasons for Discontinuation in Subjects With and Without Treatment Emergent EPS-

Like Adverse Events

1 Adverse Event

Lack of efficacy
| Subject withdrew consent

Other

§ Lost to follow-up

| Non-compliance

‘Total Dropout Rate

Preferred Terms for various are EPS are sl';own in Table 67.

Bradykinesia

Table 67 EPS-Related Adverse Events — Preferred Terms e e

Bradykinesia

Dyskinesia

Dyskinesia

J Dyskinesia tardive

Tardive dyskinesia

o

Dystonia

Dystonia/hypertonia

| Extrapyramidal disorder

N

ag W

Extrapyramidat disorder parkinsonism cogwheel rigidity

i Hyperkinesia

Akathisia dyskinesia hyperkinesia restless legs syndrome

A Hypertonia

Hypertonia muscle rigidity muscle spams musculoskeletal stiffness

Hypokinesia

Hypokinesia

1 Muscle contractions involuntary

' ExtrapYramidal disorder muscle twitching

} Oculogyric crisis

Oculogyration

il Tetany

Hypertonia

Tongue paralysis

Tongue disorder

§ Tremor

Tremor

C:dmautop\temp\CKavanagh DataReviewsNDA21-999 PaliperidoneReviewFinaiN21-999 Orig submission OCP Review.doc

_last printed 9/12/2006 6:23:00 PM

-

Page 145 of 266



s

-

L4

3.10.7.2.2 Concentration Response

The average paliperidone steady-state concentration was estimated at the end of the study by nonlinear
mixed effects modeling, however due to a number of factors this is not expected to be a very reliable
estimate. When this estimated value is compared to the number and percent of subjects with at least one
EPS-related adverse event, there appears to be a rough concentration response relationship, (see Table
68, Figure 57, and Figure 58). ' :

Table 68 Estimated Average Steady-State Concentration Grouping vs. Treatment Emergent EPS
Rate (%)

0

[10-15]
[15-20]
[20-25]
[25-30]
[30-35]
[35-40]
[40-50}

>60

Figure 57 Plot of Treatment Emergent EPS Rate (%) by Estimated Steady-State Concentration
Grouping :

Appears This Way
° On Original
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Figure 3: Observed Incidence of EPS by Exposure Group.
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Figure 58 Plot of Treatment Emergent EPS Rate (%) by Estimated Steady-State Concentration
Grouping with Mean Mode! Predicted Concentration Response and 95% Confidence Interval
Figure 6. Predictad EPS Incidence in 1,000 Simulsted Replicates of tha Phaca 3 Studies as -
2 Functon of Exposuze.
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However, histograms of estimated average steady-state concentrations suggest that a dose of 6 mg or 9
mg may be a good dividing line in order to avoid EPS, (see Figure 59):

Figure 59 Plot of Treatment Emergent EPS Rate (%) by Estimated S-te;iliy;s;:é;é"ébﬁ;-ehmtlon
Grouping R

Figure : Distribution of the Averags Staady State Concentrasion per Dose Group.

img & my . S g

-
&
=

g i

£ i

£ 2

E 3 2

g " 3

z z

[ - BN - - % O W m I
S A e S50, €L, b ST v,
1 mg 15 mg
& |
Best Possible Copy

-, H

= ™

i

£

-

Ex

&

2
-

E R W & ' W I1X 3 3 @ @ W O 1%
Ao sy R RS (R, [y WYL

C:\dmautop\temp\CKavanagh DataReviewsNDA21-999 PaliperidoneReviewFinalN21-999 Orig submission OCP Review.doc
Page 148 of 266
Last printed 9/12/2006 6:23:00 PM

“l?“"l:

o



3.10.7.23 Dose Response

When dose is used as the predictor variable instead of the estimated steady-state concentration the dose
response is close to what is expected based on the concentration response based on the estimated
steady-state concentrations, however it does provide additional informative and clinically significant
information. :

Table 69 shows the total incidence of EPS by dose in all 3 phase il studies and for the pooled data, and
Table 70 shows the incidence of each sub-type of EPS by dose for the pooled data.

What's noteworthy is that the incidence of EPS in both tables is no different placebo at doses up to 6 mg

and increases significantly at doses of 9 mg and above. This is shown:graphically in Figure 60 - Figure 62.

