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1 Executive Summary

1.1 Recommendation

The Office of Clinical Pharmacology and Biopharmaceutics / Division of Clinical
Pharmacology and Biopharmaceutics 11 (OCPB/DCPB-II) has reviewed Amendment to
NDA21-697 (conivaptan HCI) and finds it acceptable. The Recommendation should be
sent to the sponsor as appropriate.

1.2 Phase IV Commitments

None

1.3 Summary of Clinical Pharmacology and Biopharmaceutics Findings

Conivaptan is a non-peptide antagonist of arginine vasopressin (AVP), also known as an
antidiuretic hormone (ADH). 1t will be the first in the class if conivaptan is approved by
the Agency.

An approvable letter was issued on November 30, 2004 with several deficiencies
including insufficient number of patients for safety analysis. The letter also stated that

the sponsor should evaluate an optimal dosage regimen.

The sponsor compiled safety data with a total of 404 patients who received IV conivaptan.

r ‘ E ~\ R - - 7
L. ' — The lower effective dose

seemed to have comparable efficacy and safety to that of the original proposed dosage

regimen (Table 1). r
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Table 1 Preliminary efficacy results between 20mg/day and 40mg/day infusion

Efficacv Yariable Cenivaptan Conivaptan
20 mg/day 40 mg/day
n=2} n=115
Primary Efficacy Endpoini
Baseline Adjusted Serum Sodium ATUC over Duration of
Treatment (mEq-hrL)
Mean (SD) 770.5 {446.85) 631.4(403.39)
Secondary Efficacy Endpoints
Number of Patients and Time to confirmed 24 mEqg/L increase
fromn Baseline Serum Sodinm .
a2 {%) 15 {71.4%) 96 {83.5%)
Median time (h) 240 24.6
[93% CI) [6.8, 60.0] {240 36.0]
Total time (h) to 24 mEqg/L increase in Serum Sodium
Mean {SD) 61.3{37.77) 59.6 (33.10%
Serum Sodium (mEq/L)
Baseline mean (SD)- 122.1 (4.81) 1241 {4.40}
Mean {SD} at end of treatment 1323391 132.4{423%
Mean Change (SD} from Baseline to Ead of Treatment 10.2 5.46) 83529
Mean (SD) at Follow-up Day 11 130.3 (739 1320{371)
Mean Change {SD} frons Baseline to Follow-up Day 11 7.8{9.60) 8.0 (6.55})
Mean {SD} at Follow-up Day 34 1335 (4.29) 1343 {404
Mean Change (5D] from Baseline to Follow-up Day 34 13.1{6.98) 103 {647
Number (%) of patients with 26 mEq/L increase from Baseline
in Serum Sodium or a Normal Serum Sodium Concentration 13 (71.4%) 84 (73.0%)
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Figure 1 Mean change in serum sodium concentration from the baseline to each
measurement time by treatment
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Figure 2 Mean change from the baseline in effective water clearance by treatment group

Two recommendations in the AE letter were made by the OCPB in line with evaluation
of the optimal dosage regimen; 1) evaluation of the relationship between creatinine
clearance and PD endpoints, and 2) evaluation of optimum loading dose. The detailed
recommendations and the sponsor’s responses were as follows:

OCPB Recommendation 1

The exposure-response relationship for conivaptan may vary with renal function. A
systematic analysis of the relationship between pharmacodynamic response (e.g., free
water clearance) and creatinine clearance is needed.

Sponsor’s Response

The sponsor evaluated the relationship between creatinine clearance and PD endpoints
such as free water clearance, effective water clearance, and serum sodium change.
Representative results were shown in Figure 3 and 4, and correlation coefficients were
summarized in Table 2. There was a modest proportional correlation between creatinine
clearance and PD endpoints. The results indicate that the apparent dose-response of
conivaptan seems to be shifted to a relationship with reduced efficacy in patients with
reduced renal function.

The sponsor proposed no dose adjustment for patients with renal impairment. However,
the dose adjustment should be considered based on safety concerns because exposure of
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conivaptan may be increased in the patients compared to that of healthy subjects

according to results after oral dosing.
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Table 2 Correlation between baseline creatinine clearance and PD measurements at 24
hours (Study 087-CL-027)

Placebo | Conivaptan | Conivaptan
40mg 80mg

Change in FWC N 11 10 9

Coefficient -0.04 0.76 0.56
Change in EWC N 11 10 9

Coefficient -0.46 0.84 0.58
Change in serum N 24 27 26
sodium

Coefficient -0.23 0.14 0.08

OCPB Recommendation 2

The need for an initial intravenous loading dose of conivaptan is not clear, given its
pharmacokinetics. Submit data to justify a loading dose (e.g., data on the efficacy with
and without an initial bolus dose). Include justification for the dosing used during this
bolus.

Sponsor’s Response

Conivaptan plasma concentration after the loading dose was about three-fold higher than
that after infusion for 4 days, and the high concentration may be related to safety events
such as hypotension and injection site reaction. The sponsor proposed a study (with or
without a loading dose) as part of a Phase 4 Commitment. In addition, the sponsor
claimed that the loading dose did not show clinically significant first-day safety issue.
For example, onset day of hypotension was 1.5 day and 2 day during the treatment of
40mg/day and 80mg/day infusion.

There were other recommendations in the AE letter without approvability contingency.
The recommendations and the sponsor’s responses were as follows:

Recommendation 1

Exploration of methods for decreasing the incidence of infusion site reaction is
recommended.

Response
The sponsor proposed the following labeling: “Administration of VAPRISOL through

large veins and change of the infusion site every 24 hours is recommended to minimize
the potential risk of vascular irritation.”
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Recommendation 2

Conivaptan exposure in patients treated with the proposed dosage regimen was not well
characterized in the NDA. Conivaptan plasma concentrations were measured
predominantly at the end of infusion in the pivotal Phase 3 study entitled “A 4-Day,
Double Blind, Placebo-controlled Multicenter Study of IV YMO087 (CI-1025) to Assess
Efficacy and Safety in Patients with Euvolemic or Hypervolemic Hyponatremia.” These
data are inadequate to characterize the pharmacokinetics of the drug when used as
proposed. Please characterize conivaptan exposure in the target population(s) if there are
any on-going or planned clinical trials. Sampling every 24 hours during infusion is
suggested to characterize conivaptan pharmacokinetics in target patients,

Response

Pharmacokinetics of conivaptan in the target patients after the proposed dosing regimen

was characterized in the Study 087-CL-80, and results were summarized in the following

table. Blood samples were collected at 1, 4, and 24 hours on Day 1, 24 hours on Day 2,

and 1, 2, 7, 12, and 24 hours on Day 5 (post-treatment). Age range was between 63 and

87 years (n=14).

Table 3 Conivaptan pharmacokinetic parameters after 20mg 1V loading dose and 40mg/day
infusion for 4 days (Study 087-CL-080).

IV Conivaptan
Parameter 40. mg/dav§
{n=14)
Conivapian concentration at 6.5 hours {(ng/mL)%
Mean = SD 786.36 = 302.883
Median 781.08
Range D e—
Conivaptan concenfration at 96 hours {ng/mL)2
Mean £ SD 41921 = 488218
Median 227.51
Range ) SE——
AUCy ¢i{ng hr/mL)
Mean+ SD 3146540 33560711
Median 19119.07
Range m——
Elimination Half-life (h3
Mean += SD 1063+ 53549
Median 86
Range i
Clearance (L/hr)
Mean + SD - 138812984
Median 9351
Range e —

§ Dosing regimen included a 20 mg leading dose.

T end of the leading dose.
I end of the 4-day infusion
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Recommendation 3

Special population studies, using the full dose planned for labeling, are needed in the
elderly and in patients with hepatic impairment.

Response

Pharmacokinetic parameters in Table 3 were mostly from elderly patients, and the results
appear to be comparable to those of healthy subjects. For example, mean conivaptan
plasma concentration at the end of infusion was 188 ng/ml and 228 ng/ml for healthy

subjects (Day 3) and elderly patients (Day 4), respectively.

The sponsor is evaluating study designs for the pharmacokinetic study in hepatic
mmpaired patients.

Recommendation 4

A warfarin interaction study is recommended, using the full dose proposed for labeling.
Response

A protocol is being developed.

Recommendation 5

[ — 3

Response

The issue was addressed in the sponsor’s response to one of Agency’s major
recommendation.

Recommendation 6

In Study 087-CL-027, multiple protocol violations occurred in which subjects received
prohibited CYP3A4-metabolized drugs. The fact that subjects received other CYP3A4
metabolized drugs even in a highly controlled clinical trial setting calls into question
whether restriction to short-term use in hospitalized patients will be an effective means of
managing the risk of CYP3A4 drug interactions in the less controlled setting of
community use. Consider proposing a risk management plan for further reducing the
likelihood that patients taking conivaptan will receive other CYP3A4-metabolized drugs.

