Dose, mg | Mean AUC0-23 Na® | Mean AUC0-23 Na™ | Mean AUCO0-23 OPC-41061
mEqeh : mEqeh ng eh/mL

10 na na na

15 -5.5 30.7 1159

30 424 78.6 4357

60 7.6 43.8 7264

90 -5.5 279 5814

120 58.7 94.9 8524

3 Uncorrected for pooled placebo® Pooled placebo corrected na= not available

There is no apparent relationship between mean change from baseline in AUC0-23 of plasma Na® and mean AUCO-
23 of OPC-41061 in CHF patients.. ’

Conclusions
PK

The pharmacokinetics of OPC-41061 in patients with hypervolemic CHF can be sonsidered dose proportional. There
is substantial inter-subject variation in peak and average exposure to OPC-41061 in patients with mild to moderate
CHF. Oral clearance ranges between 0.93 and 3.69 mL/min/kg. Regimens with qd administration of OPC-41061
result in a mean accumulation of 1.1. The individual Cmax and C23 values and their ratio on Days 1 and 13 among
groups and subjects vary significantly. 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. Variable absorption
determines the Cmax to C23 ratio and the decline of the post Cmax concentrations of OPC-41061.

PD

The net effect of OPC-41061 of the OPC-410-61 regimens with 30, 90 and 120 me ad appears to be an increase in
the plasma Na* concentrations.

e . | hcre is no overt evidence that OPC-41061 in the tested doses
impacts plama K™.

OPC-41061 consistently and dose dependently increases the 24 h urine volume during the first 3 treatment days
more than placebo. The increase in urine volume at the 60, 90, and 120 mg dose levels on Days 2 and 3 appears to
be smaller than on Day 1 suggesting increased retention of fluid and/or decreased fluid intake. 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 at dose levels > 30
mL/min.

The mean reduction in urine osmolality in the patients receiving OPC-41061 at all dose levels appears to be
consistently greater than in the patients receiving placebo. The reduction in urine osmolality appears to be similar on
treatment Days 1, 2 and 3. The patients receiving 30 mg to 120 mg OPC-41061 qd tend to show a greater reduction
in mean 24 h sodium excretion in the first 3 days of treatment compared to baseline than the patients receiving
placebo.

PD-PK Correlation

The mean net 24 h urine excretion rate appears to increase with increasing exposure to tolvaptan in the patients with
CHF on Day 1 of the treatment.

Comments
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1. Patients had to exhibit extra-cellular volume expansion in the opinion of the investigator to be enrolled in
the study. The inclusion criteria do not state the criteria to be met for diagnosing extra-cellular volume
expansion.

2. The inter-subject and intra-subject variation in peak and trough concentrations of OPC-41061 should be
assessed

3. The estimates for Az were obtained from 3 non-zero concentrations measured during intervals 12-16 h. The
mean t1/2z estimates by the sponsor ranged between 8 h and 13 h. Az (or 0.693/t1/2z) should not be
estimated from an interval that is clearly smaller than 3 - t1/2z. Thus, Az and the derived parameters
including t1/2z, AUCO0-c and CL/F are not reliable.

4. The accumulation ratio should be determined from AUC not from Cmax. The accumulation ratio RAUC
should be determined from AUCss,t (Day 13)/AUCO0-24(Day 1), not from AUCss,7/AUCco.

5. Blood samples should have been collected at 24 h post dose on Days 1 and 13.

Study Report No. 156-01-231:”A Multicenter, Randomized, Double-Blind, Parallel-Group Study to Compare
the Effects 30 mg QD versus 15 mg BID Oral Administration of Tolvaptan (OPC-41061) in Patients with
Congestive Heart Failure”

Investigators and Study Sites

The 10 participating investigators and Centers are listed below:
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Objectives

Primary: to assess the pharmacodynamic and clinical effects of tolvaptan 30 mg once daily (qd) versus tolvaptan 15
mg twice daily (BID) over a period of 7 days.

Secondary: to evaluate the pharmacokinetics of tolvaptan 30 mg qd and tolvaptan bid over a period of 7 days.

Investigational Drugs and Formulations

Tolvaptan 15 mg tablets (Lot No. 99E87A015) and 30 mg tablets (Lot No. 99E87A030A) and matching placebo
tablets (Lot No. 99D96P000) were provided by the sponsor.

Design

This was a multicenter, randomized, double-blind study in 2 parallel groups. The study consisted of a screening day
(Day -5) and a 48 h washout from current diuretics (Days-2 and -1) followed by 7 days of dosing (Days 1-7).
Subjects were hospitalized from Day-1 through Day 2. Subjects were readmitted to the hospital on Day 7 and
discharge on Day 8. Two groups (1:1 ratio) were randomized to receive either tolvaptan 30 mg qd or tolvaptan 15
mg bid. One group of patients received a single dose 30 mg tolvaptan in the morning and matching placebo tablet in
the afternoon. An asymmetrical dosing interval was selected: the morning dose was administered at 0800 and the
afternoon dose was administered at 1600 in order to minimize disruption of sleep. A maximum diuretic effect of
tolvaptan is reportedly seen 8 h after administration. The second group received one 15 mg tablet in the morning
and one tablet in the afternoon. The first dose each day was administered with the subjects in the fasted state, while
this was not required for the second dose. A previous study had shown that the extent of drug absorption from
tablets is not impacted by food, only the rate of absorption is slowed by food. All subjects were prescribed a 2 g/day
Na’ starting at screening (Day -5) and maintained throughout the study. The duration of treatment was 7 days. A
follow-up teleohone contact occurred 7 days after the last dose of study drug, T TS b(4)

e Sccondary pharmacodynamic variables included urine volume, urine excretion rate,
serum electrolytes (Na”, K* and Mg™), serum osmolality, creatinine clearance, dyspnea, orthopnea, edema (pedal),
jugular venous pressure, rales and hepatomegaly.

Exclusion and inclusion criteria are listed below:
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The scheduled study activities are listed in the below scheme:
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Safety data included adverse events, clinical laboratory tests, physical examination, vital signs, 12-Lead ECGs and
medical history. The activities were performed according to the schedule shown above.

Pharmacokinetic Profiling

Blood samples for the determination of OPC-41061 were collected on:

Days 1 and 7: pre-dose and 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, and 24 h after administration

Additional blood samples were collected on Day 8 (24 h after administration of the last dose), Day 9 (48 h after
administration of last dose) and Day 10 (72 h after administration of the last dose).

Bioassay

The plasma concentrations of OPC-41061 and its metabolite were determined by a validated LC/MS/MS method
with an internal standard. The method for OPC-41061 and the metabolite is linear in the concentration range 5.00
ng/mL to 1000 ng/mL and 12.5 to 2500 ng/mL, respectively. The metabolite concentrations were not reported for
this protocol. The mean correlation coefficient for OPC-41061 was 0.9976. The mean accuracy ranges between -
8.14 % and 1.74 % and the mean precision is < 7.04% with QC samples that were analyzed along the samples with
unknown OPC-41061 concentrations. Stability of OPC-41061 was demonstrated by exposure of plasma for 24 h to

room temperature, long etrm freezer conditions at -70 ° for 22 days and 4 freeze/thaw cycles, and exposure of the b(4)
extractat4° C for67h. messssssesssss——————— pcrformed the assays.

Pharmacokinetic Data Analysis

The following PK parameters were determined: Cmax, tmax and AUC24 were determined with the Day 1 data.
Cmin,ss, Cmax,ss, Az, AUCrt, Cavg,ss, CLss/F and Vz/F were determine with the Day 7 data. In addition
accumulation of OPC-41061 was estimated from Repax (=Cmax,ss/Cmax1) and Rayc, (FAUCT/AUC24). Non-
compartmental methods were applied using WinNonlin ®, Version 3.3 (Pharsight Corporation, Mountain View,
CA). If tlast < 24 h, AUCt was obtained by extrapolation using Az. CLss/F and Vz/F were only estimated in the
subjects receiving the 30 mg dose, as these parameters could not be estimated in the 15 mg OPC-41061 bid group.
Pharmacodynamic Profiling

Serum Na®, K" and Mg"* and Osmolality

Serum electrolytes, and osmolality were measured prior to 0800 at the same time on:
Days -5,-1,1,2,7,8and 11

24h Urine Volume, Urine Osmolality, pH, Na+ and Creatinine
24 h urine collections were started at 0800 on:

Days -1, 1, and 7 and urine volume, osmolality, pH Na*and K* in the pooled urine samples measured.

Days -5,-1,1,2,7,and 11
Dyspnea, Orthopnea, Edema (Sacral, Pedal), JVP, Rales, Hepatomegaly

These variables were measured prior to the 0800 dose each day on:

Days -5,-1,1,2,7,8and 11
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Serum Creatinine
Creatinine in serum was measured on:

Day -1: at 2000
Days 1 and 7: 12 h after the 0800 dose

Baseline for all pharmacodynamic parameters, except for urine output, was defined as the last observation before
beginning the double-blind treatment. Baseline for urine output was defined as the 24 h urine collection obtained on
the last day of the washout period (Day-1).

Additional Assessments

Additional assessments included fatigue, heart sounds, palpitation, murmur, and NYHA classification. All
assessments were to be completed at the same time of the day, prior to the 0800 dose on:

Days-5,-1,1,2,7,8 and 11

The Heart Failure Score was derived from the data collected. The total score was equal to the sum of the responses
for rales, pedal edema, sacral edema, right heart failure (JVP), hepatomegaly, orthopnea, dyspnea, and fatigue.
Possible scores ranged from 0 to 26, with higher scores signifying worse heart failure.
Pharmacokinetic-Pharmacodynamic Correlations

None were attempted

Statistical Analysis

Sample Size and Power

A total of 40 subjects were studied to compare  wE———————————— the two dosage regimens. This sample b(4)
size was not determined with respect to any power requirements.

The ITT population provided the data set. The ITT population consisted of all randomized subjects. As an
exploratory analysis, p-values were determine for treatment comparisons for the pharmacodynamic variables (except
urine excretion rate), using an analysis of covariance (ANCOVA) for continuous outcome variables (with terms for
treatment, center, and baseline observations, and the Mantel-Haenszel mean score test (with rank option stratified by
center) for categorical outcome variables. SAS (version 8) was used for this analysis. Urine excretion rate for the
ITT population and the descriptive statistics used to summarize these data by time point and treatment were
determined by Microsoft® Excel 2000.

RESULTS

The demographics of the participating patients are described in the below table:
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Forty subjects, 21 in the 30 mg qd group and 19 in the 15 mg bid, were enrolled in the study. Mean age, body
weight, gender and race of the subjects in both groups were comparable.

The previous cardiovascular history of the patients is summarized in the next table:

In the group receiving the 30 mg qd regimen 10 patients had NYHA Class II CHF and 10 had NYHA Class 111 CHF;
whereas the corresponding numbers in the 15 mg bid receiving group were 8 and 11, respectively. Orthopnea was
reported by 14.3 % of the patients receiving the 30 m bid regimen and by 47.4% of the patients receiving the 15mg
bid regimen.

