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(57) ABSTRACT 

Treprostinil can be administered using a metered dose 
inhaler. Such administration provides a greater degree of 
autonomy to patients. Also disclosed are kits that include a 
metered dose inhaler containing a pharmaceutical formula 
tion containing treprostinil. 

PVR 
12 

11 

o 

2O 40 s B 100 120 

time min 

SVR 
12 

for re-r -r-ro- or or 
20 40 s B 10 2O 

time min 



Patent Application Publication 

C 
al 

- - - - - a 
ya w 

Senea eule seqJo 9, 

s 

S 

s 

s 

s 

S. 

s 

Aug. 21, 2008 Sheet 1 of 12 US 2008/0200449 A1 

s 

3 

H 

S 
E. 

S. 

N 

w N 
y yrs w 

N 

se 

S as S f w- w 

E 
C Y- a s 

f E 
3 is a 

S S 9 - - 

- - - - - S. 9 9 3 
8 g g g 
is is is S S 3 s 

N w N 
w w w 

SeneA eueseq go 9, 

    



Patent Application Publication Aug. 21, 2008 Sheet 2 of 12 US 2008/0200449 A1 

3 

8 

E. S. 
1. E O E. D 

(d E 
S. s 

y y r 

3 
N N 
y y 

3 3 
y y 

SE SE 
prey m 

N N -a ge 
E O v to E 

O - - (V S. S S - 3 
O (d 

a - d - - a 
r i r i 333 S. S S. 

8 
8 g g g 

X a a s 
N Y S a e 

e th e 

N y m N w N. 
v ve wr y v. 

Senew euteSeqJo 9, senew eueseq Jo 9, 

  



Patent Application Publication Aug. 21, 2008 Sheet 3 of 12 US 2008/0200449 A1 

s 
... . 

t 
S. Y ei 

id st 

O 
CD ... is 

S. & 
c 

------- . 

go go go to a gy. Kx. K. & S S S & 
& 8. . . . . . 
S. ex as * c < *; it 

(uu.9%) senului Oz-0 onv-Ad 

  



US 2008/0200449 A1 Patent Application Publication 

  



Patent Application Publication Aug. 21, 2008 Sheet 5 of 12 US 2008/0200449 A1 

O an ea eula seqJo 9, 

s 

(5 aneA eue Seq go 9. 

  



Patent Application Publication 

1. 

80 

70 

60 

110 

O) 

70 

t 

s 

8 

PVR 
-- 7.5 uglioprost 6 min 
-- 75 g treprostin: - 6 min 

time min) 

Aug. 21, 2008 Sheet 6 of 12 US 2008/0200449 A1 

FIGURE 6 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 

g gid 

g 
S 
gid 
E 

s d 

2 
- M 
C O 
S. 

t 

O 20 40 60 80 00 20 140 160 180 

time (min) 

2 

t 
d d 

12 
r 

> 
d d 
S S 
as 1 s 
V V. 
r c 
2 o 
V- V- - 

c O -- 15 g TRE. 18 pulses 
ss -- 1bg RE - 9pulses 

7 -- 15 gire - 3 pulses 
-- 15 girE. 2 pulses 
-- 15ugire - 1 pulse 

0 20 40 80 80 00 120 140 160 80 O 20 40 60 0 100 12 140 160 180 

time (min) time (min) 

  





Patent Application Publication Aug. 21, 2008 Sheet 12 of 12 US 2008/0200449 A1 

E. 
S. 

CN t 
w 

Y s 
C) O 
CD s 
L- 3 : 

s 
O 

& E 
S. 
d 
N 

d 

v Y N w 

u?ful uoeupueouoo e used uSoude) 

  



US 2008/0200449 A1 

TREPROSTINIL ADMINISTRATION USINGA 
METERED DOSE INHALER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority to U.S. pro 
visional application No. 60/800,016 filed May 15, 2006, 
which is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

0002 The present application relates to methods and kits 
for therapeutic treatment and, more particularly, to therapeu 
tic methods involving administering treprostinil using a 
metered dose inhaler and related kits. 

BACKGROUND OF THE INVENTION 

0003 All blood is driven through the lungs via the pulmo 
nary circulation in order, among other things, to replenish the 
oxygen which it dispenses in its passage around the rest of the 
body via the systemic circulation. The flow through both 
circulations is in normal circumstances equal, but the resis 
tance offered to it in the pulmonary circulation is generally 
much less than that of the systemic circulation. When the 
resistance to pulmonary blood flow increases, the pressure in 
the circulation is greater for any particular flow. The above 
described condition is referred to as pulmonary hypertension 
(PH). Generally, pulmonary hypertension is defined through 
observations of pressures above the normal range pertaining 
in the majority of people residing at the same altitude and 
engaged in similar activities. 
0004 Pulmonary hypertension may occur due to various 
reasons and the different entities of pulmonary hypertension 
were classified based on clinical and pathological grounds in 
5 categories according to the latest WHO convention, see e.g. 
Simonneau G. et al. J. Am. Coll. Cardiol. 2004: 43(12 Suppl 
S):5S-12S. Pulmonary hypertension can be a manifestation 
of an obvious or explicable increase in resistance, such as 
obstruction to blood flow by pulmonary emboli, malfunction 
of the heart's valves or muscle in handling blood after its 
passage through the lungs, diminution in pulmonary vessel 
caliber as a reflex response to alveolar hypoxia due to lung 
diseases or high altitude, or a mismatch of Vascular capacity 
and essential blood flow, such as shunting of blood in con 
genital abnormalities or Surgical removal of lung tissue. In 
addition, certain infectious diseases, such as HIV and liver 
diseases with portal hypertension may cause pulmonary 
hypertension. Autoimmune disorders, such as collagen vas 
cular diseases, also often lead to pulmonary vascular narrow 
ing and contribute to a significant number of pulmonary 
hypertension patients. The cases of pulmonary hypertension 
remain where the cause of the increased resistance is as yet 
inexplicable are defined as idiopathic (primary) pulmonary 
hypertension (iPAH) and are diagnosed by and after exclu 
sion of the causes of secondary pulmonary hypertension and 
are in the majority of cases related to a genetic mutation in the 
bone morphogenetic protein receptor-2 gene. The cases of 
idiopathic pulmonary arterial hypertension tend to comprise a 
recognizable entity of about 40% of patients cared for in large 
specialized pulmonary hypertension centers. Approximately 
65% of the most commonly afflicted are female and young 
adults, though it has occurred in children and patients over 50. 
Life expectancy from the time of diagnosis is short without 
specific treatment, about 3 to 5 years, though occasional 
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reports of spontaneous remission and longer Survival are to be 
expected given the nature of the diagnostic process. Gener 
ally, however, disease progress is inexorable via syncope and 
right heart failure and death is quite often Sudden. 
0005 Pulmonary hypertension refers to a condition asso 
ciated with an elevation of pulmonary arterial pressure (PAP) 
over normal levels. In humans, a typical mean PAP is approxi 
mately 12-15 mm Hg. Pulmonary hypertension, on the other 
hand, can be defined as mean PAP above 25 mmHg, assessed 
by right heart catheter measurement. Pulmonary arterial pres 
Sure may reach systemic pressure levels or even exceed these 
in severe forms of pulmonary hypertension. When the PAP 
markedly increases due to pulmonary venous congestion, i.e. 
in left heart failure or valve dysfunction, plasma can escape 
from the capillaries into the lung interstitium and alveoli. 
Fluid buildup in the lung (pulmonary edema) can result, with 
an associated decrease in lung function that can in Some cases 
be fatal. Pulmonary edema, however, is not a feature of even 
severe pulmonary hypertension due to pulmonary vascular 
changes in all other entities of this disease. 
0006 Pulmonary hypertension may either be acute or 
chronic. Acute pulmonary hypertension is often a potentially 
reversible phenomenon generally attributable to constriction 
of the smooth muscle of the pulmonary blood vessels, which 
may be triggered by Such conditions as hypoxia (as in high 
altitude sickness), acidosis, inflammation, or pulmonary 
embolism. Chronic pulmonary hypertension is characterized 
by major structural changes in the pulmonary vasculature, 
which result in a decreased cross-sectional area of the pulmo 
nary blood vessels. This may be caused by, for example, 
chronic hypoxia, thromboembolism, collagen vascular dis 
eases, pulmonary hypercirculation due to left-to-right shunt, 
HIV infection, portal hypertension or a combination of 
genetic mutation and unknown causes as in idiopathic pull 
monary arterial hypertension. 
0007 Pulmonary hypertension has been implicated in sev 
eral life-threatening clinical conditions, such as adult respi 
ratory distress syndrome (ARDS) and persistent pulmonary 
hypertension of the newborn (“PPHN). Zapolet al., Acute 
Respiratory Failure, p. 241-273, Marcel Dekker, New York 
(1985); Peckham, J. Ped. 93:1005 (1978). PPHN, a disorder 
that primarily affects full-term infants, is characterized by 
elevated pulmonary vascular resistance, pulmonary arterial 
hypertension, and right-to-left shunting of blood through the 
patent ductus arteriosus and foramen ovale of the newborn's 
heart. Mortality rates range from 12-50%. Fox, Pediatrics 
59:205 (1977); Dworetz, Pediatrics 84:1 (1989). Pulmonary 
hypertension may also ultimately result in a potentially fatal 
heart condition known as "cor pulmonale or pulmonary 
heart disease. Fishman, “Pulmonary Diseases and Disorders' 
2' Ed., McGraw-Hill, New York (1988). 
0008 Currently, there is no treatment for pulmonary 
hypertension that can be administered using a compact inha 
lation device. Such as a metered dose inhaler. 

