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I. EXECUTIVE SUMMARY

In NDA 21-779, Ventavis (iloprost) is proposed for the treatment of pulmonary arterial
hypertension (PAH) in patients with New York Heart Association Class 11T or IV
symptoms T . 3 J Hoprost will be marketed as a
10 pg/ml. solution {provided in ampule) for inhalation via a ProDose Nebulizer or similar
nebulizer device. The proposed maintenance dosage is 5 {1g, six to nine times per day
during waking hours depending on individual need and tolerability. Four clinical studies
were conducted with iloprost inhalation solution in patients with PAH; an additional
inhalation study was conducted in healthy volunteers. Several other studies were
conducted in healthy subjects and various patient groups, however, iloprost was
administered intravenously or orally in these other studies.

A. Recommendation
The Office of Clinical Pharmacology and Biopharmaceutics (OCPB) has reviewed the
information submitted to NDA 21-779. The clinical pharmacology and biopharmaceutics
information provided in NDA 21-779 is acceptable provided that satisfactory agreement
is reached between the applicant and the Agency regarding labeling language. Please
refer to the Appendix (pg. 30) for OCPB revised labeling.

Comment to Medical Reviewer on Dosage Adjustment in Special Populations

Hoprost dosage adjustment is required in patients with moderately impaired hepatic
(Child Pugh Class B) or impaired renal (CLcr < 30 mL/min) function. The mitial dose for
these two classes of patients should be 1.25 g iloprost; however, the applicant does not
have a dose controlling disc for the 1.25 pg dose strength. The applicant only proposed a
2.5 and 5.0 pg dose controlling disc for iloprost delivery.

B. Phase IV Commitments
None

C. Summary of Clinical Pharmacolegy and Biopharmaceutic Findings
The clinical pharmacology and biopharmaceutics development program for the use of
tloprost in pulmenary arterial hypertension included over 15 studies in which iloprost was
administered by the oral, intravenous or inhaled route. Additionally, iloprost was
evaluated in three irn vitro studies. Studies included in NDA 21-779 are summarized in
Table 1. In general studies involving oral administration were not reviewed because they
are not relevant for evaluation of this NDA.




Table 1: Clinical Pharmacology and Biopharmaceutics Studies

Study Evaluation Conducted Hoprost Administered Reviewed
Report Route | Formulation
PK and PD studies with inhaled, oral or intravenous iloprost
AXI1S PK/PD in PAH Patients Inhalation Solution Yes
6210/6496 | PK Oral and 1V Solution Yes
7312 PK/PD Oral and IV Solution Yes
9356 PK in PAQD patients Oral and [V Capsule and Solution No
AN76 PK and PD in PAOD Patients Oral Capsule No
AlO7 PK in patients with TAQ Oral and IV Capsule and Solution No
AGI2 BE of two formulations Oral Capsule No
AS07 BE of two formulations Oral Capsule No
8432 PK. in hepatic dysfunction v Solution Yes
8148 PK in renal insufficiency IV Solution Yes
AMT75 PK in hepatic dysfunction Oral Capsule Yes
9357 Food effects Oral Capsule No
Drug Interactions between iloprost and coadministered drug
8168 PD: loprost-Captopril 1V Solution Yes
8412 PD: Hoprost-nifedipine, mepindolol, | IV Solution Yes
pentoxifylline
A646 PK/PD: itoprost-digoxin v Solution Yes
B599 PD: iloprost-nifedipine, diltiazem v Solution Yes
B598 PD: iloprost-nifedipine, diltiazem v Solution Yes
ADI19 PK/PD: iloprost-acetylsalicylic acid | IV Solution Yes
In vitro studies with tloprost
A09477 Inhibitory effects on CYP NA Solution Yes
A09478 CYP characterization NA Solution Yes
4495 Plasma Protein Binding NA Solution Yes
Table Legend

PK pharmacokinetics

PD pharmacodynamics (platelet function and hemodynamics)
PAH primary arterial hypertension

PAOD peripheral arterial occlusive disease

TAO thromboangitis obliterans

Key Clinical Pharmacology and Biopharmaceutics Findings and Information

1. Pharmacokinetics
Absorption/Absolute bioavailability

« Iloprost absolute oral bioavailability is 13 — 19 % following oral administration
» The absolute bioavailability for inhaled iloprost has not been determined.

Dose Proporiionality
Iloprost exposure increased in a dose proportional manner over the 1 to 3 ng/kg IV
infusion dose range




Drug Distribution

» Following intravenous administration, iloprost volume of distribution ~ 0.8 L L/kg.

» [loprost is approximately 60 % bound by plasma proteins at clinically relevant
concentrations.

+ Albumin is the main plasma protein that binds iloprost; iloprost is approximately
75 % bound by albumin at clinically relevant concentrations.

Metabolism

In vitro information

¢ lloprost has a low cytochrome P450 dependent metabolism; only two minor
metabolites were formed by CYP enzymes, CYP 1A2, CYP 2C9, CYP 2C19 and
CYP 3A4 may be involved in the metabolism of iloprost.

¢ lloprost has a low inhibitory potency (IC50 values > 50 pM for all major CYPs) on
CYPLAZ, CYP2A6, CYP2CS, CYP2C9, CYP2C19, CYP2D6, CYP2EI or CYP3A4.

In vivo information

Beta oxidation appears to be the main metabolic pathway of iloprost. Unchanged iloprost
comprised ~ 20 % of total plasma radioactivity following IV infusion of *H-iloprost. The
two main metabolites of iloprost are tetranor-iloprost (more abundant) and dinor-iloprost;
additional metabolites are mainly conjugated (glucuronides and sulfates) forms of
tetranor-iloprost. :

Elimination

Following oral and IV administration, disposition of iloprost is biphasic; the alpha phase
< 10 minutes and beta phase < 30 minutes. For inhaled iloprost, the decline in drug
concentrations is monophasic with t;,» < 12 minutes. Mass balance indicates that iloprost
is ultimately excreted in the urine (80 %) and feces (20 %) as iloprost metabolites; no
unchanged iloprost is excreted. The breakdown of metabolites is unknown.

2. Pharmacodynamic Effects of iloprost

Ex vivo and in vitro effects (platelet ageregation and function)

Several studies evaluated the effect of iloprost on platelet function. Although the

magnitude of effect varied in different studies, the following trends were observed:

e For IV and orally administered iloprost or iloprost incubated with blooed cells, there
was a dose-dependent or concentration-dependent inhibition of ADP and collagen
induced platelet aggregation.

* Intravenously and orally administered iloprost increased cAMP content of platelets
during infusion (IV) and after administration (oral).

» The in vitro sensitivity of platelets to iloprost was not altered by short term
pretreatment with iloprost.

fn vivo effects (hemodynamics)

» The effect of loprost on hemodynamic ineasures lasts for ~ 2 hours; this effect is
complete prior to the following inhalation.

¢ lloprost decreased systemic blood pressure and increased heart rate or pulse rate.




3. PK/PD drug-drug interaction information

Overall, no clinically relevant PK/PD interactions were observed between iloprost and

comedications used in PAH therapy. However, iloprost has the potential to increase the

hypotensive effect of vasodilators and antihypertensive agents.

o Jloprost does not alter the exposure of digoxin when coadministered once daily.

¢ Therapeutic doses of acetylsalicylic acid (10 to 300 mg QD) do not alter iloprost
pharmacokinetics (constant CL) over the 0.5 to 2.0 ng/kg/min iloprost dose range.

e There do not appear to be any relevant pharmacodynamic (hemodynamic)
interactions between intravenous iloprost and drugs (captopril, nifedipine,
mepindolol, and diltiazem) commonly coadministered during PAH therapy.

¢ Pharmacodynamic interactions were observed between iloprost + coadministered
drug with respect to platelet function: iloprost combined with diltiazem or nifedipine
decreased platelet aggregation but did not have an effect on platelet count.

QT/QT¢ Information

» Administration of inhaled iloprost does not cause a clinically or statistically
significant increase in QTc. At the 2.5 pug dose and at the maximum tolerated/studied
dose (20 pg) the QTc¢ changes were +2 and + 3 msec, respectively.

» An iloprost exposure response (QT prolongation) relationship was not evident.

5. Special Populations

¢ Renal Insufficiency

Iloprost clearance appears to be affected by renal function: Subjects with mean CLer ~
0.28 mL/min/kg (Group I) had CL values that were comparable in magnitude to that of
normal subjects without renal impairment (CL ~ 20 mL/min/kg); whereas, subjects with
CL ~ 0.17 mL/min/kg (Group II, requiring dialysis) had CL values (CL ~ 5 mL/min/kg)
that were approximately four times lower than those in normal subjects. The terminal
half lives were < 1 hr and ~ 7 hr in Groups I and 11, respectively.

* Hepatic Insufficiency

Based on a cross study comparison (IV infusion), subjects with hepatic insufficiency in
Child Pugh Class B have iloprost CL that is half that of normal subjects. Following oral
administration, relative to subjects with normal hepatic function, the CL of subjects in
Child Pugh Class A was ~5 times lower and Child Class B were ~15 times lower, Hepatic
function did not appear to affect the half-life following oral or I'V administration.

6. Drug Delivery Device (Nebulizer)
The HaloLite system was used in all clinical trials, apart from the QT study where the
ProDose system was used. The ProDose system, proposed for Ventavis delivery, ts
comparable (based on in vitro data) to the HaloLite system. ProDose requires
approximately 10 minutes to deliver a 5 pg dose; the time required to achieve the desired
dose depends on the subject’s breathing pattern. The ProDose or similar nebulizer should
have the following specifications (per proposed label) for iloprost delivery:

a) T 7




b) a controlled dose at mouthpiece of 2.5 pug or 5 pg per inhalation session as
prescribed, T

B!

¢) no more than 5 pg iloprost should be delivered within ~minutes
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1I. QUESTION BASED REVIEW
A. What are the general attributes of iloprost?

