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The baseline values of norepinephrine vary among the different groups. The epinephrine levels of the placebo group
increase over time. The same pattern is observed with the norepinephrine levels in the subjects on tolvaptan,

A table listing the mean percent change from baseline (placebo corrected) in epinephrine levels is shown below:

Mean Percent Change from Baseline (Placebo Corrected) in Norepinephrine Levels

Mean Percent Change
from Baseline in Norepinephrine Level®, %

Dose Level of Tolvaptan, mg

Time after 180 240 300 360 420 480
Administration, h

2 17 52 -34 -6.0 12 0.5

24 73 44 4.2 -32.7 100 30

#Pooled placebo corrected

At2 hand 24 h after dosing increased as well as decreased net plasma concentrations of norepinephrine can be seen.
There is no overt evidence for an effect of tolvaptan on norepinephrine, but the available data are too scarce to make
a definitive determination.

Aldosterone

The below table lists the mean change from baseline (placebo corrected) in aldosterone levels measured at 2 h and

24 h after administration:

Mean Percent Change from Baseline (Placebo Corrected) in Aldosterone Levels

Mean Percent Change
from Baseline in Aldosterone® Level, %

Dose Level of Tolvaptan, mg

Time after 180 240 300 360 420 480
Administration, h

2 -28 16 -9.6 -6.5 11 11

24 75 33 26 1.7 61 64

#Pooled placebo corrected
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At2 h post-dose, the presumed time of the peak plasma concentration of tolvaptan the effect on the aldosterone
levels varies among the doses. Increased, but also decreased net aldosterone levels are observed. More consistent

increases ranging between 1.7% and 64% of the net aldosterone levels are observable 24 h after administration. With
the limited information available an effect of tolvaptan on aldosterone cannot be ruled out.

Pharmacodynamic-Pharmacokinetic Correlations

The below table lists the mean change from baseline (placebo corrected) in urine excretion rates and the
corresponding mean midtime plasma concentrations of tolvaptan:

Dose Urine Collection Mean Change from Midpoint Time Mean Mid Time Plasma®
mg Interval mL Baseline in Excretion® h Concentration
Rate, mL/min ng/mL
180 0-2 44 1 432
240 4.0 428
300 5.7 768
360 5.5 639
420 5.9 715
480 6.8 2582
180 2-4 7.5 3 571
240 44 597
300 6.4 907
360 8.5 891
420 8.2 1236
480 9.7 1015
180 4-6 7.0 5 530
240 6.1 504
300 5.6 726
360 7.4 636
420 8.9 1173
480 6.6 961
180 6-8 10.0 7 429
240 5.6 435
300 8.6 651
360 9.5 526
420 9.7 986
480 7.4 896
180 8-12 6.8 10 374
240 6.2 416
300 83 545
360 8.4 461
420 6.9 820
480 7.1 844
180 12-24 4.6 18 216
240 4.6 318
300 4.6 328
360 4.3 288
420 6.0 634
480 5.9 639
180 24-36 3.8 30 84
240 3.2 149
300 4.8 126
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360 5.4 124

420 6.3 306

480 5.7 345

180 36-48 1.2 42 31

240 1.8 61

300 1.6 42

360 1.4 45

420 1.8 109
TPooled placebo corrected "All values except those at 1 h and 3 h after administration were obtained by logarithmic
interpolation ’

The below figure shows a plot of the mean change from baseline (placebo corrected) in the excretion rate versus the
mean plasma concentrations of tolvaptan:

M ean Change from Baseline in Urine Excretion Rate vs Mean
Plasma Concentration of Tolvaptan

1000

1500
Mean Tolvaptan Concentration, ng/mL

Mean Change from Baseline (Placebo Corrected) in Urine
Excretion Rate vs M ean Plasma Concentration of Tolvaptan

12.0

10.0

8.0 |

1000
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Both plots indicate that the net aquaretic effect is nonlinearly related to the plasma concentration of tolvaptan. The
higher the plasma concentration, the smaller the increment in the effect. It should be noted that the lagging of the
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aquaretic effect behind the plasma concentration (counter-clockwise hysteresis) contributes significantly to the
variability of the data.

Conclusions
PK

The parameter estimates of OPC-41061 at dose levels > 240-480 mg can be considered reliable. The respective
mean values in the 5 dose groups for the main parameters CL/F, Vz/F, and t1/2z range between 3.7 and 6.9
mL/min/kg 3.7 and 6.9 L/kg and 9.9 h and 14 h with no obvious dose dependency. Median tmax in the 6 dose
groups ranges between 2.3 and 4.0 h with no trend increase with increasing dose. The kinetics of tolvaptan are dose
proportional. Cmax, in contrast to AUCco, increases less than dose proportional indicating that absorption of
tolvaptan is slowed but bioavailability is not affected. Peak and average exposure measures show marked inter-
subject variation.

The plasma concentrations of the metabolite DM-4103 are much greater than those of the parent drug. Median tmax
for DM-4103 ranges between 24 h and 36 h and the elimination of the compound is very protracted.

PD

The effect of all tolvaptan doses on serum Na' in the 0-24 h post-dose interval is a net increase ranging between 1.2
mEq (0.87%) and 7.0 mE (5.0 %). The onset of tolvaptan’s effect on serum Na” is observable with all doses at 2 h
post-dose. The net peak effects on serum Na* range between 5.3 and 7.0 mEq. A ceiling effect on serum Na* is
attained with tolvaptan doses between 180 and 480 mg. There is an apparent trend for an increase in serum K* by
tolvaptan. Urine excretion rates, free water clearance, plasma osmolality, at all doses of OPC-41061 are greater than
after placebo. The values for baseline and placebo corrected urine excretion rate and free water clearance are similar.
The onset of net aquaretic activity occurs in the first collection interval of 0-2 h and peak net effects are seen
between 6 and 12 h post-dose. The duration of the aquaretic effect ranges between about 42 to 55 h for the tested
doses of between 180 and 480 mg.. OCP-41061 appears to decrease mean net 24 h Na* excretion and increase mean
net 24 h K* excretion. OPC-41061 increases net AVP and PRA plasma levels.

PK-PD

The aquaretic effect is nonlinearly related to the plasma concentration of OPC-41061. The higher the plasma
concentration the smaller the increment in the effect becomes. There is substantial inter-subject variation in the
exposure-response relationship.

Comments

1. The sponsor should explore the exposure response profile of OPC-41061.

2. The sponsor should study the net effect of tolvaptan on the pharmacodynamlc parameters by considering
the impact of baseline and placebo.

3. The goal of the study, namely to determine the maximum tolerated dose is not attained.

4. The individual dose increments used in the study range between 14 % and 33 % and are too small to exert
easily discernible effects.

5. Aldosterone and norepinephrine levels are measured at baseline, 2 h and 24 h post-dose. The information is
too scarce to evaluate tolvaptan’s potential impact on these endogenous compounds. The body position and
activity levels of the subjects, known to affect aldosterone and epinephrine (and AVP and PRA) are not
prescribed by the protocol.

6. Urine osmolality in mOsm per time unit, and urine Na"and K* excretion mEq per time unit should be
plotted vs. time. The plots of the sponsor show amounts of Na*, K* and osmolality excreted in each

212



collection interval. This is misleading, because the difference in the duration of the collection intervals is
not considered.

7. Pre-dose blood samples were collected to determine the plasma protein binding of OPC-41061. However,
the method used and the results obtained are not reported.

8. The report should indicate the respective methods (accuracy, precision, specificity) used to measure
osmolality (plasma and urine), aldosterone, epinephrine, AVP and PRA.

9. The literature reference given for the computation for free water clearance O’Connor et al. Am. Heart J.
1998;135:S249-263, is incorrect.

Study Report No. 156-96-203:” Multicenter, Randomized, Double-Blind, Placebo-Controlled, Dose Ranging,
Efficacy, Safety, and Pharmacokinetic Study of OPC-41061 in Hospitalized Patients with Hyponatremia
Secondary to Liver Disease”

Investigator and Study Sites

SHENGE

b(4)

Objective
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To assess the efficacy, safety and PK of daily doses of up to five (5, 10, 15, 30, and 60 mg) dose levels of OPC-
41061 in patients with hyponatremia secondary to liver disease. The outcome variables include plasma sodium
concentration, urine osmolality, urine volume and body weight. The safety outcome variables include adverse
experiences, vital signs, neurological examinations, ECGs, laboratory tests, plasma potassium concentrations and
OPC-41061 plasma concentrations.

Rationale for Dose Levels Selected

Safety assessments collected during the Phase I studies suggest that OPC-41061 is safely tolerated up to 60 mg daily
for up to 28 days in healthy subjects. In addition, single doses of up to 240 mg were tolerated in healthy subjects.

Investigational Drugs and Formulations

Five (5) and 15 mg tablets and matching placebo tablets were provided by the sponsor. Lot Nos. for the formulations
are not indicated in the report.

Design

The study consisted of a two-day baseline period (Study Days -1 and 0), a 13-day treatment period with study drug,
a termination visit, and one follow-up evaluation 6 to 9 days after the termination visit. Five groups of nine patients
were randomized on Day 1 in the following order: 5 mg, 10 mg, 15 mg, 30 mg and 60 mg. In each treatment group,
6 patients received OPC-41061 and3 patients placebo. The daily doses of 5 mg and 10 mg of OPC-41061 were
administered as one and two tablets, respectively. The daily doses of 15, 30, and 60 mg were administered as one,
two, and four 15 mg tablets. The patients were hospitalized during the first four days of treatment and discharged on
Day 5 after completing Study Day 5 assessments. The patients were to return to the clinic on Study Days 7, 9, 11,
13, and 14. On Study Day 13, the final dosing day, the patients could volunteer for an extra-day of hospitalization
after the final dose of study drug so that additional blood samples for sodium and potassium levels in plasma could
be collected. Patients were to be fasting from food from 2200 the evening before until 4 h post-dose. Study drug was
to be administered together with 200 mL water. Fluid intake was to be monitored starting at 0800 on Day 0. Fluid
intake over 24 h on the dosing days was to be matched as closely as possible to the fluid intake measured on Day 0.

Dose escalation was evaluated at the completion of each dose group. The inclusion and exclusion criteria used in
enrolling patients for the study were the following:

344 inclusion Criferia

eiits were required fo meet the following inclusion erit

Aéc‘gma y
 Plasma sodium 12010 135
range on sach :of these study do;
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Individual patient dosing was to continue on Study Days 2-13, unless one of the following events occurred, at which
time an assessment by the investigator would be made regarding continuing the patient in the study:

ASOD a\qssod 1524

After patients in Group 1 had completed the follow-up visit on Day 20-23, the results were to be examined by the

sponsor. The following criteria had to be met on each of the possible 13 days of treatment in order for the escalation
to proceed:

e
-

The pharmacokineticist reviewed the plasma concentration data and advised the reduction or withholding of the dose

of a particular patient when such was considered appropriate. Additionally, before moving on to the next arm of the
study, the pharmacokineticist was consulted for recommendation.

The dosage of concomitant medications was to be kept constant during the study unless changes were necessary in

the judgment of the investigator to protect patient safety. The schedule of administration other than diuretics was not
to be modified.

