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EXECUTIVE SUMMARY

I. Recommendations

A. Recommendation on approvability: In the opinion of this reviewer, the drug is
approvable

B. Recommendation for nonclinical studies: There was an uneven quality to the
nonclinical studies, since this drug has many IND submissions to the FDA
dating back to 1983. Many of the studies were performed in Germany by a
previous sponsor with different indications in mind. Not all the studies were
GLP or quality assured. Despite these problems, the data was of sufficient
quality to determine that it is reasonably safe to proceed with the proposed
protocol.

C. Recommendations on labeling: Three considerations need to be inciuded in
the labeling for this compound. 1) potential for interactions with other antr
coagulant medications, 2) in the Har- Wistar rat strains studied, compound
induced skeletal and digit abnormalities, but not in Sprague-Dawley rat strains
and 3) I used with other drugs that are active on the cardiovascular system,
there may be potential for cardiovascular collapse. There is some potential for
birth defects with this drug and caution should be used in prescribing in
pregnancy. (see labeling below for exact wording)

Carcinogenesis, Mutagenesis, Impairment of Fertility

lloprost was not mutagenic in bacterial and mammalian cells in the presence or absence
of extrinsic metabolic activation. Iloprost did not cause chromosomal aberrations in vitro
in human lymphocytes and was not clastogenic in vivo in mice. C

Pregnancy

Pregnancy Category C. In developmental toxicity studies in pregnant Han-Wistar rats,
continuous intravenous administration of iloprost at a dosage of 0.01 mg/kg daily (serum
levels not available) led to shortened digits of the thoracic extremity in fetuses and pups.
In comparable studies in pregnant Sprague-Dawley rats with which received iloprost
clathrate (13% iloprost by weight), orally at dosages of up to 50 mg/kg/day(Cmax of 90
ng/ml), and in pregnant rabbits, at intravenous dosages of up to 0.5 mg/kg/day (Cmax of
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86 ng/ml), and in pregnant monkeys, at doseages of up to 0.04 mg/kg/day (serum levels
of 1 ng/ml), no such digital anomalies or other gross-structural abnormalities were
observed in the fetuses/pups. However, in gravid Sprague-Dawley rats iloprost clathrate
(13% iloprost) significantly increased the number of non-viable fetuses at a maternally
toxic oral dosage of 250 mg/kg/day , and in Han-Wistar rats was found to be
embryolethal in 15 of 44 litters at an intravenous dosage of 1 mg/kg/day LT

2. There are no adequate and well controlled studies in pregnant
women. Ventavis® should be used during pregnancy only if the potential benefit justifies
the potential risk to the fetus.

Nursing Mothers

It is not known whether Ventavis® is excreted in human milk. In studies with Han Wistar
rats, higher mortality was observed in pups of lactating dams receiving iloprost
intravenously at 1 mg/kg daily. . In Sprague-Dawley rats, higher mortality was also
observed in nursing pups at a maternally toxic oral dose of 250 mg/kg/day of tloprost
clathrate (13% iloprost by weight). It is not known whether this drug is excreted in
human milk. Because many drugs are excreted in human milk, and because of the
potential for serious adverse reactions in nursing infants from Ventavis®, a decision

C
A

IL Summary of nonclinical findings

A. Bnef overview of nonclinical findings: Iloprost in high concentrations was
able to cause death by vascular collapse after the induction of severe
hypotension. Reproductive toxicity was low, however, although rabbits and
monkeys showed no large issues, in the Han-Wistar rats there were problems
with drug exposure linked to crooked digits, and a hint of such problems in
the cynomolgus monkeys. This is an issue that may require further study by
the sponsor. Genotoxicity was low, with one assay, the V79 chinese hamster
lung cells giving a weak positive result. This is thought to be due to the
existence of prostacyclin receptors in this cell line.

B. Pharmacologic activity: Iloprost is an analog of prostacyclin, PGI2, and acts
to relax smooth muscle. From this property it is a potent vasodilator. It is
also involved in reproduction and is important in the implantation process
post-fertilization. Iloprost is rapidly absorbed, but also rapidly eliminated
from the system, hence the proposed 6 to 9 x per day dosing.

C. Nonclinical safety issues relevant to clinical use: severe hypotension is worth
watching for, particularly in the presence of antk hypertensive medications, as
well as bleeding, since iloprost effects platelet function and interferes with
clotting. Another issue to be aware of is the crooked digits found in the Han
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Wistar strain of rats. This issue should be examined further to try to
determine the susceptibility.

Appears Thys Way
On Origing

Appeqrs This Way
On Origing;
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2.6 PHARMACOLOGY/T OXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 21779

Review number: |

Sequence number/date/type of submission: 000/June 30, 2004/N
Information to sponsor: Yes (X) No ()

Sponsor and/or agent: CoTherix

Manufacturer for drug substance: Schenng AG

Reviewer name: James M. Willard, Ph.D., Pharmacologist/Toxicologist
Division name : Division of Cardio-Renal Drug Products

HFD #: HFD-110

Review completion date:

Drug: Ventavis (iloprost) inhalation solution

Trade name: Ventavis (iloprost) inhalation solution

Generic name: [loprost

Code name:

Chemical name: 5-{{E)-(1S, 55, 6R, 7R)}-7-Hydroxy -6-[(E)-(3S, 4RS}-3-hydroxy -4-methyl-1 -
octen-6-ynyl]-bicyclo[3.3.0Joct-3-ylidene }-pentanoic acid

CAS registry number:

Molecular formula/molecular weight: C22H3204/360.49

Structure:
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Relevant INDs/NDAs/DMFs: 165820, DMF:}hcre are — INIY’s for tloprost
dating back to 1983. :

Drug class: prostacyclin
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Intended clinical population: Arterial Pulmonary Hypertension

Clinical formulation:
Ventavis is an aqueous, sterile, ready-to-use nebuliser solution for inhalation, The drug
product contains per mil 10 g iloprost as rometamol salt dissobved in a solution

containing C _ 1 Q.81 myz ethanol 96 %, 9.00 mg sodium chioride, 0.51
mg hydrochloric acid IN and £ T mg water for injection.

Route of administration: inhalation

Disclaimer: Tabular and graphical information are constructed by the reviewer unless
cited otherwise.

Studies previously reviewed (found in appendices):

Report # AG 23: Effects of intravenous infusion of iloprost and the E(4S) and E(4R)
diastereomers of iloprost, ZK 95302 and ZK 91404, on blood pressure and heart rate in
the anaesthetized rat.

Report # AF18: lloprost, ZK 91403, ZK 91404, ZK 95302, ZK 115891. Evalation of
the report entitled “Vasodilatory action, hyp9otensive action and inhibition of platelet
aggregation of iloprost and its isomers: by L T Dated November 1989,

Report # AH35: Effects of iloprost and the E(4S) and E(4R) diasterecisomers of iloprost,
ZK 95302 and ZK 91404 on ADP and collagen induced aggregation of human and rat

platelets.

Report No. AG42: Pharmacokinetics of iloprost and its diasteromenrs in rats after i.v.
infusion of 0.3 microg/kg/min and of 3 microg/kg/min ZK 91404 over 30 minutes.

Report # 8994: Investigation of the biotransformation of iloprost and its diastereoisomers
in the dog during a six- hour intravenous infusion of each compound.

Report # AL26: Comparative toxicity of ZK 36374 (iloprost clathrate, diastereoisomer
mixture), ZK 91404 (4R-form) and ZK 95302 (4S- form) in male and female rats after a
single i.v. application.

Report AI61: Comparative acute toxicity of ZK 96944 (iloprost clathrate,
diastereoisomer- mixture), ZK. 153485 (4S-form) and ZK 155534 (4R-form) in male and
female rats after a single i.g. application.

Report # 97004: Combined study of fertility and embryonic development and pre- and
postnatal development, including maternal function, of iloprost clathrate in female rats.
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Report # 97005: Oral development toxicity study of iloprost clathrate in rabbits,

Studies reviewed within this submission;

Study # A05405: Pharmacokinetics of iloprost in the rat during once daily inhalation with
a nebulizing solution over a period of 6 months.

Report # AE74: Evaluation of the report entitled: study report on phammacokinetics of
iloprost in rats of T 3

Report # 4387: Pharmacokinetics and biotransformation of ZK 36374 in the rat. II.
Excretion after oral and intravenous administration of 10 microg/kg

Report # 5493: Pharmacokinetics and pharmacodynamics of the stable prostacyclin
analogue, ZK 36 374, in the cal.

Study # 4309

Investigation of ZK 34 798 and ZK 36 374 for neurotropic side-effects after a single
intravenous and intraperitoneal admintstration in the mouse by comparison with
prostaglandin-12-sodium salt.

Study # 5933
The action of ZK 36 374 (iloprost) upon the cardio-and haemodynamics of anaesthetized
cats in acute passive anaphylaxis

Study # 7156
Activation of the rennin-angiotensin system and cardiovascular effects of iloprost, ZK
96.480 and ZK 31.472 on conscious, norme-tensive rats

Study # 9704
Comparative study on iloprost, PGE! and PGF2a: influence on pulmenary arterial
pressure and edema formation during continuous infusion of isolated, perfused rat lungs

Study # 4474
Influence of ZK36374 — a stable prostacyclin-derivative upon renal function in the rat:
comparison with PGI2 (Na-salt). Effect upon fluid and electrolyte-excretion.

Study # 5962
Pharmacelogical actions of citoprost (now Tloprost), a stable prostacyclin-analogue on the
gastrointestinal tract

Study # 4654
Investigation into the actions of ZK 36 374 and ZK 34 798 by comparison with ZK 31
472 (PGI2) and ZK 53 258 (PGE2), upon the cardio vascular system of the anasthetized

cat after the pulmonary pressure had been experimentally increased through ADP
(adenosine-5-diphosphoric acid- trisodium salt).
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Study # 8268
In vitro pharmacology: high throughput profile study of iloprost, E(4)S Hoprost, and
E(4)R Iloprost.

8.4.2.1 Single Dose Toxicity Study Reports......ooovccccniicc . 6 48

Report No. 5326; Rabbit, male and female, intravenous . ... 6 49

Report No. ALS4: Evaluation of the report: *Acute (IV) woxicity study

for 1loprostin MOBKeyS™. ... e e 6 56
- Report No. AL83: Evaluation of the report: *Acute (IV) dnp infusion

taxicity study for jloprost in monkeys™. . ... SUURUURUUUUIN - SR -

Report No. AL26: Comparative toxicity of ZK 36374 (iloprost,

diastereoisomer mixture), ZK 91404 (4R-form) and ZK 935302 (48-

form) in male and female rats after a single i, application................ G 120

Report No. Als1: Comparative acute toxicity of ZK 96944 (iloprost

clathrate, diastereoisomer-mixture), ZK 153485 (4S-form) and ZK

155534 (4R-form) in male and female rats after a single

1.2, apPhCAtIon ... e 180

Four week inhalation toxicity study with iloprost nebulising suspension in the rat.

= Project 709413: Tlaprost: six month inhalation study with a nebulising solution in the
rat

Systemic tolerance study in monkeys (Macaca fascicularis) after daily per os
(infragastric) administration over 14-15 days.

Systemic tolerance study of ZK 36.374 in monkey (Macaca fasciculans) after continuous
intravenous infusion using the ™ -osmotic-pump over a period of four weeks.

Systemic tolerance study in beagle dogs after continuous sub-cutaneous mfusion with the
= osmotic pump over 26 weeks.

Systemic tolerance study (including local tolerance) in beagle dogs after daily oral
administration of retard formulation of iloprost (iloprost clathrate, SH K 529 I'M) over 53
weeks (2 applications per day at a 6-hour interval)

Evaluation of ZK 36.374 in the Ames Salmonella/microsome mutagenicity test.

Evaluation of ZK 36.374 in the Ames Salmonella/microsome mutagenicity test with
preincubation

Mutagenicity evaluation of ZK 36.374 in the reverse mutation assay with E_coli strain
WP2uvrA.
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Test report of study LMP 261: ZK 36.374 — detection of gene mutations in somatic
mammalian cells i culture: HGPRT-test with V79 cells.

Evaluation of the clastogenic potential in the human lymphocyte test.
Studies on the mutagenic potential of ZK 36.374 in the mouse micronucleus test.

ZK 36.374 — Study of the fertility and general reproductive performance in the rat after
continuous intravenous infusion with the =  Osmotic-Pump in female animals for 14
days before start of mating to day 7 of gestation.

ZK 36.374 — study of the fertility and general reproductive performance in the rat after
treatment of males during the premating and mating period by continuous intravenous
infusion.

Combined study of fertility and embryonic development and pre- and postnatal
development, including maternal function, of iloprost clathrate in female rats.

Commentary on the report of [ B 1 dated June 5,
1989 { — Project # 14/45): ZK 36.374 — Embryotoxicity including teratogenicity study

in the monkey (Cynomolgus) after continuous intravenous infusion from day 20 to 50 of
gestation.

Oral development toxicity study of iloprost clathrate in rabbits.

ZK 36.374 — peri- and postnatal study in the rat after continuous intravenous infusion
with the ——  Osmotic pump from day 15 of gestation to day 22 post partum.

Iloprost calthrate: tumorigenicity study in mice after daily dietary administration of the
ground extended release formulation SH K 529 over approximately 96 weeks.

lioprost clatherate. Tumorigenicity study in rats after daily dietary admainistration of the
ground extended release formulation SH K 529 over approximately 2 years.

Evaluation of the report entitled: Antigenicity study of iloprost in guinea pigs.

Studies not reviewed within this submission:
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2.6.2 PHARMACOLOGY

2,6.2.1 Brief summary

Plasma
mgmbrane
.,
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2.6.2.2 Primary pharmacodynamics

Mechanism of action: lloprost is an analeg of the prostaglandin PGI2, also
known as prostacyclin. PGI2: receptor binding leads to adenylyl cyclase
activation, increased cAMP leads to acitivation of protein kinases leads to
decreased intracellular Ca++ , and decreased platelet aggregation

Drug activity related to proposed indication: PGI2 is a potent vasodilator and that is how
it relieves pulmonary hypertension.

2.6.2.3 Secondary pharmacodynamics :

PGI2: regeptor binding leads to adenylyl cyclase activation, increased cAMP leads to
acitivation of protein kinases leads to decreased intracellular Ca++ | and decreased
platelet aggregation Iloprost can lead to an increased risk of hemorrhage

Table 1. Summary of the biological effects of PGL

Eicosanoid | Source* Effects

Antithrombotic and antt inflammatory
Induces vasodilation
Vascular smooth muscle cells Inhibits platelet aggregation

PGL, Endothelial cells

Inhibits platelet mitogen release
Suppresses smooth muscle cell proliferation
: Inhibits leukocyte adhesion

2.6.2.4 Safety pharmacology

Note: many of the safety pharmacology studies were done early in the development of iloprost, and date
from the tate 1970’s. With changes in the proposed therapeutic usage and assay methodologies, many of
the studies are of marginal usefulness.

Neurological effects:

Study # 4309

Investigation of ZK 34 798 and ZK 36 374 for neurotropic side-effects after a single
intravenous and intraperitoneal administration in the mouse by comparison with
prostaglandin-12-sodium salt.

Results: Intraperitoneal administration seemed to lead to more effects than intravenous,
The primary cffect noted was depression (motor and effect). It was speculated that this
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was related to the hypotensive effects of the compounds tested. Study is from 1980 and
is not well documented.

Cardiovascular effects:

Study # 5933

The action of ZK 36 374 (iloprost) upon the cardio-and haemodynamics of anaesthetized
cats in acute passive anaphylaxis

Results: This study was designed to determine the effects of iloprost on cats passively
sensitized with antiovalbumin. Generally this leads to a circulatory collapse led by a
marked reduction in cardiac output, a fall in arterial blood pressure, increase in left
ventricular diastolic pressure and increased peripheral vascular resistance. Iloprost at 0.2
and }.0 microg/kg/min IV infusion led to a dose dependent reduction in the anaphylactic
cardio-vascular response in the cat.

Study # 7156
Activation of the rennin-angiotensin systern and cardiovascular effects of iloprost, ZK
96.480 and ZK 31.472 on conscious, normo-tensive rats

Results: Tloprost treatment leads to the lowering of blood pressure in a dose-dependent
manner with [V infusions.

Pulmonary effects:

Study # 9704

Comparative study on iloprost, PGE1 and PGF2a: influence on pulmonary arterial
pressure and edema formation during continuous infusion of isolated, perfused rat lungs

Results: [loprost had no effects on lung function parameters.

Renal effects:

Study # 4474

Influence of ZK36374 — a stable prostacyclin-derivative upon renal function in the rat:
comparison with PGI2 (Na-salt). Effect upon fluid and electrolyte-excretion.

Iloprost (ZK36374) was found to reduce urinary volume and output of sodium and
potassium in a manner similar to PGI2.

Gastrointestinal effects:

Study # 5962

Pharmacological actions of ciloprost (now Iloprost), a stable prostacyclin-analogue on the
gastrointestinal tract

]



—
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lloprost was found to reduce the production of gastric acid and to inhibit gastrointestinal
transit.

Abuse liability: ﬁot done

Other:

| Study # 4654

| Investigation into the actions of ZK. 36 374 and ZK. 34 798 by comparison with ZK 31

| 472 (PGI2) and ZK 53 258 (PGE2), upon the cardiovascular system of the anasthetized
cat after the pulmonary pressure had been experimentally increased through ADP
(adenosine-5-diphosphoric acid-trisodium sait).

Results: Iloprost (ZK 36 374) was able to improve the ADP induced micro-
thromboemoblic and other vasoconstrictor activitics.

Study # 8268
Study Title: In Vitro Pharmacology: High-Throughput Profile
Study of iloprost, E(4)S-iloprost and E(4)R- iloprost

Receptor binding results: In general, iloprost and neither of the diastereomers, E(4)S-
iloprost and E(4)R- iloprost, had much interaction with the receptors in the battery of
receptors screened. H1 histamine receptors were inhibited to 77.8 and 73.4 % binding by
10 uM iloprost, although the mixture did not inhibit binding. Purinergic P2Y receptors
were inhibited to 77.8 % by the S form, but not by the R form or the mixture.
Serotonergic 5-HT35A receptors were inhibited to 73% binding by E(4)R-iloprost, and
78.6% by the mixture, but only 91.1 % by E(4)S-iloprost. No other serotonergic,
histaminergic, or purinergic receptors were affected by iloprost, E(4)S-iloprost and
E(4)R-iloprost.

2.6.2.5 Pharmacodynamic drug interactions

Studies of Hoprost with other anti-coagulant medications indicate that the concomitant
usage with iloprost will lead to an increase in the anti-clotting effects of anticoagulant
drugs and should be used with caution.

2.6.3 PHARMACOLOGY TABULATED SUMMARY
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222 Safety pharmacology

Effects of lloprost have been studied on the central and autonomic nervous system and on the
candiac, respiratory, renal, gastrointestingl and temale reproductive systems. The results of
these studies can be semmarnzed as ollows:

+ Symgtoms of depression (probably due 1o exaggerated pharmacological effedts, e.g.
peripheral vasodilatation and hypotension) and, at high doses, of CNS/autonomic
stimutation in rats (4309)

= No eflects on cardiac action potential, no pro-archythmic effects in vitro (6058, 9648, 5791),
and i vivo in rats and mice (6066, 6788)

» No deleterious effects on respiratary function in vitro {6915, 4157) and in vivp in rabbits
{4169)

» Decreased yrine flaw and sodium excretion at hypotensive doses, which is rapidly reversed
on cessation of administration in rats {(4474)

»  Contractile effects on isotated ileum, little effect or decreased motility and antidiarrhoeic/anti-
enteropooling effects {deponding on model system) in 1o in rats and rabbits
{4157, 5362, 4164).

» Ulgrine contradiile (guinaa-pig) or biphasic (human) effects in vitre (4157, 8991, 9105), No
elfact on uleong pressure and motilty in vivo in apaesthetized rabbits {4169), induction of
abortion at near-lethal doses in guinea pigs (4447),

None of the studes on the effects of #oprost in various omgan systems (safely pharmacology
studies) indicale a potential of the compound to induce semus adverss effedts in the
therapeutic dose range

2.6.4 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1 Brief summary

Hoprost is a prostacyclin analog that will be administered via a nebulizer and is rapidly
absorbed from the lungs. It is also rapidly eliminated, and thus is planned to be given in
up to 9 daily doses.

2.6.4.2 Methods of Analysis
[see under individual study reviews]

2.6.4.3 Abserption

Only one study was submitted by the sponsor of absorption of iloprost from a nebulized
solution, although 2 studies are mentioned in the summary of pharmacokinetic data.
Study # A05405: Pharmacokinetics of iloprost in the rat during once daily inhalation with
a nebulizing solution over a period of 6 months.

ltoprost was rapidly taken up from the lungs, with a Tmax time of 60 minutes.
Absorption of iloprost stopped almost immediately after removal from exposure to the
nebulized drug. Cmax levels were proportionate to drug exposure times.
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Gende Nebuliser Minutes Dose in Lungs

r concentration Exposure {microg/kg) Days in Study Cmax | AUC
F 0505 microg/L 135 36 1 489 51
F {0505 microg/L 135 36 182 747 69
M 0505 microg/L 135 36 1 504 43
M {0505 microg/L 135 36 182 676 60
F 0.345 microgil. 135 246 1 2292 | 224
F 0.345 microg/L 135 24.6 182 2158 | 191
M 0.345 microg/L 135 24.6 1 1565 173
M 0.345 microg/L 135 246 182 1750 167
F 0.345 microg/L 240 43.7 1 1784 307
F 0.345 microg/t. 240 43.7 182 2998 604
M 0.345 microg/L 240 43.7 1 2148 280
M 0.345 microgiL 240 43.7 182 1467 | 295
TF 1: Mean serum cancentration time profile of ifoprost after daily inhalation administration of

an serosof containing 0.0508 pgi Hoprost for about 135 min {group IMow dose)

i
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IF 2: Mean serum concentration time profile of iloprost after dally inhalation of an asrosol
contaking 9.345 pgh. Hoprost for about 138 min (group intermediate dose)

§- :f;'";ai;‘day,.l [ g
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TF 3: Mean serum concantration time profile of iloprost after daily inhalation of an aerosol

containing 9,345 pgl. iloprost for about 244 min {group Shigh dose)
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2.6.4.4 Distribution:
Report # AE74: Evaluation of the report entitled: study report on pharmacokinetics of
iloprost in rats of\

3H-Iloprost was given to rats via intravenous administration. It was rapidly distributed to

liver, kidneys, muscie, and stomach, lungs, heart and placenta. Elimination was rapid
from these tissues with a half-life of 45 minutes. Low levels of tloprost cross the
placental barrier and also partition into milk.

2.6.4.5 Metabolism :
Report # 4387: Pharmacokinetics and biotransformation of ZK 36374 in the rat. 1L
Excretion after oral and intravenous administration of 10 microg/kg
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Report # 5493: Pharmacokinetics and pharmacodynamics of the stable prostacyclin
analogue, ZK 36 374, in the cat.

Metabolism was examined in the rat, where the primary modification is beta-oxidation of
the upper side chain. loprost is also hydroxylated or conjugated.

2.6.4.6 Excretion:

When iloprost is given intravenously, approximately 75% is excreted renally, the rest in
the feces. 98% was excreted within 24 hrs of administration. With oral administration,
approximately 50% is excreted renally, 35% in the feces in the first 24 hrs for elimination
of about 85% of the dosed iloprost. Orally, about 15% of the dose was not recovered.

2.6.4.7 Pharmacokinetic drug interactions

iloprost produces hypotension and also reduces platelet aggregation. Interactions with
anti-hypertensive medications and other drugs that reduce blood pressure could be
significant, as well as potential interactions with anti-coagulant medications.

2.6.4.8 Other Pharmacokinetic Studies

2.6.4.9 Discussion and Conclusions:

Tloprost is apparently readily absorbed from the lung in the rat. [t is also eliminated
quickly from the system. It is not known how it will be climinated after inhalation. After
iv administration, 98% eliminated 3:1 in urine:feces within 24 hrs, and afler oral
administration 85% & eliminated 1.5:1 in urine:feces within 24 hrs.

2.6.4.10 Tables and figures to include comparative TK summary

No data
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Nebuliser Minutes Dose in Lungs Days in

Gender | concentration Exposure {microg/kg) Study Cmax | AUC
F .0505 microg/L 135 386 1 489 51
F 0505 microg/L 135 3.6 182 747 69
M .0505 microg/L 135 3.6 1 504 43
M .0505 microg/L 135 3.6 182 676 60
F 0.345 microg/L 135 24.6 1 2292 224
F 0.345 microg/t 135 246 182 2158 | 191
M 0.345 microg/L 135 24.6 1 1565 | 173
M 0.345 microg/L 136 24.6 182 1750 | 167
F 0.345 microg/L 240 43.7 1 1784 | 307
F 0.345 microg/L 240 43.7 182 2998 | 604
M 0.345 microg/lL. 240 43.7 1 2148 | 280
M 0.345 microg/L 240 437 182 1467 295

2.6.5 PHARMACOKINETICS TABULATED SUMMARY

2.6.6 TOXICOLOGY

2.6.6.1 Ovenall toxicology summary

General toxicology: Overall, iloprost is potentially of low toxicity. Most deaths occurred
due to extreme hypotension, or in the oral formulations high doses induced strong gastro-
intestinal effects (diarrhea, torsion of the GI tract in a few cases). There was, however,
only one 4 week and one six-month study of toxicity in the rat using a nebulized
formulation.

Genetic toxicology: Only one assay gave a positive response, the chromosomal
aberration assay with Chinese Hamster Lung Cells. These cells have receptors for
prostacyclin, at the cell surface as well as internal receptors that upon binding
prostacyclin are translocated to the nucleus and bind to the DNA. Therefore, a positive
response by this cell line might be expected, but difficult to interpret from a genotoxicity
perspective. .

Carcinogenicity: Iloprost was dosed to rats and mice in their food as iloprost clathrate
(i.e. iloprost in a beta-cyclodextrin cage). The dosage was low with serum levels of
iloprost being 1.5 ng/ml in rats and 3.9 ng/ml in mice. No signs of carcinogenicity were
seen in the assays.

IHloprost was also dosed to rats and mice via oral gavage. Control, 5, 50, and 125
mg/kg/day doses were given to mice and rats, In mice, there was no increase in
mortality, nor any effects noted due to Hoprost. In rats, there was increased mortality in
the 125 mg/kg group, and the males were reduced to 100 mg/kg
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Reproductive toxicology: Rabbits and Sprague-Dawley rats did not show any significant
effects of iloprost exposure to etther mothers or fetuses. However, Hanr Wistar rats did
show anomalies such as crooked digits and incomplete sternum formation. This shows
that although prostacyclin and analogs of prostacyclin are involved in the reproductive
process (primarily implantation), there can be some variation in sensitivity and this may
have to be considered in the [abeling.

Special toxicology:

2.6.6.2 Single-dose toxicity

8.4.2.1 Single Dose Toxicity Study Reporis.....cno ... 6 48
Report No. 3326: Rabbit, male and female, intravenous ....oooeeoevonnn, 6 49

Report No. ALS4: Evaluation of the repori: “Acuie (1V) toxicity study
for iloprost in monkeys™............... U PRU VP IUUP PO 6 56

Report No. AL83: Evaluation of the report: ~Acute (1V) drip infusion
toxicity study for iloprost in monkeys™ .. ... ... 6 &3

Report No. AL26; Comparative toxicity of ZK 36374 (iloprost,
dastereoisomer mixture), 7K 91404 (4R-farm) and ZK 95302 (45-
form) in male and female rats after a single Lv. application............. 6 120

Report No, Alo!: Comparative acute toxicity of ZK 96944 (iloprost

clathrate, diastercoisomer-mixture}, ZK 153485 (48-form) and ZK

155534 (4R-form) in male and female rats after a sinple

. APPHElon e e B 186

Acute toxicity studies were carried out with mice, rats, rabbits, and cynomolgus
monkeys. Many of these studies are flawed, with the sponsor commenting at one point
on the contract lab: “There is no rational reasoning for the application schedule used”.
Most of these studies have some weakness, and the data below should be taken to
estimate where toxic cffects may be anticipated to occur.
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Table 1; Design and results {LDsw) of systemic toxicity testa with a single intravenous (kv ] and
intragastiic (i.g.} administration

Species Number of animals | Route of administration LDgrvalues and Sthering

per dose and sex Y95% confidence fimits report
{ng g}
Mouse 1014 iv. 20§ {179-244) 6250
1gF iv. 204 (168-247) 6389
Rat SMISF iy, 119 (85164} £362
SNUSF iy K 128 (92-216) AliG2
o F. 144 {116-201}

i Rabbit INAIF iv. 9855150} &32¢
} Morkey 1MAF Ly >5 ALS54
| Mouse M ig. > 100 4300
Rat M bg. > 100 4201

M = male, F = frmale

Table 2. Species LD50 values and Human Equivalents for comparison purposes.

Species LD59 Human Equivalent
Mouse i.v. 201 mg/kp 16.3 mg/kg

Rat i.v. 119 mg/kg 19.3 mg/kg

Rabbit i.v. 9.8 mg/kg 3.2 mg/kg
Monkey i.v. >53mg/kg >1.6 mg/ke
Mouse i.g. =100 mg/kg >8.1 mg/kg
Rati.g. >100 mg/kg >16.2 mg/kg

In Study AL&3, cynomolgus monkeys had an LD50 estimated at 3.75 mg/kg, however,
only 2 monkeys were tested at that dose level. This would be a human equivalent dose of
approximately | mg/kg, which would be reasonable to consider as a potential human
LD50 via intravenous administration until there is evidence to the contrary for purposes
of calculating a safety margin for dosing.

2.6.6.3 Repeat-dose toxicity

Study title: Four week inhalation toxicity study with iloprost nebulising suspension in
the rat

Key study findings: While examining the effects of rats receiving a nebulized dose of 0,
(.9, 3.6, 10.8, and 24.6 microg/kg, no clinical sequelae of iloprost was noted except a
reduction in serum bilirubin, lipids, cholesterol, and other phospholipids. These changes
were not thought to be adverse in nature. Apparently the serum levels of iloprost from
this study were taken to be part of a different study which was not reported. Without
drug exposure data this study is of little utility.

Study no.: Report # A01317

Yolume #, and page #: Vol 5.7, pp. 1-456
Conducting laboratory and location: T -
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NDA No.21779

Date of study initiation: Apsil 9, 1999
GLP compliance : yes

QA report: yes (X )no( )
Drug, lot #, and % purity:

.. . . i
4114 Adminisiration by inhalation !
!
Table 2: Systemic and local 1olerance test with repeated Inhalatlve administration of aerosolized I
Boprost solutian
Specwas § Number flaprost Aerosd MMAD*! GSD | Achieved Achieved | Duraticnh | Schenng
of concentration | concentration fumy dose levels dose of report
animats | i nebulzer of lloprost of faprost™ | tevels of | treatment
per {ug'mi } (Mean/S{1y (9fkgiday) | Hoprost
troupf taghm® ir) otk
sax *THIE)
Ral 5M, 5¢ 0 {Control) 1] - & 0 28 days | AO1317
10 11.604 .1 1767217 0.84 0.0 (135 min
10 108110 | 1787233 | ass 0.026 dady)
10 125.6/38 8 1371249 g.15 G.058
20 14.W123 1.8042.34 1.05 0.008
20 J13472t 1287228 22.6 0167
M= male; F = ferrmle " = Mass Median Aerodynamic Diameter/Geometnic Standasd Deviation
** The dose levels of Hoprost achieved during the 135-minite exposure period, based on
100% deposition within the respiratory tract ware calculated using the formuis
EcxWVxT D= Achieved duse level (g aclive compoundikg body weight
Dy = e —— Er = Achumal chamber concentration (g active compound/1. air}
awvy MY = Minute volume (mUmin} according to Guylan's formula
gy x 2 ;
T®  Time, duration of dady exposure (minutas) ;
BW = Mean body weight on sampling days (g) !

For the assessment of Iocal and systemic toxdcity of Hloprost after inhaiafive admministration,
Wistar rats were exposed by inhalation to three target concentrations of iloprost 10 pgfmi.
fermulation (0.9, 3.6 and 10.8 pg/kg) and two concentrations of dloprost 20 pg/mL (0.9 and

24.6 po'kn) seven days a week for 28 days (AU1317). Blood sampling was performed in
satelfite animals for concomitant delerminaltion of lloprost serum Jevels and pharmacokinetic
parameters {Cray, tom. AUC) (B784). Inhalation exposure conditions were qualified by chemical
analysis of the loprost aerosol concentration and measurement of the particle size
disttibution,oxygen concentration, relative humnidily, temperature and exposure airflow rate. The

animals were observed for mortality and overl signs of a reaction to treatment. Body weights
and food consumption were measured weekly, Clinical Jaboratory investigations were performed
on bleod and urine samples from all animals before necropsy. A complete post mortem
macroscopic examination was performed, a full ist of of organitissue samples preserved. The
respiratory tract from all animals and the full tissue list from all animals in the two high dose
groups and the controls were subjected to histopathologlcal examination.

Observation times and results

Mortality: none

Clinical signs: none
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Body weights: although body weights did change, they changed also for the controls and
may be due to the nebulization treatment modality

Food consumption: although food consumption did change, it changed for the controls as
well as the drug treated and may be due to the nebulization treatment modality

Ophthalmoscopy: none

EKG: not done
Hematology: no treatment related effects noted
Clinical chemistry: In males, bilirubin levels were decreased at all dosages and

magnesium levels were decreased over controls. In females, phospholipids and
cholesterol were decreased compared to contols.

Urinalysis: no treatment related effects noted

Gross pathology: no treatment related effects noted

Organ weights (specify organs weighed if not in histopath table): no treatment related
effects noted

Histopathology: Adequate Battery: vyes ( x ), no ( }—explain
Peer review: yves{ )}, no(x)

Toxicokinetics: not done
Other:

Study title: — Project 709413: Iloprost: six month inhalation study with a nebulising
solution in the rat

Key study findings: While examining the effects of rats receiving a nebulized dose of 0,
3.55,27.8, and 43.7 microg/kg, only minor effects were noted. Primary was the increase
in absolute and relative lung weights in the mid and high dose groups. Also, hyaline
inclusiomns were found in the nasal epithelium for groups 2 and 5, related to the longer
exposure times to the nebulizer of these two groups. Without drug exposure data this
study is of little utility.

Study no.: Report # A(04447

Volume #, and page #: Vol 5.8, pp. 325-515

Conducting laboratory and location: [ _ 4
Date of study initiation; June 13, 2000

GLP compliance: ves
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QA report: yes( X }no( )
Drug, lot #, and % purity: iloprost, batch # N02149

Doses: 0, 3.6, 24.6, or 43.7 mg/kg/day

Species/strain: Ham Wistar Rats

Number/sex/group or time point (main study): 20 M, 20 F per group

Route, formulation, volume, and infusion rate: inhalation, nebuliser, iloprost in
0.9% saline

Satellite groups used for toxico-kinetics or recovery: 6 M, 6 F per dose
group {no controls)

Age: males 8 weeks, females 11 weeks

Weight (nonrodents only):

Unique study design or methodology (if any):

Observation times and results

Mortality: no deaths occurred in the study

Clinical signs: sponsor reported no treatment related effects
Body weights: sponsor reported no treatment related effects

Food consumption: was lower in the iloprost treated groups, only occasionally reaching
statistical significance. No effect noted on growth

Ophthalmoscopy: none

EKG: not done

Hemnatology: several erythrocyte related parameters were decreased dose dependently by
ifoprost treatment. Erytrocyte count and hematocrit were significantly affected in drug
exposed groups (hematocrit only in the intermediate and high dose groups).

Clinical chemistry: many of the changes were minor and non-significant, and were
perhaps different at one time point, but not the next one. Changes thought to be due to
treatment were: a decrease in glutamate dehydrogenase in females of groups 4 and 5 after
26 weeks of treatment; creatine kinase increased in females of groups 3 and 5 after 13
weeks of treatment; and sodium increased in group 4 females after 26 weeks of treatment.

Urinalysis: Urinary volume was increased in group 4 and 5 males, accompanied by a
decrease in specific gravity and osmolality in these groups.

Gross pathology: uterine adipose nodules were found in 4 females from group 5, and one
nodule was a metastasis from a renal tubule carcinoma.
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Organ weights (specify organs weighed if not in histopath table): lung weights (absolute
and relative) were significantly increased in group 4 and 5 animals (intermediate and high
dose). A reduction in spleen to body weight ratio was found in group 4 males.

