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The below table summarizes the parameters for tolvaptan:
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Geometric means ratios and 90% confidence intervals for tolvaptan in the presence and absence of digoxin are
presented in the below table:
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Thus, the sponsor’s above geometric mean ratio based on AUCO0-24 should be considered only as a crude estimate

for change in average exposure. The results suggest that peak and average exposure of tolvaptan in the presence of
digoxin are both unchanged.

Adoo 9jqissod isod

Pharmacodynamics

The results on the mean 24 h urine excretion rate corrected for baseline on Days 1, 12 and 16 are shown in the below
table:

Mean Change from Baseline in 24 h Urine Excretion Rate

Mean Change from Baseline in Urine Excretion Rate, mL/min
Day 1 Day 12 Day 16
n 14 14 14
Mean 3.8 3.7 29
CV% 25 35 52

The net excretion rates are similar on Day 1 (single dose administration of tolvaptan in the absence of digoxin) and
Day 12 (single dose administration of tolvaptan and continuous treatment with digoxin 0.25 mg). The mean net
excretion rate on Day 16 (after 4 days treatment with 60 mg tolvaptan and continuous treatment with digoxin 0.25
mg qd) is reduced compared to those on Days 1 and 12 suggestive of a rebound effect with increased fluid retention.

Conclusions

PK
Digoxin

Co-administration of multiple doses of 60 mg qd increases peak and average exposure to digoxin at steady-state
(0.25 mg digoxin qd) 1.3 and 1.2 fold, respectively. The extent of this interaction appears not to be clinically
relevant. The renal clearance of digoxin is statistically significantly reduced to 41% in the presence of tolvaptan. The
findings suggest inhibition of digoxin’s tubular renal clearance by tolvaptan. MDR1 inhibition by tolvaptan has been
demonstrated in vitro.

The respective renal clearance values of 1.05 mi/min/kg (in the absence of tolvaptan) and 0.43 mL/min/kg (in the
presence of tolvaptan) are low for healthy subjects with normal renal function and raise questions regarding the
specificity of the assay used for digoxin.

Co-administration of multiple dose of 0.25 mg digoxin qd appears no to impact exposure to tolvaptan after single
dose administration of 60 mg tolvaptan.
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PD

The mean net 24 urine excretion rates are similar whether tolvaptan is administered alone are co-administered with
digoxin.

Study Report 156-96-205: Single-Center, Randomized, Open-Label, Safety Study to Assess Potential
Pharmacodynamic and Pharmacokinetic Interactions between OPC-41061 and the Diuretics Furosemide and
Hydrochlorothiazide in Normal Male Volunteers

Investigator and Study Site

~ | i)

'

Objectives

To assess the potential pharmacodynamic and pharmacokinetic interaction between OPC-41061 and furosemide and
hydrochlorothiazide (HCT)

Investigational Drugs and Formulations

OPC-41061 15 mg tablets (Lot No. 5L70A015) 40 mg Furosemide (Lasix®) tablets (Lot No. 0600396) and HCT
(HydroDiuril® 50 mg tablets (Lot No. D6811)

Design

This was a single-center, randomized, open-label, crossover study conducted in normal healthy male volunteers.
Twelve subjects were enrolled in the study with six subjects each assigned to two treatment arms. Within each
treatment arm subjects were initially randomized to one of three treatment arms: they were then crossed-over (three-
period, three way cross-over design) to the other two treatment regimens based on a randomization schedule. The
arms and regimens were as follows:

TrcaunentArm 1

= 30 riig (2 x 1 5-mg tablets) OPC-410618

* 80 mg (2 x 40-my wablers) furosemide (Lasix)

» 30 mp (2x I5-mg tablets) OPC-341061 and 80 my (2 % 40-mig tableis) furascmide

e £ 5.0 4

= 30 mg (2 x 15-mg wbleis) OPC-4106]

* 100w (2 x 50-ow w@blets) Hydrochlorothiaxide (HydroDiurily

= 30 mg (2 x }5-mg wiablewsy OPCG-41081 and 100 mg hydrochlorothiazide (2 x 30-myg
tables)

Each subjects received all three treatments in an arm in which he was enrolled. A one day washout separated each
treatment period. At scheduled time points during the 24 h after administration of the study drug, blood and urine
samples were taken for the determination of the pharmacokinetic and pharmacodynamic parameters.

Subjects were to abstain from alcohol within 72 h of enrollment and xanthine-containing products for 48 h before
admission to the study. Subjects were also to abstain from grapefruit and tobacco products for the duration of the
study. Subjects were to fast from food and beverages, other than water, from midnight on the evening before dosing
until approximately 1 h before administration of each dose, at which time they received approximately 150 mL
water. Study drug was administered together with 240 mL water at approximately 0800 h on each of three dosing
days. The subjects were to sit upright for at least 4 h after dosing. Subjects received 100 mL water at 1,2, 3, 4, 5,
and 6 h after dosing.
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The scheduled study activities are shown on the below charts
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Pharmacokinetic Profiling:

Plasma
Furosemide and HCT

Blood samples for the determination of the plasma concentrations of furosemide and HCT (Treatments B and C) for
both arms of the study were collected on the following times: pre-dose, and 0.5, 1, 1.5,2,3,4,6, 8, 12, 16,and 24 h
after dosing.

OPC-41061

Blood samples for the determination of the plasma concentrations of OPC-41061 were collected at the following
times: pre-dose and 0.5, 1, 1.5, 2, 3,4, 6, 8, 12, 16 and 24 h post-dose.

Urine
OPC-41061, Furosemide, HCT

Urine was collected for the determination of the concentrations of OPC-41061, furosemide and HCT in urine at the
following times on:
Day-1: 0-1, 1-2, 2-3, 3-4, 4-5, 5-6, 6-7, 7-

5 , 8-12, and 12-24 h post-dose
Days 1, 3, 5: pre-dose, and 0-1, 1-2, 2-3,

8
3-4,4-5,5-6,6-7,7-8, 8-12, and 12-24 h post-dose
Bioassay

OPC-41 061, furosemide and HCT in plasma and urine were determined by HPLC/UV assays. There was no

interference between the analytes in plasma and urine. b(a)
The assay for OPC-41061 was performed by -

The assays for furosemide and HCT were performed by = s

OPC-41061
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Plasma

The plasma concentrations of OPC-41061 were measured by a vatidated HPLC/UV method with an internal
standard. The assay for OPC-41061 is linear in the range between 5 ng/mL and 1000 ng/ml. The mean correlation
coefficient is 0.999. Using QC samples the accuracy of the assay ranges between 0.2% and 7.9% and the precision
is <16.6 %.

The stability of the analyte was tested by exposing the matrix to room temperature (4 h) and 3 freeze/thaw cycles.
OPC-41061 and the internal standard were found to be stable after extraction from plasma and storage for 49 h in
the autosampler. Long term freezer stability and stability during processing of the OPC-41061 in plasma is not
reported.

Urine

The urine concentrations were measured by a HPLC/UV method with an internal standard. The assay for OPC-
41061 in urine is linear in the range between 2.5 ng/mL and 500 ng/mL.

The mean correlation coefficient is 0.997. The accuracy of the assay ranges between 4.4 % and 7.9 % and the
precision is < 10.0 %. Except for the results on exposure to freeze-thaw cycles data on the stability of the analyte in
urine are not provided.

Furosemide
Plasma

The plasma concentrations of furosemide were measured by a HPLC/UV method with an internal standard. The
assay is linear (1/y) in the range between 20 ng/mL and 2000 ng/mL (mean correlation coefficient is 0.9997). The
accuracy of the assay ranges between ~ 6.5 % and 3.0 % and the precision is <7.7 %.

The stability of the analyte was tested by exposing the matrix to room temperature (24 h) and 3 freeze/thaw cycles.
Furosemide was found to be stable for 96 h at room temperature and after extraction from plasma and storage for 24
h in the autosampler. Long term freezer stability of furosemide in plasma is not reported.

Urine

The urine concentrations of furosemide were determined by a HPLC/UV method with an internal standard. The
assay is linear in the range between 1 pg/mlL and 100 pg/mL (mean correlation coefficient=0.9961). The accuracy
ranges between -10.0 % and -1.3 % and the precision is < 6.7 %.

The stability of the analyte in the matrix was tested by exposing the matrix to room temperature (24 h) and 3
freeze/thaw cycles. Furosemide was found to be stable after extraction from plasma and reconstitution prior to
analysis when stored for 48 h at room temperature. Furosemide and the internal standard in stock solutions were
stable for 7 days. Long term, freezer stability of furosemide in urine is not reported.

HCT
Plasma

The plasma concentrations of HCT were measured by a HPLC/UV method using an internal standard. The assay is
linear (1/y) in the range between 10 ng/mL and 500 ng/mL (mean correlation coefficient 0.9999). The accuracy
ranges between 2.0 % and 7.0 % and the precision is < 10.2 %

The stability of the analyte in the matrix was tested by exposing the matrix to room temperature (24 h) and 3
freeze/thaw cycles. HCT after extraction from plasma and reconstitution prior to analysis was found to be stable for
48 h at room temperature. Long term freezer stability of HCT over 90 days was demonstrated. The stability of HCT
and the internal standard in stock solutions was not reported.

Urine
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The urine concentrations of HCT were determined by a HPLC/UV method with an internal standard. The assay is
linear in the range between 1 pg/mL and 50 pg/mL (correlation coefficient=0.9996). The accuracy ranges between -
2.5 % and 3.0 % and the precision is < 5.7 %.

HCT was stable for 24 h at room temperature after extraction and reconstitution prior to analysis and when exposed
to 3 freeze/thaw cycles. Long term freezer stability of HCT over 682 days was also demonstrated.
Pharmacokinetic Data Analysis

The following parameters were determined: Cmax, tmax, Az , AUCt, AUCeo, CL/F, Vp/F and CLg, and the fraction
of the dose excreted over 24 h after administration. Standard non-compartmental methods were used. Cmax and
tmax were taken directly form the data AUCt was calculated using the linear trapezoidal rule. The Az was obtained
from subjects having at least three quantifiable plasma concentrations of OPC-41061 in the terminal phase. Since

AUCO0-24 was not available from all subjects AUCco was calculated to obtain CLg from Ae-024/AUCco.
CL/F, Vp/F and CLy were body weight normalized.

Pharmacodynamic Profiling

Plasma AVP

Blood samples for the determination of AVP in plasma were collected at the following times on:
Day -1

Days 1, 3 and 5: pre-dose, 0, 2, and 4 h post-dose

Plasma Electrolytes

Blood samples for the determination of the plasma electrolytes Na* and K* were collected at the following times on:

Day-1
Days 1, 3 and 5: pre-dose, and 1,2, 3,4, 5,6, 7, 8, 12, and 24 h post-dose

PRA
Blood samples for the determination of PRA were collected at the following times on:

Day-1
Days 1, 3 and 5: pre-dose, 2, and 24 h post-dose

Plasma Osmolality

Blood samples for the determination of the plasma osmolality were collected at the following times on:
ggs-ll, 3, and 5: pre- dose, 2, and 24 h

Urine Na*, K*, pH, and Osmolality

Total urine volumes were collected on the folwing times on:

Day-1
Days 1, 3 and 5: pre-dose and in the intervals 0-1, 1-2, 2-3, 34, 4-5, 5-6, 6-7, 7-8, 8-12, and 12-24 h post-dose

Free Water Clearance
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Free water clearance Cipo was calculated from Cyyo=V- Cosm, where Cosm =osmolar clearance (Uosme V/Posm),
where Uosm is urine osmolality (mOsm/kg H,O)), V represents urine excretion rate (mL/min) and Posm
corresponds to plasma osmolality (mOsm/kgH,0).