Response
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The sponsor proposed labeling to provide information to health professionals. In addition
the sponsor plans to develop a proper Risk Management Plan.

Overall, the sponsor’s responses and proposals are acceptable.
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1 Executive Summary

1.1 Recommendation

The Office of Clinical Pharmacology and Biopharmaceutics / Division of Pharmaceutical
Evaluation-II (OCPB/DPE-II) has reviewed NDA21-697 (conivaptan HCI) and finds it
acceptable provided complete responses to CPB Comments be made. The
Recommendation and CPB Comments should be sent to the sponsor as appropriate.

CPB Comments

1. Exposure-response for conivaptan may be changed with renal function because
efficacy is likely to be dependent on renal function. It is essential to understand
exposure-response relationship in patients with significantly decreased renal function
(e.g., elderly SIADH patients, or patients with renal impairment). Therefore, it is
recommended to explore an association between efficacy and renal function. The
effect of renal function on efficacy may be evaluated using the relationship between
creatinine clearance and one of efficacy endpoints.

2. The proposed dosage regimen was not justified well as follows:

e Loading dose and amount of loading dose: In general, loading dose is not
recommended for drugs with a short half-life unless there is any clinical benefit.
However, the sponsor proposed the loading dose without reasonable justification.
For example, one of efficacy points (i.e., serum sodium change from baseline) did
not show benefits of a loading dose.

e Infusion time: The sponsor " and there was no
formal analysis on the optimal infusion time.

In these regards, it is recommended to provide reasonable justification on the

proposed dosage regimen including utility of loading dose and optimum infusion

time.

3. Exposures of conivaptan in target patients were not characterized well with the
proposed dosage regimen. Conivaptan plasma concentrations were measured
predominantly at the end of infusion in the pivotal Phase III study and those had
limited values due to non-linearity in conivaptan exposure. Therefore, it is
recommended to characterize conivaptan exposure in target population(s) if there is
any plan for clinical trials or on-going trial(s). Sampling in every 24 hours during
infusion is suggested to characterize conivaptan pharmacokinetics in target patients.

1.2 Phase IV Commitments

None
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1.3 Summary of Clinical Pharmacology and Biopharmaceutics Findings

Conivaptan is a non-peptide antagonist of arginine vasopressin (AVP). The AVP, also
known as antidiuretic hormone, conserves body water by enhancing electrolyte-free
water absorption through AVP receptor (V;) in the renal collecting duct. The AVP is
released from the posterior pituitary and three subtypes of AVP receptor have been
identified in several tissues: 1) V, receptor in the kidney, 2) V;, receptor in smooth
muscle including blood vessels, and 3) Vg receptor in the adenohypophysis. Conivaptan
is a V; antagonist.

The proposed indication is for euvolemic or hypervolemic hyponatremia and conivaptan
is the first in that class. Euvolemic hyponatremia is defined as normal total body sodium
and 1increased total body water without signs of edema or volume depletion.
Hypervolemic hyponatremia is defined as total body sodium is increased, but total body
water is increased to a greater extent. Conivaptan is expected to normalize serum sodium
concentration (primary efficacy endpoint, Figure 1) S ——

o
Patients with syndrome of inappropriate antidiuretic hormone (SIADH) have been
1dent1ﬁed as one of target populations. [ ]
< ———
-

Serum sodium

change from Iy i HERE ST L A ! proposed dosing
baseline e - {
2 A e ¥
(mEg/]) HE B G- i . placebo
R Y e e o 3 \i § E . E
Time (hr)
Figure 1 Mean change of primary efficacy endpoint (serum sodium) after the proposed

dosing (data from the proposed labeling)

The sponsor G
wmsss=— 7  intravenous administration. c

Agency raised safety concerns on possible drug interaction with strong CYP3A4
inhibition potential of conivaptan. There were three pivotal Phase IlI studies; one study
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with IV dosing (number of patients on conivaptan was about 49), and two studies with
oral dosing. The results of two oral studies were to be the major supportive data for
safety findings of conivaptan based on assumption of similar exposure between two
routes of administration '

-

—
A total of 37 studies were included for review of the clinical pharmacology and
biopharmaceutics (CPB) section in the NDA as follows:
e 10 studies for healthy subject pharmacokinetics (PK),
e 2 studies for patient PK,
¢ 3 studies for intrinsic factors (elderly, hepatic impairment, and renal impairment),
e 13 studies for extrinsic factors,
I population PK study, and
6 studies for patient PD and PK/PD.
2 amendments
o 1 study for the conivaptan effect on QT prolongation
o 1 study for absolute bioavailability

Of 37 CPB studies, two studies used the same as the proposed dosage regimen and one
study used similar to the proposed dosing (20mg loading dose and 40mg/day for 3 days).
Several pieces of CPB information were extrapolated from results obtained after oral
dosing. A typical conivaptan plasma concentration-time profiles after oral and the
proposed dosage regimen were shown in Figure 2 (Study 083).

Subj=0001

10000 - 7

100.0
10.0

01l
0 50 100 150 200 250

time

conc

-~ IV Conivaptan 40mg
—3~ Oral Conivaptan 40mg

Figure 2 Representative plasma conivaptan concentration-time profiles from a subject
(square for the oral dosing and line for the proposed dosage regimen).

Representative primary pharmacokinetic (PK) parameters from the IV dosing (i.e., 20mg
loading dose for 30minutes and 40/day infusion for 3 days) were summarized in Table 1.
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Table 1 Summary of conivaptan PK parameters (Study 074)

Parameter Mean (SD)

Cinax (ng/ml) 618.93 (104.67)
AUCq.g4 (ng h/ml) 10640.35 (4314.61)
Ty (hr) 4.99 (1.37)
AUC.inr(ng h/ml) 10740.11 (4375.56)
CL (L/h) 15.18 (6.69)

The partial AUCs (AUC at each day) were increased with time and it indicated non-linear
PK with time because accumulation was not expected based on the short half-life. In
addition, there was non-linearity between steady-state concentrations after infusion -
(Css,inr) and doses. The non-linearity might be due to auto-inhibition in metabolism
and/or p-gp.

The major route of elimination was fecal excretion (about 83% total radioactivity) and
about 12% of total radioactivity was found in urine after oral (20-mg solution) and IV
(10-mg in Sminutes) administration. The responsible metabolic isozyme was CYP 3A4.
Mean absolute oral bioavailability (F) was reported ranging from 28% to 44% in three
studies, and it appeared to be dependent on doses due to non-linearity in PK.

The effect of intrinsic and extrinsic factors on conivaptan exposure was shown in Figure
3. Conivaptan exposure was affected by intrinsic and extrinsic factors. Particularly,
ketoconazole significantly increased conivaptan exposure (11-fold by AUC) when both
were administered orally. In addition, conivaptan increased significantly exposure of
sensitive CYP3A4 substrates (e.g., midazolam and simvastatin). The results indicate that
conivaptan is a strong CYP3A4 inhibitor as well as a sensitive substrate of CYP3A4.

Intrinsic Extrinsic
factors factors
< < >
2400 1 Oralnv
Oral/IV conivaptan on
[ conivaptan oral/I
g’ 1900 4 on oral/IV simvastatif| and Ketoconazole
g midazolam simvastatigfacid on conivaptan
o
o 1400 < l
2
< .
<o 9004 VC: Iv conivaptan
° IVM: IV midazolam
g POA. oral amiodarine
® 4004 : 2-fold POC20: oral conivaptan 20mg
= HN 3 ] B R _ change POCA40: oral conivaptan 40mg
HHENRER E E] A& E POCap: oral captopril
100 - ey T o .’m.<. Ty o POD: oral digoxin
2 88338°2 2885%8% 8 83383 POK: oral ketoconazole
s = E: goaxpogaeOOnOLge g POM: oral midazolam
* T22208828258%88 POS: oral simvastatin
8 3 =888~ 2da48«caa POSA: simvastatin acid after POS
a o o o nO- 8 o
Factors
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Figure 3 Conivaptan exposure change (i.e., AUC) by intrinsic and extrinsic factors, and the
effect of conivaptan on exposure of other drugs; mean % change compared to AUC
in healthy subjects or control.

Conivaptan was a substrate and inhibitor of p-glycoprotein according to results of in vitro
studies.

A Phase I clinical study was conducted to estimate the effect of conivaptan on QT
prolongation, and results of analyses on heart rate corrected QT and outlier indicated that
there was no significant signal for conivaptan on QT prolongation.