Histopathology: Adequate Battery: yes ( x ), no ( )}—explain

Peer review: yes{ ), no(x)
Hyaline inclusions were found in the nasal epithelium of rats in all groups, but was
especially noticeable in the group 2 and 5 animals. The exposure time to the nebulizer in
these animals was 240 minutes per day, versus 135 minutes per day for groups 1, 3, and
4. Since group 2 and 5 were similar, the effect is probably due to the exposure to the
saline mist for an extended period of time.

Toxicokinetics: not reported in this study

Other:

Study title: systemic tolerance study in monkeys (Macaca fascicularis) after daily per os
(intragastric) administration over 14-15 days.

Key study findings: groups of 2 male and 2 female monkeys were given 0.02, 0.2, or
1.0 mg/kg/day of iloprost. One animal died in each treated group. 1.0 mg/kg/day caused
the death of | animal, QT prolongation (1/3), loss of consciousness (2/4), diarrhea (2/4)
and drops in monocyle counts and elevation of bone marrow lymphocytes.

Study no.: 4858/11

Volume #, and page #: 5.8, pp.1-105
Conducting laberatory and location: unknown -
Date of study initiation: January 12, 1981

GLP compliance: yes

QA report: yes( X no{ )

Drug, lot #, and % purity: Unknown
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On Qriginal

28




Reviewer:James M. Willard NDA No.21779

1, Test/ocontrol article and stability data

For i.g. application, solutions of the test compound were used in
the present study and formulations were prepared daily prior to
application under non—-aseptic conditions by dilution of a steri-
lized stock solution containing 0.2 mg IK 36.374/ml vehicle with
a sterilized MNaCl-solution. The vehicle consists of B8.975 mg NaCl,
0.4848 mg trometamopl, 0.0l ml ethanol 96% per ml bidistilled wa-
ter (pHB 8.3 adjusted with IN HCL).

© he solution with the substance concentration of 0.1 mg per ml
proved to be chemically sufficiently stahle over 3 months at
temperatures up to 609 (C 1 Report No. 4592", dated
Feb. 10, 1981). | |
it may therefore be assumed that a formulation of 0.2 mg
ZE 36.374 per ml is chemically sufficiently stable for 3 months.

2, Selection of animal species, reasoning for dosage and
route of application

Monkeys were selected for thlis study because they are standard
laboratory animals and the species of choice for non radent
toxicity study to evaluate the potential of new drugs. in ad-
dition, background contrel data are available on the paramebers
recorded in this study.

The oral {intragastric) route of administration was chosen bhe-

cause this compound is intended to be administered <o humans also
by the same route.

The doses were selected on the basis of the planned phase I

study in which the intended human dose is set at 12 mg

ZK 36.374/subject (0.2 mg/kg body weighti. Thus daily doses of

0,02, 0.2 and 2 mg/kyg were selected which corresponds to 0,1, 1
cand 10 times of the human intended dosge.
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3. Experimental procedure
3.1. Animal management and treatment
Number of animals and strain: 2 M, 2 F monkeys per group
- {macaca fascicularis)
Animal guality: {_ ’l
Supplier: IL 1
Acclimatization time: > 4 weeks
Caging conditions: conventional
Animal per cage: 1
Number of groups: 4
“Body welght: ) 2.9 -~ S.Y‘kg
-Feed type: : L B!
Feeding time: limited to 1 hour per day
Type of drinking water: tap water
Drinking water offered: ad libitum
-~ Room temperature: 22 - 3%
"Relative humidity: . 54 - 75%
Light period: 12 hours from 6 a.m. to 6 p.m.
Identification: permancent tattoo nunber
Randomization: by lot

The animals were treated once daily in the morning before feading
time orally by gavage {the stomach tube was rinsed with 10 mi tap
water) over a perled of 14-15 days according to the following ap-
plication schedule.

Table 1: Application schedule

—bose of Application Concentration Ko. of animals
ZE 36.374 volume {ml/kg) {mg/ml} sax
yehicle 10 - M /7%
0.02 mg/kg 10 0.002 M/ 2F
0.2 mg/xg 140 .02 2 /T
1.¢ mcj/kg 10 0.1 2M / IF
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Since one animal (No. 158M) died on the very first day of treat-
ment with 2,0 mg/kg (group 4), presumably as a consequence af a
very strong decrease in blood pressure, and since the other ani-
mals in this group also showed a2 marked drop in blood pressure,
the dose of 2.0 rg/kg envisaged for the duration of the experi-
ment was amended to 1.0 mg/kg from the second dav of treatment
onward.

Animal Mo. 158M was replaced by animal Ko. 448M; likewise anirmal
lo. 210M (which died on the first day of ireatmeni 20 minutes
after administration!) was replaced by animal No. 200¥. The death
of animal Mo. 210M may he assumed not to he substance-induced,
since this animal was already partly in a state of shock cne and
a half hours prier to administration.

3.2, Ubservations, clinical and laboretory studies

3.2.1. Maortality

Recording of premature death.

3.2.2. General observations

ALl signs of weakx health or reactions to treatment were recorded
twice daily - hefore, during, up to 2 3/4 hours after administra—
tion (longer when blood pressure was belng mopitored), and in the

afterncon; on public holidays and on the weckends after other work
had been attended to.

3,2.3. Body weight gain

Body weight was recorded weekly over 15 days and body weight gain

was calculated over this periocd.
3.2.4. Food consumption

The amount of feod consumed hy the individual animal was recorded
daily over a period of 13 days.
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3.2.5. Ophthalmoescopy

The eyes of all animals were examined at day 15,

The ophthalmoscopic examination was performed inl S
L 71 uvasing a direct ophthalmoscope T
1) and a fundus-camera, C J

for fundus examination and a -— sciascope (L
for the examination of the lense.

3.2.6. Electrocardiography and heart rate

During week -1 and at day 9 electrocardiograms were recorded for
each animal. They consisted of standard limb leads Il and XII.
Heart rate was determined by counting. the R-waves par minute.

3.2.7. Blood pressure

Mean and systolic blood pressure were determined using a pressure
cuff at days 1, 2 {only groups 1 and 4}, 5 and 16 each befors
treatment and 30 minutes, 1, 2, 3, 3.5 and 4h afiexr treatment.

3.2.8. Hematology

Hemoglobin, hematocrit, erythrocyte, leucocyte and reticulocyte
counts, MCV (mean corpuscular volume of the individual erythro-
cyte) , MCH (mean content of hemoglobin in the individual ervthro-
cyte), ESR {erythrocvie sedimentation rate), differential bloed
count, eosinophil and thrombocyte counts: during week -1 (with
exception of reticulocyte, thruamboeyte and eosinophil counts and
differential bleod count) and on day 1l.

j.2.9, Bone marrow

Determination of the number of nucleated bone marrow cells per mg

bone marrow and a myelogram were performed at days 15 and 16.

3.2.10. Urinalysis

pil, spocific gravity, protein, glucosgs, acetone, blood, urobilino-

gan and sediment were determined in spontanecus urine at day 12.
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Urinalysis was performed using the T 1 test L
1 Specific gravity was measured using a hydrometer and
sediment analysis was carried out with a microscope.

3.2.11. Biochemistry

The following paramcters were determined in serum:

glutamic oxaloacetic transaminase (GOT)

glutamic pyruvic transaminase (GPT)

Y-glutamyl transferase (y-GT)

during week -1, day 2 (24 h), day 4 (72 h) and day 11

urea nitrogen and’

glucose during week -1 and at day 11

cholesterol

total protein

rrotein electrophoresis
sodiwn

potagsium

caleiam

chloride

at day 11

3.2,12. Coagulation

Thromboplastin time, partial thraomboplastin tine, thrombin time
and f£ibrinogen were determined at day 11.

3.2.13. QRecropsy

On completion of treatment all surviving animals were sacrificed
under general U 3 anaesthesia. Each animal wasg rapidly
exsanguinated by incision of the jugular and axillary blood ves-~
sels. Immediately after occurrence of death a full pest mortem
examination was performed.

The animals which died during the experiment ware also dissected.
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Examinations were carried out on organ and tissve specimens taken
from all animals of group 1 (controls) and group 4 (highest dose
groupt, and from the two animals of the other groups which died
during the study (No. 3600F, group 2 and No., 85F, group 3}.

Eye and bone (rib) specimens were only fixed in formalin but were
not exawined histologically.

3.2.16. Plasma concentration of ZX 36.374

Determination of plasma concentration of %K 36.374 (1 ml citrated
plasma taken 1 hour after administration) was performed in sam-
ples collected on days 1, 8 and 12 from all animals.

4. Methode for statistical analysis

The Dunnett—test was used to assess differences between group 1
{contrel) and the treated groups. Group mean values which differ
significantly from the control group are marked by * (p < 0.0%)
or ** {(p < 0.01}).

A l-factorial covariance analysis was performed for systolic and
mean blood pressure, at which only p values smaller than 0.¢5 are
shown {marked by an asterisk (¥} in the table).

For the statistical analysis noc separation between males and
females was performed although differences in body weights were
observed between sexes on the basis of individual values. The
interpretation of the results was thercfore basced mainly also on
the basis of individual data.
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5. Results

In general only pathological findings or distinctly recognizable
changes and fendencies toward changes which are attributable to
the direct effect of 2K 36.374 will be reported.

All further information about individual data and chservations
Can be obtained from Appendix I and 1.
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1,2.14. 0Organ weights

From all znimals sacrificed at termination the followlng organs
were dissected free of fat, removed and weighed, the paired
organs being weighed together:

Liver, kidneys, heart, lungs, adrenals, thyroid, pituitary,

ovaries, uterus, testes, epididymides, prostate together with
seminal vesicle.

3.2.1%5. Microscopical examination

From all control and 2K 36.374 treated animals the following

organs or representative samples thereof were fixed and stained:

lung (right main lobe), spleen, thymus, Lymph node {(Ln. iliacus),
cerebrum, cerebellum, medulila oblongaté, epldidymis {head, tail}, -
prostate, gall-bladder, vein (V, cava caudalis), artery (Acrta
thoracalis}, muscle (M. gastrocnemius), heart (right and left
atrinm), thyroid gland, ovary.

fixation: neutral buffered formalin acc. Lillie

stainirng: hematoxvlin-eosin (H.E.)

Oviducts*, uterus {(corpus, cervix), vagina, skin, mammary gland,
stomach, duodenum, jejunum, iledm, cecum, colon, rectum, pancreas
{tail), wrinary bladder (triqonum)}, liver, kidney, heart (left
papillary muscle, right ventricle wall), adrenals, testes,
esophagus.

Fixation: Bouin’s fixative

Staining: H.E,

Pituitary:
Fixation: forwmalin sublimate ace. Brookes
Staining: aldehyde fuchsin acc. Scott (modif.}**

In addition, for the demonstraticn of fat, frozen sections of
liver, kidney, and heart from all the animals in the experiment,
stained with ¢il red O, were examined under the microscopae. The

tfrozen sections were prepared Irom formalin-fixed specimens.
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Observation times and resuits

Mortality: One animal from each group treated with tloprost died
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Clinical signs:

Table 2: Clinjcal findings

observation times; |
of finding: { )

{Genoral Observation) after 2K 36.374
Number of animals with symptoms/Sof the findings from

] day of first and last occurrence

nunber and sex of animals affected

Findings

Graup 2

CGroup 3

Group %

dotere adainistration:

Yomiting

Suevers epalhy

Suptfon position
Resplirolory syeplons
Dlarthea

Passagr of thia feres
Increased sallvation

Dhiying atoinistration:

Vomiting
Subatapce voclited

O-30 minutes afler administratiors

31ight apathy

Boderate ansthy

Severe apathy

, Lo=s ¢f conzolousness

Lateral positinn

Evelid closure

L Vomiting

D S1ightly fecreased lacrimation
| Severely tncreased lacrimatien
Increassd sativation

1/1[15] (1R
14 5] R
1/1] s} QF
[ ] R

/i 2} m

i1 1] Om
171307 o

171f 3} (¥}
173 4] (e

1rf3-5) (11}

45 minutes to 2 3/4 hours afier sdminfctration:

Elight apathy

¥oderate acathy

Savyare apathy

Lateral positlon

Suplne pogition

Vemiting

Sevaraiy increased lacrimatien
Increasesr salivatien

Eyvelid closura

11 23{1F)

1710 1]437)
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Body weights:

Body weights (in kg)

F=Y

v — s T

W

=y

weight (kg)
o ]
SN = N LWL B

T T T

10 15

o’
[#)]

days in trial

20

Body weights decreased greatest in the high dose group

Food consumption:

Food Consumption

Kg food intake

Group

Food consumption was lowest in the high dose group

Ophthalmoscopy: no treatment related findings

EKG:
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Dose, Heart Rate, QT interval and QTc interval Spreadsheet
T L S
! ! :
Bose Heart Rate [QT-nterval :
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Hematology: a decrease in monocyte count was seen at the high dose

Clinical chemistry:

Urinalysis: only change seen was all the females in the 0.2 and 1.0 mg/kg/day groups
were menstruating, since iloprost does have reproductive effects, this could be a
consequence of treatment.

Gross pathology: no treatment related changes were noted

Organ weights (specify organs weighed if not in histopath table): no treatment related
changes were noted.

Histopathology: Adequate Battery: yes (X ), no ( )—explain

Peer review:
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Toxicokinetics:

Table 5: Plasme levels of ZK 36.374 {ng/ml) L
Bose Animal No. ay of treatment
ng/kyg 1 8 12
0 {contrals)

31 o
362m ‘g 0
3519F
3536F Q 0
0.02 3693F . F
357H '
2021 ! l
3600FY) - .
0.2 BGF
2004 — Fkk
&5F
240M ' '
1.0 7P
k)
{on day 1 158H B -
2.0 m<}/kg, 138F 1
except animal 304u
ne. 448M) 448m { -

* faulty determinaticon

*E RIA Q17

**% sample lost

a) animal Ng. 3600F died on day $ of “reatment

L} animal No.

138K died on first day of troatment

¢} determination on treatment day 7
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Other:

Study title: Systemic tolerance study of ZK 36.374 in monkey (Macaca fascicularis)
after continuous intravenous infusion using the . ™ -osmotic-pump over a period of four
weeks.

Key study findings: Cynomolgus monkeys were given 0.02, 0.17, or 1.41 mg/kg/day of
iloprost. All the animals in the high or mid dose group animals died in the first or second
week of the study. Most likely the cause of death was hypotensive shock due to the
vasodilatation. The 0.02 mg/kg/day dose was well tolerated for the 4 week study.

Study no.: 5482

Volume #, and page #: 5.8, pp.205-313

Conducting laboratory and location: Schering, Germany

Date of study initiation: July 30, 1982

GLP compliance: no

QA report: yes( )no(x)

Drug, lot #, and % purity: ZK 36.374, batch # 68-AA-1/1SC .Fr .3-17

Methods
Doses: 0, 0.02,0.17, .41 mg/kg/dy
Species/strain: Macaca fascicularis

Number/sex/group or time point (main study): 4 groups each with 2 males and 2
females

Route, formulation, volume, and infusion rate: IV using the —  osmotic-pump,
vehicle was 37.21 mg trometamol, water to 1 ml, HCI to adjust pH to 8.2

Satellite groups used for toxicokinetics or recovery: no

Age: unknown

Weight (nonrodents only): 1.7-2.0 kg

Unique study design or methodology (if any):

Observation times and results
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Mortality:

All animalis at rthe mean dose levels of ©.17 and 1.41 mq/kg {aroups

3 and 4) died within the first or second week of treatmeni. Dictri-

butien of deaths according +o day of treatment is as foilows:
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(X 0.17 mg/vg/dav)
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{¥ 1.4% mgikgiday)
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18G.4 male 7 475,14 male 2
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150.4 ferals 7 459.3 female 4
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Tgna nale female ke feate male Tewaie mele Tomyis
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mexlarats Epathy 2% 2N FEL! i /1 2 VfE s
wevere APy 221 353 208 € POJR 3 2/G 39
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Body weights: no effect was noted on animals receiving 0.02 mg/kg/day compared to
controls. With the high and mid dose animals, most died prior to weighing, in the few
remaining animals there was a significant weight loss compared to controls.

Food consumption: no effect was noted on animals receiving 0.02 mg/kg/day compared
to controls. With the high and mid dose animals, most dicd prior to weighing, in the few
remaining animals there was a significant decrease in food consumption compared to

controls.
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Ophthalmoscopy: no treatment related effects were reported

EKG: no treatment related effects were reported, however, the high and mid dose
animals were not evaluated.

Hematology: Little information was collected on the high and mid dose group anirnals
due to premature death. Controls and 0.02 mg/kg/day iloprost treatment were not
significantly different

Climical chemistry:
Table 4: Pindings of blcod chemisntry

Group Mean dose Wumber of animals Findings timie of i
level examined frith findings examination }
T kg fdzy _ S . i
2 0.0z ZM,2F 124, 2F increased alw@in-globulin wooks 8 .
quotient {P < G.05) i
24 2F 124 2F alight increase in corum wrzhk 5
caleium (F o ©.01)
3 o1 M, TR 1 BDY ) high ursa nitrogen Cday T
(128 mz /109 wi )
M IFAF (o, 1304) slight incrvase o serwus coaw b
creabinine 1.3 wa /100 21 :
2MT/H (Mo, 29U) Eohign SOPT walue {3176 moimil o
ZHAR2NF , =dight deareasc in v-glota HIEC
SRR i
i o4l TMIESIM, 2F Nipgh zorum ured niLressi Y o 2
(192,210,121 mg /100 ml
2E/2F {Ma US6H, H593) marked incersese in seron day Foaad 4
ereatinine {3.5,2.8 mz/ 100w !
M PRI (M. US64) oW total choleatersd Aay 3
33 g 7100 1)) f;
1M,2F/1F (No, 4564) low serun glusase iy
(1% mp 100 mi} :
™, BRS04, 10 {(No . 4764, 'l;;m‘ A cadoduna . ! T N
HSH AT {9.5, 5.6 mg 00 ni i
14, 2FF (Hoo Y564} raized seris potussion iz d
3.3 miolil)
M, 2F 18, 2F stight dearesse in '|‘~£;3‘C¥"‘:i':1'?3]wf:°:5: voor

Urinalysis: only control and low dose animals were evaluated with no treatment related
effects reported

Gross pathology: In the animals that died prematurely in the study, 3 of 4 had redness of
the gastric mucosa, and 2 of 4 animals had gastric hemorrhagic erosions. One male in the
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high dose group had a yellow small focus on the liver. No other treatment emergent
effects were noted.

Organ weights (specify organs weighed if not in histopath table): absolute liver weights
were increased and pituitary weights were decreased.

Histopathology: Adequate Battery: yes ( x ), no { }—explain

Peer review: ves( ), no(x)
Histological findings were consistent with the premature deaths being due to hypotensive
shock, with hyperemia of the liver (3 of 4 animals), adrenal cortex (2 of 4 animals), and
pancreas (2 of 4 animals).

Toxicokinetics: not done

Other:

Study title: Systemic tolerance study in beagle dogs after continuous sub-cutaneous
infusion with the — osmotic pump over 26 weeks.

Key study findings: Dogs received 0, 0.024, 0.048, or 0.096 mg/kg/day of iloprost. The
low dose had very little toxicity associated with it, however, the higher doses were
associated with high levels of diarrhea in the mid and high dose groups, with one female
in the high dose group being sacrificed due to premature death with diarrhea, emesis, and
severe decrease in body weight due to lack of ability to eat.

Study no.: 7949

Volume #, and page #: 5.12, pp.1-399

Conducting laboratory and location: Schering, Germany

Date of study initiation: March 24, 1987

GLP compliance: yes

QA report: yes{ )no(x)

Drug, lot #, and % purity: ZK 36.374, batch # 68-AA-11 Teil {I

Methods

Doses: 0, 0.024, 0.048, 0.096 mg/kg/day

Species/strain: beagle dogs

Number/sex/group or time point (main study): 4 males and 4 females per dose
group

Route, formulation, volume, and infusion rate: subcutaneous infusion with the
alzet osmotic pump, flow rate of 2.72 or 2.59 microl/hr

Satellite groups used for toxicokinetics or recovery: no

Age: not given

Weight (nonrodents only): males: 8.2-11.7 kg, females: 6.9-10.1 kg

Untque study design or methodology (if any):

Observation times and results
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Mortality: Although no animal died in the study, one female in the high dose group was
sacrificed moribund on day 9 of the study after severe diarrhea, vomiting and inability to

eat.

Clinical signs: although diarrhea and GI tract problems are mentioned, there is no listing
of observations. One male in the high dose group had a prolapsed rectum that was

surgically repaired

Body weights: only the high dose females did not add weight in the study

Food consumption: no treatment related effects were noted

Ophthalmoscopy: no treatment related effects were noted

EKG: no treatment related effects were noted
Hematology: no treatment related effects were noted

Clinical chemistry:

Parameter t lncresse Group Gex Herk Stat:stical
+ Liecrease . significance
glutamic oxzloacetic trans- + ! z, ¢ H [ e O.DE, poe O]
aminsse 4 PB4 # i b~ Giul, pot 0.5
; ¢ - r 1 ; Pt ou.Db
alkaline phosphatase 4 3 [ 12 HE-IES oM o N
creatining + 1 | K 4 i B o< 0,05 '
total hilirghin 4 3, 3 | [ 4 oo« cos {
albunin {relative) ! 2 ! F 3 f p o< 0.03 it
fxl-globunn {retative) ¥ 4 F 26 3 p o< 0.0% 1
total x-glabiiin {absolute) + 2z i F 4 1 (S
[il-qlobulln (relative} + D2 f F 4 F % G010
ﬁiﬂglobniin {rel. and abs.) ' . ] J T 26 Lo £.03
tetad S-gliobutin {relative) i + - ; 7 2% - < €.0%
P ~clsbulin iabsclute) é s | L4y § poe 001, p s 0.0
albumin/globulin quotient f + 2 T 76 | B 0.03
potasstus i + ! 4 i 3 H 5 P o< 0.0% £
i | I

Urinalysis: no treatment related effects were noted

Gross pathology: no treatement related effects were noted
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Organ weights (specify organs weighed if not in histopath table): In group 2, 2 females
had decreases thyroid weights, and 2 males had decreased epididymal weights.

Histopathology: Adequate Battery: yes ( x ), no{ )—explain
Peer review: yes ( ), no(x)

Toxicokinetics:
tabie Y5 Tiksws laeris of Ileprost (1o ng/ml) oftor contizluses oo,
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kel dan of ¥ 36370 30 Lengle feds
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fvy 3K b OVES af animiz ieplantation peeiod
rySdar) LT SEx 1 z 3 § 1 o - i [irgt s iast
izpiantat tomi
s n LB L | A LA norad, g RN P00 [P Ti I a1 [N PP DO R | O3
¥ 245 1 .
LB 3 £, 476, 4 ; RN 4% SR YRR B 160, b A RN -] E LI EER-] EN O
o s } : 3 PR
: ! i : i
oy LA S 6 VR 47731 2 L0 4 [UC I S I &, 90,4
H : . 1
1 s b e = -t e R
i . :
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i ; H H
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¢ i t
— - i [T S5 R A

* Animal no. £13B F showed plasma lewals of .7 posml o dak T oand 2 .05 80 4AY 3 2CLRg purs lepimmterfen
and wis Eep lenad 3 auleal ao. 8355 F oan fap 100

Other:

Study title: Systemic tolerance study (including local tolerance) in beagle dogs after
daily oral administration of retard formulation of iloprost (iloprost clathrate, SH K 529

I/M) over 53 weeks (2 applications per day at a 6-hour interval)

Key study findings: Controls, 2x 25 microg/day or 2x 75 microg/day were the dosages
tested. Dogs receiving the high dose had diarthea for 8 weeks, one animal died of
intestinal torsion. At the low dose, there were few findings in the animals.

Study no.: A706

Volume #, and page #: 5.13, pp. 1-480

Conducting laboratory and location: Schering, Germany
Date of study initiation: November, 1991

GLP compliance: yes

QA report: ves(x)no( )

47

Adod ejgissoq jseg




Reviewer:James M. Willard NDA No.21779

Drug, lot #, and % purity: ZK 96.944, batch # 106 760

Methods

Doses: Control (no treatment), Control (placebo capsules), 2x 25 microg/day, 2x
75 microg/day.

Species/strain: Beagle dogs

Number/sex/group or time point (main study): 4 male and 4 female beagle
dogs/group

Route, formulation, volume, and infusion rate: oral, capsules,

Satellite groups used for toxicokinetics or recovery: no

Age: not given

Weight (nonrodents only): males 8-15.2 kg; females 7.9-13 kg

Unique study design or methodology (if any):

Observation times and results

Mortality: | female in the high dose group died of volvutus (intestinal torsion) in week 7,
and one female in the low dose group was sacrificed for humanitarian reasons in week
#44 due to necrotizing stomatitis. Although the sponsor did not consider the second
animals problems to be compound related, due to the GI tract being the primary target
organ in the high dose group, and the small sample size, I would have to consider this
event compound related.

Clinical signs: In the high dose group, diarrhea lasting 8 weeks occurred in the animals,
followed by mucous in the stools for the remainder of the study. This probably indicates
the primary target organ is the GI tract. In the low dose group, one female developed
necrotizing stomatitis in week 10 leading to a humane sacrifice at week 44.

Body weights: no treatment related effects were reported by the sponsor

Food consumption: no treatment related effects were reported by the sponsor

Ophthalmoscopy: no treatment related effects were reported by the sponsor

EKG: no treatment related effects were reported by the sponsor, however, ECG changes
were only reported in animals receiving iloprost, raising concerns

Hematology: no treatment related effects were reported by the sponsor, changes in the
treatment groups, although statistically significant (p<.05), were within the normally
reported reference ranges.

Clinical chemistry: in the high dose females, significant decreases in serum protein and
calcium were found, as well as an increase in blood glucose levels in high dose group
males and females.

Urinalysis: no treatment related cffects were reported by the sponsor
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Gross pathology: no treatment related effects were reported by the sponsor, except in the

high dose female that died of intestinal torsion.

Organ weights (specify organs weighed if not in histopath table): The only significant
change was in adrenal weights in the group 3 females that increased significantly.

Histopathology: Adequate Battery: yes (x ), no ( }—explain

Peer review:

yes (), mo(x)

no treatment related effects were reported by the sponsor

Toxicokinetics:

Table 6:

Pharmacokinetic data of iloprost after twice daily p.o. application {at a 6-hour inte:-
val) of Hoprost retard formulation SH K 529 /M in Beagle dogs (Mean'SD, n-4)

49
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Other:

2.6.6.4 Genetic toxicology

- Study title: Evaluation of ZK 36.374 in the Ames Salmonella/microsome

mutagenicity test

Key findings: Iloprost was non-toxic at up to 5 mg/plate and showed no signs of
mutagenicity. Postive and negative controls were consistent with a valid assay
system.

Study no: 5169

Study type (if not reflected in title):

Volume #, and page #: 5.18, pp.193-209

Conducting laboratory and location: Schering, Germany

Date of study initiation: April 15, 1982

GLP compliance: no

QA reports: ves{ yno(x)

Drug, lot #, radiolabel, and % purity: not given

Formulation/vehicle; 0.1 M phosphate buffer

Methods:
Strains/species/cell line: S. typhimurium strains: TA1535, TA1537, TA98, and
TAL100
Dose selection c¢riteria: none given
Basis of dose selection:
Range finding studies:
Test agent stability: solutions made fresh immediately prior to use
Metabolic activation system: rat hepatic post-mitochondrial fraction — S9-fraction
Controls:
Vehicle: phosphate buffer
Negative controls: vehicle
Positive controls: 2-aminoanthracene, 2-nitrofluorene, 1- methyl-3-nitro-1-
nitrosoguanidine, cyclophosphamide and benzo[a]pyrene
Comments;
Exposure conditions:
Incubation and sampling times:Plates were incubated at 37C for 3 days prior
to scoring.
Doses used in definitive study: .01, .025, .1, .25, 1, and 5 mg/plate

Study design:

Analysis:
No. of replicates: for the solvent controls, 3 plates per group; for the treated
groups, 3 plates per group; for the positive controls, 3 plates per group.
Counting method: visual scoring of revertant colonies.
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Criteria for positive results:section 3.2.7.-”Where the data for any treatment level
show a response >=2 times the concurrent vehicle control value (TA98, TA100),
or >=3 times the concurrent vehicle control value (TA1535 and TA1537), in
conjunction with a dose-related response, the result is considered positive”

Summary of individual study findings:
Study validity:positive and negative controls indicated assay was valid.
Study outcome: study results were negative for Iloprost.

Study title: Evaluation of ZK 36.374 in the Ames Salmonella/microsome
mutagenicity test with preincubation

Key findings: Iloprost was non-toxic at up to 5 mg/plate and showed no signs of
mutagenicity. Postive and negative controls were consistent with a valid assay
system.,

Study no: 7466

Study type (if not reflected in title):

Volume #, and page #: 5.18, pp.210-227

Conducting laboratory and location: Schering, Germany

Date of study initiation: December 12, 1986

GLP compliance: yes

QA reports: yes( )no(x)

Drug, lot #, radielabel, and % purity: not given

Formulation/vehicle: DMSO

Methods:
Strains/species/cell line: S. typhimurium strains: TA1535, TA1537, TA98, and
TA100
Dose selection criteria: none given
Basis of dose selection:
Range finding studies:
Test agent stability: solutions made fresh immediately prior to use
Metabolic activation system: rat hepatic post- mitochondrial fraction - S$9-fraction
Controls:
Vehicle: phosphate buffer
Negative controls: vehicle
Positive controls: 2-aminoanthracene, 2- nitrofluorene, N-
nitrosodimethylamine, cyclophosphamide, sodium azide, 9-aminoacridine and
benzo[a]pyrene
Comunents:
Exposure conditions:
Incubation and sampling times:Plates were incubated at 37C for 3 days prior
to scoring with a 60 minutes at 37C preincubation period prior to plating
Doses used in definitive study: .05, .1, .25,.5, I, 2.5 and S ing/plate

51



Reviewer:James M. Willard NDA No.21779

Study design:
Analysis:
No. of replicates: for the solvent controls, 3 plates per group; for the treated
groups, 3 plates per group; for the positive controls, 3 phtes per group.
Counting method: visual scoring of revertant colonies.
Cniteria for positive results:section 3.2.7.-"Where the data for any treatment level
show a response >=2 times the concurrent vehicle control value (TA9S, TAL100),
or >=3 times the concurrent vehicle control value (TA1535 and TA1537), in
conjunction with a dose-related response, the result is considered positive”

Summary of individual study findings:
Study validity:positive and negative controls indicated assay was valid.
Study outcome: study results were negative for Iloprost.

Study title: Mutagenicity evaluation of ZK 36.374 in the reverse mutation assay with
E.coli strain WP2uvrA.

Key findings: Heprost was non-toxic at up to 5 mg/plate and showed no signs of
mutagenicity. Postive and negative controls were consistent with a valid assay
system.

Study no: 7548

Study type (if not reflected in title):

Volume #, and page #: 5.18, pp.228-249

Conducting laboratory and lecation: [ A

Date of study initiation: January 7, 1987

GLP compliance:; yes

QA reports: yes(x)no( )

Drug, lot #, radiolabel, and % purity; Zk 36.374, batch # 68-AA-11 Teil 11
Formulation/vehicle: DMSO

Methods:
Strains/species/cell line: S. typhimurium strains: TA1535, TA1537, TAY8, and
TA100
Dose selection criteria: none given
Basis of dose selection:
Range finding studies:
Test agent stability: solutions made fresh immediately prior to use
Metabolic activation system: rat hepatic post- mitochondrial fraction — S9-fraction
Controls:
Vehicle: phosphate buffer
Negative controls: vehicle
Positive controls: 2-aminoanthracene and Ethylmethanesulfonate
Comments:
Exposure conditions:
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Incubation and sampling times:Plates were incubated at 37C for 3 days prior
to scoring.
Doses used in definitive study: .001, .01, .1, .5, 1, 2.5 and 5 mg/plate

Study design:
Analysis:
No. of replicates: for the solvent controls, 3 plates per group; for the treated
groups, 3 plates per group; for the positive controls, 3 plates per group.
Counting method: visual scoring of revertant colonies.
Criteria {or positive results:section 3.2.7.-"Where the data for any treatment level
show a response >=2 times the concurrent vehicle control value (TA98, TA100),
or >=3 times the concurrent vehicle control value (TA1535 and TA1537), in
conjunction with a dose-related response, the result is considered positive”

Summary of individual study findings:
Study validity:positive and negative controls indicated assay was valid.
Study outcome: study results were regative for {loprost.

Study title: Test report of study LMP 261: ZK 36.374 — detection of gene mutations
in somatic mammalian cells in culture: HGPRT-test with V79 cells

Key findings: Tloprost appeared to be mutagenic in this assay, with a statistically
significant increase in mutants over the controls with S9 increasing mutagenicity
further. Although the sponsor contends the data falls within historical negative
control range, the most important factor is the internal consistency in the assay.
Second, the dose levels used were not high enough, with only a mild indication of cell
mortality at the highest dose used. Generally sponsors present these assays with
dose titrations up to high levels of mortality. Therefore, although weak, the study
should be considered positive. Prostacyclin receptors are found on CHO cells and
may indicate a cAMP dependent mechanism.

Study no: 7429

Study type (if not reflected in title):

Volume #, and page #: 5.18, pp.250-278

Conducting laboratory and location: Schering, Berlin, Germany

Date of study initiation: October 27, 1986

GLP compliance: Yes

QA reports: yes{x}no( )

Drug, lot #, radiolabel, and % purity:ZK 36.374, batch # 68-AA-8 Teil 1

Formulation/vehicle: DMSO
Methods:

Strains/species/cell line: Chinese Hamster Ovary V79 cells
Dose selection criteria: none given
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Basis of dose selection:

Range finding studies:
Test agent stability: unknown, therefore solutions were made fresh every day
Metabolic activation system: rat liver post- mitochondrial fraction (S9)
Controls;

Vehicle: DMSO

Negative controls:

Positive controls: Methyl methanesulphonate and 9,10-dimethyl-1,2-

benzanthracene.

Comments:
Exposure conditions:

Incubation and sampling times: npot given
Doses used in definitive study: -89: .025, 1, .15, .25 mg; +59: .0154, .0475,
A,.3, 475 mg

Study design:
Treatment acheme:
Day 1: Subeculturing of a log-phasze culture
&) About 500 cells in 5 ml medium/2% cmghplastiCHfiask for
plating efficiency; in duplicate per experimental point
B} 8 x 10 cells in 30 ml nmedium/175 om -plastic—flask
for the mutagenicity test, 1 flask per experimental
point
Treatmant of al and b):
Subculturine of b} in 175 cmﬁwplastic—flasks
Fixation and staining of c¢clonies in a}-flasks
= plating efficiency and dose relatiocnship

=~ | S ]
" -

*w

2: Subkculturing of ) in five 80 cmz-plastic—flasks contain~
ing selective medium: mutant selection (about 4 - 6 x 10
cells/flask); subculturing of b} in two 25 cm2~flasks for
rlating efficiency {abont 500 c¢ells/flask)

16: Fixation and staining of cclonies in b} - derived flaeks
seeded on day 9.

- - o
All incubations were done at 37 C.
Staining was done with 10 % methylene blue in 0.0]1 n-¥OH solution

L 7
The stained colonies with more than 50 cells were counted
with a preparation microscape [ 3
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Criteria for positive results: both duplicate plates must show a > 1.5 fold increase
over the vehicle controls to be positive.

Summary of individual study findings:
Study validity: negative and postive controls demonstrated the validity of the
assay.
Study outcome: The Mann- Whitney U test results showed a statistically
significant difference between solvent controls and the highest dose of iloprost
tested. Although the result was within the historical vehicle control range, the
internal consistency of the assay is the more important critenia.

Study title: Evaluation of the clastogenic potential in the human lymphocyte test

Key findings: No evidence of chromosomal aberrations was seen in the assay. Assay
went to a significant level of mitotic inhibition and was valid. Mitotic inhibition was
probably due to the interaction of iloprost with native prestacyclin receptors.