Pharmacodynamic Data Analysis

The last value determined before administration of the first dose of study drug in each treatment period was used as
the baseline for the analysis of the pharmacodynamic parameters in plasma. For any post-dosing urine collection
interval, the corresponding interval on Day -1 was used as the baseline for the analysis of the pharmacodynamic
parameters in urine.

Statistical Analysis

Tests of statistical significance for the pharmacokinetic puarirnelers were dong By pairwise
asmparison  of  treamment  regimens (L. OPC-4I86L  alone varsus. OPC-31061  «
furesurnide, OPC-41061 alone vorsus QPC-31061  + hydrochiomhieside, furosemide
alone  varsus Q41061 + furosemide, and hydrochiorothiazide slone versus OPC-

41061 + hydrochlorothiazide). An aAnulysis of wvariance (ANOVAY was performed on
nutural fogarithmic transformaions of the pharmacokinetic poramuetcrs, with the whode?

wems  of  segquensis, subject. within  seguende,  perod, and  trad Nt ] «
bioeqguivalonae westy (i, COniriit, JOast Souara myeans, andg one-gidaed F-REBEY WER ased o
compars the treaimoent peirs. Al testa ware comndusted at the Q.05 significoance 'lcvc!
wrlens othorwise speaified. “The softwore usad for the statstieal analyies swas WinNonlin
Projugsional, Varsion 1.5, o of sunmisiieal significance for ihe pharmaeoikinetic
paranostar T, wag aise done by palrwisce comparizon of the above mrevriomed. Sremtnmnt
FeGIMeny, BRING the Aof-parsmatrie. Wilcoxon-Mann-Whitney Tost.  The softwiaee gsed
for this wst was SAS (SAS Ingtiture Ine., CGory, NG 2751 ) version 8,12 with ProewKuat
Kuetr (Chytel BofOamre Corps., Cambridige. Ma O 139),

No formal statistical evaluation of the pharmacodynamic data was performed.

RESULTS

Demographics and Disposition of Subjects

Twelve subjects were enrolled in the study and 12 completed the study per protocol. The mean (SD) age of the
subjects in Treatment Arm 1 was 23.3 (4.4) years and the body weight ranged between 140 to 186 pounds. For
subjects in Treatment Arm 2 the mean (SD) age was 25.0 (2.3) years and the body weight ranged between 159 and
228 pounds.

Pharmacokinetics

Four subjects had positive values of furosemide and four other subjects had positive HCT values in the pre-dose

samples. The concentrations were small and replaced by a value of zero.

Semi-logarithmic plots of the mean plasma concentration profiles truncated to 24 h of OPC-41061 in the presence
and absence of furosemide and HCT and of furosemide and HCT in the presence and absence of OPC-41061 are
shown in the below figures:

338



Peak and average exposure to OPC-41061 after co-administration with furosemide appear to be slightly increased
compared to alone administration of OPC-41061.

Peak exposure to OPC-41061 in the presence and absence of HCT appear to be similar. Average exposure to OPC-
41061.

41061 after co-administration with HCT appear to be slightly increased compared to alone administration of OPC-

administration with OPC-41061.

Peak exposure of furosemide in the presence of OPC-41061 appears to slightly greater than in the absence of OPC-
41061. Average exposure to furosemide appears to be similar after alone administration of furosemide and after co-
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Peak exposure of HCT appears not to be affected by co-administration of OPC-41061. Average exposure to HCT
appears to be slightly increased after co-administration of OPC-41061 compared to alone administration of HCT.

The geometric means of Cmax and AUC for OPC-41061 in the presence and absence of furosemide or HCT, and
furosemide or HCT in the presence and absence of OPC-41061 are summarized in the below table:

Geometric Means and Ratios for OPC-41061 in Presence and Absence of Furosemide and HCT and for
Furosemide and HCT in the Presence and Absence of OPC-41061

Geometric Means
Compound | Administered alone Co-Administered with Ratio
Cmax AUC Cmax AUC Cmax AUC
ng/mL | ng eh/mL ng/mL | ng eh/mL
OPC-41061 277 1558° Furosemide 318 1915° 1.1 1.2
310 1625° HCT 276° 1760° 0.89 1.1
Furosemide | 2742 7017° OPC-41061 | 2303 6404° 0.84 0.91
HCT 520 3653° OPC-41061 567 4069" 1.1 1.1

2AUCt "AUCw

It should be noted that only the plasma concentrations of furosemide were measured long enough to reliably
estimate AUCco. In contrast, OPC-41061 and HCT were not measured long enough to determine reliably AUCco.
Therefore, the above comparisons for OPC-41061 and HCT are based on AUCt and thus should be considered only
as crude estimates. The results suggest that neither co-administered furosemide nor HCT affect the kinetics of OPC-
41061 clinically relevantly. Also, co-administered OPC-41061 does not affect the kinetics of furosemide or HCT
clinically relevantly.

The below table summarizes the the respective renal clearances of OPC-41061, furosemide and HCT in the absence
and presence of each other:

Impact of Tolvaptan, Furosemide and Hydrochlorothiazide on their Respective Renal Clearance

Mean (SD) Renal Clearances, CLr, mL/min/kg
Drug Dose Impact on Dose Clr, mL/min/kg
mg mg In absence In presence
OPC-41061 30mg HCT 100 mg, SD | 2.43 (0.47) 2.19(0.32)
OPC-41061 30 mg, SD Furosemide 80 mg, SD 1.12 (0.41) 1.09 (0.28)
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Furosemide

80 mg, SD

OPC-41061

30 mg, SD

0.006 (0.002)

0.005 (0.002)

HCT

100 mg, SD

OPC-41061

30 mg, SD

243 (047)

2.19(0.32)

The data do not suggest a relevant impact of co-administered OPC-41061, furosemide or HCT on their respective

renal clearances.

Pharmacodynamics

ARM 1: Interaction betweeen Tolvaptan and Furosemide

Mean 2 8D Comulitive Yeiie Volume o to 248 Hours Afer Adminiviraiion of OPL-11062 Admre, Furaseaid
OPC€1063 and Furosemide Combined

7000 -y

SO0 -

s000  ~f

4008 -~

3000

RQVO

10O

3 vay

QPC-41061

73 I

Furosomide

Furosermidize
OPC-a1061

0-4 o4
Tirnig {Hrs)

05 o

The mean cumulative urine volumes excreted up to 24 h after administration of OPC-41061 alone, furosemide alone
and the combination treatment are all greater than the baseline values on Day-1. The aquaretic effect of furosemide
initially is greater than that of OPC-41061. However, at later times OPC-41061 is more effective and the cumulative
24 h urine volume excreted with the OPC-41061 alone treatment exceeds that of furosemide alone. The combination
treatment results in a not relevantly greater 24 h urine volume than the OPC-41061 alone treatment. The aquaretic
effect of the combination treatment compared to that of the alone treatments is clearly infra-additive compared to the
respective alone treatments.

Arm 2: Interaction between Tolvaptan and Hydrochlorothiazide
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The mean cumulative urine volumes excreted up to 24 h after administration of OPC-41061 alone, HCT alone and
the combination treatment are all greater than those by the subjects during Day-1 (baseline). The aquaretic effect of
OPC-41061 on the cumulatively excreted 24 h urine volume exceeds that of the HCT alone treatment throughout the
collection period. The aquaretic effect of co-administered HCT and OPC-41061 is not relevantly greater than that of
OPC-41061 alone. However, the aquaretic effect of the combination treatment is geater than with the HCT alone
treatment. It can be concluded that co-administering HCT and OPC-41061 results in a clearly infra-additive
aquaretic effect compared to the respective alone treatments..

Free Water Clearance, Plasma and Urine Osmolality

The below table shows the results of the effect of the test treatments on mean free water clearance measured over 4 h
post-dose:

Mean (SD) Free Water Clearance after Alone and Combination Treatments with OPC-41061, Furosemide
and HCT in 6 Healthy Male Subjects

Free Water Clerance, mL/min

Treatment 1h 2h 3h 4h
Arm 1

OPC-41 061 30 mg alone 1.39 7.03 3.62 3.67
Furosemide 80 mg alone -0.03 1.05 0.21 0.69
OPC-41061/Furosemide 0.90 3.17 4.74 2.26
Arm 2

OPC-41061 30 mg alone -0.01 4.79 4.17 3.80
HCT 100 mg alone -2.18 -141 1.00 -0.80
OPC-41061/HCT -0.15 480 4.82 2.75

The results indicate a marked increase in the free water clearance occurs only with OPC-41061alone or combination
treatments, but not with either furosemide or HCT alone indicating that significant aquaresis occurs only with OPC-
41061.

Plasma AVP

The below figures show the impact of the test treatments in Arms 1 and 2 on mean AVP plasma concentrations:

Arm 1: OPC-41061-Furosemide Interaction
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The mean baseline concentrations of AVP are similar. The 2 h and 4 h post-dose measurements show a trend for an
increase in plasma AVP after all treatments with OPC-41061. In contrast, furosemide or HCT treatments appear not

to impact AVP in the subjects.

Mean AVF {pgimt
P
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Mean PRA

The below 2 figures show the impact of the test treatments in Arms 1 and 2 on PRA:

Arm 1: OPC-41061- Furosemide Interaction
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Arm 2: OPC-41061-Hydrochlorothiazide Interaction
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The data suggest a trend for an increase in mean PRA for furosemide- and HCT alone- and combination treatments.

Plasma Na* Concentrations

The below plots show the mean plasma Na* concentrations over a period of 24 h post-dose following the different
treatments in Arms 1 and 2:

Arm 1: OPC-41061-Furosemide Interaction

Ado) alaissod 1594

Arm 2: OPC-41061-Hydrochlorothiazide Interaction
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The pre-dose values during the different treatments in each arm are close. The mean Na" concentrations appear to be
greater with the OPC-41061 alone or combination treatments than with either furosemide or HCT alone.

The below two figures show the impact of the test treatments on the plasma K* concentrations in Arms 1 and 2:

Arm 1: OPC-41061-Furosemide Interaction

Arm 2: OPC-41061-Hydrochlorothiazide Interaction

The pre-dose values for the different treatments in Arms 1 and 2 vary. The plots appear to show a trend for a greater

increase in the mean K* concentration with the OPC-41061 containing treatments than with furosemide orr HCT
alone treatments.

The next two plots show the urine Na* excretion during the different treatments in Arms 1 and 2:

Arm 1: OPC-41061-Furosemide
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The pre-dose values vary significantly among the different treatments. The data appear to indicate that the mean
urine Na" concentration relative to the baseline is greater with the furosemide or hydrochlorothiazide alone
treatments than with the OPC-41061alone or combination treatments.

The impact of the test treatments on the urine K" excretion is shown in the final 2 figures:
Arm 1: OPC-41061-Furosemide Interaction
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Arm 2: OPC-41061-Hydrochlorothiazide Interaction
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Compared to baseline the furosemide or hydrochlorothiazide alone treatments appear to increase the mean urine K*
concentration more than the OPC-41061 alone or combination treatments.