SUMMARY OF THE INVENTION 

0009. One embodiment is a method of delivering to a 
subject in need thereofatherapeutically effective amount of 
treprostinil, or treprostinil derivative or a pharmaceutically 
acceptable salt thereof comprising administering to the Sub 
ject a therapeutically effective amount of the treprostinil or 
treprostinil derivative or a pharmaceutically acceptable salt 
thereof using a metered dose inhaler. 
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0010. Another embodiment is a method for treating pull 
monary hypertension comprising administering to a subject 
in need thereoftreprostinil or its derivative, or a pharmaceu 
tically acceptable salt thereof using a metered dose inhaler. 
0011 Yet another embodiment is a kit comprising a 
metered dose inhaler containing a pharmaceutical formula 
tion comprising treprostinil or treprostinil derivative, or a 
pharmaceutically acceptable salt thereof. 
0012 And yet another embodiment is a kit for treating 
pulmonary hypertension in a subject, comprising (i) an effec 
tive amount of treprostinil or its derivative, or a pharmaceu 
tically acceptable salt thereof, (ii) a metered dose inhaler; (iii) 
instructions for use in treating pulmonary hypertension. 
0013 Administration of treprostinil using a metered dose 
inhaler can provide patients, such as pulmonary hypertension 
patients, with a high degree of autonomy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 pulmonary and systemic changes in hemo 
dynamics following the inhalation of placebo (open circles), 
30 Lugtreprostinil (triangles), 45ug treprostinil (squares) or 60 
ug TREprostinil (black circles) applied by a Metered Dose 
Inhaler (MDI-TRE). A single short inhalation of treprostinil 
induced sustained reduction of PAP and PVR that outlasted 
the observation period of 120 minutes at doses of 45 and 60 ug 
MDI-TRE. Systemic arterial pressure and resistance were not 
significantly affected. PAP mean pulmonary artery pressure; 
PVR pulmonary vascular resistance; SAP mean systemic 
arterial pressure; SVR=Systemic vascular resistance. Data are 
given as mean valuetstandard error of the mean (SEM). 
0015 FIG. 2 presents hemodynamic changes induced by 
the inhalation of placebo (open circles), 30 ug treprostinil 
(triangles), 45 lug treprostinil (squares) or 60 ug treprostinil 
(black circles) applied by a metered dose inhaler. Treprostinil 
induced Sustained elevation of cardiac output. Heart rate was 
rather unchanged as a sign for low spillover of MDI-TRE to 
the systemic circulation. Gas exchange was not negatively 
affected. CO-cardiac output; HR-heart rate; SaC2=arterial 
oxygen saturation; SVO2=central venous oxygen saturation. 
Data are given as mean value:SEM. 
0016 FIG. 3 shows areas under the curve for changes in 
pulmonary vascular resistance (PVR) calculated for an obser 
vation period of 120 minutes after inhalation treprostinil 
using a metered dose inhaler. PVR was markedly lowered by 
treprostinil inhalation. The increased pulmonary vasodilation 
overtime with the two highest doses mainly relies on the more 
Sustained effect over time. Data are shown as mean 
valuet'95% confidence intervals. 
0017 FIG. 4 demonstrates Ventilation-perfusion match 
ing measured with the multiple inert gas elimination tech 
nique. Five patients (30 Jug TRE, n=2; 45ug TRE, n=1; 60 lug 
TRE, n=2) with pre-existing gas exchange problems were 
investigated for changes in Ventilation-perfusion ratios. All 
patients had significant shunt flow at baseline. Shunt-flow and 
low V/Q areas were not significantly changed by nitric oxide 
(NO) inhalation or treprostinil inhalation using a metered 
dose inhaler (MDI-TRE). MDI-TRE applied at high trepros 
tinil concentrations did not negatively affect ventilation-per 
fusion matching and gas-exchange. Data are given as mean 
valuet'95% confidence intervals. 
0018 FIG. 5 presents response of pulmonary vascular 
resistance (PVR) to inhaled treprostinil vs. iloprost period 
effects. a) First inhalation with treprostinil (n=22) vs. first 
inhalation with iloprost (n=22); b) second inhalation with 
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treprostinil (n=22) vs. second inhalation withiloprost (n=22). 
The PVR decrease with treprostinil was delayed and pro 
longed, compared to iloprost. Due to carryover effects from 
the first period, in the second period, the effects of both drugs 
appeared shortened. Data are shown as percent of baseline 
values (mean value.95% confidence interval). 
0019 FIG. 6 presents response of PVR and systemic arte 
rial pressure (SAP) to inhalation of treprostinil vs. iloprost— 
dose effects.a) Inhalation of 7.5ugiloprost (in 6 min) vs. 7.5 
ug treprostinil (6 min) (n-14, in a randomized order). b) 
Inhalation of 7.5 ugiloprost (6 min) vs. 15ug treprostinil (6 
min) (n=14, in randomized order). c) Inhalation of 7.5 ug 
iloprost (6 min) vs. 15 Jug treprostinil (3 min) (n=16, in ran 
domized order). Data are shown as percent of baseline values 
(mean+95% confidence interval). Iloprost, filled circles; Tre 
prostinil, open triangles. 
0020 FIG. 7 presents hemodynamic response to inhala 
tion of treprostinil vs. iloprost. Data from n=44 patients, who 
inhaled both drugs in randomized order, shown as percent of 
baseline values (mean valuet 95% confidence interval). PVR, 
pulmonary vascular resistance; PAP meanpulmonary arterial 
pressure; SAP, mean systemic arterial pressure; CO, cardiac 
output. 
0021 FIG. 8 presents pharmacodynamics after treprosti 
nil inhalation vs. placebo. Placebo or treprostinil in doses of 
30 ug, 60 lug or 90 ug were inhaled (means-95% confidence 
intervals). Maximal decrease of PVR was comparable for all 
doses. The duration of pulmonary vasodilation (PVR-de 
crease) appeared to be dose dependent. PVR, pulmonary 
vascular resistance; PAP mean pulmonary arterial pressure; 
SAP mean systemic arterial pressure; CO, cardiac output; 
SaO2, arterial oxygen Saturation; SvO2, mixed venous oxy 
gen Saturation. 
0022 FIG. 9 presents Areas Between the placebo and the 
treprostinil Curves (ABC). ABCs were calculated for a 
3-hour period after inhalation of TRE or placebo from the 
relative changes of hemodynamic parameters (meansit95% 
confidence intervals). PVR, pulmonary vascular resistance: 
PAP mean pulmonary arterial pressure; SAP mean systemic 
arterial pressure; SVR, systemic vascular resistance. 
0023 FIG. 10 presents hemodynamic responses to the 
inhalation of 15 ug treprostinil. The inhalation time by 
increasing treprostinil concentration. A pulse of aerosol was 
generated every 6 seconds. TRE aerosol was inhaled in con 
centrations of 100 g/ml (18 pulses; n=6), 200 ug/ml (9 
pulses; n=6), 600 ug/ml (3 pulses; n=21), 1000 g/ml (2 
pulses; n=7) and 2000 ug/ml (1 pulse; n=8). Placebo data 
correspond to FIG. 8. Data are shown as means-95% confi 
dence intervals. PVR, pulmonary vascular resistance; PAP. 
mean pulmonary arterial pressure; SAP, mean systemic arte 
rial pressure; CO, cardiac output. 
0024 FIG. 11 presents areas between the placebo curve 
and the responses to 15 Jug treprostinil applied at increasing 
concentrations to minimize inhalation time. MeantSEM of 
relative changes of hemodynamic parameters (observation 
time 120 min). PAP pulmonary arterial pressure, SAP sys 
temic arterial pressure, PVR, pulmonary vascular resistance, 
CO, cardiac output, SaO2, Systemic arterial oxygen satura 
tion, SvO2, pulmonary arterial oxygen Saturation. 
0025 FIG. 12 presents pharmacokinetics of treprostinil 
after a single inhalation. Treprostinil plasma levels after inha 
lation of 30 Jug, 60 ug, 90 ug or 120 ug treprostinil (6 min 
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inhalation period; experiments correspond to those shown in 
FIGS. 8 and 9). Data with error bars represent mean 
values-SEM. 