Summary of CPB Issues
1. Exposure after the proposed dosing in the target population

Conivaptan exposure was not well characterized in the target population (i.e., SIADH)
after the proposed dosing. Sparse conivaptan exposure was measured (i.e., concentration
at the end of infusion) in the pivotal Phase III study but those showed limited value
because of non-linearity in conivaptan PK. For example, total exposure may not be
reasonably estimated using concentrations at the end of infusion.

Results from studies after oral administration indicated that conivaptan exposure in
patients was significantly increased compared to that in healthy subjects. However, it
was difficult to extrapolate quantitatively results after oral dosing to that after the
proposed dosing because degree of non-linearity in pharmacokinetics appeared to be
different between the routes of administration.

2. Dosing regimen / Dose-response

Justification on the proposed dosage regimen was not elaborated. For example, the
reason for a loading dose (i.e., 20-mg over 30-minutes) was not clear within the provided
information. In general, a steady-state will be reached in 24 hours infusion based on
conivaptan half-life (i.e., about 5 hours). It might be a clinical need for the loading dose
but it was not explicitly demonstrated. In addition, there was.no reasonable justification
on duration of infusion.

In general, exposure-response was not characterized well particularly using the proposed
dosage regimen. According to the reviewing clinical reviewer, a lower effective dose
will be recommended to be explored.

3. Effect of intrinsic factors (i.e., age, hepatic impairment, and renal impairment) on
conivaptan exposure.

There were the effects of intrinsic factors on conivaptan exposure based on results after
10mg oral dosing. In addition, conivaptan exposure was increased more than 2-fold in the
target population compared to that in healthy subject using cross study comparison after
oral dosing.
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It is difficult to extrapolate the above results in the target population with intrinsic factors
(e.g., SIADH patients with renal impairment) to the situation with the proposed dosage
regimen primarily because of non-linearity of conivaptan PK and dependency of non-
linearity to routes of administration.

4. One dosage regimen without adjustment

There was no proposed dose adjustment even though several factors (e.g., intrinsic
factors) increased conivaptan exposure significantly.

2 Question-Based Review (QBR)

2.1 General Attributes

2.1.1 What are the highlights of the physico-chemical properties of conivaptan?

Conivaptan is the first oral non-peptide ADH antagonist and its structure was shown in

Figure 4.
J j
0 /©)j\N _ - HCOI
N JNH
H
® S

Figure 4 Molecular structure of conivaptan (Molecular weight; 535.04 as the salt and 498.57
as free base, pKa, 6.4)

CH,

Aqueous solubility was 0.15mg/ml (very slightly soluble) and its solubility in

I . Y,

L— | N | J
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2.2 General Clinical Pharmacology

2.2.1 What are major findings of in vitro studies using human biomaterials?

e PROTEIN BINDING

Plasma protein binding of conivaptan was from ™ 95 /4 with conivaptan

addition, warfarin and salicylic acid did not interfere with conivaptan protein binding.
e METABOLIC PATHWAY

Based on results of microsomal studies (using specific substrates, and inhibitors), it was
concluded that 3A4 was the responsible isozyme for conivaptan metabolism. In addition,
conivaptan was a strong CYP 3A4 inhibitor with a submicromolar ICsq values. Detailed
results of in vitro studies are summarized in Section 3.4 Extrinsic Factors. Structures of
identified metabolites were shown in Figure 7.
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Figure 7
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Induction potential on metabolic isozymes was not evaluated.

Chemical structures of metabolites from all studies including preclinical

Among metabolites, only M1 showed equal potency to conivaptan in a receptor binding
study. Exposure of three metabolites were measurable after IV infusion for 3 days in
healthy subjects (Study 074), and AUCs were 120.75, 634.46, 10.24 ng*h/ml (n=8) for

M1, M2, M3, respectively. Conivaptan AUC was 10640 ng*h/ml.

Therefore, the

contribution of active metabolite, M1, was regarded as negligible with minimal in vivo
exposure (1.1% of conivaptan AUC).

e ACTIVITY ON TRANSPORTER

r
L

5
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2.2.2 What are the characteristics of conivaptan pharmacokinetics?

Conivaptan pharmacokinetics were characterized in healthy subjects. Conivaptan
appeared to be a low hepatic extraction ratio drug based on comparison of plasma
clearance (CL, 0.253 L/min) and the hepatic plasma flow (0.75 L/min) assuming
hematocrit as 0.5. Pharmacokinetic parameters based on similar to the proposed dosing
were summarized in Table 2.

Table 2 Summary of conivaptan PK parameters (Study 074, 20mg loading dose over
30minutes and 40mg/day continuous infusion for 3 days)

Parameter Mean (SD)

Chnax (ng/ml) 618.93 (104.67)
AUCq.g¢ (ng h/ml) 10640.35 (4314.61)
Ty (hr) 499 (1.37)
AUCy inr(ng h/ml) 10740.11 (4375.56)

CL (L/h) 15.18  (6.69)

Conivaptan pharmacokinetics (PK) were characterized after the proposed dosing in Study
083 and PK parameters were summarized in Table 3. Results of oral dosing (20mg BID
for 5 days) were included in the table from the same study (Study 083). Detailed
exposure comparison between oral and IV dosing is in the section of EXPOSURE
COMPARISON BETWEEN ORAL AND IVDOSING

Table 3 Summary of steady-state PK parameters (Mean (SD))
Oral Centvaplant® Oral ("m)i\-upmnh Ocal Conivaptan©
v, Conivaplan AM Dose P Dose S of AN and ™M

Parameter n i no) 26 n-20
Cavy ing mb; RIEIRVARIRI ! 12317 (88.301) 7306 0.3 98,41 (66.173)
ALy ingehoml} 303143172849 137803 1 1359.65) 876,67 (GU6.47d) N7738 (7907
CLoar CLT 1, ieuny 128216 849 HI3G2TI2H SRS (92.468) 49,17 (34.30%
Vd Ly 3TN 3251278 NA N/A NiA
LpiRenbourly G.U479 (3300 NA NiA NA
) ©2les12.540y NA NAA NA
£ {ALCss Ragior 1 (1.3778 4.2319 0.3063
o i AUCq results Tor ol AM dose normubized 6040 mg
b Cavg ami AUC g results Tor erab PM dose normatized to 483 mp

© Results Tar sum of AM and PM oral doses
o Raue of nenmatizcd oral AVCssAYV ALICss

LYt Sonree, Supsosisve |

The sponsor calculated AUC at steady-state (AUCss) using average concentration at
steady-state (Cavg) and dosing interval (tau) with the following equation:
AUCss = Cavg*tau
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The AUC calculation was based on an assumption of linear PK. However, conivaptan
showed non-linearity with time (refer the section for PK LINEARITY WITH TIME) and

thus PK parameter estimation by the above equation may not be accurate.

2.2.3 Is the major route of elimination identified?

The major route of elimination was identified as fecal excretion after IV and oral dosing.
About 80% of dose was found in feces as total radioactivity from both routes of
administration. About 0.4% and 1% of oral and IV dose was excreted in urine as
conivaptan and there was no quantitative assessment for conivaptan and its metabolites in

fecal excretion.

Results of a mass balance study (Study 061) were shown in Figure 8 and summarized in
Table 4.

140 -

—=— Urine, 20 my p.o.

130 -
120 ~

Faeces, 20 myg p.o.
Totaf, 20 mg p.c.

e UFing, 10 mg Lv
-~ Faeces, 10 mg Lv.
—a— Total, 1 mg iv

10
130 ~ .
90 I sm— e
E}o, 80 - z/’// —— _:.:“::-':-;;—wwv—-l.— —
E 7c 4 // L
; 60 i
77
B ol /i
L
Lo 4
Q
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72 95 126 144 168
*; arthmetic mean Time {h)

Figure 8 Cumulative excretion of radieoactivity in urine (circle), feces (square), and total
(triangle) after 1V and oral dosing.

Table 4 Summary of conivaptan PK parameters: Geometric mean (min-max)
Parameter 10mg IV 20mg PO
Cmax (ng/ml) 1010.8 | emmmmmmm—— 105.7 | gmmmummmm—
Tmax (h) 0.08 0.750
T1/2 (h) 5.00 (4.7-5.5) 5.1 yumm——
AUClast (ng h/ml) 528.82 o, 35259 4
AUCO-inf (ng h/ml) 533.19 . 357.42 -_—
Vss (L) 52.] ‘e
CL (V/h) 18.8
Ausine (% dose)* 1228 G 1153~ ~
Afeces (%o dose)* 79.85 @ e ) 83.68 \ .