Study no: 7160

Study type (if not reflected in title):

Yolume #, and page #: 5.18, pp.279-297

Conducting laboratory and location: Schering, Germany

Date of study initiation: November 21, 1985

GLP compliance: Yes

QA reports: yes{ )no(x)

Drug, lot #, radiolabel, and % purity:ZK 36.374, batch # 68-AA-8 Teil 2

Metheods:
Strains/species/cell line: human lymphocytes
Dose selection criteria:
Basis of dose selection: based on mitotic inhibition
Range finding studies:
Test agent stability: from section 3.1: made fresh to avoid stability issues?
Metabolic activation system: +S9
Controls:
Vehicle: DMSO
Negative controls: vehicle
Positive controls: cyclophosphamide and triaziquone
Exposure conditions:
Incubation and sampling times:
Doses used in definitive study: .0025, .005, .01, 025, 05, .1,.25, 5, & 1
mg/ml

| Formulation/vehicle: DMSO
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Study design: f
Analysis:

No. of replicates:

Counting method:
Criteria for positive results:

Summary of individual study findings:
Study validity: Positive and negative controls responded reasonably, indicating a
valid assay system
Study outcome: Iloprost was not shown to cause chromosomal aberrations in this
assay system.

Study title: Studies on the mutagenic potential of ZK 36.374 in the mouse
micronucleus test.

Key findings: No sign of an increased potential for mutagenicity of iloprost was
found in this assay system.

Study no: 5360

Study type (if not reflected in title):

Volume #, and page #: 5.18, pp. 298-315

Conducting laboratory and location: Schering, Berlin, Germany
Date of study initiation: April 5, 1982

GLP compliance: no

QA reports: yes( Jno(x)

Drug, lot #, radiolabel, and % purity: ZK 36.374, batch # 03741/81

Formulation/vehicle: physiological saline

Methods:
Strains/species/cell line: NMRI/SPF mice, 9-10 weeks old
Dose selection criteria:
Basis of dose selection:
Range finding studies:
Test agent stability:
Metabolic activation system: none
Controls:
Vehicle: physiological saline
Negative controls:vehicle
Positive controls: triaziquone
Comments:
Exposure conditions:
Incubation and sampling times:
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Doses used in definitive study: animals were given control (10ml/kg
physiological saline), 0.2 mg/kg iloprost (in 10 ml/kg physiological saline), or
0.125 mg/kg triaziquone (single i.p. treatment)

Study design: 5 males and 5 females per group
Analysis:
No. of replicates:
Counting method: micronucleated cells per 1000 polychromatic erythrocytes
and per 1000 normochromatic erythrocytes was done.
Criteria for positive results: statistically significant differences from the negative
controls (p<.05)

Summary of individual study findings:
Study validity: positive and negative controls were consistent with a valid assay.
Study outcome: Study did not show iloprost increased levels of micronucleation
in erythrocytes. Although there were differences in some of the readings between
the two examiners, their conclusions did not differ.

Genetic toxicology summary and conclusions: Except for the CHO V79 chromosomal
aberration assay, none of the mutagenicity assays were positive. The V79 chromosomal
aberration assay was only weakly positive, and CHO cells do have prostacyclin receptors,
indicating the possibility of the assay being due to a physiological response.

Prostacyclins do have internalized, translocating receptors similar to estrogen that bind to
DNA. Therefore, the weakness of the response, with no collaborating positive responses,
indicates the need to keep an eye on Hoprost, but probably not enough to warrant a
change in direction and the carcinogenicity studies do not show a signicificant
tumorigenicity potential for iloprost.

Labeling recommendations: it could be indicated that Iloprost .
3 however, result was very equivocal.

2.6.6.5 Carcinogenicity
Study title:  lloprost calthrate: tumorigenicity study in mice after daily dietary
admunistration of the ground extended release formulation SH K 529 over approximately

96 weeks

Key study findings: In this 95-97 week study, there was no noted treatment related
neoplastic or non-neoplastic lesions found in the mice.
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Adequacy of the carcinogenicity study and appropriateness of the test model: The use of
iloprost clathrate limits the utility of this assay. [loprost is only ~13% of the iloprost
clathrate molecule, making the 10% iloprost clathrate dose only 1.3% iloprost, the
important component. The adequacy of this trial is questionable.

Evaluation of tumor findings: no trends were noted of an increase in tumors in iloprost
clathrate treated animals,

Study no.: AW35

Volume #, and page #: 5.19 - 5.21, all pp.

Conducting laboratory and lecation: Schering, Germany
Date of study initiation: September 1994

GLP compliance: no

QA report: yes( ) no(x)

Drug, lot #, and % purity: iloprost clathrate, batch # 108920
CAC concurrence:

Methods
Doses:
Basis of dose selection (MTD, MFD, AUC etc.):
Species/strain:
Number/sex/group (main study):
Route, formulation, volume:
Frequency of dosing:
Satellite groups used for toxicokinetics or special groups:
Age:
Animal housing:
Restriction paradigm for dietary restriction studies:
Drug stability/homogeneity:
Dual controls employed:
Interim sacrifices:
Deviations from original study protocol:

ADDeQrs This Wo
On Origing
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Summary of the report

55-70 male and 55-7C femate Han: NMRI {SPF} micae per group received the ground test article
mixed with the diet, ground placebo pefiels mixed with the diet, or blanx diet according to the
following treatment scheme:

Treatment scheme
Grup | Numbar of | Numbsro! | Control/ Concsn © Dase {mg doorctikg'day)
animals far | aremals for o5t aricle taven © pomingt  aocal
A55E5S- determina- | : o cateuzied on tha | maon valuss calculatad on
g of wotof Thass ol 30 g body | te basis of actual foog
tuma- SAME E , ’ P (0 consargior and cual
gonicty wyels ! : o oAy fan iy waRlH over e woaot
i — miaxe Sludy pesiod
Cllaneoat : Boprast © Honeoar Heprost
athrale clatvrats
, Blank digt ;
s 1) HE
1 50'&'50!’ ShSF iconteoh) i
. N - _ ]
Greuns [dacebo E
2 SOHS0F 1 SMsEH ot peliets | 10% twow! |
ke o Liphacebocontion | f. S
Tirearnd doprost ' o
3 | somsce | 2oweos? | patvate etarg | 3% twis, 47 355 forams Sl des s36
peilets t gty 1T Womyas 211
%
s ‘ -
Ground dopros! ' .
4 | sowsOF | 202079 | clatheate retard | 10% [wwi | 154 | 1170 mes 783
i T a5 11
peliets i
st
1 Smale and 5 female arvmals were sacrificad in wask £
2 8 mala ang § female animals wers 8acriticad i wesks 4. 05 0 arg 2

The dose selection was based on an anantating mouse study (Scharing repod AB4G) over 79
days with dietary administration of the ground test article (oprast ciathrale retard patiets) i a
10% concentration. In this sfudy mean serum levels of the active ingredient iloprost were
achieved at diferent timae-points of blogd samplng which ranged between a multiple of 14.27 of
those moan levels obteined afler therapeutic application in humans. On an extrapolated
AUCh o hoyre-Dasis the mulbples of the human exposure ranged between 17-21. The
administration of higher concentrations (> 10 %) did not seern advisable as this would impair
the balanced nutrition of the animals. As even after the high duse of a 10 ° concentration in the
diet only slight systemic effects were expected, the testing of two dosi ‘evels below tho 10%
concentralion seemed not o ingrease the information concerning dosedependent effects.
Thus, only one low dose was selected and set at a 3 % cencentraticn :n tha dwet. Azsuming u
finear dose-efiact ratio, this concentratrion was expocied o ead 16 serum ‘@vels n nRce which
correspond 1o 4-8 tmes the therapeutis plasma loveds in hurnaes, Therefore, 3 and 10 <
dietary concentrations seemed to be sufficient to absain # reasonable doso graduation

Animals wero hotsed individually under standard condtiens. The puiverized det and water
were offered ad tibiturm. Until termination of the study general obseevstons, motalisy, feod ard
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water consumplicn, body weights, and serum levels of lloprost were determined al regular
irdervals. At the and of the 95-97-wesk treatment period hematological exarminalions, necropsy
findings, organ weights and histological examinations were used for the assessment of
umotigenicity as well as systemic toxicity.

The stusdy was terminated after reatnent for 9597 weeks due (o high mortalty {ca, 70%) in
fernake animais in alt groups incl. the control group,

Statisticat analysis was performed for parameters obta nzo dunng the tn-tde phase by tha
Dunneit-test and tor parameters related to tumor incidence by using the trend tost according to
Peto et al. {1980)

The following Information couid be oblamed o the study data.

The serum level monitoring revealed a constant and dose-depeadsnt systerw exsosute
{hased on AUC, 5 -values approximately 6 times {group 3} and up o 57 times {groue 41 hicher
than in humans a'ter high theraoeutic dosas)

Observation times

Mortality: animals were checked 2x a day Monday-Friday, and 1x a day on weekends
Clinical signs: amimals were checked 2x a day Monday-Friday, and 1x a day on
weekends

Body weights: body weight was recorded weekly for the first 13 weeks, then monthly
through the end of the study

Food consumption: was monitored on a weekly basis for 13- 14 weeks, then one week
per month until the end of the study

Histopathology: Peer review: yes( ), no (x)

Toxicokinetics: were checked in 5 males and 5 females per group after 4, 26, 52, and 95
weeks 1n the study.

Results

Appears This Way
On Original
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Mortality:

Taxt Tatie 5

Martality rates and assumed cavses of daath i contred and treatment Qrouna after distary

administrations of ground placebs ar ground doprast dathrate extended retoase petlets,
ovet appraximately 96 weeks 1o mee in comoarison "o control anmals which recasvad the

biank dist
Group 1 2 K 4 ]
blank gist qround Sreurd Boprost | eround ropros:
contro! pFacebo tlathrate clathrate
pelie’s axtencad axtendad
~ control rolease nellets | release pellsts
M | F M [ F Mol ¥ M_ | F
Dose, mg toprostkyday:  nomina 0 Q 4.7 154
_ e actuzt g 0 3.1 37 e 1123
No of amimals for aseessmant ot {60 | =0 50 £0 55 nl an 50
fumorigeneity I 1
Sunvivors / premature :}eaﬁs SHI19 116534 13113 11535 {3514 120030 |28 15735 ]
[ Mortality, % 38 |er 3 0 ie8  lon a0 70
Kind of death: T
- found dead 13 24 17 28 11 26 17 31
- kitied moribund er for humane - 9 ? 2 3 4 1 3
IBASONS
- death by acoent - i 1 1
Cause of daamh;
- ot evident 5 a ] ? 5 B i ]
- non-neogiastic changes & 5 ! g 1 3 1 3
- pepplastic changes 8 25 3 22 8 23 9 a7
{rnaligrant hmphama) (6) 1i=0) |{931 |19y |18y {26y 7y {(24)
No. of sateliite animals for serum 57 g1 50 g 207 20t 207 =
level determination |
Survivors o ntens szorifice / 50 371 34 a0 18/2 8 w11 1a
premaiurg deaths - ‘f

M = males T - females
" = intatira sacrifice week 4

# = Interir sacnfice weok 4. 26, 52 and 95

Clinical signs: No treatment related findings were reported by the sponsor

Body weights: No treatment related findings were reported by the sponsor
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Food consumption: there was an increase in food consump tion in group 4 females in the
first 13 weeks. This effect resolved after that, there was no effect noted in bady weights.

Text Figu-e ! Daily fovd consumption in female anmals (week * 1 17)

i d % E 13 £ T a %
weeks

A Group 1 B Eip 2

Gross pathology: Although there were lesions in the animals that died, as with the
mortality, there was no discernible pattern due to treatment

Histopathology:

Non-neoplastic: various inflammatory, degenerative and hyperplastic lesions
were seen, however, they were generally related to aging and were not correlatable to
treatment.

Neoplastic: the most prominent finding was malignant lymphomas and in the
lungs adenomas and carcinomas. However, there was no indication of an increase in
incidence in treated versus control mice.

Toxicokinetics:
Serum levels of iloprost declined over the period of the study. Through week 4 there

appeared to be gender difterences, however, this effect resolved over the course of the
study.
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week 4 week 26 week 52 week 95
senm serum serum serum
Group gender dose level{ing/ml) level{ng/mil) level(ng/mi) level(ng/mi}
2.93
3 M mg/kg 2.7 27 1.3 0.9
3.54
3 F mg/kg 2 1.3 1.3 1.1
9.855
4 M mg/kg 4.7 4.4 4.4 2.6
12.59
4 F my/kg 9.3 4.6 3.7 3.9

Study titte:  lloprost clathrate. Tumorigenicity study in rats after daily dietary
administration of the ground extended release formulation SH K 529 over approximately
2 years.

Key study findings: No treatment related increase in tumors was seen over the course of
the two-year study.

Adequacy of the carcinogenicity study and appropriateness of the test model: The use of
iloprost clathrate limits the utility of this assay. Iloprost is only ~13% of the iloprost
clathrate molecule, making the 10% iloprost clathrate dose only 1.3% iloprost, the
tmportant component. The adequacy of this trial is questionable.

Evaluation of tumor findings: The only finding was in placebo and 10% iloprost
clathrate treated animals with a small increase in pancreatic islet tumors.

Study no.: AP21

Volume #, and page #: 5.22 to 5.24, all pp.

Conducting laboratory and location: Schering, Germany

Date of study initiation: January 1994

GLP compliance: no

QA report: yes( ) no(x)

Drug, lot #, and % purity: iloprost clathrate batch #’s 106760, 107510, and 107550
CAC concurrence: ?

Methods
Doses:
Basis of dose selection (MTD, MFD, AUC etc.):
Species/strain:
Number/sex/group (main study):
Route, formulation, volume;
Frequency of dosing:
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Satellite groups used for toxicokinetics or special groups:
Age:

Animal housing:

Restriction paradigm for dietary restriction studies:

Drug stability/homogeneity:

Dual controls employed:

Interim sacrifices:

Deviations from original study protocol:

Appears This Way
On Original

Appears This Way
On Original
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Summary of the report

50 male and 50 female Han: WIST (SPF} rats per grour received the test article ilopros:
clathrate admixed as ground extended release pellets to the diet, ground placeba pelets n the
diet or blank diet over 104-108 weeks actording 1o the following treatment schome:

Treatment scheme
Greup Nurriber of Test article Cencen- liose {mgrkgiday)
antmals for kraticn hamnal actust
turmangenicily flaprost | Heprost | doprogt | Kopiost
ctathrate | clathrate |
1 SOMSOF Blank diet N
(contrel) i
2 BONGOF Ground piaceba | T0% jwewd | . s; ;
patieis :
Iplacehs contran :
5"““ 1
3 SMISOF Sround iloprost 3% {wiw} 13 37 LA | 8T ‘
ciathrate gelleis 1.5 (F) 122 (7 ;
4 ! EOMISOF Giround ioprost 10% pweiw &0 455 4.2 (MY | 1Sy
. Clathraie pelteis 53R o400l
{ ; ]

© = mean value caituiated over the who'e siudy pericd
M = males r = farmales

The test article selection for this tumorigenicity study was based on the need to mimic the
exposure situation in human patients as far as possible. According to a comparative
toxicokinetic study with iloprost, iloprost clathrate and ground iloprost clathrate extended
telease peltets (Schering report AAS2) and a feasibility study in rats {Schering report AC83) it
became obvious that only the dietary administration of the drug substanice {iloprost clathrate) or
the ground drug product {iloprost clathrate extended release pellets) could result n long-
persisting piasma levels of iloprost which are representative of therapy in hurmans. Selection of
the drug substance Hloprost clathrale as tast article would not aliow a complete evaluation of the
final drug product, i.e the effects of the excipients and their possible interactions with the drug
could not be assessed. Therefore, the ground drug product {iloprost clathiate extended relsase
pellets) was selecled as tes! article, The cose selection for this siudy was based on results of
systemic tolerance studies performad in rats with this test article after 1, 3 and 10% {wfw)
dietary administration for treatrnent periods of up 10 28 weeks. In these studies iong-lasting
plasma levels of ifaprost were obtained which reached a multiple of up to 31 times the plasma
lavels (Schering reports ACE2 and AB90) achieved after oral therapeulic application of
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the test article in hurman patients. The administration of a highar dose by increasing the dietary
conceptration (> 10%) did nut seem advisable, as this would impair the balanced nutrition of the
animals. As even after the high concentration of 10% in the diet only slight systemic effects
were expectad, the testing of two dose levels (concentrations) below the 10% concentraticn
seemed unlikely to increase the information concerning dose-dependent afects. Thus, only nne
low dose was selected and sef at 2 3% dietary concentration,

A placeba control group was used to find out effects not refated to the active prnciple iloprost,

The systemic exposure was monitored by determinations of plasma drug concentrations in
wesks 26, 52 and 104. :

Animals were housed individually under standard conditions. The pulverized diat and water
were offered ad libitum. Untit termination of the study gereral observations, mertahty, food ang
water consumption, body weights were determined at regular intervals. At the end of the two-
year treatment perod hematological and bone marrow examinations, necropsy findings, organ
weights and histological examinations were used for the assessment of tumorigenicity as well
as systemic toxicity.
Statistical analysis was performed for parameters obtained during the in-life phase by the
DUNNETT-test [group 1 {blank diet) vs. group 2 (placebo) and group 1 vs. groups 3 {3%) and 4
{10%)} and tor paramelers related to tumor incidence by using the trend test according to Pets
et al. (1980} (group 1 vs. groups 2, 3 and 4} ,
Observation times
Mortality:
Clinical signs:
Body weights:
Food consumption:
Histopathology: Peer review: yes{ ), no{( )
Toxicokinetics:

Appears This Way
On Original
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3.2, Observations, clinical and labaratory studies
321, General observations

Al signg of weak health or reactions to treatmeant were recorded twice daily and on weekends
once daily. Detailed clinical inspections including palpation of the animals were performed orce
weekly. From week 91 onwards the recording of findings from clinical examinations was
reducead from fwice daily 10 once weekly during the cinical inspections. Hf no severe impairmen:
of health status cccurred.

3.2.2. Mortality
Time of premalure death or schedufed sacrifice was recorded.
3.23. Food consumption

The individual food consumption was determined in all animals per group and sex at weekly
intervals up to week 13 and for one week in every 4-week period thereafter until week 103,

3.2.4. Water consumption

The amount of waler ¢onsumed was determined in 20 animals per group and sex (when
available) at weekly mntervals up to week 13 and for one week in every 3-month perod
theraaflar unti week 103.

3.25. Body weight

Body weight was determined anze per week in aill surviving animals of all groups in the {irst
13 weeks of the study and once par month thereafter. Body weight gain was calculated for al
surviving animals over the period of 1-13 and 1-102 weaks.

3.2.6. Hematology

Hematological investigations were performed in weeks 104-105 for all surviving arumals per
group for cetemnination of the following parameters:

erythrocyte coun!, leucocyte count, hemoglobin, hematcerit (packed celt volume), mean
corpuscular hemogtobin (MCH), mean corpuscular hemoglobin concentration (MCHC), mean
corpuscular volume (MCVY and platelet count. Where possible, hematology was also performed
prior to necropey for ali animals sacrihced in 2 moribund state or for humane reasons,

J3.2.7. Bone marrow

At fermination of the study in weeks 105-108 the number of nucleated cells per milligram bone
marrow coliected from the femur after exsanguination was determined and bone marrow
smears were prepared from all animals. The bone marow smears were not evalualed becauss
the histological examination of femoral bone marrow did not give any evidence which would
require delailed examination oy a myelegram.
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Where possible, the number of nucleated cells par milligram bone marrow was also determined
tor all animals sacrificed in a moribund stale or for humane reasons.

3.28. Plasma concentration of iloprost

Cirate plasma samples were collacted between 7 and 8 a.m. in weeks 25, 52 and 104 from
10 mate and 10 female fed animals of aach group and were stored frozen at ca. -20°0 until
analysis by a radioimmunoassay at the Department of Pharmacokinetics, Schenng AG. Beriin.

The blood colfection was restricted to one time-point (7-8 a.m). This was based uzon the
results of previous studies {Schering raports AAS2 and AB90) which showed 'hat Joprost
plasma levels remain almost constant in the range of 0.5 and 1.5 ng/mi in rats todowing dietary
intake ranging between 0.69 and 3.9 mg iloprostikg during the night crvaring 2 time period
{uptake of focd) of at least 12 hours, The maxmal plasma levels were seen at 12 and 16 hours
after access 10 food following single dietary administration over 24 hours and acsorging te the
feed intake behavior (the animals eat most of their food during the night). The collect.rq firme
point between 7 and 8a.m. seemed fo be suiled for sufficient plasma level monitoring
especially because the duration of half-maximal plasma levels (half-value duration?) was
> 12 hours at dietary administration as compared to less than 0.5 hours after correspanding Lg.
administration {for further information see Schering report AAS2).

3.2.9 Necropsy

A full post-mortem examination was carried out in all animals of the study. All macroscopic
findings were recorded.

3.2.10. Qrgan weights

From all animals the following organs were temoved, dissected free of fat and surrounding
cannective tssue and weighed. the paired organs being weighed together:

liver, kidneys, hean, spleen, pituitary, thyrpid with parathyroids, adrenals, testes. prostate,
apididymides, seminal vesicles, ovaries, uterus, salivary glands {submand /subling.).

Far weight analysis only the organs of terminally sacrificed exsanguinated animais were used,
Weights of animals which were found dead or sacrificed prematurely were only recorded when
possible, Wheh macroscopic alterations, which could bias the evaluation of abeolute andior
relative weights, e.q. tumors, cysls, abscesses etc, were observed the weight of the
corresponding organ was only recorded, but not used for statistical analysis.

3211 Microscopic examinations

From all ammais of all groups the following organsitissues or representative samples thereof
were fixed in Lillie's neviral buflered formalin:

- liver - brain (cerebrum, cerebelium,
- kidneys medulla oblongata)
- drinary biadder - spinal cord (cervical, thoracal,

¢ long hat value durstan s an indication of a slow drug release
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heart

aoria thoracalis

vena tava caudalis
tfrachea

lung

pituitary

thyroid, parathyreid
adrenals

OVAFIES

uterus {horns, corpus, cervix}
yagina

chitoral gland/preputial gland
skin

mammary giand

testes

epldidymides

prostate

semminal vesicls

thymus

spleen

mesentaric lyinph node
mandibular lymph rodes

bone {femur with bone marrow)

lumbar)

peripheral nerve (N, saphenus}
tangue

salivary gland {submand./subling.)
esephagus

stomach {non-gland./gland.)
duodenum

[gjunum

ileumn

cecum

eolon

recium

pancreas

Hardedan gland

eyes

any cther tissue with macroscopic alteration. if
necessary fof diagnostic reasons

For microscopic examination, all collected tissues from all animais of all groups of the study
were processed for histological examination, which was performed in hematoxylin-gosn stained
4-6 um paraitin sections. Histological examination and statisticat analysis were pedormed by

Results

AP

ears This Way
On Original

69




NDA No.21779

Reviewer:James M. Willard

Mortality:
Test Takie 3. Worlakity rates and assursod causes of death  control and eatme W groups alter delary
administration f ground placebo or ground doprost ciathrate extended reipate pailets over 2 yaars
10 rals i companison fo control animals which received he black diet
%
Compaund Contral Plagebc | Ground iloprost | Ground toprost
{ clatbrate -clathrate
| extended extended
| release pellets | release petlets
Dose o 0 ; 18 _ 6.0
{mg doprostkg/day, P (3%giet 1 {10% diet
nominal} P admixture) admixture}
Group 1 2 3 4
Nc. of animals 50M, S0F 50M, 50F 50M. 50F 50k, 50F
Survivors/docedents
-males 35/14 34/16 30/20 39/11
- females 373 37113 3812 3614
Kind of death
- found dead 120, OF 13M, 12F 18M,OF 1 oM, 10F
- kitted merbund or for 20, 4F 3MF 406, 3F M, 3F
humane reasgons _
- death by accident 0 0 0 i M. 1F
{e.g. at blood sarmpling) ;
Mortatity (%) 28 (M), 26 (F] 132 (M), 26 (F) | 40 (M). 24 (F) | 22(m). 28 (F) |
Cause of death
Cause of death npt evident M, IF 2M 2M i Z
Pitsitary gland - adenoma 1284 9F 10M, 7F 14M,8F  ©  6M. 8F
Other causes {
- neoplastic change 3F 4M, 8F M, 4F 4 M, 5F
- non-neoplastic change 1M 1M . EMAF
M = males F =temales

The aforementioned Text Table 3 demenstrates thatl the mortality rate was nol influerced by
the treatment with the tes! article in comparison 16 the coresponding control groups.
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Body weights:
Tex! Figure 4;
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Food consumption:

Texi Table 4:

sdministration of ground toprest clathrate retard pefiets aver 102 waeks
{n g; mean valuvesisiandard deviation}

Comgriiation of mean food consumption per day of male and femate rats a%ter daily dlatary

o
Group mncmﬁ::in of Sex Time inter:al ot detarnination (weeks)
ground toprest

clathrate {in %) 1-34 | 17-26 | 28338 | 4480 | 53.62 | 85-77 | BO-89 § 52103
1 o Males a2 | exz | 232 | 22} ozmz | o2 202 203
(detcontrol N pamaes | w2 |y | o | e | e | tme | ovre | 1
b ¢ Meies 241 WY | 23t zuz | o2xr o2 | 213 2143
fplacebo contoh \pamates | 172 | 47 | e Lo | re | st | o1e | e
3 3 Maies 232 | a2 | z3m | zwe 3 zze | 2wz | 2w 212
Famales 171 171 +71 174 171 172 1652 172
5 ! Males 20T a2 | 2 F e e | 2 | 21 2122
Famales 171 11 1741 2O T | e 1702
“ - p=<0.01 -

A slight decrease in food consumplion was observed in males of oroup 4 i weeks 1-14
{p < 0.01), Food consumption in famale animals was not affected.

Gross pathology: no finding distinguished treated from untreated animals

Histopathology:

Non-neoplastic: no finding distinguished treated from untreated animals

Neoplastic: no finding distinguished treated from untreated animals

Texi Tahle 8 Compilakon of nesplashc lesions in pancreas and cvaries
f Goup T Gmu‘p 2 Group 3 Group 4

Drgan/Tumae i {Dwetcontol) {Placebo controly | (3% get ademixiure) | [10% diel aodmixture)
Sex | haiz Famaie Male Femate Male ' Female Mats I ?erraie_‘é;
F Dvary ’ - -

granuiosa-theca seit 7 =A%) i 2 (= 4% | 4 L 8% - 5{= 10%)

| tumot {bongn) ! '

|- thecoma tmalignant) % i= 3%
3 cfzimamy b Hpemame b o lagsge 6= 12
Pancreas ; i : :
- isiat colt adenama 2i= 4% [T im 2% 14 (= 8% ) Pl 2% 2= d4%h | 802 y i
- et coll qarnoma ) . (~ 2% o
< P24 4ty 2%} é-ia‘-"-_ﬁ‘-a':} c ; =27 T2i0= %) NI L b t{

' e o< 005 in campanison o group 1, Dot rod signdicant i compansaon 12 groap 2

2 2 no* tegted slahsically
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Text Tabla 9  incdence dota for granulesa-thoca cell tenors and lstar celt tumes i Wistar rats
Incidence from | Incidence from Incidence observed
historical the fiterature in this study
o reference data’} (5)
Granulgsa-theca cef tumor | - 4% i 0-8.3% Diet control : 4%
{benign) ; Placebo control 45
§ Low dose : 8%
i High dose: 0%
Granuiosa-theca cell tumar 0% 0-2% Diet controi 0%
{matignant) : Placebo contral: 0%
Low dose : 0%
| High dose: 2%
istet cell adenoma Males: 4% Males: 0-2.1% | Males (diet control): 42,
Males {placebo): B%
Males {low dose): 2%
7 Males (high dose): 12%
Islet cell carcinema f Males: 0% Mates: [1-2 0% | Diet control | 0%
! ! 'Placebo control. 0%
i iLow dose : 0%
E] .
| {High doge: 2%
“} = dala from 5 studies with 50 control animals per sex each
Toxicokinetics:
Text Table 7. lioprost plasma concentration after dady algtary adminisiraton of ground ilopras! clathrate
extenced release pallets to rats over 104 weeks
Concentration l Coses in mg ifoprogy) ! tioprosl plasma concentration
of ground ! body weight'day. n VIS DT
dgprast clathrata catculaled on the basis of :
extended releass oody weigh! and !
pellets in lsog food ntaka in the week
{in %43 of bload sampling ysek 26 Wesk b2 | Vieek 104
V‘fee-\ _..25°8 §2-53 103104 in= ) in = 10 ir= 10
3 Ialas. ‘1 11 ¢.8 0R20.13 0435011 0307548
Femai: 1.5 1.5 17 0.52/0 24 0.52%.8 C.48/9. 14
1o Males 38 3.3 a0 2040 87 j 12033 1.2/0.28
jFemarss 52 53 41 2 N0 83 i 507 1,587

Study title:

Carcinogenicity Study of lloprost Clathrate in Mice

Key study findings: Mice received 0, 5, 50, or 125 mg/kg/day of iloprost via gastric
gavage for 104 weeks. No evidence of carcinogenicity emerged from this study.

73




Reviewer:James M. Willard NDA No.21779

Adequacy of the carcimogenicity study and appropriateness of the test model:

Executive CAC

May 13, 1997

Committee: Joseph DeGeorge, PhD, HFD-24, Chair
Joseph Contrera, PhD, HFD-900, Member

Robert Osterberg, PhD, HFD-520, Rotating Member

Jasti Choudary, PhD, Division Team lLeader
Lillian Patrician, MS, MBA, HFD-024, Project Manager
Tanveer Ahmad, PhD, . Presenting Reviewer
IND: — (Ahmad/Choudary;
T

3

Dose Selection for Rodent Carcinogenicity Studies

Mouse Carcinogenicity Study: The sponsor found lethality at a HD of 250 mg/kg, and
subsequently proposed dose selection of 5, 50, and 125 mg/kg based on MTD. The Division
agreed with this. The Committee expressed some concern that the HD of 125 may exceed the
MTD. However, both the LD and MD are viable. There is good kinetic data reported. The AUC
spanned a useful range.

The CAC concluded that the proposed doses of 5, 50, and 125 mg/kg/day are acceptable.

Rat Carcinogenicity Study: This was the first gavage study conducted. in the 13-week oral
(gavage) dose ranging study, doses of 5,50,125 and 250 mg/kg/daywere used. No significant
effect on body weight gains and food intake were seen in males treated with 5 mg/kg/day, as well
as in females of all dose groups, when compared to their respective control. Body weight gains
were decreased by 18.6%, 27.8% and 25.7% in males treated with 50, 125 and 250 mg/kg/day
dose levels. In males, decreases in body weight gains at 125 and 250 mg/kg/day dose levels
were accompanied with reduction in food consumptions (13-140/0). No significant effects on food
inlake were seen in males treated with 50 mgfkg/day. The platelet count'alsc decreased in
treated males (24-42%) and females (15-33%). The reviewer recommended 50 mg/kg/day as the
MTD for both sexes.

However, based on the above data, the Commillee concluded that 50 mg/kg/day is the MTD

in males and doses of 5, 25 and 50 mg/kg/day should be used in males. Based on the reduction
of platelet count in treated females, the Committee concluded that 125 mg/kg/day

is the MTD in females, and doses of 5, 50 and 125 mg/kg/day should be used.

Joseph DeGeorge, PhD
Chair, CAC

cc: IND -

HFD- Div. File

HFD- ‘Pharm/Ahmad
HFD- OTL/Choudary
HFD- 'CSOf

Evaluation of tumor findings:

The most frequently observed gross lesions were in the lungs and liver which corresponded o
bronchiolar-alveclar neoplasms in the lungs and hepatocellular neoplasms in the liver. There
was no evidence of a lesl articte effect in the frequency of these neoplasms.
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Study no.: BC60
Volume #, and page #: ¢eCTD

Conducting laboratory and location: T 3
L , ]

Date of study initiation: May 24, 1996

GLP compliance: yes

QA report: yes( X} no( )

Drug, lot #, and % purity: The test material, iloprost clathrate (also identified as
iloprost clathrat, iloprost®-cyclodextrin, ZK 96.944, and/or iloprost-®-cyclodextrin-
clathrat), was received from Schering AG, Berlin, Germany, in several shipments as
follows:

Description Lot No. Date Received Weeks Used
White Powder 117800 July 6, 1996 1-76

White Powder 117880 July 27, 1996 76-81

White Powder 117810 July 57, 1996 82-105

These materials were stored frozen — protected from light. The purity was

assumed tobe T %.

CAC concurrence: CAC concurred on October 26, 2004 that there was no indication of
treatment related carcinogenicity.

Methods
Doses: 0, 5, 50, 125 mg/kg/day
Basis of dose selection (MTD, MFD, AUC etc.);  see Adeguacy of the
carcinogenicity study and appropriateness of the test model:
Species/strain: A total of 644 (322/sex), approximately 4-week-old, Cr:CD1 {ICR)BR
albino mice was received on June 25, 1996, L

3
Number/sex/group {(main study):

Dosage Concentration Number of Animals Animal Numbers

Level

Group mg/kg/day mg/mL Male Female Male Female

Main Study

1 {Contral) vehicle - 70 70 AB2549- AG2619-
A62618 ABZ688

2 (Low) 5 0.5 70 70 AB2689- ABZ759-
AB2758 AG2828

3 (Mid) 50 5 70 70 AB2829- AB2899-
AB2898 AG2968

4 {High) 125 125 70 70 AB2969- AB3039-
AB3038 AB3108

Satellite

Study

2 (Low) 5 0.5 5 5 AB3109- A63114-
AB3113 AB3118

3 (Mid) 50 5 5 5 AB3119- AG3124-
AB3123 AB3128

4 (High) 125 125 5 5 AB3129- A63119-
AB3133 AG3123

a Satellite animals were used for collection of blood samples 15 minutes after dosing once during Week 53 (for

determination of plasma iloprost levels). Since these mice were not used for toxicologic assessment, food consumption,
clinical pathology, detailed clinical observations, and gross and microscopic pathology data were not collected on these
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animals. Satellite animals were weighed at the same intervals as the Main Study animals, but only for the purpose of
dose adjustments. After the collection of blood during Week 53, all Satellite animals were sacrificed and discarded
without necropsy. Satellite animals that died on treatment or were sacrificed in a moribund condition were discarded
without necropsy.

7.1 Dose Preparation

Dosing formulations were prepared once weekly. For the purpose of dosage calculations,
iloprost clathrate and the  — base were assumed to be 100% pure.

To prepare the Tris buffer vehicie/control, the appropriate amount of - base was
transferred to a precalibrated beaker containing nine-lenths of the totat volume of deionized
water. The formulation was mixed on a magnetic stirrer for 5 minutes white the pH range was
monilored. HCI and/or NaOH was used to adjust the pH 1o 8.3. Additional deionized water was
added to bring the solution to the desired volume. The formulations were mixed on a magnetic
slirrer for an additional 10 minutes, and the pH was remeasured and adjusted (if necessary).
For each test material dosing formulation, the appropriate amount of iloprost clathrale was
transferred to a precalibrated beaker containing two-thirds the total velume of Tris buffer
solution. The formutalion was mixed on a magnetic stirrer for 2 minutes and brought close to
the final volume with additional vehicle. The pH of the solution was checked and adjusted to
the range of to 8.4 with HC} and/or NaOH. The formulation was brought to total volume with
additional vehicle and mixed on a magnetic stirrer for 5 minutes while the pH range was
monitored. The formulations were transferred to amber jars.

7.2 Method of Administration

Mice were given the appropriate dosing formulation via oral gavage once daily, 7 days per
week, for at least 104 weeks; dosing continued through the day prior to scheduted necropsy.
Each animal was held securely to immobilize the head and administered the appropriate
volume of test solution or controlivehicle material via a laboratory gavage needle. Individual
dose volume was based on the most recently recorded body weight and the dose volume of
10 miskg/day. All dosing formulations were administered at approximately the same time each
day (1033 to 1433 hours), removed from the refrigerator approximately one-half hour before
dosing, and stored refrigerated between use.

The test material was administered orally because this is the intended route of human
exposure.

Route, formulation, volume:
Frequency of dosing:
Satellite groups used for toxicokinetics or special groups:
Age:
Animal housing:
5.2 Housing

Upon receipt, mice of the same sex were housed two/cage in stainless-steel, hanging, wiremesh
cages measuring 24.4 x 10.5 x 13.2 cm (d x w x h}. Following assignment to study, each
animal was individually housed.

Restriction paradigm for dietary restriction studies:
Prug stability/homogeneity:

Dual controls employed: no

Interim sacrifices:

Deviations from original study protocol:

Protocol Deviations
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The following protocol deviations were noted:

On November 1, 1996, the second (p.m.) mortality and moribundity check was
inadvertently not performed.