DETAILED DESCRIPTION OF THE INVENTION 

0026. Unless otherwise specified, the term “a” or “an 
used herein shall mean “one or more.” 
0027. The present application incorporates herein by ref 
erence in its entirety Voswinckel R. et al. J. Am. Coll. Cardiol. 
2006: 48:1672-1681. 
0028. The inventors discovered that a therapeutically 
effective dose of treprostinil can be administered in a few 
single inhalations using a compact inhalation device. Such as 
a metered dose inhaler. Furthermore, the inventors discovered 
that Such administering does not cause significant side 
effects, especially no significant side effects related to sys 
temic blood pressure and circulation as well as no gas 
exchange deteriorations or disruptions. 
0029. Accordingly, one embodiment of the invention is a 
method of delivering to a Subject in need thereof. Such as a 
human being, a therapeutically effective amount of treprosti 
nil comprising administering to the Subject a formulation 
comprising a therapeutically effective amount of treprostinil, 
its derivative or a pharmaceutically acceptable salt thereof 
using a metered dose inhaler. Treprostinil can be administered 
via a metered dose inhaler to a subject affected with a condi 
tion or disease, which can be treated by treprostinil. Such as 
asthma, pulmonary hypertension, peripheral vascular disease 
or pulmonary fibrosis. 
0030. Another embodiment of the invention is a method 
for treating pulmonary hypertension, comprising administer 
ing to a Subject in need thereof. Such as a human being, 
treprostinil or its derivative, or a pharmaceutically acceptable 
salt using a metered dose inhaler. 
0031 Treprostinil, or 9-deoxy-2', 9-alpha-methano-3-oxa 
4.5,6-trinor-3.7-(1,3'-interphenylene)-13, 14-dihydro-pros 
taglandin F1, is a prostacyclin analogue, first described in 
U.S. Pat. No. 4,306,075. U.S. Pat. No. 5,153,222 describes 
use of treprostinil for treatment of pulmonary hypertension. 
Treprostinil is approved for the intravenous as well as subcu 
taneous route, the latter avoiding septic events associated 
with continuous intravenous catheters. U.S. Pat. Nos. 6,521, 
212 and 6,756,033 describe administration of treprostinil by 
inhalation for treatment of pulmonary hypertension, periph 
eral vascular disease and other diseases and conditions. U.S. 
Pat. No. 6,803.386 discloses administration of treprostinil for 
treating cancer Such as lung, liver, brain, pancreatic, kidney, 
prostate, breast, colon and head-neck cancer. US patent appli 
cation publication No. 2005/0165111 discloses treprostinil 
treatment of ischemic lesions. U.S. Pat. No. 7,199,157 dis 
closes that treprostinil treatment improves kidney functions. 
US patent application publication No. 2005/0282903 dis 
closes treprostinil treatment of neuropathic foot ulcers. U.S. 
provisional application No. 60/900,320 filed Feb. 9, 2007, 
discloses treprostinil treatment of pulmonary fibrosis. 
0032. The term “acid derivative' is used hereinto describe 
C1-4 alkyl esters and amides, including amides wherein the 
nitrogen is optionally substituted by one or two C1-4 alkyl 
groups. 
0033. The present invention also encompasses methods of 
using Treprostinil or its derivatives, or pharmaceutically 
acceptable salts thereof. In one embodiment, a method uses 
Treprostinil Sodium, currently marketed under the trade name 
of REMODULINR). The FDA has approved Treprostinil 
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Sodium for the treatment of pulmonary arterial hypertension 
by injection of dose concentrations of 1.0 mg/mL, 2.5 
mg/mL, 5.0 mg/mL and 10.0 mg/mL. The chemical structure 
formula for Treprostinil sodium is: 

OCH2CO 

Na" 

0034 Treprostinil sodium is sometimes designated by the 
chemical names: (a) (1R,2R.3aS,9aS)-2,3,3a.4.9.9a 
hexahydro-2-hydroxy-1-(3S)-3-hydroxyoctyl-1H-benzf 
inden-5-yl)oxyacetic acid; or (b) 9-deoxy-2'.9-O-methano 
3-oxa-4,5,6-trinor-3,7-(1,3'-interphenylene)-13, 14-dihydro 
prostaglandin F. Treprostinil Sodium is also known as: 
UT-15; LRX-15; 15AU81; UNIPROSTTM; BW A15AU; and 
U-62,840. The molecular weight of Treprostinil sodium is 
390.52, and its empirical formula is CHOs. 
0035. In certain embodiments, treprostinil can be admin 
istered in combination with one or more additional active 
agents. In some embodiments, such one or more additional 
active agents can be also administered together with trepros 
tinil using a metered dose inhaler. Yet in Some embodiments, 
Such one or more additional active agents can be administered 
separately from treprostinil. Particular additional active 
agents that can be administered in combination with trepro 
stinil may depend on a particular disease or condition for 
treatment or prevention of which treprostinil is administered. 
In some cases, the additional active agent can be a cardiovas 
cular agent such as a calcium channel blocker, a phosphodi 
esterase inhibitor, an endothelial antagonist, oran antiplatelet 
agent. 
0036. The present invention extends to methods of using 
physiologically acceptable salts of Treprostinil, as well as 
non-physiologically acceptable salts of Treprostinil that may 
be used in the preparation of the pharmacologically active 
compounds of the invention. 
0037. The term “pharmaceutically acceptable salt” refers 
to a salt of Treprostinil with an inorganic base, organic base, 
inorganic acid, organic acid, or basic or acidic amino acid. 
Salts of inorganic bases can be, for example, salts of alkali 
metals such as Sodium or potassium; alkaline earth metals 
Such as calcium and magnesium or aluminum; and ammonia. 
Salts of organic bases can be, for example, salts trimethy 
lamine, triethylamine, pyridine, picoline, ethanolamine, 
diethanolamine, and triethanolamine. Salts of inorganic acids 
can be, for example, salts of hydrochloric acid, hydroboric 
acid, nitric acid, Sulfuric acid, and phosphoric acid. Salts of 
organic acids can be, for example, salts of formic acid, acetic 
acid, trifluoroacetic acid, fumaric acid, oxalic acid, lactic 
acid, tartaric acid, maleic acid, citric acid, Succinic acid, malic 
acid, methanesulfonic acid, benzenesulfonic acid, and p-tolu 
enesulfonic acid. Salts of basic amino acids can be, for 
example, salts of arginine, lysine and ornithine. Salts of acidic 
amino acids can include, for example, salts of aspartic acid 
and glutamic acid. Quaternary ammonium salts can be 

  



US 2008/0200449 A1 

formed, for example, by reaction with lower alkyl halides, 
Such as methyl, ethyl, propyl, and butyl chlorides, bromides, 
and iodides, with dialkyl Sulphates, with long chain halides, 
Such as decyl, lauryl, myristyl, and Stearyl chlorides, bro 
mides, and iodides, and with aralkyl halides, such as benzyl 
and phenethyl bromides. 
0038 Preferred pharmaceutically acceptable salts are dis 
closed, for example, in US patent application publication No. 
2005OO85540. 