1. Regulatory Background
FDA-Related Events
The following regulatory events took place in relation to NDA 21-779: Pre-IND meeting
on 11/20/03: Guidance Class C on 01/29/04 submitted to IND 65,820; Guidance Class C
on 03/09/04 submitted to IND 65,820; Pre-NDA CMC meeting on 05/12/04; Pre-NDA
meeting on 05/13/04; and Filing Meeting on 08/13/04

Non-US Regulatory Events (Marketing History)

Tloprost is currently approved as llomedin for IV administration in ~ 30 countries for the
treatment of occlusive arterial disease. In September 2003, EMEA granted marketing
authorization for Ventavis® (iloprost} for the treatment of patients with primary
pulmonary hypertension.

2. Highlights of chemistry and physical-chemical properties of the drug
substance and product
Ventavis® {iloprost) inhalation solution is a clear, colorless, sterile solution 10 pg/mL
iloprost tromethamine formulated for inhalation via a nebulizer. Each 3 mL single-use
glass ampule will deliver 2 mL (20 pg iloprost) of the solution to the nebulizer
medication chamber.

The compositions of the iloprost formulations are summarized in Table 2; llomedin 20 is
an approved parenteral formulation of iloprost in Europe, llomedin 20 Diluted 1:1 was
used mn the climcal studies (Phase 1, 2, and 3 studies) and Ventavis 1s the proposed
commercial inhalation formulation.

Table 2: Hoprost inhalation formulations

Homedin 20% liomedin 20’: Diluted ) .
Ingredient (ng/m1.) 1:1 with Saline Ventavis® (mg/ml)
(mg/mlL.)

Hoprost 0.020 [§X A1V GO0

Ethanol 96% 0.810
Trometanol t o ’ o G121
Hydrochloric acid N : 0510

Sodium chloride 4000

Water for injection . o

Total weight | 1002.400 i 1003.550 | 1003.300 ]

The solution contains no preservatives and the nominal pH of the solution is 8.1.
Additional physical-chemical characteristics of iloprost follow:

Chemical name 5-{(E)-{15, 38, 6R, TR)-7-Hydroxy-6-[{E)}~(3S, 4R5)-3-hydroxy-4-
methyl-1-octen-6-ynyl]-bicyclo[3.3.0}Joct-3-vlidene }-pentanoic
acid.




Stereochemistry Tloprost has 6 asymmetrical carbons (5 of the carbons are fixed)
The remaining asymmetric carbon has both an R configuration and
an S configuration. lloprost consists of a mixture of the R and S
diastereomers at a ratio of approximately 53:47.

Molecular formula C:2H3:04
Molecular weight  360.49

Structural formula

COOH
CH,
7
S 7
OH OH
Miscellaneous Tloprost is a chemically stable synthetic prostacyclin (PGlz)

analogue. lloprost’s pharmacological activity is simtlar to that of
natural PGI; but has a greater chemical stability and longer hatf-
life compared with PGI,.

Miscellaneous Formulation Information
Iloprost was administered as an intravenous and oral solution in several studies; in these
studies the iloprost solution was similar to that used in Ventavis (diluted llomedin 20).

C

3
Reviewer’s Note on Hoprost Formulations
-This review focuses on the solution for inhalation. However, relevant information was
obtained with the intravenous and oral formulations; this information was considered in
this CPB assessment as necessary.

3. Proposed Mechanism of Action and Indication
The reported primary mechanisms of action of iloprost are pulmonary vasodilatation and
inhibition of platelet aggregation and activation. Ventavis (iloprost) is proposed for the
treatment of pulmonary arterial hypertension (PAH) n patients with New York Heart
Association Class III or I'V symptoms € ¢




4. Proposed Administration Route and Dosage (Applicant’s Rationale)
Ventavis® is intended for inhalation using a nebulizer. The applicant’s rationale for using
the inhaled route is to provide high local concentrations within the lung, while
minimizing the systemic (oral and IV route) side effects of prostacyclin therapy and
avoiding complication of indwelling catheters (IV route}. Therefore, inhaled iloprost
potentially offers a higher therapeutic index than oral or [V iloprost. The dosage at the
mouthpiece is as follows: First inhaled dose should be 2.5 pug. If this dose is well
tolerated, future dosing should be increased and maintained at 5 ug. The administration
frequency should be 6 to 9 times per day during waking hours according to individual
need and tolerability.

B. What are the general clinical pharmacology characteristics of iloprost?

1. Design features of clinical studies used to support dosing in PAH
The design features of the clinical studies used to support dosing in patients with PAH
are summarized in Table 3. The iloprost dosage studied in the three key trials are:
o Phase 3: 2.5 to 5 ug/dose up to 9 times daily (maximum daily dose 45 ig)
e Phase 2: 50 to 200 pg per day in divided doses
¢ Phase 1: 5 ng single dose, given 3 times with three different nebulizers

2. Clinical response (efficacy) endpoints
The primary clinical response endpoints in this application are:
a) improved exercise capacity {6 minute walk test) at 12 weeks by = 10% vs. baseline
b) improvement by at least one NYHA class at 12 weeks vs. baseline
¢) no deterioration of pulmonary hypertension or death at any time before 12 weeks.
The applicant proposed a composite endpoint comprising the endpoints a, b and c.
Secondary endpoints included the Mahler transitional dyspnea index, quality of life
indices, and hemodynamic monitoring. Hemodynamic monitoring included various
systemic and pulmonary (via catheter) hemodynamic measures such as cardiac output,
diastolic, systolic and mean arterial pressures, heart rate, and derived measures.
Pulmonary vascular resistance (PVR) was considered the most relevant
pharmacodynamic measure because it directly reflects the pulmonary hypertensive state

BOx{mPAP — PAWP)
CO

where, mPAP = mean pulmonary arteriai pressure, PAWP is the pulmenary arterial wedge pressure and CO
15 the cardiac output

PVR =




Table 3: Design features of the primary clinical studies for iloprost in treating PAH (per applicant)

ME97218 (Phase 3)

MEYS0G0S8 (Phase 2)

MEY8051 (Phase 1)

i

i

1
s

Sample size

and long-term open
Iabel (ongoing Study

101 iloprost
102 placebo

NYHA Class changes
Deterioration of PAH
Mortality
Mahler Dyspnea Index

Hemodynamic
parameters and
gas exchange
Quality of Life
Need for ransplantation

12 weeks randomized

Randomization | Yes Yes
Blinding Yes No
Control Placebo i Crassover study
therapy
(excluding prosianoids) ]
Design Double-blind parallei Open-label paral Single dose crussover

12 weeks randomized
and 2 years open label |

303045) !
Patient PPH or SPH PPEL or SPH PPH or SPH
Poputation NYHA Class Hlor IV | NYHA Class 11 HEL or {V

30 itoprost
33 contral

Primary Composite response” None None
efficney
endpoint
Secondary Composite response® |
eacy . . . . i
cfhcatj} 6-minute walking 6-minute walking
endpoints distance cistance

NYHA Class changes
Deterioration of PAH
Morality
Mabhler Dyspnea Index

Hemodynamic !
parameters and
gas exchange
Quality of Life

I day

13 itoprost

Hemodynamic
parameters and
gas exchange

Need for snsplantation |

" The composite response endpoint was defined as (1) improvement in the d-minute walk test at 12 weeks
by at least £0% vs. baseline; (2) improvement by ar least one NYHA class at 12 weeks vs. haseline: and
(3) ve death or deterioeation of PAH before 12 wecks

® Composite response endpoint was retrospectively defined for the phose 2 study as (1) improvement in the
G-minute watk test by at teast 1095 vs. bascline: {23 improvement by at least one NYTIA ¢lass v
bageline: and (3) na death

3. Identification and measurement of iloprost concentrations in plasma
Total iloprost (total = S and R iloprost diastereomers) concentrations were adequately
identified and measured in most studies. However, assay information was incomplete in
several studies (Study 6210, Study 7312, Study 8432, and Study 8148); the applicant
indicated that additional assay information was not available. Only the LC/MS/MS assay
distinguished the iloprost stereoisomers (QT study). Please refer to Section for additional
assay information.

Activity of iloprost components

In vitro comparisons of iloprost (total) with its individual diastereomers demonstrated
that the 4S-iloprost isomer was approximately 3 times more potent than iloprost, and that
the 4R- iloprost isomer was approximately 4 times less potent than iloprost, with regard
to vasodilatory effects. Similarly, the 4S-iloprost isomer was approximately twice as
potent as iloprost, and the 4R- ifoprost was considerably less potent than iloprost, with
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regard to in vitro blood- pressure-lowering effects. For inhibition of platelet aggregation,
the 48- iloprost isomer was 1.5- 2 times more potent than iloprost, whereas the 4R-
tsomer was 7 times less potent than iloprost.

According to the applicant, the tetranor metabolite of iloprost (iloprost’s main
degradation product) had no effect on blood pressure, heart rate, or platelet aggregation in
animals (Report 8127). However, this conclusion is based on a nonclinical study in mice
and may not be applicable to humans. The in vifro activity of iloprost metabolites was not
evaluated.

4. lloprost Exposure-Response
An exposure-response relationship was not formally evaluated in this application.
However, in the clinical trials with inhaled iloprost (Phase !, 2 and 3 trials previously
cited), oral iloprost and intravenous (Studies 7312 and 6496), various dose regimens were
employed that demonstrated a wide dose-response range.

a) Exposure-response (Efficacy)
Hloprost effect on platelet function
In the oral and [V studies there was dose dependent inhibition of ADP- and collagen-
induced platelet aggregation. Platelet function was not assessed for the inhaled route.
These inhibitory effects were observed within 30 minutes of drug administration and
persisted for 2 3 hours. Due to the sampling schedule the exact time for onset and offset
of platelet inhibition is unclear.

Hoprost effect on hemodynamic measures

The effect of iloprost on pulmonary and systemic hemodynamics, including decrease in
PVR and decreasing in mP AP relative to preinhalation were evident during inhalation
and persisted for 60 to 90 minutes post inhalation (Figure 1).

Figure 1: Time course of PVR in Study AX15 (per applicant)

 Time cowse of PVH: mean
Catheter test efficacy variabies: valid case

(dnxs/em5]

Devico %% Halolite  — = Vemsiream  ~ +.- llo-Neb

Trpatmant was administered in 3 padods
9R051
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These findings were seen in the acufe setting (Phase | trial) and in Phase 2 and Phase 3
study. There was no evidence of tolerance development in the long-term trials, as the
iloprost dose remained effective throughout the trial without the need for dose increases.