Conclusions
PK

Single doses of co-administered furosemide (80 mg) or HCT (100 mg) do not affect the kinetics of OPC-41061 (30
mg) clinically relevantly. Also, co-administered OPC-41061 does not affect the kinetics of furosemide or HCT
clinically relevantly.

PD
OPC-41061-Furosemide Interaction

The cumulative 24 h urine volume excreted in the OPC-41061 alone treatment exceeds that observed in the
furosemide alone treatment. The combination treatment results in a not relevantly greater 24 h urine volume than
that observed with the OPC-41061 alone treatment. However, the combinastion treatment produces an aqauresis that
is greater than with furosemide alone. The aquaretic effect of the combination treatment compared to that of the
respective alone treatments is clearly infra-additive.

OPC-41061- Hydrochlorothiazide Interaction

The aquaretic effect of OPC-41061 on the cumulatively excreted 24 h urine volume exceeds that of HCT throughout
the 24 h collection period. The co-administration of HCT and OPC-41061 produces a not importantly greater 24 h
urine volume than the alone treatment with OPC-41061. However, the agauresis produced by the combination
tretament is grater than with the HCT alone treatment. It can be concluded that the aquaretic effect of co-
administered HCT and OPC-41061 is clearly infra-additive comparaed to respetive alone treatments.

Comments

1. It would have been more appropriate to measure the amounts excreted of sodium and potassium than the urine
concentrations of the electrolytes.

2. It is questionable whether the one day washout phase between the treatments observed in this study is sufficient to
avoid carry-over effects. .

3. A dose of 60 mg tolvaptan should have been tested.
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5. BIOPHARMACEUTICS
Drug Substance

The water solubility of tolvaptan is low (0.00005% w/v) and pH independent. Tolvaptan’s permeability/absolute
bioavailability has not been determined.

Drug Product

The below 2 tables show the composition of the 15, 30 and 60 mg clinical service formulations and 15 and 30 mg to
be marketed formulations of tolvaptan:

ol
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The proposed marketing formulations of tolvaptan are blue uncoated tablets containing tolvaptan sE———————m h\A\
R

The clinical service formulations were used in the pivotal Phase 3 trials. An in vivo study showed that the clinical
service formulations of 15 and 30 mg strength are bioequivalent. An in vivo study demonstrating the bioequivalence
of the service formulations and to be marketed formulations was not performed. As shown in the below table the
clinical service formulations and to be marketed formulations of strength 30 mg are compositionally identical,
whereas the clinical service formulation and to be marketed formulation of strength 15 mg are compositionally
different:

Tablets Phase 2/3Studies Commercial Tablets
Tolvaptan 15mg | 30mg 60 mg 15mg 30mg 60 mg
Total Weight mg 180 174 — | 174 —
[
Filler Lactose Monohydrate ' o B b\A)
Filler/ Total Ratio : /__ = —
Inactive /Total Ratio ) ) . .

The sponsor seeks granting of a biowaiver based on in vitro dissolution data. However, the submitted data do not
demonstrate the discriminatory ability of the dissolution method, because the amounts of the surfactant laurylsulfate
(0.22%) are relatively high. Until such data are provided, an in vivo biowaiver cannot be granted until the sponsor
justifies the choice of the dissolution method and medium used.

Food was shown not to impact the bioavailability of tolvaptan with the clinical service formulations.
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EXECUTIVE SUMMARY

This document addresses the following five questions.

1. The sponsors constructed three population pharmacokinetic models depending on disease
status. What are the major covariates affecting pharmacokinetic parameters based on
population pharmacokinetic analysis?

Body weight and liver impairment were the major covariates affecting clearance and volume of
distribution of tolvaptan in all hyponatremia populations. Renal impairment had no significant
influence on the clearance of tolvaptan.

2. Is it necessary to adjust dose based on the identified pharmacokinetic covariates?

Given the relatively small magnitude of covariate effect on apparent clearance (<30%) and
efficacy (serum sodium level)-based dose titration, adjusting dose based on these PK covariates
is not necessary.

3. Isthe proposed dosing of Tolvaptan effective for Hyponatremia?

Following dosing of Tolvaptan there is a noticeable increase in sodium concentrations that
reaches a maximum effect significantly greater than the placebo response and above the lower
limit of the normal serum sodium concentration range (135 mEq). Upon termination of therapy
serum sodium concentrations fall to concentrations equivalent to patients treated with placebo.

4. Is tolvaptan effective for hyponatremia patients and hyponatremia patients with lower
baseline serum sodium concentrations?

The patients’ change from baseline in steady-state serum sodium concentrations increased with a
decrease in baseline concentrations. Tolvaptan was able to return patients with the lowest
starting sodium concentrations to normal serum sodium levels. While tolvaptan is effective for a
full range of baseline values, dose titration may be required to achieve the desired serum sodium
concentration range.

5. Tolvaptan acts by increasing free water clearance, indirectly causing an increase in serum
sodium concentrations. Do patients with impaired renal function yield less responsiveness
to Tolvaptan and require dose-adjustment?

Comparison of average daily change in serum sodium concentrations with renal function as
indicated by creatinine clearance from two phase I1I efficacy trials in patients with hyponatremia
did not evidence any correlation between renal function and response to tolvaptan.

6. Does Tolvaptan prolong the QT-interval?

The IRT-QT review analysis indicates that tolvaptan does not prolong the QT interval at the
therapeutic doses.
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RECOMMENDATION

The Pharmacometrics group in Office of Clinical Pharmacology has reviewed the submitted'
information and has found the application acceptable

Signatures:

Justin C. Earp, Ph.D. Yaning Wang, Ph.D.
Pharmacometrics Reviewer Pharmacometrics Team Leader
Office of Clinical Pharmacology Office of Clinical Pharmacology
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INTRODUCTION

Samska (Tolvaptan) is a selective arginine vasopressin 2 receptor antagonist designed to increase
water removal from patients with fluid-overload and reduced serum sodium concentrations.
Tolvaptan acts by inhibiting the expression of aquaporin-2 water channels and re-absorption of
water in the distal tubules. Water is removed without increasing the excretion of electrolytes.

The compound has been developed for the short-term improvement of signs and symptoms of
worsening heart failure beyond that achieved with standard of care and for the treatment of
hypervolemic and euvolemic hyponatremia (including patients with heart failure, cirrhosis,
SIADH, etc.) and for the prevention of worsening hyponatremia. (Source: Sponsor’s CTD
Introduction Document)

Trials in healthy subjects showed that tolvaptan pharmacokinetics (PK) were linear for single
oral doses ranging from 5 to 480 mg, although the maximum concentration of each dosing
interval (Cmax) showed less than a proportional increases with increasing dose and plateaued at
doses > 300 mg. The mean (standard deviation [SD]) of the elimination halflife (t1/2,2) is 7.8 (4.9)
hours. The median time to reach maximum concentration (tmax) was 2 hours. Mean oral
clearance (CL/F) ranged from 4.0 to 7.7 mL/min/kg (16.8 to 32.3 L/h) for single doses and from
3.2 to 5.4 mL/min/kg (13.4 to 22.7 L/h) following multiple oral doses. Tolvaptan PK was dose
proportional for multiple oral doses of 30 mg and 60 mg given once daily (QD) for 28 days.
There was no accumulation of tolvaptan after 28 days with 60 mg QD. (Source: Sponsor’s
Clinical Study Report 156-01-224)
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1 SPONSOR’S ANALYSIS
1.1 POPULATION PHARMACOKINETICS

1.1.1 Datasets

Two core PK datasets were created, one including subjects with hyponatremia of any origin
enrolled in the hyponatremia trials and one including subjects with heart failure with or without
hyponatremia enrolled in the heart failure trials. The core PK data file for the hyponatremia
analysis contained 1,486 plasma samples from 213 subjects enrolled in the 3 hyponatremia trials
listed below and the heart failure analysis contained 10,020 plasma samples of 2,392 subjects
from the 5 heart failure trials listed below. A second hyponatremia analysis included subjects
with hyponatremia at baseline enrolled in all eight of the trials below, the dataset contained 2,716
plasma samples from 490 subjects:

156-97-251: Multicenter, randomized, double-blind, placebo-controlled, oral, dose-ranging,
efficacy, safety, and PK study of tolvaptan tablets in patients with congestive heart failure (CHF)
with extracellular volume expansion

156-97-252: Multicenter, randomized, double-blind, placebo-controlled, oral, dose-defining,
efficacy and safety study of tolvaptan in patients with extracellular volume expansion secondary
to CHF

156-98-213: Multicenter, randomized, double-blind, placebo-controlled study of OPC-41061 to
evaluate the effects of tolvaptan on the acute and chronic outcomes of hospitalized patients with
worsening CHF

156-01-232: Multicenter, randomized, double-blind, placebo-controlled efficacy study of OPC-
41061 on the effect of left ventricular dilatation and function in patients with CHF and left
ventricular (LF) systolic dysfunction

156-03-236 Multicenter, randomized, double-blind, placebo-controlled study to evaluate the long
term efficacy and safety of oral tolvaptan tablets in subjects hospitalized with worsening CHF

156-96-203: multicenter, randomized, doubleblind, placebo-controlled, dose-ranging, efficacy,
safety, and PK study of tolvaptan in Hospitalized Patients with hyponatremia secondary to liver
disease

156-02-235: International, multicenter, randomized, double-blind, placebocontrolled, efficacy
and safety study of the effects of titrated oral tolvaptan tablets in patients with hyponatremia

156-03-238: International, multicenter, randomized, double-blind, placebocontrolled, efficacy
and safety study of the effects of titrated oral tolvaptan tablets in patients with hyponatremia

Covariates investigated in both heart failure and hyponatremia analysis included demographics
(age, race sex), size metrics (eg, body weight, lean body weight, body mass index), liver function
(Child-Pugh Classification), renal function (creatinine clearance calculated from the Cockroft-
Gault equation), and concomitant medications (loop, potassium sparing, and thiazide diuretics,
CYP3A4 inhibitors and CYP3A4 inducers, and drugs that interact with Pglycoprotein [P-gp]).
The hyponatremia analysis included disease etiology (CHF, cirrhosis, or SIADH/other),
hyponatremic severity (mild or severe) and volume status (euvolemic or hypervolemic). The
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heart failure analysis included NYHA class and drug classes associated with this population
(ACE inhibitors, beta-blockers, vasodilators, angiotensin receptor antagonists [ARBs], inotropes,
and antacids).