0039 Treprostinil can be administered by inhalation, 
which in the present context refers to the delivery of the active 
ingredient or a combination of active ingredients through a 
respiratory passage, wherein the Subject in need of the active 
ingredient(s) through the Subject's airways, such as the Sub 
ject's nose or mouth. 
0040. A metered dose inhaler in the present context means 
a device capable of delivering a metered or bolus dose of 
respiratory drug, such as treprostinil, to the lungs. One 
example of the inhalation device can be a pressurized metered 
dose inhaler, a device which produces the aerosol clouds for 
inhalation from Solutions and/or Suspensions of respiratory 
drugs in chlorofluorocarbon (CFC) and/or hydrofluoroalkane 
(HFA) solutions. 
0041. The inhalation device can be also a dry powder 
inhaler. In Such case, the respiratory drug is inhaled in Solid 
formulation, usually in the form of a powder with particle size 
less than 10 micrometers in diameter or less than 5 microme 
ters in diameter. 

0042. The metered dose inhaler can be a soft mist inhaler 
(SMI), in which the aerosol cloud containing a respiratory 
drug can be generated by passing a solution containing the 
respiratory drug through a nozzle or series of nozzles. The 
aerosol generation can be achieved in SMI, for example, by 
mechanical, electromechanical or thermomechanical pro 
cess. Examples of soft mist inhalers include the Respimat(R) 
Inhaler (Boeringer Ingelheim GmbH), the AERX(R) Inhaler 
(Aradigm Corp.), the MysticTM Inhaler (Ventaira Pharmaceu 
ticals, Inc) and the AiraTM Inhaler (Chrysalis Technologies 
Incorporated). For a review of soft mist inhaler technology, 
see e.g. M. Hindle. The Drug Delivery Companies Report, 
Autumn/Winter 2004, pp. 31-34. The aerosol for SMI can be 
generated from a solution of the respiratory drug further 
containing pharmaceutically acceptable excipients. In the 
present case, the respiratory drug is treprostinil, its derivative 
or a pharmaceutically acceptable Salt thereof, which can be 
formulated in SMI is as a solution. The solution can be, for 
example, a solution of treprostinil in water, ethanol or a mix 
ture thereof. Preferably, the diameter of the treprostinil-con 
taining aerosol particles is less than about 10 microns, or less 
than about 5 microns, or less than about 4 microns. 
0043 Treprostinil concentration in an aerosolable formu 
lation, Such as a solution, used in a metered dose inhaler can 
range from about 500 ug/ml to about 2500 ug/ml, or from 
about 800 ug/ml to about 2200 ug/ml, or from about 1000 
ug/ml to about 2000 ug/ml. 
0044) The dose of treprostinil that can be administered 
using a metered dose inhaler in a single event can be from 
about 15ug to about 100 ug or from about 15ug to about 90 
ug or from about 30 ug to about 90 ug or from about 30 Jug to 
about 60 ug. 
0045 Administering of treprostinil in a single event can be 
carried out in a limited number of breaths by a patient. For 
example, treprostinil can be administered in 20 breaths or 
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less, or in 10 breaths or less, or than 5 breaths or less. Prefer 
ably, treprostinil is administered in 3, 2 or 1 breaths. 
0046. The total time of a single administering event can be 
less than 5 minutes, or less than 1 minute, or less than 30 
seconds. 
0047 Treprostinil can be administered a single time per 
day or several times per day. 
0048. In some embodiments, the method of treatment of 
pulmonary hypertension can further comprise administering 
at least one Supplementary agent selected from the group 
consisting of sildenafil, tadalafil, calcium channel blockers 
(diltiazem, amlodipine, nifedipine), bosentan, sitaxsentan, 
ambrisentan, and pharmaceutically acceptable salts thereof. 
In some embodiments, the Supplementary agents can be 
included in the treprostinil formulation and, thus, can be 
administered simultaneously with treprostinil using a 
metered dose inhaler. In some embodiments, the Supplemen 
tary agents can be administered separately from treprostinil. 
In some embodiments, the application of intravenous prosta 
cyclin (flolan), intravenous iloprost or intravenous or Subcu 
taneous treprostinil can be administered in addition to trepro 
stinil administered via inhalation using a metered dose 
inhaler. 
0049. The present invention also provides a kit that 
includes a metered dose inhaler containing a pharmaceutical 
formulation comprising treprostinil or its derivative, or a 
pharmaceutically acceptable salt thereof. Such a kit can fur 
ther include instructions on how to use the metered dose 
inhaler for inhaling treprostinil. Such instructions can 
include, for example, information on how to coordinate 
patient's breathing, and actuation of the inhaler. The kit can be 
used by a Subject, Such as human being, affected with a 
disease or condition that can be treated by treprostinil, such as 
asthma, pulmonary hypertension, peripheral vascular disease 
or pulmonary fibrosis. 
0050. In some cases, the kit is a kit for treating pulmonary 
hypertension, that includes (i) a metered dose inhaler con 
taining a pharmaceutical formulation comprising treprostinil 
or its derivative, or a pharmaceutically acceptable salt thereof, 
and (ii) instructions for use of the metered dose inhaler con 
taining treprostinil in treating pulmonary hypertension. 
0051. As used herein, the phrase “instructions for use” 
shall mean any FDA-mandated labeling, instructions, or 
package inserts that relate to the administration of Treprosti 
nil or its derivatives, or pharmaceutically acceptable salts 
thereof, for treatment of pulmonary hypertension by inhala 
tion. For example, instructions for use may include, but are 
not limited to, indications for pulmonary hypertension, iden 
tification of specific symptoms associated with pulmonary 
hypertension, that can be ameliorated by Treprostinil, recom 
mended dosage amounts for Subjects suffering from pulmo 
nary hypertension and instructions on coordination of indi 
vidual's breathing and actuation of the metered dose inhaler. 
0.052 The present invention can be illustrated in more 
detail by the following example, however, it should be under 
stood that the present invention is not limited thereto. 

EXAMPLE 1. 

Open Label Study upon Acute Safety, Tolerability 
and Hemodynamic Effects of Inhaled Treprostinil 

Delivered in Seconds 

0053 A study was conducted of acute vasodilator chal 
lenge during right heart catheter investigation to determine 
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the safety, tolerability and pulmonary vasodilatory potency of 
inhaled treprostinil applied in seconds by a soft mist inhaler 
(SMI-TRE). The study produced evidence for a long lasting 
favourable effect of SMI-TRE on pulmonary hemodynamics 
in absence of systemic side effects and gas exchange disrup 
tions. 

Summary: 

0054 Inhaled nitric oxide (20 ppm; n=45) and inhaled 
treprostinil sodium (TRE; n=41) or placebo (n=4) were 
applied once during right heart catheter investigation. TRE 
was delivered in 2 breaths (1000 ug/ml aerosol concentration; 
30 ug dose; n=12), 3 breaths (1000 ug/ml. 45 lug; n=9) or 2 
breaths (2000 g/ml; 60 lug; n=20) from a Respimat(R) SMI. 
Pulmonary hemodynamics and blood gases were measured at 
defined time points, observation time following TRE appli 
cation was 120 minutes. TRE doses of 30 Jug, 45ug and 60 ug 
reduced pulmonary vascular resistance (PVR) to 84.4+8.7%, 
71.4+17.5% and 77.5+7.2% of baseline values, respectively 
(meant-95% confidence interval). The 120 minute area under 
the curve for PVR for placebo, 30 ug, 45ug and 60 ug TRE 
was 1230-1310, -870-940, -2450-2070 and -2000-900 
min'/6, respectively. Reduction of PVR by a single inhalation 
of the two higher doses outlasted the observation period of 
120 minutes. Reduction of systemic vascular resistance and 
pressure was negligible, showing a high pulmonary selectiv 
ity for SMI-TRE. Intrapulmonary selectivity was also pro 
vided by SMI-TRE as ventilation/perfusion matching, 
assessed by the multiple inert gas elimination technique in 5 
patients with gas exchange problems, was not significantly 
different after SMI-TRE compared to inhaled nitric oxide or 
no treatment. No significant side effects were observed. 
0055 Conclusions: The acute application of inhaled tre 
prostinil with a metered dose inhaler in 2-3 breaths was safe, 
well tolerated and induced a strong and Sustained pulmonary 
selective vasodilation. 