Figure 2 shows that hemodynamic effects for consecutive iloprost doses are not additive,
indicating that the time course of effect is independent of the inhalation number.

Figure 2: Time matched plot of PVR for inhalation 1 vs. 2 with line of identity (Phase 2

Study)
Variation of PVR for Inhalation 1 and 2
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Miscellaneous PD Information (time course of PD effects)

Inspection of individual PD time course effects revealed the following trends during and

after inhalation:

¢ PVR: There was a trend towards decreased PVR during and post inhalation in
some cases (much clearer than for other PD variables) then a return to
baseline.

* mPAP There was no clear trend; curves tended to be flat over the inhalation
period, but this may have been a function of measurement times. In a few
cases, there appeared to be an early drop in mPAP at the beginning of
inhalation and a return to baseline two hours post inhafation

e PAWP: There was no clear trend; generally curves were flat. In some cases there
was a slight decline during inhalation.

 CO: There was no clear trend. [Note: Systemic diastolic pressure mirrored the
CO pattern}

The applicant reported the following dose thresholds associated with PD eff‘cct%
following administration of IV iloprost:

¢ Vasodilatation 1.0 ng/kg/min
¢ Increased heart rate 4.0 ng/kg/min
* Hypotension (rare) 4.0/ng/kg/min

e Aggregation inhibition 0.5 to 1.0 ng/kg/min
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No specific PD thresholds (change in hemodynamic measure) have been defined to show

efficacy in the PAH population. However, the standard NIH definition for PAH is:

e mPAP =25 mmHg vs. 10 - 16 mmHg for normal

e PAWP =15 mmHg vs. 5 — 13 mmHg for normal

s PVR >3 Wood’s units or ~ 240 dynes/second/cm2 vs. 0.7 — 1.1 Wood’s units or 90 —
250 dynes/second/cm” for normal

Schematic of Empirical PD Model
The PD (hemodynamic) clinical observations suggest that the following empirical model
suitably describes the time course of drug effect.

Figure 3: Schematic PD Effect Model illustrating iloprost time-course

| Constant to Slightly Decreasing Baseline Values I

Iloprost lnhaledJ

v

PVR
(Magnitude of P D Effect)

I 24 hour Time Course

The antiplatelet effects and hemodynamic effects persist even when the drug is absent as
the PK half-tife of inhaled iloprost < 12 minutes, but PD effects last for > 1 hr.
Theoretically, the efficacy of iloprost is linked to the interaction of iloprost with
prostacyclin receptors, therefore, a short plasma half-life resulting in low systemic
exposure may not be an accurate predictor of iloprost activity.

b) Exposure-response (Safety)
Systemic side effects such as headache and flushing were dose related, but this
relationship could not be quantified. No clear time of onset or offset could be identified
although in some cases iloprost therapy was discontinued (mainly with IV) shortly after
therapy was initiated due to lack of tolerability. Generally adverse events resolved once
iloprost therapy was discontinued. Other common adverse events associated with tloprost
therapy include vasodilatation, nausea, trismus, hypotension and syncope.
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Dose-Response and Systemic (Plasma) Exposure-Response

The Medical Reviewer indicates that in the QT study an inhaled iloprost dose = 10 pg
showed a higher incidence and severity of adverse events (particularly non-cardiac
related tightness in the chest) than doses < 10 pg. Supratherapeutic doses (doses > 5 ug)
were evaluated in the QT study, but iloprost PK were not accurately determined in the
QT study. Iloprost exposure was not determined following inhalation in the Phase 2 or 3
studies, thus a systemic exposure-response relationship could not be evaluated. However,
qualitative exposure-response information is available following IV and oral (clathrate)
administration of iloprost. The oral and IV doses were generally well tolerated without
evidence of dose-limiting toxicity. Ideally, inhaled iloprost should have been compared to
IV infusion or to the oral iloprost clathrate formulation in the same patient population to
strengthen the cross-route comparisons. Nevertheless, the exposure-safety profilc of
inhaled iloprost is supported by clinical data obtained with the oral and IV routes (n >
3000) of administration because iloprost’s clinical effects (safety) are likely related to
systemic exposure. Compared to the inhalation route of delivery, the systemic exposure
after IV iloprost (doses up to 2 ng/kg/min for 6 hours) demonstrated a lower Cmax but
greater AUC. The daily systemic exposure following oral administration (50 ug BID to
200 pg BID) is similar to or greater than that observed afier inhalation of iloprost at the
highest recommended dose (5 pg) when administered 6 to 9 times daily.

¢) QT and QTc interval
Iloprost does not significantly alter the QTc interval as shown in Table 4.

Table 4: Mean change from baseline in Selected ECG Parameters

Moxifloxacin Tloprost fixed Noprost Placebo
Ascending
400 mg single . 25 pe ll}haleq
dose !loplrost given six
. tirnes q 2h
Total N 40 39 41 40

Heart Rate
Heart Rate in bpm 1 | 5 7 3
QT or QTc in msec
QT 1 -12 -14 10
QTcl 3 -2 1 4
QTcF 3 -3 -2 4
QTcB 4 2 4 2

A parallel group design with four treatment groups was used to evaluate the QT
prolonging potential of iloprost. The treatment groups were oral moxifloxacin (400 mg;
positive control), inhaled tloprost (fixed 2.5 pg dose every two hours for 6 doses), inhaled
iloprost (ascending dose every two hours for 6 doses: doses were 3, 7.5, 10, 12.5, 15 and
20 png) and inhaled placebo (time-matched to iloprost ascending dose). ECGs were
determined at baseline (Day 0) and on Day 1 (Treatment) over ~ 24 hr period. QT
corrections were required for the analyses because QT depended on heart rate (RR used
as surrogate for heart rate). The most suitable correction was the individually corrected
QT (QTcl) and the Fridericia (QTcF) methods (Figure 4). After placebo and baseline
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cotrection {double delta approach), moxifloxacin QTcl prolongation was +7 msec
(Confidence interval: +3 to + 10) indicating that the assay was sensitive. For the iloprost
fixed dose treatment there was a + 2 msec (- 2 to + 5 msec CI) QTc change and the
maximum tolerated escalation dose arm showed a + 3 msec (- 1 to + 0 msec Cl) effect.

Figure 4: Correction of QT
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There was no evidence of an increase in QT interval associated with increases in
measured iloprost concentrations suggesting there is no obvious PK-QTc effect based on
the available data (Figure 5). However as noted previously, the iloprost PK

determination appeared inadequate.

Figure 5: Maximum change in QTecl vs. plasma concentration (iloprost dose given at 18064 hr

(per Applicant)
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There were no QTc changes > 30 msec in any subject receiving iloprost.
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In sum, the QTc data indicate that no precaution is required for iloprost with respect to its
potential QT prolonging effects.

d) Acceptability of applicant’s proposed dose and dosage regimen
The proposed dosage regimen is acceptable because sufficient efficacy and safety were
shown in the pivotal clinical trial using the proposed regimen (See Medical Review). In
the pivotal Phase 3 trial patients (PPH or SPH) initiated iloprost therapy at the 2.5 g
dose level and the dose was increased to 5 [Lg depending on individual tolerability. Dose
titration of iloprost is consistent with the approach adopted for the other US approved
PAH treatments: Flolan® (epoprostenol), a prostacyclin solution given by 1.V. infusion;
Remodulin® (treprostinil), a prostacyclin analogue given by subcutaneous infusion; and
Tracleer® (bosentan), an endothelin receptor antagonist given orally.

The two hour interval between doses is reasonable based on the hemodynamic time
course (figure 1} shown previously. Inhalation at intervals shorter than 2 hours is likely to
result in excessive vasodilatation and severe hypotension that may decrease tolerability.
A maximum of nine doses per day, equivalent to 18 hours awake seems reasonable. In
the clinical trial the mean number of inhalations was ~ 7 and the median frequency of
inhalations was 6. Only eight percent of the subjects inhaled iloprost at night
occasionally or regularly. This reviewer agrees with the applicant that increasing the
number of inhalations beyond nine times per day may lead to patient fatigue and potential
non-compliance.

Unresolved Dasing Issue
One issue that remains subject to debate is the potential lack of drug effect during sleep
or totally drug-free periods. The applicant indirectly addressed this issue by evaluating
(comparing iloprost to placebo) the hemodynamics and change in walk distance at trough
(over night break in dosing of nine or more hours, prior to walkang up) at week 12.
According to the applicant’s analyses, the absolute change in walk distance always
favored iloprost with p values ranging between 0.052 and 1.102 . The hemodynamic data
displayed a similar trend; hemodynamic measures before inhalation improved or
remained stable for the iloprost group whereas most hemodynamic parameters
deteriorated sigaificantly for the placebo group. Although the preceding supports a
durable treatment effect for iloprost relative to placebo, it does not demonstrate
effectiveness while the patient is asleep (presumably over night). Patients may have
unanticipated activity at night that will require additional drug support. One should note
that the applicant proposed that the label include the following: &

_ 1 This statement may have
been included to minimize the effect of the drug-free periods; however, the statement is
not supported by data.

5. Pharmacokinetic characteristics of iloprost and its major metabolites
PK Overview

Iloprost pharmacokinetics were determined following inhalation (via nebulizer),
intravenous and oral administration. Clinical PK studies were performed with iloprost in
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both healthy volunteers (Reports 6210, AG12, AS07 and 7312) and in patients with PAH
(Report AX15), renal insufficiency (Report 8148), hepatic impairment (Reports 8432 and
AM75), peripheral arterial occlusive disease (PAOD) (Reports AN76, 9356 and 9357), or
thromboangitis obliterans {TAO) (Report AI07). The most relevant and reliable PK
information were obtained from studies AX15 (inhalation), 6210, 7312. PK information
following oral administration was also considered for some aspects of this review. The
discussion that fotlows focuses on PK of the intended administration route (inhalation),
however, information for other routes will be included as necessary.

a) Single Dose PK of iloprost
The single dose PK for iloprost are summarized in Table; no relevant multiple dose PK
were available. Due to the short half-life, accumulation is not expected on multiple

dosing.

