95% CI, and statistical significance were calculated for each parameter. Differences calculated
for log transformed parameters were reported as ratios. The direction and magnitude of any PD

- parameter contrast that was statistically significant (p< 0.05, 2-sided) was noted. If the
corresponding CI was within 80-125% this was interpreted to indicate no qualitative difference.
Residuals of these models were examined to determine whether a natural log transformation was
appropriate for each coagulation laboratory. Shapiro-Wilk statistics and box plots were used.

Determmatlon of Sample Size

The w1th1n subJect INR CV was projected to be 6%. Calculations using a paired dlfference t- sy
statistic evaluated at the 5% significance level (2-sided) or a'CI about the individual log- - : "
transformed Day 13 to Day 1 INR ratio, showed that with.18 'subjects completing, this study ‘had '
greater than 80% power to detect a 6% dlfference between he IN R at Day I3 and 1. ¢

Results . e

Demogrtty)lztcs e

Twenty—two (22) subjects enrolled and completed the study There were 19 males and 3 females : ."."‘
of mean age 38.8 y and and weight 79.1 kg. S
Impdcr of Arn’briSentaﬁ. on Warfarin -

Pharma’cbdynamics - : ‘ - R St

The mean. Effect Profiles of PT and IN R after a single dose of warfarin in the presence and
absence of ambrlsentan are shown in Figures 11.1 and 1 l 2:
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The respective geometric mean ratios (Day13/Dayl) for Lmax of PT and INR for warfarin
ambrisentan were 86% and 85 % and the respective 95% CI did not include 100%. The
respective geometric mean ratios (Day13/Day 1 for AUCO-t,ss of PT and INR were identical,
93% and 93% . These findings indicated that the anticoagulatory peak and average effects of
warfarin in the presence of ambrisentan tended to be smaller. However, the respective 90% CI
were within the predefined 80%-125% bioequivatence boundaries. The respective values for
tmax of the maximum anti-coagulatory effect of warfarin in the presenee and-absence of
ambrisentan were similar.
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A linear plot of the mean plasma concentration time profiles of the S- and R-warfarin
enantiomers in the presence and absence of ambrisentan are shown in Figures 11.3 and 11.4:

The derived parameters for S- and R-warfarin are'listed in Tables 11.4 and-11-5:

Best Possible Copy
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The respective mean plasma profiles and derived mean Cmax-, tmax- and AUC-values of the S-
and R- enantiomers of warfarin in the presence and absence of ambrisentan were similar. The
geometric mean ratios (Day 13/Dayl) of Cmax for S- and R-warfarin were 89% and 92%,
respectively, in accordance with the geometric mean ratio (Day 13/Day 1) of 86% and 85% for
Lmax of PT and INR, respectively. The 90% CI of the geometric mean ratio (Day 13/Day1) for
Cmax and AUC were within the 80% -125% bioequivalence limits. The respective values for
tmax and t1/2 of the warfarin enantiomers in the presence and absence of ambrisentan were
similar. : =
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Impact of Warfarin on Ambrisentan

The trough plasma concentrations of ambrisentan on Days 10 through 13 are listed in Table 11.6:

13 were simi ar. The tesults of the analysrs of variance indicated that the trough concentratlons
met the pre- spemﬁed 80% equivalence criterion indicating that on Day 10 of a qd reglmen with

10 mg ambrlsentan steady-state is reached

Lmear plots of the. mean plasma concentrations of ambrisentan;in the presence and absence of -

warfarin and derrved parameters are shown in Figure 11.5 and Table 11 7
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The Cmax,ss, Cmin,ss and AUCO-t,ss values of ambrisentan tended to be lower in the presence
of warfarin. However, the 90% CI of geometric mean ratio (Day13/Day12) were within the
confines of the 80%-125% equivalence limits suggesting no clinically relevant impact of
warfarin on the exposure to ambrisentan.