On December 20, 1996, the postdouse observalions for Group 3 animals were
performed late due to a temporary computer systems downtime. tn addition, a
backwash of the test material occurred in three animals, leading to an incomplete
administration of the test material. Animal No. A62850 was estimated to have received
0.30 mL, and animal Nos. A62830 and A62897 were estimated as receiving 0.01 mL
each. Due to the cornputer systems malfunction, animal No. A62874 was inadvertently
under dosed by 0.04 mi and A62876 was overdosed by 0.04 mL.

On August 8, 1997, the second (p.m.) mortality and moribundity check was
inadvertently not performed.

On June 29, 1997, the time for the Group 4 males posldose observations was
inadvertently not recorded.

The reserve samples taken on July 8, 1996, could not be located: therefore, the
samples were not archived.

Complete blood count (CBC) was inadvertently performed on the following moribund
animals:

A63042 (F4) AG3056 (F4) A62839 {M3) AB2934 {F3) A62728 (M2)

AB2610 (M1} AG2589 (M1) A62742 (M2) A62878 {M3) A62845 (M3)

A62683 (F1) A62557 (M1) AB2875 (M3) A62590 (M1) A62897 (M3)

AB2725 (M2) AB2891 {M3) AG2609 (F4) AB2698 (M2)

AG2781 (F2) A62577 (M1) A63105 (F4) A62640 (F1)

AB2804 (F2) AB3084 (F4) A62931 (F3)} A62806 (F2)

Retention samples taken for Weeks 1, 2, 20, 43, 48, 53, 57, 67, 98, and 105 could not
be located; therefore, the samples were not disposed.

Retenlion samples were not taken for the Week 104 dose preparation.

Dosing formulations were prepared more than once weekly during Weeks 14, 24, 30,
and 45

On October 8, 1996, December 17, 1996, January 31, 1997, and May 16, 1997, the
lest material had to be remixed causing more than one preparation per week.

At the request of the Sponsor, the =  mailing address was changed r

Several tissues were missing and not microscopically examined or only unilaterally
examined due to technical errors, sectioning difficulties, or other reasons.

Observation times

8.1 Observation of Animals

8.1.1 Clinicat Observations

All study mice were observed twice daily (a.m. and p.m., at least 6 hours between observations)
for evidence of mortality and moribundity.

Twice daily (one performed in the morning, the other performed within 30 minutes postdose),
cageside observations for obvious indications of a toxic and/or pharmacologic effect were
recorded as they were observed for all Main Study animals, noting only those mice for which an
observation was made.

Once prior to initiation of treatment and weekly thereafter, each Main Study animal was
removed from ils cage and examined for grossfy visible or palpable masses, signs of poor
health, and indications of abnormal behavior. Findings (including lime of onset, location, size,
appearance, and progression of grossly visible or palpable masses) were recorded for each
animal.

8.1.2 Special Procedures

Several mice were Ireated, as direcled by a staff veterinarian, with hydrogen peroxide for skin
lesions. Hydrogen peroxide was applied to lesions two 1o three times daily with sterile gauze
for 7 to 10 days, and lesions were reevalualed by a staff veterinarian.
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8.1.3 Body Weights

Individual body weights were recorded prior to treatment, weekly for Weeks 1-14 and every
fourth week thereafter, and at Week 105,

8.1.4 Food Consumption

Food consumption was measured weekly for Weeks 1-13 and once every fourth week
thereafler for all Main Study animals, When obvious spillage or wastage was recorded for an

animat was excluded from the group mean calculation for that particular intervat.

8.2 Toxiceokinetic Analyses

Blood samples were collected for determination of iloprost in plasma. During Week 53, blood

samples were collected from each of the surviving Satellite mice in the 5, 50 ,and

125 mg/kg/day dose groups {maximum of five mice/sex/group) at 15 minutes postdose. At

least 1 mL of blood (if possible} was collected from the vena cava using sodium pentobarbital

as anesthesia. Sodium citrate solution (one part sodium citrate selution to nine parts blood)

was used as the anticoagulant. Mice were not fasted prior to sampling. After collection, blood

samples were centrifuged at approximately 2000 x g for approximately 15 minutes to obtain

plasma. The approximate volume of plasma collected was determined (to the nearest 0.1 mL)

and recorded. The resulting plasma fractions were separated into two subsamples (0.5 mL was

aliquoted as the first subsample and the remainder reserved as the second subsample). If a

total of less than 0.5 mL of plasma was collecled, the total wiume of plasma was designated as

the first subsample, and a second subsample for that animal was not prepared. The first set of

samples was frozen L 3 and shipped on dry ice lo the Sponsor (or designee) on July 15,

1997. The second set of subsamples served as the reserve set and remains frozen £ 1 at
1. Drug analyses may be conducted by the Sponsor or designee. The GLP

compliance of the conduct, reporting, and record retention of these data is the responsibility of

the Sponsor.

8.3 Clinical Pathology

Blood samples for hematology evaluations were obtained from 10 mice/sex/group (the same

animals at each interval, if possible) during Week 52 and at termination via venous sinus

(orbital), using carbon dioxide/oxygen inhalation for anesthesia. The anticoagulant for the

hematology samples was ethylenediaminetetraacelate (EDTA). The following parameters were

determined:

Hematclogy

differential leukocyte and cell morphology

erythrocyte count

leukocyte count

Clinical hematology analyses were performed using a Coulter Counter L A

differential leukocyte count and cell morphology were performed manually from peripherat blood

smears for the 125 mg/g/day {high-dose) and control mice.

if clinical observations suggested a deterioration in health of the mice during the study (e.g.,

meribund condition), a differential leukocyte count and cell morphology evatuation was

performed on the affected mice as soon as possible.

|
|
animal during the detailed physical examination, the estimate of the food consumed by the
t

Resuits

Mortality: In male mice, there was no significant difference in mortality by dose group.
In female mice, interestingly the low and mid dose groups had higher mortality than the
control and high dose group. This elevation in mortality in female mice in the low and
mid dose groups was not associated with an increase in neoplasms, in the low dose group
there was an increase in abscess/septicemia resulting in death.

8
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Clinical signs:

Body weights: Mean body weights were significantly lower for the 5 mg/kg/day males and
higher for the 125 mg/kg/day females throughout most of the study, although terminal body
weights were essentially comparabie in the control and treated groups. There was no evidence of
a test article effect in the body weight data,

79



Reviewer:James M. Willard NDA No.21779

Text Figure 2: Mean Body Weights
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Food consumption:

Although weekly mean food consumption of treatment animals were occasionally significantly
different than those of control animals, there were no obvious treatment -refated differences in
mean weekly food consumption values. There were no significant differences in the mean total
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food consumption value in either sex.

Toxt Flgure 3: Mean Food Consumplicn

Fanuiles

Giross pathology: There were no treatment related gross pathology findings and/or microscopic
findings; specifically there were no treatment-related increases in the incidence of neoplasms.

Histopathology:

Non-neoplastic: Test arlicle-related histomorphologic changes were not observed in
the tissues examined.

Neoplastic: A variely of other spontaneous disease lesions, including neoplasms in the
lungs and liver, hematopoietic neoplasia, and degenerative cardiomyopathy, occurred without
refationship to treatment, and were of the expected type and severity for mice of this age and
strain.
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Toxicokinetics: not done

Study title:  Carcinogenicity Study of Hloprost Clathrate in Rats

Key study findings: Rats were treated with 0, 5, 50, or 125/100 mg/kg/day for 104
weeks. As predicted, the 125 mg/kg/day group dose was above the MTD and was
reduced during the study to 100 mg/kg/day. Although higher mortality was found in the
high dose group, and some signs of toxicity in the mid dose group (50 mg/kg/day), there
were no treatment related neoplastic findings noted.

Adequacy of the carcinogenicity study and appropriateness of the test model:

Executive CAC
May 13, 1997

Committee: Joseph DeGeorge, PhD, HFD-24, Chair
Joseph Contrera, PhD, HFD-900, Member
Robert Osterberg, PhD, HFD-520, Rotating Member

Jasti Choudary, PhD, , Division Team Leader
Lillian Patrician, MS, MBA, HFD-024, Project Manager
Tanveer Ahmad, PhD, Presenting Reviewer
IND. = {Ahmad/Choudary; )

L

Dose Selection for Redent Carcinogenicity Studies

Mouse Carcinogenicity Study: The sponsor found lethality at a HD of 250 mg/kg, and
subsequently proposed dose selection of 5, 50, and 125 mg/kg based on MTD. The Division
agreed with this. The Committee expressed some concern that the HD of 125 may exceed the
MTD. However, both the LD and MD are viable. There is good kinetic data reported. The AUC
spanned a useful range.

The CAC concluded that the proposed doses of 5, 50, and 125 mg/kg/day are acceptable.

Rat Carcinogenicity Study: This was the first gavage study conducted. In the 13-week oral
(gavage) dose ranging study, doses of 5,50,125 and 250 mg/kg/daywere used. No significant
effect on body weight gains and food intake were seen in males treated with 5 mg/kg/day, as well
as in females of all dose groups, when compared to their respective control. Body weight gains
were decreased by 18.6%, 27.8% and 25.7% in males treated with 50, 125 and 250 mg/kg/day
dose levels. In males, decreases in body weight gains at 125 and 250 mg/kg/day dose levels
were accompanied with reduction in food consumptions (13-140/0). No significant effects on food
intake were seen in males treated with 50 mglkg/day. The platelet count also decreased in
lreated males (24-42%) and females (15-33%). The reviewer recommended 50 mglkg/day as the
MTD for both sexes.

However, based on the above data, the Committee concluded that 50 mg/kg/day is the MTD
in males and doses of 5, 25 and 50 mg/kg/day should be used in males. Based on the reduction
of platelet count in treated females, the Committee concluded that 125 mg/kg/day
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is the MTD in females, and doses of 5, 50 and 125 mg/kg/day should be used.

Joseph DeGeorge, PhD
Chair, CAC

cec: IND

HFD- Div. File

HFD- Pharm/Ahmad
HFD- PTL/Choudary
HFD- Cs0/

Evaluation of tumor findings :

There was a significant decrease in the 125/100 mg/kg/day male

Adrenal Medulla Pheochromocytoma and in the 125 mg/kg/day Female Mammary Carcinoma
over their respective controls. There were no other statistically remarkabie findings in the
incidence data of this study.

Study no.: BC6!
Volume #, and page #: ¢CTD

Conducting laberatory and location: T a
L 3

Date of study initiation: May 24, 1996
GLP compliance: Yes

QA report: ves(X) no( )

Drug, lot #, and % purity:

Deserigtion Lot Mo,  Date Received Weeks Used

White Powder 117860  July 27, 1886 1-16

White Powder 117820 July 27, 1996 16-4%
White Powder 117880  July 27 1996 45-72
White Powder 117810 July 27, 1998 78-105

CAC concurrence: CAC concurred on October 26, 2004 that there was no indication of
treatment related carcinogenicity.

Methods
Doses:
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e Agimat Numbats
Growy mgkgiday magimL KMaie Female Mala Female
Main Study
1 (Corttrol) vehicke - 70 70 BY99R8G-BBO040 BEGOSD-E80119
2 {Low) 5 05 70 70 B&0120-B80160 B&O195-BSA2A4
3 {Mid) 50 50 0 1] BROZ7O-BROATY BHO4E-REG14
4 (High —Maley 125/100 10.0/12.5 7o - BE0420-BHO48% -
4 {High-Female} 125 12,5 70 - B&I495-BEONGLS
Sateflite Study’
2 {Low} 5 0.5 5 5 BBO190-BS0194 BE0265-BEO2GS
3 {Mid 50 5.0 5 5 B30340-Ba034d B&I415-BRO414
4 (High —kale)’ 125100 10.012.8 5 - BA0490-BRA404 -
4 tHigh-Female)} 125 12.5 - 5 - B&OSGS-BROSHY

" Satellite rats were used for the collection of bioad saompdes 19 minules after dasing once during Wesk 53
{for detarmination of plasma iloprost levels). Since these 1ats were not used for toxicologic assessment.
food consumption, clinical pathalogy, detailed clinical observations. and pathalogy evaluadions ware nct
performed. Satelite animals were weighed at the same intarvals as the Main Study rats. but anly for the
purpose of dose adjustments. After the collection of blood duning Week 53, all Satallite animals wers
saartficed and discarded without necropsy. One Group 4 malke Satelite was sacrificed n a maribund
condition and discarded without necropsy.

* Beginning on January 20. 1987, the dose level of Group 4 ihigh dasei malkes was lowered to 100 mg-kegday
from 125 mgskg/day due to 3 highar-than-expeacted moriality rate.

Basis of dose selection (MTD, MFD, AUC etc.): see Adequacy of the

carcinogenicity study and appropriateness of the test model:

Species/strain: Six hundred sixty-nine (334 males and 335 females), approximately 4-

!

week -old, Sprague-Dawley Cri:CD®BR rats were received on July 16, 1996. T

Route, formulation, volume & Frequency of dosing::

Satellite groups used for toxicokinetics or special groups:

Age: approximately 4 weeks old

Animal housing:

Restriction paradigm for dietary restriction studies:

Drug stability/homogeneity:

Dual controls employed: No
Interim sacrifices:
Deviations from original study protocol:

Protocol Deviations
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Rats were given the appropriate dosing formulation via oral gavage once daily, 7 days per
week, for at least 104 weeks; dosing continued through the day prior to the scheduled necropsy.
Due to the high mortality rate in high-dose males (Group 4, 125/100 mg/kg/day), the dosing of
the 125/100 mg/kg/day males corlinued through July 21, 1998 (Day 723), when the number of
high-dose males surviving reached 18. Dosing was discontinued for the 125/100 mg/kg/day

males; however, the animals remained on study until scheduled termination.

Upon receipt, animals of the same sex were housed two/cage in stainless-steel, hanging,
wiremesh cages measuring 24.2 x 22.0 x 17.3 cm {d x w x h). Following assignment to study,
each animal was individually housed. Some animals were placed in polycarbonate cages during
the study when health problems dictated.
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The following protocol deviations were noted:

On July 16, 1996, cage side observations were not documented as being performed {day of
animal receipt).

On August 17, 1996, the post-dose time was not recorded for the 125 mg/kg/day (Group 4)
fernales.

Moming cageside observations were not documented on August 28, 1996.

On September 6, 1996, post-dose observations were not performed within the 30 minute
timeframe for vehicle control (Group 1) animals due to computer systems downtime.

On September 10, 1996, the 50 mg/kg/day (Group 3) male postdose observations were not
performed within the 30 minute timeframe from the first animal dosed in the 50 mg/kg/day males.
Animals were not dosed within the 1000-1400 hours timeframe on October 7, 1996. Dose
‘formulations were not received until 1430.

On October 14, 1996, the p.m. mortality and moribundity check was not performed.

Morning cageside observations were not performed on November 7, 1996.

Vehicle control (Group 1) males were dosed after 1400 on June 1, 1997, due to a needed remix
of the vehicle/control material. Dosing started at 1015 and was not completed untit 1345,
Postdose

observations were therefore not performed within the 30 minute timeframe from the start of
dosing for the vehicle control males.

Morning cageside observations were not documented on November 3, 1997.

Postdose observation were not within 30 minutes from the first animal dosed in the 50 mg/kg/day
(Group 3) males on January 7 and February 6, 1998.

On January 27, 1998, the postdose observation time for the 125/100 mg/kg/day (Group 4) males
was not within 30 minutes from the first animal dosed within the group.

On February 24, 1998, the postdose observation time was not recorded for the 50 mg/kg/day
(Group 3} females.

Although the protocol specified that a differential leukocyte and celt morphology would be
performed, a complete blood count was performed on the following animals {(moribund sacrifice):
B80081 (1F), B80110 (1F), BB0133 (2M), B80214 (2F), and B80351 (3F).

Reserve samples taken on April 21 and December 15, 1997, could not be located, therefore, the
samples were not archived.

Retention samples taken for Weeks 11, 27, and 46 could not be located; therefore, the samples
were not disposed.

The pH was taken but not recorded for the 125/100 mg/kg/day (Group 4) males and females
during the Week 75 dose preparation mix.

A reserve sample of loprost clathrate, Lot No. 117820, was not taken as required.

Dose preparation mixes for Weeks 6 and 7 were prepared more than once per week (as was
required by protocol).

On November 4, 1996, animals were dosed earlier than the 1000-1400 hours specified dose time.
The following Satellite animal blood samples were collected lale (ranging from 2-6 minutes)
during the Week 53 plasma sampling coliection: Group 2 {5 mg/kg/day) males B80192, B80193,
and

B80194, and Group 2 (5 mg/kg/day) females B80265, B80266, B80267, BB0268, and BB0269.
Some tissues were missing and not microscopically examined or only unilaterally examined due
to technical efrors, sectioning difficuities, or other reasons.

Observation times

Histopathology: Peer review: yes( ), no( )

8.1 Observation of Animals

8.1.1 Clinical Observations

All study rats were observed twice daily (a.m. and p.m., at least 6 hours between observations)
for evidence of mortality and moribundity.
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Twice daily (once at the a.m. mortality and moribundity check, and again within approximately
one-half hour following dosing), cageside observations for obvious indications of a toxic and/or
pharmacologic effect were recorded as they were observed for all Main Study animals, noting
only those animals for which an observation was made.

L 1 Page 19 of 1822
Once prior to initiation of freatment and weekly thereafter, each Main Study animal was
removed from its cage and examined for grossly visible or palpable masses, signs of poor
health, and indications of abnormal behavior. Findings (including time of onset, location, size,
appearance, and progression of grossly visible or palpable masses) were recorded for each
animal.
8.1.2 Special Procedures
At the request of the Study Director, several animals were placed into polycarbonate cages
containing bedding due to the presence of sores and swellings on the feet. The feet were
cleaned daily with a 10% [ B! {chlorhexidine diacetate). If the feet had fully
healed, animals were relurned to their original cages.
8.1.3 Body Weights
Individual body weights were recorded prior to treatment, weekiy for Weeks 1-14 and every
fourth week thereafter, at Week 105, and at termination.
8.1.4 Food Consumption’
Food consumption was measured weekly for Weeks 1-13 and once every fourth week thereafter
for alt Main Study animals. When obvious spillage or wastage was recorded for an animal
during the detailed physical examination, the estimate of the food consumed by the animal was
exctuded from the group mean calculation for that particular interval.
8.2 Toxicokinetic Analyses
Blood samples were collected for delermination of iloprost in plasma. During Week 53, blood
samples were collected from each of the surviving Salellite rats in the 5, 50, 125/100, and
125 mg/ka/day dose groups (maximum of five rats/sex/group) at 15 minutes postdose. At least
2 mL of whote blood (if possible) was collected from the jugular vein. Prior to returning the
animal to its cage after collection, attempts were made to ensure clotting at the sample
collection site was achieved. Sodium citrate solution {one part sodium citrate solution to nine
parts blood) was used as the anticoagulant. Rats were not fasted prior to sampling.
After collection, blood samples were centrifuged at approximately 3000 rpm for approximately
10 minutes to obtain plasma. The approximate volume of plasma collected was determined (lo
the nearest 0.1 mL) and recorded. The resulting plasma fractions were separated into two
subsamples (0.5 mL was aliquoted as the first subsample and the remainder reserved as the
second subsample); the second set of subsamples served as the reserve set and will remain

frozen (approximatety T 1 The first set of samples was frozen at approximately
—_ and shipped on dry ice to the Sponsor {or designee). Drug analyses may be conducted
C 7 Page 20 of 1822

by the Sponsor or designee. The GLP compliance of the conduct, reporting, and record
retention of these data are the responsibility of the Sponsor.

8.3 Clinical Pathology

Prior to each clinical sampling, selected Main Study animals were fasted overnight with water
available. Blood samples for hematology evaluations were obtained from the first 10 surviving
animals/sex/group {collection was from the same animals at each interval, if possible) during
Week 52 and at terminal sacrifice via orbital plexus, using carbon dioxide/oxygen inhalation for
anesthesia. The anticoagulant for the hematology samples was ethylenediaminetetraacetic acid
{EDTA). The following parameters were determined:

Hematology

differential leukocyte and cell morphology

erythrocyte count

leukocyte count

Clinical hemalology analyses were performed using a Coulter counter 1a
differential leukocyte count and cell morphology evaluation were performed manually from
peripheral blood smears for high-dose and control rats.
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If clinical observations suggested a deterioration in health of the rats during the study (e.g.,
moribund condition), a differential leukocyte count and cell morphology evaluation were
performed on the affected rats as soon as possible.

Results
Mortality:

On Oﬂ'ginal

Appears This Way
On Original
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Text Figure 1: Adjusted Percent Survival
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Clinical signs:

Treatment-related postdose clinical observations were noted at the mid- and high-dose levels
(dose levels of =50 mg/kg/day). At the 30-minule postdose interval, high-dose

(125/100 ma/kg/day males and 125 mg/kg/day females) animals were noted throughout the
study as appearing hypoactive. In addition, their extremities (tail, nose, ears, and feet) were
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noted as red. The mid-dose (50 mg/kg/day) animals were also noted as hypoactive and
exhibited redness on their extremities. These findings occurred more frequently for males than
for females and less frequently at the mid-dose level than at the high-dose level.

Salivation was present most notably in the 50 mg/kg/day (mid-dose) and 125/100 mg/kg/day
males and 125 mg/kg/day fernales (high-dose).

Other clinical observations were generally of the type and frequency noted in this strain of
laboratory rat at this facility and are not treatment related.

Body weights:
Text Figure 2: Mean Body Weights
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Food consumption:
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Text Figure 3: Mean Food Consumption
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Gross pathology:

Histopathology:

Non-neoplastic :
There were no consistent gross findings with corresponding histologic correlates indicative of a
direct treatment-related effect in the scheduled and unscheduled deaths. The livers were
observed 1o be enlarged with greater frequency in the 125/100 mg/kg/day (high-dose) males,
specifically in the unscheduled deaths. Overall, there were fewer pituitary observations in the
50 mg/kg/day animals, the 125/100 mg/kg/day males and the 125 mg/kg/day females.
Treatment-related histororphologic alterations were abserved in the pancreas of animals which
received the mid- and high-doses. Pancreatic change consisted of an increased incidence and
severily of parenchymal degeneration and was characterized microscopically by atrophy or
degeneration of the acinar cells and interstitial fibrosis with residual ducts and acini. This
histologic alteration varied in severity from a minimal change, in which isolated focal areas of
degeneration were observed, to a moderately severe change, in which whole lobes of pancreas

90




Reviewer:James M. Willard NDA No.21779

were involved. The morphology of this alteration was similar to that observed in the pancreas of
aging rals, as observed in the control animals, and differed only in the incidence and severity.
The incidences of pancreatic degeneration for 50 mg/kg/day males and 50 and 125 mg/kg/day
females were stalistically greater than those of the respective controls. The incidence in the
125/100 mg/kg/day males showed an increase over that of the control animals, although it was
not statistically significant,

An increase in the incidence and severity of acute inflammation in the lungs was observed in the
males given 125/100 mg/kg/day, exclusively in the unscheduled deaths. In the majority of the
males dying or sacrificed on or before Week 26, pulmonary changes that were characterized by
neutrophil infiltration and often deposition of fibrin in the alveolar spaces were observed. In
about half of these males, the cause of dealh was designated as acute pulmonary inflammation.
The occurrence of this histomorphologic alteration was dramatically reduced after the dosage
was adjusted to a lower level. There were significant increases in the acute inflammation of the
lungs of the 125/100 {males) and 125 (females) mg/kg/day animals that may be related to test
material influx in the tissue, which probably occurred when animals became hypoactive and
recumbent as a result of the administration of the test materiai.

Neoplastic : No evidence of an increase in the incidence of neoplasms occurred as a result of
treatment. The most frequent causes of death, when determined, were pituitary neoplasms,
nephropathy in males, and mammary neoplasms in fernales.

Toxicokinetics: Not done

2.6.6.5 Reproductive and developmental toxicology

Note: The involvement of prostacyclin, and prostaglandins in general, in reproductive
cycles indicate there will be effects of iloprost on fertility and embryonic development.

Fertility and early embryonic development

Study title: ZK 36.374 — Study of the fertility and general reproductive performance in
the rat after continuous intravenous infusion with the ——  Osmotic-Pump in female
animals for 14 days before start of mating to day 7 of gestation.

Key study findings:

Study no.: 7569

Volume #, and page #: 5.14, pp.2-104

Conducting laboratory and location: Schering, Germany
Date of study initiation: October 21, 1985

GLP compliance: yes

QA reports: yes{ Jno{x)
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Drug, lot #, and % paurity: ZK 36.3745, batch # 68-AA-8 Teil 1; U-No.4108/84

Methods
i Oroup | Sumber of | Peried of oncentra- | Flanoeg dase Adwinistered dose of IK 36.3W1
i evalvateg | oostinuous tion of | ¢f K 3€.37% (gl gl 34}
i animale | infusion from| 2K Y5.374| {agfka/2dn ¥esn/sD ance
day 1 pmp ko ag/ol pEr growp
Jay 7 p.£.
|range of days!
1 in 2i=-7 0 ] - --
i 24 23-37 0.0% [F 1)1 6.510:0.9C) 0.003-0,012
E 12 23-37 N3 d.1 8, 10:0.01 i, 08-0, 1L
4 21 Poidi] i.0 1.0 1.0330.57 8.31-1.18

* oniy those aximals are considered, which showed intact catheter-

puop conmeotion on Jay 7 p.C. &5 well as catheter positlored inside the pocweeble velo and

fupctinnirg pusps oo oy 21 puds

Species/strain: Female wistar-han rats,

Route, formulation, volume, and infusion rate:
solution, 1.0 mi, 2.58 microl/h

Satellite groups used for toxicokinetics:

Appears This Way
On Original
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Study design:
iﬁmup Nunber of | Period of Concentra- | Planned doge Administered dose of K 36.374
: | evaisated | coatinueus tion of | of ZK 36,374 {ag/xgs 24k
" animats | ipfuston frow| 3 36.374 (8q/tg/24Ef pexn/SO Rarge
day 1 pwp to ng/el per gIoup
qay 7 peC.
{range of daye}h
1 0 17437 i 0 " - -
2 4 2727 ;o 0.01 0.01 0.010; 5,001 0.049-0.013
3 12 22-77 i 8.1 4, 10:0.01 B.0-0.11
4 p3) =18 ; .0 1.0 1.03:0.97 G.31%1.38

anly those animals are censidermi, which showed intact catheter—
arp connection on day 7 p.e, 23S well as catbeter pusitlomed fnside the permecbi« vein and

functioning zurps on day 21 p.o.

Parameters and endpoints evaluated: The effect of the test compound was
assessed in the females during the premating, mating, and gestation period as well as in
the fetuses on day 21 of gestation (Sponsor material, vol 5.14, p. 14-4),

Results
Mortality: in the intermediate dose group 4 female rats died during the premating period

— 3 had seroma at the pump site; 1 female rat died in the high dose group on day 10 post
conception with pulmonary edema

Clinical signs:

Body weight: there was a slight decrease in body weights in the intermediate and high
dose groups, however, it was not statistically significant

Food consumption: no data

Toxicokinetics: Lv. study, only dosage data given

Necropsy: thickened fibrous capsule and/or seroma at the pump site was a common
finding

Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.):
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Group Group Group Group

#1 #2 #3 #4
Dose Mg/ml | O .04 4 4
# Females at start 30 30 30 30
# females for data 20 24 19 23
Mated 30 30 26 30
Non-pregnant 4 0 7 2
Fertility index 0.87 1.00 0.96 0.93
Animals with living fetuses 20 24 17 23
Animals with fetal death 0 0 2 0
Died or sacrificed 0 0 0 1
Corpora lutea (total) 251 344 269 298
Preimplantational loss 30 56 45 43
Implantations 221 288 224 255
Living fetuses 211 271 203 235
Resorptions (all early) 10 17 21 19
Sex of living fetuses 106/105 | 126/145 | 102/10t1 | 104/131
(Male/Female)
Weight of living fetuses Grams | 51.7 54.5 56.6 51.2
Fetuses w/minor anomalies i i 3 4
Fetuses w/major anomalies 0 0 0 0
Fetuses w/visceral variations % 383 203 228 40
Fetuses w/rib variations -14" 1ib | % 30.8 51.4 48 435
Fetuses w/sternum variations % 57.7 50.7 55.9 47
Fetuses w/foot bone variations % 63.5 68.8 7715 60

Study title: ZK 36.374 — study of the fertility and general reproductive performance in
the rat after treatment of males during the premating and mating period by continuous
intravenous infusion.

Key study findings:

Stwdy no.: 7778

Volume #, and page #: 5.14, ppl105-354

Conducting laboratory and lecation: Schering, Germany
Date of study initiation: November 18, 1985

GLP compliance: yes

QA reports: yes( )no(x)

Drug, lot #, and % purity: ZK 36.374, batch # 68-AA-8 part 2

Methods
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Group Number of 28 day-periods ZK 36.374
evalaated uf continuous Planned Admini stered®
males infusion dose dose (Mean/SD)
{no. of period) {mg/kg/24h}
1 23 I - II1 - —
2 23 1 0.01 3.007/0
I71 + 111 G.00370
3 27 T .1 D.07/0.01
T 4+ 111 0.09/6.01
4 21 T 1.0 D.7 /6.1
Il + 11} n.% /0,1

* Aucording to analylical results obtained with the formelaticns at various concertrations afters
stoxage in eseollc purnps for 4 weeks vnder in vivo conditlons, the actual dosiges were expeated
to be at least aboot 0,303, 0,36 and 0.8 sg g/l b dn the lew, intarmedicte an® high dose
qreur ewspestively.

Species/strain: wistar- han rats

Route, formulation, volume, and infusion rate: ——  -Osmotic-Pump, Aqueous
solution, 1.0 ml, 2.58 microl/h
Satellite groups used for toxicokinetics:

Study design:
Group Namlar &l 28 Gay-periods YK 36.374
evaluated of continuous Planned Administered”
males infusicon dcse dose  (Mean/30D)
{no.. of pericd) (meg Mg/ 240
1 23 I - 111 - -—
£ 23 T 0.01 .00 /0
IT + 1311 0.003%40
3 27 T 0.1 0.67/0,01
IT + 17113 0.09/0.01
4 21 1 i.0 0.7 i1

IT + 1iY 0.9 /0.1

* heepiding ty analytical results obtained with the formulations at warilevs concertiations after
storage in vsnotin pueps for 4 weekx under in vive copditions, the actual dosases were =xpectsd
to be &l least about 5,002, 0.06 and G.R mg/kg/i4 b in the Jow, tntemmedinte snd high dose
qreag respectively.

Parameters and endpoints evaluated: The effect of the test compound was

assessed in the males during the premating, mating, and gestation period as well as in the
fetuses on day 21 of gestation (Sponsor material, vol 5.14, p. 14-4).

Results
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Mortality: 4,4,3, and 8 males from groups 1,2,3, and 4 died or had to be sacrificed
moribund during the study. Most of the deaths occurred shortly after surgery, and were
not considered treatment (iloprost) related.

Clinical signs: none noted

Body weight: was not affected by the drug treatment except for a brief effect in week 1 in
the high dose group

Food consumption: no data

Toxicokinetics: no data
Necropsy: no drug related changes noted, osmotic pump did develop a fibrotic capsule

Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, eic.): no
significant changes noted through the F2 generation

Study title: Combined study of fertility and embryonic development and pre- and
postnatal development, including maternal function, of iloprost clathrate in female rats

Key study findings:

Study no.: 97004

Volume #, and page #: 5.15,pp. 1-514

Conducting laboratory and location: ¢ a

Date of study initiation: April 16, 1996

GLP compliance: ves

QA reports: yes(x)no{ )

Drug, lot #, and % purity: Iloprost clathrate, lot # 115020 & 115050, assumed ~—

Methods
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axarvinations. Anirals which ediibited clinical signs were eliminated from the randomization pool.
Twoe hundred forty female rats (approximetely 8 wesks old) were mndomly assigned to study by
eliminating the animals with extrerne body weights and selecting the random assigrmant which
produced homogenalty of body weight variance and means by Bartistt's Test (1937) and One-Way
Analysis of Variancs (ANOVA), Al the time of randomization, the weight varigtion of the females
salected did not excesd +2 standard deviations of the mean body weight and the mean body weigte
for each group was not statistically different, F, females were assigned to groups as follows:

7, rarion
Group ma/ke/day g il Hambar of Females Ariewl Nunbars
1 {Contrel) d 0 & BIE167-8/6226
2 {tow 5 0.5 6 §76277-B76286
3 (Mid) 56 5 6 B62ET-B78346
& {High) 250 28 &4 H7B347-B7640¢
SR ——
- 15 -
Doses:
Species/strain: Sprague-Dawley rats
Number/sex/group:

Upon confirmation, famales were assigned to one of three phases: 15 females /group
wera assigned to gestation Day 13 uterine examinations: 20 females/group were assigned to
gestation Day 20 cesarsen sectons (teralology phase); and 25 femnales/group were allowed to
deliver and raise thelr young until {actation Day 21. Females that did not contirm 10 mate wers
automatically assigned to the natural delivery phase of this study.

Route, formulation, volume, and infusion rate: oral gavage

Satellite groups used for toxicokinetics:
Study design:

Parameters and endpoints evaluated: FO and F1 observations, mating procedures,
estrous cycle, day 13 & 20 Cesarean section, Fetal exams from day 20 Cesarean sections,

and sacrifice of females assigned to lactation phase.
Results

Mortality: Clinical signs:
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Body weight:

lloprost Clathrate and body weight
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1Y AND EMBRYONIC n%vewmm &ND PRE- ma POSTHATAL DEVEL OPMENT,
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oo cmsfmmm DuRiNG utcwmn -~ SUMMARY
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Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.):
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Embryofetal development

Study title: Commentary on the report of & 1
dated Fune 5, 1989 ( — Project # 14/45): ZK 36.374 — Embryotoxicity including
teratogenicity study in the monkey (Cynomolgus) after continuous intravenous infusion
from day 20 to 50 of gestation

Key study findings : sponsor reported that no treatment related maternal or fetal effects
were found in the study. The study did have a high spontaneous abortion rate in the
controls (7/12 — historical controls ranged from 0-40%) potentially indicating the
monkeys feeling highly stressed. The low and intermediate dose animals had a similar
rate of spontaneous abortions (7/12 & 9/12, respectively) while the high dose animals had
a much lower rate (2/12).

Study no.: 8493

Volume #, and page #: 5.17, pp.1-213

Conducting laboratory and location: T _ 1
Date of study initiation: May 27, 1988

GLP compliance: Yes

QA reports: yes(X)no( )

Drug, lot #, and % purity: 7K 36.374, Batch # 68-AA-12 part 1

Methods
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Fouxr groups of female Cynomolgus monkeys (Macaca fascicularis
were used for this experiment. In each dose group, twelve preg-
nant animals received the test compcound ZK 36.374 as an agueous
solution at nominal dose levels of 0.004 ng/Rg/24h, 0.012 mg/ke/24h,
or 0.040 mg/fkg/24h by continuous intravenous infusiern wiz arn osmo-
tic pump from day 20 to 50 post-coitum. Based on the measurement
of the pumped volume [filled volume on day 29 minus removed volumes
on day 50) and on the mean of the body weight of davy 20 and 48 of
gestation in each animal, mean actuval doses of 9.0075, 0.017 and
0.043 mg/kg/24h, respectively, were caleculated in the thres Coss
groups. A control group of twelve pregrant animals recelived the
vehicle only on the same days of pregnancy and by the sans nethod

of administration.

The pregnancies of the animals were terminated on day .00 +/~ 1
post~coitum by cesarean section and the fetuses ware examined for

external, visceral and skeletal anomalies.

Results

Mortality (dams): none

Clinical signs (dams): The primary clinical signs were a decrease in food intake in all
groups, and the other signs were related to bleeding and the spontaneous abortions
observed in groups 1, 2 and 3.

Appears This Way
On Original
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Body weight (dams): o
Group Mean Body Weight (kg)
Group 1 Group 2 Group 3 Group 4
R T— —— i - W veslias
4OBOdY weight in kg

hn & 1 ¥ g

20 2T 34 4 48 55 62 63 76 83 90 97 100H

Day of gestation

Food consumption (dams): no data provided, only a statement in tables that “food
consumption decreased” for many of the animals

Toxicokinetics: no data, textual info:

Appears This Way
On Original
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The plasma sanples taken from the monkeys on the days 27, 34, 41
and 48 of gestation were analysed for ithe content of ZK 36.374 hy
L J 2he mean va-
lues of 211 animals and time points per group were 0.35 ng/ml af-
ter 0.004 mg/kg/24 hours {= ca. 3 ng/kg/min), 0.93 ng/ml after
9.012 mg/kg/24 hours (= ca. B ng/kg/min} and 1.12 ng/ml after
0.04 mg/kg/24 hours (= ca. 28 ng/kg/min). These values showed a
claar-cut dose-dependent increase although ths individual values
in each dose group revealed & moderate inter- and intraindividuzl
variation.