*: total radioactivity
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2.2.4 Is conivaptan pharmacokinetics linear?

o With doses

A formal CPB study was not conducted to evaluate PK linearity with the proposed
dosing. In a QT study (Study 079), two infusion doses (40mg and 80mg) were used
with the same 20mg loading dose, and conivaptan plasma concentrations were
measured on Day 4 (n=40/treatment) for 24 hours. The results were shown in Figure
9. Plasma concentrations were ranging from — _and from ==
e . for 40mg/day and 80mg/day infusion, respectively. The ratio (80mg
over 40mg) of steady-state concentrations (Css) between two doses were about 4.
The results indicate that CL is decreased 50% by doubling the doses based on the
following equation:
' Css = infusion rate / CL

Therefore, it was concluded that there was non-linearity in PK with the proposed
dosing.

w0 5

Consemeraion (yml.)

] i n 14 i 23 Bl P33 E

Feane (ours)

Figure 9 Mean conivaptan plasma concentration on Day 4

Results after oral administration showed non-linear PK with doses and degree of non-
linearity was higher compared to that with the proposed IV dosing. Summary of the
results is in the Appedix.

o With time (Single dose vs. Steady-state)

Formal analysis was not done to evaluate PK linearity with time after the proposed IV
dosing. The means of partial AUC (daily AUC) were reported in Study 074 with
similar dosing to the proposed method and results were 2572.64, 2844.69, and
3960.92, for intervals of 0-24 hr, 24-48 hr, and 48-72 hr, respectively. Total daily
doses were 60mg for Day 1 (20mg loading+40mg infusion), and 40mg for Day 2 and
Day 3. The partial AUCs were increased with time and it indicated non-linear PK
with time because the accumulation was not predicted with a short half-life of
conivaptan. '
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There was significant accumulation after multiple oral dosing and degree of
accumulation was dependent on doses. The results indicated non-linearity with time
after oral dosing and results are summarized in the Appendix.

2.2.5 Is conivaptan pharmacokinetics in target population different from that in
healthy?

Major target populations are patients with hyponatremia due to syndrome of
inappropriate antidiuretic hormone (SIADH) or congestive heart failure. Conivaptan
exposure data in the target population was not well characterized.

Average conivaptan plasma concentrations at the end of treatments were reported in the
pivotal Phase Il study (Study 027) as 376 and 1777 ng/ml after 40mg and 80mg/day
infusion, respectively (Section 2.5.3.2.4). The corresponding plasma concentrations in
healthy subjects were 161 and 668 ng/ml (Study 079, n=40/treatment).  The
concentrations in patients were 2.3- to 2.7-fold higher than those in healthy subjects
depending on doses after oral or I'V bolus administration.

The concentration after 80mg/day infusion was about 4.7-fold higher than that after
40mg/day infusion in patients and the corresponding concentration increase with
increasing dose was 4.1-fold in healthy subjects. Therefore, the results indicated that
there might be similar non-linearity of conivaptan PK in patients compared to that in
healthy subjects.

In conclusion, conivaptan pharmacokinetics was significantly different between healthy
subjects and patients. Specifically, conivaptan exposure in patients was larger than that
in healthy subjects. However, it should be cautioned to interpret this exposure difference.

2.2.6 What are exposure differences between oral and IV dosing?

Although the proposed dosing was IV administration, exposure comparison between oral
and IV dosing was essential for conivaptan because there were two supportive Phase 111
studies for safety findings after oral doses and major studies for intrinsic and extrinsic
factors were based on oral doses. Therefore, exposure comparison was essential to
extrapolate appropriately results of oral dosing to those after the proposed dosing.

There were results of five studies for exposure comparison between 1V and oral dosing.
Three studies were designed for absolute bioavailability estimation and two studies were
based on cross study comparison using a population pharmacokinetic approach (Study
075 and 082).
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The sponsor withdrew study reports using a population PK approach on July 19, 2004
because the sponsor concluded that the results did not meet objectives with flaws in the
modeling.

The sponsor reported absolute bioavailability as 35% (Study 061; IV=10mg in 5 minutes
and PO=20mg, n=4), and 44% (Study 015; IV =60mg in 30 minutes, PO=60mg, n=6)
based on single doses. In addition, mean AUC ratio (oral/lV) was reported as 0.28
(Study 083). The estimation of absolute bioavailability was based on the same clearance
between routes of administration and the assumption was not warranted for conivaptan
because of degree of non-linearity and it was dependent on routes of administration.

Representative pharmacokinetic parameters after IV dosing (infusion of 3.0
microgram/kg/ml for 3 hours) were 1548.9 ng*h/ml, 343 ml/min/kg, and 4 hours for
AUC, CL, and half-life, respectively (Study 008, n=4). Pharmacokinetics after oral dose
was characterized and representative results were summarized in Table 5 (Study 083). A
single dose PK was estimated after the first dose of 20mg and steady-state PK was
estimated on Day 5 after 20mg BID (ql12h). Exposure after oral dose as AUC after
normalized by dose was significantly lower than that after the proposed dosing. .

In conclusion, 'conivaptan exposure after the proposed dosage regimen seemed to be
about 3-fold higher than that after similar oral dose.

Table 5 Conivaptan PK parameters after oral dosing

AM Dose Lrav 1 AM Dose Day 3 PM Dase Day 3

Paraineler 13721 20 1 20

Cay g
Cinin (13

Cavg tag'mb ‘ | j
Tmay thour )&
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AU 7 or ALIC,,; ingehrimi s

CLA (Lfhoury \
7., (REdthour-D ‘
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2.2.7 What are major findings about exposure-response?

Primary efficacy endpoint is change in serum sodium from baseline over the duration of
the treatment phase as measured by the area under the serum sodium effect curve (AUC).
Secondary endpoints were serum sodium measurements, free water clearance (FWC), and
effective water clearance (EWC). FWC is an adjusted urine output with solutes levels
including urea (level of urea is function of diet and renal function). EWC'is urine output
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adjusted with relevant electrolytes to the treatment effect. The followings are formulae to
calculate FWC and EWC:

Uri
FWC = (Urine oulpu[)x(] __Yrine,, )

Plasma,,

Urine,, +Uri
EWC:(Urineoulput)x(]_ rine, + Urine, J

Plasma , + Plasma

Urine output is regarded as a general indicator of efficacy. However, it is confounded by
many other factors (e.g., fluid intake, and changes in cardiac function) that are not related
to drug treatment.

Major safety issues were injection site reactions, hypotension, thirsty, and renal
dysfunction.

The sponsor did not plan to conduct any formal dose-response analyses. Three Phase 111

studies were conducted as follows:

e Pivotal study; 20mg over 30minutes + 40mg/day or 80mg/day continuous infusion for
4 days (Study 027, n=29 for 40mg/day, n=26 for 80mg/day, and n=29 for placebo)

e Supportive two studies (oral dosing); 20mg BID or 40mg BID for 5 days (Study 026;
n=74, and Study 043; n=83)

Results from the pivotal study on the serum sodium from baseline were shown in Figure
1 and results of statistical analysis on the primary efficacy endpoint from all studies were
summarized in Table 6. It appeared to be no dose-dependency on the primary efficacy
endpoint. '

Table 6 Results of comparison on primary efficacy endpoint (changed in serum sodium
AUC from baseline) with doses
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Drug effect after oral doses seemed to be superior to that after IV doses according to the
above table, and there was similar trend in urine output according to cross study
comparison of Phase I studies as summarized in Figure 10. Time averaged exposure (i.e.,
AUC) may not explain the difference in the primary efficacy endpoints between routes of
administration because AUC after oral administration was lower than that after IV dose.
Efficacy might be a function of input rate as it can be exemplified with furosemide and
nifedipine.
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Figure 10 Cumulative urine volume up to 24 hours after dosing. Closed circle is for oral

(Study 009) and open circle is for I'V (Study 013) administration

Page 19 of 60



The sponsor referred Study 025 as a pilot dose exploration study for the pivotal study. In
the study, the patients received 20mg loading dose over 30 minutes and subsequent
continuous infusion either 20 (n=4), 40 (n=4), or 80mg/day (n=3) for 2-4 days. The
results on major efficacy endpoint were summarized in Figure 11.
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Figure 11 Average serum sodium levels (left panel), mean urine output (middle panel), and
mean free water clearance (right panel) (Study 025)
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It appeared that there was no clear dose-response relationship.

2.2.8 Is there exposure related QT prolongation effect?

Among safety issues, the electrocardiographic (ECG) effect of conivaptan was assessed
using a quantitative method (Study 079) and thus included in CPB review.

The effect of conivaptan on QT prolongation was assessed using a placebo- and positive-
controlled, paralle] study in healthy subjects (n=40/treatment). Individually corrected QT
(QTcl) was the primary endpoint, and the major secondary endpoints were Bazett’s
(QTcB), and Fridericia’s (QTcF) formulae corrected QTs.

-Study treatments were summarized in Table 7.