Conclusions -

The PD parameters of warfarin and the PK parameters of the warfarin enantiomers in the
presence and absence of ambrisentan are comparable. The PK parameters of ambrisentan at
steady state in the presence and absence of warfarin are comparable. The results of the

158



interaction study in healthy subjects indicate that co-administering warfarin (single dose of 25
mg) and ambrisentan (10 mg qd) does not impact the PD or PK of warfarin or the PK of
ambrisentan.

Comments

1. Given the difference in CI/F between healthy subjects and patients with PAH a dose of
ambrisentan of 20 mg would have been‘more: -appropriate.

2. Information on the PT and IRN assays was not prov1ded in the report

3. The plasma concentrations of the. S- and: R—enantlo' ers ' were followed for 96 h, a short
time interval given the.t1/2 of 50 h. As a result the rapolated parts of AUCO 00
exceeded 20% in. most cases Whlch is con31defav e S

' Study Report: AMB-105 “A Phase I, Open-Label, Randomized, 2-Period, Crossover Studyto
- Assess the Pharmacokinetics of Ambrisentan Alone and in the Presence of Multiple Doses of
Sildenafil, Alone and in the Presence of Multiple Doses of Ambrisentan in Healthy Adult
Volunteers” »

“Study Investigator aﬁd Site:

’ Objectives’
Prifhaiy
To essess the .effects of multiple doses of sildenafil on the pharmacokinetics (PK) of a single

dose of ambrisentan '
To assess the effect of multiple doses of ambrisentan on the PK of a single dose of sildenafil

Secondary

To examine the safety and tolerability of a single dose of ambrisentan in the presence of rﬁultiple
doses of sildenafil and of a smgle dose of sildenafil in the presence of multiple doses of
ambrisentan

Formulations

Ambrisentan was provided by Myogen, Inc., as lﬁQ mg film-coated immediate release tablets.
The m=== pink tablets were manufactured by - - " =

' .. The Packager’s wemew Lot No. was LO001848 s
Article/Material number 17102293;  meussumemems L0t No. 280200A0).
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Design

This is an open label, randomized, 2-period cross-over, single-center study with Treatments A
and B as shown in the scheme below:

Twenty subjects were to be enrolled to ensure that 16 complete the study. The subjects were
admitted to the clinic the night prior to dosing of each treatment period, and remained confined
in the unit until completion of the clinical assessment on Day 10 of each treatment period.
Between the last dosing in the first treatment period and the first dosing of the second treatment
period a 6 day wash-out period was maintained. Following an overnight fast of at least 10 h,
subjects were administered the study drug with 240 mL of water. No food was allowed for 4 h
(Days 1 and 9) or 2 h (Days 2-8) after dosing. Concomitant medications, with the exception of
up to 3 doses of acetaminophen at 1 g each or les$, were prohibited throughout the study. In
addition no foods or substances known to interfere with cytochrome P450 isozymes were to be
consumed, including tobacco, caffeine, alcohol, and grapefruit containing products.
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The scheduled activities during the study are tabulated in the below flow chart:

Pharmacokinetic Profiling

Blood samples for the determination of ambrisentan, sildenafil and N-desmethyl-sildenafil were
collected at the following times during each treatment period:

Days 1 and 9: Pre-dose, 0.5, 1, 1.5,2,25, 3,4, 6, 8, 10, 12, 18, and 24 h post dose.

Days 6 through 8: Pre-dose (mormning)

Bio:issay

The plasma concentrations of ambrisentan were measured by a validated LC/MS/MS method
with an LLOQ Of =swwwmm= The plasma concentrations of sildenafil and N-desmethysildenafil

were measured by a validated LC/MS/MS with an LLOQ 0f asemese= for both.

PK Data Analysis
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The following parameters were determined by non-compartmental methods using WinNonlin™
(WinNonlin Professional Network Edition, Version 4.0.1, Pharsight Corp., Palo Alto, CA):
Cmax, tmax, AUCO-tllast, AUC0-00, Az, t1/2 CL/F and Vz/F.

The pre-dose concentrations of ambrisentan or sildenafil obtained on Days-6-8 of Treatment A or
B were used to test whether steady-state is reached.