It is worth mentioning that the order of magnitude of these plas-
ma levels in ponkeys were commensurate with those neasured Guring
26/28-week toleranece studies after comparable dosec in rats

{< 1.1 ng/ml after the low dose of ca. 35 nc/kg/min and 1.2~

5.4 ng/ml after the mid dose of ca. 70 ng/kg/min; U p!
Report No. 7442 of January 14, 1987) and in doygs ((.¢ ng/ml after
the low dose of ca. 17 ng/kg/min and 0.9 ng/ml zfter the mid dose
of ca. 33 ng/kg/min; 1 7 Repoxt no. 7343 of June 2,
ilg88).

Terminal and necroscopic evaluations:C -section data (implantation sites, pre- and post-
implantation loss, etc.):

Group 1 (Control):

Group 1 - 0.000 mg/kg/24h

In two animals {females nos. 433 and 238). the pregmancy test was considered as
false positive.

Seven of twelve pregnant animals {females nos, 351, 28%, 276, 368, 138, 44%, and
416} aborted.

Two animals (females nos. 138 and 445) which aborted on days €3 and £6 post-cei-
tum or on days 60 and 61 post-coitum, respectively, showed bad physical condi-
tion on some days prior to abortion. In one of these animals {female no. 138),
an incorrect positien of the catheter was detected on day 50 post-coitum when
the catheter was removed.
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Group 2 -~ 0.004 my/kg/24h
In two animals (females nos. 132 and 496), the pregnancy test was considered 2s
false positive,

Seven of twelve pregnant animals (females nos. 374, 418, 448, 453, 522, 487, and
139) aborted,

Broup 3 - 0,012 mg/kg/24h

In two animals (females no¢s. 243 and 471), the pregnancy test was considered is
false positive.

Nine of twelve pregnant animals (femeles nos. 1B&, 147, 218, 117, 34, 524, 447,
379, and 355} aborted,

Group 4 - 0.040 mg/kq/24h

In two animals (females nos. 349 and 477), the preanancy test was considered as
false positive,

Two of twelve pregnant animals (females nos. 357 and 347) aborted when heavy
bleeding was observed on days 21 and 24 to 26 of gestation or on day 28 of ges-
tation, respectively.

Offspring (malformations, variations, etc.):

Eroup 1 - 0.000 mg/kg/24h {cont.) }
In five females (animals nos. 129, 154, 12&, £28. and 273), live fetuses were
removed by cesarean section.

External findings as bent tail end or small tissue ball at the iaﬂ end were pb-
served in three fetuses {animals nos. 124, 428, and 273).

Two fetuses (animels nos. 428 and 273) showed viscerel findings as scattered
punctiform hemorrhages at cardia.

Skeletal findings as incompletely and/or not ossified sternebrae and/or 2ygo-
style asymmetrically ossified and/or 12th rib pa the left side shortened ware
observed in all fetyses,

Group 2 - 0.004 mg/kd/24h
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In four animals (females ros. 510, 324, 181, and 153}, live fetuses were removed
by cesarean section and in one female (animal no. 384), a dead fetus was re-
maved,

Skeletal findings as incompletely and/or not ossified sternebrae andfor extrs
rib on the left side were observed in all fetuses. Neither external nor visceral
findings were detected.

Ko exterpal, visceral, or skeletal malformations were observed in these feptuses.

The size and stage of development of the dead fetus (female no. 384) removed by
cesarean section was according to day 37 to 100 of pregnancy. Abdominal 0rgans
were autolytic. No external abnormalities were detected.

The mean fetal weight, fetal body measurements, and placental weight were com-
parable with the contro! group.

The mean fetal thymus weight was slightly Jower thar in the concurrent control
group. This finding ¥s considered tc be incidental, because individuzl valyes
were within the normal rangs.

All other mean fetal orgen weights were generally comparable with the contre!

group.
Group 3 - 0,012 mg/kg/24h

In three animals {females nos. 485, 42, and 171), Tive fotuses were removed by
cesareatt section, One fetus fanfmal no. 171) showed externally the prepuce not
patent and cne further fetus {animal no. 485) showed visceral findings s
scattered punctifore hemorrhages at cardia.

Appears This Way
On Original

106



Reviewer:James M. Willard NDA No.21779

S$keletal Tindings as incompletely and/or not ossified sternebrae were observed
in a11 three fetuses,

Ho external, visceral, or skeletal malformations were observed in the fetuses,

The mean fetal weight and mean fetal body measurements were comparable with the
control group.

The mean placental weight was slightly lower than in the concurrent contral
group but individual values were within the normal range,

The mean feta)l orgen welghts were generally comparsble with the contrel group.

The mean fetal eye weights were slightly lower but irdividual values were within
the normsl range.

The mgan body weight gain of the pregnant animals was decreased from day 41 to
56 post-coltum. Due to the fact that only three animals were available for
evaluation, and one of these showed a marked weight loss from day 4! to 55 post-
coitum, this finding is considered to be {ncidental,

Group 4 - 0.040¢ ma/kg/24h

In nine animals (females nos, 406, 315, 187, 284, 473, 467, 161, 537, and 538),
live fetuses were removed by cesarean section and in one female {animal no. 431)
3 .dead fetus was removed. The size and stage of development of this dead fetus
was according to day 100 ¢f gestation.

Five live fetuses (females nos, 406, 187, 473, 537, and 538) showed external

findings as small tissue ball at the tafl end and/or prepuce not patent or bent
taid end,

Five live fetuses f{animals nos. 315, 187, 284, 161, and 537) showed visceral
Tindings as scattered punctiform hemoerrhiges at cardia or hemorrhages st cardia,
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Skeletal findings as 1Z2th pair of ribs shortened andfor incompletely andfcr not
vssified sternebrac and/or zygostyle asymmetrically ossified were cohserved in
a1l Yive fetuses.

The dead fetus could also be examined and showed externally a small tissue ball
at tail end and prepuce not patent, viscerally an enlarged left adrenzl, and
skeletally incompletely and not ossified sternebrae,

%o external, visceral, or skeletal malformoation were observed in the fetyuses,

The mean fetal weight and mean fetal body measurements were comparable with the
control group.

The mean fetal thymus weight was slightly lower than in the control but individ-
ual values were within the normal range.

Study title: Oral development toxicity study of iloprost clathrate in rabbits
Key study findings: see Appendix for prior review

Study no.: 97005

Volume #, and page #: 5.17, pp.214-435

Conducting laboratory and location: T a
Date of study initiation: 4/16/96

GLP compliance: Yes

QA reports: yes( X )no( )

Drug, lot #, and % purity: ZK 96.944, Batch # 115050

Prenatal and postnatal development

Study title: ZK 36.374 — pert- and postnatal study in the rat after continuous intravenous
infusion with the —  Osmotic pump from day 15 of gestation to day 22 post partum.

Key study findings: Han Wistar rats seem especially susceptible to skeletal variations in
the digits and sternum.

Study no.: 7780

Volume #, and page #: 5.18, pp. 1-191

Conducting laboratory and location: Schering, Germany
Date of study initiation: February 17, 1986

GLP compliance: ves
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QA reports: yes( yno(x)
Drug, lot #, and % purity: ZK 36.374, batch # 68-A A-8 part 2

Methods .
2.2.1 Zurvey oI the study design

Four groups of inseminated femzle rats ware treaved from day
15 p.c.  through Gay 22 p.p. by continuous intravencus infusion
of the vehicle or agueous solutions of the test compound

according to the following scheme:

Group Number of Period of ZE 36.374 al
animals continuous Planned Administered ©°
infusion dose dose (Mean;Sihl
{no. of days) fmg/ka/24h)
1 20 28 + 1 0 -
2 33 28 + 1 0.0: 0.009;4.0012
k! 33 2B/ %% G.i G.U3r0.01
4 1 29 + 1 1.2 6.9;0,1
al According to analytical results obtained with the formu- '
lations at various concentrations after storage in osmo-
tic purmps for 4 weeXs under in vivo gonditionsz, the zctual
dosages were expected to be at least about 0.203, .06
and 2.9 mg/kg/2¢ h in the low, intermadiacte and high dose
group raspectively,
Doses:
Species/strain: Han-Wistar rats
Number/sex/group:
Route, formulation, volume, and infuston rate:
Intravenous
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...... - R i R UL P Y TR

Formulation Type: agueous solution

Contents cof fornulation vehicle group 2?2 grouvp 2 group 4
2 36.374; 100 % {ma) - 8.040 0.400 4. 000
Trometamno] tmg) G.696 9.097 0.%7 9.69¢€
dist, water ad {rml) 1.0 1.0 1.0 .

HCY 1R (m1} 0.036 -

pH ad-unstes to 8.3

Continuous intravencus infusicn over the periced cof about 28 days
was achieved by means ©f an infusion system based on B
gomotic pumps. The pump attoached to a ~—— _  cathoter was
surgically implanted on 8ay 15 p... inte the subcutis of the
back, and the free end of the catheter was inserted at a length
cf abeour 15 mm into the external jugular vein and fired. On day
22 p.p., the pump was remcved daring necropsy of the dams of the
P-generation, The surgical procedure for the implantation e the

pumps was performed during the morning of the respective dava.

Sateliite groups used for toxicokinetics: no

Parameters and endpoints evaluated:
The dams of the P-generation were #llowed to litter and rzise
their off{spring. The parental females werce examired furino
gestation and lactétion period and sacrificed after weening
(day 22 p.p.}. In the untreated Fl-animals, physical, furctional,
and behavioral development was recorded and tested during the
lactation and the growth period. 2t the age of about %0 davs, th=
selected Fl-animsls were mated within each cstudy grouz on a 1:1
basis for a pariod of maximallv 14 days, cr until copalation had
been confirmed by the presence of sperm in the vaginal smears.
One male and one female from cach litter {as far as possible} of
the Fl-arimals, which had alresdy been selecled fo- Lhe
postweaning functiconal and bshavorial tests, were wsed oy
mating, The inseminated Fl-females were sacrificed on day 21 p.c.
in ovder to examine thelr reproductive performance and to examine
the Fi-fetuses for anomnlies. The correspending male mating
partnera as well 2s all further ¥Fl-anirals were narronsied after

gutors of the Fi-dams: hadé been finished,

Results
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Fg in-life: Only issue was seroma at the site of the infusion pump

Fp necropsy: only findings were associated with the pump having a thickened fibrous
capsule around the infusion pump in some of the animals.

F\ physical development: There was a higher rate of pup mortality in the lactation period
in the high dose group (21.8% versus 8.6% in the controls).

Tyrmular-¢r. %L
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Skeletal abnormalities occurred in the treated animals particularly in the digits with
crooked or malformed digits along with the sternum in the groups receiving

1
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F) behavioral evaluation: only in the very first water maze did a difference emerge, with
the high dose animals performing poorly, however, after the initial test, there were no
differences found between groups.

F) reproduction: The only differences observed were a stight increase in wavy ribs in the
intermediate and high dose groups. Otherwise, no effect of iloprost treatment was seen in
the reproductive performance or prenatal development in F1 dams or F2 fetuses.

F; findings: The only differences observed were a slight increase in wavy ribs in the

intermediate and high dose groups. Otherwise, no effect of iloprost treatment was seen in
the reproductive performance or prenatal development in F1 dams or F2 fetuses.

2.6.6.7 Local tolerance

2.6.6.8 Special texicology studies

Study ftitle: Evaluation of the report entitled: Antigenicity study of iloprost in guinea
pigs.
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Key study findings: Unconjugated iloprost showed no ability to elicit an antibody

response in Guinea pigs, while the BSA-conjugated iloprost elicited a strong antibody
response as well as a strong anaphylactic response.

Study no.: 886165

Volume #, and page #: 5.24, pp.24-419 to 24-453

Conducting laboratery and location: C |

Date of study initiation: July 26, 1988

GLP compliance: yes

QA reports: yes(X) no( )

Drug, lot #, and % purity: Iloprost/ no lot #, batch # H8726/purity= —
Formulation/vehicle: 5 mg/ml ifoprost, 2.79 mg/m! trometamol, appropriate amounts of
HCI and distilled water for injection

Methods
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Summary
SCIENTIFICIMETHODOLOGICAL BACKGROUND

The potential of dloprost to exerl antigenic properties in guinea-pigs was investigated accordinag
to the quidelines for antiganicity studles drafted by T

1 which have bean principally established for testing of drugs which
prebably bind tightly with proteins, in order to evaluate the risk of drug-induced hypersensitivity
reactions.

The test systems applied were:
i. Generalized systemic anaphylactic {2 aclive systemic anaphylactic {ASA)} reaction
(GSA)

The assay principle is based mainly on the investigation/observation of dinical
symptoms in spacifically sensitized animals (igE-mediated) after specific provocation
with the test compound.

2. Passive cutaneous anaphylactic reaction (PCA)

The assay prnciple is based on the indirect detection of released vasoactive
substances in formery unsensitized animals to which drug-specific antiserum
(containing specific IGE), derived from sensitized animals has been transterred (passive
sensitization). Specific provocation with the test compound has been parformed in
these animals.

3. Investigation of spacific anti-iloprast antibody formation

The assay principle based on the determination of specific antibody formation (total
immunagliobuling including 1gG, IgM, IgA and IgE) in animals which have been
immunized with the test compound including the use of the immunastimulant Freund's
compiete adjuvant.

In systems 1 and 2, tha immune response to iloprost has been tested on the basis of specific
IgE formation which represents the immunoglobulin mainly associated with immediate
hypersensitivity {type 1} reactions.

In system 3 the immune response fo iloprost has been tested on the basis of spacific total
nmunoglobulin (IgG, igM, igA and IgE) formation, which represents the immunoglobufins
associated in all antigen-antibody-mediated immune reactions.

4, in addition in order to investigate a potential immunomodulatory capacity of itoprost, the
antibody response of animals 1o bovine serurn albumin (BSA} was investigated in the
presence and absence of co-administered iloprost. The rationale for this particular
investigation is based on an apparent modulatory activity of prostaglondins on cefl-
medigted iImmunity (1}
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EXPERIMENTAL PROCEDURES

Four groups of male guinea-pigs (Hartley strain} were dosed according to the following
scheme, in order to induce an imrunological reaction and to sensitize or immunize the animals
with the respective compounds:

Group | Number Tost Fust applicetion (s.c.} Second appiication (3.0)
no. o cotrpound Cay Day 15
antmals | sdministered
Dosage of test Additional Dazage of tast Agditional
compoiind COMPOUNds comrpotnd compaunds
supplemanted
k 1a liaprost 0.25 mglanimal | FCA 0.¢6 mg/animal | BSA 025 mgfanimal
BSA 0 25 mgianimat
z 10 | Hoprost-BSA 0.25 mygramimat’} | FCA 0.26 mgfanimal!)
conjugeate
3 10 | Sakae - Fca - BSA 0.25 mg/animal
B3 A 0 2% melanimal
4 5 Egg atburnin 1025 mglanimal | FCA 0.25 mg/animal
{EA)
FGA = Freund's complate adjuvant
BSA = bevine serum atumin
BAw= 8gg alburmirt

Hoproot-BSA in famn of covalently linked hapten-carier complax
) expressed in terms of respactive pratein assay value

Results:

2.6.6.9 Discussion and Conclusions

The apparent results of this study are that iloprost is not immunogenic by itself, but it
does become immunogenic when conjugated to BSA (Bovine Serum Albumin). Protein
binding of iloprost to serumn proteins is not discussed although it is important to
developing an understanding of the immunologic potential of iloprost. Sponsor has
included a critique of the study suggesting a number of problems and indicating that there
are sufficient questions about the study to make it difficult to interpret or analyze.
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2.6.6.10 Tables and Figures
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Tapl: 2 Results of Acave Systemic Anaphylaxis Test*

Elicitor
{laprost-£.34 conjugate . .
Croupr Treaomeng 0.5 mgamm;;} EA (0 25 mgfamumaly
angphvlacic Gradine+=
— = - R e o B pud + E2 e s—

Group ¢

lloprost with adjuvant 5 g 3 o 0 not iested
Group 2

floprost-BSA conjugate PP

with adjuvant 0 0 = o 0 Aot tested

CGroup 3

Saitne with adjus am FEE= Q0 3% 0 0 not tested
Croup 4

EA with adjuvant 0 0 2 o o031 0 9 2 i f]

*Number of animals respoading.

**Anaphylactic reactions graded as follows:
= 1o reaction, % © pilo-exection and/or nose rubbing.
+ : sneezing, cough. dyspnea. vomiting, wheezing and/or weakness

***This figure contains one antmal

+ 4
. o URAMIT

*=r*The dose of elicitor was 0.3 or | mg/animai.

Table 3 Rescles of Passive Cutaneous Anaphylaxis Test*

thar was administered 0.1 mefanimal of elicior

Antibody Titer««
Groups Trearment 5
0 -10 102 <P s 10?

Group 1

lloprost with adjuvant .9 o Q 0 0
Group 2

Hoprost-BSA conjugate

< . } y
wizh adjuvarnt 0 ‘ ! l ?

Group 3

Saline with adjuvant o G o ¢ 0
Group 2

EA with adjuvan | 0 i i ¢

“Nuwuber 97 animats responding.

TrARGBody titer expressed as the meiprocal of the mavitmum diluron giving 1 positive sku nection.,

1} imeans a0 eraction.
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Table & Results of ELISA*

Anubody Tuer *

Group/T reaement 5
Do~10 -10° ~10} >10°

Greoup |

ltoprost with adjuvant ) 0 0 G B
Group 2

[log:msa-!BS:\ 'f:onjttgate 0 0 0 0 10

with adjuvant

Group 2

£A with adjuvant 0 0 0 G 3

*Number of animals respoading.

"*Anubedy titer expressed as the reciprocal of the maximum diluton giving a positive
reactiont in ELISA: O means negative reaction.

Table 3 Resulis of ELISA Test
Number of animals showing
Group/Treatmemnt positive reactionyTotal
~Group 2

IIOp_ros: -BS'A . (010

conjugaie with adjuvant
Grcup 4

EA with adjuvant o5

Table 6 Detection of Antibodies against BSA in Animals Administered lloprost or Saline*
Antibody Tier**

Groug/Treamment B TR R P
Groug 1

lleprost with adjuvant I3 [ 2
Group 3

Saline with adjuvant 1 2 0 7

" Number of animals responding.

“TAntibody titer exprassed ag the reciprocal of the maximum dilution giving 1 positive
eactan in ELISA.
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2.6.6.9 Discussion and Conclusions

2.6.6.10 Tables and Figures
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2.6.7 TOXICOLOGY TABULATED SUMMARY

Table TE4  Lethal doses of Jloprost after singln acmitnistration

H

i LDse (mg(kg bﬂdy wetgh’()
o ;----___w-wm oral h { 7 intraveﬂeous S
Mouse | >100 Reportd300 | ~200  Ropors 5359 /5389
Ra w00 .rseaea_ﬁgawj L9 Repon3i62
T T = A Report 5326

* Not determmcd

Table TT3 Phannacokmehcs of slopros-.t in rats after daily lnhalatmn“

Daily inhaiahon for 135 minutes over 28 days
Actuaidose -» | 09ughg | 925pgke | 226pghkg
o Dayt anzsl Day ’D'a,r 26 | Dayt Day2s
7 m(pg!mf};,,m_ . 0 617 oL 433 66 677
Taan (115 . na ; 15 un 228 225
AUCoyq (pp<binl)s | wa  mia | 961 910 1309 1409
Daily inhalation for 135 or 240 minutes over 182 days
Actual dose — 36 pglkg i “23‘3 pg.fkg 437pg!kg
o Day ? E,ny 182 Day 1 ’ Day 182 Df!y 1 Day 182
Couy (permb 3t 487 T E, KI)!T}? o 1esd s‘)(\(\ “R )
T ] 16 Lo R 1.9 _ 1o ) 2.3
AUCqqw (pgebémlys | 783 ° 1083 | 3317 2983 | a000 7500

' Phemacokinetic variables derived from mean serm Ievcl hme umr-.c*

f Data for males and females combined (2 male and 2 fermale animats per yroup).
T Maxiroum saruns concertration.

% Time toreach C,,

§ Area under the concentration- versus-time curve fram dosing time to she lass time point.
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Table TTB Chronic mhalaﬂon toxdcity atudy in rate; Study design and dose regimen‘
T Aerosol ‘Mass Median '
Iioprml Adueved Achieved  Duratcn of
md concentration - &mﬂ . Ae }iggm? dose levels  dose levels daily
s ype PEF - In nebutizer (Mean/SD) Standard Devistion ~ ©F doprost ofnoprog,z z?eatrlnen?.
o {pg/mL) €PE_}{'— air} {um) (pa'kgid)  {pgfkaimin) _ -;mmA?
fCouzml) - — 6 P 133
. M_.(_P_‘.’“.Fm,” - : R 0 240
20 ugml. e s
) 00'5] 10?2 124173 0 1 65-2 T2 353 (14120
20M. 20F (:g“’dﬂt) _j_, . e )
He'm : . ) { 135
ity D402/0060 0322 2B s ew
20 pg'ml. =y o R "
o (highdose) ° C 060063 140-1.8271 88244 48.7 4.203 1
* ‘iyslcmne mieraeme fesl vdih dax!v mh.ﬂmuc admlmhmunn Qf |Ic«most over "6 weeks,
Table TT8  Ganetic toxicity studies of iloprnst
§§ndytype Test system {strain/celis) I Evaiuation - o Report
 Satmonella typhimurium (TA1535, TAI00, TA1S37,
TAIS38, TAR), with/withow! $9 mix; direct plate Not muliygene by
in vitrg - mcnrpamuen o
bacteria Salmanella typhimuriom (TA1535, TA1G0, TA1537, ] i
~_TA1538, TA98), with/without S9 mix; mmuty@q Mot mutagenic 64
Fsc!wndziz: cofi (Wi’ﬁuvrA) wah!wﬁhxmt %‘? mn -Not mmavmu ERE1S
In vitro ‘HGPR I test { V79 cells), with/without S9 mix ‘Nat mul‘tgemc up o T4
mammatian -~ . o L cyiomuc CONCTNErIInns
colls .C hromosomal aberrations {human lymphacwes} \'os Lhﬂogbnlﬂ up t Lot
mﬂar\mhout SQ guxm | oytotoxic concentrations "
Micramclens tt&t{NMRIf‘:l’k mousc) mngic L, : .
Inv f 4
nmi;;c : admmistration; sampling (SM, 5F) times of 24, 48 snd Not clastogenic up to ek

1. 72 hafier application
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OVERALL CONCLUSIONS AND RECOMMENDATIONS

Conclusions: Iloprost in high concentrations was able to cause death by vascular collapse
after the induction of severe hypotension. Reproductive toxicity was low, however,
although rabbits and monkeys showed no large issues, in the Han- Wistar rats there were
problems with drug exposure linked to crooked digits, and a hint of such problems in the
cynomolgus monkeys. This is an issue that may require further study by the sponsor.
Genotoxicity was low, with one assay, the V79 chinese hamster ovary cells giving a weak
positive result. This is thought to be due to the existence of prostacyclin receptors in this

cell line.

This submission suffers from an “unevenness” in the presentation of non-clinical results.

Interchangeable use of iloprost and iloprost clathrate is problematic, since iloprost
clathrate is only 13% iloprost. Also, some of the submitted data from the late 1970’s and

not all studies were done using GLP standards nor guality assurance.

Overall, the conclusion is that it is safe to cautiously proceed with the protocol presented.

Unresolved toxicology issues (if any): Further evaluation of the “crooked digits™ in the
reproductive toxicity assays may be needed.

Recommendations:
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Suggested labeling:
Changes to the Ventavis labeling:

Pregnancy

Original Wording:

Pregnancy

Signatures {optional): ‘S‘

Reviewer Signature

Supervisor Signature !%l Concurrence Yes  No
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APPENDIX/ATTACHMENTS

Appendix I: PHARMACOLOGIST'S REVIEW OF IND. —
(Amendment .

Appendix I: PHARMACOLOGIST'S REVIEW OF IND —
{Amendment

Appendix HI: IND Number: —

Review Number: Original review (or Review #1)
Sequence No./Date/Submision

000/ January 30, 2002/

Appendix IV: PHARMACOL OGIST'S REVIEW OF IND —
{Amendment . ) Dated . -
Amendment ¢

Appendix V:Statisticians Review of Carcinogenicity studies

Appendix VI: Executive CAC Minutes
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PHARMACOLOGIST’S REVIEW OF IND —
‘.

Sponsor & Address: [

Reviewer: Timothy W. Robison, Ph.D.
Pharmacologist, ]

Date of Submission: & _ L

Date of HFD- Receipt: T 3

Date of Review: [, 1

Drug: lloprost B-cycltodextrin Clathrate” ¢ . . J

Category: L B

Submission Contents:

1. Toxicokinetic study in pregnant female Sprague-Dawiey rats.
2. Toxicokinetic study in pregnant female New Zealand White rabbits.

3. Combined Segment | fertility and reproductive performance and Segment il teratology
study in female Sprague-Dawley rats.

4. Segment |l teratology study in New Zealand White rabbits.

ABSORPTION, DISTRIBUTION, METABOLISM, AND EXCRETION:

Absorption

Plasma Levels and Pharmacokinetics of lloprost after Daily Repeated Administration
of lloprost Clathrate at 5, 50, 125, 250, and 500 mg/kg/day by Gavage as part of a
Pilot Fertility Study in Female Sprague Dawley Rats (Research Report AM96).

Methods: As part of a dose range finding fertility study, plasma iloprost levels were
measured in female rats that received iloprost clathrate by oral gavage at doses of 5, 50,
125, 250, and 500 mg/kg/day. Doses are expressed in terms of loprost clathrate. Hoprost
clathrate was administered from 14 days prior to mating, through the mating period, and
through to day 16 of gestation. There were 18 female rats per dose group. On days 6 and
16 of gestation, blood for determination of plasma iloprost levels was collected at 0.083,
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0.25, 1, 4, 8, and 24 hr after dosing. For each time point, biood was collected from 3
rats/dose. Plasma iloprost levels were quantified by radicimmunoassay.

Results: Plasma AUC values for iloprost were similar on days 6 and 16 of gestation for
pregnant female rats. AUC values for iloprost were generally proportional to dose from 5
to 125 mg/kg/day; however, at doses =250 mg/kg/day, deviation from linearity occurred.
Plasma clearance values for iloprost at all doses (1217-2988 mL/min/kg) significantily
exceeded renal plasma flow (21.3 mL/min/kg) or hepatic plasma flow (31.9 mL/min/kg},
(Pharmaceutical Research 10:1093-1095, 1993) suggesting a rapid metabolic clearance
of iloprost.

Toxicokinetic parameters for ptasma iloprost levels on days 6 or 16 of gestation for
pregnant female rats that received iloprost clathrate at doses of 5, 50, 125, 250, and
500 mg/kg/day from 14 days prior to mating, through the mating period, and through day
16 of gestation.

Dose, Coax, Ng/mL Temax, I AUC 2400, MRT, hr cluf
mg/kg/day ng*hrimL mb/min/kg
Day6 Day 16 | Day6 | Day 16 | Day6 | Day 16 | Day 6| Day 16 | Day 6 | Day 16

5 2.3 3.0 025 0083 [95 89 4.7 54 1217 | 1292
50 - 38.3 - 0.083 68.4 72.7 6.2 5.7 1679 | 1579
125 136 66.7 0.083 | 0.083 227.2 | 2013 {49 5.9 1264 | 1426
250 - 1145 |- 0.25 1921 [ 269.6 7.7 5.0 2988 | 2130
500 - 1714 | - 0.25 539.5 | 694.7 4.0 2.8 2128 | 1653

Plasma Levels and Pharmacokinetics of lloprost After Repeated Once-A-Day
Administration of lloprost Clathrate at 10, 40, 80, and 120 mg/kg/day by Gavage from
Days 6 to 18 of Gestation in Pregnant Rabbits (Research Report AM31).

Methods: As part of a dose range finding fertility study, plasma iloprost levels were
measured in pregnant female rabbits that received iloprost clathrate by oral gavage at
doses of 10, 40, 80, and 120 mg/kg/day. Doses are expressed in terms of iloprost
clathrate. lloprost clathrate was administered from days 6 through 18 of gestation. There
were 4 satellite female rabbits per dose group. On days 6 and 18 of gestation, blood for
determination of plasma iloprost levels was collected at 0.083, 0.25, 1, 4, 8, and 24 hr after
dosing. Plasma iloprost levels were quantified by radioimmunoassay.

Results: Increases in plasma AUC values for iloprost were proportionatl to increasing
dose at 240 mg/kg/day. Clearance values for plasma iloprost decreased with increasing
dose, particularly on day 6. The increased clearance observed at 10 mg/kg/day was most
likely responsible for the lower than expected plasma AUC value at this dose. Clearance
values (451-1141 mL/min/kg) significantly exceeded liver plasma flow (47.2 mL/min/kg) or
renat plasma flow (21.3 mL/min/kg) (Pharmaceutica! Research 10:1093-1095, 1993)
suggesting a rapid metabolic clearance of iloprost.
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Toxicokinetic parameters for plasma iloprost in pregnant female rabbits that received
iloprost clathrate at doses of 10, 40, 80, and 120 mg/kg/day on days 6 and 18 of gestation.

Dose, Cmax Ng/mL AUC 24, ng*hrimL | MRT, hr Clf,
mgl/kg/iday ML/min/k

Day 6 Day 18 Day 6 Day 18 Day 6 Day 18 Day 6 Day 18
10 109 18.6 21.0 311 27 2.6 1141 779
40 35.9 46.9 175 151 4.8 3.0 650 686
80 44.8 88.7 400 N.C. 7.4 N.C. 512 N.C.
120 86.0 N.C. 615 N.C. 4.7 N.C. 451 N.C.

N.C. = not calculated because of high mortality at 80 mg/kg/day or total mortality at
120 mg/kg/day before day 18.

TOXICOLOGY:

Reproductive Toxicology

Combined Study of Fertility and Embryonic Development and Pre- and Postnatal
Development Including Maternal Function of lloprost Clathrate in Female Rats
(Report number 97004).

Testing Laboratory: T

Date Started: April 16, 1996

Date Completed: February 25, 1998

GLP Compliance: Statements of compliance with GLP Regulations and the Quality
Assurance Unit were included.

Animals: Female Sprague Dawley Crl:CD®BR rats - T
p .

Drug Batch: lloprost clathrate, Lot numbers 115050 and 115020.

Methods: In accordance with Guideline for Industry entitled “Detection of Toxicity to
Reproduction for Medicinal Products, ICH-S5A September 1994", in a combined Segment
i/Segment Il study, the effects of iloprost clathrate were assessed on fertility and
reproductive performance in F, female rats, on implantation (uterine evaluation on day 13
of gestation}, on morphologicat development of the conceptus (uterine evatuation on day
20 of gestation), on natural delivery and the lactation phase of F, females, and on viability
and growth of F, offspring during the weaning phase. Female rats received iloprost
clathrate by oral gavage at doses of 0, 5, 50, and 250 mg/kg/day. Doses are expressed
in terms of iloprost clathrate. Control animals received the vehicle, Tris buffer (adjusted
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to pH 8.2-8.4 with HCI or NaOH). The dose volume was 10 mL/kg. lloprost clathrate was
administered daily for 14 days prior to mating and through day 13 of gestation, day 20 of
gestation, or day 21 of lactation. Dose selection was based upon a dose range finding
study (Report number 96030), in which female rats received iloprost clathrate by oral
gavage at doses of 5, 50, 125, 250, and 500 mg/kg/day from 14 days prior to mating,
through the mating period, and through to day 19 of gestation or day 6 of lactation. There
were 10 female rats/groups. On day 20 of gestation, 4 to 5 pregnant female rats/dose
were sacrificed and examined for fertility and reproductive performance as well as external
malformations and variations. Remaining rats were allowed to spontaneously deliver their
offspring and were retained until day 6 of lactation. Observed effects from 1 to 4 hr after
dosing at 50 to 500 mg/kg/day included reddening of the ears, nose, and/or feet.
Hypoactivity was observed at doses 2250 mg/kg/day. Two female rats at 500 mg/kg/day
were sacrificed in a moribund condition during the first week of treatment. Clinical signs
for these two animals included cyanosis, hunched posture, and tremors. Macroscopic
findings for 1 animal included a pale spleen and distended intestines. Mating and fertility
indexes were unaffected by treatment. Body weight gains for dams at 500 mg/kg/day
during the gestation and lactation periods were reduced to 85.1 and 62% of the control,
respectively. Total resorptions at doses of 250 and 500 mg/kg/day were increased to 15.6
and 10.5%, respectively, as compared to 5.6% for the control. Post-implantation losses
at doses of 250 and 500 mg/kg/day were increased to 17.0 and 10.5%, respectively, as
compared to 5.6% for the control. For dams allowed to spontaneously deliver their
offspring, the number of liveborn pups/dam at 500 mg/kg/day was reduced to 10.5 as
compared to 14 for the control. There were no treatment-related external malformations
or variations. In the present study, there were 60 female rats/group. During the mating
period, daily vaginal smears were collected to assess the stage of estrus. Estrus cycle
determination continued until confirmation of mating or the mating period ended. Following
the mating period with untreated male rats, female rats were assigned to one of the three
phases: 15 female rats/group were assigned to gestation day 13 uterine examination; 20
female rats/group were assigned to gestation day 20 cesarean sections (teratology phase);
and 25 female rats/group were aliowed to deliver and raise their young until lactation day
21. Rats were observed for clinical signs of toxicity at 1 hr after dosing and for
moribundity/ mortality twice daily. Animals were weighed twice weekly during the
premating phase and during mating. Mated female rats were weighed on days 0, 3, 7, 10,
13, 17, and 20. Female rats that were allowed to deliver their litters were weighed on days
0,4,7,10, 14,17, and 21 of lactation. Food consumption was measured for mated female
rats on days 0-3, 3-7, 7-10, 10-13, 13-17, and 17-20 of gestation and for female rats that
were allowed to deliver their offspring on days 0-4, 4-7, 7-10, and 10-14 of lactation. A
physical examination was performed at each weighing interval. During gestation, females
were observed for signs of abortion, premature delivery, or difficult and prolonged
parturition. '

On day 13 of gestation, selected female rats were sacrificed and the uterus from each
female was excised, weighed, and examined for the number and placement of implantation
sites, live and dead embryos, early resorptions, and any abnormalities of the uterus or
embryonic sac. The ovaries were examined for the number of corpora lutea. On day 20
of gestation, selected female rats were sacrificed and the uterus from each female was
excised, weighed, and examined for the number and placement of implantation sites, live
and dead fetuses, early and late resorptions, and any abnormalities of the uterus or
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embryonic sacs. The ovaries were examined for the number of corpora lutea. Each fetus
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was sexed, weighed, examined for external abnormalities, and sacrificed. Approximately
one-half of all the fetuses from each litter were randomly selected and processed for
visceral examination. Remaining fetuses were eviscerated and processed for skeletal
examination. Selected pregnant female rats were allowed to deliver and raise their young
to day 21 postpartum. Pups were sexed, weighed, and examined for external
abnormaiities. On days 0, 4 (preculi), 7, 14, and 21 of lactation, the number of live pups
of each sex per litter, body weights of all live pups, and remarkable clinical conditions were
recorded. On day 4 of lactation, all litters with >8 pups were culled to produce litters
containing 4 pups/sex, if possible. During the lactation period, fetuses in each litter were
examined for clinical signs of toxicity and moribundity/mortality. Pups that died were
examined for visceral abnormalities and preserved. Following weaning on day 21 of
lactation, all surviving F1 pups were sacrificed and subjected to a gross examination of
viscera. F, female rats allowed to deliver their offspring were sacrificed on day 21
postpartum, subjected to a gross examination, and the ovaries, uterus, and any abnormal
viscera were preserved.

Results:

1. Observed Effects: For F, female rats at 50 mg/kg/day on day 14, 6 animals were
observed with reddened extremities within 1 hr after dosing. For Fo dams at 250
mg/kg/day from days 0 to 28, between 1 and 34 dams/day were observed with reddened
extremities within 1 hr after dosing. For dams at 250 mg/kg/day during gestation, 2-8
animals/day were observed with reddened extremities within 1 hr after dosing. For dams
at 250 mg/kg/ day during lactation, 4-7 animals/day were observed with reddened
extremities within 1 hr after dosing.