Table 5: lloprost PK Following Inhalation and 1V administration

Study AXIS 6210 7312

Route Inhaled v v

n i2 6 8

Subject PAH Patient Healthy Healthy

Age 46+ 12 30+8 59+5

Sex 3 male, 9 fernale 6 male 4 male, 4 female
Dose 1 5ug 1 ngfkg/min for 45 minutes | 2 ng/kg/min for 4 hr
Dose 2 NA 3 ng/kg/min for 45 minutes | NA

CL1 " (mL/kg/min) NA 21.0+3.0 24+9

CL2 NA 201 +52 NA

Vd 1 (L/kg) NA 0.7+04 N

vd 2 (L/kg) NA 0.8+03 NA

C max | (pg/mL) 157 + 64 46 +8 81+35

C max 2 (pg/mL) NA 135+ 24 NA

AUC 1 (pgh/mL) 47.8+352 2190 + 360 382 + 188

AUC 2 (pgh/mL) NA 7140 + 2050 NA

Tmax 11 (8-25) NA NA

T1/2 atpha NA 38+16,28%1.6 6+4

T 112 beta 79+32 20,1 £7.2,2601£72 31+ 10

Assay RIA GC/MS Radio-HPLC

Iloprost PK following inhalation were more variable than that after oral or IV

administration.

b) PK ofiloprost in PAH Patients vs. Normal Yolunteers
There are no adequate data to compare the PK of inhaled iloprost in PAH patients to
normal volunteers. PK data following iloprost inhalation are also absent from two

important patient subclasses that may benefit from inhaled iloprost therapy: patients with
chronic obstructive disease and asthma.

¢} Characteristics of drug absorption
The characteristics of drug absorption were not specifically determined for inhaled

iloprost; however, an estimated absolute bioavailability was determined based on a cross-




study and cross-population comparison. By this non-definite approach the absolute

bioavailability for inhaled iloprost was ~ 8¢ %. The reliability of this value is unclear and

should not be incorporated in the product labeling. The absolute BA for oral iloprost
ranged from 13 to 19 % (solution and clathrate).

It is unknown if any transporters are involved in iloprost absorption.

d) Distribution of iloprost
The volume of distribution was ~ 0.8 L/kg following IV administration. Protein binding
of iloprost was characterized in human plasma (Report 4495). Iloprost was 60% bound
to human plasma proteins, and this binding was independent of concentration.
Approximately 75% of the binding was to albumin, with the remaining 25% binding to
other plasma proteins.

e¢) Mass Balance Information
The mass balance results suggest that the primary route of drug elimination is hepatic;
iloprost appears to be primarily metabolized in the liver. In the mass balance study,
healthy adult volunteers received tritium labeled iloprost on three separate occasions:
intravenous infusion of (2 ng/kg/min for 4 hours) and two oral doses (0.1 and 0.48
ng/kg). Mass balance results following oral and 1V administration of radiolabeled
iloprost are summarized in Table 6 and 7. lloprost was approximately 80 %
biotransformed.

Table 6: Pharmacokinetic Measures for *H-labelled compounds (n = §)

loprost Dose
PK Measure 2 ng/kg/mm IV 0.1 pg/kg PO 0.48 pg/kg PO
Cmax(pg equiv./mL) | 408 + 79 307 + 81 1051 +235
Tinax (min) NA 29+ 11 39 £ 24
AUC (pgh/mL) 2027 £ 538* 641 + 260 2664 * 466
Cly (mL/minkg) | 3.9+ 0.9 NA NA
T 205 (min) NA 743 9+7
T 3120 (min) 24+ 11 NA NA
Tiop () 1.7£0.2 1.240.2 15202
Ty () 50+13 NA NA
*n=6

NA- not applicable

Table 7: Iloprost pharmacokinetic measures in healthy etderly adults (n = 8)

PK measure

Hoprost Dose 2 ng/kg/min IV ]
Cmax(pg equiv./mL) 81 +35%*

Tmax (min} 240)

AUC (pgh/mL) 382 + 188*

CLyg {mL/min/kg) 24 +9

T g (min) 614

Tynp (h) 31210

BA (%) NA

* n = 6; NA- not applicable; ND- could not be determined
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Following the end of the infusion, plasma concentrations of total radioactivity declined in a
triphasic pattern, whereas, iloprost concentrations declined in a biphasic manner.

f) Metabolism of iloprost (enzymes and hepatic extraction class)
lloprost is extensively metabolized by 3-oxidation of the upper side-chain. The proposed
metabolic pathway of iloprost is based on nonclinical information (Report 5251) obtained
in the rat as depicted in figure 6. It is unclear if iloprost follows the same metabolic
pathway in rats and humans.

Figure 6: Hoprost metabolic pathway in rats
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The oxidation reaction appears to be by specific and non-specific oxidases. CYP enzymes
play only a relatively minor role in iloprost metabolism (see Extrinsic Factors affecting
Hoprost exposure, Section D). In humans, iloprost is entirely metabolized, with no
unchanged drug found in the urine or feces. The major metabolites of iloprost are
tetranor-iloprost and tetranor derivatives (e.g. glucuronides); additionally, dinor-iloprost
1s present after 1.V. administration. The applicant reports that there was no selective
metabolism of the two iloprost isomers (Report AG12) in humans after oral dosing.




Iloprost appears to be a medium to high hepatic extraction drug: following IV
administration CL ~ 20 mL/kg/min (for a 70 kg person CL ~ 84 L/hr).

g) lloprost excretion
Labeled compounds were excreted mainly by the urine: ~ 80 % of the total radioactivity
was found in urine and ~ 20 % in feces. Renal elimination was biphasic with haif lives of
~ 2 h and ~ 20 h. Eighty to 90 % of the urinary radioactivity was found within 14 h post
administration. The fecal excretion half-life was ~ 20 h. No unchanged iloprost was
excreted in either urine or feces.

h} Dose and Time Dependency of iloprost PK
Data were insufficient to determine if there was a dose or time dependency on iloprost
PK.

i) Inter and intra-subject variability in iloprost PK
There was high intersubject variability in iloprost PK (Table 5) following inhalation as
evidenced by the large standard deviation (CV ~ 60 %) associated with the AUC. The
potential sources of variability can be ascribed to the delivery device and a patient’s
inherent physiology. Drug delivery by nebulizers are generally subject to a higher degree
of variability than other delivery modes. Physiologically, a patient’s breathing pattern
may impact PK because the delivery device is breath actuated. Thus a “slow breather”
may take a longer time to achieve the desired dose than a fast breather resulting in PK
differences. Additionally, each patient may have different absorption patterns and
capacity to process iloprost (e.g. metabolizing capacity).

There were no data available to assess intra-subject variability in tloprost PK following
inhalation.

C. What intrinsic factors affect iloprost exposure?
[loprost exposure was affected by the degree of renal insufficiency (Report 8148) and
hepatic insufficiency (Reports AM75 and 8432). The clinical trials did not include
subjects with significantly impaired hepatic or renal function, thus no additional long-
term safety or effectiveness data are available in these subjects. Data were absent or
inadequate to definitively determine if other intrinsic factors, such as age, gender, race or
other human factors affected iloprost exposure.

Renal Insufficiency

Two groups of patients suffering from renal insufficiency received an IV infusion of

1 ng/kg/min of iloprost for 60 minutes. The two study groups* were: Group I (n =10)
comprising ten subjects that were not subject to dialysis therapy (creatinine > 2 mg/dL)
and Group Il (n = 11) comprising 11 subjects who routinely required dialysis. However,
dialysis treatment was not offered during the course of this study.

Reviewer Comment
* This study was conducted prior to the publishing of the Renal Impairment Guidance
and does not conform to the recommendations of the Guidance with respect to study
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groups. The Guidance suggests that all subjects should be age matched (as appropriate)
and the following groups should be included in the study: normal subjects (no renal
insufficiency), and subjects with mildly, moderately and severely impaired renal function
and end stage renal disease requiring dialysis. The degree of renal function is expressed
as creatinine clearance (mL/min).

Results from the renal impairment study are summarized Figure 7 and Table 8.

Figure 7: Plasma concentration-time profiles in Renal Insufficiency
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Table 8: Mean + SD Pharmacokinetic Measures for iloprost in subjects with varying degrees of renal
insufficiency following administration of 1 ng/kg/min iloprost 1V infusion.

PK Measure n Group | n Group 11

Cl,, (mL/min‘kg) 7 0.28 +0.13 8 0.17 £0.05

Ceo 7 53+ 10 7 193+ 77

AUC (pgh/mL) 7 54422 8 [230+103 |
CLu {mL/min/kg) 7 17.6+5.2 3 52422

T} 50 (min) 7 0.06 * 0.0! 8 0.055 + 0.005

T,np (h) 7 0.64 £0.35 8 0.59+0.16

Ty () NA NA 2 6.95

MRT (h) 7 0.27+0.28 8 0.87£1.36

As is evident from figure 7 and Table 8, patients with renal insufficiency who require
dialysis have approximately a three-fold reduction in clearance values compared to those
not requiring dialysis. The effect of dialysis on iloprost exposure i1s unknown. CL for
Group I subjects is comparable to that in subjects with normal renal function (based on
cross-study comparison), suggesting that Group I subjects do not require a dose
reduction; whereas Group II subjects require a dose reduction. It should be noted that 1)
the plot of weight normalized CL vs. weight normalized Cler showed that systemic
clearance was not largely determined by Clcr (R” = 0.35) and subjects in the two groups
had overlapping CLer. The low dependence of total CL on CLer (renal function) may be
expected because iloprost is extensively metabolized. A possible reason for differing
exposure, despite overlapping CLer in the two groups is the unknown contribution of
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other factors, such as the hepatic function status of participating subjects. Patients with
severe impairment of renal function and ESRD patients frequently have other underlying
conditions that may impact drug CL.

Applicant’s Dosing Recommendation for Patients with Severe Renal Insufficiency
The applicant provided a non-specific labeling recommendation in the package insert: ~

3 This reviewer agrees with the applicant’s conclusion, but thinks the
dosing recommendations shouid be more specific for patients with renal insufficiency
(sce Reviewer's Dosing Recommendations for Fatients with Severe Renal Insufficiency).