Statis
Statistic was.based on mixed-model analysis of variance (ANOVA) with effects:
treatmen random sub]ect w1thm sequence and day Ambrrsentan Cmax, AUCO—t

S11denaﬁl;and-N.—desmethy1 srldenaﬁl Cmax AUCO tlast and AUCO 00. of Treatment: B wer
natural. log.transformed and compared between Days 9-and 1. The geometric mean ratios werée
' used for:primary. analy51s Point estimates and 90% CI'were’ ‘reported for relative bloavallabrhty
- ratios for assessment of the effect of multlple doses of sildenafil on single doses of ambrisentan’
and multlple doses of ambrisentan on a single dose of sildenafil. Cls were assessed relative to the e
80%-125 bioequivalence limits. To evaluate a possible impact of co-administered drug on tmax
~ of ambrisentan;or sildenafil or desmethyl- s1ldenaﬁ1 the Wllcoxon 51gned rank test was used to 7

' test the Day9 Day 1 d1fference L :

: Attamment of steady—state concentrations of ambrlsentan in Treatment B and sﬂdenaﬁl in oo

: '_Treatment Bluséd the pre-dose concentrations obtainied on Days 6:8, The following ANOVA::: '
model was. used: In (concentratlon) = subject +day, where subject is a random effect while day IS+«

a fixed effect The following contrasts were examined Day 6 vs Days 7 and 8, and Day 7 vs Day R
8. The 1ower"‘. ounds of the’ 90% CI about these contrasts were compared to the lower 80% R
bloequlvalencc limit. ' ' o

Results
Twenty subjects were enrolled and 19 completed the study. There were 19 males and 1 female of
average age 36.1 y and weight 79.1 kg. Subject 01-03, who was randomized to the BA treatment
sequence experienced a headache on Day 3 of the first period and withdrew consent. Nineteen
subjects were available for PK analysis.

Only 1 blood sample was collected on Day 9 pre-dose instead of 2 (one sample for the drug

administered in a single dose and the other sample for the drug administered in multiple doses
Treatment A: Ambrisentan is the single dose drug and sildenafil the multiple dose drug).

PK

Impact of Sildenafil on Ambrisentan
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‘The mean plasma concentrations of ambrisentan and derived parameters in the presence and
absence of sildenafil are shown in Figure 11.1 and Table 11.2, respectively:
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The mean plasma concentration profiles of ambrisentan in the presence and absence of sildenafil
-are similar and the respective 90% CI of the geometric mean ratios Day 9/Dayl for Cmax, ' -
AUCO-tlast and AUCO0-00 are all within the 80% -125% bioequivalence limits, indicating no
clinically relevant impact of sildenafil co-administration on ambrisentan exposure. The tmax of
ambrisentan was also not affected by the presence of sildenafil. The inter-subject variation of .
Cmax, and AUCO0-00 of ambrisentan was 10.9% and 31.3%, respectively, and the corresponding
values for intra-subject variation were 20.2 and 9.1%, respectively.

Impact of Ambrisentan on Sildenafil

The mean plasma concentrations of sildenafil and derived parameters in the presence and
absence of ambrisentan are shown in Figure 11.2 and Table 11.3, respectively:
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The 90% CI of the geometric mean ratios (Day 9/Day1) of sildenafil in the presence and absence
of ambrisentan for Cmax exceeded the upper limit of 125% of the bioequivalence criterion

(129. 06 %). The point estimate was 113.4% indicating an impact of ambrisentan on peak
exposure to sildenafil. The 90% CI for AUCO-tlast were within the 80%-125% bioequivalence
limits. The tmax of sildenafil in the presence and absence of ambrisentan was similar. The mean
t1/2 of the apparent terminal disposition phase of sildenafil in the presence and absence of ‘
ambrisentan were similar, 2.1 and 2.0 h, respectively.