2. Mortality: One female rat at 250 mg/kg/day died during parturition. Two female rats
at 50 mg/kg/day died during lactation (days 3 and 15). Gross pathological findings for
these two female rats included darkened tissues (lung, liver, andfor spleen) and/or
distended tissues (intestines or stomach). One female rat at 250 mg/kg/day was sacrificed
on day 9 of lactation following death of ali fetuses in her litter.

3. Body Weight and Food Consumption: Body weight gains of treatment groups during
the 14-day treatment period prior to mating and during the gestation and lactation periods
were unaffected.

4. Day 13 Uterine Examination: Fertility and reproductive performance were unaffected
for Fy female rats that received doses <250 mg/kg/day. Corpora lutea/dam, implantation
sites/dam, pre-implantation loss, live fetuses/dam, resorptions/dam, and post-implantation
toss were unaffected by treatment at doses <250 mg/kg/day.
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Fertility and reproductive performance for F, female rats that were sacrificed on day 13 of
gestation.

Parameter 0 mg/kg/day 5 mg/kg/day 50 mg/kg/day 250 mg/kg/day
Pregnant rats 15 15 15 15

Pregnant rats with viable | 14 15 15 15

fetuses

Dams with no viable fetuses | 1 0 (] 0

Corpora lutea/dam 16.5 (247/15) 19.1 (287/15) 19.1 (286/15) 1.19.5 (292/15)

Implantation sites/dam

14.3 (215/15)

17.0 (255/15)

17.4 (261/15)

17.5 (263/15)

Pre-implantation loss, %

16.1 (32/247)

10.4 (32/287)

8.7 (25/286)

9.4 (29/29.2)

Live fetuses/dam 12.8 (192/15) 16.3 (245/15) 16.3 (244/15) 14.5 (218/15)
Resorptions/dam

-Total 1.5 (22/15) 0.7 (10/15) 1.1 (17/15) 3.0 (45/15)
-Early 1.5 (22/15}) 0.7 {(10/15) 1.1 (17/15} 3.0 (45/15)
Post-implantation loss, % 17.5 3.7 6.7 176

5. Day 20 Teratology Examination: After correction for gravid uterus weight, body weight

gain for dams at 250 mg/kg/day was reduced to 86% of the control (74.62 g). Live
births/dam were decreased at 250 mg/kg/day. In conjunction with this decrease in live
births/dam, early resorptions and post-implantation loss were increased at 250 mg/kg/day.
Corpora lutea/dam, implantation sites/dam, and pre-implantation loss were unaffected by
treatment. No treatment-related external, visceral, or sketetal malformations or variations

were chserved.

Fertility and reproductive performance for £, female rats that were sacrificed on day 20 of

gestation.

Parameter 0 mg/kg/day 5 mg/kg/day 50 mglkg/day 250 myg/kg/day
Pregnant rats 20 20 20 20

Pregnant rats with viable | 20 20 19 20

fetuses

Dams with no viable fetuses |0 0 1 0

Corpora lutea/dam

18.2 (364/20)

18.1 (363/20)

19.1 (383/20)

19.6 (393/20)

Implantation sites/dam

16.1 (323/20)

16.0 (320/16}

17.0 (339/20)

17.5 (350/20)

Pre-implantation loss, %

10.7% (41/364)

11.5% (44/383)

10.6% (43/393)

Live F, fetuses

11.4% (43/363)

-per dam 15.4 (309/20) 15.5 (310/20) 16.0 (320/20) 14.9 (297/20)

-% 96.1% 97% 92.1% 85.0*

F1 Male to Female Ratio 50:50 51:49 53:47 48:52
(153:156) (157:153) (168:152) (143:154)

F1 Fetal body weight

-male 3.49 3.54 3.60 3.43

-female 3.34 3.39 3.41 3.25

Resorptionstdam

-Total 0.7= 14/20 0.5=10/20 0.9=19/20 2.7=53/20

-Early 0.7= 14/20 0.5=10/20 0.9=19/20 2.5=51/20

-Late L 0 0 |0 0.1=2/20

Resorptions, %

-Total, % 3.9% (~14/323) | 3% (~10/320) 7.9% (~19/339) | 15% (~53/350)

-Early, % 3.9% (~14/323) | 3% {~10/320) 7.9% (~19/339) 14.5% (~51/350)

-Late, % 0 0 8] 0.5% (~2/350)

Post-implantation loss, %

3.9%

3.0%

7.9%

15.0%"

p <0.05
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F fetal visceral malformations and variations at doses of 0, 5, 50, and 250 mg/kg/day.
Data expressed as number of fetuses (%)/number of litters (%).

Parameter 0 myg/kgl/day 5 mg/kg/day 50 mg/kgiday 250 mg/kg/day
Fetuses/Litters examined 151/20 152120 158/19 145/20
Microphthalmia (M) 0 0 0 1(0.7%)

1 (5.0%)
Increased renal pelvic { 0 5(3.3%) 2 (1.3%) 3 (1.4%)
cavitation (V) 3 (15%) 2 (11%) 2 (10%)

F, fetal skeletal malformations and variations at doses of 0, 5, 50, and 250 mg/kg/day.
Data expressed as number of fetuses (% )/number of litters (%).

Parameter ¢ mg/kg/day 5 mglkgiday 50 mg/kg/day 250 mg/kg/day
Fetuses/Litters examined 1568/20 158/20 162/19 152/20
Major fusion of sternebrae | 1 (0.6%)/ 0 0 0
M) 1 {5.0%)
Incomplete ossification of |5 (3.2%) 11 {7.0%)/ 9 (5.6%)Y 9 {6.9%)
skull 4 (20%) 7 (35%}) 7(37%) 7 {35%)
(M)
<4 sacral vertebrae ossified | O 0 1 (0.6%) 0
1(0.3%)
6" Sternebra unossified 1(0.6%)/ 2(1.3%)/ 2(1.2%)Y 6 (3.9%)
1 (5%) 2 (10%) 2 (11%) 4 (20%)
Other Sternebra{e) unossified | 4  (2.5%)/ 2 (1.3%)/ 3(1.9%) 7 (4.6%)
3 (15%) 2 {10%) 3(16%) 4 (20%)
Sternebra{e} asymmetrically | 3 (1.9%)/ 5 (3.2%¥ 1(0.6%) 6 (3.3%)
ossified 3 (15%) 4 (20%) 1(5.3%) 7 4(20%)
7" Cervical ribs 0 0 0 1(0.7%)Y
1(5.0%)
incomplete ossification of | 0 0 2 (1.2%)/ 0
rib(s) 2(11)
Wavy/bent ribs 0 0 1(0.6%)Y 1{0.7%)
o 1(5.3%}) 1 (5.0%)
<3 Metacarpals ossified 0 0 1(0.6%) 0
1(5.3%)
<4 Metacarpals ossified 0 G 1(0.6%)Y 1(0.7%)
o 1(5.3%) 1(5.0%)

6. Examinations of Fo Dams Allowed to Deliver and their F; Offspring: The duration

of gestation was increased for dams at 250 mg/kg/day. The numbers of F, dams with
stillborn pups was increased at doses of 50 and 250 mg/kg/day. The number of stillborn
F1 pups was increased at doses of 50 and 250 mg/kg/day. The live birth index was
decreased at a dose of 250 mg/kg/day. The number of F; pup dying, killed, missing,
and/or cannibalized from days 0-4 was increased at doses of 50 and 250 mg/kg/day. The
pup viability index at day 4 was reduced at a dose of 250 mg/kg/day. implantation sites/
dam, the male to female F, pup ratio, and F, pup weight (days 0 to 21) were unaffected.
Three control dams, 2 dams at 50 mg/kg/day, and 1 dam at 250 mg/kg/day were not

pregnant.
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Natural delivery parameters for F; dams that received doses of 0, 5, 50, and 250 mg/kg/
parameters for F4 pups (n = 25 F, dams/group).

day and viability and bod

Parameter 0 mg/kgiday 5 mg/kg/day 50 myg/kg/day 250 mg/kg/day
Fo Pregnant rats 22 25 23 24

Fo Dams Delivering 22 25 23 23

Fo Dams with liveborn pups | 22 25 23 23

Fo Dams with stillborn pups 1 1 4 9

Duration of Gestation {days) | 21.9 221 22.2 22.6*
Implantation Sites/dam 15.45 (340/22) | 16.60 (415/25) | 15.13 (348/23) | 17.39 (400/23)
F1 pups delivered/dam 13.64 (300/22) 14.96 (374/25) 14.87 (342/23) 14.22 (327/23)
Liveborn pups/dam 13.59 (299/22) 14.92 (373/25) 14.56 (335/23) 13.17 (303/23)
F. pups

-liveborn 299 373 335 303

-stillborn 1 1 6 22

-uncertain 0 0 1 2

Live birth index 100 100 97 92

F1 pups dying, killed, missing,

and/or cannibalized

-days 0-4 6 9 19 28

-days 5-21 1 0 8 6

Viability Index, % 98 98 95 90

F1 pups alive day 4 {precull)/

number liveborn

Weaning Index, % a9 100 95 94

Number alive at weaning/

number alive day 4 (postcull)

% Males

-day 0 56 (168) 50 {185) 52 (171) 51 {157)

-day 4 (precull) 56 (164) 50 (180} 52 (161} 50 (138)

-day 21 51 (89) 50 (99) 50 {84) 47 (8)

Pup Weight, M/F .

-day 0 6.54/6.20 6.66/6.27 6.49/6.16 6.13/5.78

-day 4 (precull) 10.42/9.81 10.59/10.00 10.05/9.56 9.31/8.87

-day 4 {postcull) 10.47/9.86 10.61/10.08 10.16/9.64 9.79/8.97

-day 7 17.14/16.08 17.41/16.52 16.60/15.95 14.31/13.61
-day 14 34.83/33.43 35.05/33.70 32.55/31.52 28.67/27.27
~day 21 57.79/55.15 59.29/56.75 54.88/52.52 49.24/46.37

In combined Segment i/Segment |l studies, the effects of iloprost clathrate were
assessed on fertility and reproductive performance in F; female rats, on implantation
(uterine evaluation on day 13 of gestation), on morphological development of the
conceptus (uterine evaluation on day 20 of gestation), on natural delivery and the lactation
phase of £; females, and on viability and growth of F, offspring during the weaning phase.
Female rats were treated with iloprost clathrate at doses of 0, 5, 50, and 250 mg/kg/day.
lloprost clathrate was administered daily for 14 days prior to mating and through day 13
of gestation, day 20 of gestation, or day 21 of lactation. For female rats treated through
day 13 of gestation, iloprost clathrate at doses <250 mg/kg/day had no effect on fertility
and reproductive performance. lloprost clathrate at doses <250 mg/kg/day had no effect
on implantation. For female rats treated through day 20 of gestation, iloprost clathrate at
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doses <250 mg/kg/day was not teratogenic. Maternal toxicity was evident at doses of 50
and 250 mg/kg/day. One female dam at 250 mg/kg/day died during parturition. Two dam
at 50 mg/kg/day died during lactation. One dam at 250 mg/kg/day was sacrificed on day
9 of lactation foliowing death of all fetuses in her litter. Live births/dam were decreased
at 250 mg/kg/day. Post-implantation loss at 250 mg/kg/day was increased to 15% as
compared to 3.9% for the control. For Fy dams allowed to deliver their F, offspring, the
duration of gestation for dams at 250 mg/kg/day was increased to 22.6 days as compared
to 21.9 days for the control. The numbers of F, dams with stillborn pups was increased
at doses of 50 and 250 mg/kg/day. The number of stillborn F; pups was increased at
doses of 50 and 250 mg/kg/day. The live birth index at a dose of 250 mg/kg/day was
decreased to 92% as compared to 100% for the control. The number of F, pup dying,
killed, missing, and/or cannibalized from days 0-4 was increased at doses of 50 and 250
mg/kg/day. The pup viability index on day 4 at a dose of 250 mg/kg/day was reduced to
90% as compared to 98% for the control.

Rabbit

Segment Il Oral Developmental Toxicity Study of Hoprost Clathrate in Rabbits ( [
Report No. 97005).

Testing Laboratory: '

Date Started: April 16, 1996

Date Completed: February 25, 1998

GLP Compliance: Statements of compliance with GLP regulations and the Quality
Assurance Unit were included.

Animals: Pregnant female ((NZW)SPF rabbits were used in this study. On day 0 of

gestation, animals were approximately 5% months old and body weights ranged from 3031
to 4242 g.

Drug Batch: lloprost Clathrate, Batch No. 115050.

Methods: In a Segment Il teratology study, pregnant female rabbits received iloprost
clathrate by oral gavage at doses of 0, 10, 20, and 40 mg/kg/day from days 7 to 20 of
gestation. Doses are expressed in terms of iloprost clathrate. Animals in the control group
received the vehicle, Tris (Trometamol) buffer solution ( Base in deionized water)
with the pH adjusted to 8.3 using HCI and/or'NaOH. Dose selection was based upon a
Segment 1l dose range finding study in which pregnant female rabbits received iloprost
clathrate by oral gavage at doses of 10, 40, 80, and 120 mg/kg/day from days 6 to 18 of
gestation ( — Report No. 96031). There were 5 dams/group and surviving animals
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were sacrificed on day 29 of gestation. Death or moribund sacrifice occurred at dosés of
40 (20%, 1/5), 80 (60%, 3/5), and 120 (100%, 5/5) mg/kg/day. Observed effects included
reddened ears and rapid respiration within 1 hr after dosing for all treatment groups and
persisting for several hours in the 80 and 120 mg/kg/day groups. Body weights on day 19
for the 40 and 80 mg/kg/day groups were reduced by 3.2 and 18.1%, respectively, as
compared to body weights on day 6. Food consumption for the 40 and 80 mg/kg/day
groups were reduced to 70 and 7.7% of the control (159 g/animal/day), respectively,
between days 6 and 19 of gestation. Clinical chemistry values were assessed on day 19
as follows: creatinine levels for the 40 and 80 mg/kg/day groups were elevated to 145.4
and 181.8% of the control (1.1 mg/dL), respectively; albumin levels for the 40 and 80 mg/
kg/day groups were decreased to 84.1 and 81.8% of the control (4.4 g/dL), respectively;
the albumin to globulin ratio for the 40 and 80 mg/kg/day groups were decreased to 83.5
and 70.7% of the control (2.42), respectively; and total cholesterol levels for the 80 mg/
kg/day group were increased to 293% (85  89.8 mg/dL} of the control (29 + 9 mg/dL).
Early resorptions for the 40 and 80 mg/kg/day groups were increased to 27.8 and 50%,
respectively, as compared to 9.5% for the control. Post-implantation losses for the 40 and
80 mg/kg/day groups were increased to 31.3 and 50.0%, respectively, as compared to
9.5% for the control. Live fetuses/dam for the 40 and 80 mg/kg/day groups were
decreased to 5.8 (23/4) and 4.0 (8/2), respectively, as compared to 7.6 (38/5) for the
control. One of the two surviving dams at 80 mg/kg/day had no viable fetuses. No
external malformations or variations were evident in any of the fetuses. In the present
study, there were 20 -pregnant female rabbits/group. The dose volume was 3 mlL/kg.
Animals were observed for mortality/moribundity twice per day. Animals were monitored
for clinical signs of toxicity daily at approximately 1 hr after dosing. Body weights were
measured on days 0, 4, 7, 9, 11, 15, 18, 21, 24, and 29. A physical examination was
conducted at each weighing interval. Food consumption was measured at body weight
intervals starting on day 4 of gestation. All dams which died prior to scheduled cesarean
section (including abortions} were subjected to gross examinations. On day 29 of
gestation, all surviving dams were sacrificed and subjected to a gross examination. The
uterus from each gravid female rabbit was removed, weighed, and examined for number
and placement of implantation sites, live and dead fetuses, early and late resorptions, and
any abnormalities of the uterus or embryonic sacs. The ovaries were examined for the
number of corpora lutea. Each fetus was weighed, examined for external malformations
and variations, and sacrificed. Fetuses were examined soft tissue malformations and
variations, during which the sex was determined. Fetuses were subsequently eviscerated,
processed, and examined for skeletal malformations and variations.

Results:

1. Observed Effects: Observed effects at doses of 20 mg/kg/day (3 to 15 animals/day)
and 40 mg/kg/day (9 to 18 animals/day) included reddening of the ears and rapid
respiration within 1 hr after dosing from days 7 through 20. Few feces were observed
during the study period with following incidence: 2 dams in the control group, 1 dam at

10 mg/kg/day, 7 dams at 20 mg/kg/day, and 9 dams at 40 mg/kg/day.
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2. Mortality: At the high dose of 40 mg/kg/day, 4 dams died between days 9 to 15 of
gestation (1 each on days 9, 11, 12, and 15). Ataxia and tremors were observed in one
dam on day 15 shortly before death. One dam at 20 mg/kg/day {day 22) and 2 dams at
40 mg/kg/day (1 on day 25 and 1 on day 29) were sacrificed following the development of
signs of abortion. For the six unscheduled deaths in the 40 mg/kg/day, each dams was
found with a gravid uterus.

3. Body Weight and Food Consumption: Body weight gains for dams at 40 mg/kg/day
were decreased during the treatment period from days 7 to 21. Mean body weights for
control dams on day 7 and 21 were 3720 and 3924.8 g, respectively. For the control,
10 mg/kg/day, and 20 mg/kg/day groups, mean body weights on day 21 were increased
by 5.5, 3.0, and 3.7% of mean body weights on day 7, respectively. For the 40 mg/kg/day
group, the mean body weight value on day 7 was decreased by 5.7% of the mean body
weight value on day 7. Food consumption for dams at 10, 20, and 40 mg/kg/day appeared
to be decreased to 89.2, 82, and 47.6% of the calculated mean for control dams (181.8 g/
animal/day) from days 7 to 21, respectively.

4. Gross Pathology: The mean gravid uterus weight for the 40 mg/kg/day groups was
decreased to 75.8% of the control (504.42 g).

5. Embryo-Fetal Development: Three dams at 40 mg/kg/day had no viable fetuses.
Total resorptions, consisting primarily of early resorptions, were increased to 30.5% for the
40 mg/kg/day group as compared to 6.9% for the control group. Post-implantation loss
(i.e., total resorptions) for the 40 mg/kg/day group were increased to 30.5% as compared
to 6.9% for the control group. The percent live fetuses/dam for the 40 mg/kg/day was
decreased to 69.5% as compared to 93.1% for the control group. There were no
treatment-related external, visceral, or skeletal malformations. The incidence of veriebral
anomaly with/without associated rib anomaly were increased for the 20 and 40 mg/kg/day
groups; although, there was no dose response relationship. The incidences of variations
of major vessels (i.e., left carotid arises from innominate) and small gall bladder was
increased for the 40 mg/kg/day group. The incidence of the skeletal variations, angulated
hyoid wings, incomplete/unossified hyoid wings, incomplete ossification of other
sternebra(e), and incomplete ossification of ribs, were increased for the 20 and 40 mg/kg/
day groups. The incidence of unossified 5" sternebra and unossified talus(l) (i.e., the
highest of the tarsal bones and the one which articulates with the tibia and fibula to form
the ankle joint) were increased for all iloprost clathrate treatment groups. The incidence
of bipartite other sternebra(e) were increased the 40 mg/kg/day group.
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Cesarean Section Data for dams that received iloprost clathrate by the oral gavage at
doses of 0, 10, 20, and 40 mg/kg/day from days 7 to 20 of gestation.

Parameter 0 mg/kg/day 10 mg/kg/day 20 mg/kg/day 40 mg/kg/day
Females mated 20 20 20 20
Pregnant dams 19 20 19 20

Aborted 0 0 1 2

Died 0 0 0 4

Pregnant at C-seclion 19 20 i8 14

Dams with viable fetuses 19 20 18 11

Dams with no viable fetuses | 0 0 0 3

Corpora lutea/dam 9.3 (176/19) 9.1 (181/20) 9.4 (170/18) 9.6 (135/14)
Implantation sites/dam 8.3 (158/19) 8.6 (171/20) 8.8 (159/18) 8.8 (12314)
Mean pre-implantation loss, | 10.4% 5.6% 6.3% 8.6%

% (18/176) {10/181) (11/170) (13/135)
Total Resorptions

-resorptions/dam 0.6 (11/19) 0.4 (8/20) 0.2 (3118} 2.8 (39/14)
-percentage 6.9% 51% 1.6% 30.5%

Early Resorptions

-resorptions/dam 0.3 (6/19) 0.3 (5/20) 0.1 (2/18) 2.7 (38/14)

-percentage

4.2% (6/158)

3.5% (5/171)

1.0% (2/159)

29.6% (38/123)

Late Resorptions
-resorptions/dam
-percentage

0.2 (5/19)
2.7% (5/158)

0.2 (3/20)
1.6% (3/171)

0.1 (1/18)
0.6% (1/159)

0.1 (1/14)
0.9% (1/123)

Mean post-implantation loss,

% 6.9% 5.1% 1.6% 30.5%
Live fetuses/dam, mean 7.7 (14719) 8.1 (163/20) 8.7 (156/18) 6.0 (84/14)
Live fetuses/dam,% 93.1% 94.9% 98.4% 69.5%

Sex ratio, MiF 53: 47 51: 49 60: 40 68: 32
Fetal body (viable),g

-male 44.24 43.85 43.51 41.08
-female 4215 4343 4322 14089

External malformations and variations for F, fetuses of F; dams that received iloprost
clathrate at doses of 0, 10, 20, and 40 mg/kg/day from days 7 to 20 of gestation. Data
expressed as number of fetuses {%)/number of litters (%).

Parameter 0 mg/kg/day 10 mg/kg/day 20 mg/kgiday 40 mg/kg/day
Fetuses/Litters Evaluated 147/19 163/20 156/18 84/11
Malrotated limbs 0 0 1 (0.6%)y 0

1 (5.6%)
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Soft tissue (i.e., visceral} malformations and variations for F, fetuses of F, dams that
received iloprost clathrate at doses of 0, 10, 20, and 40 mg/kg/day from days 7 to 20 of
gestation. Data expressed as number of fetuses (%)/number of litters (%).

Parameter 0 mg/kg/day 10 mg/kg/day 20 mglkglday 40 mg/kg/day

Fetuses/Litters Evaluated 147119 163/20 156/18 84/11

Kidneys malpositioned (M) | 0 0 1 (0.6%) 0

1({5.6%)

Variations of the major { 1(0.7%) 1{(0.6%) 0 3 (3.6%)/

vessels (i.e., left carotid { 1(5.3%) 1(5.0%) 2 (18%)

arises from innominate) (V)

Gall bladder, small (V) 2 (1.4%) 1(0.6%)/ 1{0.6%) 5(6.0%)/
1{5.3%) 1 (5.0%) 1(5.6%) 4 (36%)

Gall bladder, enlarged (V) 5 (3.4%) 10 {(6.1%)/ 17 (11%)/ 3 (3.6%)
3{(16%) 6 (30%) 5 (28%) 1{9.1%)

Skeletal malformations and variations for F, fetuses of F, dams that received iloprost
clathrate at doses of 0, 10, 20, and 40 mg/kg/day from days 7 to 20 of gestation. Data
expressed as number of fetuses (%)/number of litters (%).

Parameter 0 mg/kgiday 10 mg/kg/day 20 mg/kg/day 40 mg/kg/day
Fetuses/Litters Evaluated 14719 163/20 156/18 84/11
Vertebral anomally  with/ | 0 0 2 {1.3%y 1(1.2%Y
without associated rib 2(11%) 1(9.1%)
anomaly” (M)
Angulated hyoid wings (V) 4 (2.7%Y 1 (0.6%)/ 5(3.2%) 10 (12%)/
3 (16%} 1{5.0%) 4 (22) 4 (36%)
Incomplete/unossified hyoid | 0 0 1{0.6%)/ 1(1.2%)
wings (V) 1({5.6%) 1(9.1%)
26 presacral vertebrae (V) 18 (12%)/ 14 (B.6%)/ 18 (12%)/ 23 (27%)/
7 (37%) 8 (40%) 7 (39%) | 7 (64%)
<16 caudal vertebrae ossified | 2 (1.4%)/ 6 (3.7%) 7 (4.5%)/ 3 {3.6%)
(V) 2{11%) 3 {15%) 4 (22%) 3{27%)
516" stemebra(e}, incomplete § 39 (27%)/ 51 (31%)/ 58 (37%)/ 17 (20%)/
ossification (V) 15 {(79%) 18 (90%) 16 (89%) 9 (B2%)
Sternebrae, extra ossification | 0 1(0.6%)/ 1(0.6%) 0
sites (V) 1(5%) 1 (5.6%)
5™ Sternebra, unossified (V) 15 (10%)/ 27 (17%) 34 (22%)/ 29 (35%)/
9 (47%) 12 (60%) 15 (83%) 7 (64%)
Other sternebra(e), incomplete | 1 (0.7%)/ 1 {0.6%Y 2 (1.3%) 2 (24%Y
ossification (V) (5.3%) 1(5.0%) 1(5.6%) 2 (18%)
6" Stemnebra, unossified (V) 9 (6.1%)/ 8 (4.9%Y¥ 6 (3.8%Y 10 (12%)/
3 (16%) 6 (30%) 4 (22%) 5 (45%)
Other sternebra{e), bipartite | 0 0 0 1 (1.2%)Y
V) 1(9.1%)
57/6" Sternebra(e), bipartite { 0 1 {0.6%)/ 1(0.6%)/ 0
{V} 1(5.0%) 1 {5.6%)
13" Full ribs (V) 57 (39%)/ 47 (29%)/ 51 (33%Y 45 (54%)/
16 (84%) 15 (75%) 12 {67%) 11 (100%)
13" Rudimentary rib(s) (V) 29 (20)/ 35(21%) 21 {13%)/ 11 (13%)y
15 (79) 15 (75%) 12 (67%) 7 (64%) .
Incomplete ossification of ribs | 0 0 1(0.6%) 1(1.2%)
(v) 1(5.6%) 1(9.1%)
Unossified talus(l}, (V) 0 1(0.6%)/ 1(0.6%)/ 1(1.2%)
1 (5.0%) 1(5.6%) 1(9.1%)

a. No further description of vertebral anomaly with/without associated rib anomaly was
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given.

In a Segment H teratology study, pregnant female rabbits received iloprost clathrate
by oral gavage at doses of 0, 10, 20, and 40 mg/kg/day from days 7 to 20 of gestation. No
teratogenic effects were observed with itoprost clathrate at oral doses <40 mg/kg/day.
Maternal mortality occurred at 40 mg/kg/day. Aborted fetuses were observed at oral doses
>20 mg/kg/day. Three dams at 40 mg/kg/day had no viable fetuses. Total resorptions,
consisting primarily of early resorptions, were increased to 30.5% for the 40 mg/kg/day
group as compared to 6.9% for the control group. Post-implantation loss (i.e., total
resorptions) for the 40 mg/kg/day group were increased to 30.5% as compared to 6.9% for
the control group. The percent live fetuses/dam for the 40 mg/kg/day was decreased to
69.5% as compared to 93.1% for the control group. There were no treatment-related
extemnal, visceral, or skeletal malformations. The incidence of vertebral anomaly
with/without associated rib anomaly were increased for the 20 and 40 mg/kg/day groups;
although, there was no dose response relationship. The incidence of variations of major
vessels (i.e., left carotid arises from innominate) and small gall bladder was increased for
the 40 mg/kg/day group. The incidence of the skeletal variations, angulated hyoid wings,
incomplete/unossified hyoid wings, incomplete ossification of other sternebra(e}, and
incomplete ossification of ribs, were increased for the 20 and 40 mg/kg/day groups. The
incidence of unossified 5" sternebra and unossified talus(l) were increased for all itoprost
clathrate treatment groups. The incidence of bipartite other sternebra(e) were increased
in the 40 mg/kg/day group.

SUMMARY AND EVALUATION:

[

} In the present amendment, the sponsor has submitted reproductlve
toxncology studies, conducted using the oral route of administration, consisting of
toxicokinetic studies in pregnant female rats and rabbits, a combined Segment | fertility
and performance study and Segment Hl teratology study in female rats, and a Segment |1
teratology study in pregnant female rabbits.

In a toxicokinetic study with pregnant female Sprague-Dawley rats, iloprost clathrate
was administered by oral gavage at doses of 5, 50, 125, 250, and 500 mg/kg/day. lloprost
clathrate was administered from 14 days prior to mating, through the mating period, and
through to day 16 of gestation. Plasma AUC values for iloprost on days 6 at doses of 5,
50, 125, 250, and 500 mg/kg/day were similar to values observed on day 16. AUC values
for iloprost were generally proportional to dose from 5 to 125 mg/kg/day; however, at
doses 2250 mg/kg/day, deviation from linearity occurred. Plasma clearance values for
iloprost at all doses {(1217-2988 mL/min/kg) significantly exceeded renal or hepatic plasma
flow (21.3 and 31.9 mL/min/kg, respectively) (Pharmaceutical Research 10:1093-1095,
1993) suggesting a rapid metabolic clearance of iloprost. In a toxicokinetic study with
pregnant female rabbits, iloprost clathrate was administered by oral gavage at doses of
10, 40, 80, and 120 mg/kg/day from days 6 through 18 of gestation. On days 6 and 16,
increases in plasma AUC values for iloprost were proportional to dose at =40 mg/kg/day.
Clearance values for plasma iloprost decreased with increasing dose, particularly on day
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increased clearance observed at 10 mg/kg/day was most likely responsible for the lower
than expected plasma AUC value at this dose. Clearance values (451-1141 mL/min/kg)
significantly exceeded liver plasma flow (47.2 mlL/min/kg) or renal plasma flow (21.3 mL/
min/kg) (Pharmaceutical Research 10:1093-1095, 1993) suggesting a rapid metabolic
clearance of iloprost.

In combined Segment {/Segment I studies, the effects of iloprost clathrate were
assessed on fertility and reproductive performance in F, female rats, on implantation
(uterine evaluation on day 13 of gestation), on morphological development of the
conceptus (uterine evaluation on day 20 of gestation), on natural defivery and the lactation
phase of F, females, and on viability and growth of F offspring during the weaning phase.
Femate rats were treated with iloprost clathrate at doses of 0, 5, 50, and 250 mg/kg/day.
lloprost clathrate was administered daily for 14 days prior to mating and through day 13
of gestation, day 20 of gestation, or day 21 of lactation. For female rats treated through
day 13 of gestation, iloprost clathrate at doses <250 mg/kg/day had no effect on fertility
and reproductive performance. lloprost clathrate at doses <250 mg/kg/day had no effect
on implantation. For female rats treated through day 20 of gestation, iloprost clathrate at
doses <250 mg/kg/day was not teratogenic. Maternal toxicity was evident at doses of 50
and 250 mg/kg/day. One female dam at 250 mg/kg/day died during parturition. Two dam
at 50 mg/kg/day died during lactation. One dam at 250 mg/kg/day was sacrificed on day
9 of lactation following death of ali fetuses in her litter. Live births/dam were decreased
at 250 mg/kg/day. Post-implantation loss at 250 mg/kg/day was increased to 15% as
compared to 3.9% for the control. For F; dams altowed to deliver their Fy offspring, the
duration of gestation for dams at 250 mg/kg/day was increased to 22.6 days as compared
to 21.9 days for the control. The numbers of Fy dams with stillborn pups was increased
at doses of 50 and 250 mg/kg/day. The number of stillborn F, pups was increased at
doses of 50 and 250 mg/kg/day. The live birth index at a dose of 250 mg/kg/day was
decreased to 92% as compared to 100% for the control. The number of F; pup dying,
killed, missing, and/or cannibalized from days 0-4 was increased at doses of 50 and 250
mg/kg/day. The pup viability index on day 4 at a dose of 250 mg/kg/day was reduced to
90% as compared o 98% for the control.

In a Segment |l teratology study, pregnant female rabbits received iloprost clathrate
by oral gavage at doses of 0, 10, 20, and 40 mg/kg/day from days 7 to 20 of gestation. No
teratogenic effects were observed with iloprost clathrate at oral doses <40 mg/kg/day.
Maternal mortality occurred at 40 mg/kg/day. Aborted fetuses were observed at oral doses
220 mg/kg/day. Three dams at 40 mg/kg/day had no viable fetuses. Total resorptions,
consisting primarily of early resorptions, were increased to 30.5% for the 40 mg/kg/day
group as compared to 6.9% for the control group. Post-implantation loss (i.e., total
resorptions) for the 40 mg/kg/day group were increased to 30.5% as compared to 6.9% for
the control group. The percent live fetuses/dam for the 40 mg/kg/day was decreased to
69.5% as compared to 93.1% for the control group. There were no treatment-related
external, visceral, or skeletal malformations.




4 3, the sponsor submitted
reproductive toxicology studies in pregnant female Wistar rats consisting of a Segment |l
teratology study and a Segment Ill perinatal and postnatal development study in which
malformations consisting of shortened and/or crooked digits were observed following
administration of iloprost -cyclodextrin clathrate by continuous intravenous infusion at
doses <1 mg/kg/day. Digit defects were attributed to the pharmacological action of the
drug, which produced a reduction of uteroplacental blood flow and resulted in hypoxia in
the affected structures (Toxicology Letters 78: 223-224, 1995). This suggests that
observed digit defects have a direct relationship to drug treatment. Further, the digit
defects observed in fetuses from pregnant female Wistar rats treated with iloprost
clathrate, while related to the to the pharmacological mechanism of drug action, suggest
that the drug may pose a significant risk to the human fetus in_utero. In the present
amendment, the sponsor has submitted a Segment |l study in pregnant female Sprague-
Dawley rats, in which no teratogenic effects were observed at doses <250 mg/kg/day.
Given the use of different rat strains in these studies, the findings of the orat Segment I
study in pregnant female Sprague-Dawley rats do not negate the findings of the
continuous intravenous infusion Segment Il and Segment Hi studies in pregnant female
Wistar rats.

RECOMMENDATION:
Information should be communicated to the sponsor as described below.

1. In reproductive toxicology studies with pregnant female Wistar rats consisting of a
Segment I teratology study and a Segment Ill perinatal and postnatal development study,
malformations consisting of shortened and/or crooked digits were observed following
administration of iloprost B-cyclodextrin clathrate by continuous intravenous infusion at
doses <1 mg/kg/day. In the present amendment, the sponsor has submitted a Segment
Il study in pregnant female Sprague-Dawley rats, in which no teratogenic effects were
observed at doses <250 mg/kg/day. Given the use of different rat strains in these studies,
the findings of the oral Segment Il study in pregnant female Sprague-Dawiey rats cannot
negate the findings of the continuous intravenous infusion Segment I and Segment 1l
studies in pregnant female Wistar rats.
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2. With regard to skeietal malformations observed in the Segment Il study with rabbits
{ = Report No. 97005), could the sponsor describe in greater detail the vertebral
anomaly with/without associated rib anomaly observed in fetuses from the mid and high

dose groups.
S|

Timothy W. Robison, Ph.D. Date
cc:
OrigIND —
HFD-
HFD- /CSO

HFD- Dr. Choudary
HFD- Dr. Robison

R/D init.; J. Choudary 6/14/99
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PHARMACOLOGIST'S REVIEW OF IND

Sponsor (or agent):

Manufacturer for drug substance: Same
Reviewer Name: Timothy W. Robison, Ph.D.
Division Name:

HFD#

IND number:

Serial number/date/type of submission:
Date of HFD- Receipt:

Review Completion Date:

Information to sponsor: Yes () No (X)
Drug: lloprost B-cyclodextrin Clathrate
Relevant INDs/NDAs/DMFs:

Drug Class: Prostaglandin analogue
Indication: * . 3

Route of administration: Oral

Previous clinical experience: lloprost B-cyclodextrin T

J

Disclaimer: The sponsor's material has been incorporated in parts of this review.

Introduction and drug history:

the sponsor provided a study report of
a Segment || teratology study in rabbits. Pregnant rabbits received iloprost clathrate by
oral gavage at doses of 0, 10, 20, and 40 mg/kg/day from days 7 to 20. Vertebral
anomaly with or without associated rib anomaly, was reported for 2 of 156 (1.3%)
fetuses at 20 mg/kg/day and 1 of 84 (1.2%) fetuses at 40 mg/kg/day. In the present
amendment, the sponsor has responded to a Division question regarding this observed
finding. The Division question is listed below, followed by the sponsor's response within

quotations, and an evaluation of this response.

Studies reviewed within this submission:
1. Correspondence.

CORRESPONDENCE:
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1. With regard to the Segment 11 teratology study entitl'ed"‘Report 97005:. Or.al
development toxicity study of iloprost clathrate in rabbits”, .please. describe 1’1,1
greater detail, the “vertebral anomaly with and without associated rib anomaly”,
observed in fetuses from the mid and high dose groups.