Table 1. Sponsors Data Set Overview

Table 3.1-1 Data Sets

Subject Trial # of Subjects # of Samples

Population Indication dense sparse dense sparse

hyponatremia hyponatremia 30 183 672 814
hyponatremia

hyponatremia and heart 97 393 1099 1617

failure

heart failure

with and

without heart failure 430 1962 2174 7846

hyponatremia

Source: Sponsor’s Clinical Study Report 156-01-224
(\Cdsesub1\evsprod\NDA022275\0000\m5\53-clin-stud-rep\533-rep-human-pk-stud\5335-
popul-pk-stud-rep\population-pk-report-156-01-224)
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Table 2. Sponsor’s Data Set Summary

PKT-3 Dataset Summary
Study Indication Dose I D2 | Sampling I #Pb | 1g° | Assay
hyponatremia, hyponatremia studies
96203 hyponatremia - 5,10, 15, or 13 dense, Dayl and 30 310 | HPLC/
liver disease 30mgQD | days optionally Day13 uv
02235 hyponatrernia - titration 30 sparse, Weeks 1,2, 3, 88 2384 | LCMS
liver disease, CHF, | 15, 30,45 days | Day 30; predose and /S
SIADH/ other mg QD 24 hrspost-dose
03235 hyponatremia - titration 30 sparse, Weeks 1,2, 3, 95 2764 | LC/MS
liver disease, CHF, | 15, 30,45 days | Day 30, predose and S
SIADH/ other mg QD 2-4 hrs post-dose
hyponatremia, hyponatremia and CHF studies
97251 | hosptalized CHF | 10, 15, 30, or 13 dense on Day!1 and 10 211 | HPLCY
QIYHA I-IM) 60 mg QD days | optionally on Day13, oV
sparse on Days 2-
4,579
97252 | hospitalized CHF | 10, 15, 30, or 24 sparse, 2 hr post-dose 19 53 HPLC/
(NYHA I1MI) 60 mg QD days Days 3, 7, 14 uv
98213 hospitalized 30, 60, or 90 59 serni-dense on Day 1 38 163 | LCMS
worsening CHF mg QD days and sparse on
(NYHA III-IV) Discharge and Week?
01232 | hospitalized CHF | 30mgQD | 1year | sparse, 1 hr post-dose 2 9 LCMS
(NYHA I-ID) on Dayl and Weeks 3
1,,12,20,28,36,44 54
03236 hospitalized 30 mg QD 60 sparse, Day 0, Day 7, 208 794 | LC/MS
worsening CHF days Weeks 1,4, 8 M3
WNYHAIOIV) to>1
year
CHF, CHF studies
97251 hospitalized CHF | 10, 15, 30, or 13 dense on Day1 and 36 767 | HPLC/
NYHA I-II) 60 mg QD days | optionally on Dayl3, uv
: sparse on Days 2-
4,579
97252 | hospitalized CHF | 10, 15,30, cr | 24 | sparse, 2 hr post-dose 174 485 | HPLC/
(NYHA I-1I) 60 mg QD days | Days3,7, 14 uv
98213 hospitalized 30, 60, or 90 59 semi-dense on Day 1 220 922 | LCMS3
worsening CHF mg QD days and sparse on
(NYHA II-IV) Discharge and Week?
01232 | hospitalized CHF | 30mgQD | 1 year | sparse, 1 hrpost-dose | 104 669 | LC/MS
(NYHA III) on Dayl and Weeks M8
1,12,20,28,36,44,54
03236 hospitalized 30 mg QD 60 sparse, Day 0, Day 7, | 1858 | 7177 | LC/MS
worsening CHF days Weeks 1,4, 8 /M3
(NYHA ITIV) to> 1
year
a Duration
b # of Subjects
c # of Samples
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Source: Sponsor’s Clinical Study Report 156-01-224
(\Cdsesubl\evsprod\NDA 022275\0000\m5\53-clin-stud-rep\533-rep-human-pk-stud\5335-
popul-pk-stud-rep\population-pk-report-156-01-224)

1.1.2 Summary of Trials

Protocol 156-97-251, Phase 2, Safety and Efficacy of Tolvaptan in Subjects with CHF with
Extracellular Volume Expansion

Trial 156-97-251 was a phase 2, multicenter, double-blind, randomized, placebocontrolled,dose-
ranging trial of the efficacy, safety, and PK of tolvaptan tablets in subjects with CHF with
extracellular volume expansion. Subjects were enrolled in 10 centers in the US. The trial
consisted of a one-day baseline period (Study Day 0), a 13-day treatment period with study drug,
a termination visit, and one follow-up evaluation on Study Day 20 to 23. Six groups of subjects
were randomized on Day 1 in the following order: 10 mg, 15 mg, 30 mg, 60 mg, 90 mg, and 120
mg. In each treatment group, 6 subjects received tolvaptan and 3 subjects received placebo with
exception of the 10 mg dose group (5 tolvaptan subjects and 4 placebo subjects). The subjects
were hospitalized during the first three days of treatment. The subjects were required to return to
the clinic on study days 7, 10, 13 and 14. On study day 13, the final day of dosing, the subjects
could volunteer for an extra day of hospitalization after the final dose of study drug so that
additional blood and urine samples could be obtained for assessing the PK of tolvaptan. A
follow-up visit was to be done on study day 20 to 23. Dose escalation was evaluated at the
completion of each dose group. PK data from 10 subjects with hyponatremia who received at
least one tolvaptan dose was used for the hyponatremia PK analysis and 36 subjects for the heart
failure analysis.

Protocol 156-97-252, Phase 2, Safety and Efficacy of Tolvaptan in Subjects with Extracellular
Volume Expansion Secondary to CHF

Trial 156-97-252 was a phase 2, multicenter, double-blind, randomized, placebocontrolled, oral,
dose-defining, trial of the efficacy and safety of tolvaptan in subjects with extracellular volume
expansion secondary to CHF. Subjects were enrolled in 35 centers in the US. The trial consisted
of a screening evaluation, a 3-day baseline run-in period, a treatment period with study drug, and
two follow-up evaluations. Four groups of 60 subjects were to be randomly assigned to receive
30, 45, or 60 mg of tolvaptan or placebo daily for 25 days in an outpatient setting. The subjects
also received a baseline dose of furosemide (40 to 240 mg daily). They were to return to the
clinic on Study Days 3, 4, 7, 10, 14, 21 and 28 during the treatment period. Follow-up visits were
to be done on Days 35 and 58 of the study. Plasma tolvaptan samples were to be obtained at 8
AM on Day 0 and two hours postdose on Days 3, 7, and 14. PK data from 19 subjects with
hyponatremia who received at least one tolvaptan dose was used for the hyponatremia PK
analysis and 174 subjects for the heart failure analysis.

Protocol 156-98-213, Phase 2b, Dose-Ranging Trial of Tolvaptan in Hospitalized Subjects
with Worsening CHF

Trial 156-97-251 was a phase 2, multicenter, double-blind, randomized, placebocontrolled, dose-
ranging trial to evaluate the effects of tolvaptan on the acute and chronic outcomes of
hospitalized subjects with worsening CHF. The trial consisted of a screening day, up to a 10-day
inpatient period, followed by a 7-week outpatient period. Subjects were randomized on day 1 to
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either receive 30, 60 or 90 mg of tolvaptan or placebo. Study drug administration began on
inpatient Day 1. Subjects were to be discharged no later than 10 days after the first dose of study
drug. Subjects who, in the investigator’s opinion, could not be discharged from the hospital by
inpatient Day 10 were considered treatment failures and withdrawn from the study. Study drug
dosing continued in the outpatient setting for 49 to 51 days, with office visits scheduled for
Outpatient Weeks 1, 3, 5 and 7. A follow-up telephone contact was to be done 7 days after the
last dose of study drug. PK data from 38 subjects with hyponatremia who received at least one
tolvaptan dose was used for the hyponatremia PK analysis and 220 subjects were used for the
heart failure analysis.

Protocol 156-01-232, Phase 2 Efficacy Trial of Tolvaptan on the Effect of Left Ventricular
Dilatation and Function in Subjects with CHF and Left Ventricular Systolic Dysfunction

Trial 156-01-232 was a phase 2 multicenter, randomized, double-blind, placebocontrolled trial to
assess the effects of oral tolvaptan, in addition to standard therapy, on left ventricular (LV)
dilatation and function in 240 subjects with heart failure and LV systolic dysfunction. Subjects
who met inclusion and exclusion criteria returned on Day 1 for randomization to either placebo
or 30 mg of tolvaptan once daily (QD). Subjects participated in an outpatient setting and returned
to the study center for study visits on Weeks 4, 12, 20, 28, 36, 44, 54, and 55. PK data from 2
subjects with hyponatremia who received at least one tolvaptan dose was used for the
hyponatremia PK analysis and 104 subjects for the heart failure analysis.

Protocol 156-03-236, Phase 3 Trial to Evaluate the Long Term Efficacy and Safety of Oral
Tolvaptan Tablets in Subjects Hospitalized with Worsening CHF

Trial 156-03-236 was a phase 3, multicenter, randomized, double-blind, placebocontrolled trial
to evaluate the long term efficacy and safety of oral tolvaptan tablets in subjects hospitalized
with worsening heart failure. The screening period could last up to 48 hours after initial
hospitalization. The qualifying subjects were randomized to treatment with 30 mg tolvaptan
tablets or matching placebo. After randomization, treatment with the study drug was continued
until the termination of the trial, which occurred after the 1065th death and all subjects currently
enrolled had received a minimum of 60 days of study drug. Any subject terminating study drug
during the trial was contacted every three months until the Study Termination Date to collect
safety information. A follow-up visit occurred 7 days after the last dose of study drug for all
subjects to allow for adjustments in concomitant diuretic therapy. A follow-up telephone call was
made 14 days after the last dose of study drug for all subjects to collect safety information. PK
data from 208 subjects with hyponatremia who received at least one tolvaptan dose was used for
the hyponatremia PK analysis and 1858 from the heart failure analysis.

Protocol 156-96-203, Phase 2 Trial, Safety and Efficacy of Tolvaptan in Hospitalized Subjects
with Hyponatremia

Trial 156-96-203 was a phase 2, multicenter, double-blind, randomized, placebocontrolled, dose-
ranging trial of the efficacy, safety, and PK of tolvaptan in subjects with hyponatremia secondary
to liver diseasel. Subjects were enrolled in seven centers in the US. The trial consisted of a two-
day baseline period (study days —1 and 0), a 13-day treatment period with study drug, a
termination visit, and one follow-up evaluation 6 to 9 days after the termination visit. Five
groups of 9 subjects were randomized on day 1 in the following order: 5 mg, 10 mg, 15 mg, 30
mg, and 60 mg. In each treatment group, 6 subjects received tolvaptan and 3 subjects received
placebo. The subjects were hospitalized during the first four days of treatment. They were
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allowed to be discharged from the hospital after completing study day 5 assessments. The
subjects were required to return to the clinic on study days 7, 9, 11, 13 and 14. On study day 13,
the final day of dosing, the subjects could volunteer for an extra day of hospitalization after the
final dose of study drug so that additional blood samples could be obtained for assessing the
plasma sodium and potassium levels and PK of tolvaptan. A follow-up visit was to be done on
study day 20 to 23. Dose escalation was evaluated at the completion of each dose group. PK data
from all 30 subjects who received at least one tolvaptan dose was used for the hyponatremia PK
analysis.