Methods and Patients 

0056. A total number of 45 patients with moderate to 
severe precapillary pulmonary hypertension were enrolled. 
Patient characteristics were: female to male ratio (f/m)=29/ 
16, age 59+2.3 years, pulmonary artery pressure (PAP) 
45+1.8 mmHg, pulmonary vascular resistance (PVR)743+52 
dynes's cm, pulmonary artery wedge pressure (PAWP) 
8.6+0.5 mmHg, central venous pressure (CVP) 6.4+0.7 
mmHg, cardiac output (CO)4.5+0.2 l/min, central venous 
oxygen saturation (SvO2) 62.3+1.2 mmHg (meant-Standard 
Error of the Mean). Disease etiologies were idiopathic PAH 
(iPAH) (n=13), PAH other (n=11), chronic thromboembolic 
pulmonary hypertension (CTEPH) (n=17) and pulmonary 
fibrosis (n=4). Table 1 presents the patient characteristics of 
the different groups. 

TABLE 1. 

Patient characteristics of the different treatment groups. 

Placebo 30 Jug TRE 45 lug TRE 60 g TRE 
(n = 4) (n = 12) (n = 9) (n = 20) 

Age years 618 53.93.9 54.25.7 655 - 3.1 
PAP mmHg) 49.5 - 10.1 45 - 31 54.3 2.8 39.72.O 
PVR Dynes) 896 - 163 597 S3.9 1049 - 107 66381 
COI/min 4.46 O.9 5.204 3.90.4 4.4 + 0.3 
SAP mmHg) 98 - 8.1 90.1 - 3.2 82.83.9 86.1 2.0 
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TABLE 1-continued 

Patient characteristics of the different treatment groups. 

Placebo 30 Jug TRE 45 lug TRE 60 g TRE 
(n = 4) (n = 12) (n = 9) (n = 20) 

SaO2%) 853 - 4.5 90.01.1 89.6 1.1 90.6 OS 
SvO2% 57.5 3.9 66.O- 1.6 59.13.4 625 - 1.6 

Data are given as meant Standard Error of the Mean (SEM). 
PAP = pulmonary artery pressure; 
PVR = pulmonary vascular resistance; 
CO = cardiac output; 
SAP = systemic arterial pressure; 
SaO2 = arterial oxygen Saturation; 
SvO2 = central venous oxygen Saturation. 

0057 Baseline values were determined 20-30 minutes 
after placement of the catheter. Heart rate, pulmonary and 
systemic blood pressure and cardiac output were measured 
and blood gases were taken during each pharmacological 
intervention at defined time points. Pharmacological inter 
ventions included the inhalation of 20 ppm nitric oxide (NO) 
after evaluation of baseline parameters (n=45) and the con 
secutive inhalation of placebo (n=4), 30 ug SMI-TRE (n=12), 
45 ug SMI-TRE (n=9) or 60 ug (n=20) SMI-TRE. Placebo 
and treprostinil was applied with the Respimat(R) SMI. For 
filling of this device with treprostinil sodium, the placebo 
solution was withdrawn from the device with a syringe and 
treprostinil solution was injected into the device understerile 
conditions. Aerosol quality was controlled before and after 
refilling of the SMI devices by laser diffractometry, see e.g. 
Gessler T. Schmehl T. Hoeper M. M., Rose F., Ghofrani H. 
A., Olschewski H. et al. Ultrasonic versus jet nebulization of 
iloprost in severe pulmonary hypertension. Eur. Respir. J. 
2001; 17:14-19 incorporated herein in its entirety. The aero 
sol sizes before (placebo) and after filling (treprostinil) were 
unchanged. The aerosol particles mass median aerodynamic 
diameter of treprostinil-aerosol was 4-5 um, which can be at 
the upper limit for alveolar deposition. The aerosol volume 
delivered by one cycle from the SMI was 15ul. The solution 
used for aerosol generation was prepared from treprostinil 
sodium salt using a standard protocol. The SMI was either 
filled with a concentration of 1000 g/ml treprostinil sodium 
(one aerosol puff=15 lug TRE) or with 2000 g/ml (one 
puff 30 Jug TRE). The different doses were applied as 2 puffs 
1000 ug/ml (30 ug), 3 puffs 1000 g/ml (45 lug) and 2 puffs 
2000 g/ml (60 ug). The placebo was inhaled as 2 puffs from 
a placebo-SMI. Hemodynamics and gas-exchange param 
eters were recorded for 120 minutes after TRE inhalation. 
This study used the Respimat(R) device, because the imple 
mented “soft mist' technology was well suited for the depo 
sition of Such highly active drugs like prostanoids. 
0058. The impact of SMI-TRE on ventilation-perfusion 
matching was assessed in five patients (30 Jug TRE, n=2; 45ug 
TRE, n=1; 60 ug TRE, n=2) with pre-existing gas exchange 
problems by use of the multiple inert gas elimination tech 
nique (MIGET), see e.g. Wagner PD, Saltzman HA. West J 
B. Measurement of continuous distributions of ventilation 
perfusion ratios: theory. J Appl Physiol. 1974; 36:588-99: 
Ghofrani H A, Wiedemann R. Rose F. Schermuly R. T. 
Olschewski H, Weissmann Netal. Sildenafil for treatment of 
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lung fibrosis and pulmonary hypertension: a randomised con 
trolled trial. Lancet. 2002:360:895-900, both incorporated 
herein in their entirety. 

Statistics: 

0059 Mean values, standard deviation, standard error of 
the mean and 95% confidence intervals were calculated. Sta 
tistical analysis was done by use of a paired t-test. 

Results: 

0060. The inhalation of treprostinil sodium from the 
metered dose inhaler (SMI-TRE) was well tolerated, only 
mild and transient cough for a maximum of one minute was 
reported. No systemic side effects like headache, flush, nau 
sea or dizziness were observed. 

0061. Two to three breaths of SMI-TRE induced a strong 
pulmonary vasodilation that outlasted the observation time of 
120 minutes (45 and 60 ug). The lower dose of 30 ug TRE 
induced a somewhat shorter effect on pulmonary vascular 
resistance; however, the maximal pulmonary vasodilation 
was comparable. In contrast, placebo inhalation did not 
induce pulmonary vasodilation. In fact a slight increase in 
PVR over the time of the right heart catheter investigation 
could be recorded following placebo inhalation (FIG. 1). The 
effect of SMI-TRE on systemic vascular resistance and pres 
Sure was very Small and not clinically significant. Cardiac 
output was significantly increased over the whole observation 
period, whereas heart rate was rather unchanged. Gas 
exchange was not influenced by SMI-TRE (FIG. 2). The 
maximal changes in hemodynamic and gas-exchange param 
eters compared to baseline values are depicted in Table 2. 

TABLE 2 

Extremes of the relative changes of hemodynamic and gas exchange 
parameters compared to baseline after inhalation of Placebo (n = 4), 

30 jug treprostinil (n = 12), 45 jug treprostinil (n = 9) and 60 g 
treprostinil (n = 20). Highest (max) and lowest (min) values during 

the observation period are shown. 