Table 69 Incidence of EPS by Dose in the Paliperidone ER OROS Phase 3 Studies

©olwlo

| scH-305

-
(4]

lTojo| | o:

a . N: number of patients randomized; : .
b N-EPS: number of patients with at least 1 tr emergent EPS-related ad avent.
¢ Number of subjects with tment gent EPS-relat ‘AEslnunberofsub]edr_»randanized

Table 70  Pooled EPS Incidence by Subtype vs Dose from the Paliperidone ER OROS Phase 3
Studies o . . )

2(0.81%) 1 (0.88%)
e

20 (8.1%) 11(9.7%)

11 (4.5%) 8(33%) | 3@26%)

a Incdludes: dyskinesia, dyskinesia tardive
b Includes: dystonia, typertonia, oculogyric
¢ Includes: akathisia, hyperkinesia

d Includes: parkinsonism, parkinsonism aggravated, bradykinesia, hypokinesi: apyramtidal disord
e Includes: tremor

crisis, invol y fuscle tions, tefany, tongue paralysis
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Figure 60 Rate of EPS by Dose in the Paliperidone ER OROS Phase 3 Studies
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Figure 61 Rate of EPS in the Paliperidone ER OROS Phase 3 Studies vs Dosﬁ by Type of EPS
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Figure 62 Predicted Population Average Rate of EPS (with 96% CI) vs. Paliperidone OROS Dose
after 6 weeks of Treatment '
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3.10.7.2.4 Effect of Food on EPS

Table 71, Table 72, and Figure 63 show the sponsor’s predicted change in the incidence of EPS dueto a
50% increase in exposure when paliperidone OROS is taken with a high fat meal. Although the absolute
difference is small, at 6 mg there is a 74% increase in the incidence of EPS due to the steepness of the
dose response curve around this dose, Since, the efficacy response curve is not as steep around 6 mg
the risk to benefit ratio likely decreases when paliperidone OROS is taken with food. In addition, even
though the absolute rate of EPS is relatively low, i.e. an additional 4% of patients at & weeks, we don't
know about the long term effects and a 4% greater incidence of tardive dyskinesia in a large population
taking paliperidone would result in a significant increase in the total number of cases of a major
debilitating side effect. '

Table 71 Comparison of the Predicted Incidence of EPS (%) in a 6-Week Clinical Study in
Between Fasted and Fed Conditions ‘

j_ast printed 9/12/2006 6:23:00 PM
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Figure 63 Predicted Effect of Food on Phase lil Study EPS Rate-
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Under Fed snd Fasted Conditions.
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3.10.7.2.5 Therapeutic Index

Comparing the sponsor’s plots of overall response rate over placebo vs. dose and EPS rate vs. dose and
side by side seems to indicate that a dose of 6 mg provides the best ratio of efficacy to risk of EPS with
little additional benefit to higher doses, (see Figure 64). However, when this reviewer attempted to use
the parameter estimate values provided by the sponsor to replicate the response and EPS rates, this
reviewer was unable to do so.

Figure 64 Comparison of Sponsor s Plots of Overalil Response Rate over Placebo vs. Dose and
EPS Rate vs. Dose .

40 -

g P
£
E
£
]
*
Best Possible:Copy

C:\dmautop\temp\CKavanagh DataReviewsNDA21-999 PaliperidoneReviewFinalN21-999 Orig submission OCP Review.doc
Page 153 of 266

» Yast printed 9/12/2006 6:23:00 PM
2

[ 4



4f
1

% EFR ot 5 waeks
25
i

o ~

Best Possible Copy

Dose, mg e e

15

C:dmautopitemp\CKavanagh DataReviewsNDA21-999 PaliperidoneReviewFinalN21-999 Orig submission OCP Review.doc

» ~“Last printed 9/12/2006 6:23:00 PM

-
’

Page 154 of 266



Although when plots of the actual data are compared it's clear that a dose of 6 mg does provide the best
ratio of efficacy to risk of EPS with little additional benefit to higher doses, (see Figure 65).

Figure 65

Comparison of % Change in PANSS and EPS Rate vs Dose in Phase 3 Studies

#20

Best Possible Copy
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The therapeutic index is shown more clearly in Figure 66. It's clearly apparent that the therapeutic index
of the pooled average responder rate over the pooled EPS rate drops from approximately 2 to 1 when
going from a dose of 6 mg to 9 mg. Although this superficially suggests a maximum dose of 6 mg, when

. we consider the risk benefit ratio most of the EPS rate is due to EPS other than dyskinesia's which may
be manageable or where if intolerable back titration would be a reasonable option. The higher EPS rate is
more worrisome for what it may portend in terms of the risk for tardive dyskinesia with long term
treatment. In addition, comparison of AUCs in subjects with varying degrees of normal renal function and
other variables suggest that estimated creatinine clearance along with other variables such as drug
metabolizing genotype may allow prediction of who is not likely to respond due to high clearances and