Sponsor’'s Response:

Response:

In this study (Report 97005), there were three fetuses that were reported with this condition; two
Group 3 fetuses {20/mg/kg/day; fetus number 5 from litter E54307 and fetus number 2 from fitter
E54328) and one Group 4 fetus (40 mg/kg/day; fetus number 9 from fitter £54292). The
expanded description of the malformations associated with these fetuses can be found in the
table below as well as in Appendix 10 of the Finai Report, on pages 186, 189, and 194,
respectively.

GRCUP FETUS ¥ Litter EXPANDED FINDING Page
20 mg/kg/day 5 ES4307 | Vertebral Anomaly withiwithoul associated fib| 186
anomaly

14 thoracic vertebral arches on left side

13 thoracic vertebrai arches on right side

13 thoracic centra present

T-11 through L-2 centra misaligned

6 right lumbar vertebral arches present

5 left lumbar vertebral arches present
| L-1 hemicentrum right
| 2 E54328 | Vertebral Anomaly withiwithout associated b | 183 |
anomaly

13 thoracic arches on both sides

7™ right thoracic arch. Small ossification site

13 thoracic centra present

13 ribs on left side

12 ribs on right side

6" right rib forked proximal

T-8 through T-11 centra misaligned

T-9 centrum fused to T-10 centrum

T-10 centrum also bipastite B
40 myg/kg/day 9 E54292 | Vertebral Anomaly with/without associated rib| 194
anomaly

11™ left thoracic arch small

11" through 13" thoracic arches misaligned

¥-11 through T-13 centra misaligned

T-12 and 7-13 centra fused

Evaluation: The term “vertebral anomaly with and without assoctated rib anomaly” was
used in a general manner. This term encompassed findings for 2 fetuses from_ the mid
dose and 1 fetus from the high dose that were different for each F4 offspring. The

SpONsOr's response appears adequate.

OVERALL SUMMARY AND EVALUATION

C .
3'n the present amendment, the sponsor has responded to a
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Division question regarding a Segment Il teratology study in rabbits provided in
Amendment

In a Segment il teratology study, pregnant rabbits received iloprost clathrate by
oral gavage at doses of 0, 10, 20, and 40 mg/kg/day from days 7 to 20. Vertebral
anomaly with or without associated rib anomaly, was observed for 2 of 156 (1.3%)
fetuses at 20 mg/kg/day and 1 of 84 (1.2%) fetuses at 40 mg/kg/day. The term
“vertebral anomaly with and without associated rib anomaly” was used in a general
manner. This term encompassed findings for 2 fetuses from the mid dose and 1 fetus
from the high dose that were different for each F, offspring. The incidence of these
findings appeared to have no treatment relationship.

s/

Timothy W. Robison, Ph.D. Date
Pharmacologist,

éomments: I SI

RECOMMENDATIONS: None.

Jasti B. Choudary, B.V.Sc., Ph.D. Date
Supervisory Pharmacologist,

GC:
Orig IND

HFD-

HFD-  /CSO
HFD-  /Dr. Choudary
HFD-  /Dr. Robison

R/D Init. J. Choudary 1-15-01
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The submission contained no nonclinical data, [

J The current review
conducted the safety evaluation based on nonclinical information available in IND

Studies Reviewed within This Submission: None.

Studies Not Reviewed within This Submission: None.

DETAILED CONCLUSION AND RECOMMENDATIONS:

Conclusion:

L

General Toxicology Issues:

There are no general toxicity issues in this application.

X

p

The following is a summary of the information that is most relevant to the current
application. Oral toxicity of iloprost has been evaluated in rats, dogs and monkeys. The
treatment duration was up to 6 months in rats (dietary), | year in dogs (capsule), and 2
weeks in monkeys, respectively.

Jof5s
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In a 6-month oral dietary study, rats were fed diet containing 1%, 3% and 10% (W/W) of
ground iloprost clathrate retard. The estimated dose levels were 0.50 — 0.59, 1.53 - 1.73,
and 4.97 ~ 5.68 mg/kg/day. The high dose group showed increases in urinary sodium,
calctum and chloride excretion; and enlargement of secretory end-pieces of
submandibular salivary gland. Plasma iloprost levels (day 90) were 2.7 and 3.7 ng/mi in
males and females, respectively.

In a one-year oral (capsule) study in dogs, iloprost doses were 50 and 150 pg/kg/day
(given in equally divided doses, bid). One high dose female {of 4 per group) died of
jejuno-ileal-cecal torsion of the gut (volvulus). The death was considered treatment-
related. Other findings in the high dose group were increases in serum glucose levels (16
— 22%) in both sexes, a decrease in serum protein (10%) calcium levels (13%) in females.
The dose of 50 pg/kg/day was considered the NOAEL. Plasma iloprost levels and AUC
0-24 hr were 0.1 — 0.7 ng/ml and 2.2 - 3.7 ng.hr/ml, respectively.

In a two-week oral study, monkeys were given oral gavage of iloprost at doses of 160 and
800 pg/kg/day (given in 8 equa! doses with a dosing interval of one hr between two
consecutive doses, 5 day a week). The drug was well tolerated. Observed abnormalities
were apathy, abnormal posture and an increase in serum total beta-globulin (31%).
However, in another oral toxicity studies, all the tested doses (20, 200, and 2000/1000
_ ng’kg/day) was lethal. Hypotension was considered the cause of death.

Toxicity of iloprost was also evaluated in mice, rats, guinea pigs, rabbits, dogs and
monkeys by other route of administration (oral, intravenous, or subcutaneous). The
treatment duration ranged from acute to six months. The data for these studies are not
summanzed here,

The target of organs of iloprost toxicity inlcude the gastrointestinal tract, liver, thymus
and adrenals

Carcinogenicity Issues:
The evaluation of carcinogenic potential of iloprost is in progress. 1

i ) ) A The CDER’s
Carcinogenicity Assessment Committee has reviewed protocols for the carcinogenicity
assays. 'The committee accepted the mouse protocol during the meeting on May 13,
1997, and the rat protocol on June 8, 1998 (see Dr. Robinson’s review). The results of
these studies are unavailable at present time.

4ot5
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Genotoxicity:

Iloprost is non-genotoxic based on the results from the following four assays: bacterial
gene mutation assay, Chinese hamster lung cell (V79/HGPRT) forward gene mutation
assay, chromosomal aberration assay in human lymphocytes, and mouse micronucleus
assay (See Dr. T Ahmad review dated May 28, 1997).

Pregnancy and Fertility Issues:

lloprost 1s neither teratogenic, nor does it affect fertility, delivery and lactation. Effects
of iloprost on pregnancy and fertility were evaluated in rats and rabbits (See Dr. T.
Robinson’s reviews dated June 16, 1999 and Januvary 22, 2001). lloprost doses were S,
50, and 250 mg/kg/day rats and 10, 20 and 40 mg/kg/day in rabbits, respectively.
Maternal toxicity was observed in the highest doses in both species. The highest dose was
considered the maximum tolerated dose (MTD} in either species. Hoprost is non-
teratogenic at the MTD. Thus, iloprost does not affect fertility, implantation and delivery
in rats and rabbits.

Recommendation:

C

C o 1 Clintcally, the sponsor states that humans tolerated well at
iloprost doses up to 150 pg, bid for six to 12 months (6 pg/kg/day). Preclinically, a

sufficient margin of safety exists between the one-year oral NOAEL value of 50

ug/kg/day in dogs and the proposed high dose in humans. The dog is the most sensitive
animal species. The trial does not have any significant safety concerns and
should be allowed to proceed.

Luqi Pei, Ph.D.
Pharmacologist

5o0f3
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Amendment
Date of HFD- Receipt: Amendment
Amendment ;
Drug: lloprost Clathrate € ] 3
Category: © 4

Submission Contents:

1.
2.

3.

Pharmacology.

Investigation of the Biotransformation of lloprost and lts Diastereoisomers in Dog
During a Six-Hour Intravenous Infusion of Each Compound.

Pharmacokinetics of lloprost and Its Diasterecisomers in Rats After Intravenous
Infusion of 0.3 pg/kg/min and of 3 pg/kg/min ZK 91404 Over 30 Min.

Acute Toxicity of lloprost (diastereoisomer-mixture), and s Diastereocisomers, 43-
form and 4R-form, in Male and Female Rats After a Single Intragastric or
Intravenous Application.

lloprost Clathrate (ZK 96944), ZK 153485 and ZK 155534 Comparative Systemic
Tolerance Study in Rats After Daily Intragastric Administration Over 28 to 38 Days.
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PHARMACOLOGY:

Effects of lloprost and the E(4S) and E(4R) Diastereoisomers of lioprost, ZK
95302 and ZK 91404, on ADP and Coliagen-Induced Aggregation of Human and
Rat Platelets (Report No. AH35).

The effects of iloprost and its diasterecisomers, E(4S) and E(4R), on human and
rat platelet aggregation were evaluated. Platelets were obtained from healthy human
volunteers or male Wistar rats. Prior to induction of aggregation with ADP, platelets
were pre-incubated with the appropriate test article for 1, 5, or 15 min. However, with
collagen stimulation, platelets were incubated with the test article for only 1 min.
Human platelets were incubated with iloprost at concentrations from 0.08 to 6 nM, E-4R
at concentrations of 0.6-60 nM, or E-4S at concentrations of 0.06 to 4 nM. Rat platelets
were incubated with iloprost at concentrations of 2 to 400 nM, E-4R at concentrations
of 10 to 2000 nM, or E-4S at concentrations of 1 to 200 nM. Ali three compounds
produced concentration-dependent inhibition of human or rat platelet aggregation
induced by either ADP or collagen. E-4S was more potent than E-4R with regard to
inhibition of human or rat platelet aggregation induced by ADP or collagen. Longer
incubation of iloprost, E-4R, or E-4S with human platelets prior to stimulation with ADP
led to decreasing ICs, values; however, this phenomenon was not observed with rat
platelets. Human platelet aggregation induced by ADP or collagen was more sensitive
to inhibitory actions of iloprost and its diastereocisomers than rat platelets.

ICso (M) values at three different incubation times for iloprost and its diasterecisomers,
E-4R and E-4S, with human and rat plateiet aggregation induced by ADP.

Incubation time | Human Ptatelets Rat Platelets
(min)
Hoprost E-4R E-4S lloprost E-4R E-45
1 1.07 4.55 0.43 31.62 225.5 17.25
0.57 2.94 0.28 61.83 349.27 26.63
15 0.44 1.87 0.15 87.20 536.66 41.30

ICso (M) values for iloprost and its diastereoisomers, E-4R and E-4S, with human and
rat platelet aggregation induced by Collagen.

Compound Human Platelets Rat Platetets
lloprost 1.82 13.2

E-4R 10.37 80.53

E-43 0.97 6.5
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Structures of lloprost and its 45- and 4R-diastereoisiomers:

Compound{e} Swaied

Chemical Name
S-[{EH18, 58, 6A, TR)-7-hydroxy 4-{E)-B9. 4ASHI-hydroxy-4-mmmyt-1-ocwn-8-yryi}-

bicyein(d.3.0)oct-3-yidenel-pentancic acid

Compauna Name

E-4RS Iloprost SO
Compound No

IK-36374

-~
o4,
,Y\//I
=
DM Structyes! Formula

Chemicat Name

Siructural Farmula

Chemical Name

/
/

Structural Formulg

1
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Interaction Between Platelet Receptors and lloprost Isomers (Biochimica et
Biophysica Acta 942: 220-226, 1988).

Biological activity and platelet receptor binding characteristics were compared
between the two diasterecisomers of iloprost. The authors used a different
nomenclature for numbering the compound; the 4(S) isomer is equivalent to the 16(S)
isomer and the 4(R) isomer is equivalent to the 16(R) isomer. Diastereocisomers of a
mixture of iloprost and *H-iloprost were separated by reverse phase HPLC. Platelet
rich plasma was prepared from venous blood. Membrane fractions were prepared from
isolated platelets for determination of receptor binding characteristics. Inhibition of
collagen-induced platelet aggregation was significantly greater for the 16(S) isomer
with an 1Cs value at 3.5 nM as compared to 65 nM for the 16(R) isomer. The 16(S)
isomer had a much higher affinity for the prostacyclin receptor as compared to the
16(R) isomer. Binding capacity was relatively similar between the 16(S) and 16(R)
isomers. Association rates were significantly different between the 16(S) and 16 (R)
isomers. The ICs; values for inhibition of collagen-induced platelet aggregation as well
as dissociation constants and association rates for the racemic mixture and the 16(S)
isomer agreed closely. Thus, the potency of iloprost is attributable to the 16(S) isomer,
which constitutes approximately 40% of the molarity. The 16(R) isomer does not
appear to interfere with the binding of the 16(S) isomer. The decreased binding affinity
of the 16(R) isomer results from hindered accessibility, rather than a fast dissociation of
the ligand from its receptor. Limited flexibility resulting from the 16(S) methyl group
facilitates binding of the molecule and permits close interaction between the active
functional groups and the.binding domain of the receptor. In contrast, the 16(R) methyl
group hinders fitting of the molecule to the receptor due to an abnormal orientation,
thus the association rate is reduced and the binding affinity is reduced.

Biological activity and platelet receptor binding characteristics for the two
diastereoisomers of iloprost. The authors used a different nomenclature for numbering
the compound; the 4(S) isomer is equivalent to the 16(S) isomer and the 4(R) isomer is
equivalent to the 16(R) isomer (Biochimica et Biophysica Acta 942: 220-226, 1988).

Compound lloprost 16(R,S) 16(S) Isomer 16(R) Isomer
1Cso (nM) for inhibition | 5.5 35 65

of coltagen-induced

platelet aggregation

Dissociation constant, | 16.5 13.4 228

Kd. nM

Binding  Capacity, 743 665 425

fmol/mg membrane

Association rate, sec’’ 0.024 0.036 0.001
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lloprost, ZK 91403, ZK 91404, ZK 95302, ZK 115891. Evaluation of the report
entitled “Vasodilatory action, hypotensive action and inhibition of platelet
aggregation of iloprost and its isomers (Report No. AF18).

Pharmacological effects of iloprost, its E(4S) and E(4R) diasterecisomers (ZK
95302 and ZK 91404, respectively) and the 4S and 4R diasterecisomers of the Z-
configuration of iloprost (ZK 115891 and ZK 91403) were determined with regard to
platelet aggregation in_vitro, vasodilatory activity on isolated vascular tissue (rabbit
mesenteric artery), and blood pressure in the anesthetized rat. Hoprost has a methyl
group at C4 in its structure and, therefore, two isomers, 4S and 4R. Further, there are
cis-trans isomers, E and Z, of lloprost. Altogether, iloprost has 4 isomers as follows: E-
4S, E-4R, Z-4S, and Z-4R (see structures below). For studies with isolated vascular
tissue, maximal contraction was produced by treatment with 10° M L-phenylephrine
prior to addition of iloprost or its isomers. For studies with anesthetized rats, changes
of blood pressure in the aorta as well as changes in systolic and diastolic pressure
were monitored in response to treatment with iloprost and its E(4S) and E(4R)
diasterecisomers at concentrations of 0.1, 0.3, 1, 3, and 10 pg/kg or the 48 and 4R
diastereoisomers of the Z-configuration of iloprost at concentrations of 3, 10, 30, and
100 pg/kg (Note: the sponsor stated that there were significant omissions and errors in
these studies with anesthetized rats). There were significant typographical errors in
this section of the report. It was not clear, if each rat received all doses or whether one
rat was used for each dose. Ptatelet aggregation was induced by addition of collagen,
ADP, or thrombin and the anti-aggregatory actions of iloprost and its E(4S) and E(4R)
diasterecisomers or the 45 and 4R diastereoisomers of the Z-configuration of Hoprost
were examined. lloprost and its isomers, E-4S, E-4R, and Z-4S, produced a dose-
dependent reduction of mean blood pressure. The hypotensive action of lloprost and
the E-4S isomer was greater for diastolic pressure than systolic pressure. iloprost and
its isomers produced a dose-dependent inhibition of agonist-induced platelet
aggregation. The 4S and 4R diastereoisomers of the Z-configuration of iloprost were
significantly less potent than iloprost with regard to inhibition of phenylephrine-induced
contraction of mesenteric artery, vasodilation of mesenteric artery, and inhibition of
agonist-induced platetet aggregation. The E-4S isomer is more potent than iloprost
with regard to inhibition of phenylephrine-induced contraction of mesenteric artery and
agonist-induced platelet aggregation. Further, the E-4S isomer has a more potent
vasodilatory effect on mesenteric artery than iloprost. The E-4R isomer was less potent
than either iloprost or the E-4S isomer. The order of potency of iloprost and its isomers
was as foliows: E-4S > lloprost > E-4R > Z-4S > Z-4R.
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Effects of lloprost and its isomers on phenylephrine-induced contraction of mesenteric
artery, mesenteric artery vasodilation, and agonist-induced platelet aggregation.

Preparation iloprost E-45 E-4R Z-45 Z-4R
EDs; (-log M) on phenylephrine- | 6.74 7.21 6.13 5.42 4.32
induced contraction of

mesenteric artery

Vasodilatory effects, pg/kg

-EDy (A) 0.80 0.4 30 30 -
-EDyo (B) 0.25 0.15 1 10 -
Anti-aggregatory activity, pM~

-collagen 08 0.5 2.1 26.3 0.9
-ADP 1.7 1.1 7.8 62.1 1.6
-thrombin 0.4 0.3 1.5 14.4 8

A. dosage required to lower mean blood pressure by 20 mm Hg.

B. dosage required to lower mean blood pressure by 10 mm Hg.

C. This was listed as nM in the table, but the sponsor stated that the actual units were
pM.

Structures of Hoprost and its isomers.

Qoou

lloprost

Fig. 1 Structures of lloprost and its isomer Lioprogt

rosts chemical name: {E)-325,4R 51,6aS)-hexahydro-6-hydroxy-4-f{E)- 35, 4RS)-3-
hydmxy-4-mel.hyl-lﬂcl.en-fr;myl!—o"Um-penlnlenevlleric acid
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Effects of Intravenous Infusion of lloprost and the E(4S) and E(4R)
Diastereoisomers of lloprost, ZK95302, and ZK91404, on Biood Pressure and
Heart Rate in the Anesthetized Rat (Report No. AG23).

The effects of iloprost and its diasterecisomers, ZK 91404 (E-4R) and ZK 95302
(E-4S), on blood pressure was examined in the anesthetized rats. Arterial blood
pressure and heart rate were monitored following administration of the test article by
continuous intravenous infusion over a period of 30 min. lloprost and the E-4S isomer
were examined at doses of 0.03, 0.10, 0.30, or 1.00 pg/0.1 mL/kg/min. The E-4R
isomer was examined at doses of 0.30, 1, 3, or 10 pg/0.1 mlL/kg/min. Each rat received
only one compound at one dose level. Control animals received the vehicle, 0.9%
‘NaCl solution containing 0.3% ethanol, at 0.1 ml/kg/min. In parallel experiments to
determine plasma test article concentrations, four groups of four animals received
either iloprost at 0.30 pg/kg/min, E-4R at 0.30 or 3.00 pg/kg/min, or E-4S at 0.30
yg/kg/min, respectively. These results are reported in ADME section below. All three
compounds induced a dose-dependent reduction in arterial pressure accompanied by a
reflex increase in heart rate. The order of potency was as follows: E-4S > iloprost > E-
4R.

EDy values for lloprost and its isomers, E-4R and E-4S, for lowering arterial blood
pressure by 20 mm Hg.

Compound Raw Curves, pg/kgimin Fitted Curves, pg/kg/min
Hoprost 0.33 0.28
ZK 91404 (E-4R) 1.52 1.44
ZK 95302 (E-45) 0.14 0.14

ABSORPTION, DISTRIBUTION, METABOLISM AND EXCRETION:

Absorption

Investigation of the Biotransformation of lloprost and Its Diastereoisomers in Dog
During a Six-Hour Intravenous Infusion of Each Compound (Report No. 8394).

Methods: The stereoselective pharmacokinetics of iloprost diasterecisomers (E-4RS,
E-4R, or E-4S iloprost} in dogs were followed in 3 mongrel female dogs administered
the test material by intravenous infusion at a dose of 100 ng/kg/min. There was a
minimum 1 week washout period between treatments with E-4RS, E-4R, or E-4S
iloprost. Blood for determination of plasma £-4R and/or E-4S levels was collected at 0
(pre-dose), 0.25, 0.5, 0.75, 1, 2, 3, 4, 5, and 6 hr during infusion and 0.5 hr post-
infusion. The total concentration of iloprost (sum of diastereocisomers) in each plasma
sample was determined using a GC/MS method, which was highly accurate for iloprost
levels but nonspecific for diastereoisomer separation. Determination of the E-4R and
E-4S ratios in plasma was performed using an HPLC-fluorescence iloprost
diastereocisomer plasma assay that could quantify levels down to == >g/mL using a
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1.0 mL aliquot of plasma. All plasma samples from dogs receiving E-4RS iloprost were
assayed by both the HPLC and GC/MS procedures. For dogs that received either E-
4R or E-4S iloprost by infusion, plasma samples collected at 2, 4, and 6 hr were also
analyzed using the HPLC assay.

Results: ltoprost diastereoisomer ratios from 0 to 6.5 hr after the start of the infusion
with E-4RS iloprost ranged from 0.84 to 1.16 (%E-4R/%E-4S). This data illustrates that
the diastereoisomer ratio did not change versus infusion time. The mean E-4R to E-4S
iloprost ratio found in_vivo in all dogs was 1.03, which closely matched the starting
infusion solution diastereoisomer ratio of 1.1. No interconversion of iloprost
diastereoisomers was found. During the 6 hr infusion of E-4R iloprost, no E-48S iloprost
was detected. Conversely, during the 6 hr infusion of E-4S iloprost, no E-4R iloprost
was detected. Following infusion of either E-4RS iloprost, E-4S iloprost, or E-4R
tloprost, AUC values were 21.7, 10.6, and 25.3 ng*hr/mL, respectively. Following
infusion of E-4S iloprost, the AUC value was significantly lower as compared to the
AUC value following infusion of E-4R iloprost. Potentially, the clearance of E-4S
iloprost may be more rapid in the absence of E-4R iloprost.

Pharmacokinetics of lloprost and Its Diasterecisomers in Rats After Intravenous
Infusion of 0.3 ug/kg/min and of 3 pg/kg/min ZK 91404 Over 30 Min (Report No.
AG42).

Methods: In paralle! with experiments that determined the effects of iloprost and its
diastereoisomers on blood pressure in anesthetized rats, plasma test article
concentrations were determined in groups of rats that received either iloprost at

0.30 pg/kg/min, E-4R at 0.30 or 3.00 pg/kg/min, or E-4S at 0.30 pg/kg/min, respectively.
Each test article was administered by continuous intravenous infusion for a 30 min
pericd. Each group consisted on 4 male rats. Blood samples for determination of
plasma test article concentrations were determined at 0, 15, 30, 35, 40, 45, 60, 90, 120,
and 180 min after the start of the infusion. At each time point, 2 to 3 animals were
sampled and each individual rat was used for 5 to 6 sampling time points. Plasma
levels of iloprost and its diasterecisomers, E-4S and E-4R, were determined by
radioimmunoassays.

Results: For E-4R at doses of 0.3 and 3 pg/kg/min, AUC values were proportional to
dose. Total clearance for all compounds significantly exceeded hepatic plasma flow
(31.9 mL/min/kg), suggestive of a rapid metabolic clearance. The clearance of E-4S
was 1.5 times that of E-4R. The terminal half-lives for all compounds were <0.26 hr,
further suggestive of rapid elimination. The volume of distribution at steady state
exceeded blood volume (0.054 Lfkg), suggestive of extensive distribution into tissues.
The volume of distribution of E-4S was more than twice that of E-4R. E-4S is more
extensively distributed than E-4R; however, it is more rapidly eliminated. Half-lives and
mean residence times for the two diastereocisomers were similar.
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Compound lioprost E-4R E-45
Infusion rate 0.3 0.3 3 0.3
pa/kg/min

[ Css, ng/mL 5.5 5.6 39.8 3.7
T2, hr 0.002 0.004 0.02 0.06
TV A2, 0.20 0.21 0.21 0.26
kel, hr'' 0.08 0.03 0.007 0.003
AUC, ng*hr/mL 3.1 3.1 215 20
Ch, mU/min/kg 491 48.7 69.6 75.0
MRT, hr 0.35 0.34 0.35 0.38
Vd,, L/kg 0.01 0.02 0.17 0.42
Vd.s, L/kg 0.29 0.26 0.40 0.59

T A1 = half-life of distribution phase; T¥ A2 = half-life for elimination; MRT = mean
residence time; Vd.= volume of distribution in the central compartment; and Vd=
volume of distribution during steady state.

TOXICOLOGY:

Acute Toxicity

Acute Toxicity of lloprost (diastereocisomer-mixture), and Its Diastereoisomers,
4S-form_and 4R-form, in Male and Female Rats After a Single Intragastric or
Intravenous Application (Report numbers Al61 and AL26).

Testing Laboratory: Schering AG
Berlin, Germany

Study Started: March 21, 1995 (Intragastric administration)
July 12, 1995 {Intravenous administration)

Study Completed: February 9, 1996 (Intragastric administration)
September 3, 1996 (Intravenous administration)

GLP Requirements: A statement of compliance with the GLP regulations and quality
assurance unit was included.

Animals: Male and female Han: WIST (SPF) rats were used in this study. For studies
using the intragastric route of administration, body weight ranges were 92-123 g for
male rats and 92-110 g for female rats. For studies using the intravenous route of
administration, body weight ranges were 95-128 g for male rats and 84-116 g for
female rats.




IND
Page 10

Drug Batch: For studies using the intragastric route, drug batches were as follows:
lloprost clathrate (diastereoisomer mixture), batch number 112960; 4S-form
clathrate, batch number FB3384; and 4R-form clathrate, batch number FB3388. For
studies using the intravenous route, drug batches were as follows: lloprost
(diasterecisomer mixture), batch number GB 1151; 4S-form, batch number FB 3407;
and 4R-form, batch number FB 3382

Methods: The acute toxicity of iloprost (diastereocisomer mixture) and its
diastereoisomers, 45- and 4R-forms, were examined in male and female Han: WIST
(SPF) rats following administration by the intragastric or intravenous routes. For
studies by the intragastric route of administration, iloprost and its diasterecisomers
were complexed with clathrate. For studies using the intragastric route, the 4S-form
was administered at doses of 500, 1000, or 2000 mg/kg, while iloprost and the 4R-form
were administered at doses of 1000, 2000, or 4000 mg/kg. There were 5 rats/
sex/group. For studies using the intravenous route, iloprost and its diastereoisomers
were administered at doses of 0, 50, 125, or 200 mg/kg. For the 0, 50, and 200 mg/kg
groups, there were 5 rats/sex/group; however, for the 125 mg/kg group, there were 10
rats/sex/group. Clinical signs of toxicity were observed continuously immediately prior
to and after drug administration, four times on the day of treatment, and daily
thereafter. Animals were monitored twice daily for mortality. Observation periods for
the intragastric and intravenous toxicity studies were 14 and 23 days, respectively.
Following death during the treatment period or at scheduled termination, animals were
subjected to a gross examination.

Results: Following intragastric administration, the acute toxicity of the 4S-form was
significantly greater than iloprost or the 4R-form. In contrast, there were no significant
differences in toxicity between iloprost, the 4-S form, and the 4-R form following
intravenous administration. The sponsor provided no explanation for lack of difference
in toxicity between the two stereoisomers following intravenous administration as
opposed to intragastric administration, where the toxicity of the 4S-form was
significantly greater. Apathy was observed in an approximate dose-dependent manner
for iloprost and its diastereocisomers following either intragastric or intravenous
administration. Observed effects for iloprost and its diasterecisomers following
intragastric administration were similar and included disturbances in gait, incomplete
evelid closure, red-colored dacryorrhea, skin reddening, extended abdomen, altered
posture, tremors at higher doses, and bluish discoloration of the skin at higher doses,
Gross examination following intragastric treatment with iloprost or its diasterecisomers
revealed dose-dependent reddening of the stomach mucosa, meteorism of stomach
and intestines, and decreased spleen size. For animals that died during the treatment
period, death was attributed to circulatory and/or irritative alterations. Observed effects
for iloprost and its diastereoisomers following intravenous administration were similar
and included disturbances in gait, skin reddening, and eyelid closure at 50 mg/kg.
Unconsciousness, lateral position {conscious), disturbances in respiration, vocalization,
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and changes in color of the tail leading to necrosis were observed at 125 mg/kg. Body
weight gain and food consumption were decreased at 125 mg/kg (principally female
rats). Bilateral decreases in the sizes of the testes were observed for iloprost and the
4S-form at 125 mg/kg.

Acute toxicity of iloprost and its diasterecisomers, 4-S and 4-R, following administration
by the intragastric or intravenous routes to rats.

Compd. | Route Dose, ratsfsex | Maximum nonlethal | Minimum lethal | LDsg, Time to

mg'kg fgroup | dose, mg/kg dose, mg/kg mglkg death
Male Female | Male Female [ M+ F M+F

Hoprost | 1.G. 1000 5 1000 1000 2000 2000 1864 2-5
2000 5 days
4000 5

4-S 1L.G. 500 5 1000 500 2000 1000 1073 3-5

form 1000 5 days
2000 5

4-R 1.G. 1000 5 2000 2000 4000 4000 3820 2-3

form 2000 5 days
4000 5

Hoprost | V. 50 5 50 50 125 125 130 1 day
125 10
200 5

4-S V. 50 5 50 50 125 125 128 1-5

form 125 10 days
200 5

4-R LV. 50 5 50 50 125 125 126 1 day

form 125 10
200 5

The acute toxicity of iloprost and its diasterecisomers were evaluated in rats
following intragastric or intravenous administration. Following intragastric
administration, the acute toxicity of the 4S-form (LDs, = 1073 mg/kg) was significantly
greater than iloprost (LDsy = 1864 mg/kg) or the 4R-form (LDse = 3820 mg/kg). With
intravenous administration, there were no significant differences in toxicity between
iloprost (LDso = 130 mg/kg), the 4-S form (LDse = 128 mg/kg), and the 4-R form (LDsp =
126 mg/kg). For animals that died during the treatment period, death was attributed to
circulatory and/or irritative alterations.
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lloprost Clathrate (ZK 96944), ZK 153485 and ZK 155534 Comparative Systemic

Tolerance Study in Rats After Daily Intragastric Administration Over 28 to 38 Days
{(Report No. AN54).

Testing Laboratory: Schering AG
Berlin, Germany

Study Started: April 20, 1995

Study Completed: February 6, 1998

GLP Requirements: A statement of compliance with the GLP regulations and quality
assurance unit was included.

Animals: Han: WIST (SPF) rats were used in this study. Body weight ranges on the
first day of administration were 171-229 g for mate rats and 148-185 g for female rats.

Drug Batch: lloprost clathrate (diasterecisomer mlxture) batch number 112960; 4S-
form of Hoprost clathrate, batch number FB3384; and 4R-form of lloprost clathrate,
batch number FB3388.

Methods: Han: WIST (SPF) rats received either iloprost clathrate, the 4(S)-
diastereoisomer of iloprost clathrate, or the 4(R)-diastereoisomer of iloprost clathrate
by the intragastric route of administration at doses of 5, 50, or 500 mg/kg/day for a
period of 28 to 38 days. The control group received the vehicle, 0.9% NaCl at pH 8.3.
Amendment contained a summary of this study. Amendment contained the
actual data for this study. There were 10 rats/sex/group. The dosing volume was

10 mb/kg. Animals were observed for clinical signs of toxicity and mortality three times
per day, once prior to dosing, once at 5 to 10 min after dosing, and once in the
afternoon. Body weight was measured weekly until day 28 of the study. Food and
water consumption were recorded weekly until day 28 of the study. Ophthalmic
examinations were performed on days 22-23 for 5 rats/sex/group. Blood for
determination of hematological, biochemical, and coagulation parameters was collected
on days 24-25 from 4-5 male rats and 5 female rats per group. Urine for analysis was
collected from 4-5 male rats and 3-5 female rats per group over an 18-hr period from
days 22 to 23. Blood for determination of 4RS-iloprost, 4S-iloprost, and 4R-iloprost
was collected from 3 rats/sex/group on day 29, immediately prior to treatment and at 1
hr after dosing, and on day 30, at 0.25 and 4 hr after dosing. Following a treatment
period ranging from 28 to 38 days, animals were sacrificed and subjected to a gross
examination. Necropsy for each animal occurred on the last day of treatment. The
number of nucleated cells per mg bone marrow was determined from bone marrow
smears prepared from the femurs of all animals at necropsy on days 30-37.
Myelograms were initially performed for the control and high dose groups. Later,
myelograms were also performed for rats that received the 4R-form at 5 and 50 mg/
kg/day. Absolute and relative organ weights were determined for the liver, kidneys,
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heart, lung, pituitary gland, thyroid with parathyroid glands, adrenal glands, ovarnes,
uterus including both horms and cervix, testes, seminal vesicles, prostate, thymus,
spleen, iliac lymph nodes, cerebrum, cerebelium, medulla oblongata, submandibutar
salivary glands, and pancreas. Organs and tissues were collected and fixed as follows:
liver, kidneys, urinary biadder, heart, heart atrium, aorta thoracalis, vena cava caudalis,
trachea, lung, pituitary gland, thyroid with parathyroid glands, adrenal glands, ovaries,
uterus ‘including both horns and cervix, vagina, mammary giands, skin, testes,
epididymides, prostate, seminal vesicles, spleen, thymus, iliac lymph nodes,
mandibular lymph nodes, bone including femur and sternum, brain including cerebrum,
cerebellum, and medulla oblongata, spinal cord (cervical), nervus saphenus, eyes,
lacrimal glands, tongue, submandibular salivary glands, esophagus, stomach,
duocdenum, jejunum, ileum, cecum, colon, rectum, pancreas, skeletal muscle [M.
gastrocnemius], and all organsftissues with macroscopic findings. Histological analysis
was performed for only the control and high dose groups; however, the heart atrium,
aorta, vena cava caudalis, iliac lymph nodes, peripheral nerve, skeletal muscle, and
epididymides were not further processed. The heart, submandibular salivary glands,
pancreas, and adrenal glands were examined for the control and all treatment groups.

The prostate was alsc examined for groups treated with iloprost or the 4S-form at 5 and
50 mg/kg/day. The testes and seminal vesicles were also examined in groups treated
with the 4S-form at 5 and 50 mg/kg/day.

Results:

1. Observed Effects: Observed effects of iloprost consisted of slight apathy,
stimulated vocalization, diminished muscular tone, slight to marked sialorrhea, and
slight to moderate skin reddening at 50 mg/kg/day; and moderate to severe apathy,
curved back, disturbances in gait, slight dacryorrhea, ruffled fur, wet matted fur of the
inguinal region, diarrhea, and severe skin reddening at 500 mg/kg/day. Observed
effects for the 4S-form of iloprost included diminished muscular tone, slight sialorrhea,
and slight to moderate skin reddening at 5 mg/kg/day; slight to moderate apathy,
stimulated vocalization, disturbances in gait, drawn-in flanks, ruffled fur, slight to
marked sialorrhea, and severe skin reddening at 50 mg/kg/day; and severe apathy,
curved back, spasmodic twitches, slight to red colored dacryorrhea, slight to moderate
emaciation, wet matted fur of the inguinal region, skin cyanosis of the tip of the tail, and
the snout was red-colored, encrusted, and dried at 500 mg/kg/day. Observed effects
for the 4R-form of iloprost included slight sialorrhea at 50 mg/kg/day; and slight apathy,
ruffled fur (1 animal), and slight to moderate skin reddening at 500 mg/kg/day. For
iloprost and the 4R-form of iloprost, there were no clinical signs at 5 mg/kg/day.

2. Mortality: There were 3 treatment-related deaths. The sponsor suggested that
these deaths were due to the exaggerated pharmacological properties of iloprost and
its 4S-form (i.e., prolonged decrease in blood pressure). One male (#68) treated with
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iloprost at 500 mg/kg/day died on day 26 of treatment. Observed effects included skin
reddening 1 day prior to death. Necropsy findings included a reddish discoloration of
all lung lobes. One female (#138) and one male (#123) treated with the 45-form at

500 mg/kg/day died on days 6 and 22, respectively. Observed effects on the day prior
to death for the female rat (#138) included ataxic gait, ruffled fur, and moderate skin
reddening. Observed effects for the male rat (#123) included moderate apathy, curved
back, ruffled fur, wet matted fur of the inguinal region, moderate emaciation,
disturbances in gait, diminished muscular tone, exsiccosis, skin cyanosis of the tip of
the tail, and moderate skin reddening. Microscopic findings included focal myocardial
fibrosis, severe congestion with hemorrhage in the lungs, moderate hemorrhagic
erosions in the stomach, and slight mucosal hemorrhage in the duodenum and jejunum.
One female (#178) treated with 50 mg/kg/day 4R-iloprost died on day 29 due a blood
sampling accident. The chest cavity was found to contain blood and blood clots.