Protocol 156-02-235, Phase 3, Safety and Efficacy of Titrated Oral Tolvaptan Tablets in
Subjects with Hyponatremia

Trial 156-02-235 was a phase 3, multicenter, double-blind, randomized, placebocontrolled,
efficacy and safety trial oral tolvaptan as adjunct to standard therapy in subjects with nonacute
hyponatremia in euvolemic or hypervolemic states2. In this trial, 205 subjects from 42 active US
trial cites were randomized to receive either placebo or 15 mg of oral tolvaptan. During the study
treatment period, subjects continued their current medications and may have been offered
standard therapies for hyponatremia as clinically indicated. Subjects entering the trial with a
serum sodium value of < 130 mEq/L may have been fluid restricted, if necessary, at the
discretion of the investigator. For those subjects randomized during a hospitalization, the
subjects were to remain in the hospital or inpatient observational unit after Day 1, until the
investigator determined that the subject may be discharged. Once discharged the subject was to
return for outpatient visits on a weekly basis until a total of 30 days of treatment was completed.
The total dosing duration was up to 30 days. The subject was not required to be hospitalized in
order to be randomized into the trial. Subjects were to stay over night in an observational unit or
hospital for at least 24 hours on Day 1. For subjects randomized to receive 15 mg tolvaptan, dose
titration to 30 mg and then 60 mg of study drug occurred depending on the subject’s serum
sodium concentrations. PK data from 88 subjects was used for the hyponatremia PK analysis.

Protocol 156-03-238 Phase 3, Safety and Efficacy of Titrated Oral Tolvaptan Tablets in
Subjects with Hyponatremia

Trial 156-03-238 was a phase 3, international, multicenter, randomized, double-blind, placebo-
controlled, efficacy and safety trial of the effects of oral tolvaptan in subjects with non-acute
hyponatremia in euvolemic or hypervolemic states.3 This trial was conducted in 72 centers in the
US, Canada, and Europe. A total of 243 subjects were randomized to either placebo or 15 mg
tolvaptan. During the trial treatment period, subjects continued their current medications and
may have been offered standard therapies for hyponatremia as clinically indicated. Subjects who
met inclusion and exclusion criteria were randomized to either placebo or 15 mg tolvaptan.
Subjects who entered the trial with a serum sodium value of <130 mEq/L could have been fluid
restricted, if necessary, at the discretion of the investigator. Subjects who were randomized
during a hospitalization remained in the hospital or inpatient observational unit after Day 1 until
the investigator determined that the subject could be discharged. Once discharged, the subject .
returned for outpatient visits on a weekly basis until a total of 30 days of treatment was
completed. Outsubjects also could have been randomized into the trial if they were willing to be
admitted for the first dosing day. Subjects were required to stay over night in an observational
unit or hospital for at least 23 hours on Day 1. For subjects randomized to receive 15 mg
tolvaptan, dose titration to 30 mg and then 60 mg of study drug occurred depending on subject’s
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serum sodium concentrations. PK data from 95 subjects was used for the hyponatremia PK
analysis.

Table 3. Sponsor’s Clinical Trial Designs

PKT-1 Summary of Study Designs
Study Population Number of Treatment Group(s) Dosing
Subjects Duration
Clinical trials that enrolled patients with hyp onatremia
156-96-203 Hospitalized patients with N=36 5,10, 15, and 30 mgtolvaptan or | QD for 13
hyponatremia secondary to (6 active/3 placebo Days

liver disease placeboper

dose group)

156-02-235 Non-acute hyp cnatremia N=205 15 mg tolvaptan or placebo with | QD for 30
associated with euvolemic or | (102 active/ | upwards titration to 30 mg and to days
hypervolemic states withno | 103 placebo 60 mg based on serum sodium

single etiology (CHF, per group) levels
cirrhosis, STADH/other)

156-03-238 Non-acute hyponatremia N=243 15 mg tolvaptan or placebo with | QD for 30
associated with euvolemic or | (123 aclive/ | upwards titration to 30 mg and to days
hypervolemic states withno | 120 placebo 60 mg based on serum sodium

single etiology (CHF, per group) levels

cirrhosis, SIADH/other)

Clinical trials that enrolled patients with CHF

156-97-251 Hospitalized patients with N=36 (1) 10 mg tolvaptan or placebo QD for 13
CHF (NYHA Class I-IIT} (6 active, 3 (2) 15 mg tolvaptan or placebo Days
placeboper (3) 30 mg tolvaptan or placebo
group) (4) 60 mg tolvaptan or placebo
156-97-252 Hospitalized patients with N =240 Days 1-2: placebo, Days 3-27: QD for 24
CHF (NYHA Class I-1IIT) (60/group) (1) 30 mg tolvaptan Days
(2) 45 mg tolvaptan
(3) 60 mg tolvaptan
(4) placebo
156-98-213 Hospitalized patients with N =320 (1)Placebo QD for 59
worsening CHF (NYHA {80/group) (2) 30 mg tolvaptan Days
ClassIII-1V) (3) 60 mg tolvaptan
(4) 90 mg tolvaptan
156-01-232 Hospitalized patients with N =240 QD for 1
CHF (NYHA ClassIIID and | (120/group) M 33”‘% tOIEapta“ Year
left ventricular systolic (2) placebo
dysfunction
156-03-236 Patients hospitalized with N=4133 QD fora
worsening CHF QTYHA OII- | 2,072 active/ minimum
IV, LVEF <=40%, and 2,061 @ 3&;“%;;’32?”“ of 60 days
extracellular volume placebo P
expansion)

Source: Sponsor’s Clinical Study Report 156-01-224
(\Cdsesubl\evsprodiNDA 022275\0000\m5\53-clin-stud-rep\533-rep-human-pk-stud\5335-
popul-pk-stud-rep\population-pk-report-156-01-224)
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1.1.3 Methods
Model building was performed in several steps:
Step 1: Base model without covariates.

In this step, a compartmental model was chosen. The objective function value, diagnostic
goodness-of-fit plots, and distributions of random effects guided model selection. Diagnostic
goodness-of-fit plots included plots of population and individual predicted concentrations versus
observed concentrations, time after the first dose, and time after the most recent dose (PRED and
IPRED versus DV, TAFD, and TAD), WRES versus time after the most recent dose (WRES
versus TAD), CWRES versus time after the most recent dose (CWRES versus TAD),
distributions and a scatter-plot matrix of individual Bayes estimates of inter-subject random
effects.

Also, dependencies of model parameters on weight were selected. Three types of dependencies
were investigated: weight-independent apparent clearance and volume; allometric scaling, and
power dependencies with estimated powers. Merits of inclusion of time-dependent body size
measures were investigated.

Step 2: Construction of the full covariate model.

In this step, a full covariate model was chosen. The full model included covariates prospectively
pre-defined in the modeling and simulation plan. Various combinations of covariates were tested,
and the best way of accounting for the liver disease stage was identified.

Step 3: Refinement of the full covariate model

At this step, diagnostic plots of the full model were investigated to screen for additional
dependencies not included into the prospective modeling and simulation plan. If warranted by
the data, scientific rationale and/or prior information, additional dependencies can be included
into the full model to account for observed trends.

Step 4: Selection of the parsimonious covariate model

At this step, covariate effects with both point estimates and 95% confidence intervals within 25%
of the typical value were excluded from the full covariate model to arrive at parsimonious model.

Step 5: Univariate Screening of covariates’ (Hyponatremia dataset, Hyponatremia and heart
Sfailure trials)

In this step, screening of all covariates was performed. The base model 001 was used as the base
for comparison. First, all covariates were included (one at a time) on clearance or volume
parameters. For ordinal categorical covariates with multiple levels (Child- Pugh Class and
NYHA), multiple models were considered to arrive at a parsimonious model that fully reflects
the covariate effect. '

"The univariate covariate screen was conducted only for the combined hyponatremia and CHF study
dataset. '

Step 6: Construction of the alternative covariate model.

At this step, covariates clearing a 10-point drop in objective function were to be combined into
alternative covariate model. No additional models were to be investigated if covariates not
already included in the Full Model approach failed to clear the threshold.
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Table 4. Summary of Categorical Covariates for Hyponatremia (PKT-6) and Hyponatremia

and CHF trials (PKT-21)
PKT-6 Summary ef Categorical Covariates for the
Population PK Database
Covariate Level Number (Percent)
SERM 1: <130 mEq/L N=108 (50.7%)
Baseline Serum Sodium 2: 2130 mEq/L N=105 49.3%)
DTYP 1: Cirrhosis N=84 (39.4%)
Disease etiology 2. CHF N=55 (25.8%)
3. SIADH/Other N=74 (34.7%)
HGRP 1:mild N=103 484%)
Hyponatremia stage 2: severe N=110 (51.6%)
HST missing N=2 (0.9%%)
Hyponatremia type 1: euvolemic N=101 (47.4%)
2: hypervolemic N=110 (51.6%)
PUGH missing N=7 (3.3%)
Child-Pugh Grade 1: Normal N=89 41.8%)
2:A(5-6) N=35 (16.4%)
3. B(7-9) N=53 (24.9%)
4 C(10-15) N=29 (13.6%)
SEX 1: males N=124 (582%)
Gender 2; females N=89 (41.8%)
RACE 1: Caucasian N=177 (83.1%)
2: Black N=12 (5.6%)
3: Hispanic N=19 (8.9%)
4: Asian N=3 (1.4%)
5. Other N=2 (0.9%)
STUD 2235 N=88 (41.3%)
Study 3238 N=05 (44.6%)
96203 N=30 (14.1%)
PGP 0: not administered N=60 (28.2%)
PGP-interaction 1: administered N=153 (71.8%)
CINH 0: not administered N=177 (83.1%)
CYP3A4 inhibitors 1: administered N=36 (16.9%)
CIND 0: not administered N=207 (97.2%)
CYP3A4 inducers 1: administered N=6 (2.8%)
DIUt 0: not administered N=89 (41.8%)
Type 1 Diuretics (loop) 1: administered N=124 (58.2%)
DIUu2 0: not administered N=206 (96.7%)
Type 2 Diuretics 1: administered N=7 (3.3%)
(potassium sparing)
DIU3 0: not administered N=183 (85.9%)
Type 3 Diuretics HICTZ) 1: administered N=30 (14.1%)
DIv4 0: not administered N=110 (51.6%)
Type 4 Diuretics 1: administered N=103 (48.4%)
(spironolactone)
DIUS 0: not administered N=208 (97.7%)
Type 5 Diuretics (other) 1: administered N=5 (2.3%)
Source: CatCovSurnmaryAll.csv

PKT- 21 Summary of Categorical Covarlates for the
Population PK Database
Covariate Level Number (Percent)
1. males N=347 (10.8%)
Gender 2: females N=143 (29.2%)
RACE 1: Caucasian N=399 (81.4%)
2. Black N=37 (1.6%)
3: Hispanic N=44 (%)
4: Asian N=3 (0.6%)
5: Other N=7 (1.4%)
STUD 1232 N=2 (04%)
Study 2235 N=88 (18%)
3236 N=208 (42.4%%)
3238 N=95 (19.4%)
96203 N=30(6.1%)
97251 N=10 (2%
97252 N=9 (3.9%)
98213 N=38(7.8%)
HGRP 1 mild N=338 (69%)
Hyponatremia stage 2: severe N=152 (31%)
PUGH -1: missing N=7 (1.4%)
Child-Pugh Grade 1: Nommal or A (5-6) N=(59.6%)
2: B(7-9) N=149 (30.4%)
3: C(10-15) N=42 (8.6%)
CHF -1: missing N=2 (0.4%)
CHF Diagnosis 0: no CHF N=154 (31.4%)
1: CHF W=334 (68.2%%)
CIRR -1: missing N=2 (0.4%)
Cirrhosis Diagnosis 0: no cirthosis N=404 (82.4%)
1: Cirrhosis N=84(17.1%)
SIAD 1: missing N=2 (0.4%)
SIADH 0 no SIAD N=449 (91.6%)
1: SIAD N=39 (8%)
NYHA -1: missing N=7 (1.4%)
NYHA Class 1: Class 1 (mild) N=146 (29.8%)
2: Class 3 (mild) N=42 (8.6%)
3: Class 4 (moderate) N=159 32.4%)
4: Class 5 (severe) N=136 (27.8%)
OLD 0: CHF studies N=277 (56.5%)
CHF or Hyponatremia | 1: Hyp onatremia Studies
Study N=213 (43.5%)
CatCovSummaryAll.csv