- thus more likely to respond with higher doses without an increased risk of side effects. In addition, these
therapeutic indexes are naive pooled values and additional evaluation of individuals and whether they
have a response and or EPS and the severity of each needs to be done. Finally clinicians need to make
assessment of the risk benefit in each individual patient. Consequently, additional analysis needed to be
performed before we can make appropriate recommendations as to the maximum recommended dose..
However, based on the side effect profile it seems that there is not-an undue risk of a maximum dose of
12 mg at present when compared to currently marketed products. :

Figure 66 Comparison of Pooled Placebo Corrected PANSS Responsder Rate and Pooled EPS
Rates by Dose from Phase Il Studies and Naive Pooled Unweighted Therapeutic Indices
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3.10.7.3 Sleep Architecture

. Study SCH-1010 was a randomized, double-blind, placebo-controlled parallel group study in
pharmacodynamic study that-examined the effect of paliperidone OROS 9 mg on sleep after 2 weeks in
schizophrenic subjects as measured by polysomnogaphy. o

‘Table 72 shows 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 could be due to differences between the two groups at baseline with random changes after 2

~ weeks.

Table 73 shows a comparison of measure of sleép continuity. Sleep continuity relates to the duration of
uninterrupted sleep and evaluations in this study included sleep duration, latency to sleep onset or
persistent sleep, sleep efficiency index, awakenings, and microarousals, as well as time awake. There
were no clinically significant differences between groups. '

- Table 74 shows a comparison of sleep onset and arousal between groups. There were no clinically
significant differences between groups.

Figure 67 shows the lack of any association between paliperidone exposure as measured by AUCt and
various sleep measurements and Figure 68 shows individual paliperidone concentration vs. time plots on
day 10. '
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Table 73 Comparison of Sleep Continuity Measures in Patients Receiving Paliperidone OROS 9
mg and Placebo - Study SCH-1010

74012906 | 1041:4858 | 30114687
. 19 8 Placebo 67.8] {80.8] ‘ [15.0] Not
Latency to REM (7 - 121) (31 - 190) ( -32 - 116) statistically
Steep (Minutes) | NN 301 | 1018+70.15-1 . Aoy, [
‘ PALOROS | 88.2 £ 53.01 , 10.1,_8'1 70.15: 1651805 different.
T Ceme | B8
9™ a4-246) | (30~
‘ - 369.0 £ 455.77 | 230.0 £ 185.74 | -139.0 £ 356.02 R
e 19 § Placebo {261.0] [192.0] [-1.5] Statisticafly
‘REMActivity (7 - 1856 (5-531) (-1325 - 60) different but
‘(number) N 101 277 V2110446733 I g R =} not clinically
g (numbe PALOROS 181.2£131.77 [211.9£167.33 | : . 73 e
T gmg 1168.5]. [155:0] _ :
9. ©-461) . | (45-617) { ¢ , 1463:324.85)
239.2+232.05 | 177.2+125.85 | -62.0+ 157.94
19 J Placebo " [210.6] [183.1] - [-29.3] No statisti
REM Density (5 - 824) (10-414) (580-119) _ o patcal
(# of REM /hr) LOROS | 1440210236 | 148129971 | 4128186 | ‘o5, 4,00 | differences.
: PALOROS | . '™ S Mt : > f: 66.1242.70
17 gmg . [1542]. : [,1 186] . ¢ l (—6 12-138. 2’9
™1 (13-334). | (35-356) | (—187 ~110) - > <3
, 38094530 | 356.6+87.70 | -24.4%77.97
: 19 | Placebo [390.3] . [393.8] [-6.8] | .
d Total Sleep Timo (288 - 449) 93 - 452) (-196 — 1085) ncreased in
(Minutes - - - - _ Paliperidone
 (Minutes) 1 3419+77.50 | 3704£7430 | 285:6441 o Group.
PAL OROS |- FL K 52.8124.01
17 (355.0] . [400.0] N B 01
‘ § 9m (136424 | (157460 (12.22-93.40)
Sleep Period ' 431913715 | 414815366 | -17.0+4877 |
Tifne (Minutes) | 19 | Placebo [437.3] {436.3] .58 ¥ | odi
(Stage 2 to last (317 - 473) (274 - 476) -115-63) : - ] hereasedin
sieep opoch prior - e 4+ —— ~—]J Paliperidone
Ltofinal 17 |PALoRos | 404053852 '42§’[f;7"§(1}-.‘771 ) 417£1875 | Groue.
awakening) _ . 9mg (282 - 464) (358 469) ) . | (10:03-73.46).
‘ 42.3+ 3364 55.1 1 45.39 128 1\37.20
Latency toSleep | 19 Placebo {40.0] - [41.3] [t0.8] Shorter i
‘Onset (Minutes) (5 - 147) (3-152) (-57 - 95) Pa"pem;"‘me
(lights out until a O 47.83 359 + 20.61 02545990 -fi i
‘sleop onset) 17 PALOROS 58"‘[’42_31'8 5'[34_3‘]’_ t '22';5.* 5222 ‘1" 35211499 |9roue.
f o 9mg | (7194 | @-69) | (1d9-47 | (80-98--989)
Latency to 50.3 + 34.04 65.2 + 55.23 14.9 £ 47.27
Persistent Sleep | 19 § Placebo {48.5] {46.0] - [50]
{Minutes) (11 - 158) (3-194) (-58 - 116) :  Shorter in
(10consecutive |~ —F T |- o T T | Patiperidone
minutesinstage |- K. - - - 1 aroup.
2.4 or REM 17. JPALOROS ¢ group
microarousals}. ) PR S
S 79.319.37 50+ 16.18
‘Efficiency index | 19 Placebo [81.3] {-04] .
(%) : (61 - 94) (41-21) Inqeas_ed in
Fractl f ¢ 5 1 e Paliperidone
(Fractionoftime |~ "W """ | 71541618 " Y group.
inbed asleap): | (7 JPALOROS | - g o 1
= | f M8} 28-88) | (33-96)
24211675 245+ 11.17 031 11.60
, 19 | Placebo [20.0] [27.5] .
Number of | (5-83) (8 —48) Degreqsed in
Awakenings si9r1aes | 18 1._ 93 7 — Y paliperidone
After Sleep Onset ¢ B o | 24911485 | 18.1£9.37 .1 . 70+3. .} group.
+7 JPALOROS 200 | [4s] 1 70+388
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Jure 67 Distribution of Sleep Measurements vs. Exposure to Paliperidone (AUCtau) — Study SCH-1010
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Figure 68 Individual Subject Day 10 Paliperidone Concentration vs. Time Profile Following
Paliperidone OROS 9 mg QD - Study SCH-1010
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3.10.7.4 Prolactin