The disposition of the subjects is shown in the next table:

s
i nent

s nn_&jizcd:fpr&f}“ acy

Of the forty subjects enrolled, 39 completed the study and 1 subject withdrew consent on Day 6 of treatment.

Prior to study start use of diuretics and antacids and other gastrointestinal treatments was higher in the 30 mg qd
group and use of K supplements, anti-gout preparations, and thyroid therapy was more prevalent in the 15 mg bid
group.

Use of diuretics during washout and treatment periods was allowed. Five subjects on isosorbide continued to use it

throughout the study. Administration of spironolactone at a daily dose of 25 mg was allowed as well. Of 17 subjects
receiving spironolactone prior to treatment with study drug, 9 subjects (7 in the 30 mg qd group and 2 in the 15 mg
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bid group) continued this treatment during the study. In addition, one subject continued treatment with furosemide
and one subject continued treatment with metolazone, although disallowed by the protocol.

Pharmacokinetics

The sponsor considered the data assessable from 20 patients who received the 30 mg qd treatment and from 16
patients who received the 15 mg bid treatment. These 36 patients had usable plasma concentration data on both Days

1 and 7. Linear plots of the mean plasma concentrations of tolvaptan from both groups are shown in the below 2
figures:

Adon 9jqissod ised

With both regimens the mean plasma concentrations on Day 7 are greater than on Day 1 indicating some
accumulation. The mean peak concentrations on Days 1 and 7 in the subjects receiving the 30 mg qd treatment are
greater than in the subjects receiving the 15 mg bid regimen. In contrast, the mean trough concentrations on Days 1
and 7 of the subjects receiving the 15 mg bid regimen are greater than in the subjects on the 30 mg qd treatment.

These findings are logical consequences of the greater dose and dose interval used in the 30 mg qd regimen than in
the 15 mg bid regimen.

The sponsor’s estimated pharmacokinetic parameters after single and multiple dose administration of the 30 mg qd
and 15 mg bid regimens on Days 1 and 7 are listed in the below table:
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The plasma concentrations of OPC-41061 with the 30 mg qd regimen are measurable for 24 h on Days 1 and 7. As
discussed in detail in the review of report 156-98-202 the 0-24 h observation interval is not long enoughto determine
Az and derived parameters including t1/2z and Vz/F. The estimates for Cmax and tmax on Days 1 and 7 and
AUCO0-24 on Day 1 and AUCt on Day 7 as well as CL/F and Rac (AUC) can be considered reliable. The median
tmax is 1.1 h and 2.0 h on Day 1 and Day 7, respectively. The coefficient of variation about mean Cmax and AUCO-
24 on Day 1 is 31 % and 48 %, respectively. The corresponding figure for Cmax and AUCt on Day 7 is 49 % and

80 %, respectively, suggesting marked inter-subject variation. The mean CL/F is 2.73 mL/min/kg and the
accumulation factor is 1.19.

The plasma concentrations of OPC-41061 on Days 1 and 7 are measurable up to 24 h post-dose with the 15 mg bid
treatment. Hence, the estimates for Cmax, AUC0-24 and AUCT can be considered reliable. The median tmax is 2.0
h and 1.6 h after the afternoon dose on Days 1 and 7, respectively. The percent coefficient of variation about mean

Cmax and AUC0-24 on Day 1 is an identical 40 %. The corresponding figure for Cmax and AUCt on Day 7 is 35%
and 46%, respectively. The mean accumulation factor is 1.35.

The mean respective AUCt on Day 7 of the 15 mg bid regimen is close to that of the 30 mg qd regimen indicating
identical exposure and CL/F values with both treatments. The median pre-dose plasma concentration of OPC-41061
on Day 7 with the 15 mg bid regimen is about 2 fold greater than with the 30 mg qd regimen.

The below 2 tables list the peak and trough concentrations and their ratio on Days 1 and 7 for the 30 mg qd and 15
mg bid regimens:

Individual Plasma Concentrations at Peak and Trough and their Ratio on Days 1 and 7 of a Dose Regimen
with 30 mg OPC-41061 QD in CHF Patients

Individual Plasma Concentrations of OPC-41061 at Peak and Trough®™ ng/ml
Subject Day 1 Day 7
Cmax Ctrough® Ratio Cmax Ctrough® Ratio
2 14 23 24 10 h(4)
3 54 5.0 59 5.1
7 12 20 12 27
15 142 3.8 268 2.1




25 11 26 ' 12 16
31 17 24 19 11
34 34 9.8 69 34
39 61 6.6 121 3.1
41 43 6.6 69 3.5 b‘A‘)
42 31 4.3 40 8.9
49 31 9.4 54 7.2
53 20 11 27 8.2
57 127 2.8 310 1.8

3 Only subjects considered with complete information ® Ctrough Day 1 measured 24 h after the first dose and
Ctrough Day 7 measured 24 h after the last dose on Day 7

Individual Plasma Concentrations at Peak and Trough and their Ratio on Days 1 and 7 of a Dose Regimen
with 15 mg OPC-41061 Q8 alternating with Q16 in CHF Patients

Individual Plasma Concentrations of OPC-41061 at Peak and Trough®, ng/ml
Subject Day 1 Day 7
Cmax Ctrough® Ratio Cmax Ctrough® Ratio

1 74 33 96 1.7

4 70 2.7 107 1.7

5 41 4.1 111 1.5

6 44 2.5 72 1.3

11 11 5.1 25 2.4
13 49 3.3 158 1.7
16 78 4.9 &9 26 b(&)
26 33 42 38 5.5
40 69 1.7 87 1.1
43 40 32 114 1.8
44 51 5.2 105 25
45 84 1.0 200 1.3
47 97 1.5 144 1.7
61 87 2.1 142 2.3

2 Only subjects considered with complete information ® Ctrough Day 1 measured 24 h after the first dose and
Ctrough Day 7 measured 24 h after the last dose on Day 7

With the 30 mg qd regimen the Cmax/Ctrough ratio on Day 1 varies between 2.8 and 26 and on Day 7 between 1.8
and 27. In all subjects the trough concentrations on Day 7 are slightly greater than on Day 1 in accordance with a
small accumulation with the 30 mg qd regimen of OPC-41061. With the 15 mg bid regimen the Cmax/Ctrough
concentration ratio on Day 1 varies between 1.0 and 5.1 and on Day 7 between 1.1 and 5.5. The significantly
reduced peak to trough fluctuation with the bid regimen is a consequence of the smaller dose interval.

Pharmacodynamics

The mean change from baseline for eu—m—ny,  Urine- and serum parameters
is shown in the below table:
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b(4)
. With both treatments the serum sodium is increased on Day 1, but only with the bid
regimen this effect is sustained on Day 7. This may be explained by the more sustained concentrations of OPC-
41061 towards the end of the dose interval with the 15 mg bid regimen when the serum Na* concentrations were
measured. Both treatments increase the net 24 h urine volume/excretion rate. The net urine volumes/excretion rates
on Day 7 are 82 % and 73 % of those on Days 1 or 2 with the 30 mg qd and 15 mg bid regimens, respectively,
confirming a rebound effect with more retention of fluid. With both treatments the mean net plasma osmolality
tends to increase, whereas serum K* and Mg"™* show no change from baseline. Urine osmolality is decreased with

both regimens and this effect is sustained on Day 7. Creatinine clearance is not affected differently by the two
regimens.

The proportion of improved, unchanged and worsened cardiovascular status in the two groups is similar.

jqissod 194
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A summary of all adverse events is given in the below table:
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There was no important difference in any of the adverse events between the 2 groups tested. The most commonly
reported treatment emergent events were headache and thirst.

Conclusions
PK

With the 30 mg qd regimen the percent coefficients of variation about mean peak and average exposure range
between 31 % and 49 % and 48 % and 80 %, respectively. With the 15 mg regimen the coefficients of variation
about mean Cmax and AUCt range between 35 % and 40 % and 40 %-48 %, respectively. The mean CL/F for OPC-
41061 is 2.73 mL/min/kg and the accumulation factor is 1.19. With the 15 mg bid regimen the mean CL/F is similar,
and the accumulation factor of 1.35 is greater because of the shorter dose interval. The mean AUCt on Day 7 of the
15 mg bid regimen is similar to that of the 30 mg qd regimen .

PD
’

E——— With both treatments the serum sodium is increased on Day 1, but only with the bid
regimen this effect is sustained on Day 7. This may be explained by the more sustained concentrations of OPC-
41061 towards the end of the dose interval with the 15 mg bid regimen when the serum Na* concentrations were
measured. Both treatments increase the net 24 h urine volume/excretion rate. The net urine volumes/excretion rates
on Day 7 are 82 % and 73 % of those on Days 1 or 2 with the 30 mg qd and 15 mg bid regimens, respectively,
confirming a rebound effect with more retention of fluid. With both treatments the mean net plasma osmolality
tends to increase, whereas serum K* and Mg"™ show no change from baseline. Urine osmolality is decreased with
both regimens and this effect is sustained on Day 7. Creatinine clearance is not affacted differently by the two
regimens.

Comments

1. A possible correlation between exposure and response should be evaluated

2. The report states (p.61):” The administration of concomitant medications did not appear to affect the
pharmacokinetic profile of tolvaptan.” Evidence supporting this conclusion is not provided.

3. The sensitivity of the assay does not allow following the plasma concentration time curve of OPC-41061
for an interval long enough to determine Az.

4. The protocol indicates that the metabolite concentrations in plasma were to be measured. However, this

was not done. The report does not state what metabolite is referred to. A rationale for this decision is not
provided.

Study Report No. 156-04-247:” A Multi-Center, Randomized, Double-Blind, Placebo Controlled Study to
Evaluate the Effect of Single Oral Telvaptan Tablets on Hemodynamic Parameters in Subjects with Heart
Failure”

Investigators and Study Sites

Forty-Nine (49) investigators and centers in the US, Bulgaria and Romania participated in the study.

Objectives
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free water clearance, and urine osmolality, and to study Cmax, tmax
and AUCO0-8h
Investigational Drugs and Formulations

The trial medication consisting of 15 mg, 30 mg and 60 mg tolvaptan tablets and matching placebo tablets was
provided by the sponsor. The Lot Nos. are listed below:

Table 5.4.3-1 Bateh Numbers of Trial Medication

‘Trial Medication Batch Number(s)

Tolvaptan 15 mg 02C80A013A, 04C77A015, and 0SD73A0ISA
Tolvaptan 30 mg 02C80A030A, D3L73IA030E, and 05D73A030A
Tolvaptan 60 mg D2CLAA060, 041.93A060, and DSDTIA060
Placebo 02C30P00OB, B4AISPOOSE, and 9SD73P000A

Source: certificates of analysis,

Design

This is a multi-center, randomized, double-blind, placebo controlled, single dose trial to determine the hemodynamic
effects of single doses of 15 mg, 30 mg, and 60 mg tolvaptan and placebo in patients with heart failure. Suitable
patients underwent insertion of a balloon-flotation pulmonary artery catheter to assess final eligibility criteria. Final
doses of concomitant medications were administered at least 2 h prior to catheter insertion. Following catheter
insertion, patients entered into a 2-20 h stabilization period. Hemodynamic assessments were completed periodically
during this time to determine final subject eligibility. Potential patients then entered a 2 h baseline period. If all )
criteria were met during the baseline period, subjects were randomized to one of 4 groups and received either a
single oral tablet of placebo or tolvaptan 15 mg, 30 mg or 60 mg. Subjects were followed for up to 24 h for PD
measurements. Blood samples were collected for assessing the PK of tolvaptan and plasma osmolality and urine was
collected hourly beginning 1 h before initiation of the treatments to determine volume and osmolality. Safety was
assessed by evaluating AEs, vital signs and clinical laboratory parameters. A follow-up telephone call was made to
the subjects between 7 and 9 days after the dosing. A schematic of the study design is shown below:

o

Exclusion and inclusion criteria are listed below:

Best Possible Copy
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$5.2.2 Exclusion Crlteria

Subjects were excluded if they met any of the excligion oriteria listed in Table 5:2:2-1+
Table 5.2.2<1

Sxelusion Criteria

Worpen whi-wera brcawtmlci:/dmg sik’or wull not adhore o 1he reproductive. precmitions
as outlined in the JCF,
Positive seruny pregnancy fest.