The scheduled study activities are summarized in the below scheme:
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Safety

Hematology with differential, platelet count, serum chemistries and urinalysis were obtained on Study Days -1, 5, 7,
and 14 (or termination visit) and at the follow-up visit. PT and aPTT were to be measured on Study Days-1, 1, 3, 5,
7,9, 11, and 13 and at the follow-up visit. Scheduled 12-Lead ECGs were recorded and neurological examinations
were performed throughout the study.

Pharmacokinetic Profiling

Blood samples for the determination of plasma concentrations of OPC-41061 were collected at the following time
points on:

Day 0: at 0700 h pre-dose

Day 1:at1,2,4,6,8, 10, 12, 16, and 23 h post-dose
Days 2-4: at 2 h and 23 h post-dose

Day 5: at 2 h post-dose
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Days: 7,9, 11, and 13: at pre-dose and 3 h post-dose
Optional Day 13: at pre-dose and 2, 4, 8, 12, and 24 h post-dose
Optional Day 14: at 24 h post dose

Plasma Protein Binding

C-OPC-41061 and an equilibrium dialysis method was used. The final concentrations of OPC-41061 were 160
ng/mL and 400 ng/mL. Depending on the availability of sample volume both or only one concentration of OPC-
41061 was tested. Impact of pH, non-specific binding, stability, concentration dependency, recovery, time to
equilibrium and impact of DM-4103 were investigated in preliminary experiments. The experiments were conducted
at 37 °C at pH 7.4.

Bioassay

The plasma concentrations of OPC-41061 were measured by a LC/MS/MS assay using an internal standard. The
method is fully validated. The method is linear (weighting 1/y%) in the range between 5.00 ng/mL-1000 ng/mL with
a correlation coefficient of 0.998. Using QC samples precision of the method for OPC41061 is < 16.9 % and
accuracy ranges between -21.8% and 3.7 %. Stability of the analyte was checked by exposing plasma for 4 h and
extracts for 49 h on the autosampler at roome temnerature. The imnact of long term freezer and freeze/thaw cycle

exposures are not reported. , performed the measurements.

The concentrations of radio-labeled OPC-41061 in buffer and plasma of the equilibrium dialysis experiments were b(4)
measured by liquid scintillation spectrometry. , performed the

measurements.

Pharmacokinetic Data Analysis

The following were to be determined on Days land 13: Cmax, tmax, AUC0-23, t1/2z, CL/F and Vz/F. Linear
regression analysis was performed on log-transformed Cmax and AUCt versus log-transformed dose and 95%
confidence intervals of the slope determined.

Pharmacodynamic Profiling

Plasma sodium and potassium were to be measured on
Day -1: at admission

‘Day 0:at 0700 h

Day 1:at 2,4, §, 12, and 23 h post-dose

Days 2-4: at 2 and 23 h post-dose

Day 5: at 2 h post-dose

Days 7, 9, 11: pre-dose and 2 h post-dose

Day 13: pre-dose, and 2, 4, 8, 12, and 24 h post-dose
Optional Day 14: 24 h post-dose

Follow-up visit: at 0800 h

The sodium levels had to be available within 45 min of blood collection.

Measurements of urine volume, osmolality, sodium, and potassium were made on cumulative urine collections
during the following intervals: 0800-1200, 1200-1600, 1600-2000, and 2000-0800 on Study Days 0 through 4.

Blood samples for measurements of plasma AVP were taken pre-dose and 4 h after OPC-41061 administration on
Study Day 1.

Creatinine clearance was determined from a complete 24 h urine collection from 0800 on Study Day 0 to 0800 on
Study Day 1. Plasma creatinine was to be measured on Study Day 0.

Plasma osmolality was obtained on Days 0 and 5.
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Baseline for plasma sodium and body weight, the two endpoints of primary interest, was defined as their observation
at time point Day 0 at 0700 h. Baseline of urine osmolality and urine volume was defined as their observations
performed on Day 0.

Fluid intake was to be monitored starting at 0800 on Day 1. Fluid intake over 24 h on the study drug dosing days
was to be matched as closely as possible to the fluid intake measured on Day 0. The fluid intake recording intervals
on Study Days 0-4 were 0800-1200, 1200-1600, 1600-2000, and 2000-0800. Administration of intravenous fluids
was allowed but had to be considered for the daily intake of fluid and sodium. Fluid restriction was in effect during
the outpatient period, Study Days 5 to 14. Patients were instructed to record each fluid intake on a card. Fluid intake
was not allowed for 1 h prior to the 0700 h measurement of plasma sodium and prior to all 23 h post dose
measurements.

On Study Days 0-4 meals were chosen by a dietician in a way to accurately estimate water and sodium intake. The
dietary sodium intake was determined by the investigator, but had to be relatively constant throughout the study. A
standard of 2 g/day of sodium was recommended.

Statistical Analysis

As this was an exploratory study no statistical evaluation of the data was performed. Also, no sample size

determination for the study was made. Comparisons of the change from baseline were made for plasma sodium,
body weight, urine osmolality and volume. The intent-to-treat population was examined.

RESULTS

The demographics of the enrolled patients are shown in the below table:

Best Possible Copy

Mean (SD) age, body weight (on Day-1) and Child-Pugh scores of the patients in the OPC-41061 Groups are listed
in the table below:

Dose mg Age, years Weight, kg | Child Pugh Score
5 50(13) 92 (41) 10(2)
10 54 (14) 65 (10) 10 (2)
15 51(9) 81(13) 10 (1)
30 55(4) 74 (22) 8
60 52 (5) 74 (17) 10 (2)
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The Child-Pugh scores indicate that the patient population exhibits moderate to severe liver impairment.

The disposition of the patients is listed in the next table:

Best Possible Copy

Of the 45 patients enrolled, 27 completed the study per protocol. Of the 18 non-completing subjects 12 were
withdrawn because of an adverse event, 3 patients withdrew consent, 1 patient was withdrawn because the plasma
sodium exceeded the limit set by the protocol, and 2 patients withdrew for other reasons. The number of completing
subjects was 9 in the placebo group, 2 in the 5 mg tolvaptan group and 4 in the 10, 15, 30 and 60 mg OPC-41061
groups.

Safety

Three patients died during the course of the study: a 58 year old female in the 5 mg OPC-41061 group succumbed to
multi-organ failure; a 37 year old male patient in the 15 mg OPC-41061 group died of bacterial peritonitis and a 37
year old male patient in the placebo group died of hepatic failure. Ten (10) of 30 (33 %) OPC-41061 treated patients
and 7 of 15 (47%) placebo treated patients reported serious treatment emergent adverse events (TEAEs). Of these
only disseminated intravascular coagulation exhibited by one patient was judged to be probably drug related. The
occurrence of TEAEs appeared not to be related to the dose of OPC-41061 administered. The most common of
TEAES potentially drug related included thirst (30%), ascites (10%), dizziness (10%) and orthostatic hypotension
(10%). A dose dependency was not apparent.

Pharmacokinetics

The below 2 figures are linear plots of the median plasma concentration time profiles of OPC-41061 on Day 1
following a single dose of OPC-41061 and Day 13 following multiple oral doses of OPC-41061 qd:
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The plasma concentrations after 10 mg, 15 mg, 30 and 60 mg OPC-41061 are measurable up to 23 h on Day 1 and
24 h on Day 13 in all subjects of the different groups. After administration of 5 mg the plasma concentrations of
OPC-41061 on Day 1 are only measurable up to 16 h post-dose in all subjects, but measurable up to 24 h on Day 13
in all subjects of the group.

The 2 below tables list the sponsor’s estimated median PK parameters for OPC-41061 on Day 1 following a single
dose of OPC-41061 and Day 13 following multiple oral doses of OPC-41061 qd:
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As discussed in the review of Study Report 156-98-202 in detail, the sponsor’s estimates for Az, and the derived
t1/2z, AUCw and CL/F on Day 1 and )z and t1/2z on Day 13 are subject to bias. The available data can provide

reliable estimates for Cmax, tmax and AUCO0-23 on Day 1, Cmax, tmax, AUC0-24 and CL/F on Day 13. AUC0-23
on Day 1 and AUC0-24 on Day 13 are confusingly labeled AUCt by the sponsor.

The median peak concentrations are attained between 2.9 and 5.1 h after single dose administration and between 2.0
h and 3.9 h after multiple dose administration. On Day 1 the mean percent coefficient of variation about Cmax, CV,
ranges between 44 % and 57 %. The percent coefficient of variation about mean Cmax on Days 1 and 13 ranges
between 45 % and 59 %. The percent coefficient of variation about mean AUC0-23 on Day 1 or AUC0-24 on Day
13 ranges between 20 % and 54 %, respectively, indicating marked inter-subject variation. The mean CL/F ranges
between 1.45 and 1.63 mL/min/kg and is smaller than in healthy subjects as determined in other studies.

The accumulation factor, RAUC, determined from AUCO0-24(Day13)/AUC0-23(Day1) is available in the following
patients:

Subject Child-Pugh Score | Dose, mg | RAUC

1 10 5 1.8

6 8 1.3
11 11 10 2.1
15 7 1.8
18 10 2.5
31 10 30 2.5
32 6 1.3
34 7 1.0
36 9 2.1
39 11 60 2.0
41 10 2.3
42 11 23
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The median accumulation factor, RAUC, in the patients with hyponatremia secondary to liver disease is 2.0 and
greater than in healthy subjects as determined in other studies. The RAUC in the individual patients increases with
an increase in the Child-Pugh (CP) score as shown in the below figure:

Accumulation Factor vs Child-Pugh-Score

N
ES w

N

Accumulation Factor

Child-Pugh Score

Cmax and AUC0-24 on Day 13 appear to increase in a dose proportionate manner as shown in the below 2 figures:
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The PK of OPC-41061 in patients with hyponatremia secondary to liver disease is dose proportionate.
Plasma Protein Binding

The median percentage of OPC-41061 unbound to plasma protein at concentrations of 160 ng/mL and 400 ng/mL
ranges from 1.28% to 2.37% and 1.59% to 1.85%, respectively, across the 5 dose groups.