The mean plasma concentrations of N-desmethylsildenafil and derived parameters in the
presence and absence of ambrisentan are shown in Figure 11.3 and Table 11.4, respectively:
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The 90% CI of the geometric mean ratios (Day 9/Day1) for Cmax and AUCO-tlast were confined
within the 80-125% bioequivalence criteria indicating that the presence of ambrisentan did not
tmpact the exposure to N-desmethylsildenafil. The values for tmax and t1/2 of the sildenafil
metabolite were also similar in the presence and absence of ambrisentan.

The geometric mean ratios of the trough concentrations of s1ldenaﬁl on Days 6 8 were about
88% and 99%, respectively, and exceeded the pre-specified lower bound of 80% for attainment-
of steady. state by Day 6. :

The correspondmg geometric-mean ratios of the trough concentratlons of N desmethyl sﬂdenalﬁl s
. on Days 6- 8 was about 98% ad 100%, mdlcatmg attainment of steady state by Day 6... wovE

o '?.‘{-' ,The correspondmg geometnc mean rat1os of the trough concentrat1ons of-ambrisentan on Days
< 6 8'were about 103% and 117%, indicating that ambrlsentan achleved state-state by Day 6.

Conclusions
~ The study used the recommended. dose reg1men for sildenafil for the indication arterial -
-~ pulmonary-hypertension and the proposed regimen with the highest dose of ambrisentan for the 5
- same indication. However, it ought to be noted that the exposure to ambrisentan in healthy
-~ subjects-may-be smaller than in patients-with pulmonary hypertension, because the clearance ms

the former populatlon may be greater than in the latter. Multiple dose administration of s1ldenaﬁl T e

did not impact single dose exposure: to ambrisentan. Multiple: dose ‘administration of

ambrisentan decreased the peak exposure, but not the average dose interval exposure of s1ldenaﬁl :
after single dose administration. Co-administration of ambrisentan had no impact on the - %
exposure. to N-desmethyl-sildenafil.

The ambrisentan induced small increase in peak exposure to sildenafil is not likely to be
chinically relevant in patients with pulmonary arterial hypertension. Considerably higher doses of
100 mg sildenafil qd have been tolerated in patients treated for erectile dysfunction.

The negative results of this interaction study should not be extrapolated to the erectile
dysfunction indication for sildenafil.

Comments

1. The estimates for t1/2 of the apparent terminal disposition phase for ambrisentan were
estimated from an interval of about the same length as the t1/2 to be measured. It is not
surprising that the computed value of 7 h underestimates the true value of t1/2 of about 15 h
substantially. Estimates of t1/2 and Az dependent parameters including' AUC0-00, CL/F and Vz/F
are also biased.
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2. The apparent terminal half life of sildenafil of 2 h estimated in this study is considerably
smaller than the 4 h usually reported for the drug.

Study Report: AMB-220” A Phase 2, Randomized, Double-Blind, Dose-Controlled, Dose-
Ranging Multi-Center Study of Ambrisentan (BSF 208075) Evaluating Exercise Capac1ty in
Patrents with Moderate to Severe Pulmonary Arterial Hypertension” .

- Study Investigator and Site: 21 Prrncrpal Invest1gators at 21 Srtes In 6 countries (US Gerrnany,
: France Belglum Italy, Australra) S R - P

LA Eroeler oy
R T A S

e ;_,The review:of:the report concentrated on the PK of ambrisentan and:effects.on blomarkers

~including.the plasma concentrations of endothelin-1 (ET-1), cardiac troponin (cTnT) and .
natriuretic B-type pept1de (BNP)

Objectives
e Przmary

: ~To examine the effect of ambrrsentan on 1mprovement in exercise capacrty in subj ects with
-+ moderate to.severe pulmonary arterial hypertension, and to-identify the mlmmally effectlve dose
-+ -and define dose response relatlonshrp for 1mprovement in-exercise capacrty ~ g

L 'Secondary
To evaluate:

* The safety and tolerability of ambrisentan over the planned dose range and duration of
exposure

* The effect of ambrisentan on the Subject Global Assessment (SGA) World Health
organization (WHO) functional classification, and a composite of clinical outcomes

e The effect of ambrisentan on dyspnea as scored by the Borg Dyspnea index (BDI)
immediately following the 6-minute walk test (6MWT)