1 nabxmx 10" provide wrilten informed consent.

Supiné systollé anterial BP <90 mmilgy or bhcontrolled hvperiénsion,

temrgmoved by Amendment 1.

Sncontrolled bradvarelivihmiag ordachyarchythmias:

Hypertrophic’cardiomyopathy (obstrictive)

Significant uncorrected vabvularor congenital heirt disedse
_Severe obstructive pulmonary discase,

0

Sighificant fenal impairmient (sorum creatinine > 3.0 meddLy
i Lontinuous 1V inotropic therapy within 48 Hours of randomization. i
2. CYPIAX Tulibitors, excepi amiodarane, used within 30 dayy of trial drug.dosing that were
derérmiined by thes
135

ansor o Rave n powentinl wiétabolic imeradtion with tolvapta,:
Carrent {within 24 hours offandomiztion) treatment’ with sesiritde or intntvenons
niiroglyeerin,

History of hypersensitivity. and/oridivsyncratic fFeaclion 1o benzazeping derivalives (Sueh
88 Benazapril).
Historyoftdrap or medication:abuse within the pas

s past vear. oreurrent ajeohol abuse:
nability to take oral ications.

Parricipation dnanother slinical drug o dovice trin where the fast dase of drug was within
the past:30 days oraninvestigational medical devide was darrently imiplanted.
|3

The donation of Wload o plasma within 30 days prioviotriabentolliment.
9. Previous participation in this or any other tolvaptan clinical trial,

CY P cytachrome P30,
Sowrée: prowicol:

Medications prohibited before and during the trial are listed below

Table s 4.6—

Vlecilc_xxtzcns Prohib;i,ted Prioritoand 'I)‘urin’g the Trial 5y
Prnhmi:ed Prim’ wiirinl
B IS

Uinless approved byithe Sponsar CYPJ/\“ m!ubnors with the gxception of ammdamnu {&g‘
amprenavir, atorvastain, aprepitant, chiovamphenicol [act eye dropl. cimeiidine, ¢l
Slotrimizod

Eaased omll)j danseal. delavicdine, diltinzens, Ersthromyvein; flhucon
ﬂuvoxamme, zndmavsr, son mzxd )lmcnnzm:mlx,.

josamydin, Ketoconazole, np{hn’awr nef‘azadenc,
qumupnatm/duli‘opris&m. ritopavie sagoiniavirs o olefmdc)mydm vampann] )
B JLiNesiviide.

< 1% mwoglzccrm
INMancwopic tiekapy
’roh;blted During Trial
. ACE Il'lhibﬂ‘lbl‘:
il L AR

3 Brasblockers

3 11

4. C Diiuretios
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YR ~vx<schmnm PAS0
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The scheduled study activities are shown in the below schemes:

Tablesel Soheduic ofAs

}’mce(lur(-» :

Chardiovascnl
Hialeal ¢ ShEm

Rl
esrrxulan
Geaoivaptan K i

St AcesERIng, di
o sapine fest:

‘iD mL of hutd Bymiy 2 ho
e and continuing thnmgh
swas nor ineluded in lite

to X hotrs pqmdoswx A
1ol urine volunie,

J BP 1R, tcmpcmurc. il respivation rate ﬂﬁcr
S mznh:

detormined Porsch howr hcmml
m umm mimu:

It should be noted that the subjects were allowed <250 mL fluid every 2 h beginning 2 h prior to start of the
baseline hemodynamic measurements and continuing through hour 8. Hemodynamic bolus injectate was not
included in the 250 mL limit.

Pharmacokinetic Profiling:
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Blood samples for the determination of the plasma concentration of tolvaptan were collected at the following times:

Pre-dose, 1,2, 3,4, 5,6, 7, and 8 h post-dose. Additional sample were collected at 12 h and 24 h after dosing if
amm— 25 measured at these time points.

Bioassay

The plasma concentrations of tolvaptan were determined by a LC/MS/MS method. The calibration curve is linear

over the range 5 ng/mL-1000 ng/mL with a mean correlation coefficient of 0.9980. Using QC samples the accuracy

of the assay ranges between -5.88 % and 2.00 % and the precision is < 8.82%. The freeze/thaw cycle-, in-process

and refrigeration stability of the analytes was demonstrrated. The assays were performed by - En———
T :

Hemodynamics

Hemodynamic parameters were measured at the following times: 0.5, 1, 2, 3, 4, 5, 6, 7, and 8 h post-dose

Pharmacodynamics

Plasma Osmolality

Blood samples for the determination of plasma osmolality were obtained pre-dose, 2, 4, 6, and 8 h after dosing.

Urine Volume and Osmolality

Urine volumes were collected in hourly intervals for 8 h beginning 1 h before dosing. Urine collection began within

15 min of the pre-dose time point (1 h before dosing) by voiding completely and then collecting all subsequent voids

of newly accumulated urine.
Data Analysis
PK

Cmax and tmax were taken directly from the data sets. AUCO-8h was obtained on application of the linear
trapezoidal rule. WinNonlin (Pharsight Corporation, Version 4.0) was used.

Sample Size and Power

It was estimate that 45 patients per treatment group (180 patients in total) would provide 80 % power to detect a
difference of 3 mm Hg in peak change from baseline in e from3hto8h, usingaSDof 5mmHganda
nominal alpha level of 0.05.

Hemodynamic Efficacy Variables

#

e ______ ey

change from baseline in urine
volume, free water clearance and urine osmolality. ——
ammmmer - An ANCOVA model with terms for treatment, country, and baseline observation as covariates was
used tor the analysis of  m—— variables. Contrasts statements under the linear model were constructed
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to make treatment comparisons for tolvaptan versus placebo. Each contrast of a  emmm
tested at a significance level of 0.05.

variable was

_—“

Pharmacodynamic Variables

Free water clearance was obtained as described below:

. Cl-«nzz) —v Conm
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The baseline for hourly urine volume, free water clearance and urine osmolality was the value based on the -1-0 h

interval. The baseline for plasma osmolality was the pre-dose sample.
RESULTS
Disposition of Subjects

181 subjects were enrolled in the study and 177 subjects (97.8%) completed the trial.
The disposition of the subjects is summarized in the below table:

“Subject Disposition
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Demographics of Subjects

The below table shows the demographic of the subjects:

G i chsemants e, bmstxhné'j
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Pharmacokinetics

The mean (SD) plasma concentrations of tolvaptan following a single dose of 15 mg, 30 mg and 60 mg and derived
parameters are shown in the below figure and table:

lasria Concentraion frg/l)

vaptan fo Hesrt Failure Sibijects

The mean peak plasma concentrations of tolvaptan are attained between 2 and 3 h post-dose , but the individual
values range from 1- 8 h in the CHF patients suggesting variable absorption. The Cmax appears to increase dose
proportionally. The percent coefficient of variation about the mean Cmax in the CHF patients ranges between 35 %
and 46 % at the different dose levels.

Hemeodynamics

s S
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Pharmacodynamics

Mean change from baseline in urine volume, urine osmolality and free water clearance with the treatments are
shown in the below figures:
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The results indicate that single doses of 15 mg, 30 mg and 60 mg tolvaptan increase the baseline corrected urine
volumes and the free water clearance and decrease urine osmolality up to 8 h after dosing. Peak effects are observed
1-4 h after administration in agreement with the peak plasma concentrations which are observed 2-3 h after dosing.
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The table below lists the mean treatment effect on urine excretion rate in the intervals 0-2, 2-4, 4-6 and 6-8 h after
dosing and the mean plasma concentrations at mid time of tolvaptan:

Dose Time after Dosing Mean Concentration Collection Interval® Mean Urine Excretion®
mg h ng/mL h Rate mL/min
15 1 79.2 0-2 1.9
3 120 2-4 4.4
5 103 4-6 33
7 83.1 6-8 2.3
30 1 128 0-2 1.9
3 233 2-4 4.4
5 219 4-6 4.6
7 185 6-8 3.7
60 1 240 0-2 1.6
3 543 2-4 5.0
5 457 . 4-6 54
7 401 6-8 43

? The mean urine volumes collected in adjacent intervals were combined (e.g. the median urine volume of intervals
0-1 h and 1-2 h etc. were combined and then divided by 120 min °® Sponsor’s ANOVA model with treatment and
country as factors

The data from the above table indicate that the onset of the aquaretic action of tolvaptan in the patients with CHF
starts in the 0-2 h post-dose interval (net increase in urine excretion rate > 1.0 mL/min. Mean peak excretion rates
are observed in the 2-4 h and 4-6 h post-dose intervals. The mean peak rates increase in the order of the
administered doses.

The below table summarizes the findings on free water clearance:

Mean Free Water Clearance

Mean Free Water Clearance, mL/min
Collection Interval, h 0-2 2-4 4-6 6-8
Dose, mg
15 1.22 3.51 2.73 1.85
30 1.96 4.29 4.20 3.44
60 1.20 4.40 5.10 4.20

The treatment effects on mean urine excretion rates and free water clearance are correlated as shown in the below
plot:
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Urine Excretion Rate vs M ean Free Water Clearance

0.00 2.00 4.00 6.00

M ean Free Water Clearance, ml/min

The data indicate good agreement between the treatment effect on urine excretion rate and free water clerance of
tolvaptan.

The next plot shows the reltionship between mean urine excretion rate and plasma concentration of tolvaptan:

Plot of the Treatment Effect on Urine Excretion Rate
vs Mean Mid Point Plasma Concentration of Tolvaptan

Mean Urine Excretion Rate vs Mean
Plasma Tolvaptan Concentration, ng/mL

Adon IqIssod jseg

Mean Urine Excretion Rate,
mL/min

[l 100 200 300 400 500 800

Mean Plasma Tolvaptan Concentration,
ng/mL

The results indicate a saturable aquaretic effect to plasma concentration relationship for tolvaptan. It should be noted
that the lagging of the aquaretic effect behind the plasma concentration of tolvaptan (counter-clockwise hysteresis)

contributes to the variability of the data.