Appears This Way
On Criginal
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Table 7 Description of study treatments

Freatment Discriphion

cosvapian 20 mg bolus s & 30-mipute TV holus of 2 me conivaptan olowed by a contmusus
mfusion of 40y {1X chnsesd dosed of conivaplan on Dayv 1. Continuous
Hi mig conunuous mfusion mifusions of 40 medd convaplan on Dayvs 2 through 4

comivaptan 20 mz bolus Swgle 30-mimute TV bolus of 26 mg contvaptan Tollowed by a continuous
+ wlosion of 80 me (2X clinseat dosey of conivaptan on Dov 1. Conlinuous
R mg continuous nfusion wlovions of 8 mgad convaplan or Dayvs 2 through 4

moxiffoxgent # mg A sinzle oi-nunute JV dose ol mosilonacin 400 me followed by u 23-he
vonliznous miusion of placebo on Days 1 threugh 4

placebo 4 suecessive 24-hr continuous infusions of placebo on Dayvs 1 ihrough 4

Digital ECGs were obtained as average of triplicate samples at nominal sampling time
and methods of data analyses were acceptable. Detailed methods were summarized in the
Appendix (4.3.2 Study 079).

Conivaptan 80mg was chosen as a possible maximum tolerable dose in healthy subjects
and exposure was predicted to be about 4 times higher than that after 40mg.

Results on the primary and secondary endpoints were summarized in the Appendix.
According to moxifloxacin labeling, mean change in QTc from pre-dose was 9 msec on
Day 1 and 3 msec on Day 3 after 1 hour infusion. The current results with moxifloxacin
were comparable to the labeling information and thus it was concluded that the assay
sensitivity was appropriate.

It was concluded that there was no signal of conivaptan effect on QT prolongation. There
were no subjects reached the outlier criteria (i.e., absolute QTc of > 500msec, > 60msec
change from baseline). According to the reviewing Pharm/Tox reviewer, there was no
particular signal in a dog model after acute and chronic (i.e., 52 weeks) dosing.

Regression analysis was performed between conivaptan plasma concentrations and QTcl,
and it was concluded that there was no significant relationship between conivaptan
plasma concentrations and QTc based on slope = -0.0006 in the pooled data with
concentrations and QTcl.

2.2.9 Is there any quantitative PK-PD analyses?

A preliminary PK-PD modeling was attempted by the sponsor between plasma
conivaptan concentrations and fluid balance (ml/min) after oral administration without
documentation on detailed methods and individual data (Study 010). Fluid balance was
calculated as difference between the balance values in active and control periods, and
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negative fluid balance indicated a net diuretic effect. Typical sigmoidal Emax model was
employed to characterize relationship between fluid balance and plasma conivaptan
concentrations using WinNonlin, and ECsg of 205 ng/ml, Eg of 1.0 ml/min, E.x of -9.0
ml/min, and a shape factor gamma of 0.86 were estimated. The relationship between
fluid balance and conivaptan plasma concentrations were summarized in Figure 12. The
physiologic possible E.x is reported tobe  —

piasma conc. (ngiml)
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Figure 12 Relationship between fluid balance and plasma level as mid-point.

2.3 Intrinsic Factors
2.3.1 What intrinsic factors influence exposure?

Conivaptan exposure was increased by three intrinsic factors (age, hepatic impairment,
and renal impairment).

2.3.2 What is the exposure difference in elderly healthy subjects compared to
exposure in young healthy subjects?

Conivaptan exposure was estimated in elderly healthy subjects (n=6/treatment, age
ranging 65 to 90 years) after oral administration of three doses (15mg, 30mg, and 60mg,
Study 014). Results were summarized with exposure data of healthy young subjects from
other study (Study 010) in Table 8. Exposure in elderly subjects increased
disproportional to increasing doses and degree of non-linearity seemed to be higher in
elderly subjects compared to that in healthy young subjects.

Elderly subjects have 58% higher exposure as AUC after 60mg oral dose than young
subjects. Although exposure difference as AUC was 58% with large inter-subject
variability in this study, exposure difference in elderly patients is predicted to be larger
than 58% because exposure was significantly higher in patients compared to that in
healthy subjects. Therefore, there should be cautions to extrapolate the above results to
exposure estimation in elderly patients.
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Table 8 PK parameters of healthy young and elderly subjects

Pharmacokinetic Dose YOUNG subjects | ELDERLY subjocts
mﬂm i ] YMW [under fasting conditions]- | [under IMgﬂmdlbDﬂs]
mean C,,, (tange) bgml | 15 mg 193 T
E TS 234' .—' zw(‘ q
T mg 593 { T
mean AUC (’raug_r:)n&hfmi 15mg =Y TS
BN EGE
&0 mg 2417 L _l I L_,

" AUCs are exprested in ng.min'ml in the Pharmacokineric Snudv Report

2.3.3 What is the exposure difference in patients with hepatic impairment
compared to exposure in healthy subjects?

Exposure change in the hepatic impairment patients was evaluated with 10mg oral dose
(Study 060, n=8 for healthy subjects, n=12 for patients)

Dose of 10mg tablet was administered on Dayl after breakfast (approximately at
8:00AM), BID during Day 2 and Day 7 after breakfast and dinner, and approximately at
8:00AM on Day 8. Pharmacokinetics were evaluated on Day 1 (0-24 hours) and Day 8
(0-12 hours), and results were summarized in Figure 13 and Table 9. There were mild
(n=6) and moderate (n=5) sub-groups by Child-Pugh classification. '

Exposure by AUC was up to 2.8-fold higher in patients than that in healthy subjects.
There was no apparent protein binding difference between healthy subjects and patients.
The sponsor concluded that dosage to hepatic impaired patients should not necessary be
reduced.

The study results should be considered with clinical concerns with significant exposure
change.
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Figure 13 Relationship between Pugh score and AUC; on D1 (left panel) and on D8 (right
panel) (Subject 10 was excluded because of incomplete results from Day 1).

Table 9 Summary of PK parameters in healthy subjects and in patients with hepatic
impairment. Values in each cell are mean, SD and CV in bracket, range, and
median.

fos - Cowe - AUCWy o AUCT. Tiiny o,

S M) (ag/wl) - mghiml) o (mgdyed) o (B}

Healthy subjects NA NA NA NA NA 1 061
se-dose { e mnee

a—
; 038

Patients NA NAT . NA NA NATTTTT05S
ore-dose ' : S0 12 935

; -

: 0.57
98.3 5.53

Healthy subjects 0.95 047
day 1 (0.48, 50%) (40.5.41%) {(2.50.45%)(0.10, 20%)
: 50.2~153 (289114 031-057
T N 23.5 90.0 91.3 52 0.51
Paticnts, excl. 010 1.84 682 256 277 1 591 0.63
kay 1 {3.38. 184%) | (19.9,29%) | (190, 74%) ; (241, 87%) (1.06, 18%) [{0.18, 29%;}
0.67-120 | 43.6-108 | 130-760 @ 133-945 [ 4.58-8.1710.38-1.02
0.73 66.3 204 1 208 599 06!
[Panients, incl. 010 2.68 62.5 235 . NA NA® NA'
day 1 {4.35, 162%) § (27.3,44%) | {196,83%) °
0.67-120 ;| 008-~108 ; 02-760
0.87 660 94 : :
Healthy subjects 0.84 60.0 NA 144 352 1 062
Kay & (0.17.20%) | (24.2, 40%) (54.9, 38%) ((1.41, 40%) (0.1, :8%)
067 - 1.00 | 240889 62.2-220 {259 -691 045084
087 . 608 i 145 370 062
[Patients 1.07 98 I NA 328 1.83 0.68
Hay 8 (0.43,40%) | (593,61%) | (182, 56%) £0.88, 23%)(0.17, 25%)
0.50-205 : 35.7-225 | 134735 {2.67-5.361036-1.05
1.00 60 ¢ 275 3.67 0.68

'AUC = AUCou0 0n day 1, AUCe iz tn day §
* smee in gatient 010 ny teeminak phase was present, 80 AUCp. 0F bz cataid be calcubsted; £ could not be determined since the
careentration of the 20 plasma samphke was below LOQ.

2.3.4 What is the exposure difference in patients with renal impairment compared
to exposure in healthy subjects?

Dose of 10mg tablet was administered at 8:00AM before breakfast on Day 1, and BID
from Day 2 and Day 7 before breakfast and dinner, and before breakfast on Day 8.
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Conivaptan PK was estimated on Day 1 (0-24 hours) and Day 8 (0-12 hours). Results of
PK parameters were summarized in Figure 14 and Table 10. There was no significant
association between CLcr and conivaptan AUC (i.e., r square=0.089). Exposure by AUC
was up to 80% higher in moderate and severe renal impaired patients than that in healthy
subjects. The sponsor concluded that dosage to renal impaired patients should not be
necessarily reduced. However, there should be cautions in the interpretation of results
because the kidney is the target organ for conivaptan and PK-PD might be different in the

patients compared to that in healthy subjects.