Source: Sponsor’s Clinical Study Report 156-01-224
(\Cdsesubl\evsprod\iNDA 022275\0000\m5\53-clin-stud-rep\533-rep-human-pk-stud\5335-

popul-pk-stud-rep\population-pk-report-156-01-224)
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Table 5. Summary of Continuous Covariates for Hyponatremia Trials

PKT-7 Summary of Continuous Covariates for the Population PK
Database
Covariate Units Mean SD Median (Range) Missing
Number (%0)
BNA mEg/L 129.03 3.97 129 (11 -
WT kg 7522 21.45 72.6(39” -
HT cm 168.08 10.36 168 (1< -
IBW ke 62.67 10.35 63.2 (45 -
BMI kg,mZ 2641 6.46 25.03 (15. 1(0.5%%
BSA e 1.87 0.29 1.85 (1. 1 (0.5
AGE years 60.85 14 59 (2 -
CRO (CrCl) mL/min &4 .61 35.85 57 (1t 74 (34 D%
CR1 (CrCl mL/min 85.53 35.45 8218 (1 12 (5.6%
Cockroft
Gault)
CR2 (CrCl mL/min 72.99 33.46 69.16 (1 11 5.2)%
Salazar
Corcoran)
ALT UL 32.22 33.47 24 (¢ 14 (6.6)%
AST U/L 44.94 37.58 30 (1 16 (7.5)%
ALB G/L 332 0.83 34 (1 11 (5.2)%
BILI mg/dL 2.02 475 0.7 (0 16 (7.5)%
PROT g/dL 6.85 0.98 6.8 4 10 (4. 7%
CRE mg/dL 1.05 0.51 0.9( 11 (5.2)%
CRON mL/min/(1.73 m2) 61.17 34.89 52.69 ( 75 (35.2)%
normalized
CRO
CRIN mL/min/(1.73 m>) 80.1 32.97 7617 (1 12 5.6%
normalized
CR1
CRZN mL/min/(1.73 m) 6865 | 32.04 64.05 (. 12 5.6%
normalized ’
CR2

Source: ContCovSummaryAll csv

Table 6. Summary of Continuous Covariates for Hyponatremia and CHF Trials
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PKT- 24 Summary of Continuous Covariates for the Population
PK Database
Covariate Units Mean SD Median (Range)
WT kg 78.55 20.66 75.3¢( . D
B3A m’ 1.89 0.25 188(
BMI kg/m’ 27.1 6.15 2645 Q)
AGE years 62.59 14 63 (2 .
IBW kg &4.64 9.92 65.9( @
BNA (serum mEg/L
sodiurm) 130.56 3.69 132 (.
CRE mg/dL 1.23 0.55 1.1(0
CRCL
(Cockroft
Gault) mL/min 75.14 34.8 69.45
CRCLN
(normalized
CRCL) mL/min(1.73 m>) 69 4 31.26 63.8(
CRIBWN
(Cockroft Gault
with IBW) mL/min 67.25 29.66 62.05 1
CRIBW
(normalized
CRIBW) mL/min 63.61 29.74 59.45 (

Source: ContCovSurmnmaryAll csv

Source: Sponsor’s Clinical Study Report 156-01-224
(\Cdsesub1\evsprod\NDA 022275\0000\m 5\53-clin-stud-rep\533-rep-human-pk-stud\5335-
popul-pk-stud-rep\population-pk-report-156-01-224)

1.1.4 Results
Hyponatremia Population, Hyponatremia Trials:

The population PK of tolvaptan in subjects with hyponatremia associated with cirrhosis, CHF, or
syndrome of inappropriate antidiuretic hormone secretion (SIADH)/other was described by a
one-compartment model with first-order absorption. Typical oral clearance (95% CI) given the
reference covariates (70 kg, Child-Pugh Class Normal or A) was estimated at 10.7 (8.85; 13.0)
L/h. Oral clearance mildly increased with weight in the power 0.423 (0.074; 0.791). Subjects
with Child-Pugh Class B and C were estimated to have oral clearance reduced by 19% (2%;
32%) and 24% (5; 40%), respectively. Concomitant administration of CYP3A4 inhibitors was
estimated to have negligible effect on tolvaptan clearance. Co-administration of CYP3A4
inducers resulted in 45% (7%; 84 %) increase in tolvaptan clearance, this estimate was based on
data from only 5 subjects. :

Typical apparent volume of distribution (95% CI) given the reference covariates (70 kg, no
SIADH/other, euvolemic hyponatremia, Child-Pugh Class Normal, A or B) was estimated at 176
(126; 247) L. Apparent volume increased proportionally to weight in the power 0.981 (0.503;
1.44). Subjects with Child- Pugh Class C were estimated to have apparent volume increased by
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50% (17%; 109%). Hyponatremia severity and concomitant administration of diuretics was
shown to have no clinically important influence on the tolvaptan volume of distribution.
Estimates of the effects of SIADH/other diagnosis and hypervolemic (vs. euvolemic)
hyponatremia were inconclusive with the effects (95%CI) estimated at 27% (9%; 43%) and 25%
(4%; 42%) reduction in volume, respectively.

Subjects with CHF were estimated to have bioavailability increased by about 28%, but the effect
was poorly defined with the estimate ranging from a 3% decrease to a 71% increase of relative
bioavailability (F1/F). Co-administration of P-gp-interacting drugs was shown to have negligible
effect on F1/F. The absorption rate constant (KA) was estimated at 1.24 (0.773; 3.82) h—1. Final
estimates of unexplained variability in CL/F, V/F, and KA were 64%, 48 %, and 124%
coefficient of variation (CV), respectively. Residual error was described by an exponential model
with CV=51% (46%; 56%). -

Table 7. Sponsor’s Hyponatremia Population PK Model Parameters

PKT- 15 Parameter Estimates of the Parsimonious PK Model 132
Parameter Notation | Units [ Value SEa RSE (%) 95% CI Variability
61 CL/F L/ 10.6 0779 7.35 9.07-121

9, VIF L 166 20,7 124 126 - 207

63 Ka 1hr 1.24 0.296 238 0.663-1.82

04 M-ratio -1.56 0471 302 -2.48—(-0.636)

05 CLwT 0412 0.157 381 0.104 -0.721

06 VwT 0.953 0212 223 0.537 -1.37

67 CLCHPUS 0.813 0.074 9.1 0.668 -0.958

03 CLeHpU4 0.745 0.0825 11.1 0.584 - 0.907

69 VHST 0.744 0.0792 10.6 0.589 - 0.899

610 VSIAHD 0.746 0.0816 10.9 0.586 - 0.906

011 VoHPUS 1.4% 0.208 139 . 1.08-19

812 F1.CHF 1.28 0.178 139 0.931-1.63

01 QcL L 0.41 0.0725 17.7 0.268 -0.553 CV=64.1%
1 QcLv 0.229 0.0637 27.8 0.104 -0.353 R=0.739
2 Qv 0233 0.07 30 0.0961 - 0.37 CV=483%
33 QKAKA 1 0.642 64 -0.255-2.26 CV=100%
oy 0.26 0.0263 10.1 0.209 -0.312 CV=51.0%

Population parameter point-estimates, standard errors (SE), percent standard errors O4SE), 95% CI are
presented for the full population PK model (Run 132, 132cov.1st).
Source: 132covParEst.csv

Source: Sponsor’s Clinical Study Report 156-01-224
(\Cdsesub1\evsprod\NDA022275\0000\m5\53-clin-stud-rep\533-rep-human-pk-stud\5335-
popul-pk-stud-rep\population-pk-report-156-01-224)

Hyponatremia Population, Hyponatremia and Heart Failure Trials:

The population PK of tolvaptan in subjects with hyponatremia enrolled in hyponatremia or heart
failure trials was described by a one-compartment model with first-order absorption.
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Typical oral clearance (95% CI) given the reference covariates (70 kg, Child-Pugh Class Normal
or A) was estimated at 9.60 (8.4; 11.0) L/h. Oral clearance mildly increased with weight in the
power 0.276 (0.060; 0.512). Subjects with Child-Pugh Class B and C were estimated to have oral
clearance reduced by 17% (7%; 27%). Concomitant administration of CYP3A4 inducers
increased tolvaptan clearance by 74%; a plausible mechanism exists, since tolvaptan is a
CYP3A4 substrate. Renal impairment (as estimated by the normalized creatinine clearance

calculated from the Cockroft-Gault equation) had no effect on tolvaptan clearance. '

Typical V/F (95% CI) given the reference covariates (70 kg, Child-Pugh Class Normal, A or B)
was estimated to be 112 (94; 133) L. Apparent volume increased proportionally to weight in the
power 0.81 (0.56; 1.07). Subjects with Child-Pugh Class C were estimated to have V/F increased
by 52% (23%; 88%). Hyponatremia severity and SIADH diagnosis was shown to have no or
almost no clinically important influence on the tolvaptan volume of distribution. Subjects with
CHF were estimated to have an increase in bioavailability by about 33% (17%; 54%). Co-
administration of weak P-gp inhibitors was shown to have negligible effect on F1/F. Moderate
and strong P-gp inhibitors differed in the direction of effect on F1/F, with uncertainty intervals
that included values indicating no effect.

The absorption rate constant was estimated at 0.82 (0.672; 1.03) h—1. Final estimates of
unexplained variability in CL/F, V/F, and KA were 61%, 49 %, and 114% CV, respectively.
Residual error was described by an exponential model with CV=62% (58% - 66%).

Table 8. Sponsor’s Hyponatremia of Any Origin Population PK Model Parameters

PKT-32 Final Parsimonius Model 117

Parameter Notation | Units | Value RSE (%) 95% CI Variability
0 CIF L/ | 100 6.54 872-11.3

02 VIF L 121 772 103 - 139

83 ka hr | 0816 9.68 0.661 - 0.971

84 CLwT 0.284 45.4 0.031 -0.537

95 VwT 0.792 18.9 0.498 -1.09

86 CLCHPBRC 0.860 5.95 0.760 - 0.960

87 VeHPUC 1.53 11.4 1.19-1.87

03 CLEIND 1n 12.1 130-2.12

69 F1.CHF 1.39 6.99 1.20-158

Q1 QoLco 0.383 10.5 0.306 - 0.464 CV=62.0%
1 QcLv 0.224 17.4 0.154 -0.314 R=0.754
Oz vy 0.236 26.1 0.122 -0.378 CV=50.0%
Qs Qkca KA 1.33 223 0721 -1.84 CV=113%
211 e 0389 |7.58 0.331-0.447 CV=62.4%

Source: Sponsor’s Clinical Study Report 156-01-224
(\Cdsesubl\evsprod\NDA022275\0000\m5\53-clin-stud-rep\533-rep-human-pk-stud\533 5-
popul-pk-stud-rep\population-pk-report-156-01-224)

Heart Failure Population, Heart Failure Trials:

Tolvaptan pharmacokinetics is described as a one-compartment model with typical values of
7.09 (6.84; 7.34) L/h, 83.8 (80; 87) L, and 0.823 (0.757; .889) h—1 for CL/F, V/L, and KA
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respectively. CL/F mildly increased with body weight by a factor of 0.031(0.020; 0.040)
multiplied by (body weight—70) and V/F increased with body weight by a factor of 0.716 (0.560;
0.872) multiplied by (body weight—70). The between-subject variability was 66%, 42%, and
124% for CL/F, V/F, and KA, and the random residual error was 52%. Plots of random effects
versus covariates revealed CYP3A4 inducer effects, no other meaningful trends were observed.