Conclusions .

PK
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Peak plasma concentration and AUCO0-8h of tolvaptan appear to increase dose proportionally. Peak concentrations of
tolvaptan are reached on average 2.0-3.0 h afier administration, but the individual values vary significantly from 1-8
h after administration. Marked inter-subject variation of Cmax is also observed in the CHF patients.

PD

"

Tolvaptan increases urine volumes and excretion rates, urine osmolality and free water clearance. There is good
agreement between the treatment effects of tolvaptan on urine excretion rate and free water clearance. The time
profile of the aquaretic and hemodynamic effects of tolvaptan appear to be similar. The onset of the aquaretic effect
occurs in the 0-2 h post-dose interval. Mean peak excretion rates are observed in the 2-4 h or 4-6 h post-dose
intervals. The urine excretion rate depends on the plasma concentration of tolvaptan. The relationship is nonlinear:
the effect increments associated with higher plasma concentrations become increasingly smaller.

Report 156-98-201:” A Randomized Double-Blind Study to Assess the Safety and Pharmacokinetics of
Concomitant Administration of Orally Administered OPC-41061 Tablets and Ketoconazole in Healthy Adult
Male and Female Volunteers”

Investigator and Study Site

—

Objectives

bld

To determine the safety and pharmacokinetics of concomitant administration of OPC-41061 and ketoconazole in
healthy adult, male and female volunteers

Investigational Drugs and Formulations

15 mg OPC-41061 tablets (Lot No. 97B84A015) and placebo tablets (Lot No. 5L80P) were provided by the sponsor.
200 mg ketoconazole tablets (Lot No. 98P0149E). The protocol does not indicate manufacturer or provider.

Design

This was a single-center, randomized, double-blind, placebo controlled, cross-over study conducted in healthy male
and female subjects. Twenty five healthy female or male subjects in the age between 18 and 45 years were enrolled
in the study with 5 subjects randomly assigned to the placebo arm and 20 assigned to the OPC-41061 arm. Subjects
assigned to the OPC-41061 arm received a 3 puCi intravenous infusion of '*C-N-methylerythromycin for an
erythromycin breath test (ERBT) on Day -1. On the following day (Day 1), the subjects were given a single oral
dose of 30 mg OPC-41061 and an ERBT 2 h later. On Day 4 200 mg ketoconazole was administered and an ERBT
was performed 2 h later. On Day 5, 200 mg ketoconazole was given together with a single oral dose of 30 mg OPC-
41061 and an ERBT was performed 2 h later. Ketoconazole was also given on Day 6. Subjects in the placebo arm
followed the same treatment and sampling schedule, but were given placebo instead OPC-41061.

The 30 mg OPC-41061 or placebo tablets were administered together with 240 mL water. The subjects were
requested to remain in a sitting position and to abstain from food for the first 4 h post-dose. The protocol does not
specify whether the ketoconazole tablets were also given together with 240 mL water. Alcohol consumption and use
of xanthine-containing products were not permitted within 48 h of admission to the Unit and for the duration of the
study. During the study the subjects were not allowed to ingest grapefruit containing products or tobacco products.

The scheduled study activities are shown in the below scheme:
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Pharmacokinetic Profiling:

OPC-41061

Blood samples for the analysis of OPC-41061 were collected at the following times on Days 1 and 5

Pre-dose, 1, 1.5,2,3, 4,6, 8, 12,24, 36, 48, and 72 h post-dose
ERB

Injections of **C-N-methyl-erythromycin were administered on Days 1 at-1 h pre-dose of OPC-41061 and 2 h after
administration of OPC-41061; on Day 4, 2 h after administration of ketoconazole (72 h after OPC-41061
administration), and on Day 5, 2 h after administration of OPC-41061 & ketoconazole

Breath samples were obtained prior to intravenous injection of '*C-N-methyl-erythromycin and at 10, 20, 30, 45 and
60 min after injection.

Bioassay

OPC-41061
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Plasma and urine samples were analyzed for OPC-41061 and its metabolites using a HPLC/MS/MS method with an
internal standard. The assay is linear in the range between 5.0 and 1000 ng/mL for OPC-41061 and 6 metabolites.
For DM-4103 the linear range of the assay is between 12.5 and 2500 ng/mL. Coefficients of correlation for the fits
of 1i? weighted linear functions to the calibration standards are not available. The accuracy of the method for OPC-
41061 in plasma ranges between -5.76% and 9.01% and the precision is < 5.83%. The accuracy of the method for
OPC-41061 in urine ranges between -2.83% and 9.49 % and the precision is < 6.12%. Stability of the analytes in
plasma was demonstrated by exposure to 3 freeze/thaw cycles, 24 h at room temperature, long term freezer
conditions at -80 ° C for 201 days.The assays were perfomed by = e ——

———

Ketoconazole

A validated HPLC/UV method with internal standard (proprietary method of = i EG————————————
was used for the determination of the plasma concentrations of ketoconazole. The assay is linear in the concentration
range 0.050 pg/mL and 10.0 pg/mL. The mean correlation coefficient is 0.9997. The accuracy ranges between —
0.68% and -0.281. The precision is < 7.61%. The stability of the analyte during long term freezer storage,
freeze/thaw cycles, at room temperature and during processing is not reported.

The assays was performed by e —————ES—————— hku)

PK Analysis
OPC-41061 and Metabolites

Cmax, tmax, AUCt, AUCw and the percent that is extrapolated from the last observed time point (AUC%
extrapolated), t1/2z were computed for OPC-41061 and metablites. CL/F, CLr, Ae0-72 and Vz/F were only
computed for OPC-41061. The Az was determined by least square regression of the log transformed data using at
least 3 measurable concentrations. Renal clearance, CLt, was calculated from Ae0-72/AUCco. A non-compartmental
approach using the software WinNonlin (Professional Edition, Version 2.1) was used.

ERB

The area under the dpm—time curve from time 0 to 1 h was determined fro each subject; Day -1 values were
compared with Day 4 and 5 values and the percent decrease determined.

Statistical Analysis

RESULTS

Best Possible Copy
Disposition and Demographics of Subjects

Seventeen subjects completed the OPC-41061 arm and 5 subjects completed the placebo arm. One screened subject
did not return for dosing. Two subjects withdrew on Day 1 after receiving the OPC-41061 dose for personal reasons.
Mean age and weight of the subjects were 32 (9.4) years and 75 (9.4) kg. There were 12 males and 7 females.

PK
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OPC-41061 and Metabolites

A semi-logarithmic plot of the mean plasma concentrations of OPC-41061 in the absence and presence of
ketoconazole and the corresponding parameters of OPC-41061 are shown in the below figure and table,
respectively:

The plasma concentrations of OPC-41061 in the absence of ketoconazole are measurable up to 24 h post-dose and in
the presence of ketoconazole up to 36 h post-dose. The respective observation intervals for determining Az and
derived parameters are too short for reliable estimates and the so obtained estimates for Az and derived parameters
including t1/2z, AUC, CL/F and VZ/F have to be interpreted with caution. However, it is not anticipated that the bias
in AUCoo is large so that a crude assessment of the impact of ketoconazole on the exposure to OPC-41061 based on
the sponsor computed measures is possible. There is a significant increase in Cmax and AUCe and a trend for an

increase in tmax during the co-administration treatment with ketoconazole indicating a significant inhibition of the

CYP 3A mediated metabolism of OPC-41061. As shown in other studies the excretion of unchanged OPC-41061 in

urine is < 1% of the dose and the renal clearance is negligible.

The below table lists the percent change in the PK parameters of OPC that were found to be significantly different
following co-administration of ketoconazole with OPC-41061 and alone administration of OPC-41061:
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The sponsor’s estimates for Cmax and AUCo suggest that ketoconazole co-administration increases the exposure to
OPC-41061 significantly about 3.5 and 5.6 fold, respectively. The above mentioned assay sensitivity related
limitations for the interpretation of the parameter estimates apply also for the metabolites. Because the metabolites
are not active knowledge of the quantitative impact of ketoconazole on their exposure is not considered critical.
ERBT

The below table summarizes the results on the ERBT.

The AUCO0-60 values for ERBT after administration of ketoconazole alone and co-administration of ketoconazole
and OPC-41061 compared to the baseline value are statistically significantly decreased to about 51% and 37%,
respectively. OPC-41061 alone does not impact ERBT. The findings confirm that CYP 3 A plays a central role in the
elimination of OPC-41061.

Conclusions
Co-administration of ketoconazole 200 mg and OPC-41061 30 mg results in an approximately 3.5 and 5.6 fold
increase in Cmax and AUC, respectively. The ERBT results confirm that metabolism by CYP 3A is the major route

of elimination of OPC-41061. OPC-41061 appears not to have an impact on ERBT. The maximum labeled dose of

ketoconazole is 400 mg. The extent of inhibition of OPC-4106 when co-administered with OPC-41061 cannot be
estimated from the result of the present study that used 200 mg ketoconazole.

Comments
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1. The sponsor should have evaluated the impact of 400 mg ketoconazole on co-administered OPC-41061.

2. The sensitivity of the assay for OPC-41061 and the metabolites is not sufficient to measure reliably the
relevant PK parameters. It would have been important to assess t1/2 of OPC-41061 after OPC-41061 alone
and co-administration with ketoconazole. Based on reliably assessed t1/2 values a determination could have
been made as to whether the inhibition of OPC-41061 by ketoconazole is pre-systemic or pre-sytemic and
systemic.

Study Report 156-03-239:”An Open-Label, Sequential Study of the Effects of Rifampin Administration on
Tolvaptan Pharmacokinetics and Pharmacodynamics in Normal, Healthy Volunteers”

Investigator and Study Site i
b(4)
/

Objectives
Primary

¢ To evaluate the effect of multiple dose 600 mg rifampin pretreatment and concomitant administration on
tolvaptan PK

Secondary

To determine the safety of concomitant administration of tolvaptan and rifampin
To evaluate the effect of multiple dose 600 mg rifampin pretreatment and concomitant administration of
rifampin on tolvaptan and metabolite PK

» To determine rifampin concentrations to verify dosing

e To determine the effect of multiple dose 600 mg rifampin pretreatment and concomitant administration on
urine volume, fluid intake, fluid balance and urine osmolality

Investigational Drugs and Formulations

Tolvaptan 60 mg tablets (Lot No. 04L93A060) and rifampin (Rifadin®, Eon Labs, Lake Success, NY) 300 mg
capsules were supplied to the Unit by the sponsor.

Design

This was a single-center, open-label, sequential study of the effects of multiple doses of 600 mg rifampin qd on the
PK and PD of tolvaptan 240 mg in normal healthy volunteers. Fifteen subjects were enrolled in the study. The study
duration was approximately 3 months with expected study participation of 39 days for each subject. The subjects
remained in the Unit for the 10 day duration of the study for a total of 11 days. On Day 1 a single dose of 240 mg (4
x 60 mg tablets) tolvaptan was administered to the subjects. On Days 3 to 8 and 10 rifampin 600 mg qd (2x 300mg
tablets) was administered to the subjects. On Day 9 tolvaptan 240 mg and rifampin 600 mg were co-administered.
All study drugs were administered together with 240 mL of water.