Pharmacodynamics

Plasma Na*

The below table lists the mean change from baseline in plasma Na* concentrations during Days 1-4,5,7,9, 11 and
13 after initiation of the OPC-41061 and placebo treatments:
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The below table summarizes the mean change from baseline (corrected for placebo) in plasma Na* observed over 5
days after initiation of the multiple dose regimens of OPC-41061

Mean Change from Baseline (Placebo Corrected) in Plasma Na*

Over a Period of 4 Days .
Mean Change from Baseline (Placebo Corrected) in
Plasma Na*(mEq)*®
Dose Level of OPC-41061

Day, Time S5mg 10 mg 15mg 30 mg 60 mg
Post-Dose n=6 n=6 n=6 n=6 n=6
Day 1

2h 0.7 0.2 -1.8 12 -0.5

4h 24 2.7 -0.3 2.1 14

8h 1.1 44 2.9 43 32

12h 2.1 14 3.9 3.9 3.9

23h 2.0 3.5 2.7 33 6.5
Day 2

23 h 0.2 2.7° 33 2.8 57
Day 3

23h 0 3.7 1.7 3.2 5.5°
Day 4

23 h 1.0° 3.0° 1.3 4.5 4.8
Day 5

2h 0.5° 2.9° 20 4.1 4.5°

*Pooled placebo corrected ® only data with n >5 considered ° n=5

Results on n > 5 subjects are only available on Days 1-5. Both data sets suggest a net increase in plasma Na* on
Days 1 through S in the patients on OPC-41061. However, considering the significant standard deviation about the
mean values it appears that a relevant net effect on plasma Na" in the first 4 treatment days may be achieved only at
the 60 mg dose level. The onset of the effect on Na* appears to occur at about 8 h post-dose on Day 1 and the time
duration of the effect appears to last through the 24 dose interval on Days 1 through 4.
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Plasma K*

The below table summarizes the change from baseline in the plasma K* concentrations over 14 days after initiation
of the treatments:

™
%
The treatments appear not to impact the plasma K levels. -t
g
The below table summarizes the mean change from baseline (placebo corrected) in plasma K* observed over 5 days Q
after initiation of the multiple dose regimens of OPC-41061: %
2.
Mean Change from Baseline (Placebo Corrected) in g_‘
Plasma K" over a Period of 4 Days o
Mean Change from Baseline (Placebo Corrected) in 0
Plasma K*, *° @)
Dose Level of OPC-41061 -2
Day, Time 5mg 10 mg 15mg 30 mg 60 mg
Post-Dose n=6 n=6 n=6 n=6 n=6
Day 1
2h 0 0.4 0.1 0.1 0.4
4h 0 0.1 0.2 0 -0.1
8h -0.1 0.1 0.2 0.3 0.1
12 h -0.2 0.1 0.4 0.3 0.2
23 h -0.1 -0.1 0 0.2 0.1
Day 2
23h 0.3 0° 0 0.5 0.1
Day 3
23h -0.1 -0.1° 0 0 -0.1°
Day 4
23h -0.5° -0.2° 0.3 0.4 -0.2°
Day 5§
2h -0.3° -0.1° -0.1 0.2 -0.3°

* Pooled placebo corrected ° only data with n>5 considered ° n=5

There is no consistent pattern in the mean change from baseline in plasma K* concentrations suggesting that OPC-
41061 regimens of 5-60 mg qd have no discernible impact on plasma K" during the observation period of 5 days.

N b(®
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Urine Volume

The below table lists the mean change from baseline in the 24 h urine volumes on Days 1 through 4
after initiation of the regimens:

The mean change from baseline in the 24 h urine volume is shown below:

Best Possible Copy

All OPC-41061 doses increase the mean 24 h urine volumes on Days 1-4 beyond the baseline levels. In contrast, the
mean 24 h volumes of the pooled placebo group on Days 1-4 are smaller than the baseline value reflecting fluid
restriction.

The below tables list the mean change from baseline (with/out correction for placebo) in the 24 h urine excretion
rate:

Mean Change from Baseline in 24 h Urine Excretion Rate over 4 Days
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Mean Change from Baseline in 24 Urine Excretion Rate
mL/min?

Dose Level of OPC-41061

Study Day 5Smg 10 mg 1S mg 30 mg 60 mg
n=6 n=6 n=6 n=6 n=6
Day 1 0.35 12 0.60 12 1.7
Day 2 0.046 029 0.48 1.1 0.86
Day 3 0.31 0.19° 0.26 0.63 45
Day 4 0.16° 0.59° 0.25 0.33 2.0°

2 only data with n >5 considered ® n=5

Mean Change from Baseline (Placebo Corrected) in 24 h Urine Excretion
Rate over 4 Days

Mean Change from Baseline in 24 Urine Excretion Rate
(Placebo Corrected), mL/min *°

Dose Level of OPC-41061

Study Day Smg 10 mg 15mg 30 mg 60 mg
n=6 n=6 n=6 n=6 n=6
Day 1 1.4 23 1.7 2.3 2.8
Day 2 1.2 1.5 1.6 2.3 2.0
Day 3 1.6 1.4° 1.5 1.9 5.7
Day 4 1.4° 1.8° 1.5 1.6 3.2°

2 Pooled placebo corrected ° only data with n>5 considered n=5

The baseline and placebo corrected data give higher values than the baseline corrected data. Both data sets indicate
that all dose levels of OPC-41061 induce a net increase in the 24 h urine excretion rate on Days 1-4. Becaiise of the

" significant decrease of the urine volumes/excretion rates compared to baseline in the patients on placebo, the
baseline and placebo corrected volumes/excretion rates are systematically greater than the baseline corrected values.
The largest net mean 24 h excretion rates are seen with the 30 mg and 60 mg doses of OPC-41061. With the baseline
and placebo corrected data a systematic rebound effect is not seen in the patients with liver disease associated
hyponatremia. :

The next two tables glist the mean change from baseline (with/out placebo correction) in the urine excretion rates in
the individual collection intervals:

Mean Change from Baseline in Urine Excretion Rate

Mean Change from Baseline in Urine Excertion Rate, mL/min

Dose Level, mg 5 10 15 30 60

Time Post-dose, h

0-4 0.98 2.1 0 13 1.5
4-8 0 1.7 14 26 2.8
8-12 0.71 1.9 0.68 1.7 22
12-24 0.21 0.50 0.55 0.56 1.3

Mean Change from Baseline (Placebo Corrected) in Urine Excretion Rate
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Mean Change from Baseline (Placebo Corrected) in Urine Excretion Rate®, mL/min

Dose Level, mg 5 10 15 30 60

Time Post-dose, h

0-4 2.2 3.3 1.1 2.5 2.7
4-8 1.9 3.9 3.6 4.7 4.9
8-12 1.5 2.6 1.5 2.5 2.9
12-24 1.0 1.3 1.3 |13 2.1

? Pooled placebo corrected

The baseline and placebo corrected data give systematically higher values for the urine excretion rate than the
baseline only corrected data. The former dataset indicates that the onset of aquaretic activity (net excretion rate > 1
mL/min) occurs in the first collection interval of 0-4 h post-dose. Peak rates ranging between 1.9 and 4.9 mL/min
ocurring at 6 h post-dose are observed.The aquaretic effect appears to last > 18 h at all dose levels.

Fluid Balance

The below table lists the mean change from baseline in fluid balance in the 5 dose groups on Days 1-4:

Treatment with OPC-41061 at all tested dose levels results in a negative mean change from baseline in the 24 h fluid

balance on Days 1-4. In contrast, placebo treatment is associated with a positive mean change from baseline in fluid
balance.

24 h Urine Excretion of Na*

The below table lists the mean change in 24 h urine Na* excretion for 4 days after initiation of the treatments:
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It appears that the OPC-41061 treatments on Days 1-4 are associated with a smaller reduction in the 24 h urine
excretion of Na* than placebo.

The following table tabulates the mean change from baseline (placebo corrected) in the 24 h urine excretion of Na*

Mean Change from Baseline (Placebo Corrected) over 4 Days
Na* Excretion

Mean Change from Baseline (Placebo Corrected) in the
24 h Excretion of Na*, mEq*®
Dose Level of OPC-41061
Study Day Smg 10 mg 15 mg 30 mg 60 mg

n=6 n=6 n=6 n=6 n=6
Day 1 22 21 -32 20 25
Day 2 41 43 25 38 38
Day 3 93 51° 46 40 157
Day 4 55° 41° -39 29 97°

Pooled placebo corrected ° only data with n >5 considered ° n=5

OPC-41061at all dose levels and throughout the 4 day observation period appears to increase mean net Na* urine
excretion with no discernable impact of dose size. The net Na* excretion ranges between 20 and 157 mEq.

24 h Urine Excretion of K’

The following table lists the mean change from baseline in the 24 h urine excretion of K* for 4 days after initiation
of the treatments:
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The mean change from baseline in K* excretion appears to be less negative with the OPC-41061 treatments than
with the placebo treatment.

The below table lists the mean change from baseline (placebo corrected) in K™ urine excretion:

Mean Change from Baseline (Placebo Corrected) in 24 h K*
Excretion over a Period of 4 Days

Mean Change from Baseline (Placebo Corrected) in
24 h K™ Excretion, mEq®
Dose Level of OPC-41061
Study Day 5mg 10 mg 15 mg 30 mg 60 mg
n=6 n=6 n=6 n=6 n=6
Day 1 84 87 51 62 70
Day 2 71 59 46 63 55
Day 3 99 97° 44 73 145
Day 4 81° 119° 42 78 140°

? Pooled placebo corrected ® only data with n >5 considered © n=5

OPC-41061 at all dose levels and throughout the 4 day observation period appears to increase mean net K™ urine

excretion with no discernable impact of dose size. The net K* excretion ranges between 42-145 mEq.

Pharmacokinetic-Pharmacodynamic Correlations

The below tables list the mean change from baseline (with/out placebo correction) in urine excretion rate
and the corresponding mean mid time plasma concentrations on Day 1 in the 5 groups of patients receiving OPC-

41061:

Mean Change from Baseline in Urine Excretion Rate and Plasma Concentration of OPC-41061 on Day 1

Interval Mean Change from Baseline | Time Post-Dose Mean Mid Time
h in Urine Excretion Rate Plasma Concentration
Dose mg mL/min h ng/mL
5 0-4 0.98 2 36
4-8 0 6 27
8-12 0.71 10 18
10 0-4 2.1 2 84
4-8 1.7 6 64
8-12 1.9 10 41
15 0-4 0 2 36
4-8 14 6 54
8-12 0.68 10 56
30 0-4 1.3 2 208
4-8 2.6 6 190
8-12 1.7 10 129
60 0-4 1.5 2 363
4-8 2.8 6 291
8-12 22 10 223
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Mean Change from Baseline (Placebo Corrected) in Urine

Excretion Rate and Plasma Concentration of OPC-41061 on Day 1

Interval Mean Change from Baseline | Time Post-Dose Mean Mid Time
h (Placebo Corrected) in Urine ’ Plasma Concentration
Excretion Rate ®
Dose mg mL/min h ng/mL
5 0-4 22 2 36
4-8 1.9 6 27
8-12 1.5 10 18
10 0-4 33 2 84
4-8 3.9 6 64
8-12 2.6 10 41
15 0-4 1.1 2 36
4-8 3.6 6 54
8-12 1.5 10 56
30 0-4 2.5 2 208
4-8 47 6 190
8-12 2.5 10 129
60 0-4 2.7 2 363
4-8 4.9 6 291
8-12 2.9 10 223

? Pooled placebo corrected

The below figures show plots of the mean change from baseline (with/out pacebo correction) in urine excretion rate
vs the corresponding mid mean plasma concentrations of OPC-41061 in the 5 dose groups on Day 1:

M ean Change from Baseline in Excretion Rate vs
Mean Plasma Concentration of OPC-61041

Mean Plasma Concentration, ng/mL

Best Possibie Copy
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Mean Change from Baseline (Placebo Corrected)in
Urine Excretion Rate vs Mean Plasma Concentration of
OPC-41061

w > @

N

Te m om w Best Possible Copy

Mean Plasma Concentration, ng/mL

The plots show that the mean net urine excretion rate increases with an increase in exposure. The relationship
between net excretion rate and plasma concentration of OPC-41061 is saturable. It should be noted that the lagging
of the aquaretic effect behind the plasma concentration of OPC-41061 (counter-clockwise hysteresis) contributes to
the variability of the data.