Reviewer’s Dosing Recommendations for Patients with Severe Renal Insufficiency

The dosing recommendations that follow rely on the following assumptions:

* The results from the intravenous route are reflective of the inhaled route.

¢ The cross study comparison (patients with renal dysfunction vs. subjects with normal
renal function) of CL is acceptabie.

With these caveats in place the dosing recommendations for inhaled iloprost are:

I. Subjects with mild or moderate renal insufficiency (Clcr > 30 ml./min) do not require
a dose reduction when undergoing inhaled iloprost therapy (Same as Applicant’s).

2. Subjects with severe renal impairment, not requiring dialysis, should have the dose
reduced to 1.25 g iloprost at intervals of at least 3 hours (up to a maximum of six
times a day) as initial treatiment. The dosage may be adjusted based on individual
need and tolerability.

3. Patients with severe renal impairment requiring dialysis or ESRD may receive
inhaled iloprost at the dosage prescribed in 2 above. However, the labeling should
indicate that the effect of dialysis is unknown; therefore the utlllty of the
recommended dosage for dialysis patients is unclear.

Hepatic Insufficiency

Two studies were carried out in patients with hepatic insufficiency. In Study 8432
patients with liver cirrhosis were treated once with an IV infusion of iloprost

(1 ng/kg/min for 60 minutes}. Study AM75 was conducted with the oral clathrate capsule;
in this study subjects with normal hepatic function (healthy), Chitd Pugh Class A and
Child Pugh Class B received a single 100 pg iloprost dose. Relevant results from the two
studies and a reference study are summarized in Tables @ and 10

Table 9: Pharmacokinetic measures in patients with hepatic impairment receiving IV iloprost

n Age Cpss* Tyap AUCo* CL
Child Class (years) {pg/mL) (min) (pgh/mL) (mL/min/kg
ABC |83 558486 | 93.4£31.0 | 275+243 | 125654604 | 10732
A ! 50.0 66.0 10 628 | 152
B 3] 544459 | 99.6£37.7 36.2 139.64 11.1£3.8
C 2 53.0 915 13.5 122.1 10.7
Normal | 8| 35945 405 | 31z10 48 2449

*AUC and Cpss were dose normalized to facilitate comparison
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Table 10: Mean + SD Iloprost PK measures in subjects with normal and impaired liver fanction
following oral administration of iloprost capsule

Hepatic | N Age Cmax Tnax AUC, 5, Ty {min}
Function {yr) (pg/mlL}) (h} {pgh/mL)

Healthy | 4 333194 62+ 19 0.9+03 117 +£36 2.1+06
ChildA | 3 48873 2151 112 1.5+ 0.7 639 + 440 L1206
ChildB | 3 493 £13.2 441£76 L7108 1725 + 544 1.5£03

Results from studies AM75 and 8432 were leveraged to make inhaled iloprost dosing
recommendations for subjects with impaired hepatic function. However, ideally, a
hepatic impairment study should be conducted using inhaled iloprost to make definitive
dosing recommendations for inhaled iloprost. Qualitatively both studies show (1)
decreased iloprost clearance in subjects with hepatic insufficiency relative to normal
subjects {no hepatic dysfunction) and (2) comparable t;; and Tmax for hepatic
imparment and normal hepatic function. Quantitatively for Child Class B subjects, the
relative clearance differs in the two studies: CL in normal subjects ~ 14 times greater
than that in Child Class B (for oral) vs. ~ 2 times greater for IV. An additional relevant
finding for oral administration is that CL in normal subjects ~ 5 times greater than that in
Child Class A.

Applicant’s Dosing Recommendation for Patients with Hepatic Insufficiency
The applicant recorunends

Reviewer’s Dosing Recommendations for Patients with Hepatic Insufficiency

(Discussion)

The dosing recommendations rely on the following assumptions:

¢ [t is likely that the CL ratio (CL in normal vs. CL in hepatic insufficiency) for the
inhaled route will be close to that of the I'V but fall between that obtained for IV and
oral (worst case scenario). However, an exact value for the magnitude of the CL ratio
cannot be determined with the available information.

¢ The number of subjects per group n < 6 is sufficient to describe the PK behavior of
iloprost in subjects with hepatic insufficiency.

Clinical Considerations

Key clinical considerations are as follows:

* Subjects with hepatic insufficiency were excluded from the pivotal clinical trial
therefore there is no long-term clinical trial information in these subjects

According to the Medical Reviewer, the most severe adverse events (AF) occurred at

inhaled iloprost doses = 10 pg (AUC ~ 100 pgh/mL) as observed in the QT study; these

AEs included tightness in the chest (non cardiac-related) and vasodilatation.
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Based on the preceding information, this reviewer proposes the following labeling
recommendations for the three hepatic impairment classes.

s Child Class A

An initial dose of 2.5 pg should be administered at intervals of at least 3 hours (up to a
maximum of 6 times per day) to patients with Child Pugh Class A. Thereafter, the dosage
may be adjusted based on individual tolerability.

Based on the 5-fold CL decrease (oral study), the 2.5 pg dose administered to Child Class
A would achieve drug exposure equivalent to administering a 12.5 pg dose. There are
insufficient comparative data for IV iloprost in Child Class A; however, the CL of normal
subjects 1s expected to be < 2 times greater than that of Child Class A subjects receiving
IV tloprost (based on results from Class B following I'V administration). Consequently, in
effect the exposure in Child Class A receiving inhaled iloprost will be equivalent to a
dose < 5 pgto 12.5 pg. This dose range appears reasonable to achieve efficacy without
compromising safety, particularly when the dosing interval is = 3 hours vs. 2 2 hours for
normal subjects.

¢ Child Class B

There 1s the potential for obtaining excessive iloprost exposures in Child Class B subjects
receiving inhaled tloprost: a 2.5 pg dose would produce and exposure equivalent to a
dose between 5 pug (based on IV CL results) and 35 pg (based on oral CL results). This
dose range 1s fairly wide and there is a potential that inhaled tloprost will have exposure
equivalent to effective doses = 10 pg, the apparent safety threshold. An initial dose of
1.25 pg will minimize the potential for obtaining excessive exposures in these subjects.
Consequently, this reviewer recommends that inhaled iloprost should be initiated at a
1.25 ng dose and dosage may be adjusted using the parameters outlined for Child Class A
patients.

e Child Class C
There are no data in Child Class C and there is no clinical experience in these subjects,
thus inhaled iloprost should be contraindicated in these subjects.

D. What extrinsic factors influence iloprost exposure and/or response?
The main evaluable extrinsic factor that may nfluence the iloprost exposure-response is
concomitantly administered drugs.

In vitro metabolism information indicating drug interaction potential

In vitro metabolism information indicates that iloprost has a low potential to undergo
metabolically-based drug-drug interactions. In the in vitro studies, incubation of iloprost
with cDNA-expressed CYPIA2, CYP2C9, CYP2C19, and CYP3A4 produced two minor
metabolites; these metabolites were also formed with human liver microsomes (Report
A09478). No metabolites were detected in the presence of CYP2ZA6, CYP2C8, CYP2EI
and CYP2De¢.
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Inhibition/Induction of metabolism by iloprost (in vitre information)

In vitro metabolism information indicates that iloprost has a low potential to inhibit CYP
metabolism of other drugs. The induction potential of iloprost was not evaluated. In vitro
metabolism studies with iloprost in human liver microsomes and cDNA-expressed human
cytochrome P450 isoenzymes demonstrated minor inhibitory effects of iloprost on the
metabolism of model P450 substrates (phenacetin, coumarin, diclofenac, testosterone,
paclitaxel, mephenytoin, dextromethorphan). Minor inhibitory effects were seen for
CYP2CE, CYP2CI19 at iloprost concentrations > 50 pM (exceed therapeutic
concentrations), and no inhibitory effects were observed for CYP1A2, CYP2A6,
CYP2C9, CYP2D6, CYP2E] and CYP3A4.

Role of Transporters
The potential role of transporters (e.g. PGP) on iloprost PK was not evaluated in this
NDA.

In vivo studies with medications that are likely to be administered in PAH patients

In several clinical PK/PD studies, 1.V. iloprost did not show any clinically relevant
interactions with drugs commonly used in PAH therapy, including digoxin (Report
A646), nifedipine and diltiazem (calcium channel blockers; Reports B599 and 8412),
captopnl (angiotensin converting enzyme inhibitors; Report 8168), and aspirin (Report
AD19). In the pivotal clinical trial the mentioned comedications and other drugs from the
drug classes mentioned were allowed; there were no reports of unacceptable side effects
due to comedication.

It should be noted that in most druog-drug interaction studies PD, rather than PK, was
evaluated; these studies were also conducted primarily in healthy subjects,

Mechanistic basis_for PD drug-drug interactions between iloprost and comedications
There is a potential for additive or synergistic effects between hypotensive agents and
antiplatelet agents thus caution should be exercised when iloprost is combined with these
agents.

E. What are the general biopharmaceutics properties of iloprost?

Administration Route (Absolute Bioavailability Inhaled vs. Oral)

The oral absclute BA was ~ 20 %. No definitive absolute BA information is available for
the inhaled route. Following inhalation there is a possibility that some of the drug will be
ingested. Based on the oral absolute BA, even if a subject accidentally swallows the
entire dose, rather than inhales it, low, potentially subtherapeutic iloprost concentrations
will be achieved and there are unlikely to be major safety concerns. It is noted that
Hoprost solution is intended for inhalation only.

Drug Delivery Device: ProDose (not used in clinical trials, but recommended for
Ventavis administration) vs. HaloLite (used in clinical trials)
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Background on Devices

Subsequent to completing the Phase 3 trial (clinical study 97218/300180), Profile
Therapeutics ceased production of the HaloLte and developed the ProDose system as an
improved version of HaloLite. ProDose maintains the same aerosol generation
technology and product contact materials of construction as those used for the HaloLite.
The ProDose received 510{(k) approval April 22, 2004 (K030747) using the HaloLite as
the predicate device.