Table 9. Sponsor’s Congestive Heart Failure Population PK Model Parameters

PKT- 35 Parameter Estimates of the Final CHF PK Model

Final PK Model Population Pharmacokinetic Parameter Estimates ‘
Parameter | Notation | Units | Value | RSE (%) 95% CI Variability estimate
81 CL/F Lhr | 7.1 1.82 7.21-8.37
82 V/F L 83.8 2.11 93.3-114.9
63 Ka 1/hr | 0.823 | 412 0.715-1.03
64 CLwT 0.031 | 11.1 -0.137-0.372
85 VT 0716 | 187 0.377-1.02
Q11 QeLcL 0.358 | 4.0 0.336 - 0.502 CV=65.6%
Q21 QeLv? 013 7.4 0.184 -0.344 R=0.543

- = 0,

Q22 Qvav2 0.16 7.4 0.197 -0.451 CV=41.7%
€33 Qraxa 0.936 | 7.2 0.683-1.82 CV=124
211 o 0.27 1.7 0.330 - 0.447 CV=52.0%
K CL/V /hr | 0085
£1/2 In(2)/K hr 818
tAl/2 In(DKA | hr 0.778

Source: Sponsor’s Clinical Study Report 156-01-224
(\Cdsesubl\evsprod\NDA 022275\0000A\m5\53-clin-stud-rep\533-rep-human-pk-stud\5335-
popul-pk-stud-rep\population-pk-report-156-01-224)

Other model details and equations may be found in the sponsor’s population pharmacokinetic
report: (\Cdsesub1\evsprod\iNDA 022275\0000\m5\53-clin-stud-rep\533-rep-human-pk-
stud\5335-popul-pk-stud-rep\population-pk-report-156-01-224).

1.1.5 Sponsor’s Conclusions:

e The population pharmacokinetics of tolvaptan in both the hyponatremia and heart failure
populations evaluated were best described by a onecompartment model with first-order
absorption, random effects on CL/F, V/F, and KA, and exponential residual error. Between
subject variability and residual error were high with % CVs of 61-66 for CL/F, 42-49 for
V/F, 114-124 for KA and 51-62 for the random residual error.

e Tolvaptan oral clearance mildly increased with weight while apparent volume was
proportional to weight.

o Child-Pugh Class was identified as a predictor of oral clearance (19 and 24% increase for
Class B and C, respectively) and volume (50% increase for Class C) in the core
hyponatremia dataset. The expanded hyponatremia dataset showed a mild increase in oral
clearance for Class B and C and a 50% increase in volume for Class C. The heart failure

369



Tolvaptan: NDA 22275

dataset analysis showed no strong trend for Class B (25% of the subjects in the database with
Class B) and mild trends for Class C V/F and CL/F (1.2% of the database).

e Renal function (as estimated by the normalized creatinine clearance calculated from the
Cockroft-Gault equation) had no effect on tolvaptan clearance in the hyponatremia analysis.
Plots of random effects versus creatinine clearance from the heart failure database showed a
very small, but consistent linear relationship with clearance, the metric is correlated with
body weight.

e Co-administration of CYP3A4 inducers resulted in a 45% increase in tolvaptan oral
clearance, based on data from only five subjects in the core hyponatremia analysis and a 75%
increase based on data from 11 subjects in the expanded hyponatremia analysis
(hyponatremia trials and subjects with hyponatremia enrolled in heart failure trials). The
heart failure database included a very small number of subjects reporting concomitant
administration with CYP3A4 inducers; however, plots of random effects versus concomitant
CYP3A4 inducer showed an effect. '

e Hyponatremia severity, concomitant administration of diuretics, CYP3A4 inhibitors, heart
failure concomitant medications, and P-gp inhibitors did not have a meaningful influence on
tolvaptan pharmacokinetics for the patient populations investigated.

1.1.6 Reviewers Comments

The sponsor provided a very comprehensive population pharmacokinetic analysis on 3 disease
populations from 8 different clinical trial data sets. It was good that this much data was used for
the analysis and that the covariates employed were mechanistically relevant to the disease states
for the patient populations. While this analysis provides a comprehensive report of the kinetics
per population, an improvement might have been to develop one population pharmacokinetic
model where disease state presence or disease status are covariates and would account for the
differences in the kinetics of Tolvaptan between populations.

Appears This Way
On Original
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1.2 HYPONATREMIA EFFICACY TRIALS

1.2.1 Summary of Trials
Study 156-02-235:

This study was a multicenter, randomized, double-blind, placebo-controlled, efficacy and safety
study of the effects of oral tolvaptan as adjunct to standard therapy in subjects with nonacute
hyponatremia in euvolemic or hypervolemic states. A total of 205 subjects were randomized
from 42 active study sites.

Subjects were consented and screened 1 to 2 days prior to potential randomization or on the same
day as randomization (Day 1). If the subject was screened and randomized on the same day, the
screening procedures were considered baseline. Subjects who met inclusion and exclusion
criteria were randomized to either placebo or 15 mg tolvaptan. Randomization was stratified by
baseline serum sodium level (< 130 mEq/L or > 130 mEq/L) with a target of 50% of subjects
having a serum sodium level of < 130 mEq/L; and underlying disease state (CHF or non-CHF)
with no single etiology (CHF, cirrhosis, SIADH/other) representing more than 50% of the
subjects. Subjects who entered the study with a serum sodium level value < 130 mEq/L could
have been fluid restricted if necessary, at the discretion of the investigator. Subjects who were
randomized during a hospitalization remained in the hospital or inpatient observational unit after
Day 1 until the investigator determined that the subject could be discharged. Once discharged,
the subject returned for outpatient visits on a weekly basis until a total of 30 days of treatment
was completed. Outpatients could also have been randomized into the trial, if they were willing
to be admitted for the first dosing day. Subjects were required to stay over night in an
observational unit or hospital for at least 24 hours on Day 1.

Study drug was administered orally at approximately 0900 hours (dosing was acceptable
between 0700 and 1100 hours) for 30 days. During the study treatment period, subjects
continued their current medications.

Study drug could be titrated, depending on the subject’s serum sodium levels. For subjects
randomized to receive 15 mg tolvaptan, dose titration to 30 mg and then 60 mg of study drug
occurred if the subject’s change in serum sodium level was < 5 mEg/L from the previous day’s
measurement and was < 135 mEq/L. Titration to the next dose did not occur if the subject’s
serum sodium level was > 135 mEq/L or the change in serum sodium level was > 5 mEq/L from
the previous day’s measurement. If the serum sodium increased at too great a rate (either > 12
mEq/L/24 hours or > 8 mEq/L/8 hours on the first day, or if it exceeded the normal range of 145
mEq/L, the investigator was to confirm the results with a stat repeat test and if confirmed, the
investigator was to contact the medical monitor for guidance. The investigator could decrease the
dosage during the 30-day treatment at his/her discretion. A study drug titration scheme is
provided in Figure 2. '

Study 156-03-238:

This study was an international, multicenter, randomized, double-blind, placebocontrolled,
efficacy and safety study of the effects of oral tolvaptan in subjects with non-acute hyponatremia
in euvolemic or hypervolemic states. A total of 243 subjects were randomized from 50 active
study sites.
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Subjects were consented and screened 1 to 2 days prior to potential randomization or on the same
day as randomization (Day 1). If the subject was screened and randomized on the same day, the
screening procedures were considered baseline. Subjects who met inclusion and exclusion
criteria were randomized to either placebo or 15 mg tolvaptan. Subjects who entered the study
with a serum sodium value < 130 mEq/L (mmol/L) could have been fluid restricted if necessary,
at the discretion of the investigator. Subjects who were randomized during a hospitalization
remained in the hospital or inpatient observational unit after Day 1 until the investigator
determined that the subject could be discharged. Once discharged, the subject returned for
outpatient visits on a weekly basis until a total of 30 days of treatment was completed.
Outpatients could also have been randomized into the trial, if they were willing to be admitted
for the first dosing day. Subjects were required to stay over night in an observational unit or
hospital for at least 23 hours on Day 1.

Study drug was administered orally at approximately 0900 hours (dosing was acceptable
between 0700 and 1100 hours) for 30 days. During the study treatment period, subjects
continued their current medications, and may have been offered standard therapies for
hyponatremia as clinically indicated.

Study drug could be titrated, depending on the subject’s serum sodium levels. For subjects
randomized to receive 15 mg tolvaptan, dose titration to 30 mg and then 60 mg of study drug
occurred if the subject’s change in serum sodium level was < 5 mEq/L (mmol/L) from the
previous measurement (ie, from 22-24 hours) and was < 135 mEq/L. (mmol/L). Titration to the
next dose did not occur if the subject’s serum sodium level was > 135 mEqg/L. (mmol/L) or the
change in serum sodium level was > 5 mEq/L. (mmol/L) from the previous measurement (ie,
from 22-24 hours). If the serum sodium level increased at too great a rate (either > 12 mEq/L/24
hours [mmol/L/24 hours] or > 8§ mEq/L/8 hours [mmol/L/8 hours] on the first day, or if it
exceeded the normal range of 145 mEqg/L (mmol/L), the investigator was to take appropriate
actions to ensure the safety of the subject (ie, either hold the next dose, decrease study drug or.
diuretic dosage, and/or contact the medical monitor for guidance on withdrawal of the subject
from the study). The investigator could decrease the dosage during the 30-day treatment period
at his/her discretion; however, for subjects taking diuretics, the investigator was to first consider
a reduction in diuretic dose. A study drug titration scheme is provided in Figure 2.

Both Studies 156-02-235 & 156-03-238:

Depending on the subjects’ clinical condition, the option of initiating fluid restriction (all fluids)
for subjects with serum sodium level < 130 mEg/L (mmol/L) to 1 L/day was available at the
investigator’s discretion. If possible, fluid restriction should have been withheld for at least the
first 24 hours in order to determine the rate and magnitude of serum sodium level change.

Subjects who discontinued from the study early were to complete all of the Day 30 assessments
on or near the date of early termination. A safety follow-up visit was performed at least 7 days
after the last dose of study medication. Figure 1 presents the study design.

An SOC composed of 2 independent clinicians, an independent subject advocate, and a
biostatistician was utilized for this study and for the other studies in the phase 3 hyponatremia
program (studies 156-02-235 and 156-03-244). Collectively, the members of the SOC had
experience in the management of patients with hyponatremia and in the conduct and monitoring
of randomized clinical trials. The SOC was responsible for safeguarding the interests of study
subjects, assessing safety of the interventions during the trial, and for monitoring the overall
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conduct of the study. The SOC could also make recommendations relating to the ongoing
selection, recruitment, management, and retention of subjects, improving adherence to protocol-
specified regimens, and the procedures for data management and quality control. The SOC was
scheduled to meet annually as deemed necessary and appropriate by the SOC Chair.