The below table lists the mean change from baseline in the area under the plasma Na'concentration time curve,
AUCO0-24 Na* and AUCO0-23 of OPC-41061 on Day 1:

Dose, mg | Mean AUC0-23 Na™ | Mean AUC0-23 Na®™ | Mean AUC0-23 OPC-41061
mEqeh mEq e h ng eh/mL

5 39.8 21.8 424

10 81.3 52.7 964

15 51.2 332 965

30 73.6 55.6 2850

60 78.4 62.6 5136

 Pooled placebo corrected ® Uncorrected for pooled placebo

There is no relationship between mean change from baseline (with/out correction for placebo) in AUC0-23 Na* and
mean AUC0-23 of OPC-41061 apparent.

Conclusions
PK

The pharmacokinetics of OPC-41061 in patients with liver disease associated hyponatremia receiving qd regimens
of 5, 10, 15, 30 and 60 mg are compatible with first order kinetics. On Day 1 the percent coefficientof variation
(CV) about mean Cmax and AUCO0-23 ranges between 44 % and 57 % and 26 % and 45 %, respectively, indicating
meraked intersubject variation. On Day 13 the respective CV about Cmax and AUCO0-24 ranges between 23 % and
56 % and 5 % and 49 %. The median oral clearance ranges between 1.41 and 1.63 ml/min/kg and is smaller in the
patients with moderate to severe liver impairment than in healthy subjects as observed in other studies. The median
accumulation factor of OPC-41061 in assessable patients is 2.0 and increases with increasing Child-Pugh scores.
The plasma protein binding of OPC-41061 in patients with liver impairment shows an unbound fraction ranging
between 0.0128 and 0.0237.

233



PD

There is a net increase in the mean plasma Na* concentrations on Days 1 through 5 at all dose levels of OPC-41061.
The increase in serum Na® is greatest at the 60 mg dose level. The increase in plasma Na* can be seen at about 8 h
after the first dose of OPC-41061. The mean net plasma K* concentrations do not show a consistent change
suggesting that OPC-41061 regimens of 5-60 mg qd have no discernible impact on serum K* during the observation
period of 5 days.

EESES———

The baseline and placebo corrected data give systematically higher values for the urine excretion rate than the
baseline corrected data. The former dataset indicates that the onset of aquaretic activity occurs in the first collection
interval of 0-4 h post-dose. Peak rates ranging between 1.9 and 4.9 mL/min ocurring at 6 h post-dose are observed.
The aquaretic effect appears to last> 18 h at all dose levels. The net 24 h urine volumes/rates do not decrease during
the first 4 days of treatment in the patients with hyponatremia secondary to liver disease. The fluid balance is
consistently negative on Days 1-4 at all OPC-41061 dose levels and is most negative with the 30 mg and 60 mg qd
regimens. The fluid balance is positive in the patients receiving placebo.

OPC-41061 at all dose levels and throughout the 4 day observation period increases mean net Na* urine excretion
with no discernable impact of dose size. The net Na* excretion ranges between 20 and 157 mEq.

OPC-41061 at all dose levels and throughout the 4 day observation period increases mean net K* urine excretion
with no discernable impact of dose size. The net K* excretion ranges between 42-145 mEq.

PK-PD
The net mean urine excretion rate increases with an increase in exposure. The relationship between excretion rate
and plasma concentration of OPC-41061 is saturable. At high plasma concentrations of OPC-41061 the increments
in the excretion rate are less than proportional to the concentration.
Comments
1. The conclusion of the sponsor that the oral clearance of OPC-41061 in the patient population with
hyponatremia secondary to liver disease is similar to that in healthy subjects is not supported by the data.
The oral clearance values are smaller and the accumulation factor of OPC-41061is greater in the patient
population with assessable data than in healthy subjects.

2. A control group of healthy volunteers should have been included in this study.

3. The plasma protein binding of OPC-41061in control samples containing plasma from healthy subjects
should have been measured along with the plasma from patients.

4. Blood samples were collected over a 24 h time interval following single and multiple dose administration
of OPC-41061. The t1/2z is estimated during an approximate 12 h interval (12-23 h after administration)
too short for determining reliably t1/2z for OPC-41061 ranging between 7-31 h (estimated median values).

5. Contrary to the stipulation of the protocol Vz/F is not determined for OPC-41061.

6. The radiochemical purity of the *C-OPC-41061 used should be indicated in the plasma protein binding
study.

7. The Lot Nos. of the investigational drugs and formulations should be indicated.
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Study Report No. 156-00-221:”An Open-Label, Randomized, Placebo-Controlled, Crossover Study to Assess
the Effects of Tolvaptan (OPC-41061) Oral Tablets and Furosemide (Lasix®) Oral Tablets on Renal Function
and Renal Hemodynamics in Patients with Mild to Moderate Congestive Heart Failure”

Investigator and Study Site

b(4)

Objectives

To determine the effects of a single dose of OPC-41061 (tolvaptan) and furosemide (Lasix®) on renal function and
renal hemodynamics in subjects with mild to moderate congestive heart failure, New York Heart Association
(NYHA) Class II-T1L.

Investigational Drugs and Formulations

Tolvaptan (OPC-41061), 30 mg tablets (Lot No. 99E87A030A, Otsuka Pharmaceuticals, Co., Ltd)

Furosemide, 80 mg oral tablets (Lot No. 3011287, Hoechst-Roussel Pharmaceuticals); Captopril, 12.5 mg oral
tablets (Lot No. 0K972 and 1H345, Mylan Pharmaceuticals); Captopril, 25 mg oral tablets (Lot. No. 0K992, 1D426
and 1A668, Mylan Pharmaceuticals); Lithium carbonate, 600 mg oral capsules (Lot No. 991904A, Roxane
Laboratories, Inc.); Matching placebo oral tablets (Lot No. 99D96P000 (Otsuka Pharmaceuticals Co.,Ltd)

Design

This was a single center, open-label, randomized, single-dose, placebo controlled, cross-over design study. Subjects
were screened on Day -15 and therapy with ACE- inhibitors (other than captopril) was withdrawn and replaced by
captopril (dose was determined by the Principal Investigator), and a 2 g/day NYHA low sodium diet started. On
Day -3, subjects discontinued captopril, all diuretics, beta-blockers, and aspirin and they entered the hospital for 9
days. Study drug dosing occurred on Days 1, 3 and 5, wit a wash-out period occurring on Days 2 and 4. On Days -1,
2 and 4, subjects received lithium carbonate at 10 PM. On Day 1 all subjects were randomized in a cross-over
fashion and received OPC-41061 30 mg or placebo treatment. On Day 3, these same subjects received the opposite
treatment they received on Day 1 (OPC-41061 or placebo). On Day 5, all subjects received open-label furosemide
80 mg. Subjects could then resume any medications they were taking prior to screening after the completion of
testing on Day 5 or as determined by the Principal Investigator. Subjects were discharged on Day 6. A follow-up call
was made to each subject on Day 30 to check for adverse events. Fourteen subjects were to be enrolled in the study.
The study design is shown in the below scheme:
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The rationale for the 30 mg dose of OPC-41061 and 80 mg furosemide is that 30 mg OPC-41061 is likely the

therapeutic effective dose for CHF patients. The 80 mg dose for furosemide is the usual adult dose when used as a
diuretic.

The inclusion and exclusion criteria are defined in the below tables:

‘Table 5:2.1-1

Inchusion Criteris

1. 18 and = B0 yoars ofape.

2. Hixtory of"chironic congestive heart faihure and syisproms claxsificed us NYFA Chass
TE-T1Y f6r at deast 30 davs prior to Sereening and on Ray '

3. 5 40%% gjection fraction within onc yeor assessed by 212 ccho. radismictide

venriidagram, or angiography.
Serteree? clpgeerdin I-4.
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Tabte 3.2,2-3 Exeiusion Criterin

1. Hubjeat who could por be wken off of H % ACE Inhibi . oF
bom-hiockers.,

2, Wansorn who wars breant-icoding and fomates of ahildbearing potenting who wore
oL tsing acceptable contraceptive maethads {such as barrier conracoptives ar
methods that fesuit in a low fhilure mi1e of loss than %), Hofmonal contraceptives.
WP O PeEreni . AL 1es of whifdis ing pokentinl iust Bavie tad o negetive.
urine pregnancy wst witl results avisilabie prior o reeciving stady drig.

N HELT 4 sl wvas defined as efther po €32 ver
months without menses) or surgically sterile. A thbal H BAFION OF VASCOLGINY WS Bot
Hresich { surgiond sterilization. Anather form of contraception was

alvo o boe uswed.

=} Crardiac surgery within 66 days oS i ¥ B CHONAKY
interventions.,

EN Histary offmyoccardial infiretion {documented by ECG of anzymesy within 60 days
of anroliment,

S, History of sustsined ventriculss iehyveardin or ventricwlar fibrillatdon, ar dischnrges
wf . autonindge implantahile cardioverier doafilillaos ) wwithin 30 days of
cnrothnent.

&, Congastive hoart frilure related 1o wehy~ or brady-arrhythming,

7. Bevera snging (anginn at rest or az sliglt excrtion) and/or unsiable angina.

&. Hemodynamically significant primary eardiae valvular disense.

2. Fiypoertrophic 13 prrhy (oh HAVE Of i),

10, Atrdal Hibrillation with venricular rate > 115 bpn,

11, Bystolic arterial plood pressare ~F D8 mmt g

2. History of a cerebrovascular accident within 6 months preceding Sorecning.

I3, Hligtory or presomie of clinivally significant v lar, il Loy

i inaf, ¥ e, prab Y. 0 i, endowrine, or contral nervoas
svstem disorders or abrovesditics.,

13, CHE thar sas due 1o uncarrected thyrokd disenye, astive myocarditis, or known
amyloid cardiomyopatihy,

[EH History of présence of hepatitis or arricrs of | i e tpen (FEBNAG),
o harinan sndninodeficiency ving JSUVE oy HIV2), .

15, Blistory of hyporsonsitivity andsor idiosy HORY i T gy pine derivatives
(sunh as bendxepril).,

17. T with no idat anti-inflan Rgernts.

1R, Lise of the foll ax SIrEs o sulk %o Krawas T inhibiis OPFC-4 1361 mmdtabolism:
Eetoconnzole (Nizoral - ), wrol oty cin, mi e within 30 days of dosing o
during the course of the study and the consumption of grapefreit or grapofiait juice
withiit 38 hours prior w sereening asd Aardreg thias staady.

T LIncontes lod dinbhetes rmeliftisg.

4. Fomoglohin < 10 a/dl..

2 Ferten engatinine 37108 /a1l of Bloand wnea naitrdpiory S A0 gl

22 Serion pornsaiom <3S ML, on Iy -3,

23 AST OF AT B 37X TINN,

24 Narbild abesity defined ax Body imass indes (I NED S 40,

= . 3 {6 ¥ Hnieal diagarind Wirthin the past 30 days.,

DG, FEsiory of aleahol and/of g abuse awvithin mwe woears ofF dosing.