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

Studies Alzo-039 and Alza-019 were exploratory studies comparing the adverse event profile with several
administration regimens of paliperidone to various administration regiments of risperidone.

Prolactin in both studies prolactin exposures after both risperidoneand paliperidone were greater than
with placebo, but were not significantly different between treatments, i.e. by drug or dosage regimen,
suggesting that Emax may be close to being achieved, although this would mean Emax occurs at around

‘the 15 mg OROS dose or less. In addition, although the plasma drug concentrations for active moiety

peaked at 22 to 23 h on Day 1 following the Ascend treatments, the prolactin peak occurred much eartier
(from2.5t0 5.5 h), (see Table 75 and Table 76). :

Also of note, is that in study Alza-039 the two subjects (126 -and 127) reporting early menses had the

‘highest peak prolactin levels. _
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Table 75 Serum Prolactin Metrics by Treatment - Study- Alza-039 (n = 24)

} Cmax Day 1
] (miULL)

1594 (1194)

2614 (2525)

2956 (2857)

449 (195)

fCmaxDay2 §

I (miunL)

982(632) |-

1059 (867)

30117

f Tmax Day 1

36(1.7)

1.2(0.4)

1.0(0.2)

16.7 (5.2)

B U
| Tmax Day 2
1(h)

156 ‘(.8:4)” |

9.7 ©0)

 83@s5)

10965 |

| Aucos
| (miunn)

41,012 (22,998)

" 46,077 (33,105)

45,370 (33,083)

12,258 (4,379)

N

3 Cmax Day 1
} (miuL)

1543 (765)

2848 (1710)

1203 (513)

455 (167)

850 (538)

1208 (864)

873 (5086)

Tmax Day 1

(h)

25 .(3.6)

1.0 (0.2)

2.5(1.7)

5.5 (6.8)

16.3 (3.5)

OB

10663 |

._215"(3.3)

e

6.9 (8.0)

1 Auco-s
(miU.hiL)

39,520 (25,778)

47,965 (30,007)

35,637 (11,538)

37,685 (19,448)

12,488 (5,190) [

Although the effect on prolactin concentration is not likely to be maximal at the.3 mg paliperidone OROS
dose as subjects with hepatic impairment have higher prolactin exposures with 1 mg oral soln indicating
that prolactin production is increased with increasing concentrations at the lower end of the dose range,