Day. 8
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Figure 14 Relationship between creatinine clearance (CLcr; mi/min) and AUC; AUC on Day 1
(lower panel) and AUC on Day 8 (upper panel).
Table 10 Summary of PK parameters
tos Crur AUCu, Apc [ 1,
ih) {ng/mh) inphvml)  {ng.h'mi) {h} (%)
Healthy subjects : ©AS8
pre-dose . . . : 1006, 1 £%:)
NA NA N3, H NA N N iy
: NA 049 086
. . : ) o 0.57
PaRnts ) T s

30 < O, < 60 10,12, 22%

mlanin 173 m' Ra nA NA NA NA L Gas-076
Pl < ; : 9 g 2%
mbinin. £ 73 m’ NA Na A NA NA o
predose .o R . . T 464
Healthy subsjects 067 $6.0 DT s

CE42, 2T%) 10,10, 18%)
3040 -0.67
U - S

Dy | (005,255 12.4.27%;
0.50- 106 357. 672
L0687 wa

Panients ) D5 673 : ; H - 453
0 5 Cl, < 60 (017, 20%3 | (23,1, 33%3 | 193 36%) | 195, 56%) (070, 15 4012, 205}
mtimin. |73 m? G6T-EO2 | 414113 79.5.368  B01-37 V32580 :0.30- 068
Dayl e g6 s a6 . 056
Puticats a.77 $02 Lo 165 T3ms T psg
[05Cl, <30 (025 33%1 (8.6, 96%)  {150.92%) | OSLOIF) (103 26%)-(0.10, 18
eolimin, .73 o 055102 F 0B 115 350511 354 -$1T  235-527 6.42-07)
Dayt 08 553 127 120 120
jealihy subiects ars o 7ed T e s
3y § WIS20% AL SR (130, 65%) .45, 13%)
DE7- LOD 2hi-138 R 4L7-394 267 - 358

joo0e7  ees 1 L
Patiems 0.8 9% 8 ’ 252
B s Cle, < 60 (018, 22%  (I8.9,52%; < (165,67 (049, 145 (0. 11, 15
banin, 173 m® 067 103~ 516~ 208 A 104 - 637 153407 0.44-076
oy & R o <~ R o 344 D58
Patents 0.82 wWs oo M0 320 pge
105l < 30 92135%) (83 (L3 SR%S 6B 37 1793 1009, 145
i, 1.73 m* VAT 03 GR7- 145 NA 850~ 548 249323 053 -076
Dy 8 hEn 86.7 00 iap 061

NA: net apgpinable
AUC & ALy 00 tay 1 AL ine vty X
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2.4 Extrinsic Factors

2.4.1 What extrinsic factors influence conivaptan exposure?

An inhibitor of CYP 3A4 metabolic isozyme (e.g., ketoconazole) increased conivaptan
exposure (e.g., 11-fold) after oral co-administration.

Although the proposed dosing was IV infusion and food effect was not anticipated, food
effect was incorporated in this review because some of essential CPB claims were based
on results after oral administration and food reduced up to 68% conivaptan exposure.
Therefore, meal condition was an important factor in cross study comparison.

2.4.2 What is the effect of a CYP 3A4 inhibitor on conivaptan exposure?

The effect of a 3A4 inhibitor on conivaptan exposure was assessed using ketoconazole
200 BID (q12h) on conivaptan PK (Study 058, n=12). Conivaptan 10mg (one 10mg
tablet) was administered on Day 1 and Day 5 under fasting conditions, and ketoconazole
200mg BID (q12h) was administered from Day 4 to Day 6 in healthy subjects. Results
were summarized in Figure 15 and Table 11. Ketoconazole increased conivaptan AUC
up to 11-fold when both were orally co-administered. Ketoconazole was contraindicated
in the proposed labeling.

100

0.1

T T 7T T T T 7T
0 6 12 18 24 30 36 42 &

Time, Hours

Figure 15 Mean conivaptan plasma concentration-time profiles; conivaptan alone (closed
circle) and when conivaptan was co-administered with ketoconazole (open circle)
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Table 11 Summary of conivaptan PK parameters

Parameter Least-Squares Mean Values Ratio  90% Confidence

Conivaptan Conivaptan Interval

10-mg Tablets 10-mg Tablets
Alone with Ketoconazole

(Reference (Test)
Cmax, ng/mL 514 204 392 33510 458
tmax, hr 0.96 1.50 {57 Not Applicable
AUC{0-tlqe). pg-he/mL 0.141 1.55 1100 938 to 1290
AUC0-o), p,= -hr/mL 0.146 1.58 1090 93810 1270
ths, hr 280 9.17 327 Not Applicable
CL/F, mL/min 1220 110 9.07 _ Not Applicable
Ratio = Ratio of trcatment mean valucs. expressed as a percentage (100% x

estreference)

90% Confidence Interval = 90%: confidence inerval exstimate for the ratio {testreference) of treatment

mean vajues, expressed as a pereentage of the reference mean

2.4.3 What is the effect of conivaptan on exposure of sensitive 3A4 substrates?

e Effect of conivaptan on simvastatin

The effect of conivaptan on simvastatin exposure was assessed in two studies. In the first
study (Study 064), 15mg BID IV conivaptan (approximately 8:00 and 20:00) was
administered over 120 minutes for 3 days (Day 3 to Day 5). Simvastatin was
administered as 60mg commercially available tablets on Day 1 and Day 5 under fasting
condition. PK parameters of simvastatin were estimated using WinNonlin with non-
- compartmental analyses. Results of mean ratios (90% confidence interval) were
summarized in Table 12. There was a significant effect of conivaptan on simvastatin and
simvastatin acid exposure.

Table 12 Summary of statistical results on the effect of conivaptan on simvastatin and
simvastatin acid: mean ratio (90% CI) of Day 1 vs. Day 5 (n=4)

Simvastatin Simvastatin acid
AUCqins 3.12 (0.98-9.92) 2.87 (1.67-4.92)
Cmax 4.22 (1.58-11.27)  2.64(1.91-3.66)

In the second study (Study 054), the effect of oral conivaptan on oral simvastatin
exposure was assessed in healthy subjects (n=4). Simvastatin 60mg (three 20mg tablets)
was administered on Day 1 and Day 6 under fasting conditions. Conivaptan 20mg (two
10mg tablets) BID or 40mg (four 10mg tablets) BID was administered from Day 2 to
Day 6. Conivaptan significantly increased simvastatin and simvastatin acid. In addition,
simvastatin and simvastatin acid exposure were increased with increasing conivaptan
dose. For example, simvastatin AUC was increased 6- and 13-fold for 20mg BID and
40mg BID conivaptan, respectively. Results were summarized in the Table 13 and 14.
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Table 13 Summary of simvastatin PK parameters

Least-Sguarcs Meun Valuoy S Confidence
Parsmeles Relerence s Inlerval
Supvastatin Wik si12h
Alone Convapian
1 1¢ ?
Cmax, g 136 142 T sebw 1112
tmax, hr 3iax i3 312

723 A6 “il
§9.8 s i
932 7ok 816
Sinvastitin

Alone ('onn:lpi;x'u

Cmax, ngfmi.
urax, b
Al

*ong-hriml,

g Contiideace Interval =

Table 14 Summary of simvastatin acid PK parameters

< Moo Values S s Conlidence

Paranicy Rato interva

Swvastaom
Alone

mwx.

Raties

@y Contidence Inwrval =
o referend man

e Effect of conivaptan on midazolam exposure

The effect of conivaptan on midazolam exposure was assessed in two studies. In the first
study (Study 074), the effect of IV conivaptan on IV or oral midazolam was evaluated in
healthy subjects. Conivaptan was administered 20mg loading dose over 30 minutes and
40mg/day continuous infusion for 3 days (Day 2 to Day 5). Midazolam as a Img bolus
IV dose or as a 2mg oral dose was administered on Day 1 and on Day 5 at the same time
as the contvaptan infusion (n=7).
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Conivaptan concentration for infusion was reduced (i.e., from 0.2mg/ml to 0.05mg/ml)
and infusion rate was increased through protocol amendments during the study because
of tolerability issue by injection site reactions.

Summary of mean ratio and 90% CI were summarized in Table 15.