2. Positive wring nlebhol orurine drug scredn Araring S of at Guring thae
stk

) ivin@ ey feier abstraetion, .

29 B 3 St ) SRIA 3O YR G dostinge B8 1osK o Imoee tian: 1200 1m0
S BEOGA Within ¢ i arfeloning,

B0, K 3 ilfior A1 cémditian with Hitte ohine e Of Short-fermt survi vl

EXH Cof iz N Bl 5 iregy excluxting basal oeil,

ar

Wb o, i e opinion «f she or 3 i Tt ;

Ay 7 . st gy
e ERRe Rtadas:

Respective lists of cardiac medications permitted and medications prohibited during the study are shown below:

Biran Agapretesdin o T

| ‘Fable 5.4.6-1 Cardias Medications Permiited During the Study
1.} Pigoxin
2, | Conaadin
. Nirstes e
4. | Calehuny Clannel Blogkers
$. | Hydraliizing 7
6. }'Lipidloesriog agents
Solirees e
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| Table5:4.6:2

Medications Prohibited During the Study

e Diviesties 12| Gestodens
207 PACE inbibittrx IR ndinnvie
A Asithrentieis) 80 ] tencenarols
a0 | Bereniid 20, 1 Trincetyl.
5 Repblockers.. 21 Oleandomyein®
C617 P Rctscmtigole S Provaline
“Troleandomydin 235 N Ouinidine
Miconazale 240 Quinine
9. hAiodarone 250 Ritonavir
10, Feimddding: 26, | Shquangvis
1P letrmaele 27 L iSulfa eonuiiming e dioatians .
12, | Dandzot 28| Thiszblesulfone
1305 Dexamethizone 29 f Verapamit
14,1 | Dithazeny 36, | Zaliflukasi
1S | Grythiomysin 31

i

1 Blconsgile

Sorvees Appendivilsd,

Best Possible Copy

Grapefruit containing products were prohibited during the study and 48 h prior to screening. Subjects were also
advised to abstain from xanthine containing products and alcohol for 72 h prior to entry into the hospital and during
the in-hospital phase of the study. The use of tobacco containing products was also prohibited during the duration of
the study from Day-15 to Day 6. Subjects were only allowed distilled water during the in-hospital phase of the
study. Subjects received 4 glasses of purified water 1.5 h before receiving their dose of medication. All fluid intake
and urine output were monitored and recorded on each dosing day. Subjects were encouraged to replace fluid lost
from urine output prior to each clearance period.

The scheduled study activities are shown in the below scheme:
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Safety assessments were completed through the evaluation of adverse events, and scheduled determinations of
clinical laboratory, vital signs (blood pressure, heart rate, oral temperature, and weight), 12-Lead ECGs and physical
examinations including a cardiovascular exam.

Pharmacokinetic Profiling

Blood samples for the determination of plasma concentrations of OPC-41061 were collected at pre-dose and 1, 2, 3,
4,6, 8, 12, 16, and 24 h post-dose on Days 1 and 3.

Bioassay

Plasma samples were analyzed for OPC-41061 by a validated HPLC method with UV detection that used an internal
standard. The method is linear (calibration standards weighted 1/y) over the range of between 5.00 and 1000 ng/mL
OPC-41061 with a mean coefficient of correlation of 0.998. The accuracy of the method for OPC-41061 using QC
samples ranges between -4.0 % and 0.9 % and the precision is < 8.6 %. The stability of OPC-41061 in human
plasma stored at -20 °C for 1 year and 9 months was confirmed. The impact of exposure to room temperature,
freeze/thaw cycles, and light was not investigated. Therefore, the method cannot be considered fully validated.

The measurements were made by b(a’
PK Data Analysis

Cmax, tmax, Az and AUCO-tlast, CL/F and Vz/F were determined. Cmax and tmax were taken directly from the
plasma concentration time data, Az was determined from log linear regressions of at least 3 non-zero concentrations.
AUCO-tlast was obtained by the linear trapezoidal rule. Parameters were not determined if the duration of
measurable plasma concentrations was not sufficient. Non-compartmental methods were used. The calculations used
WinNonlin Pro, Version 3.1 (Pharsight Corporation, Mountain View, CA).

Pharmacodynamic Profiling

Primary and Secondary Efficacy Variables
The primary efficacy variables and the assessment methods are listed below:

Glomerular Filliration Rate (GFR)

Proximal Fractional Reabsorption of Sodium (PFRNa")
Distal Fractional Reabsorption of Sodium (DFRNa")
Effective Renal Plasma Flow (ERPF)

Renal Blood Flow (RBF)

Renal Vascular Resistance (RVR)

The secondary efficacy variables are listed below:

Arginine Vasopressin (AVP)
Plasma Renin Activity (PRA)
Aldosterone

Atrial Natriuretic Peptide (ANP)
Brain Natriuretic Peptide (BNP)
Norepineprine

GFR was estimated by the plasma clearance of inulin. ERPF was estimated by the plasma clearance of PAH and

RBF was computed from ERPF/1-Hc. Loading doses of inulin and PAH were administered at -1.5 h and
maintenance infusions of 9 h duration were started at -1.0 h. Blood samples for the determination of inulin and PAH
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were obtained at -2 and 0 h before administration of OPC-41061 and 0.5, 1, 1.5, 2, 2.5, 3, 3.5,4,4.5,5,5.5,6,6.5, 7
7.5, 8, 8.5, and 9 h after administration of OPC-41061
Blood samples for the determination of AVP, PRA, aldosterone, ANP, BNP and norepinephrine were collected pre-
dose and 2.5 h post dose of OPC-41061. The assay methods used for determining the plasma concentrations of the
hormones are not indicated in the report
Pharmacodynamic/Pharmacokinetic Correlations

Efficacy variables were correlated with AUCO0-c0
Statistical Methods

Sample Size and Power

Sumpi(. wive calcuiauoxb
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Suiristical procedures for compariséns between OPC-41061 and furesemiite were
identicnl o the procodures for comparison betweaen placebo and furoscerniide mentioned
above,

Do the aature of the analysis, e the use of intmsabject difforence in the analy
subjeets wha did not have both observations of the two compared ireatments i time
point were excluded from the analysis at the tinme point.

The analyses on PFRNG™, DERNA™ BRPF, RBF_ ani RVR ware similarto the analysis
on GFR. Sample size was caleulated only for GFIRtherefore, statistical significances in
comparigons between furosemide and placeho may 1ot have boen achioved Tor these
primary efficacy variables. However, interpretalions of the swtistical procedure were to
be carcied out similarly,
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excretion fate. Thus derivations of theése parametess are ail dependaent on the ¢ollection
of urine velame,

in addition, ali plasma concentrations of a substance that had groater than & 50%
differenee compared with thelr observations a4 adjacent time points weri deleted. Algo,
negative values of PFRNa and DFRNG® were excluded from the analysis.

5.4.2 Secondary Efficacy Analysis

The secondary efficady variables in this protovol were arginine vasopressin (AVP),
plasma renin. activity (PRA), aldosterone (ALDO), awial nmriuretic peptide (ANT), brain
natrivretic peptide (BNP), and norepinephrine (NE}. "The statistical metbods déscribed in
Bection 6.4.1 were also applied to the analysis of the secondury efficacy variables.

6.4.3 Additional Efflcacy Anolyses

Additional efficacy analyses were conwlucted i the averages of GFR, BERPF, REBF, R\
PERNG and DFRNaY over this Duhour study using the anslysis described in Section
G410 These avernges warg devived from observations of these vaciables from. ansh time
interval within a gay by using thie lengths of the actuial tinde intervals as weights o the
ohgervations,

Longindinal-anal ysis was also conducted on GEFR, BERPF

REBE, MAP, RVR, FFRNa"
and DFRMNa”, slésrance of Na”. cleorance of K7, urine excretion rate, sodium gxeretion
rate and potassium excretion rate.

Negative values in PEPRNG and DERNs™ were
conversted to zero in this-anblyvsis. Mixad model with factors sequence, subject within
sequenaos, treatmentand period: was used o compare QPC41061 and placeba,
Observations at difforent time bntervals within a day were trested as reponted Mensures
with autoregression( L) correlation structure.  Comparisong between plucebo and
furasewide and OPC-41061 and: firosemide were also conducted With the sape
aorégression(l} correlation stmucture, ‘except factors used in the mixed model wers
subject and eatment ouly. Assumptions undeddying this analysis were thac observation
i variabie on Day 1, Day 3, and Day 5 were indepondent, observations of a variable
with o day hoad an avtoregression(l) correlation stracmre, and observations. of a varizbie
within o day at thne fntervals wers missing rasdonmby.

The primary efficacy variables (GFR, PRFNa’, DFRNa", ERPF, RBF and RVR) were determined by longitudinal

analysis and correlated with AUCO-o for each individual.

RESULTS

Thirteen of the 14 enrolled subjects terminated the study per protocol. One subject withdrew consent in period 3 as

shown in the below table:

243



Table #1 Subject Disposition L
Sulijects. DPCA1061/Placebo | Placeba/OPCHI6L Total
: gt : o R n
Reindormized 1 B S 14
Treptedin Period 1 l e : [ 7 4
“Freated h Period 2 e b T b
Treated in Period 3 & 07 33
Compleied 6 o 3
Discontinudd 1 e HE:
Withidrew comsent 1 B L
Ansivred fur eioney’ 7 ke H
Am=yzcd oréﬁf‘eﬁv 1 S : 7. . T4
$nb;oe| G130 Who dx&comm\wd o Jamaee 12 2(3{}2, w:uxd:cw mns f

Sub;em WhO com;xlmd s(}f{(ﬁp‘)ﬂﬂlng period bihe. smdy
xha com;)!cwl e frstws smdy pz:m)ds,
i st Ioust e dme ofsmdy 3 _dmamm

: Sibjes

Source: 4?37’ ¥ ua’ 6’87‘3 “Appaidix P22

The demographics and the baseline characteristics of the participating subjects are shown in the next 2 tables:

Age (vcxms}
Mean csu)

-"Smg‘kcr‘, i
i iemokar

‘ o en 2(”86) b

BEIT AL

HE o 4T
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No serious adverse events or death occurred and no subject discontinued because of an adverse event.
Pharmacokinetics

Linear pots of the median and individual plasma concentrations of OPC-41061 in the subjects are shown in the
below figures and the mean PK parameters are listed in the below table:

AdoD ajqissod iseg
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The individual plasma concentration profiles show significant inter-subject variation in peak and average exposure.
Plasma concentrations were measured up to 24 h after administration. The sponsor used three non-zero plasma
concentrations in the 12-16 h post-dose interval to estimate Az. As discussed in detail in the review of study report
156-98-202, this interval is not long enough to provide reliable estimates for Az and derived parameters and thus the
above listed parameters with the exception of Cmax and tmax are not reliable. Median Cmax is 231 (range 70-746)
ng/mL and median tmax is 2.0 (range 1.0-8.0) h, respectively, suggesting significant inter-subject variation of OPC-
41061 in the subjects with mild to moderate congestive heart failure.