(see Figure 69).
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Figure 69 Mean Prolactin Concentrations after Paliperidone 1 mg Oral Solution in Normals and
Subjects with Hepatic iImpairment - Study SCH-1008 .
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Prolactin exposures after multiple dosing with paliperidone IR 1 mg qd.for 14 days, 4 mg for 10 days, and
8 myg for 7 days in study INT-1, and with paliperidone OROS 12 mg qd on Days 2 -6, paliperidane OROS
12 mg qd on Days 1 - 6, and risperidone 2 mg on day 1 and 4 mg qd on days 2-6 in study SCH-101,
indicate that the effect on prolactin is likely maximal with paliperidone OROS 12 mg and steady-state is
reached in approximately 7 — 10 days, (see Table 77 and Figure 70). e
Table 77 Prolactin Concentrations and AUCs after Single and Multiple Dosing of Paliperidone IR
- Study INT-1.
Table 4-3: Prolactin Levels (ng/mL) — Summary Table for Mean Raw Data
and Changes From Baseline (Day 1 Predose}
‘RO76477 -
mg dmg . Bmg
v (N=11} (N=11) N=12)
Timepoint mean change nean change mean change
Day ! Oh 77 200 244
ik 521 ©243* 60.7 40.7% 719 47 6*
2k 49.6 21.9* 64.5 A4 4* - 679 43.5%
4h 433 1?._5“ 485 28 .4* 357 | 313¢
gh 328 5.1* 349  14.9* 36.4 v 12.0%
126 | 338 6.1* 284 8.3:* 337 Q3%
AUG.20 §54.1 8352 941.2
Day 14 (11,9 316 39 336 15.5_* 618 370*
ith 425 14.7* 479 - 27.9% 819 57.1%
2k 42.6 14.9* 520 32.0% 818 37.0%
4h 421 14.3* 480 27.9* 1.7 46.3*
Sh 324 4.6 392 19.1* 56.7 3t1.9%
12k 381 10.3* 390" 18.9* 604 35.6%
AUCp.2q 8669 970.6 o 1317¢
Day 15 Oh 307 30 357 15.7¢ 597 345%
* N=10 on Day 14. . ' :
* denote that the 95% confidence interval for the mean change from baseline does not
contain zerQ. .
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Figure 70 Mean Prolactin vs. Time Profiles after Mulitiple Dosing of Risperidone and Paliperidone
‘OROS - Study SCH-101
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3.10.7.5 Cardiovascular Effects
3.10.7.51 QT Effect

Overall it appears that there is an effect on QTc but it may not be large enough to be of concern in the
vast majority of patients. This is supported by the limited number reports of Torsades with risperidone,
which produces even higher concentrations of paliperidone, in patients with other risk factors.

3.10.7.5.1.1

Thorough QT Study

The sponsor conducted a multiple dose QT study using immediate release paliperidone and moxifloxacin
as the active control. Dosing, PK, and ECG sampling are shown in Table 78 below.

Table 78 Dosing, PK, and ECG Sampling in Thorough QT Study — SCH-1009

PalamgIR

PBO.

Pal6 mg IR

-PBO

Pal 8 mg IR

- PBO

_o 05 1, 15 .

Pal 8 mg IR

PBO

Predose

Pal 8 mg IR

PBO

Predose

Pal 8 mg IR

PBO

Predose

Pal8mgIR

Moxifloxacin 400 mg

0051152253354612

olo|vN|lo|la|dlw(N

24,245, 25,255, 26, 26.5, 27, 27.5, 28, 30, 36

s
o

a ECGs obtained in triplicate in 10 second recordings collected at 60 second intervals

48, 48.5, 49, 49.5, 50, 50.5, 51, 51.5, 52, 54, 60

ag”

b  PK samples obtained within 5§ minutes after ECG are shown in red

3.10.7.5.1.2

QT Correction Methods

Several QT correction methods were used and are indicated in Table 79. However a linearly corrected
QT based on QT vs. RR for the study populations examined was the primary comparison. The linearly
corrected QTc is indicated by QTcLC where QT = o + B * RR for the study population.