No medication other than the planned study drugs were to be taken by the subjects within 14 days prior to the start
of the study and during the study. The intake of antibiotics was prohibited within 30 days of the study or during the
study. Grapefruit- and Seville orange containing products were prohibited from 72 h prior to study start and during
the study. Use of alcohol- or xanthine-containing products was prohibited within 72 h prior to dosing and during the
study.
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The scheduled study activities are listed in the below tabulations:

Pharmacokinetic Profiling

Blood samples for the determination of the plasma concentrations of tolvaptan and metabolites were collected on:

Days 1 and 9: Pre-dose, 0.25,0.5, 1, 1.5,2,2.5,3,4, 5,6, 8§, 10, 12, 16, 24, 36, and 48 h post-dose
Days 7 and 8: Pre-dose and 2 h post-dose

Bioassay

OPC-41061 and DM-4103 and DM-4107

The plasma concentrations of OPC-41961 and metabolites were measured by a validated HPLC/MS/MS method
with an internal standard. The assay is linear (1/y?) over the range 5.0 ng/mL-1000 ng/mL for OPC-41061 and 12.5
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ng/mL- 2500 ng/mL for the metabolites DM-4103 and DM 4107. The mean correlation coefficient for OPC-41061,

DM-4103 and DM-4107 is 0.9970, 0.9976 and 0.9972, respectively. The stability of the analytes was confirmed by

exposure to repeated freeze/thaw cycles, during sample processing, and during refrigeration at -80° C using spiked

QC samples that were exposed for the same length as the plasma samples with unknown concentrations.

The accuracy of the method for OPC-41061 ranges between -1.13% and 6.88% and the precision is < 9.32%. The

accuracy for DM 4103 ranges between -1.00% and 3.30% and the precision is < 10.6%. The accuracy for DM-4107

is 0.5% and 4.70% and the precision is < 9.05%. The assays were performed by " o b(4)
———— )

Rifampin

emmmme | proprietary validated HPLC/UV method with an internal standard was used for the determination of
rifampin in plasma. The method is linear (1/Y 2} in the range between 100-20000 ng/mL with a mean correlation
coefficient of 0.9952. The accuracy ranges between -4.13% and 2.33 % and the precision is < 11.5%. No
information on the stability of the analyte during exposure of the matrix to feeze/thaw cycles during storage at room
temperature of sample processing is provided. The assay was performed in

b(4)
PD Profiling

Urine volumes were measured on:

Days 1 and 9: 0-2, 2-4, 4-6, 6-8, 8-12, 12-16, 16-24, 24-26, 28-30, 30-32, 32-36, 36-40, and 40-48 h post-dose. A
single sample was taken from each collection interval for determination of urine osmolality.

Fhid intake ——— A were measured. S R —— b(4§
“—

For urine osmolality the product of urine osmolality and duration of each collection interval over a period of 24 h
was computed (AUCO0-24). The time duration during which urine osmolality remains below 300 mOsm was
determined as well.

PK Data Analysis

Non-compartmental methods were used. The following parameters were estimated: Cmax, tmax, AUC0-24, AUCt,
t1/2z, CL/F for tolvaptan and tmax, Cmax and AUCt for the metabolites.

Statistical Evaluation

}eikvﬁe:v?!{ parameters Q,tm\&““d -
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RESULTS

Disposition and Demographics

Fifteen subjects were enrolled in the study and completed the protocol. The mean age and body weight of the
subjects was 26 (8) years and 72(11) kg. There were 9 males and 6 females.

PK

302



A semi-logarithmic plot of the plasma concentrations of tolvaptan against time in the presence and absence of
rifampin and the corresponding parameters for tolvaptan is shown in the figure and table, respectively, below:

Ado) ajaissod ised

After a single dose of tolvaptan 240 mg given alone the plasma concentrations are measurable in all subjects up to
36 h only post-dose. In the presence of rifampin the plasma concentrations of OPC-41061 are only measurable only
up to 16 h post-dose in all tested subjects. The observation interval for determining Az and derived parameters is too
short and the sponsor’s estimates for Az and derived parameters including t1/2z, AUC, CL/F and Vz/F have to be
interpreted with caution. However, it is not anticipated that the bias in AUCco is large so that a crude assessment of
the impact of rifampin on the exposure to OPC-41061 based on the sponsor computed exposure measures is
possible. The data indicate a significant reduction of OPC-41061"s Cmax to about 20 % and AUCco to about 10%
with co-administered rifampin indicating a significant induction of the CYP 3A mediated metabolism and/or MDR1
extrusion of OPC-41061.

The follow-up time for the time profiles of the metabolites DM-4103 and DM-4107 is not adequate and thus the
interpretation of the exposure parameters presented by the sponsor is limited. Since none of the metabolites is active

the assessment of the quantitative impact of rifampin on the exposure to the measured metabolites is not considered
critical.
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The rifampin concentrations measured during the co-administration phase confirm the subjects’ 'compliance with the
protocol.

PD
The 24 h urine volumes after alone administration of tolvaptan are clearly greater than those after co-administration
of tolvaptan and rifampin. In the presence of rifampin the reduction in the aquaretic effect of tolvaptan appears to be

smaller than the reduction in exposure to tolvaptan which supports the notion of a saturable, nonlinear relationship
between exposure and response of tolvaptan.

Conclusion

PK

Rifampin co-administration reduces Cmax and AUC to about 10 % and 20 %, respectively, suggesting that rifampin
impacts tolvaptan elimination and/or extrusion by inducing CYP3A and/or MDR1.

PD

The reduction of the aquaretic effect of tolvaptan in the presence of rifampin appears to be smaller than the
reduction in the exposure to tolvaptan in accordance with a nonlinear dose-response relationship.

Comments
1. Rifampin is known to inhibit and induce the metabolism and transport of of other drugs. In this study a
possible interaction between tolvaptan and rifampin was only studied after steady-state of rifampin is
attained. Thus, an initial inhibition of tolvaptan’s possible hepatic influx and efflux by rifampin may have

been missed.

2. No information on the stability of rifampin during exposure of the matrix to freeze/thaw cycles during
storage at room temperature and sample processing is provided.

Study Report: 156-01-223:”A Study to Determine the Effects of Single Dose Administration of OPC-41061 on
the Single Dose Pharmacokinetic Profile of Lovastatin in Healthy Male Male and Female Subjects”

Investigator and Study Site

bl4)

Objectives
Primary
To determine the effects of OPC-42061 60 mg on the pharmacokinetics of lovastatin

Secondary
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To characterize the pharmacokinetics of OPC-41061 60 mg and OPC-41061 90 mg in the presence of lovastatin; and
to determine the effects of OPC-41061 90 mg on the pharmacokinetics of lovastatin

Investigational Drugs and Formulations

Lovastatin (Mevacor®) 80 mg (2x 40 mg tablets, Lot No. K1123) and OPC-41061 60 mg (one 60 mg tablet Lot No.
99E87A030A) and 90 mg (one 60 mg and one 30 mg tablet (Lot No. 99E87A060) .

Design

This was a single-center, open-label, 1 arm, 3-period, sequential treatment, drug interaction study conducted in 15
healthy male and female subjects in the age of 18-45 years. Each subject received a single oral dose of 80 mg
lovastatin during Period 1, a single 80 mg dose of lovastatin given concomitantly with a single dose of 60 mg OPC-
41061 during Period 2, and a single oral dose of lovastatin 80 mg given concomitantly with a single dose of 90 mg
OPC-41091 in Period 3. Dosing was separated by a washout of at least 5 days. Blood samples were collected at
scheduled times for up to 96 h and were analyzed for lovastatin, lovastatin B-hydroxy acid, and OPC-41061.

Prior to dosing subjects were restricted from intake of food and beverages (other than water) for 9 h. On dosing days
a standard breakfast was served approximately at 0700 and subjects had to fast until 1300. In addition, except for the
240 mL water administered with each dose subjects could not consume water within 2 h of study medication.
Subjects had to meet restrictions on birth control, exercise, and the use of concomitant medications, alcohol and

food/beverages.

The scheduled study activities are listed in the below schemes;

Ado3 eiqissog jseg
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Pharmacokinetic Profiling -

Blood samples for the determination of the plasma concentrations of lovastatin, lovastatin -hydroxy acid and OPC-
41061 were collected at the following times:

Pre-dose, 0.5, 1,2, 3, 4, 8, 12, 24, 36, 48, 72, and 96 h post-dose. One additional blood sample was collected for the
determination of the plasma protein binding of OPC-41061.

Bioassay
OPC-41061

Plasma concentrations of OPC-41061 were analyzed by a validated HPLC/UV method using an internal standard.
The method is linear (1/y) over the concentration range 5.00 ng/mL and 1000.00 ng/mL. The mean coefficient of
correlation is 0.998. The accuracy of the assay ranges between -3.7 % and 12.6 % and the precision is < 8.3 %.
Stability of the analyte was demonstrated during processing for 49 h on the autosampler and for 4 h at room
temperature. Results of exposure to freeze/thaw cycles and prolonged deep freezer conditions are not reported. The
measurements were performed by

Lovastatin and Lovastatin f-Hydroxy Acid

The concentrations of lovastatin and its metabolite were measured by a LC/MS/MS method using an internal
standard. The assay is linear over a concentration range of 0.10 and 10.0 ng/mL. The mean coefficient of correlation
for lovastatin and lovastatin - hydroxy! acid is 0.9986 and 0.9982, respectively. The accuracy of the assay for
lovastatin ranges between -6.00% and -0.31% and the precision is < 28.0%. The accuracy for lovastatin B- hydroxy
acid ranges between -3.65% and 1.67% and the precision is < 23.2%. The precision values for both lovastatin and its
metabolites exceed the upper limit of 15%. The stability of the analytes in plasma was confirmed by exposing
plasma samples to long term storage at-70 °C, room temperature for > 23 h and 5 freeze-thaw cycles.The assay was
performed by ' G ——————————

Plasma Protein Binding

Plasma protein binding of OPC-41061 was measured using radio-labeled OPC-41061 and a validated equilibrium
dialysis method. The measurements were performed by T T S

Pharmacokinetic Data Analysis
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The following parameters were determined for OPC-41061 and lovastatin: Cmax, tmax AUCt, AUCeo, VZ/F, CL/F,
and Az. Cmax and tmax were taken directly from the data. AUCt was determined by applying the linear trapezoidal

rule. Az was determined by log linear regression of the post peak concentrations. The software WinNonlin
Professional (Version 3.01) was used.

Statistical Analysis

Sk

Spesinnds

RESULTS
Demographic and Disposition

A total of 15 subjects were enrolled and all completed the study. The mean age and body weight of the subjects was
33.8 (7.3) years and 8§0.3 (8.4) kg, respectively. Nine of the subjects were male and 6 female.

Pharmacokinetics
Impact of Tolvaptan on Lovastatin and Metabolite

Linear plots of the mean plasma concentration time profiles of lovastatin and lovastatin -hydroxy acid after 80 mg

lovastatin administered alone and after co-administration of OPC-41061 60 mg or 90 mg are shown in the 2 figures
below:
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The mean plasma concentrations of lovastatin and its metabolite appear to be slightly greater during the co-
administration treatment with OPC-41061 than after the alone treatment of lovastatin.