Pharmacodynamics
Impact of OPC-41061 Relative to Placebo

The below table summarizes the impact of a 30 mg treatment with OPC-41061 on the primary renal function
parameters relative to placebo: i
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OPC-41061 increases statistically significantly ERPF, RBF and urine excretion rate. The respective mean increase
in ERPF, RBF and urine excretion rate is 43 mL/min (9.0%), 75 mL/min (9.6%) and 2.5 mL/min (33%). OPC-
41061 has no effect on PFRNa", DRFNa*, RVR, mean arterial blood pressure (MAP), Na* clearance, K* clearance,
Na" excretion rate and K* excretion rate. Also, the change from baseline 2.5 h after dosing is not statistically
significant for any of the secondary efficacy parameters including AVP, aldosterone, PRA, ANP, BNP and
norepinephrine. .

Impact of OPC-41061 Relative to Furosemide

Statistically significant differences between the effects of OPC-41061 and furosemide are seen regarding ERPF,
RBF, DFRNa*, Na® clearance, K* clearance, Na" excretion and K* excretion. OPC-41061 increases and furosemide
decreases ERPF and RBF. Furosemide increases DRF Na*, Na* clearance, K* clearance, Na* excretion and K*
excretion, whereas OPC-41061 has no impact. There is no statistically significant difference between the impact of
OCP-41061 and furosemide on GFR, PFRNa*, MAP and urine excretion rate.

The below tables summarize the results on the renal function parameters for which the impact of OPC-41061 and
furosemide is different:

ERPF

The comparative effects of OPC-41061, furosemide and placebo on ERPF are shown in the below table:
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OPC-41061 increases mean ERPF by 43 mL/min (9.0%) and furosemide decreases ERPF by 35 mL/min (-7.5 %)

relative to the respective placebo treatments. Both changes are statistically significant. The difference in the effect of
ERPF between OPC-41061 and furosemide (60 mL/min) is statistically significant

RBF

The comparative effects of the OPC-41061, furosemide and placebo treatments are shown in the next table
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OPC-41061 increases mean RBF by 75 mL/min (9.6%) and furosemide decreases RBF by 97 mL/min (-13%)

relative to the respective placebo treatments. Both changes are statistically significant. The difference in RBF
between OPC-41061 and furosemide (145 mL/min) is statistically significant

The comparative effects of OPC-41061 and furosemide on DFRNa" are shown in the next table
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OPC-41061 decreases mean DFRNa" not significantly by 1.5% and furosemide decreases DFRNa" significantly by
11%. The difference in DFRNa" between OPC-41061 and furosemide (10%) is statistically significant.

The comparative effects of OPC-41061 and furosemide on Na* clearance are shown in the next table:
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OPC-41061 increases the mean Na' clearance not significantly by 0.22 mL/min, whereas furosemide increases Na*

clearance significantly by 1.7 mL/min. The difference in DFRNa" between OPC-41061 and furosemide (1.56
mL/min) is statistically significant.

The comparative effects of OPC-41061 and furosemide on K* clearance are shown in the next table:
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OPC-41061 does not impact mean K* clearance whereas furosemide increases K* clearance significantly by 4.97
mL/min. The difference between OPC-41061 and furosemide in K™ clearance is statistically significant.

The comparative effects of OPC-41061 and furosemide on Na” excretion rate are shown in the next table:

Compared to placebo OPC-41061 does not impact Na® excretion significantly, whereas furosemide increases Na*

excretion significantly by 17.43 mM/h. The difference between OPC-41061 and furosemide (10.88nM/h) is
statistically significant.

The comparative effects of OPC-41061 and furosemide on the K+ excretion rate are shown in the next table:
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Compared to placebo OPC-41061 increases mean K excretion not significantly by 0.09 mM/h, whereas furosemide
increases K* excretion significantly by 1.07 mM/h. The difference between OPC-41061 and furosemide (1.09)is
statistically significant.

Conclusions

PK

Cmax and tmax show important important inter-subject variation.

PD

A single dose of 30 mg OPC-41061 increases statistically significantly ERPF, RBF and urine excretion rate. OPC-
41061 has no effect on PFRNa’, DRFNa*, RVR, MAP, Na* clearance, K* clearance, Na" excretion rate and K*
excretion rate. Also, the change from baseline 2.5 h after dosing is not statistically significant for any of the
secondary efficacy parameters including AVP, aldosterone, PRA, ANP, BNP an norepinephrine suggesting no early
impact of OPC-41061 on RAAS.

Safety

No serious adverse events or death occurred and no subject discontinued because of an adverse event.

Comments

1. The one day washout used in the present study may not be long enough to prevent carry-over effects.

2. Contrary to the statement made in the method section that parameters will be only be determined if the
plasma concentrations of OPC-41061 are measurable during a sufficiently long period, the sponsor
estimated Az from three non-zero plasma concentrations in intervals ranging from 8-24 h and 12-24 h which
are clearly shorter than 3 times t1/2z (estimated to be about 9 h). Hence Az and derived parameters
including t1/2z, AUCO-0, CL/F and Vz/F are likely biased.

3. The methods used for assessing the efficacy variables are not described in detail. Thus their adequacy

cannot be judged. The assay methods used for inulin and PAH are not described and the plasma
concentrations not reported.
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4. The method section of the report states that correlations between primary efficacy variables and AUC0-c0
will be investigated. The results section of the report does not contain the results of these attempts.

5. The means of the efficacy parameters are reported to two digits after the comma. It is unclear how this
precision is justified.

6. In Table 9.3.7-6 the unit for K™ excretion rate should be added

Study Report No. 156-97-251:” Multi-center, Randomized, Double-Blind, Placebo Controlled, Oral, Dose-
Ranging, Efficacy, Safety, and Pharmacokinetic Study of OPC-41061 Tablets in Patients with Congestive
Heart Failure with Extracellular Volume Expansion”

Objectives

To assess the efficacy, safety and pharmacokinetic characteristics of daily doses of up to six dosage levels of OPC-
41061 in patients with congestive heart failure with extra-cellular volume expansion

Investigators and Study Sites

The eleven participating Investigator and Sites were the following:

bl®)

Investigational Drugs and Formulations

OPC-41061 5 mg tablets (Lot No. 5L70A005) and 15 mg (Lot Nos. 98D82A015A, SL70A015) and matching
placebo tablets (Lot. Nos. 97B93P000 and 5L.80P) were provided by the sponsor.
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Design

This was a randomized, double-blind, placebo-controlled, dose ranging study in patients with congestive heart
failure with extracellular volume expansion. The study consisted of a one-day baseline period (Day 0), a 13 day
treatment period with study drug (patients were hospitalized during the first 3 days), a termination visit, and one
follow-up evaluation on study Days 20 to 23. Six groups of patients were randomized on Day 1 in the following
order: 10 mg, 15 mg, 30 mg, 60 mg, 90 mg, and 120 mg. The daily dose of 10 mg was administered as two 5 mg
tablets, and the daily doses of 15, 30, 60, 90 and 120 mg were administered as one, two, four, six, and eight 15 mg
tablets, respectively. In each treatment group 6 patients received OPC-41061 and 3 patients placebo, with the
exception of the 10 mg dose group (5 OPC-41061 patients and 4 placebo patients) and the 120 mg dose group (7
OPC-41061 patients and 3 placebo patients). The patients returned to the clinic on Days 7, 10, 13, and 14. On Day
13 the subjects could volunteer for an extra-day of hospitalization so that additional blood and urine samples could
be obtained for assessing the PK of OPC-41061.

pld)

- - variables include urine osmolality, urine
volume and urine sodium excretion. The safety outcome variables include adverse experiences, vital signs, ECGs
and safety laboratory tests. The pharmacokinetics variables include measures of exposure including Cmax and AUC.

After patients in Groups 1, 2, 3, 4 or 5 had completed the follow-up visit on Day 20-23, the respective results after
un-blinding were to be examined by the Sponsor. A decision was then to be made in consultation with the
Investigator to proceed to the next dose. Individual patient dosing was to continue on Days 2 to 13, unless one of the
following events occurred, at which time an assessment by the Investigator would be made regarding continuing the
patient in the study:

At any time after dosing, the patient’s plasma sodium > 146 mEq/L
At any time after dosing, the patients plasma potassium > 6 mEq/L

During the study patients were asked to refrain from ingesting food from 2400 the day before until 4 h post dose
(1200) on Days 0-4, and until 2 h post-dose (1000) on all other days. The patients were required to remain on
whatever oral diuretic they were on before entering the study. The diuretic dosing regimen was not to be changed in
any other way. No new medications were to be added to the patients’ treatment unless medically necessary. On Days
0-3 patients were given meals specified by a dietician to allow accurate estimation of the amount of fluid and
sodium ingested. The dietary sodium was.determined by the investigator, and remained relatively constant
throughout the study. A standard 2 g/day was recommended unless a more restricted sodium diet was required.
Fluid intake on Study Days 0-3 was recorded in intervals of 0800- 1200, 1200- 1600, 1600-2000, and 2000-0800.
Fluid intake was also measured and recorded on patient diary cards during the outpatient period on Study Days 4-14.
Fluid intake was not allowed for 1 h prior to the 0700 measurement of plasma sodium and prior to all 23 h post-dose
measurements.

Patients were allowed to continue their medications (prescription and over-the counter) during the study except for
NSAIDs or aspirin at a dose > 700 mg/day, ketoconazole, troleandomycin, and miconazole. Also, grapefruit
containing products were prohibited.

Rationale for the Use of V, Antagonists

Fluid retention and extra-cellular volume expansion is a frequent complication of congestive heart failure causing
morbidity and mortality. Standard therapy of extra-cellular volume expansion uses conventional diuretics which
may cause electrolyte imbalance including hyponatremia inducing stupor, coma and death and hypokalemia
inducing cardiac arrhythmias. Removal of excess water by V, receptor antagonists in volume expanded states could
reduce the extra-cellular volume. Even though two thirds of water removed by V, antagonists would exspected to be
of intracellular origin, a reduction of the extra-cellular volume could help improve venous compliance, decrease
systemic and pulmonary arterial resistance and thus ameliorate myocardial function. Addition of a V, antagonist
may also allow reduction of the dose of conventional diuretics.

Rationale for the Dose Range of OPC-41061 Tested
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The safety of OPC-41061 administered in a dose of 60 mg qd over a period of 28 days in healthy volunteers was
demonstrated in Phase I studies.