Table 79 ' QT Correction Methods Employed by Sponsor in Thorough QT Study ~ SCH-1009

Hodges M, Salemo D Emen D. Bazett's QT correction rewewed
evidence that a linear QT correction for heart rate is better. J Am Coll
Linearly Corrected QTcLC QT +b[1 - RR] | Cardiol 1983;1:694. 34.
Malik M, Camm AJ. Evaluation of drug-induced QT interval
. prolongation. Drug Safety 2001,24(5):323-351. 35.
: 0.5 Bazett HC. An analysis of the time-relationship of electrocardiograms.
Bazett QTcB QT/RR Heart 1920;7:353-370. 36.
s . 13 Fridericia LS. Die Systolendauer im Electrokardiogramm bei normalen
Fridericia QTcF QT/RR Menchen und bei Herzkranken. Acta Med Scand 1920;53:469-486.
QTlc Sagie
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To detect effects on QT by paliperidone the sponsor constructed 2-sided 90% confidence intervals
around the mean difference in day-averaged QTcLD on day 8 of paliperidone treatment (8 mg IR at
steady-state) compared with day-averaged QTcLD during placebo treatment (Day 1). The confidence
interval itself was constructed using the estimated least-squares means and variances from the models of
QT vs. RR determined from the day 1 placebo treatment. Thus there is some question if this is the most
appropriate way to construct the confidence interval during the drug treatment phase. insufficient data

- was provided to determine if this would produce an over- or under-estimate.

The measure used the mean change in QTcLC when receiving of 8 mg (R paliperidone at steady-sta{e
(Day 8) compared to baseline. :

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. ’

Table 80 shows the results of the sponsor's primary QTc analysis with the QTcLD values for paliperidone
in red and.for the control in blue, along with the relevant pharmacokinetic metrics including Cmax in
orange. What's most interesting is that although the upper limit of the 90% Cl for QTcLD at steady-state
dosing of the paliperdone 8 mg IR is less than 10 mSec, the change in QTclD is still greater for -
paliperidone than for the active control moxifloxacin.

Other factors that should be kept in mind are that these are averaged values across the entire dosage
interval, thus these QTcLD values are lower than the actual changes-in QTcl.D-ebserved around the
concentration peak, and that QTc by other methods may be farger. . .. . _ _ ...

When change from baseline in QTcLD is examined by time post dose it clearly occurs around the peak
concentration, there appears to be a dose response with a prolongation in QTcLD even with the lowest
dose of 4 mg IR, and that even with the lowest dose studied the effect on QTcLD is greater than for the
active control, (see Table 81). However, it appears that the changes in the moxifloxacin group is driven by
QTc effects in fewer individuals and that the relative degree of effect varies by the correction method
used. :

Hysteresis plots of mean QTcLD Versus mean paliperidone plasma concentrations also show a clear
concentration response relationship without any appreciable hysteresis. This is what is expected for a
direct effect of paliperidone on cardiac tissue, (see Figure 71).

Figure 72 shows the dose, concentration, and time course of effect much more clearly. Plus the effect is
seen not only with the QTcLD correction, but also with Fridericia’s and Bazett's method.

According to the sponsor none of the subjects in either the IR paliperidone or moxifloxacin treatment
group had a QTcLD increase >60 mSec. 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. No subject in either
treatment group had a QTcLD, QTcF, or QTlc interval 2450 ms at any time during the study. This
information was not verified nor was any independent PK/PD performed by the reviewer as the raw data
was provided as 945 pages in pdf format without any associated electronic data files, aithough electronic
data files were provided for most other studies. '

The greatest mean change in QTcLD occurred on Day 8 at 1.5 hours after an 8 mg IR dose when
paliperidone plasma concentrations at that time averaged 98 ng/ml. In addition significant QTcL.D

“ changes were also seen with IR doses of 4 mg and 6 mg which are associated with mean peak

concentrations around 35 — 60 ng/ml respectively, (see Table 80 and Table 82).

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 to be overlap of the concentrations
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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 the elderly who have
slightly higher peak concentrations and patients with organ dysfunction that might result in higher
exposures than is typical. _

In normal adults when we examine the highest observed exposures (i.e. 166 ng/mi) and the other
available data we can be comfortable that this concentration would aiso be near maximal in cases of
increased bioavailability due to food at a dose of 12 mg. Extrapolating along the hysteresis curve, (see
Figure 71),- we can predict an average maximal QTc of around 425 mSec at this concentration, although
QTc in individual subjects will be higher.

In addition, other risk factors such as the added effeét on QT due to quinidine which is also expected to
increase paliperidone bioavailability also need to be taken into account.

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 is no support for this statement. There were also a number of changes in ECG
morphology that are not addressed in this review. It's recommended that the cardio-renal division be
consulted to aid in assessing the clinical implications of the QTc and other changes.

.« WY
eOfs S o\
PP 0

C.;\dmautop\temp\CKav_anagh DataReviewsNDA21-999 Pal_iperidoneReviewFinalN21-999 Orig submission OCP Review.doc
Page 169 of 266
Last printed 9/12/2006 6:23:00 PM

-~



99Z Jo 0L} abed

90p!