The parameters for lovastatin alone and in the presence of OPC-41061 are listed in the below tables:

The parameters for lovastatin -hydroxy acid are tabulated in the below tables:
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The plasma concentrations of lovastatin and its metabolite after alone treatment are measurable up to 12 h in all
tested subjects. After single dose co-administration of tolvaptan 60 mg or 90 mg lovastatin and its metabolite are
measurable up to 24 h after administration suggesting that tolvaptan co-administration may increase the exposure to
lovastatin and its active metabolite.

The sponsor estimate mean t1/2z of about 12 h for lovastatin and its metabolite from data followed for 12 or 24 h.
This is a too short time interval for reliably measuring Az. However, the respectively extrapo]ated AUC values are
probably relatively small so that the bias in the estimates may be minor.

Thus, a comparison of the treatments based on the sponsors average exposure values may allow a crude assessment
of the possible impact of OPC-41061 on lovastatin and its metabolite. The arithmetic mean ratio of Cmax, and
AUCt of lovastatin in the presence and absence of tolvaptan 60 mg is each about 1.4. The arithmetic mean ratios of
Cmax and AUCt for lovastatin B-hydroxy acid in the presence and absence of tolvaptan 60 mg are about 1.2 and 1.3,
respectively. After co-administration of 90 mg tolvaptan the arithmetic mean ratios for Cmax and AUCt are about
1.3 and 1.4, respectively, and for lovastatin $-hydroxy acid, about 1.0 and 1.1 respectively.

The below figure shows the mean plasma concentration time profiles of tolvapatan after co-administration of
tolvaptan 60 mg or 90 mg with 80 mg lovastatin (present study). The below figure also displays the mean plasma
concentrations of tolvaptan after 60 and 90 mg alone admmlstranon obtained in a previous study (Study Report 156-
98-210):
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The across study results appear to suggest that the mean profiles of tolvaptan in the presence of lovastatin are greater
than in its absence. However, the possible impact of lovastatin co-administration on the PK of tolvaptan should be
studied in the same subjects and in the same study.

Conclusion

Co-administration of a single dose of tolvaptan 60 mg increases peak and average exposure to lovastatin after a
single dose administration of 80 mg about 1.4 fold. The respective figures for lovastatin B-hydroxy acid are about
1.2 and 1.3, respectively. Co-administration of 90 mg tolvaptan increases peak and average exposure to lovastatin by
about a factor of 1.3 and 1.4, respectively. The peak and average exposure to lovastatin B-hydroxy acid in the
presence of tolvaptan 90 is increased about 1.0 and 1.1 fold. The mean percentage of tolvaptan unbound in plasma
ranges between 0.90 % and 0.94 %.

Comments

1. The sensitivity of the assays for tolvaptan and lovastatin and its metabolite is not appropriate. The precision
values for both lovastatin and its metabolites exceed the upper limit of 20%.

2. Geometric means should be calculated and the one-sided test applied to the lovastatin data in the presence
and absence of tolvapatan.

3. The description of the equilibrium dialysis method used and information on the radiochemical purity of the
labeled tolvaptan could not be found.

4. The study should include arms with tolvaptan 60 mg and 90 mg alone treatments.

Study Report 156-01-226:” An Open-Label, Single Arm, Sequential Design Study to Evaluate the Effects of
Tolvaptan (OPC-41061) on the Pharmacokinetics of Oral Maintenance Amiodarene Therapy in Patients with
Cardiac Arrhythmias”

Investigators and Study Site
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Objectives

Primary

To assess the potential pharmacokinetic effect of tolvaptan mediated CYP 3A4 inhibition on the metabolism of
amiodarone and its metabolite desethylamiodarone (DEA)

Secondary

To characterize the pharmacokinetics of tolvaptan following single 30 mg and 60 mg doses in the presence of
amiodarone maintenance therapy.

Investigational Drugs and Formulations

Tolvaptan 30 mg tablets (Lot No. 99E87A030A) were supplied by the sponsor. Amiodarone (Cordarone) 200 mg
tablets (Lot Nos. A03875 and A05687).

Design

This was a multi-center, open-label, 1 arm, 3-period, sequential treatment, drug interaction study conducted in 20
adult (>18 years of age) male and female subjects with cardiac arrhytmias who were otherwise healthy. Each subject
received single doses of amiodarone 200 mg each morning for 5 days. Subjects also received a single 30 mg

tolvaptan dose on Day 3 and a 90 mg dose on Day 4. The study medications were ingested approximately 15-20 min
prior to eating a standardized breakfast.

The inclusion and exclusion criteria are tabulated below:
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Pharmacokinetic Profiling

Tolvaptan

Blood samples for the determination of tolvaptan plasma concentrations were collected at the following times:
Pre-dose, and 2, 4, 6, and 12 h post-dose on Day 3 following administration of 30 mg tolvaptan and on Day 4
following administration of 90 mg tolvaptan
Amiodarone and DEA

Blood samples for the determination of the plasma concentrations of amiodarone and DEA were collected at the
following times:

At screening and on Days 2, 3, and 4: pre-dose, and 2, 4, 6, 8, and 12 h post-dose
On Day 5: pre-dose
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Bieassay
Tolvaptan

Tolvaptan plasma concentrations were measured by a HPLC/UV method using an internal standard. The assay is

linear over the range 5.00 ng/mL to 1000.00 ng/mL with a mean correlation coefficient of 0.9980. The accuracy

ranges between -5.2% and -2.4% and the precision is < 8.2 % for tolvaptan. Stability of the analyte at room

temperature for 4 h and after extraction on the autosampler for 49 h was demonstrated. However, results on the

stability of the analyte when exposed to freeze/thaw cycles and long term freezer condiitions are not provided. The b(A)
assay was performed by  ———————————

Amiodarone and DEA plasma concentrations were measured by a LC/MS/MS method using an internal standard.

The assay is linear over the range 100.18 ng/ml to 4007.00 ng/mL for amiodarone and 99.88 ng/mL and 3995.00

ng/mL for DEA. The accuracy ranges between -4.76 % and 0.60 % and the precision is <6.09% for amiodarone. The

accuracy ranges between -8.89 % and 3.25 % and the precision is <6.23 % for DEA. The stability of amiodarone

and DEA at room temperature for 120 h following sample processing, for 12 h in the biological matrix at room 4)
temperature , after 5 freeze/thaw cycles storage at -20° C and - 80° C and in solution for 1340 days at -20 ° C was h(
confirmed. The analyses for amiodarone and DEA were done at —

PK Data Analysis

The following parameters were determined for amiodarone and DEA: Css,max, tmax and Css,min were directly
taken from the data. AUCt was calculated using the linear trapezoidal rule. AUCt was obtained by WinNonlin Pro
(Version 3.1, Pharsight Corporation Mountain View, CA). Css,min and the ratio of Cmax,ss and Css,min in the
presence and absence of tolvaptan were obtained “manually”. -

Statistical evaluation

The confidence interval approach using the two-one sided test was used for the comparison of Css,min, Css,max and
AUCt of amiodarone in the presence and absence of tolvaptan.

RESULTS

Demographics and Disposition

Twenty-two subjects were enrolled and 21 completed the study per protocol. One subject was found to be taking
zoldipem (Ambien®), an excluded medication, and was not allowed to complete the study. The mean age and
weight of the subjects was 65.9 (9.5) kg and 74.1 (11.8) kg. There were 11 females and males.

Pharmacokinetics

Among the completing subjects the sponsor excluded 4 subjects with measurable pre-dose plasma concentrations of
tolvaptan on Day 3 (“the reason for this is still under investigation™). A fifth subject was excluded from the analysis

of DEA because all DEA concentrations were BQL.

The median plasma concentrations of amiodarone and DEA following a 200 mg dose of amiodarone alone and co-
administration of 60 mg or 90 mg tolvaptan.
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The geometric mean ratios of the target parameters Cssmin, Cssmax, tmax and AUCt of amiodarone and DEA in

the presence and absence of tolvaptan are shown in the below tables:
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Cmax,ss and AUCt of amiodarone in the presence of tolvaptan 30 mg are 0.99 and 0.98, respectively, of the
corresponding values in the absence of 30 mg tolvaptan. Cmax,ss and AUCt of amiodarone in the presence of 90
mg tolvaptan are 1.00 and 1.01, respectively, of the corresponding values in the absence of 90 mg tolvaptan.
Cmax,ss and AUCz of DEA in the presence of 30 mg tolvaptan are 0.99 and 0.98, respectively, of the values in the
absence of 30 mg tolvaptan. Cmax and AUCt in the presence of tolvaptan 90 mg are 0.99 and 1.0, respectively, of
the values in the absence of 90 mg tolvaptan. These findings indicate that single dose co-administration of tolvaptan
in doses of 30 mg or 90 mg has no impact on the pharmacokinetics of amiodarone or its metabolite DEA at steady-
state.

Conclusions

Co-administration of single doses of 30 mg or 90 mg tolvaptan has no impact on the apparent steady-state PK of
amiodarone and DEA. The report does not state how attainment of steady-state of amiodarone was verified.

Comments

1.

The report does not state how the sponsor verified that amiodarone and DEA are at steady-state at
screening.

2. The usual maintenance dose of amiodarone is 400 mg
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The statement with respect to the 4 subjects who were excluded from the data analysis because they

exhibited tolvaptan concentrations in the pre-dose samples on Day 3 “the reason for this is still under
investigation” should be updated.

Precision and accuracy during sample analysis and method validation show the same results for both
amiodarone and DEA. Is this possible?

Study Report 156-01-225:” An Open-Label, Randomized, Placebo-Controlled and Cross-Over Study of the
Potential Drug Interaction between Tolvaptan (OPC-41061) and Warfarin in Healthy Male and Female
Subjects”

Investigator and Study Site

Objectives

Primary

To evaluate the effects of 60 mg multiple tolvaptan administration on warfarin pharmacokinetics and
pharmacodynamics following a 25 mg dose of warfarin.

Secondary

To evaluate the pharmacokinetics of tolvaptan in the presence of warfarin

Investigational Drugs and Formulations
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Design

This was an open-label, randomized, placebo-controlled, cross-over study of the potential drug interaction between
tolvaptan and warfarin in healthy male and female subjects. The study plan is shown in the below scheme:

. “Treatment Administrafion

Perfod1 (Days 20232y

Period 11 {(D2ys 3340

tolvapian 80 mp GO placebs

| wiviptan 60 QD
it sdministered on Day L e prining dess, and o Day 23 for.

& singhe wairt

On Day -1, eligible subjects rare randomized into Group A and B. On Day 1 all subjects receive a priming dose of
warfarin 25 mg. They remain in the clinic for 50 h post-dose for blood sampling. On Day 19 the subjects return to
the clinic for check-in procedures.
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Period 1 (Days 20-32): On Days 20-32 Group A receives tolvaptan 60 mg qd and Group B receives placebo. On Day
23 the subjects of both Groups receive 25 mg warfarin. On Day 33, the subjects cross-over to the opposite treatment
arm, i.e. Group A receives placebo and Group B tolvaptan 60 mg qd on Days 34-46.