Figure 1: Clinical Trial Design for Studies 156-02-235 and 156-03-238
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Figure 2: Dose Titratrion Schematic for Studies 156-02-235 and 156-03-238
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1.2.2 Sponsor’s Results

The sponsor did not explore the relationship between baseline serum sodium concentrations and
the individuals responsiveness to tolvaptan. This question is addressed further under
“Reviewer’s Analysis”.
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2  REVIEWER’S ANALYSIS: QUESTION BASED REVIEW
2.1 POPULATION PHARMACOKINETICS

2.1.1 What are the major covariates affecting pharmacokinetic parameters?

Population pharmacokinetic (PK) models were developed for three different disease scenarios:
hyponatremia of any origin, hyponatremia with CHF, and CHF. The sponsor’s population
pharmacokinetic models identified several covariates affecting clearance and volume of
distribution (Table 10 to Table 12). The effect of disease status is listed in Table 10.

Table 10. Typical values for apparent clearance, volume of distribution, and half-life as
reported from the final population PK model parameter estimates.
Hyponatremia  CHF

CL/F (L/hr) 10 7
VIF (L) 143 84
T1/2 (hr) 10 8

Table 11. Values for apparent clearance, volume of distribution, and half-life after correction
Jor the influence of body weight in patients with hyponatremia of any origin.

35kg  70kg 150kg

CL/F (L/hr) 8 10 13
VIF (L) 74 143 276
T1/2 (hr) 7 10 14

Table 12. Values for apparent clearance, volume of distribution, and half-life after correction
Sfor the influence of hepatic impairment (Child-Pugh scores B=moderate or C=severe) in
patients with hyponatremia of any origin.

Normal Moderate/Severe

CL/F (L/hr) 10 8
VIF (L) 143 213
T1/2 (hr) 10 18

Creatinine clearance had no significant impact on clearance of Tolvaptan. The range of
creatinine clearance values from patients with hyponatremia or hyponatremia and CHF were
between 9.5 and 150 ml/min. There were 198 patients with normal, 169 with mild, 100 with
moderate, and 33 with severe renal impairment. For the CHF data set there were 345 patients
with severe, 957 with moderate, 961 with mild renal impairment and 363 individuals with
normal renal function.

2.1.2 Isit necessary to adjust dose based on identified covariates?
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Given the relatively small magnitude of covariate effect on apparent clearance (<30%, Table 10
to Table 12) and efficacy (serum sodium level)-based dose titration, adjusting dose based on
these PK covariates is not necessary.
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2.2 HYPONATREMIA EFFICACY TRIALS

2.2.1 TIs the proposed dosing of Tolvaptan effective for Hyponatremia?

There appears to be a clear increase in serum sodium concentrations following 15-60 mg
Tolvaptan QD, when compared to placebo response in phase 3 studies 238 and 235 (Figure 3).
Treatment is once daily for 30 days with dose titration increasing dose if the change in serum
sodium from baseline was less than 5 mM and the serum sodium concentrations were below 135
mM. After day 30 when treatment stops, the effect is confirmed by a drop in serum sodium
concentration to a level that is similar to what was observed in placebo group. The rise in
placebo is attributed to restricted fluid intake to no more than one liter per day. This restriction
was not done for the first study day to prevent too rapid a rise in serum sodium concentrations.

Figure 3: Time course of tolvaptan response in studies 238 and 235 (mean + SE).
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It is evident from Figure 3 that Tolvaptan effectively increases serum sodium concentrations to
the normal range of health individuals (135-145 mM).
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2.2.2 Is tolvaptan effective for patients with lower baseline serum sodium concentrations?

Data from phase three studies 2-235 and 3-238 were analyzed separately for this analysis. All
longitudinal data from study day 0 up to day 30 for both placebo and treatment data were fitted
with sigmoid Ena model (Equation 1). Response was the change from baseline of serum sodium
concentrations. The base structural model independent of error was parameterized as:

Emax placebo -Time
ET = , Placebo
+ Time
Serum Sodium Change from Baseline = % . (Equation 1)
max,treatment ) Tlme
: - , Treatment
ET,, + Time

where Time is the time after dosing in days and ETs is the time at which half the maximal
response for placebo (Emax placebo) OF for treatment (Emax treatment) 1S reached. Since the doses were
adjusted to achieve a target level of serum sodium concentration (between 135 and 145 mM), the
maximum response corresponds to a steady state response. The objective of this analysis was to
determine whether a larger change in serum sodium concentration can be achieved for a patient
with lower baseline serum sodium concentration in order to reach the target. Exploratory analysis
indicates a greater responsiveness in individuals with a lower baseline, which is consistent with -
the experimental design. The model parameter E;.x was used as the individuals measure of
responsiveness to tolvaptan and was modeled as a function of baseline serum sodium (BSLN,
Equation 2).

E,. =INT+SL-(BSLN-BSLN__. ) (Equation 2)

The intercept is defined by INT and slope by SL. The median of the baseline values is indicated
by BSLNpegian and was 130 mM and fixed during the model fitting. The covariate BSLN was
centered about this median in Eq. 2. Model fitting was performed using the FOCE algorithm of
NONMEM VI (Globomax, San Francisco, CA). Inter-individual variation was modeled on ETsg
and Emax parameters by an exponential relationship. Residual error was modeled using an
additive relationship. The final model fitting relationship for Emax and BSLN is shown in
Figure 4. The final model parameters are presented in 7able 13.

378



Tolvaptan: NDA 22275

Figure 4: Final model fitting of E ... dependent on baseline serum sodium for studies 235 and
238, with Tolvaptan (top row) and with placebo (bottom row).
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In the final model, both Emax_ placebo a0d Emax; treament Were modeled as a linear function of baseline
serum sodium concentration (
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Figure 4). Figure 2 shows that for individuals with lower baselines a greater response is
observed. The modeling results indicate that, by average, a patient with lower baseline serum
sodium will have a larger response. For example, a patient with a baseline of 120 mM is
expected to have a response of 16 mM, reaching a steady state serum sodium concentration of
136 mM. This trend in the data and model parameter estimates were similar across both phase
three studies. While individuals with lower baselines may be expected to have a greater
response, this is largely due to the need to treat the patient further to a target normal serum
sodium concentration. Patients who are closer to this normal level to begin with would
conversely need less therapy to achieve the target response. It is clear, however, that tolvaptan is
effective for returning serum sodium concentrations to between 135 and 145 mM in patients with
hyponatremia regardless of their baseline serum sodium concentrations.

Table 13. Parameter Estimates for Studies 235 and 238.

Study 235 , 238
Number of Subjects 198 240
Number of Observations 1341 1555
Parameter Estimate (%RSE) | Estimate (%RSE)
INTjacebo (mM) 2.37 24.3 2.37 214
INTioivaptan (mM) 8.22 6.3 8.37 54
SL placebo 0.57 31.3 0.39 30.3
SLolvaptan 0.90 16.7 0.74 23.3
BSV Ex (CV%) 3.99 2.8 4.24 4.0
ETs (hr) 4.17 16.3 2.70 14.9
BSV ETjso (CV%) 0.76 1.98 0.73 1.6
Residual Variability (mM) 8.34 6.70 8.22 7.0

BSV: Between Subject Variability
RSE: Relative Standard Error
INT: Intercept

SL: Slope
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2.2.3 Is dose-adjustment required for patients with impaired renal function?

It was hypothesized that reduced renal function as indicated by creatinine clearance might mean
less aquaretic effect and less water removal, which may lead to less effect on serum sodium. The
average change of serum sodium concentration at day 30 from baseline was plotted against
baseline creatinine clearance for each individual (Figure 5). Figure 5 did not indicate any
apparent relationship between serum sodium response following treatment and baseline

creatinine clearance.

impairment.

Therefore dose-adjustment is not required for patients with renal

Figure 5: Serum Sodium Response — Baseline Creatinine Clearance Relationship
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2.3 DOES TOLVAPTAN PROLONG THE QT INTERVAL?

The text and figures relevant to question 1 are taken from the IRT-QT group’s assessment of

Tolvaptan .
(http.://eroom.fda. gov/eRoom/CDERI/CDERnterdisciplinaryReview TeamQTGroup/0_ef7c).

The relationship between QT (raw and different correction methods) and RR interval at baseline
is illustrated in the Figure 6. The Federicia’s and Individual correction seem to be reasonable.

Figure 6: QT (Raw QT measurements, Bazett’s, Fridericia’s and Individual corrected QT)-RR
interval relationship
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The comparative time course for mean AAQTcF on Day 1 and 5 are illustrated in Figure 7. It
appears that tolvaptan does not prolong the QT interval at both the studied doses.
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Figure 7: Time course of mean A4 QTcF

Moxifloxacin ==

Tolvaptan 30 mg
Tolvaptan 300 mg

Mean (30% Cl) QTcF Change from Baseline and Placebo Adjusted (ms)

Time (hours)

Figure 8 illustrates no relationship between Tolvaptan concentrations and AAQTcF. The mean
(upper CI) effect at mean Cmax (982.5 ng/mL) after supratherapeutic dose is 3.1 (5.6) ms.
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Figure 8: Concentration-AAQTCcF relationship

g Tolvaptan 30 mg "

=~ Tolvaptan 300 mg ©

O l [ | [ [

£ . o

2 0

S 40 - -
Q

£

o o

8 20 -
o]

c

L]

2 o
ol O

=

o

=20 —
2 ;|

[

g o

S | | | I T

2 0 , 500 1000 1500 2000

e

Tolvaptan concentration (ng/mL)

Moxifloxacin increased the AAQTcI interval by 12.3 ms with lower bound of 95% CI of 6.1 ms
at 2 hours after dosing on Day 1. At steady-state on Day 5 moxifloxacin increased the AAQTcI
interval by 16.7 ms with lower bound of 95% CI of 9.4 ms at 1 hour after dosing on Day 5.
These results are consistent for moxifloxacin following a single dose as well as at steady-state
indicating that the study was adequately designed and conducted to detect an effect on the QT
interval.
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CONCLUSION

I. A clear increase is observed on serum sodium concentrations after treatment with
tolvaptan when compared to placebo.

2. Major covariates affecting pharmacokinetics are body weight, liver function (indicated by
the Child-Pugh score) and disease status. Typical values of clearance were higher at 10
L/br for individuals with hyponatremia when compared to patients with CHF (CL = 7
L/hr).  Values for the volume of distribution were primarily dependent on liver
impairment (1.5-fold increase) and proportional to body weight.

3. The individual responsiveness to tolvapatan was correlated with baseline serum sodium
concentrations. At lower concentrations a greater response was observed and sufficient
to return the patient to normal serum sodium concentrations within the studied patient
population. For all baseline serum sodium levels observed in the studies, tolvaptan is
generally effective in returning the serum sodium to between 135 and 145 mM.

4. No clear relationship between baseline renal function as indicated by creatinine clearance
and effect on serum sodium concentrations was observed. Dose adjustment based on
renal-impairment is not necessary.

5. There does not appear to be an increase in prolongation of the QT interval after tolvaptan
administration at 5 times the maximum recommended therapeutic dose (60 mg).
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