2

"MBINGY dQ0 Uoiss|wgns uf._o 666-1 ZNIBUIMBIARYBUOPVadIRd 666~

Wd 00:£2'8 9002/Z1/8 PoIuNd 18617
LZVANSMainedmeq yBeueaeyO\dwendomeuwpy: )

(v9'g '88'7) (52°L '99'¢) YSPE - 619 026 -56'9 abuey
(b ey L'96¢ ol (60't) g's 0'c6e (e'v2) (z'zy) (zzw) {e'es) (r'zp) (1'zs) (vr'ge) (ro8) (%AD)
i 99%Z¢€Z |60e¥92l |6°9Z2F9'c9 LP9 ¥ LES) YeL¥ove |9vF096 [ZLLFsLZ | ecevFell | zetFize (]l agsFussw
oy 14 r 124 st St 124 2% oy u
i {1ee)
: 9'88~65'8
! (9'6¥)
i £'8LF6'9€
' [s'62]
€28~ 108 b
' , (1'28) N¥iBwg
. 2’8l ¥0'se {usipaw]
(73] abuey
181066 (%A9)
8.@3 ds ¥ uesw
L'vl ¥ 2'0¢
[s122) {g'81] (2 [ ve] [2'81])
(L90'60°27) | (s8°1) 084 (SL'vieL’l) 6°L92Z - 2'082 2€9-0 ¥-0 922-0 8'19-28'8
(vg'0) 20~ L'L6g (ot'ee (Z'pp) (e°L9) (009) (¢'sp) (L'8t)
T8SE+ 2L | 2T+ LT €Z1L+2Z1T | Z6c+v98 | L'OLFL0Z
&b 8§ - 8§ 85 85
L [8'305] (o] 2] [s'95] [9g°6] [uelpaw]
(Lvo'sgz-) [ (o)) 084 (9e'Z '€2'1-) §'96EL-6'8YC | 6920 vl 0'lpL-v6Z | 6'92- 708 abuey .
(v8'0) Z'L- 9'06¢ (60't) 90 (L'0¥) (L'18) A (1'ot) (6's%) (%AD) pb
TBLT+5SES | LSFLLL WLFGZ2| ©v2¥FL09 | LvFyoL |l gsFusew [¥iBwg
85 65 65 65 8¢ u
_ {ozv] lso'z] (Lze] [To8] [ueipaw]
gL lorL-) | (z81) 084 (6L 81'L) 86¢L ~ 604 80'v~S9°0 | €68-0'9L | Z'92-108 abuey
(ve'0)0'0- | g8ieg (oti) o (rsy) rew) (ezy) - ) (%AD) P
861 F Le¥ 08'0¥F .02 | &vLFZse 7108 as FussW | y|bw p
85 €9 £9 £9 u
(28'1)
- . o8d - - - - - - -
g'L6¢e -
g | wsw | Gauxiwtu | uBy) | gwBu)
. - 89'BABy oy Wy ClageEy




e

Table 81

Least Squates Mean Chan

.Dose — Study SCH-1009

ge from Baseline + SE and (90% Cl) in QTcLD by Time Post-

2801:165

550165
(2.75-817)

6901165“

33149

(0 07 5 49)

(4.21-9.62)

(0.83 - 5.72)

930:!: 1. 65
(6.56 - 11.98)

670164
(4.04 - 9.42)

9.60 + 1.64
(6.92 -12.31)

1090+ 1.64 |
(8.24 - 1362) |

“ 2445 16)

| 550£165 |
| (276-818) |

- 460£164

340+ 164
(0.67 - 6.06)

400+164

(1.35-6.74)

(1.98-7.40)

470£165

750£165 |
(4.8310.24) |

400+164
(1.33-6.71)

280:!:154,

(0.10 - 5.49)

| 770+164
_(499-1037) ff

55:|:149

(3.05-7.97)

61149
(3.64 - 853)

340+1.64
(0.74-6.12)

-0.10 + 1.64
(-2.83 - 2.56)

3.70£ 165

5.00+1.64
(229-7.67)

2.90 + 164

(0.22-560)

200164 | -
(065-474) | -

(0.95-6.37)

|- 580+ 164
(3.06-8.44)

47+149 |
(2.26 7.18) |

. 5715 |
4 (325-819) |

2.00 + 1.64
(-0.74 - 4.65)

-1.30 + 1.64

| (-3.94-1.44)

130+ 164

480+ 1.64

5.0+ 149

(2.57 - 7.47)

Figure 71

'1.80.+ 1.65
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Mean QTcLD
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110166 |
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Table 82 Summary Statistics for Paliperidone OROS Peak Concentrations seen in
Pharmacokinetic Studies®