Period 11 (Days 34-46): On Days 34-46 Group B receives 60 mg tolvaptan qd and Group A placebo for 13 days.
Subjects in both groups receive 25 mg warfarin on Day 37. The subjects are discharged from the Unit on Day 37.
They are contacted by phone 7 days later to assess adverse events.

Study medication was to be administered at approximately 0800 h under fasting conditions with 240 mL water on all
treatment days. On dosing days, subjects were to fast from food and beverages (other than water) overnight for 11 h.

Subjects were not allowed to ingest grapefruit- or Sevilla orange containing products within 7 days prior to dosing
or during the study. Use of alcohol or xanthine containing products within 1 day prior to dosing of tolvaptan and
during the study was prohibited. The use of any prescription drug (including hormonal contraceptives) other than
warfarin, over-the counter, or herbal medications, within 14 days prior to dosing or antibiotics within 30 days prior
to dosing was prohibited.

Pharmacokinetic Profiling
Warfarin

Blood samples for the determination of warfarin plasma concentrations were collected at the following times on:
Days 23 (Period 1) and 37 (Period 11): Pre-dose, and 2, 4, 8, 12, 24, 48, 72, 144 and 240 h post-dose. Additional
blood samples for the determination of the protein binding of warfarin were collected on Days 23 and 37 pre-dose
and 4 h post-dose.

Tolvaptan
Blood samples for the determination of plasma concentrations of tolvaptan were collected at the following times on:

Days 23 (Period 1) and 37 (Period II): Pre-dose, and 2, 4, 8, 12, 24, 72, 144 and 240 h post dose. Additional Blood
samples were collected for the determination of the plasma protein binding of tolvaptan on Days 23 and 37 pre-dose

and 4 h post-dose. The assay was performed by  ————————————mmass

Plasma Protein Binding

The plasma protein binding of racemic tolvaptan (160 and 600 ng/mL)and warfarin (1000 and 2000 ng/mL) was
determined by equilibrium dialysis and ultrafiltration, respectively, at 37° C using "*C- warfarin and * C- tolvaptan,
The pH was kept at 7.4 during dialysis and filtration. The experiments were performed by  emm—
-

Bioassay
Warfarin

The plasma concentrations of S- and R- warfarin were analyzed by a HPLC/MS/MS method. The assay is linear
over the range 1.00 ng/mL-100.00 ng/mL for S- and R- warfarin. The mean correlation coefficient for R- and S-
warfarin is 0.9978 and 0.9983, respectively. The accuracy for the assay for R-warfarin ranges between -2.6 % and -
2.0 % and the precision is < 9.8 %. The accuracy of the assay for S-warfarin ranges between -4.4 % and -1.7 % and
the precision is < 9.4 %. Information on the stability of the enantiomers in plasma exposed to freeze/thaw cycles,
long etrm freezer storage and storage at room temperature or during process is not provided. The assay was

performed by  u—————————

7-Hydroxywarfarin and 10-hydroxywarfarin
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7-Hydroxywarfarin and 10-hydroxywarfarin plasma concentration were analyzed by a HPLC/MS/MS assay. The
assay is linear (1/y%) over the range between 5.00 ng/mL and 1000.00 ng/mL with a mean correlation coefficient for
7-hydroxywarfarin and 10-hydroxywarfarin of 0.9974 and 0.9968, respectively. The accuracy of the assay for 7-
hydroxywarfarin ranges between -10.0 % and 0.0 % and the precision is < 9.4 %. The accuracy of the assay for 10-
hydroxywarfarin ranges between — 4.8 % and — 1.3 % and the precision is < 8.3 %. Experiments showed that the
warfarin metabolites were stable in plasma exposed to 3 freeze/thaw cycles and fater storage at room temperature for
5 h prior to analysis. The assay was performed by

Tolvaptan

The plasma concentrations of tolvaptan were analyzed by a HPLC/UV method using an internal standard. The assay
is linear (1/y) over the concentration range between 5.00 ng/mL and 1000.00 ng/mL with a correlation coefficient of
0.998. The accuracy of tolvaptan ranges between -2.5 % and 2.6 % and the precision is < 7.0 %. Stability of the
analyte was demonstrated by exposure to room temperature for 4 h and after extraction on the autosampler for 49 h.
Results on the stability when exposed to freeze/thaw cycles and long term freezer conditions are not reported. The
assay was performed by —

Pharmacodynamics

PT and aPTT

Blood samples for the determination of PT and aPTT were collected at the following times on:

Days 23 and 37: pre-dose, 12, 24, 48, 72, 96, 120, 144, 168, 192, 216, and 240 h post-dose.

Pharmacokinetic Data Analysis

Warfarin

Cmax, tmax, AUCt, AUCe0, VZ/F and CL/F for the R- and S-warfarin enantiomers were determined.

Tolvaptan

Css,max, tmax, Css,min, AUCt, t1/22, V2/F and CL/F wiere determined. Cmax, Cmax,ss, Css,min and tmax were
taken directly from the observed data. AUCtlast and AUCT were calculated using the linear trapezoidal rule. AUCeo
was determined if Az could be estimated. If needed AUC1t was obtained by inter- or extrapolation if tlast did not
coincide with 24 h.

Pharmacodynamic Data Analysis

AUCaPTT, AUCPT and AUCINR were calculated using the linear trapezoidal rule.

Statistical Analysis

Sample Size and Power

For the exposure measures for warfarin 16 subjects were needed as estimated based on a 30 % coefficient of
variation (CV%) to detect a 20% difference with 80 % power. Twenty-four subjects were planned to be enrolled in

the study.

Impact of Tolvaptan on Warfarin PK and PD
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The confidence interval approach with the one-sided test was used to determine the impact of tolvapatan co-
administration on the PK and PD of warfarin.

Plasma Protein Binding

A paired t-test was used to analyze the mutual impact of tolvaptan and warfarin on their binding to plasma proteins.
RESULTS

Disposition and Demographics

Twenty four subjects were enrolled and 12 randomized to Group A and 12 to Group B and 21 subjects completed
the study. Three subjects were discontinued. Two subjects experienced adverse events and one subject randomized
to the tolvaptan/placebo group received only warfarin and was discontinued because of protocol violation. The mean
age and body weight of the subjects was 30.6 (8.5) years and 78.6 (9.6) kg, respectively. There were 4 females and
19 males.

Pharmacokinetics

Warfarin

The respective mean (SD) plasma concentration time profiles of S- and R-warfarin and 7-hydroxywarfarin and 10-

hydroxywarfarin after administration of 25 mg warfarin alone and after co-administration of multiple doses of 60
mg tolvaptan qd are shown in the 4 figures below:
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The plasma concentration time curves of the warfarin enantiomers and metabolites in the presence and absence of
tolvaptan are similar suggesting no impact of the multiple dose 60 mg qd regimen of tolvaptan on the

pharmacokinetics of the warfarin enantiomers and metabolites.

The ratios of the geometric means and confidence intervals for the warfarin enantiomers in the presence absence of

tolvaptan are provided in the below table:
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tolvaptan are listed in the below table:

The geometric means and their ratio for 7-hydroxywarfarin and 10-hydroxywarfarin in the presence and absence of

Geometric Mean for 7-Hydroxywarfarin and 10-Hydroxywarfarin in Presence and Absence of Tolvapatan

and the Respective Ratios
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Cmax AUCt AUCc0 Cmax Ratio | AUCw Ratio

ng/mL | ngeh/mL | ngeh/mL

7-Hydroxywarfarin + Placebo 101.69 6140 6747
7-Hydroxywarfarin + Tolvaptan 99.78 5980 7402 0.98 1.10
10-Hydroxywarfarin + Placebo 34.61 5193 7124
10-Hydroxywarfarin + Tolvaptan 37.13 5967 7911 1.07 1.11

The geometric mean ratios confirm absence of an impact of tolvaptan on the pharmacokinetics of the warfarin
enantiomers and metabolites.

The below tables lists the trough plasma concentrations of tolvaptan on Days 4, 5 and 7
of the 60 mg qd multiple dose regimen:

Best Possible Copy

The similarity of the mean Css,min data on consecutive days tolplvaptan was steady state when its impact on the
warfarin kinetics was assessed. However, even though the mean css,min data of tolvaptan on Days 4, 5 and 7 during
the co-admnistration phase are similar it should be noted that percent coefficient of variation about the mean values
ranges between 70 % and 88 % indicating significant intersubject variation.

Plasma Protein Binding

Warfarin

The mean (SD) percentage of unbound racemic warfarin in the presence and absence of warfarin is 1.07 (0.13) %
and 1.12 (0.20) %, respectively, and not statistically significantly different. Tolvaptan does not impact the plasma
protein binding of warfarin.

Tolvaptan

The mean (SD) percentage of unbound racemic tolvaptan in the presence and absence of tolvaptan is 0.83 (0.20) %
and 0.76(0.27) %, respectively, and not statistically significantly different. Warfarin does not impact the plasma

protein binding of tolvaptan.

Pharmacodynamics
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The below figures show the mean (SD) time profiles of aPTT, PT and INR over a period of 240 h after
administration of 25 mg warfarin alone or after co-administration of muitiple doses of tolvaptan 60 mg qd:

T
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The profiles are similar suggesting no impact of a multiple dose 60 mg qd regimen on the pharmacodynamics of co-
administered warfarin.

The below table tabulates the results of the statistical evaluation of the pharmacodynamic data of warfarin in the
presence and absence of tolvaptan:
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The results indicate that co-administration of multiple doses of 60 mg tolvaptan qd has no impact on the
pharmacodynamics of warfarin.

Conclusions

PK

Co-administration of multiple doses of 60 mg qd tolvaptan does not impact the kinetics of the warfarin enantiomers
and the metabolites 7-hydroxywarfarin and 10-hydroxywarfarin. The plasma protein binding of racemic warfarin is
not altered by the presence of tolvaptan. Co-administration of tolvaptan also does not affect the pharmacodynamics

of warfarin, i.e. aPTT, PT and INR.

Tolvaptan’s plasma protein binding is unchanged in the presence of racemic warfarin.

Comments

1. The peak effects of warfarin in the presence and absence of tolvapatan on aPTT, PT and INR should be
evaluated statistically.

2. Information on the stability of the warfarin enantiomers in plasma exposed to three free/thaw cycles, stored
at room temperature and during sample analysis is not provided.

3. The radiochemical purity of the radio-labeled warfarin and tolvaptan is not indicated.

Study Report 156-03-240 :” An Open-Label, Randomized, Two-Period, Cross-Over Study of the
Pharmacokinetic Interaction between Tolvaptan and Grapefruit Juice Following Single Oral Dose
Administration of 60 mg Tolvaptan Tablets to Healthy Men and Women”

Investigator and Study Site

./ o)

-
Objectives

To compare the pharmacokinetics of tolvaptan following oral administration in the absence and presence of
grapefruit juice in healthy subjects

Investigational Drugs and Formulations
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Tolvaptan 30 mg tablets (Lot No. 02C80A030B) were provided by the sponsor. Grapefruit juice ' “em—m— was
reconstituted according to package directions with room temperature tap water. The strength of the grapefruit juice is “(A)
not indicated.