¢ The effect of ambrisentan on cardiopulmonary hemodynamics in a selected subset of
patients with moderate to severe PAH

¢ The first dose and steady-state plasma PK of ambrisentan in a selected subset of subjects
with moderate to severe PAH

* The effect of ambrisentan on plasma endothelin-1 (ET-1) levels in a selected subset of
subjects with moderate to severe PAH -~

Formulations
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The study drug for oral administration was supplied as =™ ™====wmm _ pink, film-coated,
immediate release tablets that were identical in appearance and size. Four strengths of study drug
~were used containing 0 (placebo), . and 5 mg of ambrisentan. Two tablets were combined to
create daily doses =™ 5 and 10 mg of ambrisentan. The Lot No. were 0 mg (placebo) =
LO001850, === =1.0001852, = =1.10001849, 5 mg=L0001851.

Design

This was a double-blind, dose-controlled, parallel group study with 4 periods: a 4 week screening -
. period was followed by a 12-week blinded treatment period, an optional open-label extension -
period, and a 4 week down titration period. Eligible subject were randomized to receive s 5

or 10 mg ambrisentan orally qd in the blinded treatment period as shown in the study schematic:

. Subjects randomized t0  mmmmm====m  received the same dose throughout the 12 week blinded
treatment period. Subjects in the two other dose groups began treatment with === qd for 2
weeks. Then their dose was increased to 5 mg for an additional 2 weeks. After 2 weeks at 5 mg,
subjects randomized to the 10 mg dose level underwent a final up-titration. After reaching the
randomized dose level, subjects received their assigned dose throughout the blinded treatment
period. In the event that subjects did not tolerate the study drug, dose adjustment was permitted
during the treatment period. Upon completion ofthe 12 week blinded treatment period, subjects
either completed a 4 week down titration period or entered the optional open-label 12-week
period without down-titration. The dose of ambrisentan of the subjects participating in the open-
label extension part of the study was optimized based on the patient’s response and tolerance.
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Endpoints

The primary efficacy endpoint was the change from baseline in 6MWD evaluated after 12 weeks
of treatment.

The secondary endpoints included a change from baseline (week 0) after 12 weeks of treatment
in SGA, WHO functional class, composite clinical outcome for worsening PAH (time to clinical
worsening), where the composite included death, all-cause hospitalizations, doubling of the dose -
of diuretics after randomization, and study withdrawal because of a need for the addition of other
. PAH therapeutic agents, BDI measured immediately followmg exercise, cardlopulmonary

. hemodynamlcs ina selected subset of patlents b : :

Ar.
t5i

Other secondary endpomts mcluded safety and tolerab1hty of ambrlsentan over the planned dose
- .range and duration of exposure : :

"First dose and steady-state PK in a selected subset of subjects with moderate or severe PAH, the
effect of ambrisentan on plasma ET-1, B-type natriuretic hormone (BNP) and cardiac troponin T
concentrations (cTnT) in a selected subset of subjects with moderate or severe PAH

The 6MWD was performed at screening, prior to and 4, 8 and-12 weeks after initiation: of the
double-blind treatment phase. : :

SGA -:Was deterr-jnined atscreening, prior to and 2, 4,-8,-and 12 weeks of the double-blind .+t
~ treatment period. ‘A visual analog scale assessment based on the question “how do you feel.: -
today” was used. The response was measured by Myogen staff using standardized rulers. -

The WHO functlonal status was measured at the same times as the SGA and a classrﬁcatlon was -
used as described below:
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Time to Clinical Worsening was determined from the AE-, Concomitant Medication-, and
Premature Discontinuation- CRFs.