Table 15 Summary of statistical results on the effect of conivaptan on midazolam

MDZ1V & CON IV MDZ PO & CON 1V
(MDZ+CON)/MDZ (MDZ+CON)MDZ
Parameter Ratio 90% C1 Ratio 90% CI
Cmax (ng/mL) 109.03| 93.89-126.60 |210.75| 186.25-238.47
AUC,..0 (ng.h/mL) 191.85} 174.49-210.94 |339.40( 288.60-399.14

Two (1-OH and 4-OH) midazolam metabolites were measured in the study and
conivaptan increased exposure of 4-OH about 1.6- and 2-fold after midazolam
administration to IV and oral route, respectively.

In the second study (Study 052), the effect of oral conivaptan on oral midazolam
exposure was assessed in healthy volunteers (n=16). Midazolam 2mg syrup (2mg/ml)
was administered from Day 1 to Day 6. Conivaptan 20mg (two 10mg tablets) or 40mg
(four 10mg tablets) BID (q12h) were administered under fasting conditions from Day 2
to Day 6.

Results were summarized in Table 16. Conivaptan increased oral midazolam AUC for
2.8- and 3.9-fold after 20mg BID and 40mg BID for 5 days, respectively.

Table 16 Mean midazolam PK parameters and results of statistical analyses
Leasi-Squares Mear Values
Parameter Midazolam Alone  with Conivaplan Ratio Mo Confidencs
{Reference) (lest) lnterval
20 mp g12h Conivaptan
[ 16 8
Crmax. ng/mi. 8.82 19.2 218 191-248
as. hr 0.62 Q.00 V.0 NotApplicable
ALCO-8). ng 8.8 330 282 252-318
hranl.
AU D-00), ng 21.7 738 34y 307-397
kel
tie hr 3.22 6.39 204 139-269
CLA. mLanin 1706 606 383 11.7-39.1

40 mg 4128 Conivaptan

B 16 8

Crnax., ngami. 8.82 2504 2065 233-302
i, hr an2 .90 LS Nt Applicable
AUCD-R). ng 18.8 728 387 346-433
hrami,

AUC ), ng 217 1258 577 307-636
heml.

t by i v RITH

189 1.1

walues, cuproased as @ poreentige

CLA. ml2min

Rute

% Confidence inkrve
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2.4.4 What are other drugs affected by conivaptan?

e Effect of conivaptan on amlodipine exposure (Study 057)

Conivaptan 40mg (four 10mg tablets) BID was administered before breakfast and dinner
under fasting conditions from Day 7 to Day 18. Amlodipine 5mg was administered on
Day 1 and Day 11. Amlodipine PK parameters were estimated using up to 192 hours
plasma sampling after dosing.

Results were summarized in Table 17. Steady-state conivaptan increased amlodipine
mean AUC up to 2.45-fold compared to that without conivaptan.

Table 17 Summary of amlodipine PK parameters
Mean Values
Parameter Ambodipie Amlodipine Rahio $%
Along With Comyaptan Confidence
{Referencey § Testy Listerval
N 12 12
Crzn, neined. 242 3.66 44 E30 1 B4
867 .83 162 Not applicable
1419 244 235 210 241
he 129 310 243 22310270
CLE mlmin [CHE 272 412 S0 A8
14:, hours .| 90 163 Noj applicable
Ratio « Ratso of treatment seon vadues, expressed as a percentage
{31004 % testrreferencs).
90% Cenbidence Interval = 90% confidence interval estimate for the ratio (testreference) of treatment

mean values, expressed as a percentage of the reference

o Effect of conivaptan on warfarin PK and PD (Study 049, n=12)

Conivaptan 40mg (four 10mg tablets) BID was administered under fasting condition for
10 days to patients with stable warfarin treatment for at least 1 month. Initially,
International Normalized Ratio (INR) and prothrombin time (PT) were considered to
measure the effect of conivaptan on warfarin therapy. Due to large intra-patient
variability of INR, PT was selected to evaluate the effect of conivaptan on warfarin
through amendment. In addition, warfarin PK was estimated.

It was concluded that multiple dose of 40mg conivaptan did not affect significantly

warfarin PK as summarized in Table 18. It was also concluded that conivaptan did not
affect PT in patients under stable warfarin treatment (Table 19).
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Table 18 Summary of warfarin PK parameters

Least-Squares Mean Predose
Warfarin Concentrations

Day 1 Day 10
Without Conivaptan With Conivaptan  Ratio  90% Confidence
{Reference) (Test) interval
N 12 10
R-Warfarin (ugAnL) 0.631 0.637 917 90.3 to 106
S-Warfarin (pg/mL) 0.324 0.291 §9.7 81.41098.8
Ratio = Ratio of treatment mean vatues, expressed as a pereentage

€100% X test/reference).

90% Confidence Interval = 90% confidence interval estimate for the ratio
{test/reference) of treatment mean values, expressed as a
pereentage of the reference mean. .

Table 19 Summary of the effect of 40mg conivaptan on prothrombin time in patients with
stable warfarin treatment.

Day N Mean PT Mean Change® in PT ~ Ratio” 90% CI*
Mean Sh Difference SE

Bascline® 48 18.3 251 - - - -

21 12 18.1 1.68 - - - -

-14 12 19.6 243 -- - - -
-7 12 18.8 3.03 - - - -
1 12 18.9 2.79 -- - - -
2 |3 19.9 3.60 1.67 1.00 105 {(97.0.114.00
3 }) 19.4 2.09 054 1.02 103 (95.1, 1121}
4 I{¢] 18.7 1.47 -0.10 1.0S 100 (92.0, 108.9)
5 2] 19.3 4.04 0.48 1.05 102 (93.6, 110.8}
6 10 19.8 352 3.98 1.05 105 (96.3, 114.0)
7 10 18.4 1.51 -0.46 1.05 98 (90.2, 106.8)
3 12 18.5 2.24 -0.34 1.0§ 98 (90.5, 167.2)
9 ] 19.0 2.15 013 1.08 101 (92.6, 110.2)
10 10 17.8 2.06 -1.08 1.05 a5 (86.9, 102.9)
11 10 17.2 1.54 -1.61 1.05 92 (84.5. 100.0)

Closcout® 12 17.0 1.52 -1.80 1.00 91 {83.9, 98.5)

Difference from Baseline

Mean as a percentage of Baseline

For mean PT as percentage of Baseline
Bascline = mean of Days -21, -14, -7, and 1.
Closeout = oftf drug for 1 week.

o Effect of conivaptan on digoxin PK in healthy male subjects

The effect of conivaptan on digoxin exposure was assessed in two studies. In the first
study (Study 011), the effect of the single oral dose of 20mg (two 10mg capsules)
conivaptan on 0.5mg digoxin IV infusion over one hour was evaluated in a two period,
double blind, placebo controlled, cross-over study. Conivaptan was administered under
fasting conditions (n=7).

Results were summarized in Table 20. The sponsor concluded that there was no

significant effect of conivaptan on digoxin PK. There was high intra-subject variability
in PK parameters and it may reduce power to detect difference.
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Table 20 Summary of digoxin PK parameters

Parameters

Geonetric | CV{%) | 0iip-vaive) | 2{p-valoe) 9% confl- | Power
mean raio dence inter- | (%5)
(Arithmetic vl

méan ratio)

11B(131)* | 294 3450003 | -5.88(0.311) | 098-145 |22

10701 L 166 | 45300008 | -2370019) | 096-120 | 718

10801200 | 294 268011y | 1270014y {o%8- 133 [327

0.70(1.02)* | 204 | -1.15(0.863) | -5.00{0.0002) | 0.57 - 0.86 1286

2042 | 443 | 2480015 | 9.2000422) | 090-1.63 |93

101, 102 @

Power estimates under the assumption with alpha=3%, caleuleted geometric mean
of the matio -} as =2 true difference and sample size used in this study

arithmetic mean ratio derived from phatmacometric repprt

tvalies for (s {wo onc-sided t-tests

In the second study (Study 048), the effect of conivaptan on the steady-state digoxin PK
was evaluated. Digoxin 0.25mg QD was administered from Day 1 to Day 20 under
fasting condition. Conivaptan 40mg (four 10mg tablets) BID (q12h) was administered
from Day 11 to Day 20. Digoxin PK was estimated on Day 10 and 20, and conivaptan
PK was estimated on day 20 (n=12).

Results were summarized in Table 21. Conivaptan increased digoxin AUC by 43% and
Cmax by 79%. The sponsor concluded that the results should be considered when both
drugs were to be co-administered.