The ProDose system uses Adaptive Aerosol Delivery (AAD®) technology. This
technology delivers aerosol only during the inspiration portion of inhalation and will
cease delivering drug after the desired dose has been delivered to the mouthpiece. The
HaloLite device delivers 2.5 ug of iloprost aerosol with each actuation (i.e., 2 sequential
actuations per 5 pg dose).

ProDose vs. HalolLite

The applicant indicates that iloprost inhalation for solution should be administered via a
nebulizer such as ProDose; however, this device was not used in the lone pivotal clinical
trial. The ProDose system was evaluated only in the QT study, where suboptimal PK
sampling was conducted and PK determinations appeared inadequate. Therefore, results
from the QT study could not be adequately compared to information from other studies.
The HaloLite system was used in the Phase 1, 2 and 3 clinical trials and was found to be
efficacious.

The applicant conducted an in vitro comparison to demonstrate that the ProDose was
comparable to the HaloLite system that had been used in the pivotal clinical trial. The

results of these comparisons are summarized in Tables 11 and 12.

Table 11: Design and performance parameters of HaloLite and ProDose

HaloL ite ProDese
Aerosol Output Rate 26.8 pL/sec at 30 Ipm 26.8 ul/sec at 30 Ipm
Dose accuracy 290% of doses £25% of target 290% of doses +25% of target
100% of doses £35% of target 100% of doses £35% of target
Respirable fraction (<5 pm) 80+ 10% 80 £ 10%
MMD 34pm 34 pm

Table 12 Table: In vitro characterization of aerasol with HaloLite and ProDose nebulizers

. MMD MMAD Dose at mouthpiece | Nebulization time (min)
Nebulizer (GSD) (GSD) (pg)
HaloLite 3.4(1.88) | 27(2.0y 2.6 4.1
ProDose (2.5 pg) 32(195) | 26(2.19) 2.5 4.8
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The in vitro study demonstrated that the HaloLite and PreDose systems produced
comparable aerosols.

Other Delivery Devices

A formal PK/PD study was conducted with HaloLite, Ventstream [Profile Therapeutics
plc, Bognor Regis, UK, respectively], and llo-Neb® [Nebu-Tec, Elsenfeld, Germany}).
All three devices were clinically comparable, suggesting that the results from the Phase 2
using the [lo-Neb device and Phase 3 study using the HaloLite device are directly
comparable.

The applicant also evaluated other ultrasonic devices (Multisonic, Optineb and Optineb
IR} but these are not recommended for routine use with undiluted Ventavis solutton since
they have a high output and deliver more than 5 pg in 4 minutes, which increases the
probability for systemic side effects in patients with a high sensitivity to iloprost. The
most precise dosing was demonstrated with HaloLite and ProDose (2.5 pg disk). Both
can deliver a 5 ug dose with 2 inhalation cycles using one filling of 2 mL of iloprost
inhalation sclution.

Reviewer Comment on Acceptability of Devices

CDRH is primarily responsible for accepting the change in the delivery device and the
final decision is deferred to them. However, from a clinical pharmacology and
biopharmaceutics perspective, clinical or PK/PD studies are not required to confirm
device comparability, provided (1) the test device delivers the targeted iloprost dose (at
mouth piece), (2) produces a similar acrosol, and (3) delivers the aerosol at a comparable
rate to the reference device. It is expected that the proposed device will not alter the PK

or PD of iloprost, if it satisfies the mentioned parameters. This conclusion is based on the

PK/PD findings described previously {Study AX15), where devices delivering the same
iloprost dose at differing delivery rates exhibited similar PK and PD properties. The in
vitro studies showed that ProDose satisfies the described criteria. Consequently, the in
vitro tests appear acceptable to show device comparability.

F. What analytical methods were used to identify and measure iloprost
concentrations?
Several different analytical methods were used to determine iloprost concentrations in
human plastna and serum. The relevant analytical methods (used for product labeling or
have direct regulatory impact) are tabulated below (Table 13).

The progression of assay development was: [ 3 “increased
sensitivity) => — increased sample throughput while retain method sensitivity) =

L 1 method (developed by Schering but not included in table) to determine 4R-
and 48- iloprost diastereomers. Each assay was validated to some degree (Table 14)
individually; cross-assay validation was conducted between the [ 1 methods
and between the L ) T The cross-assay validation results suggest
that the T 1 assays give comparable results,
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Table 13: Summary of Bioanalytical Methods Used to Determine Lloprost Concentration in plasma

samples
Analytical Method Clinical Usage ;
Report Date | Title Study Route Brief Study Description
Development and validation of a
8454/M | 02/g9 | Scositiveand specific ™ forthe |\, Oral PK in hepatic insufficiency
determination of iloprost in (capsute)
biological samples
AM29 02/99 | Revalidation of the — for the AXI3 Inhafation | PK/PD i PAH patients to compare
quantification of iloprost in three Nebulizer Devices
biological samples o o
AAL93S Bioanalytical Method for the .
.01+ 08/04 | determunation of 4-(R/S)-tloprost 7564-100 QT prolongation study
in human plasma (sodium heparin)
9126 01/91 | Biocanalytical determination of ADI19 v PK drug interaction between
iloprost by &~ iloprost and acetylsalicylic acid
| !
12/83 Development of [ 3 8148 v PK in renal insufficiency
5783 for the determination of ZK 36 8432 v PK in hepatic insufficiency
374 in plasma 6210 v PK in man
7312 Radio-HPLC 7312 Oral and PK/PD of 3H-Labelled Ioprost in
02/96
v Healthy Volunteers

* Method developed by

'] he remaining methods were developed by Schering

Salient features for each assay are presented in Table 14. Overall assay performance was
acceptable for the individual analytical methods; however, none of the methods
quantified the metabolite concentrations.

Table 14: Assay Performance in Human Plasma

| AM29 ] 8454/M [ 9126 [ 5783 | Aare3s201 |
LLOQ (pg/ml.) L I
ULOQ (pg/mL) = 3 '
Precision ((%) ,CV | [ B ' 1 T
| l | pe/mL 4
Accuracy (%), L ' - "y
relative bias L Jd
Specificity) No Yes Yes Yes Yes for both
isomers
Cross Assay Not Differed from Correlation See comment Not conducted
Evaluation conducted —  from - ") between | for 8454/M
24%1t0+22% {' S
over 30 - 130 =0.89
pg/mL; r* = over 12.5 to
0.90 200 pg/mlL




Table 13: Summary of Bioanalytical Methods Used to Determine Hoprost Concentration in plasma

samples

Analytical Method Clinical Usage

Report Date | Title Study Route Brief Study Description
Development and validation of a
sensitive and specific ~ for the Oral . . .

8454/M | 02/89 - . . AM7T5 PK in hepatic insufficiency
determination of iloprost in (capsule)
biological samples

AMZ9 02/99 | Revalidation of the — for the AX1S Inhalation | PK/PD in PAH patients to compare
quantification of iloprost in three Nebulizer Devices
biological samples

AA1935 Bioanalytical Method for the

9-01* 08/04 | determination of 4-(R/S)-iloprost 7564-100 QT prolongation study
in human plasma (sodium heparin)

9126 01/91 | Bioanalytical determination of ADI19 v PK drug interaction between
tloprost by & tloprost and acetylsalicylic acid

J |
12/83 Development of [ 1 8148 [\% PK in renal insufficiency

5783 for the determination of ZK 36 3432 v PK in hepatic insufficiency
374 in plasma 6210 v PK in man

7312 Radio-HPLC 7312 Oral and PK/PD of 3H-Labelled Iloprost in

02/96
. v Healthy Volunteers
* Method developed by 1 -he remaining methods were developed by Schering

Salient features for each assay are presented in Table 14. Overall assay performance was
acceptable for the individual analytical methods; however, none of the mcthods

quantified the metabolite concentrations.

Table 14: Assay Performance in Human Piasma

[AM29 [ 8454/M ] 9126 [ 5783 | AA19352-01 |
LLOQ (pg/mL) L d
ULOQ (pg/mL) 600 | 130 [200 | 1000 (400
Precision (%), CV | [ o 7
| | | pg/mL S
Accuracy (%), T ' ' -4
relative bias L J
Specificity) No Yes Yes Yes Yes for both
isomers
Cross Assay Not Differed from Correlation See comment Not conducted
Evaluation conducted — from- | {r)between | for 8454/M
24%1t0 +22% & 4
over 30 - 130 =089
pg/ml; ¢’ = over 12.5t0
L 0.50 200 pg/mlL. |
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Reviewer’s Note on Assay Validation

The assays described were validated to some degree, however, some of these assays do
not meet current assay validation guidelines.

II1. Detailed Labeling Recommendations

Based on the Clinical Pharmacology and Biopharmaceutics Review changes were made
to the applicant’s proposed package insert. The OCPB changes are presented in the
Appendix as strikeouts and underlined text in red font (Prescribing Information).

Appears This Way
On Original
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APPENDICES

Abbreviated Table ¢f Contents
Item

Proposed Package Insert (Labeling) with OCPB revisions {underlined and strikethrough in
red font)

Individual Study Review
In vitro studies
Pharmacokinetic Studies: Inhaled tloprost, [V iloprost and Mass Balance
Special Populations: Renal and Hepatic Insufficiency
QT Study
Drug-Drug Interaction Studies
Cover Sheet and OCPB Filing/Review Form (not included)
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Page

42
42-47
18-65
66-81
82 - 90
9t 114
115
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Report Number AQ9478
Study Title ldentification of the principal human cytochrome P450 enzymes
Involved in the metabolism of ZK 36374 in human liver microsomes
Study number K15T20020031
Study Period 02/02 - 04/02
Objective The objective of the present study was the identification of the principal human
~ cytochrome P450 enzymes involved in the metabolism of ZK 36374 (Hoprost).