3. Body Weight and Food and_Water Consumption: Body weight gains were
impaired by >10% for male rats that received iloprost at 500 mg/kg/day, male rats that
received the 4S-form at 50 mg/kg/day, male and female rats that received the 4S-form
at 500 mg/kg/day, and male rats that received the 4R-form at 500 mg/kg/day. Food
consumption for male and female rats that received iloprost at 500 mg/kg/day was
reduced to 77.3 and 82.35% of respective control values (22 and 17 g/day/rat). Food
consumption for male and female rats that received the 4S-form at 500 mg/kg/day was
reduced to 54.5 and 70.6% of respective control values (22 and 17 g/day/rat). Water
consumption was generally increased for treatment groups. Increased water
consumption appeared to be dose-related for rats that received iloprost; however, with
the 4S- and 4R-forms, dose response relationships were either not present or relatively
flat.

Body weight gains for rats that received treatment with iloprost, 4S-iloprost, or 4R-
iloprost by the intragastric route at 5, 50, or 500 mg/kg/day. Asterisks denote where
body weight gain was impaired by >10%.

Compound Sex Body weight gain, % of controf™
5 mg/kg/day 50 mg/kg/day 500 mg/kg/day

Hoprost Male 100.2 97.5 67.8"

Female 108.9 96.6 103.8
4S-lloprost Male 96.3 86.3" 23.5"

Female 107.3 92.8 80"
4R-Hoprost Mate 99.8 93.2 89.0*

Female 96.6 92.8 105.4

A. Body weights for the male control rats on days 1 and 28 were 188 and 298 g,
respectively. Body weights for the female control rats on days 1 and 28 were 165
and 210 g, respectively.

Water consumption for rats that received treatment with iloprost, 4S-iloprost, or 4R-
iloprost by the intragastric route at 5, 50, or 500 mg/kg/day. Asterisks denote where
body weight gain was impaired by >10%.

[ Compound | Sex [ Water consumption, % of control”
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5 mg/kg/day 50 mg/kg/day 500 mg/kg/day

lloprost Male 113.8 120.7 127.6

Female 103.7 122.2 140.7
45-Hoprost Male 113.8 137.9 100

Female 111.1 111.1 114.8
4R-lloprost Male 110.3 : 113.8 120.7

Female 114.8 111.1 133.3

A. Water consumption for male. and female controt rats were 29 and 27 ml/day/rat,
respectively.

4. Hematoloqy Bone Marrow, and Blood Coaquliation:

Hematology: White blood cell and lymphocyte counts on day 24-25 for male
rats that received the 4S-form at 500 mg/kg/day were decreased to 59.4 and 50.9% of
the control (9600 and 8844 cell/mm®), respectively. Lymphocyte counts on days 24-25
for female rats that received the 4S-form at 500 mg/kg/day were decreased to 72.8% of
the control (4578 cells/mm®). Neutrophil counts on days 24-25 for female rats that
received the 4S-form at 5, 50, and 500 mg/kg/day were decreased to 57.4, 29.8, and
61.6% of the contro! (768 cells/mm’), respectively. Neutrophil counts on days 24-25 for
male rats that received the 4R-form at 500 mg/kg/day were increased to 203.5% of the
control (592 cellsfmm®). Platelet counts on days 24-25 for male rats that received
iloprost at 500 mg/kg/day, the 4S-form at 50 mg/kg/day, and the 4S-form at 500 mg/
kg/day were decreased to 62.3, 81.0, and 59.2% of the control (9.34 x 10°/mm?),
respectively. Platelet counts on days 24-25 for female rats that received the 4S-form at
50 and 500 mg/kg/day were decreased to 80.9 and 68.9% of the control (9.49 x
10°/mm®), respectively.

Bone Marrow: There were no significant alteration of bone marrow cell
parameters following treatment with iloprost or its stereoisomers.

Blood Coagulation: There were no treatment-related changes of thrombin
time, partial thromboplastin time, activated partial thromboplastin time, or fibrinogen
levels.

5. Blood Biochemistry and Urinalysis:

Blood Biochemistry: Alkaline phosphatase activity on day 2 for female rats that
received the 45-form at 500 mg/kg/day was increased to 153.9% of the control (228 U/
L). Serum cholesterol levels on day 24-25 for male and female rats that received the
4S-form at 500 mg/kg/day were increased to 141.7 and 147.5% of the control (60 and
59 mg/100 mL). Serum glucose levels on day 24-25 for male rats that received the 4S-
form at 500 mg/kg/day were elevated to 143.4% of the control (76 mg/100 mbL). Serum
glucose levels on day 24-25 for female rats that received iloprost at 500 mg/kg/day
were elevated to 125% of the control (76 mg/100 mL). Alterations in serum levels of
total protein, albumin, absolute and relative o-globulin, absolute and relative o-
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globulin, absolute and relative o,-globulin, relative and absolute y-globulin were
reported in response to treatment with iloprost and its stereoisomers and ranged from
10 to 40% in magnitude. However, the biotogical significance of these alterations was
questionable, because changes in serum levels of total protein, albumin, and total o-
globulin were <10 to 20%, normal variations in levels of these proteins for untreated
rats is fairly wide, and no histopathological changes were observed for the liver where
these proteins are synthesized. Further, these changes were primarily confined to the
high dose, 500 mg/ kg/day, for iloprost and its diasterecisomers.

Urinalysis: Urinary pH values on day 22-23 for male and female rats that
received the 4S-form at 500 mg/kg/day were increased to 8.8 and 7.4 as compared with
respective control values of 6.8 and 5.8. Urinary sodium excretion on day 22-23 for
male and female rats that received iloprost at 500 mg/kg/day were increased to 241
and 375.5% of control values (192 pmole/18 hr for male and female control rats),
respectively. Urinary potassium excretion on day 22-23 for female rats that received
the 4R-form at 500 mg/kg/day was increased to 175.7% of the control (371 pmole/18
hr). Urinary calcium excretion on day 22-23 for female rats that received the 4S-form at
500g/kg/day was increased to 322.2% of the control (9 pmole/18 hr). Urinary chloride
excretion values for female rats that received iloprost at 5, 50, or 500 mg/kg/day were
increased to 137.8, 195.5, and 212.2% of the control (222 pmole/18 hr), respectively;
although, only the value at 500 mg/kg/day was significantly different. Urinary chloride
excretion values for female rats that received the 4S-form at 5, 50, or 500 mg/kg/day
were increased to 174.3, 2342, and 358.1% of the control (222 pmole/18 hr),
respectively; although, only the value at 500 mg/kg/day was significantly different.
Urinary chloride excretion values for female rats that received the 4R-form at 5, 50, or
500 mg/kg/day were increased to 136, 209.9, and 239.6% of the control (222 pmole/18
hr), respectively; although, only the value at 500 mg/kg/day was significantly different.
It should be noted that no alterations of serum electrolyte levels were observed for any
treatment group.

6. Ophthalmic Examination: No treatment-related ophthalmic changes were found on
day 22-23.

7. Organ Weights: Changes in absolute and relative weights for several organs were
evident; however, significant histopathological changes were confined to the heart and
pancreas. Histopathological changes were also evident in the prostate and seminal
vesicles for male rats that received the 4S-form at 500 mg/kg/day.

Changes in absolute and relative weights for heart, pancreas, prostate, and seminal
vesicles for male and female rats that received treatment with iloprost, 4S-iloprost, or
4R-iloprost.

Compd | Dose, Sex % of Control
mg/kg/
day
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Heart” Pancreas” Prostate” Seminal Vesicles®
Abs, Rel. Abs. Rel. Abs. Rel. Abs. Rel.
llopros | 50 M - - - - - - - -
t
F - - 126.7 - | 126.1
500 M - 119.2 134.3 147.2 - - - -
F 113.6 - 162.8 157.1
45- 50 M - - 128.7 133.3 - - - -
form
F - - 130.2 131
500 M - 130.8 130.6 169.4 75.4 82.6 38.2 47.8
F - 113.8 166.3 173.8
1R- 500 M - 1154 127.8 133.3 - - - -
form
F 1153 - 1314 128.6

A. Heart: Male Control (0.79g and 0.26%) and Female Control (0.59 g and 0.29%).

B. Pancreas: Male Control {1.08g and 0.36%) and Female Control {0.86 g and 0.42%).
C. Prostate: Male Controt (0.69g and 0.23%).

D. Seminal Vesicles: Male Control (0.68g and 0.23%).

8. Gross Pathology: Gross pathological changes were not reported.

9. Histopathology: The target organs of toxicity appeared to be the pancreas and
heart. Changes for the pancreas consisted of acinar cell hypertrophy, acinar cell
basophilia, and focal acinar cell atrophy. These pancreatic histopathological findings
occurred for rats that received iloprost or the 4S-form at 50 and 500 mg/kg/day;
however, for the 4R-form, they were only found at 500 mg/kg/day. Changes for the
heart consisted of focal fibrosis of the myocardium and were confined to the dose at
500 mg/kg/day for rats treated with iloprost, the 4S-form, or the 4R-form. For male rats
that received the 4S-form at 500 mg/kg/day, histopathological changes included
spermatogenic cell degeneration for the testes, reduced secretion content for the
prostate, and decreased secretion for the seminal vesicles; however, these changes
were not found with iloprost or the 4R-form.

Histopathological findings for rats that received either iloprost, the 4S-form of iloprost,
or the 4R-form of iloprost at 5, 50, or 500 mg/kg/day for 28 days. Control rats received
saline. There were 10 rats/sex/group.

Organ/Tissue Saline | lloprost 4S5-lloprost 4R-Hoprost

0 5 50 500 5 50 500 5 50 500

MIFIMIFIMIF [MIFIMIFIM]IFIM]F[M]FIM]FIMIF
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10. Serum Drug Levels: Serum C,., AUCq.24 and AUC ., values for iloprost and its
diastereoisomers increased as the dose was increased. |n many cases, AUC values
for iloprost and its diastereoisomers at a dose of 5 mg/kg/day were larger than
expected based upon values at doses of 50 and 500 mg/kg/day. There were no
significant differences in serum Cp ., AUCq 24 and AUCqy, values between male and
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female rats. Serum Cpa, AUCqoan and AUC, 4, values between 4S-iloprost and 4R-
iloprost were similar.

Serum Cpax, AUCo24n, and AUCq4n On day 29 for rats treated with either iloprost, 4S-
tloprost, or 4R-iloprost by oral gavage at doses of 5, 50, or 500 mg/kg/day.

Compound | Dose Crrax, NG/mL AUCo.24n, ng*hr/mL AUCq.an., ng*hr/mL
mg/kg/day
Male Female Male Female Male Female
lloprost 5 3.4 2.0 17.1 14.8 5.1 4.3
50 24.7 16.5 67.2 78.5 27.5 27.8
500 132 283 771 718 227 268
4S-Hoprost | 5 6.5 481 73.0 115 11.2
50 13.8 219 143 140 359 34.6
500 125 391 1020 952 233 398
4R-loprost | 5 6.9 7.2 24.3 23.8 9.4 8.6
50 19.0 22.0 142 98.8 48.1 43.7
500 211 436 978 1140 316 536

Han: WIST (SPF) rats received either iloprost clathrate, the 4(S)-
diastereoisomer of iloprost clathrate, or the 4(R)-diastereoisomer of iloprost clathrate
by the intragastric route of administration at doses of 5, 50, or 500 mg/kg/day for a
period of 28 to 38 days. No effect doses were 50 mg/kg/day for the 4R-form of iloprost
and 5 mg/kg/day for iloprost and the 4S-form of iloprost. Treatment-related mortality
occurred for iloprost and the 4S-form of iloprost at 500 mg/kg/day. The target organs of
toxicity appeared to be the pancreas and heart. Changes for the pancreas consisted of
acinar cell hypertrophy, acinar cell basophilia, and focal acinar cell atrophy. These
pancreatic histopathological findings occurred for rats that received iloprost or the 4S-
form at 50 and 500 mg/kg/day; however, for the 4R-form, they were only found at 500
mg/kg/day. Changes for the heart consisted of focal fibrosis of the myocardium and
were confined to the dose at 500 mg/kg/day for rats treated with iloprost, the 4S-form,
or the 4R-form.

SUMMARY AND EVALUATION
lloprost is a synthetic, stable analogue of prostacyclin (PGl,). &

. ) ) ) 3 lloprost is composed of a
mixture of two diastereoisomers (4R-iloprost and 4S-iloprost). In a meeting with the
sponsor . ., the Division raised questions regarding the development of
loprost as a diastereoisomeric mixture rather than as a single isomer. In response to
these questions, the sponsor submitted a series of studies in the present amendment,
which examine the pharmacodynamic effects, pharmacokinetics, and toxicity of 4R-
iloprost, 4S-iloprost, and 4R,S-iloprost (racemic mixture). Studies included within this
amendment were as follows: pharmacology; ADME in rats and dogs; acute toxicity




IND
Page 20

studies in rats after intragastric or intravenous administration; and a subacute toxicity
study in rats foilowing intragastric administration for 28 to 38 days.

lloprost (0.08-6 nM), 4S-iloprost (0.6-4 nM), and 4R-iloprost (0.6-60 nM)
produced concentration-dependent inhibition of human or rat platelet aggregation
induced by either ADP or collagen. With regard to inhibition of human or rat platelet
aggregation induced by ADP, the 4S-form (maximal iCs, values of 0.15 and 17.25 nM,
respectively) was more potent than E-4R (maximal I1Cs, values of 1.87 and 225.5 nM,
respectively). With regard to inhibition of human or rat ptatelet aggregation induced by
collagen, the 4S-form (ICs values of 0.97 and 6.5 nM, respectively) was more potent
than E-4R (ICs, values of 10.37 and 80.53 nM, respectively). The 4S-isomer (Ks =
13.4 nM) was found to have a much higher affinity for the prostacyclin receptor as
compared to the 4R isomer (K, = 228 nM). Association rates for the 45- and 4R-
isomers of 0.036 and 0.001 sec™, respectively, were significantly different. The ICq,
values for inhibition of collagen-induced platelet aggregation as well as dissociation
constants and association rates for the racemic mixture of iloprost and the 4S-
stereoisomer agreed closely. Thus, the potency of iloprost is attributable to the 4S-
stereoisomer, which constitutes approximately 40% of the molarity. lloprost and its
isomers, E-4S, E-4R, and Z-4S, produced a dose-dependent reduction of mean blood
pressure. The hypotensive action of iloprost and the E-4S isomer was greater for
diastolic pressure than systolic pressure. lloprost and its isomers produced a dose-
dependent inhibition of agonist-induced platelet aggregation. The 4S and 4R
diastereoisomers of the Z-configuration of iloprost were significantly less potent than
iloprost with regard to inhibition of phenylephrine-induced contraction of mesenteric
artery, vasodilation of mesenteric artery, and inhibition of agonist-induced platelet
aggregation. The E-4S isomer is more potent than iloprost with regard to inhibition of
phenylephrine-induced contraction of mesenteric artery and agonist-induced platelet
aggregation. Further, the E-4S isomer has a more potent vasodilatory effect on
mesenteric artery than iloprost. The E-4R isomer was less potent than either iloprost or
the E-4S isomer. The order of potency of iloprost and its isomers was as follows: E-4S
> lloprost > E-4R > Z-4S > Z-4R. lloprost and its diastereoisomers, E-4R and E-4S,
induced a dose-dependent reduction in arterial pressure accompanied by a reflex
increase in heart rate in anesthetized rats. The order of potency was as follows: E-4S
> iloprost > E-4R.

The stereoselective pharmacokinetics of iloprost diasterecisomers (E-4RS, E-
4R, or E-4S iloprost) were followed in 3 mongrel female dogs administered the test
material by intravenous infusion at a dose of 100 ng/kg/min. floprost diasterecisomer
ratios from 0 to 6.5 hr after the start of the infusion with E-4RS iloprost ranged from
0.84 to 1.16 (%E-4R/%E-4S). This data illustrates that the diastereoisomer ratio did
not change versus infusion time. The mean E-4R to E-4S iloprost ratio found in vivo in
alt dogs was 1.03, which closely matched the starting infusion solution diastereoisomer
ratio of 1.1. No interconversion of iloprost diasterecisomers was found. During the 6
hr infusion of E-4R iloprost, no E-4S iloprost was detected. Conversely, during the 6 hr
infusion of E-4S iloprost, no E-4R iloprost was detected. Anesthetized rats received
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either iloprost at 0.30 pg/kg/min, E-4R at 0.30 or 3.00 pg/kg/min, or E-4S at 0.30 pg/
kg/min. Each test article was administered by continuous intravenous infusion for a 30
min period. For E-4R at doses of 0.3 and 3 pg/kg/min, AUC values were proportional to
dose. Total clearance for all compounds significantly exceeded hepatic plasma flow
(31.9 mL/min/kg), suggestive of a rapid metabolic clearance. The clearance of E-4S
was 1.5 times that of E-4R. The terminal half-lives for all compounds were <0.26 hr,
further suggestive of rapid elimination. The volume of distribution at steady state
exceeded blood volume (0.054 L/kg), suggestive of extensive distribution into tissues.
The volume of distribution of E-4S was more than twice that of E-4R. E-4S is more
extensively distributed than E-4R; however, it is more rapidly eliminated. Half-lives and
mean residence times for the two diastereoisomers were similar.

The acute toxicity of iloprost and its diastereocisomers were evaluated in rats
following intragastric or intravenous administration. Following intragastric
administration, the acute toxicity of the 4S-form (LDs, = 1073 mg/kg) was significantly
greater than iloprost (LDso = 1864 mg/kg) or the 4R-form (LDsy = 3820 mg/kg). In
contrast with intravenous administration, there were no significant differences in toxicity
between iloprost (LDs = 130 mg/kg), the 4-S form (LDs, = 128 mg/kg), and the 4-R form
(LDsp = 126 mg/kg). For animals that died during the treatment period, death was
attributed to circulatory and/or imitative alterations. The sponsor provided no
explanation for lack of difference in toxicity between the two stereocisomers following
intravenous administration as opposed to intragastric administration, where the toxicity
of the 4S-form was significantly greater.

Han: WIST (SPF) rats received either iloprost clathrate, the 4(S)-
diastereoisomer of iloprost clathrate, or the 4(R)-diastereoisomer of iloprost clathrate
by the intragastric route of administration at doses of 5, 50, or 500 mg/kg/day for a
period of 28 to 38 days. No effect doses were 50 mg/kg/day for the 4R-form of iloprost
and 5 mg/kg/day for iloprost and the 4S-form of iloprost. Treatment-related mortality
occurred for iloprost and the 4S-form of iloprost at 500 mg/kg/day. The target organs of
toxicity appeared to be the pancreas and heart. Changes for the pancreas consisted of
acinar cell hypertrophy, acinar cell basophilia, and focal acinar cell atrophy. These
pancreatic histopathological findings occurred for rats that received iloprost or the 4S-
form at 50 and 500 mg/kg/day; however, for the 4R-form, they were only found at 500
mg/kg/day. Changes for the heart consisted of focat fibrosis of the myocardium and
were confined to the dose at 500 mg/kg/day for rats treated with iloprost, the 4S-form,
or the 4R-form. For male rats that received the 4S-form at 500 mg/kg/day,
histopathological changes included spermatogenic cell degeneration for the testes,
reduced secretion content for the prostate, and decreased secretion for the seminal
vesicles; however, these changes were not found with iloprost or the 4R-form. Serum
Cunaxe AUCq.24n and AUCqup, values for Hloprost and its diasterecisomers increased as
the dose was increased. In many cases, AUC values for iloprost and its
diasterecisomers at a dose of 5 mg/kg/day were larger than expected based upon
values at doses of 50 and 500 mg/kg/day. There were no significant differences in
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serum Cpa, AUCqos and AUCq 4, values between male and female rats. Serum C.,,
AUCo4n and AUCq 4, values between 4S-iloprost and 4R-iloprost were similar.

Based upon the results of these studies, the sponsor has requested that
development of iloprost as a diastereoisomeric mixture be allowed to continue. Based
upon the FDA's Policy Statement For The Development of New Sterecisomeric Drugs
published on May 1, 1992 and revised on January 3, 1997, development of iloprost as
a diastereoisomeric mixture appears to be justified. This judgement is based upon the
following rationale. (1) No interconversion of isomers was found to occur in _vivo in
studies with dogs. (2} Pharmacological activity exists with both isomers; although, the
pharmacological properties of iloprost appear to predominantly reside with the 4S-
diasterecisomer. (3) The 4S-diasterecisomer exhibits more potent pharmacological
and foxicological properties than the 4R-diasterecisomer; however, toxicity associated
with the 4S-diastereoisomer and the 4R,S-diastereoisomeric mixture were not different.

RECOMMENDATION: Information should be communicated to the sponsor as follows:

The sponsor has requested that development of iloprost as a diastereoisomeric mixture
be allowed to continue. Based upon the FDA’s Policy Statement For The Development
of New Stereoisomeric Drugs published on May 1, 1992 and revised on January 3,
1997, development of iloprost as a diasterecisomeric mixture appears to be justified.
This judgement is based upon the following rationale. (1} No interconversion of
isomers was found to occur in vivo in studies with dogs. (2) Pharmacological activity
exists with both isomers; although, the pharmacological properties of iloprost appear to
predominantly reside with the 4S-diastereoisomer. (3) The 4S-diasterecisomer exhibits
more potent pharmacological and toxicological properties than the 4R-diastereocisomer,;
however, toxicity associated with the 485-diasterecisomer and the 4R,S-
diastereoisomeric mixture were not different.
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L. Introduction

This NDA was submitted to evaluate the carcinogenic potential of iloprost clathrate when
administered once daily by oral gavage. A statistical review was done for two
carcinogenicity studies: a two-year mouse study (Study BC 60) and a two-year rat study
{Study BC 61).

2, Tweo-Year Study in Mice (BC 60)
2.1 Study Design

A total of 560 Crl:CD-1 (ICR) BR albino mice per gender (70 mice/sex/group) were
assigned to the vehicle group, the 5 mg/kg/day, the 50 mg/kg/day, or the 125 mg/kg/day
dose groups. The animals in the vehicle controls were administered a Tris buffer solution
at a volume of 10 mL/kg/day. The treatment was administered once daily by gavage. At
the end of the treatment period all surviving animals were euthanized and necropsied.

2.2 Sponsor’s Analysis Methods and Results

Cumulative survival data were analyzed using Kaplan-Meier product limit estimates,
Cox-Tarone binary regression, and generalized Gehan-Breslow nonparametirc score tests.
The trend analysis of survival was evaluated at the 5% one-tailed probability level.

There was a significant decrease in the survival for the 5 and 50 mg/kg/day females when
compared with the control group. However, the sponsor stated that it was probably due
to chance since the decrease in survival did not occur in a dose-related manner. No
significant difference was noted in the high-dose females or among the males when
compared with the concurrent coatrol group.

Difterent statistical methods were used for incidental and fatal turnors. For incidental
tumors, logistic prevalence tests were performed for trend and for control versus treated
group comparisons. Cox-Tarone binary regression method was used for the analysis of
fatal tumors. There was no significant positive trend or increase in any neoplastic
incidence in either of the two sexes.

2.3 Reviewer’s Analysis Methods and Results

This reviewer performed dose-mortality trend tests and homogeneity tests as survival
analysis. Survival of the females in the low and the mid dose groups was decreased
compared to the control group and the homogeneity test showed that the difference was
statistically significant. However, the survival of the high dose group was similar to the
one of the control group and the dose-mortality trend test showed no statistically
significant trend. The survival of the males was similar across all groups (Appendices 1-
4). The test results are summarized in the following Table 1.




Table 1: Survival Analysis of Mice

Gender Tests j P-values 7
Cox Kruskal-Wallis |
Male Daose-Mortality Trend 0.9369 0.9094
Homogeneity 0.4495 0.4782 ]
Female Dose-Mortality Trend B 0.4614 0.5813
Homogeneity 0.0128 0.012

Tumor findings were analyzed by an exact permutation trend test. The following
standard approach was used in the analyses: for rare tumors (defined as incidence rate
<1% usually based on concurrent controls) the significance level was 0.025 while for
common tumors, the significance level was 0.005. Fatal and incidental tumors were
analyzed separately using the death rate and the prevalence methods, respectively. The
asymptotic test was used when fatal and incidental tumors occurred in the same time
interval if the number of tumors was not small. The analysis of tumor formation showed
no statistically significant positive trend among males or females.

2.4 Validity of Mice Study

Since there was no statistically significant dose related tumor trend in mice, the validity
of the study was evaluated for each gender. The study needs to show that a sufficient
number of animals s exposed for an adequate length of time to allow for late developing
tumors and that the high dose is close to the maximum tolerated dose (MTD). Since the
pharmacologist determined that the study was valid from a dose-selection standpoint, this
reviewer evaluated only the adequacy of the number of animals at risk for late developing
tumors.

The proportion surviving at weeks 80-90 was examined. [f more than 50% of the usual
50 initial animals in the high dose group were alive between weeks 80-90, it would be
considered a sufficient number and adequate length of exposure. The survival rates for
all groups of male and female mice at weeks 80-90 were over 50% (Appendices 3 & 4),
therefore, it was concluded that a sufficient number of animals were at risk for a
sufficient length of time. '

3. Two-Year Study in Rats (BC 61)
3.1 Study Design

A total of 560 Sprague-Dawley Crl:CD BR rats per gender (70 mice/sex/group) were
assigned to the vehicle control, the 5 mg/kg/day, the 50 mg/kg/day, or the 1235 mg/kg/day
dose groups. The dose level for the males in the high dose group was lowered to 100
mg/kg/day at the beginning of Week 26 due to a higher-than-expected rate of mortality.
The animals in the control group were administered a Tris buffer solution at a volume of
10 mL/kg/day. The treatment was administered once daily by oral gavage At the end of
the treatment period all surviving animals were sacrificed.



3.2 Sponsor’s Analysis Methods and Resuits

The same survival methods were used as described in section 2.2. A statistically
significant increase of the mortality was seen in the high dose group compared to the
control group among males (p=0.0002, and p=0.0000). The survival of the other two
treated groups was similar to the control group. In the females, the Cox-Tarone test
showed a borderline (statistically significant) mortality increase in the high dose group
compared to the control group (p=0.0573) and the Gehan-Breslow test showed a
statistically significant difference between the high dose and the control group
(p=0.0189).

The trend test on tumor formation was analyzed by the method as described in section
2.2, The tumor analysis showed no statistically significant positive trend in either
females or males.

3.3 Reviewer’s Analysis Metheds and Results

For the survival analysis, dose-mortality trend tests and homogeneity tests were
performed. As shown in Appendices 7-10, the survival of the high dose group decreased
in both males and females. The tests showed that there was a statisticaily significant
dose-mortality trend and heterogeneity among males, and a statistically significant
heterogeneity among females. The test results are shown in the table below.

Table 2: Survival Analysis of Rats

Gender Tests P-values
Cox Kruskal-Wallis
Male Dose-Mortality Trend <0.0001 <0.0001
Homogeneity <0.0001 <0.0001
Female Dose-Mortality Trend 0.1615 0.051
Homogeneity 0.007 0.0022

The exact permutation trend test was performed to analyze the positive linear trend of any
turmnor type. The analysis showed no statistically significant positive tumor trend in males
or females.

3.4 Validity of the Rats Study

The validity of the rat studies (males and females) was evaluated because no statistically
significant tumor trend was found. Because the pharmacologist confirmed that the high
dose reached the MTD, this reviewer evaluated only whether enough animals were at risk
for a sufficient length of time. The survival rate of both males and females at week 80
was over 50% (Appendix 9 and 10) and therefore, it was concluded that sufficient
numbers of animals were at risk for a sufficient length of time.



4. Summary

4.1 Mouse Study

Seventy mice per group/sex received the drug at levels of 0 (vehicle), 5, 50, 125
mg/kg/day via gavage for two years. The low and the mid dosed females had decreased
survival compared to the controls. The high dose group of the females showed a survival
similar to the controf group and the dose-mortality trend test showed no statistically
significant trend, but the homogeneity test showed a statistically significant difference
among the groups. The survival of the males was similar across the groups. The exact
permutation trend test on tumor incidences showed no statistically significant positive
tumor trends among both the males and the females. These findings agree with the
sponsor’s. The evaluation of the validity of the study showed that sufficient numbers of
animals were at risk for a sufficient length of time. The pharmacologist determined that
the high dose reached the MTD.

4.2 Rat Study

Seventy rats per group/sex were studied for tumor formation, and those rats received the
drug at levels of 0 (vehicle), 5, 50, and 125 mg/kg/day via gavage. The dose level of the
male high dose group was lowered to 100 mg/kg/day at the beginning of Week 26
because of the high mortality rate. Survival of the high dose groups in both males and
females was decreased. The dose-mortality trend and the homogeneity test for the males
as well as the homogeneity test for the females reached the statistical significance. The
trend test on tumor incidences showed no statistically significant positive trend in either
male or female rats. These findings were consistent between the sponsor and the
reviewer. This reviewer’s evaluation of the validity showed that sufficient numbers of
rats lived long enough to present late developing tumors. The pharmacologist determined
that the high dose reached MTD.




Appendix 1: Survival Graph of Male Mouse
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Appendix 3: Mortality of Male Mice

Anatysis of Mortality No. Risk No. Died No. Alive Pct Survival Pt Mortality

CTRO 0-52 Fi) 12 58 B2.9 171
5378 58 12 46 65.7 M3
79-91 46 10 36 51.4 48.6
92-104 6 11 25 35.7 64.3
FINALKILL10S 25 25 0
-105

LOW 0-52 70 9 61 871 12.9,
53-78 61 9 52 74.3 287
79-91 52| 9 43 61.4 38.6
92-104 43 10 33 471 52.9
FINALKILL105 33 33 )
-105

MED 0-52 70 10 60 85.7 14.3
53-78 60 12 48, 68.6 314
79-91 43 7 41 58.6| 41.4
92-104 41 8 33 47.1 529
FINALKILL 105 33 33 0
-105

HIGH 0-52 70 8 62 BB.6 114
53-78 62 11 51 729 2741
79-91 51 13 38 54.3 45.7
92-104 38 9 29 414 58.6.
FINALKILL 105 29 29 [i]
-105

Appears This Way
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Appendix 4: Mortality of Female Mice

Anatysis of Mortality No. Risk No. Died No. Alive Pct Survival | Pt Monality
CTRO 0-52 70 67 95.7 4.3
53-80 67 59 84.3 15.7
81-91 59 54/ 771 22,9
192-104 54 13 41 58.6 414
FINALKILL105 41 41 0|
-105
LOW 0-52 70 5 65 929 T
53-80 65 10 55 78.6 214
8191 55 19 36 51.4 48.6
92-104 36 10 26 KY R 629
FINALKILL10S 26 26 0
-108
MED 0-52 70 7 63/ 90! 10
53-80 63 16 47| 67.1 329
81-91 47 8 39 55.7 443
92104 39 10 29 41.4 58.6
FINALKILL105 29 29 0
-105
HIGH 0-52 70 8 64 914 8.6
53-80 64 59 84.3 15.7
81-91 59 12 47 67.1 32.9
92-104 47 8 39 55.7 44.3
FINALKILL105 39 39 0
-105

Appears Thig Way
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Appendix 5: Tamor Trend Test of Male Mice
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Appendix 6: Tumor Trend Test of Female Mice
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Appendix 7: Survival Graph of Male Rats
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Appendix 9: Mortality of Male Rats

Analysis of Mortality No. Risk No. Died No. Alive Pct Survival | Pct Mortality

CTRO 0-52 70 5 65 929 71
53-80 65 [3 59 84.3 15.7
81-91 59 1 48 68.6 314
92-104 48 17 M 44.3 55.7
FINALKILL105 K}l 31 4]
-106

LOW 0-52 70 F 68 97.1 2.9
53-80 68 1 57 B81.4 18.6
81-91 57 7 50 714 28.6
92-104 50 15 35 50 50
FINALKILL105 35 35 0
-106

MED 0-52 70 5 65 929 7.1
53-80 65 7 58 82.9 171
81-91 58 8 50 71.4 28.6
92-104 50 15 35 50 50
FINALKILL105 35 35 0
-106

HIGH 0-52 70 26 44 62.9 T
53-80 44 6 38 543 457
81-91 38 12 26 37 62.9
92-104 26 8 18 25.7 743
FINALKILL105 18 18 0
-106
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Appendix 10: Mortality of Female Rats

On Original

Analysis of Mortality No. Risk No. Died No. Alive Pct Survival | Pct Montatity
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Appendix 11: Tumor Trend Test of Male Rats
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Appendix 12: Tumor Trend Test of Female Rats
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Executive CAC

Date of Meeting: October 26, 2004

Committee:  David Jacobson-Kram, Ph.D., HFD-024, Chair
Joseph Contrera, Ph.D., HFD-901, Member
Abby Jacobs, Ph.D,, HFD-024, Member
Chuck Resnick, Ph.D., HFD-110, Team Leader

Presenting Reviewer and Author of Drafi: Jim Willard, Ph.D., HFD-110

NDA #: 21779
Drug Name : Ventavis
Sponsor: CoTherix, Inc.

Background: Ventavis is iloprost, a synthetic prostacyclin derivative being proposed for the
treatment of pulmonary arterial hypertension. In 1994, Schering, the developer of iloprost,
performed 2 year carcinogenicity studies in both rats and mice with iloprost clathrate in the diet
at concentrations of 3 and 10%. T

T conducted additional 2 year studies,
gavage studies, in rats and mice after consulting with the Center’s ExecCAC (in 1997) on dose
selection It is not at all clear why the additional studies were done. (The original studies were
found by the sponsor and by the reviewer of the CoTherix NDA to be negative and adequately
performed. Those studies were not, however, taken to the Center’s statisticians or the Exec
CAC.) The doses used in the more recent studies ranged from 5-125 mg/kg/day fr both rats and
mice, while the proposed human dose is 5 g, up to 9 doses per day for a maximum of 45 ug, or
0.0008 mg/kg/day, for a 60 kg human. It is these studies that are being brought today to the
attention of the ExecCAC. CoTherix, the sponsor for Ventavis NDA, is licensed by Schering to
develop iloprost for pulmonary arterial hypertension.

Mouse Carcinogenicity Study

The mouse study was an oral gavage study of 104 weeks duration with CDI(ICR)BR albino
mice.

Treatment # males # females
Control 70 70
5 mg/kg/day 70 70
50 mg/kg/day 70 70
125 mg/kg/day 70 70

Survival rates were sufficient for a valid assay system. At least 25 mice/sex/group survived to

104 months. Statistical analyses by CDER and the sponsor showed no positive trends for
survival or tumor incidence.



Rat Carcinogenicity Study

The rat study was an oral gavage dosing study of 104 weeks duration with Sprague-Dawley rats.

Treatment # males | # females
Control 70 70
5 mg/kg/day 70 70
50 mg/kg/day 70 70
125/100 mg/kg/day | 70 70

The ExecCAC had recommended lower doses for males (5, 25, and 50 mg/kg/day) due to
reduced body weights and food intake seen at 125 mg/kg/day in a preliminary study.
Approximately 8 months into the carcinogenicity study, the conducting laboratory reduced the
high dose from 125 mg/kg/day to 100 mg/kg/day due to high mortality. However, the mortality
rate remained elevated, indicating that the reduced dose was probably still above the MTD.
Nevertheless, survival was sufficient to allow for evaluation and validation of the assay (at least
18 rats/sex/group survived to 104 weeks). Statistical analyses showed no positive trends for
tumor incidence.

Executive CAC Recommendations and Conclusions

Rat: The Committee found the study to be acceptable and concluded that there were no drug
related tumor findings.

Mouse: The Committee found the study to be acceptable and concluded that there were no drug
related tumor findings.

David Jacobson-Kram, Ph.D.
Chair, Executive CAC

ccANDA 21779

/Division File, HF>-110

Al Defelice/Team leader, HFD-110
Jim Willard/Reviewer, HFD-110
Melissa Robb/CSO/PM, HFD-110
/ASeifried, HFD-024
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