The inclusion and exclusion criteria for the enrolled patients are listed in the below tables:

Ado? ajaissod ised

The scheduled study activities are shown in the below scheme:
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Safety

Vital signs (supine and standing blood pressure and heart rate) were measured at scheduled intervals on Days 0-3,
once at each clinic visit on Days 4-14, and during the follow-up visit

Pharmacokinetic Profiling
Blood

Samples for the determination of plasma concentrations of OPC-41061 were collected at the following times on:
Days 1 and 13: pre-dose, and 1, 2, 4, 6, 8, 10, 12, 16, and 23 h post-dose

Days 2 and 3: 2 and 23 h post-dose

Days 4, 7, 10, 13; pre-dose and 2 h post-dose

Urine

Total urine volumes were to be collected in the following intervals on:
Day 1: 0-4,4-8, 8-12 and 12-16 and 16-23 h post-dose
Day 13: 0-4, 4-8, 8-12 and 16-23 h post-dose (patients volunteering for hospitalization on Day 13)

Bioassay

The plasma concentrations of OPC-41061 were measured by a HPLC method with UV detection using an internal

standard. Th assay is linear between 5.00 and 1000 ng/mLThe coefficient of correlation of standard samples

(weighted 1/x) fitted to a straight line is 0.998. Using QC samples the accuracy ranges between -9.8 % and 2.3 %

and the precision is < 14.9 %. Stability of OPC-41061 in plasma was demonstrated by exposing samples to room

temperature for 4 h and after extraction on the autosampler for 49 h. No information on the stability of OPC-41061

in plasma exposed to long term freezer conditions and freeze/thaw cvcles is reported. The assay for OPC-41061 was 4\
performed by b(

Pharmacodynamic Profiling

b(4)
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Fluid Intake
Fluid intake was recorded in the following intervals on:

e Days 0-3: 0800-1200, 1200-1600, 1600-2000, and 2000-0800.
Administration of iv fluids was allowed, in which case the amount of iv solution administered was included in the
daily intake of fluid and Na®. Fluid intake was also measured and recorded on patient diary cards on Days 4-14.
Fluid intake was not allowed for 1 h prior to the 0700 measurements of Na* and prior to all 23 h post-dose
measurements.
Plasma Na* and K*

Plasma sodium and potassium were measured at the following times on:

Day 0 (at times corresponding to those on Day 1 after drug administration): 2, 4, 8, 12, and 23 h
Day 1:2,4, 8, 12, and 23 h after dosing

Days 2 and 3: 4, 8, and 23 h after dosing

Days 4-14, and Days 20-23 (follow-up visit): at time corresponding to pre-dose time (0700-0800)

AVP

Plasma levels of AVP were to be measured at the following times on:
e Day 1: pre-dose and 2 h post-dose

Urine volume, Urine Osmolality and Urine Na*

Urine volume, osmolality and Na* were measured by colleting total urine volumes during the following time
intervals on:

e Days 0-3: 0800-1200, 1200-1600, 1600-2000, and 2000-0800
e Days4,7, 14 and at follow-up visit: from a single void

PK Data Analysis

The following parameters were determined: Cmax, tmax (taken directly from the observed data) Cmax,ss, Az ,
AUCt, AUCeo (Dayl), t1/2z, AUCss,t, CL/F , VZ/F, and Rac(AUC) = AUCss,7/AUCw and
Rac(Cmax)=Css,max/C1,max were obtained by standard methods using WinNonlin™ Professional (Version 3.1)
Linear regression of the log of the dose normalized Cmax, Cmax,ss, AUCeo, or AUCss,t versus the log dose were

performed to test dose proportionality of the PK of OPC-41061. Slope and 95% CI about the slope were computed.

Statistical Analysis and Sample Size Considerations

Since this was an exploratory study no formal statistical analysis was performed. Also, the power of the study was
not of concern.

[ TN

R variables urine Na* excretion, urine osmolality, and urine volume for a period
was aerined as the observation on Day 0 in the same period. Baseline for additional wsmm variables (including
plasma Na’, plasma K* concentration ewssemssme  was defined  eesmmmmmm For safety variables ECG
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and laboratory tests, baseline was defined as the observation at time point Day 0. For vital signs baseline was
defined as the observation at 0700 on Day 0. The intent to treat population was used in baseline comparisons for
efficacy variables. No formal sample size determination was performed for this study.

RESULTS

The demographics of the enrolled patients are shown in the next table:

SUSEICCCTIE RUCIT O IR

Safety

Of the 55 patients enrolled and randomized, 50 patients completed the study per protocol. Five (5) patients were
withdrawn from the study, 3 for adverse events and 2 because of an insufficient response. The 3 adverse events
included ascites at the 30 mg dose level, aggravated congestive heart failure, and respiratory failure after 60 mg
OPC-41061. The aggravated congestive heart failure and respiratory failure were reported as continuing. One
subject on 10 mg OPC-41061 was withdrawn because of increased creatinine- and BUN levels. A subject receiving
placebo was also withdrawn because of an increase in creatinine-level. One placebo-treated patient was incorrectly
reported as withdrawn due to an adverse event (congestive heart failure aggravated). This patient actually withdrew
because of an insufficient response. Two placebo treated patients died. One 64 year old male patient died of
congestive heart failure 62 days after the last dose of study medication. Another 48 year old male died of cor

pulmonale 18 days after the last dose of study medication. In the 120 mg group the mean values for ALT and AST at

the follow-up meeting were 57.4 (normal range 0-47) U/L and 54.7 (normal range 0-37 U/L) U/L, respectively. The
elevation in the mean LFT values were driven mainly by one patient whose AST and ALT values were 137 U/L and

123 U/L, respectively, at the first follow-up visit. No further follow-up visits with additional LFT values occurred.
Thirst and dizziness were the most often reported adverse events.
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Pharmacokinetics

Linear plots of the median plasma concentration time profiles of OPC-41061 on Days 1 and 13 are shown in the
below 2 figures:

The plots indicate substantial inter-subject variation in peak and trough concentrations and average exposure of
OPC-41061 in patients with mild to moderate CHF.

The median values of the PK parameters estimated by the sponsor for OPC-41061 on Days 1 and 13 are shown in
the 2 below tables:
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It should be noted that on Day 13 no data are reported on the PK parameters of the subjects receiving 30 mg OPC-
41061 qd. Also, the number of subjects with plasma concentration information on Day 13 varies among the groups
from n=1 in the 10 mg group to n=6 in the 120 mg group. Except for the 10 mg group on Day 1 the plasma
concentrations of OPC-41061 are measurable for 23 post-dose on Days 1 and 13. The sponsor estimated Az from 3
non-zero concentrations measured in the 12-16 h post-dose interval. As discussed in detail in the review of report
156-98-202 this is a too short time interval to estimate Az and derived parameters reliably. Hence, only Cmax and
tmax for OPC-41061 on Days 1 and 13 and AUCss,t and CL/F on Day 13 for subjects receiving doses > 15 mg qd
in the above listed table can be considered unbiased.

Median tmax varies between 2.0 h and 3.9 h on Day 1 and between 1.3 h and 3.8 h on Day 13 suggesting significant
inter-subject variation in absorption rate. The percent coefficient of variation about the mean Cmax and AUC0-23
on Days 1 and Day 13 ranges between 36 % and 74 % and 39 % and 100 %, respectively, indicating marked inter-
subject variation. The increase in Cmax appears to be less than proportional to dose. Oral clearance in the subjects
with mild to moderate CHF ranges between 0.93 and 3.69 mL/min/kg. As shown in the below plot the slope of a
linear regression of the

dose normalized AUCss,t on dose is not signifiicantly different from zero and hence the kinetics of OPC-41061 in
patients with hypervolemic CHF can be considered dose proportional:

The below tables list the median plasma concentrations of OPC-41061 at 2 h post-dose and at trough:

Median Plasma Concentrations of OPC-41061 at 2 h Post-Dose on
Days 1,2,3,4,7 and 10 in the CHF Patients

Median Plasma Concentrations at 2 h Post-Dose, ng/mL
Day 1 2 3 4 7 10
Dose, mg n
10 3-4 119 113 91 93 127 133
15 6 115 134 125 118 135 134
30 6 404 355 293 264 539 568
60 6 472 382 308 352 547 570
90 6 642 807 852 824 881 762
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Median Plasma Concentrations of OPC-41061 at
Trough on Days 4,7 and 10 in the CHF Patients

Median Plasma Concentrations at Trough, ng/mL
Day 4 7 10
Dose, mg n

10 3 6.2 192 44

15 5-6 7.8 11 7

30 6 106 106 75

60 5-6 463 65 107

90 6 114 129 256
120 6-7 165 208 200

The median plasma concentrations at 2 h post-dose and trough show significant variation and the values at the
different dose levels overlap. Cmax during the 13 day treatment period remains similar. Ctrough on Day 10 is not
systematically greater than on Days 4 and 7 suggesting absence of significant accumulation.

The below table summarizes the peak plasma concentrations and the plasma concentrations 23 h post-dose of OPC-
41061 and their ratio in the individual CHF patients:

Individual Plasma Concentrations of OPC-41061 at Peak and 23 h
Post-Dose and their Ratio on Days 1 and 13 in the CHF Patients

Individual Plasma Concentrations, ng/mL*
Dose Day 1 Day 13
Subject No. Cmax C23 Ratio Cmax C23 Ratio
10 mg .
6002 D 52 4.3

15mg N

60004 e 11 14

100001 e 8.8 9.7
60 mg 1 b(4)

140001 s 4.9 6.7

140004 1 32 34

150001 1 6.5 5.5

150003 N 8.9 6.7
90 mg s

140005 s 22 24

140010 L 10 4.6
120 mg .

100002 i 2.0 2.6

100003 1 3.1 5.9

140013 n 7.6 6.0

140014 4 4.6 5.3

150007 1 20 13

150008 9.0 6.8

* only subjects considered in whom this information is available
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The individual plasma concentrations of OPC-41061 at peak and 23 h post-dose vary significantly among the
subjects in the dose groups 60, 90 and 120 mg. The Cmax/C23 ratio on Day 1 varies between 2.0 and 20 and
between 2.6 and 24 on Day 13. However, the respective values of Cmax, C23 and their ratio on Days 1 and 13 in the
individual patients are remarkably similar indicating small intra-subject variability. The results suggest that variable
absorption determines the Cmax to C23 ratio and the initial decline of the post Cmax concentrations of OPC-41061.
It should be noted that the peak to trough ratio are to be obtained from Cmax/C24, however C24 values were not
available.

The below table lists the individual AUC0-23 values on Days 1 and 13 and the accumulation factor, RAUC, in
qualifying patients:

Patient# Dose, mg AUCO0-23(Day13) AUCO0-23(Dayl) RAUC
60004 15 768 965 0.80
70003 2225 2316 0.96
100001 774 952 0.81
140001 60 4772 4563 1.05
140004 ) 12204 10415 1.17
150001 10971 9434 1.16
150003 9261 5688 1.63
140005 90 3218 3138 1.03
140010 6673 6271 1.06
100002 120 27337 26345 1.04
100003 : 15368 10971 1.40
140013 6655 7161 0.93
140014 9628 5756 1.67
150007 1511 . 1628 0.93
150008 9114 6624 1.38
Mean 1.13

SD 0.27

Median 1.05

The mean RAUC of 1.1 indicates small accumulation of tolvaptan given qd in patients with CHF NYHA Class I-I11.

Pharmacodynamics

b(4)
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Plasma Na*

The respective mean change from baseline in plasma sodium concentration is shown in the below table:

Appears This Way
On Original
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The mean baseline values for sodium among the 7 treatments groups range between 133.4 mEq/L and 138.8 mEq/L.
The mean change from baseline exhibits a large inter-subject variation among the individuals of the different
treatment groups. The placebo group tends to show a decrease in sodium plasma concentration relative to baseline
during the treatment period, whereas the groups treated with OPC-41061 show a trend in the opposite direction.