Study Description

The metabolism of 14C- labeled ZK 36374 was investigated in this study. The applicant
used standard in vitro procedures for evaluating drug metabolism; test conditions were
consistent with current OCPB recommendations {Draft MaPP: In vitro metabolism).
Briefly, a commercially available pool of human liver microsomes and preparations of
heterologously expressed human CYP i1soenzymes were used in this in vitro study. The
test systems included test product in buffer without incubation, 60 minute incubation of
test product containing control protein with NADPH generating system, and 60 minute
incubation of test product in human liver microsomes in the presence of NADPH
generating system, and incubation of test product with heterologously expressed CYP
systems in the presence of buffer and NADPH generating system. Analyses of metabolite
formation of test product and 1soenzyme specific model substrates were carried out
primarily by HPL.C (S-mephenytoin by radiodetection).

Table 1: lloprost Formulation Information

Type of formulation Solution

Manufacturer Schering AG, Germany

Specific radicactivity 1650 MBg/mg

Amount of drug substance per unit itoprost 40 mM (unlabeled) 2mM (labeled)

Results and Discussion

Following incubation of the test compound, ZK 36374 (iloprost} with c-DNA- expressed
CYP 1A2, CYP 2C9, CYP 2C19 and CYP 3A4, two minor metabolites were identified
(Table 2); these metabolites were also formed with human liver microsomes. According
to the applicant, the turnover rates of the investigated cytochrome P450s for the
metabolism of ZK 36374 were too low to confirm the contribution of the individual
isoforms (e. g. by use of chemical inhibitors for a specific enzyme). The results support
the applicant’s conclusion. In the presence of CYP 2A6, CYP 2C8, CYP 2E1 and CYP
2D6 no metabolites could be detected. The retention times for the metabolites, M2 (t =
12.3 minutes) and M1 (t = 11.2 minutes), were shorter than that of the parent compound
(t = 15.1 minutes) suggesting that the metabolites are more polar than the parent
compound. M2 was only formed by CYP2C19. Both metabolites contributed less than 5
% of total radioactivity.

Conclusions

e lloprost has a low cytochrome P450 dependent metabolism; only two minor
metabolites were formed by CYP ¢nzymes.

¢ CYP IA2, CYP 2C9, CYP 2C19 and CYP 3A4 may be involved in the metabolism of
iloprost.
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Table 2: Listing of CYP model substrate concentration (controls) and biotransformation of
iloprost in lymphoblast-expressed human cytochrome P450 isoenzyme and Supersomes

Enzyme model substrate/ M1 | M2 | iloprost | Sum. Turnover rate
concentration (M) metabolites | [nmol/h/nmol P450}
Control + NA 0 | 000 100 0.00 0.00
NADP
Human Phenacetin ZK 376/ 0.68 | 0.00 99.32 0.68 1.i3
CYPIA2 20
Human Coumarin ZK 43577/ 0 | 000 100 0.00 0.00
CYPZA6 5
Human Paclitaxel ZK 113917/ | 0 0 160 0.00 0.00
CYP2CR 20
Human Diclofenac ZK 701010/ | 0-95 0 99.05 0.95 1.58
CYP2C9 10 _
H S-Mephenytoin ZK 0 2.73 97.27 2.73 455
Hman 2620/
CYP2C19 30
Human Dcxtrorr;;t;l;yghan ZK 0 0 100 06.00 0.00
CYP2D6
10
Chlorzoxazone ZK 0.00 | 0.00 100 0.00 0.00
Human 26937/
CYP2EIL 20
Human Testosterone ZK 5040/ | 1.55 1 0.00 [ 98.45 1.55 2.58
CYP3A4 S0
HLM NA 150 | 1.43 | 97.07 2.93 229
Appears This Way
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Report Number AQ94T7

Study Title Inhibitory effects of ZK 36374 on cytochrome P450 catalyzed metabolism
of model substrates in in vitro assays

Study Period 02/02 - 04/02

Objective To investigate the inhibitory potency of ZK 36374 (lloprost) on the
metabolism of model substrates catalyzed by cytochrome P450 enzymes

Study Description

The influence of ZK 36374 on the activity of cytochrome P450 enzymes was studied in
human liver microsomes and in cDNA-expressed CYP preparation, respectively. The
applicant used standard in vitro procedures (see Appendix to this study) for evaluating
drug metabolism; test conditions were consistent with current OCPB recommendations
{Draft MaPP: In vitro metabolism). A commercially available pool of human liver
microsomes was used in this in vitro study [ Irhe microsomes were incubated
with isoenzyme specific model substrates at various concentrations (Table 2) and their
metabolism was studied in dependence on iloprost concentration. The analysis of parent
drug and metabolite concentrations was carried out by HPLC separation.

Reviewer Comment on Methodology

Overall the applicant’s methodology is acceptable because it is consistent with the
approaches recommended in the Draft MaPP for in vitro studies (FDA In Vitro
Metabolism Working Group). The major deviation from the recommendations was the
absence of a second CYP3 A4 test substrate.

Table 1: lloprost Formulation Information

Type of formulation Solution

Manufacturer Schering AG, Germany
Specific radioactivity 1650 MBq/mg
Amount of drug substance per unit 40 mM

Restlts and Discussion

The study results are summarized in Table I (applicant’s presentation). The applicant
reports that minor inhibitory effects were observed on CYP2C8 and CYP2C19, resulting
mn IC50 values of 195.2 uM and 55.7 uM, respectively, for these two isoenzymes. No
inhibitory effect was observed for CYP1A2, CYP2A6, CYP2CY, CYP2D6, CYP2EL,
CYP3A4 within the test concentration range as reflected by 1C50 values greater than 100
UM, ZK 36374 1s unlikely to achieve in vivo concentrations above 50 uM therefore, ZK
36374 has a low potential to inhibiting the metabolism of CYP substrates.

Reviewer Note on Presentation of ICsgvalues

The applicant’s presentation of 1Csg values as greater than 100 uM is potentially
misleading because a value of ~ 200 uM, which is > 100 uM was considered relevant for
inhibition of CYP2CS activity. The report did not include the specific ICso values that
were greater than 100 uM. The applicant will not be asked to provide these 1Cs; values;
however, for consistency, the 1Csy for CYP2C8 should be included as > 100 uM and not
considered as having “minor inhibitory activity”.




Table 2: [Csy values of ZK 36374 on CYP-catalyzed reactions of model substrates
[Reaction Relevant | Testsystem | Proteim orCYP | Incubation IC30
1soenzyme toncentration time {approximately.
graphically esumated:
Phenacetn CYP1A2 HIM 06 mgmlL 60 min ~100 g
O.deethylation V
Cowmarin CYP2AG HiM 0.1 mgml 20 min =100 pA
7-hydroxylation *
Paclitaxel CYP2C8 | Supersomes 120 pmol’'mlL 360 1632 udd
6o hydroxylaton &
Diclofenac . CYPce HiM 0.3 mg/mi 3¢ nun =100 M
4"-hydroxylation ¥
5-mephenytoin CYPXC19 | Supersomes 80 pmot-ml. 50 nn 336 pd!
4 hrydroxylation ¥
Dextromethorphan CYPIDS HLM D4 mgol 60 nun 100 uM
O-demethvlstion *
Chlorzoxazone CYP2EL HLM 0.4 meml 30 pan w100 il
6-trydroxylation
Testosterone CYP3A4 HLM 0.4 mgiml. 30 min IO
6B-hydrexylation U
"Pesuits dertved from pre study
TResuits derived from main study
Conclusions

The IC50 values > 50 uM for all major CYPs; iloprost has a low inhibitory potency on
CYPIA2, CYP2A6, CYP2CS, CYP2C9, CYP2CI19, CYP2D6, CYP2E! or CYP3A4.
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Appendix
T3 Assay canditions for determinntion of IC50 values
Relevant isoenzyme CYP3CH CYPXC19 CYP2Dé CYP3A4
Model substrate Diclofenac S-mephenvtomn Dexromethorphan Testostercne
ZK 701019 ZK 2620 ZK 1 ZK 340
Substzate concentation 10 aM 10 uM 10 uM 30 M
Reactiozn Diclofenac S-mephenytomn  Dextromethorphan Teswosterone
4-bydroxylaion  4-ndroxylamen O-demethvlation  6f-hvdroxianon
Test system HLM Supersomes HLM HLM
Concemrunion of proten 02 mgml 80 pmol 'l 04 me'ml 04 mgrml
[mg/mi }
of CYP [pmolmi ]
Premcabation 13 nan 135 tma 1% nain 15 nun
Reaction e 30 man 60 rmn 60 nun 30 mun
Test compound ZK 36374 ZK 36373 ZK 36374 ZK. 36373
HConcen:mim of teat @, 5. 25, 100 0.3 10.20. 40, 80 0.5 33100 0.5, 25 100
compound  [u] 160, 260 300
Model bibitor Sulfaphenszole 70le Quizzdine Keioconazole
ZK 3320 ZK 305708 ZK 800931 ZE 1116
Concemration of model 50 pM 20 uM i M 25uM
iohibitor
Relevant isosnzyme CYPiA2 CYP2AG CYP2C3 CYPIE]
Model substrate Phenacetin Coumarin Pachtaxel Chiorzoxazoue
ZK 376 ZK 43577 ZK 133917 ZXK 28937
Substrate concentration 40 uf 5 uM 20 uM AIFRE1
|Reaction Phepacetin Cownarin Paclitaxe] Chlorzoxazone
. O-deethylation Thydronylanon  Gehydroxvlation  6-hydrexyliden
Test system HLM HiM Superzomes ELM
Concemration of protein 0. 6rg/ml Ol mgml 125 Ddmpml
fimgml ]
ot CYP [prwlinl
Preincubation 13 nan 15 pyn 15 nnin 13 nun
Reaction time 60 pun 2% e 20 nyin 30 prn
Test copzpound ZK 36374 ZK 36374 ZK 36374 K xyz
Concentration of test 0,325,100 003 23,100 0.3 10 20.40.80. 4.5 25100
cotpound [uM] 100, 200, 300
“ode] mhibitor Furafylline Pilecarpine Quercetin DDC©
ZK 169611 ZK 288313 ZK 1634 2B 2335
Concemrmation of model 35 udd BuM HUTLS | 25 M
injutator
" Diethyidithiocarbamate

HLM = Inppsan liver microsomes
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Report Number 4495

Title Plasma protein binding of ZK 36 374 in vitro

Study Period 10/80

Objective To determine the plasma protein binding of ZK 36 374
{iloprost) in the therapeutic concentration range.