Design

This was a single-center, randomized, open-label, two-period cross-over study of single doses of tolvaptan 60 mg
administered with and without grapefruit juice. On Day 1 subjects were randomized to a sequence AB or BA of the
following two treatments:

Treatment A: tolvaptan 60 mg administered with 240 mL room temperature water

Treatment B: tolvaptan 60 mg co-administered with 240 mL room temperature reconstituted grapefruit juice. Dosing
occurred on Days 1 and 4 with a 72 h washout period between administrations. Each tolvaptan dose was administered
to the subjects in the morning after an overnight fast of 10 h. Subjects abstained from food for 4 h post-dose and from
drinking any liquids 2 h prior to and after dosing. '

20 male and female subjects in the age between 18-45 years, nonsmoking and within £15 % IBW were enrolled to
ensure a minimum of 16 subjects to complete the study.

The scheduled study activities are provided in the below scheme:

Best Possibie Copy

Pharmacokinetic Profiling

Blood samples for the determination of the plasma concentrations of tolvaptan and its metabolite DM-4103 were
collected at the following times on:
Days 1 and 4: Pre-dose, 0.5, 1,2, 3, 4, 6, 8, 12, 16, 24, 30, 48, and 72 h post-dose.

Bioassay

Tolvaptan and DM-4103 plasma concentration were measured by a validated HPLC/MS/MS method. The assay for

tolvaptan is linear (1/y*) in the concentration range between 5.00 ng/mL and 1000 ng/mL with a mean coefficient of

correlation of 0.9978. The accuracy of the assay for tolvaptan ranges between 1.63 % and 8.87 % and the precision is

<7.72 %. The assay for DM-4103 is linear (1/y?) in the concentration range between 12.5 ng/mL and 2500 ng/mL

with a mean coefficient of correlation of 0.9977. Freeze/thaw, stability, process stability, refrigeration and

autosampler stability was demonstrated. The accuracy of the assay for DM-4103 ranges between 2.20 % and 10.7 % b(d)
and the precision is < 9.45 %. The measurements were performed by * usnae————————————
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PK Data Analysis

Cmax, AUCoo (primary parameters) and tmax, AUCH, t1/2z and CL/F (secondary parameters) were to be determined.

Statistical Analysis

RESULTS
Demographics and Disposition of the Subjects

Twenty subjects, 15 males and 5 females of median age 36 years and median weight77 kg were enrolled, and all
completed the study.

Pharmacokinetics

The DM-4103 plasma concentrations of Period 2 were not analyzed because the washout phase of 3 days was
considered too short given the long half-life of the metabolite.

The mean (SD) plasma concentration time profiles of tolvaptan in the presence and absence of grapeftuit juice are
shown in the below figure:

Ado) s|qissod Jseg

The mean plasma concentration time profiles of tolvaptan in the presence and absence of grapefruit juice vary
significantly and indicate a relevant increase in exposure to tolvaptan caused by ingredients of grapefruit juice.

Geometric mean ratios (90% confidence intervals) of the respective treatments with tolvaptan administered with and
without grapefruit juice are tabulated in the below table:

325



Best Possible Copy

Grapefruit juice increases peak exposure to tolvaptan 1.9 fold and average exposure to tolvaptan about 1.6 fold.

It should be noted that AUC of tolvaptan could not be determined in 5 of the 20 subjects.

The plasma concentrations of tolvaptan in the absence and presence of grapefruit juice were measurable in all
subjects up to 16 h, pointing to the insufficient time interval for proper determination of Az and related parameters,
including AUCco. Since the consequence of the bias in Az for AUCe can be considered relatively small, the sponsor’s
values for the average exposure may serve as crude estimates.

Conclusions

Grapefruit juice increases peak exposure to tolvaptan 1.9 fold and average exposure to tolvaptan about 1.6 fold.
Ingredients of grapefruit juice are known to inhibit CYP3 A, the main enzyme mediating the metabolism of tolvaptan.

Comments

1. The strength of the grapefruit juice used is not indicated.

2. The sensitivity of the assay for tolvaptan is not sufficient for proper determination of Az and derived parameters.
Study Report 156-01-234:”An Open-Label Study of the Pharmacokinetic Interaction between Tolvaptan and
Digoxin Following Multiple Oral Doses to Healthy Men and Women”

TInvesticator and Studyv Site

Objectives
To determine the effect of tolvaptan administration on steady-state digoxin concentrations
Investigational Drugs and Formulations

Tolvaptan 60 mg tablets (Lot No. 02C80A060) were provided by the sponsor. Digoxin (Lanoxin®) 0.25 mg tablets
(Lot No. 05379) were acquired by the sponsor from the manufacturer eam—— b ( 4)

Design

This was a single center, open-label study of the pharmacokinetic interaction between tolvaptan and digoxin in
healthy male and female volunteers. Eligible subjects were admitted to the unit on Day -2 and underwent baseline
assessments on Day -1. A 17-day in-patient period ensued. The subjects received 60 mg tolvaptan qd on Days 1 and
12 to 16. A loading dose of digoxin was administered on Day 4 (0.5 mg at 8 AM, with an additional 0.25 mg at 4
PM), and digoxin 0.25 mg qd was administered on Days 5-16. Blood and urine samples were collected at serial
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points on Days 1, 2, 12, and 16 for pharmacokinetic and pharmacodynamic assessments. The subjects were
discharged on Day 17 and a follow-up telephone contact was performed 7 days later.

Fourteen male and female subjects in the age between 18 and 45 years and a body weight within = 15% of IBW
were to be enrolled in the study.

The study medication was to be administered together with 240 mL water of room temperature. On non-PK
sampling days the medications were given 1 h after breakfast. On the PK sampling Days 1, 11, 12, and 16, treatment
was administered following a 10 h fast. Subjects were asked to continue the fast for 4 h after dosing. The subjects
were to receive nil per os for 2 h prior to and after dosing. The subjects maintained a sitting position for 4 h after
dosing.

Use of any prescription (including hormonal contraceptives), over-the counter, or herbal medication within 14 days
prior to dosing, or antibiotics within 30 days prior to dosing was prohibited. Consumption of grapefruit-and Seville
orange-containing products within 72 h prior to dosing was prohibited. Use of alcohol as well as food and beverages
containing methyl-xanthines within 72 h prior to dosing was prohibited.

The scheduled study activities are outlined in the below scheme:
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Pharmacokinetic Profiling

Digoxin

Blood

Blood samples for the determination of digoxin serum concentrations were collected at the following times:

On Days 9 and 10: pre-dose
On Days 11 and 16: pre-dose, and 0.5, 1, 2, 3, 4, 8, 12, and 24 h post-dose

Urine

Total urine volumes were collected on Days -1, 11, 12 and 16 in the intervals 0-12 and 12-14 h post-dose.
Tolvaptan

Blood samples for the determination of tolvaptan concentrations in plasma were collected at the following times:

On Day 1: pre-dose, and 0.5, 1, 2, 3, 4, 8, 12, 24, 36, 48, and 72 h post-dose
On Days 12 and 16: pre-dose and 0.5, 1, 2, 3, 4, 8, 12, and 24 h post-dose

Bioassay
Digoxin

Digoxin in serum and urine was analyzed using 8 e ——————————— turbidimetric immunoassay.
——— - instrument was calibrated per manufacturer’s specitication witmn 14 days prior to each sample run. b(4)
QC samples were processed along samples with unknown digoxin concentrations. The method is linear between
0.325 ng/ml and 6.0 ng/mL digoxin. The precision of the assay is < 15.1%. No information on accuracy and
specificity of the assay and on the stability of the analyte in the matrices is provided. The assay was performed by

Tolvaptan and DM-4103

The plasma concentrations of tolvaptan and DM-4103 were measured by a validated HPLC/MS/MS method. The

assay for tolvaptan is linear between 5.00 ng/ml and 1000 ng/mL. The respective correlation coefficients for OPC-

41061 and DM-4103 are 0.0089 and 0.99979, respectively. Information on analyte stability was provided. The b(4)
accuracy of the assay for tolvaptan ranges between -7.88 % and -3.33% and the precision is < 7.63 %. The assay for

DM-4103 is linear between 12.5 ng/mL and 2500 ng/ml. The accuracy ranges between -7.47 % and -6.00 % and the

precision is < 11.3 %. The assay was performed by ~ eumume———— s

Pharmacodynamic Profiling

Urine volumes were collected in the following intervals:
On Days -1, 1, 11, 12, and 16: 0-12 and 12-24 h.

Pharmacokinetic Data Analysis

Cmax, Css,max (for digoxin on Days 11 and 16) and tmax were taken directly from the data. Where possible Az was
estimated by log-linear regression of at least 3 non-zero concentrations. AUCt was obtained by the linear trapezoidal
rule. Standard methods were used to calculate AUCoo, CL/F, CLss/F and Vz/F using WinNonlin Pro Version 3.1
(Pharsight Corporation, Mountain View, Ca). Renal clearance of digoxin was computed from dividing AUCO0-24
into Ae0-24. AUCt was obtained by applying the linear trapezoidal rule. If tlast did not coincide with 24 h, AUCz
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was obtained by interpolation or extrapolation. The accumulation index was obtained from Rac(Cmax)=Cmax(Day
16)/Cmax (Day12) and Rac(AUC)= AUCt«(Day16/AUCO0-24(Day12).

There was insufficient data on digoxin to determine t1/2z and Vz,ss.
Cmax and AUCO0-24 were calculated for tolvaptan on Days 1 and 12 to evaluate a possible impact of digoxin on the
kinetics of tolvaptan.

Statistical Analysis
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RESULTS

Demographics and Disposition of Subjects

Fourteen subjects, 9 males and 5 females of mean age 34.1 (9.0) years and mean body weight 77.0 (9.2) kg were
enrolled and completed the study.

Pharmacokinetics

The mean (SD) serum concentration-time profiles of digoxin at steady-state in the presence and absence of tolvaptan
are shown in the below figure:
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The steady-state serum levels of digoxin are increased in the presence of tolvaptan.

The geometric mean ratios (90 % CI) for Cmax and AUCr for digoxin are listed in the below table:

HrEanle0gs iy Geometric Mean Ratios (I/R) and 90% €1 for Digoxin.
G Pharmucolkinetie Parameters 0000 : o

Compnrisona '

.25 g ATHONTY

450 g eca Bt € LiRate
Q25 mg digontn sloge{RY: el
ﬂf"’ 5 Tosts Rods ReRervnce: ¢ >

NotHaisvidente

The results indicate that peak and average exposure of digoxin at steady-state are increased 1.3 and 1.2 fold,
respectively, in the presence of tolvaptan.

The below table lists the parameters obtained for digoxin in the presence and absence of tolvaptan:

In the presence of tolvaptan the renal clearance of digoxin is reduced statistically significantly to 41%.

The next figure shows the mean plasma concentrations of tolvaptan in the presence and absence of digoxin:
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