Table 21 Summary of digoxin PK parameters
Parameter Ieast-Squares Mean Values Ratio  90% Confidence
Digoxin Alogse With Conivapran Interval
{Reference) (Test)
N 12 12
Cmax. ngiml. 1.33 273 179 167 10 192
intax, hr 1.30 1.875 67.1 Nt Applicable
AUCO-24) necheiml 16.6 238 143 1351w I51
Cmin: ng’ml. 11332 0.707 33 125 o 142
CLA. ml min 259 180 69.5 62910 76.2
A%y 471 331 113 994 10 126
CLr.mlmin 122 93.7 78.4 06.7 1o 89.8

Rato

Uis Canhidence Interval - 0% conltdencs

tostreference)
e for e rk

d s a pareentage ol she reference mean.

mcan vilikes, XIS

calmeat mean values, expressed as 4 parcentiage (18000 x

trelerence of trealiment

Digoxin is a drug with a narrow therapeutic index and thus it is recommended to
carefully monitor patients if combination therapy between conivaptan and digoxin is

necessary.

2.4.5 What are other drugs that affect conivaptan exposure?

e Effect of captopril on conivaptan PK (Study 012)
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The effect of captopril on conivaptan PK was evaluated in a double blind, randomized
- cross-over study (n=15). Conivaptan 30mg (three 10mg capsules) and 25mg captopril
(one tablet) were administered under fasting conditions. Results were summarized in
Table 22 and 1t was concluded that there was no significant effect of captopril on single
oral dose of conivaptan.

Table 22 Summary of conivaptan PK parameters
Pharmacokinetic YMOR? + placebo YMO87 + captopril
parameter mican (SB) mean (8D}
fmae (1) L13 ¢0.33) 125 ¢G.39)
Crgs Ingiml) 175 (RO 173 (92
t 12a (hy 1135 {iisy 3,42 (0.1
t1/2.a¢h)y 1.29 042 115 (035
12,8 (hy 438 (113 4,08 (.82
AUCu 24 (ng.h/ml} 30 (297 SRT(38T
AU (nghiml) RRFNEIES 386362)
Clapp (Kb} SRR [ERAE I

e Effect of furosemide on conivaptan exposure in CHF patients (Study 024).

The effect of furosemide on conivaptan exposure was assessed in CHF patients (n=24, 6
patients per treatment). The patients received 40mg or 80mg QD furosemide for 6 days
(Day 1 to Day 9) and then conivaptan 20mg or 40mg QD was administered as adds-on
dosing for 3 days (Day 7 to Day 9). Both drugs were administered 1 hour before
breakfast. The patients were moderate to severe CHF patients with stable background
therapy with ACE inhibitor and optional a beta-blocker and digoxin.

Conivaptan PK was estimated by a population PK approach with primarily Day 9 with
blood sampling at 2, 4, 6, and 24 hours after dosing. Conivaptan PK was characterized
using a two-compartment model with nonlinear “~=——————.. =~ ) elimination.
The sponsor concluded that furosemide did not affect significantly conivaptan PK based
on the population PK parameter estimates as summarized in Table 23.

Table 23 Pop PK parameter estimates of the basic model

Parameter G950y Interpatient Variabiliny
as CV % (95%C])

3. 3.59(0-28.1)

2% 568 (28.5-75.)

Vmax (mghr) 27821

Vil 176¢127

Km img) 8.26 (6.06-10.5) 29.2 {)-33.5)
Kiathr's Q.08 {1.06-0. 1 -

Kog i 0.04 (0.01-0.07) 3909(0-113)
I {Bioasvailability Lctory® 1.3711.16-1.98) NA

Rexidual varjabiliny 294 {15.5-38.0)

- Not estimable

= depends on doxe 1 T 2 D ¥y P 3T ardme Q)
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The conclusions were not acceptable because of the following reasons:

1. The above study did not include conivaptan alone and the population PK analyses
did not include conivaptan alone, either.

2. There was no sampling during absorption period.

In addition, the sponsor withdrew results of the population PK analysis including
non-linear elimination modeling (July 19, 2004 meeting).

2.4.6 Is there an in vitro basis to suspect in vivo drug-drug interaction?

Potential effect of ketoconazole, a 3A4 inhibitor, on conivaptan was cvaluated with
microsomal study. In addition, potential effect of conivaptan on simavastatin, a sensitive
3A4 substrate, was evaluated in the same study. Results were summarized in Table 24.
The results indicated that a strong 3A4 inhibitor could increase conivaptan exposure at
clinically relevant concentrations when both were co-administered. Similarly, conivaptan
could increase a sensitive 3A4 substrate.

Table 24 Summary of K; values

Substrase Inhibitor K~ Cont
Comvaptan Keteconazole G017 303 uM 320 kM
£ wml} §2.7-H peml)

Conivaplan

Sunvastatin

WeliL
24 2056 M
1200 penly

G81-0.825 pM
(£, 3--10.5 np/mby

Semvastatin

Comvaplar

G52 1019 1M
(490 sig/ml

2.44-0.61
£234-323 npiml}

© Cue @ maximum sbseeved plasma concentratson; K, = mhilntien consgant
* Daota are prasented as mzans = SDAIN - )
Vatues are representanve of the C,,.. anamed afier selevant pharmacologic dostng wibs indicaed drois
(2 2., 200 o 300 my keteconazole ! 20 o 40 ey simvastatin, ¥ 38 my comvaptas bvidsochlorde
healthy subiects {BR7-CL-019). ar 20 mg conivapran hydroclloride to patients with CHF
{D87-CL-M T :

2.477 What are in vitro results for identification of the responsible metabolic
isozymes?

The major metabolic isozyme was concluded as 3A4 with results of three primary in vitro
studies: 1) metabolism of conivaptan with cDNA expressed CYP isoforms, 2) correlation
between conivaptan metabolism and specific substrates for CYP isoforms, and 3)
inhibition of conivaptan metabolism with specific CYP isoforms. Results were
summarized in Figure 16 and 17, and Table 25.
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2.4.8 Is the drug an inhibitor and/or an inducer of CYP enzymes?

Conivaptan was concluded as a strong 3A4 inhibitor by results of in vitro study and the
results were summarized in Table 26.
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Table 26

ICs values of conivaptan for major human CYP isozymes as determined in a
fluorescence-based high throughput screening assay (Study R087-ME-033)

CYP Lspeyme IC,, (pM}*
CYPIA2 F98.3+37.1
CYP2Y 133269
Y219 192 £36
CYPF2Ds 126188
CYPIAL 347 £ §.39

Wig = concentration required 1o prodace 30%5 mbubiaion.
¥ Data are presesed as mesns £ SD (N 4y,

Induction potential of conivaptan on metabolic enzymes was not evaluated.

2.4.9 Is the drug a substrate and/or an inhibitor of P-glycoprotein transport
processes?

The in vitro bi-directional rates of conivaptan transport across Caco-2 cells were
determined at 5 different concentrations. In addition, involvement of P-gp was assessed
with verapamil, a p-gp inhibitor. Results were summarized in Table 27. The results
indicated that conivaptan was a p-gp substrate because it showed polarized bi-directional
transport, and verapmail significantly reduced polarized transport of conivaptan.

Table 27

Summary of apparent permeability for the transport of conivaptan across Caco-2
cells. Values were shown for transport in the apical to basolateral (Ap to Bl) and
basolateral to apical (Bl to Ap) direction and in the absence and presence of 100
microM verapamil.

YMOB7 Apto Bl Bl wip Apto Bl BlwAp
{"bneentration (=10 cmfs) {< 1 em's) “ verapamil ~ werapammi
(nM) (10" ¢m's) (<167 cnyis}
[ 1.29 £0.22 750 =105 {14+ 171 2214303
1 , 274129 5273726 1221162 B3IL340
3 312354461 303 £ 4.99 3824253 20.5 £ 2.8
10 S31 =163 259 =379 116+ 203 17843207

13 5.53 2037 259 £ 155 157+210 212+ 148

)

2.5 General Biopharmaceutics
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2.6 Analytical

2.6.1 What bioanalytical methods are used to assess concentrations?

Results of bioanalytical method were reviewed from the Study 083, exposure comparison
between 1V infusion and oral doses, as a representative clinical study.

Conivaptan was measured by HPLC, *™== . [t was reported that there was no particular
interfering peak in the study samples.

There were two calibration curves with different limit of quantification (LOQ): BAM-
085 for ~ ™™= and BAM-009 for *™  range.

The results for accuracy and precision with quality control samples were acceptable. For
examples, mean accuracy results ranged from -4.3% to 3.4%, and mean precision ranged
from 1.6% to 8.3% for quality control samples from BAM-009 = ——

A~ T —

Results of itra-day and inter-day precision were summarized in Table 31.

Table 31 Results of intra- and inter-day precision
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level pooled intra- inter-day
(ng/mb) | day precision | precision (%)
(%)

A ———
TR ——

3 Labeling Comments .

The sponsor will update the current NDA with supplement data on safety and efficacy
after the current review cycle and thus labeling is expected to be updated significantly
with the supplement. Therefore, labeling will be reviewed with the update.

Appears This Way
On Original
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