The below table shows the mean change from baseline (placebo corrected) in the plasma Na* concentrations:

Mean Change in Baseline (Placebo Corrected) in Plasma Na* Concentration

Mean Change from Baseline
in Plasma Na*, mEq/L*>®
10 mg 15mg 30 mg 60 mg 90 mg 120 mg
n=5 n=6 n=6 n=6 n= n=i
Mean Baseline Na* Concentration ° 1334 137.8 137.3 1353 138.8 135.0
Day Post-dose, h

Day 1

2 na 0.8 23 1.0 -1.2 1.2

4 na 2.3 3.8 1.5 -1.5 2.1

8 1.0 1.1 3.6 24 0.1 3.2

12 4.2 1.2 4.0 2.0 2.9 5.6

23 2.1 1.6 33 2.3 23 . 5.7
Day 2

4 0.8 0.7 4.9 -0.3 22 4.5

8 3.8 1.4 6.4 04 4.4 7.0

23 37 1.8 33 0.1 2.1 7.6
Day 3

4 3.1 1.3 4.9 -0.1 1.2 7.1

8 4.8 1.6 4.0 -1.0 2.1 5.4

23 na 0.7 5.1 1.0 1.1 4.9

Day 4 na 1.0 3.5 0.6 1.5 5.9

Day 7 1.6 1.1 3.1 -0.6 2.8 5.0

Day 10 3.8 29 34 22 12 4.8

Day 13 na 0.6 42 na 4.9 6.1

Day 14 na -0.3 33 2.6 2.8 5.7

Follow up 1.9 -3.1 0.3 2.1 -0.9 -0.2

? Pooled placebo corrected " n> 5 at all time points na=not available
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The net effect of OPC-41061 at the 30, 90 and 120 mg dose Ievels appears to be an increase in the Na* plasma
concentrations at trough which is greatest in the group receiving the 120 mg dose. The effect appears to be sustained

for the duration of the 13 day treatment. The onset of the Na* increasing effect of OPC-41061 appears to be at 8 h
post-dose on Day 1.

Plasma K*

The next plot summarizes the mean change from baseline in the K* plasma concentrations:

For potassium the mean baseline values for the 7 treatment groups range between 3.8 and 4.5 mEq/L and show

significant inter-subject differences in the different treatment groups. There is no overt evidence for an impact of
OPC-41061 on plasma potassium.

Urine Volume/Excretion Rate

The mean change from baseline in 24 h urine volume is shown in the table below:

TABLE 7.4-4 SMEANESH CHANGES FROM BASRLINE IN2SHOUR U
f 2V ASE. ANAI YS]S

Jll’.}mé 15 g 7 S0we léﬁxn,g
ns Ge6 =g in=7

13084 2943.7 3243.%.

Dot gas g 11683 10682
. $6505  wiSeo6 a2
5318 2172 5108

% 6756

1036.7

£1073.0
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The mean baseline 24 h urine volumes show significant inter-group differences. There is also substantial variation
among the subjects of the groups. OPC-41061 administered in doses of 10-120 mg consistently increases the mean
baseline corrected 24 h urine volume more than placebo. The increase in the baseline corrected mean 24 h urine
volume tends to increase with increasing dose.

The mean change from baseline (with/out placebo correction) in the 24 h urine excretion rate is listed in the below 2
tables:

Mean Change from Baseline in 24 h Urine Excretion Rate

Mean Change from Baseline in
24 h Urine Excretion Rate®, mL/min

Dose, mg 10 15 30 60 90 120
n=5 n=6 n=6 n=6 n=6 n=7

Baseline 1.0 2.0 2.3 2.5 2.0 2.0

Post-Baseline Day

1 042 [ 0.81 0.74 2.1 1.5 2.6
2 036 | 0.85 | 0.58 1.2 1.0 25
3 0.67 | 052 | 0.73 1.3 0.69 1.6

 Mean 24 h baseline excretion rate in placebo group=1.8 mL/min

Mean Change from Baseline (Placebo Corrected) in 24 h Urine
Excretion Rate

Mean Change from Baseline (Placebo Corrected) in
24 h Urine Excretion Rate™®, mL/min

Dose, mg 10 15 30 60 90 120
n=5 n=6 n=6 n=6 n=6 n=7

Bascline ‘1.0 2.0 2.3 2.5 2.0 2.0

Post-Baseline Day

1 030 [ 0,69 | 0.62 1.9 1.3 2.5
2 035 | 084 | 057 1.2 1.0 1.6
3 0.60 [ 045 | 0.66 1.2 0.62 1.5

“Pooled placebo corrected ® Mean 24 h baseline excretion rate in placebo group=1.8 mL/min

OPC-41061 induces a mean net increase in the respective 24 urine excretion rates at all dose levels. The respective
net urine excretion rates on Days 1 and 2 increases with dose. In the groups receiving 60, 90 and 120 mg OPC-
41061 the net excretion rates on Days 2 and 3 are smaller than on Day 1 indicating increased fluid retention and/or
decreased fluid ingestion.

LTaid Ralavan
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Urine Sodium Excretion

The mean change from baseline in urine sodium excretion is shown in the table below

The mean baseline values for sodium excretion show significant inter-group variation. There is also significant inter-

subject variation within the groups for the mean change from baseline. Compared to baseline the reduction in
sodium excretion in the patients receiving 15 mg to 120 mg OPC-41061 tends to be greater than in the patients
receiving placebo.

The below table lists the mean change from baseline (placebo corrected) in the 24 h excretion of Na™:

Mean Change from Baseline (Placebo Corrected) in 24 h Na* Excretion

Mean Change from Baseline (Placebo Corrected) in
24 h Na+ Excretion™®, mEq
10 mg 15 mg 30mg 60 mg 90mg | 120mg
n=5 n=6 n=6 n=5 n=6 n=7
Mean Baseline Na” Excretion ° 112.8 210.8 201.5 2237 | 1658 220.1
Day Post-dose, h
Day 1 -22.6 -54.1 -65.4 -27.3 -37.9 -91.2
Day 2 3.5 -4.3 -64.1 -87.1 11.6 -57.9
Day 3 404 -25.7 -78.1 -76.6 -33.2 -93.9
* Pooled placebo corrected mean baseline 24 h Na® excretion of placebo group =158.0 mEq
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The net effect of single doses of 15 mg to 120 mg OPC-41061 appears to be a reduction in the excretion of Na®.

The impact of OPC-41061 on urine osmolality is shown in the next table:

AdOD a|a1ssod 15e4

The mean baseline values of urine osmolality show significant variations among the different groups. There is also
significant inter-subject variability in the mean change from baseline among the subjects within the groups. The
mean reduction in urine osmolality in the patients receiving 10-120 mg OPC-41061 qd appears to be consistently
greater than in the patients receiving placebo. The effect appears to last throughout the 24 h dose interval and not to
vary between Days 1, 2 and 3. The effects of the tested OPC-41061doses on urine osmolality are overlapping.

PK-PD Correlations

The below tables list the mean change from baseline (with/out placebo correction) in the urine excretion rates and
the corresponding mid time plasma concentrations of OPC-41061 on Day 1:

Mean Change from Baseline in Urine Excretion Rates and Mean Plasma Concentrations Measured at Mid-
Time for OPC-410610n Day 1

Mean Change from Baseline in Urine Excretion Rate and Plasma Concentration

Measured at Mid-Time for OPC-41061
Dose, mg | Collection Interval, h Mean Change from Time, h Mean Concentration
Baseline in Excretion ng/mL
Rate, mL/min
10 0-4 0.86 2 116
4-8 1.1 6 86
8-12 -0.13 10 55
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12-24 0.23 18 28

15 0-4 0.63 2 135
4-8 0.38 6 77

8-12 1.3 10 48

12-24 0.87 18 19

30 0-4 2.5 2 378
4-8 0.82 6 306

8-12 0.14 10 195

12-24 0.53 18 100

60 0-4 3.6 2 526
4-8 2.7 6 470

8-12 3.2 10 338

12-24 0.98 18 179

90 0-4 4.2 2 592
4-8 0.91 6 423

8-12 1.7 10 208

12-24 0.66 18 101

120 0-4 4.4 2 505
4-8 3.8 6 502

8-12 2.9 10 392

12-24 1.5 18 199

Mean Change from Baseline (Placebo Corrected) in Urine Excretion Rate and Mean Plasma Concentrations
Measured at Mid-Time for OPC-41061on Day 1

Mean Change from Baseline (Placebo Corrected) Urine Excretion Rates and Plasma
Concentrations Measured at Mid-Time for OPC-41061

Dose, mg | Collection Interval, h Mean Change from Time, h Mean Concentration
Baseline in Excretion ng/mL
Rate® , mL/min

10 0-4 -0.13 2 116
4-8 1.8 6 86

8-12 -0.57 10 55

12-24 0.25 18 28

15 0-4 -0.36 2 135
4-8 1.1 6 77

8-12 0.80 10 48

12-24 0.89 18 19

30 0-4 1.5 2 378
4-8 1.6 6 306

8-12 -0.31 10 195

12-24 0.55 18 100

60 0-4 2.6 2 526
4-8 35 6 470

8-12 2.8 10 338

12-24 1.0 18 179

90 0-4 3.2 2 592
4-8 1.7 6 423

8-12 1.3 10 208

12-24 0.68 18 101

120 0-4 34 2 505
4-8 4.5 6 502

8-12 2.5 10 392
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Both data sets indicate that a continuous aquaretic effect (net rate >1 mL/min ) is attained on Day 1 with dose levels
of > 30 mg. At these dose levels the onset of aquaretic activity is observed in the first collection interval of 0-4 h

post-dose. Peak rates are seen in the 0-4 or 4-8 h interval and the time duration of the aquaretic effect ranges
between 6 and 18 h.

The below figures show plots of the mean change from baseline (with/out placebo correction) in 24 the h urine
excretion rates vs the corresponsding midtime mean plasma concentrations of OPC-41061 on Day 1:

M ean Change from Baseline in Urine Excretion Rate vs.
Mean Plasma Concentration of OPC-41061

IS

w

N

Mean Plasma Concentration, ng/mL

M ean Change from Baseline (Placebo Cormrected)in
Urine Excretion Rate vs. M ean Plasma Concentration
of OPC-41061

AdOD ajqssod 1594

Mean Plasma Concentration, ng/mL

Both data sets suggest that the net urine excretion rate increases with increasing exposure to OPC-41061 on Day 1 in
the patients with CHF N'YHA Class I-II1. It should be noted that the lagging of the aquaretic effect behind the
plasma concentration of tolvaptan (counterclockwsie hysteresis) contributes to the variability of the data.

The below table lists the mean change from baseline (with/out placebo correction) in AUC0-23 of plasma Na* and
the AUCO0-23 of OPC-41061 on Day 1:

Mean Change from Baseline (with/out Placebo Correction) in AUC0-23Na* and Mean AUC0-23
of OPC-41061
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