118437 102139
(31.1) (38.3)
6.7-23.4 366-213 - - - - -
[11.3] [9.72]
16.8+ 56 148169
(33.1) 46.7) - _ _
8.7-31.0 3.88-34.2 - - - -
[15.8] [13.1]
206 £6.5 19.6 £ 8.0 _ 2321745
(31.4) (40.9) _ _ _ (32.2)
8.5-306 6.18-38.6 11.9-37.8 - -
[21.40] [18.1] 1. 123201
31.0+56 J 266+11.8 22.1+8.2 228+98 | 32.1+156 ] 227165 275187 | 2714:125
(18.1) (44.5) (36.9) (43.1) (48.4) (28.8) (316) (45.8)
21.9-412 | 115-706 9.1-50.1 5.1-52 11.6-955 | 11.3-33.2 9.7-47.7 41-454
(31.90] [24.5] [21.5] [22.1) [27.9] {23.0] [27.3] [25.8]

40.2+241 | 465+28.7

(59.9) (61.8)
8.79-130 } 155-105 - - - =
; (35.0] [35.0]
l 4414237 | 456 +27.1
1 (53.7) (59.4) _ _ _ _ _ _
19.4 - 127 16.6 - 166 .
[36.5] (38.4] , i
57.4130.1
(52.4)
d - - 1.82-146 - - - - -
1 [54.0]

= Values for Cmax are in ng/mi and summary statistics include mean + SD, (%CV), range, and [median],
3.10.7.5.1.3  Other Studies

ECGs were obtained in a number of other studies however they were usually obtained pre- and post-
study. The following four studies mentioned potential cardiac findings.

Study Alza-039

Cardiovascular system events were more common with the Ascend treatment (5 subjects) compared with
the Flat (3 subjects) and IR or placebo treatments (1 subject each): No subject reported an AE of
hypotension. There was one AE report of syncope (Subject 121, during Ascend freatment). One subject
each experienced tachycardia (Subject 122 after Ascend and after Flat treatments), bradycardia (Subject
102 after IR treatment), and arrhythmia that was described as an irregular pulse lasting eight minutes,
(Subject 120 after Ascend treatment and with normal ECG at baseline, during each treatment, and per AE
CRF). Subject 123, a 55 year-old male, had ectopic beats on his ECG first during IR treatment and again
during both Ascend and placebo treatments.
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Alza-034

A higher incidence of palpitations was noted in study Alza-034 with a more rapidly absorbed paliperidone
OROS development formulation, (see Table 83).

Table 83 Adverse Events Reported in >10% of Subjects During Any Treatment - Study Alza 034

& SRR | :

=5 AR

1 Headache 1 6(21.9) 3 (10.0)
linsomnia - 1 20y 3w@ony. |
{ Nausea I (26 3(10,0)
| Pajpitation ~~ || 5017 (:

Trimethoprim Interaction Study

Twelve-lead ECGs were performed at screening, at baseline (predose in period 1), ét predose in period 2,
and at the end of the study.

None of the subjects had a QTc interval increase >60 ms from baseline, and none of the subjects had a
QTc interval >500 ms. One subject (100401) with normal QTcF, QTlc and QTcB at baseline had
increases of 47, 45 and 96 ms, respectively at the end of the study. The end-of-study QTcB (466 ms) was
prolonged according to the criteria used in the study (>450 ms). The end-of-study QTcF and QTlc were
425 ms and 419 ms, respectively. This subject also had an above-normal heart rate (HR) at the end of
the study (HR=104 bpm).

One subject (100418) with normal QTcF, QTlc and QTcB at baseline had increases of 32, 39 and 41 ms
respectively, at the end of the study. However, none of these end-of-study QTc values was borderline or
prolonged, according to the criteria used in the study (430-450 ms and >450 ms, respectively). One
subject (100422) with a normal QTcB at baseline had an increase of 3 ms at the end of the study. The
end-of-study QTcB (431 ms) was borderline according to the criteria used in the study (430-450 ms). One
subject (100429) had borderline QTcF, QTlc and QTcB

rs This Way
On Original
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3.10.75.2 BP

3.10.7.52.4  Diastolic Blood Pressure

When diastolic blood pressure is examined after single or multiple dosing of paliperidone there does not
appear to be any obvious dose response relationship, (see Figure 73 and Figure 74).

Figure 73 Effect of Single Doses of Paliperidone OROS on Diastolic Blood Pressure over Time by
Dosage - Study Alza-044*

20 ' { L | L o R ! 1 L | ' 1 ! ¥ T i T ! t i 1 ! 1 ! |
Hours 0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96
.a Values are Mean, high and low.
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