Placebo 30 Jug TRE 45 lug TRE 60 g TRE 

PAP (min) 99.43.O 834 - 3.2 776 - 6.8 79.5 2.4 
PVR (min) 101.4 - 1.9 84.4 + 4.4 71.4 8.9 77.53.7 
CO (max) 99.7 11 108.838 108.6 5.6 103.8 - 2.0 
SVR (min) 104.3 4.3 97.7 4.2 923.9 91.3 2.1 
SAP (min) 102.7 - 1.7 97.3 - 1.9 96.1 - 1.5 93.62.9 
HR (max) 105 2.1 106.12.9 99.1 - 24 101.1 - 0.9 
SaO2 (min) 98.20.4 101 - O.3 944 - 18 95.8 0.9 
SvO2 (max) 104.5 14 102.4 - 13 104.5 - 4.4 102 - 1.0 

Data are given as percent of baseline values (meant SEM). 
PAP = pulmonary artery pressure; 
PVR = pulmonary vascular resistance: 
SVR = systemic vascular resistance: 
CO = cardiac output; 
SAP = systemic arterial pressure; 
HR = heart rate: 
SaO2 = arterial oxygen Saturation; 
SvO2 = central venous oxygen Saturation. 

0062. The areas under the curve for PVR were calculated 
for placebo and the different SMI-TRE doses over the 120 
minute observation period (FIG. 3). A dose effect of SMI 
TRE with a trend to a more sustained effect with the two 
highest doses could be observed. 
0063. The inhalation of a highly concentrated aerosol can 
be in theory prone to disturbances of gas exchange because 
the deposition of even Small amounts of aerosol may deliver 
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high doses locally and thereby antagonize the hypoxic pull 
monary vasoconstriction in poorly ventilated areas. This 
would then lead to increased shunt flow or increase of low 
ventilation/perfusion (V/Q) areas. This question was 
addressed in five patients with the multiple inert gas elimina 
tion technique (MIGET), the gold-standard for intrapulmo 
nary V/Q ratio determination. The MIGET patients were 
selected for pre-existing gas exchange limitations. Character 
istics of these patients were: PAP 54.6+3.2 mmHg, PVR 
892+88 dynes, SaO291.7+0.5%, SvO2 65.2+1.8%. Etiolo 
gies were iPAH (n=1), CTEPH (n=3), pulmonary fibrosis 
(n=1). The maximal relative reduction of SaC2 after inhala 
tion of SMI-TRE in these patients was -3.8+1.5% compared 
to baseline values. Shunt flow at baseline, NO-inhalation and 
60 minutes after SMI-TRE was 6.4+4.3%, 5.4+3.0% and 
8.3+3.4%, respectively (mean+95% confidence interval; 
FIG. 4). 
0064. No significant increase in low V/Q areas or shunt 
fraction after inhalation of SMI-TRE was observed, in fact the 
distribution of perfusion was not different to that at baseline 
and during nitric oxide inhalation. This proves an excellent 
intrapulmonary selectivity of SMI-TRE, which is also 
reflected by unchanged arterial oxygen Saturation. 

Conclusion: 

0065 Treprostinil is tolerated at high doses with no sys 
temic side effects. The application of an effective amount of 
treprostinil in only few or even one single breath was achieved 
with a highly concentrated treprostinil sodium solution. Tre 
prostinil can be applied by a metered dose inhaler, such as 
Respimat(R) soft mist inhaler. 

EXAMPLE 2 

Investigation of the Effects of Inhaled Treprostinil on 
Pulmonary Hemodynamics and Gas Exchanged in 

Severe Pulmonary Hypertension 

0066. This study investigated the effects of inhaled trepro 
stinil on pulmonary vascular resistance in severe pulmonary 
hypertension and addressed systemic effects and gas 
exchange as well as tolerability and efficacy of high doses of 
treprostinil given in short time. A total of 123 patients with a 
mean pulmonary artery pressure of about 50 mmHg were 
investigated in three separate randomized studies. Inhaled 
treprostinil exerted potent Sustained pulmonary vasodilation 
with excellent tolerability and could be safely applied in a few 
breaths or even one breath. 

Summary: 

0067. Three different studies were conducted on a total of 
123 patients by means of right heart catheterization: i) a 
randomized crossover-design study (44 patients), ii) a dose 
escalation study (31 patients) and iii) a study of reduction of 
inhalation time while keeping the dose fixed (48 patients). 
The primary endpoint was the change in pulmonary vascular 
resistance (PVR). 
0068. The mean pulmonary artery pressure of the enrolled 
patients was about 50 mmHg. Hemodynamics and patient 
characteristics were similar in all studies. In study i) TRE and 
Iloprost (ILO), at an inhaled dose of 7.5ug, displayed com 
parable PVR decrease, with a significantly different time 
course (p<0.001), TRE exhibiting a more sustained effect on 
PVR (p<0.0001) and less systemic side effects. In study ii) 
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placebo, 30 ug, 60 ug,90 ug or 120 ug TRE were applied with effects were monitored for 60 minutes after each inhalation. 
drug effects being observed for 3 hours after inhalation. A Iloprost was inhaled at 4 g/ml (6 mininhalation time; n. 44) 
near-maximal acute PVR decrease was observed at 30 lug and treprostinil was inhaled at a concentration of 4 ug/ml (6 
TRE. In study iii) TRE was inhaled with a pulsed ultrasonic mininhalation; n=14), 8 ug/ml (6 mininhalation; n=14) or 16 
nebulizer, mimicking a metered dose inhaler. 15ug TRE was ug/ml (3 min inhalation; n=16). Based on previous biophysi 
inhaled with 18 pulses (TRE concentration 100 ug/ml), 9 cal characterization of the ultrasonic device withiloprost-and 
pulses (200 g/ml), 3 pulses (600 g/ml), 2 pulses (1000 treprostinil-solution, this corresponds to a total inhaled dose 
ug/ml) or 1 pulse (2000 g/ml), each mode achieving com- of 7.5 ugiloprost and treprostinil (4 g/ml) and 15ug trepro 
parable, Sustained pulmonary vasodilation. stinil (8 g/ml and 16 g/ml), respectively. 
0069. Inhaled treprostinil exerts sustained pulmonary 0073 Study ii) was a randomized, open-label, single 
vasodilation with excellent tolerability at doses, which may blind, placebo controlled study. The primary objectives were 
be inhaled in a few or even one breath. Inhaled treprostinil is to describe the pharmacodynamic and pharmacokinetic 
advantageous to inhalediloprost in terms of duration of effect effects of inhaled treprostinil at a well tolerated dose (30 ug) 
and systemic side effects. Inhaled treprostinil is well tolerated and to explore the highest tolerated single dose. A total num 
in concentrations up to 2000 mg/ml (bringing down inhala- ber of 31 patients inhaled either placebo or treprostinil; each 
tion time to a single breath) and in high doses (up to 90 g). patient received one inhalation. The first 16 patients were 

randomized to 30 ug TRE (16 ug/ml, n=8) or placebo (stock 
Methods: Solution in a concentration corresponding to TRE 16 ug/ml). 
0070 All inhalations were performed with the Optineb(R) Subsequent patients received 60 ug TRE (32 ug/ml; n=6), 90 
ultrasonic nebulizer (Nebutec, Elsenfeld, Germany). ug TRE (48 g/ml; n=6) and 120 ug TRE (64 ug/ml; n=3). 
0071 Study i) was a randomized, open-label, single-blind Inhalation time was 6 minutes in all groups. Hemodynamics 
crossover study. The primary objective was to compare the and gas-exchange as well as arterial treprostinil concentra 
acute hemodynamic effects and the systemic side effects of tions were recorded for 180 minutes. 
inhaled treprostinil with inhaled iloprost at comparable 0074 Study iii) was a randomized, open-label, single 
doses. A total number of 44 patients with moderate to severe blind study. The primary objective was to explore the shortest 
precapillary pulmonary hypertension were enrolled. Patient possible inhalation time for a 15ug dose of inhaled trepros 
characteristics and hemodynamic as well as gas exchange tinil. A total of 48 patients inhaled one dose of TRE during 
parameters are outlined in Table 3. right heart catheter investigation. The drug was applied in 18, 

TABLE 3 

Patient characteristics, hemodynamic parameters and gas exchange values at 
baseline, before challenge with inhalative prostanoids. 