The following hemodynamic measurement were obtained: HR, systemic blood pressure (systolic,
diastolic, mean), pulmonary arterial pressure (systolic, diastolic, mean), right atrial pressure,
RAP, pulmonary capillary wedge pressure (PCWP) or left ventricular end-diastolic pressure,
LVEDP, (via separate left heart catheter), cardiac output (Fick method or thermodilution),
arterial and mixed venous 02 saturation, cardiac index; stroke volume, pulmonary vascular
resistance, PVR, was measured frommPAP, cardiac index and RAP. The hemodynamic
parameters were measured pnor to initiation and 12 weeks after.initiation of'the double- blmd
treatment perlod S ‘

- Changes in the plasma concentrations of ET-1, cTnT, BNP have been associated with changesin - .
the status of PAH. Blood samples for the determination of theses biomarkers were collected in
the subset of patients participating in the PK sub-study: Blood samples for the determination of
- ET-1 levels were collected at the week 0 and 12 visits pre-dose, and 2 h and 24 h post- dose BNP -
and cTnT was measured in the same blood sample. ' -

PK Profiling

All subjects of the subset started at-an initial dally dose of — O - Blood samples forthe. -
- determination of the plasma concentrations of ambrisentan were collected at the week 0 and'12-
visits at the following times: Pre -dose and 0.5, 1, 2, 3, 4, 6 and 24 h post-dose. :

~ Bioassay : - ' : SN

The plasma concentrations of ambrisentan were measured at _ .
wmem using a validated LC/MS/MS method with a LLOQ of ==~ .

PK Data Analysis

The following parameters were determined based on non-compartmental methods using
WinNonlin 3.2, Pharsight Corporation, Mountain View, CA) with the exception of the

accumulation ratio which was calculated using SAS:
Cmax, tmax, AUCO-tlast, AUC(0-24), AUC0-00, Az, t1/2, Cmax,ss, Cmin,ss, tmax,ss, AUCO-
tlast,ss, AUCO-1,ss, Cave,ss, Az,ss, t1/2,ss, and the accumulation factors nRCmax and nRAUC,

where nRCmax = Cmax,ss/Cmax @ Dose, visit 2/Dose,visit 8 and

nRAUC= AUCss,0-/ AUCo-24 ® Dose, visit 2/Dose,visit 8
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In subjects with qd dosing t was 24 h and in subjects with bid dosing =12 h for the
measurements of AUCO-t. However, nRAUC was not calculated for patients receiving the drug
bid. In determining Az it was at the discretion of the data analyst to use only 2 time points in the
apparent terminal log linear phase to determine Az. Although not pre-specified in the statistical
analysis plan for the PK subset analysis nor outlined in a protocol amendment, if it was
suspected that a momning dose of ambrisentan had been taken prior to the 24 h post dose time
point (high ambrisentan concentrations), the result was excluded and set to missing.

PD Profiling
Blood samples for the determination of ET-1, cTnT and BNP. were collected at the same visits
and same times as the blood samples for the determination of ambrisentan’s plasma

concentrations.

- Bioassay for Endothelin-1

The plasma concentrations of ET-1 were measured by - —
e 15ing an Elisa kit manufactured by T ————— _:The

limit of detection for the ET-1 analysis was reported to be ooy
PD Data Analysis

If treatment related and/or dose-dependent changes in baselineET-1 concentrations were found -
- exploratory PD modeling using WinNonlin 3.2 (Pharsight Corp., Mountain View, CA) was to-be -
performed to correlate plasma-concentrations of ambrisentan-and ET-1. S

Results

The ITT population included 64 patientsv 10 males and 54 females of mean age 51.4 y and weight
73.0 kg. .

PK and PD

Twenty subjects participated in the PK sub-study. All subjects received ambrisentan by a qd
regimen. Two subjects in the PK population (subjects 22-001 (2.5mg) and 13-005 (10 mg))
discontinued prior to week 12, and did not provide steady-state PK information. Another subject
13-009 although completing the 12 week treatment period had also missing steady-state
information. Four data sets were excluded as the pre-dose concentrations were similar to the
Cmax value of the preceding day. The 4 excluded concentrations were for subjects 13-009 and
17-001 after a single dose and subjects 002-005 and 13-001 at steady-state.

The mean plasma concentrations of ambrisentan after a single dose and at'steady-state and
derived parameters are shown Figures 11.9 and 10 and Table 11.8:
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