Study Description

Equilibrium dialysis was used to determine plasma protein binding of *H- ZK 36 374 in
human plasma. ZK 36 374 concentrations (in phosphate buffer) evaluated were: 0.03, 0.3
and 30 ng/mL. The dialysis was for 2 hours. in a second procedure the dialysis was
carried out versus 4 % human serum albumin solution.

Results
The protein binding of lloprost is summarized In Table 1.

Table 1: Protein binding of iloprost

[loprost concentration Mean + SD % bound | Mean + SD % Estimated amount (%) of binding
{(ng/mL) to plasma proteins bound to albumin | to plasma duc to albumin

0.03 58.9+09* 45.3 +3.0* 77

0.3 62.0+09 46515 75

30 68.6+0.8 49.5+45 72

*n=3, otherwisen=>5

The extent of plasma protein binding was independent of drug concentration over the
.03 to 30 ng tloprost/mL concentration range, although there was a trend towards
increased binding with increasing drug concentration. Based on the results of the overall
plasma protein binding and estimated amount of drug bound to albumin, albumin
accounts for approximately 75 % of the Iloprost’s plasma protein binding. The applicant
also determined that there was no adsorption to the dialysis membrane.

Conclusions
¢ lloprost is approximately 60 % bound by plasma proteins at in vivo (therapeutic)
concentrations.

¢ Albumin is the main plasma protein that binds albumin; iloprost is approximately 75
% bound by albumin at therapeutic concentrations.

Appears This Way
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Report Number AXI5

Title A randomized, open- label, multicenter, crossover study of hemodynamic effects
and pharmacokinetics in patients with primary or secondary pulmonary
hypertension following one short period of inhalation of an iloprost aerosol, for the
purpose of assessing the comparability of three distinct nebulizing devices

Investigators/Sites | Dr. W. Seeger et al/ Three centers in Germany

Study period: September 1998 - August 1999

Objective To compare the performance of two new nebulizing systems, HaloLite™ and
Ventstream™ by Medic- Aid Ltd., with a nebulizing device currently in use for
iloprost inhalation therapy, the Hlo- Neb ® system by Nebu-Tec.

Study Design

This was a randomized, open-label, crossover study. Adult patients* with primary (PPH)
or secondary pulmonary hypertension (SPH) participated in the study. Each patient
received a total of three inhalations, one inhalation per device for approximately nine to
12 minutes. Each inhalation was preceded by a 2-hour washout interval. The target dose
for each inhalation was 5 pg iloprost at mouthpiece. Patients were randomized to one of
six possible treatment sequences. The three study treatments were:

¢ A:lloprost aerosol via HaloLite ™

¢ B: lloprost aerosol via Ventstream ™

* (C: lloprost aerosol via Ilo- Neb ®

* Patients are designated “responders”- maximum percentage decrease of pulmonary
vascular resistance by at least 20% compared to baseline after inhalation of iloprost
acrosol ( 1.5 ml of a solution containing 10 p g iloprost/ ml nebulized by the llo- Neb .
system)

Subject Characteristics (n = 12)
Age range: 26 to 71 years
Height range: 153 to 183 cm
Body weight range: 41 to 86 kg.
Sex: 3 males and 9 females

Bleod Sampling

Blood samples were collected at the following time points: prior to the start and at the
emnd of inhalation, as well as 2, 5, 15, 30, 60 and 120 minutes after the end of inhalation.
The sample taken at 120 minutes after the end of inhalation was also used as “baseline”
sample for the respective following treatment.

Drug Concentration, Drug Formulation and Nebulizer Devices

Drug Concentration

The iloprost concentration varied depending on the nebulizer: 7.7 to 15 ug/ ml. The dose
of iloprost at the mouthpiece (Dyy) was calculated as follows:

Dmv = aerosol output rate at the mouthpiece (ml/min) x iloprost concentration in (ug/mi)
X inhalation time in minutes

Drug Formulation
[loprost solution, L 401 M, batch number F13401 by Schering, AG, Germany.

49




Nebulizer Device

» HaloLite™ (Medic-Aid Ltd., Bognor Regis, UK) nebulizer systemn, an inspiration-
triggered inhalation system with compressor (Medic-Aid Ltd., Bognor Regis, UK).

e Ventstream™ (Medic-Aid Ltd., Bognor Regis, UK) with compressor Freeway Lite™
( Medic-Aid Ltd., Bognor Regis, UK).

¢ EK-100-S Ilo-Neb nebulizer system with the compressor Pulmocar Akku (Sanesco
Medizintechnik, Vienna, Austria).

Analytical methods

lloprost serum concentrations were measured with a validated radioimmunoassay. The
assay performed acceptably. Standard curve range: L ~ Ipg/mi. Limit of
quantitation was 25 pg/mi. Quality control (QC) samples:£L ' 1 pg/ ml
The inter and intra-assay coefficients of variation were < 11 % for the C

QC samples, and < 22 % for the — pg/mL QC sample. All QC samples were within 10 %
of the nominal concentration (-6.9 to + 9.5 %).

Pharmacokinetic (PK) Analyses

The computer program TOPFIT, version 2.1 (Thomae, Schering and Goedecke,
Germany) was used for non- compartmental PK analyses. The following iloprost PK
measures were calculated for the three devices: Cmax, Tmax, AUC. yast, AUCp3, AUC
and ty;2.. The T3 and AUCy.3 could not be estimated in all cases. The AUC and Cmax
for the three devices were used to assess the comparability of these three nebulizing
devices in PHT patients.

Pharmacoedynamic (PD) Measures and Analyses

Hemodynamic (HD) effects were determined: pulmonary and systemic effects detectable
by right-heart catheter. Pulmonary vascular resistance (PVR) was the main treatment
variable for PD effect. Systemic HD variables measured included heart rate, invasive
systemic blood pressure, central venous pressure, cardiac output, and systemic vascular
resistance. PVR was determined at baseline, at the end of inhalation and S, 15, 30, 60 and
120 minutes after the end of inhalation. PVR (units: dyn x s x cm-") is derived by the
equation below.

PVR = (mPAP - PAWP) x 80/ CO = CO
where, mPAP = mean pulmonary artery pressure ( in mm Hg) PAWP = pulmonary artery
wedge pressure ( in mm Hg) CO = cardiac output (in 1 x min- 1)

Reviewer’s Note

This review focuses on the changes in PVR because it is the most relevant variable for
evaluating pulmonary hypertension. Additional PD (other hemodynamic variables)
analyses will be reported in a separate document (OCPB GRP document).
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Results

Patient Disposition and Impact on Analyses

The total number of patients recruited per center were: Berlin, 3, Giessen, 6, and Munich,
4. Thirteen patients entered the treatment phase and 12 patients completed the treatments.
Patient 8 was withdrawn from the study afier very brief iloprost inhalation during the first
inhalation period (using the llo-Neb device). This patient was replaced by Patient 58.
Patient 11 was excluded from PK evaluation of the Ventstream ™ device because no
quantifiable exposure had been achieved with this device due to technical problems. In
addition some samples could not be obtained in some patients; the applicant indicates
that AUC may therefore have been underestimated in Patient 4 afler inhalation with the
Ventstream ™ device.

Pharmacokinetics

Similar iloprost serum level- time curves were obtained after all three treatments as
shown in Figure 1.

Figure 1: lloprost plasma concentration-time profiles following inhalation with three
different nebulizer devices (Applicant’s Plot)
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After all three treatments, iloprost serum levels rapidly fell below the limit of quantitation
of 25 pg/ml. Quantifiable iloprost serum levels were found only in Patient 9 in the
respective last sample after inhalation with the HaloLite™ and the Ventstream'™ devices.
In general, subjects required 9- to- 12- minute inhalation periods to achieve the target 5
ng iloprost dose at the mouthpiece. The Tmax and T for the three nebulizers are
tabulated below (Table 1).

Table 1: Median (range) Tmax and Mean + SD Ty, values for Iloprost Nebulizers in Patients with
Pulmonary Hypertension after receiving a 5 Jg iloprost dose

Device
Measure i n | Halolite n Ventstream n lio-Neb ]
Tmax 12 11! o= 11 10 = 12312 =—
T 11]79+32 7 11.3+68 1174121
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loprost pharmacokinetic exposure measures are summarized in Table 2. The exposures
were highly variable for all treatments.

Table 2: Iloprost pharmacokinetic measures for HaloLite, Ventstream and Ho-Neb nebulizer devices
in patients with puimonary hypertension

Target variable Mean | Standard | Minimum Median | Maximum
deviation '
Treatment A (HaloLite™)** N #
Cmax (pg/ml) 12 157 64 148
AUC (pg-h/mt) 12 47.8 352 48.4 !
Treatment B (Ventstream™") / . / :
Cmax (pg/mi) 11 155 65 142
AUC (pg-h/ml) 11 54.2 451 40.9 L
Treatment C (1lo-Neb™) ' ]
Cmax (pg/ml) 12 158 70 146
AUC (pg-h/ml) 12 ] 490 34.4 _ 40.7

** Patient 4 was described as a " slow breather"; the HaloLite nebulizer is activated by inspiratory flow; this treatment
occurred third (i. €., last) in Patient 4's treatment sequence.

Lioprost exposure comparisons for three iloprost nebulizer devices
The applicant’s relative exposure comparisons are summarized in Table 3.

Table 3: Hloprost Exposure Comparisons

Kinetics | Treatment 1 | Treatment 2 Muitiple Adjusted | Ratio of Simultaneous | Adjusted | Adjusted

variable significance { P-value treatment | confidence lower Cl | upper ClI

level eflects(%) | level (CL, %) | limit (%) | limit (%)
AUC HaloLite Ito-Neb 0.05 0.8615 93.7 95 67.9 | 1291
AUC HaloLite Ventstream 0.05 0.8320 93.0 a5 67.4 128.2
AUC llo-Neb Ventstream 0.05 0.9979 99.3 95 733 134.5
Cmax HaloLite tlo-Neb 0.05 0.9753 97.9 95 76.2 125.9
Cmax Halol.ite