Gender Etiology PAP PVR SAP CVP PAWP CO 
N Age fm i?oftf ImmHg) dyn *s * cm mmHg) mmHg mmHg 1/min SaO2%) SvO2%) 

1a 14 55.14.8 113 442.4 53.83.1 911 - 102 95.4 3.6 7.4 1 8.O. O.8 43 O.4 93.82 63.92.4 
1b 14 54.13.3 10.4 1652 47.43.8 716 - 80 90.6 - 3.3 5.91.4 6.4 O.7 4.7 O.4 921 644 2.3 
1 c 16 S62.9 7/9 6,361 47.5 - 4.5 777 - 102 92 4.5 8.3 - 1.4 8.614 4.4 OS 91.4 O.9 59.8 2.6 
2a 8 60.84 44 223.1 51.94.9 849 - 152 95.9 4.8 7.614 11.1 - 1.7 4.4 O.6 89.62.8 60.1 - 2.8 
2b 8 52.8 6.6 6.2 1.3.3.1 494 902 - 189 92.4 + 2.4 4.8 + 1.1 7.21.3 4.O.O.4 9242.4 62.5 1.7 
2c 6 56.85.9 42 0.222 44.23.5 856 123 96.33.9 5 - 1.1 6 3.8 - 0.3 92.8 1.5 63.6 1.8 
2d 6 51.23.8 42 2.2.2fO SSS 4.9 940 - 110 912 - 8.1 11.2 - 1.2 1O. O.7 3.9 O.4 92 19 625.8 
2e 3 S7.39.1 1.2 01.02 45.3+5.2 769 - 267 99 3.2 5.2.1 90.6 4.5 O.6 94.2 - 13 66.3 1.5 
3a 6 52.7 6.6 42 2.4f OO 53.8 6.7 928 - 145 92.77.9 8.72.7 8.8 - 1.3 420.6 90.4 2.8 64.84.3 
3b 6 S8.33.5 42 3.11.1 54.2H 6.1 808 156 94.3 2.8 71.4 101.3 5 O.7 91.9 O.7 63.529 
3C 21 57.456 8.3 7f7; 6 1 46.1 2.5 900 - 99 88 2.8 9 - 1.4 9.2 - O.S 3.70.3 91.7 O.S 59.72 
3d 7 SS. 65.8 3f4 Of 4,3 O 53.17.1 732 - 123 914 - 5.6 7.93.1 8.6 1.3 50.4 90.7 - 1.4 61.33.7 
3e 8 S9 S.2 7/1 Of 440 45.1 +3.9 733 - 114 92.8 6.8 4.6 O.8 8.1 - 1.1 43 O.2 90.7 O.8 66.3 2.8 

Group 1 corresponds to study i); randomized crossover study comparing inhaled iloprost (ILO) and inhaled treprostinil (TRE). a = 7.5 g ILO vs. 7.5 g TRE, 
b = 7.5 g ILO vs. 15 Jug TRE (6 min inhalation time), c = 7.5 g ILO vs. 15 Jug TRE (3 min inhalation time). 
Group 2 corresponds to study ii); evaluation of maximal tolerated dose of TRE. a = placebo inhalation, b = 30 Jug TRE, c = 60 g TRE, d = 90 g TRE, e = 
120 g. TRE. 
Gr 3 corresponds to study iii); reduction of inhalation time by increase of TRE concentration, aiming at a total inhaled dose of 15 g. a = 18 pulses of 100 
g/ml TRE, b = 9 pulses of 200 g/ml TRE, c = 3 pulses of 600 g/ml TRE, d = 2 pulses of 1000 g/ml TRE, e = 1 pulse 2000 g/ml TRE. 
Etiology of pulmonary hypertension was classified as idiopathic PAH (i), PAH of other causes (o), chronic thromboembolic PH (t), and pulmonary fibrosis 
(f). 

0072 Each patient inhaled both iloprost and treprostinil 
on the same day during right heart catheter investigation; the 
drugs were administered consecutively with a one hour inter 
val between the drug applications. One half of the study 
patients initially inhaled treprostinil and then inhalediloprost 
(n=22), while the other half initially inhalediloprost and then 
inhaled treprostinil (n=22). Patients were randomized to one 
of the two groups and blinded as to the study drugs. Drug 

9, 3, 2 or 1 breaths. The aerosol was generated by a pulsed 
ultrasonic nebulizer (Ventaneb, Nebutec, Elsenfeld, Ger 
many) in cycles consisting of 2 seconds aerosol production 
(pulse) and 4 seconds pause. The device included an opto 
acoustical trigger for the patient to synchronize the inspira 
tion to the end of the aerosol pulse, thereby providing exact 
dosage. The TRE dose of 15ug was either generated during 
18 cycles (Optineb filled with 100 ug/ml TRE, n=6), 9 cycles 



US 2008/0200449 A1 

(200 ug/ml TRE, n=6), 3 cycles (600 ug/ml TRE, n=21), 2 
cycles (1000 ug/ml TRE, n=7) or 1 cycle (2000 ug/ml TRE, 
n=8). Hemodynamics and gas exchange were recorded for 
120-180 minutes. 
0075 Treprostinil plasma concentrations were assessed in 
study ii) at 10, 15, 30, 60 and 120 minutes after inhalation. 
Treprostinil quantification was done by Alta Analytical Labo 
ratory (El Dorado Hills, Calif., USA) with a validated liquid 
chromatography atmospheric-pressure ionization tandem 
mass spectrometry as previously described Wade M., et al. J. 
Clin. Pharmacol. 2004:44:503-9. Mixed venous blood was 
drawn at the depicted time points (FIG. 11) after inhalation, 
centrifuged and the plasma frozen at -80°C. until tempera 
ture controlled shipping on dry ice. 

Statistics: 

0076 For statistical analysis of study i) the repeated PVR 
measurements after inhaled iloprost and treprostinil were 
subjected to a three-factorial analysis of variance (ANOVA: 
factors: time (A), drug (B), treprostinil concentration (C)) to 
avoid multiple testing. The time to maximum PVR decrease 
after inhalation ofiloprost versus treprostinil was compared 
by paired t-test. Area under the curve (AUC) was calculated 
from start of inhalation until 60 min after inhalation. Means, 
standard error of the mean (SEM) and 95% confidence inter 
vals were calculated. For study ii) and iii) areas between 
curves (ABC) were calculated between placebo inhalation 
(study ii) and the respective treprostinil inhalation until 180 
min (study ii)) and 120 min (study iii)) after end of inhalation. 

Results: 

0077. The inhalation of iloprost as well as treprostinil in 
study i) resulted in a rapid decrease in PVR and PAP (FIG. 
5-7). No significant differences were observed for the areas 
under the curve (AUC) of PVR decrease after inhalation of 
7.5 ug TRE in 6 minutes (AUC-12.6+7.0%), 15ug TRE in 6 
minutes (AUC - 13.3+3.2%) and 15 lug TRE in 3 minutes 
(AUC-13.6+4.3%). The AUC for PVR after the inhalation of 
7.5 ug iloprost in 6 minutes was -7.7+3.7% (meant 95% 
confidence interval). An overview of the pooled data of tre 
prostinil inhalation as compared toiloprostinhalation is given 
in FIG. 7. The maximum effect of iloprost and treprostinil on 
PVR was comparable but this effect was reached significantly 
later after treprostinil inhalation (18+2 min) compared to 
iloprost (8+1 min; meant SEM, p<0.0001) and lasted consid 
erably longer (after 60 min, PVR values in the treprostinil 
group had not yet returned to baseline). The increase in car 
diac output was less acute but prolonged after treprostinil 
inhalation. Systemic arterial pressure (SAP) was unaffected 
by treprostinil inhalation, whereas a transient decrease was 
observed afteriloprostinhalation. Iloprostand treprostinil did 
not affect gas exchange. Three-factorial ANOVA for PVR 
demonstrated a significant difference between repeated mea 
surements after inhalation (p<0.0001), no significant dif 
ference between drugs (p=0.1), no difference between tre 
prostinil concentrations (P=0.74) and a significant drugx 
time interaction (p<0.0001). This translates into a 
significant effect of both drugs on PVR with comparable drug 
potency but a prolonged drug effect of treprostinil compared 
to iloprost. 
0078. In this study the occasionally observed mild side 
effects ofiloprost inhalation at the given dose (transient flush, 
headache) were not observed with inhaled treprostinil. Bad 
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taste was reported by most of the patients after inhalation of 
TRE. This was later found to be attributable to the metacresol 
preservative contained in the treprostinil Solution. 
0079. In study ii) pharmacodynamics of inhaled placebo 
or treprostinil were observed for 180 minutes. Placebo inha 
lation was followed by a gradual increase in PVR over the 
entire observation time. Due to reduced patient numbers in 
the 120g. TRE group (because of side effects, see below), the 
hemodynamic values for this group were not included in the 
graphs of this study (FIG. 8-9). All TRE doses lead to com 
parable maximal decreases of PVR to 76.5+4.7% (30 ug), 
73.7+5.8% (60 ug), 73.3+4.3% (90 ug) and 65.4+4.1% (120 
ug) of baseline values. An extended duration of pulmonary 
vasodilation was noted, Surpassing the 3 hour observation 
period for the 60 ug and 90 ug (and 120 g) TRE doses, 
whereas in the 30 Jug dose group the hemodynamic changes 
had just returned to baseline within this period. Even at the 
highest doses, TRE had only minor effects on systemic arte 
rial pressure (FIG. 8). Cardiac output was increased to a 
maximum of 106.8+3.2% (30 ug), 122.9+4.3% (60 ug), 114. 
3+4.8% (90 ug) and 111.3+3.9% (120 ug TRE). The areas 
between the response curves after placebo versus TRE inha 
lation were calculated for PVR, PAP, SVR and SAP (FIG.9). 
Areas between the curves for PVR were not significantly 
different for 30 g. 60 ug and 90 ug TRE, a nearly maximal 
effect on PVR was already observed with 30 ug TRE. Effects 
on PAP and SAP were small and did not show a dose-response 
relationship. Gas exchange was not affected at doses up to 90 
ug TRE, but arterial oxygen saturation was significantly 
decreased at a dose of 120 ug TRE in all 3 patients. Further 
dose increments were omitted due to this side effect and 
severe headache in one patient. 
0080 Again, bad taste of the TRE aerosol was reported by 
most patients. Other side effects were flushing (n=1; 30 lug 
TRE), mild transient cough (n=3; 60 ug TRE), mild transient 
bronchoconstriction that resolved after one inhalation of 
fenoterol (n=1; 30 Jug TRE), moderate bronchoconstriction 
that resolved after one inhalation offenoterol (n=1; 120 ug 
TRE), and severe headache (n=1; 120g. TRE). The bad taste, 
the bronchoconstriction and the drop in SaC2 was attributed 
to metacresol in the original TRE solution. With the use of a 
metacresol-free solution of TRE (University Hospital Gies 
sen, Germany; produced according to the manufacturer's pro 
tocol) in the following study, these side effects did no longer 
OCCU. 

I0081 Study iii) was performed with metacresol-free TRE 
Solution, having no specific taste and Smell. A total of 48 
patients were enrolled. This study aimed at the reduction of 
inhalation time and aerosol Volume needed for pulmonary 
drug delivery. A modified Optineb inhalation device was pro 
grammed to produce a constant amount of aerosol during 
repeatable pulses of aerosol generation. With this device, 
treprostinil could be safely utilized up to a concentration of 
2000 g/ml without considerable side effects. No relationship 
of number or type of side effects to TRE concentration was 
observed. Reported side effects were mild transient cough 
(n=6), mild headache (n=2) and mild jaw pain (n=1). 
I0082. The reduction of PVR and PAP was comparable 
between all groups (FIG.10). TRE inhalation reduced PVR to 
76.3+5.6% (18 pulses, 100 g/ml), 72.9+4.9% (9 pulses, 200 
ug/ml), 71.2+6.0% (3 pulses, 600 ug/ml), 77.4+4.5% (2 
pulses, 1000 ug/ml) and 80.3+5.2% (1 pulse, 2000 ug/ml). 
PAP was reduced to 84.2+4.5% (18 pulses, 100 lug/ml), 
84.2+4.1% (9 pulses, 200 ug/ml), 81.1+4.1% (3 pulses, 600 
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ug/ml), 86+4% (2 pulses, 1000 ug/ml) and 88+5.4% (1 pulse, 
2000 ug/ml). Cardiac output was moderately increased in all 
groups, whereas systemic arterial pressure was not signifi 
cantly affected. 
0083. The areas between the curves (ABC) for changes in 
hemodynamic and gas-exchange parameters after inhalation 
of 15ug TRE versus placebo were calculated for an observa 
tion time of 120 minutes (FIG. 11). The ABC for both PVR 
and PAP was comparable between all groups. 
0084 Pharmakokinetic results from study ii): Peak plasma 
concentrations of treprostinil were found 10-15 minutes after 
inhalation. Maximal treprostinil plasma concentrations 
(C) for the 30 g. 60 g, 90 ug and 120 ug doses were 
0.65+0.28 ng/ml (n=4), 1.59-0.17 ng/ml (n=4), 1.74 ng/ml 
(n=1) and 3.51+1.04 ng/ml (n=2), respectively (mean-SEM; 
FIG. 12). 

Discussion: 

0085. These studies investigated whether i) the acute 
effects of inhaled treprostinil would be comparable to or 
possibly advantageous over inhaled iloprost in pulmonary 
hypertensive patients, ii) the inhaled prostanoid dose might 
be increased without substantial local or systemic side 
effects, and iii) if the time of inhalation, which is 6-12 minutes 
for iloprost, could be reduced significantly by increasing the 
concentration of treprostinil aerosol. 
I0086. The patient population in these studies included dif 
ferent forms of precapillary pulmonary hypertension. All 
these patients had a need for therapy of pulmonary hyperten 
sion and reflected the typical population of a pulmonary 
hypertension center. No major differences in patient charac 
teristics or hemodynamic baseline values existed between the 
different groups (table 3). 
0087. In study i) it was shown that the inhalation of tre 
prostinil and iloprost in similar doses resulted in a compa 
rable maximum pulmonary vasodilatory effect. However, 
marked differences in the response profile were noted. The 
onset of the pulmonary vasodilatory effect of inhaled trepro 
stinil was delayed compared to iloprost, but lasted consider 
ably longer, with the PVR decrease continuing beyond the 
one-hour observation period. Although the average dose of 
treprostinil was higher than the iloprost dose, no systemic 
effects were noted after treprostinil inhalation, whereas flush 
and transient SAP decrease, accompanied by more prominent 
cardiac output increase, occurred after iloprost inhalation. 
Such side effects were more prominent than in previous stud 
ies with inhalediloprost. This may have been caused by the 
fact that the iloprost dose used in this study was 50% higher 
than the recommended single inhalation dose (5ug) and that 
the preceding treprostinil inhalation may have added to the 
systemic side effects caused by the iloprost inhalation. Sur 
prisingly, with TRE there was no such systemic side effect, 
although the average effect on PVR was as potent as with 
iloprost. 
0088. This study used a cross-over design in order to mini 
mize the effects of inter-individual differences in response to 
prostanoids. The short observation period of 1 hour was used 
to avoid an uncomfortably long catheter investigation. As a 
study limitation, the short observation interval may have 
caused carryover effects of the first to the second period as 
suggested by FIG. 5. However, this still allowed for the inter 
pretation of the study, that both drugs are potent pulmonary 
vasodilators and that treprostinil effects are significantly sus 
tained compared to the iloprost effects. 

Aug. 21, 2008 

I0089. The longer duration of action and the virtual 
absence of side effects (except the bitter taste of treprostinil 
aerosol, later attributed to metacresol) encouraged increasing 
the applied treprostinil dose in study ii). Observation time 
was extended to 3 hours to obtain precise pharmacodynamic 
data. Inhaled treprostinil resulted in a strong pulmonary 
vasodilation that outlasted the observation time of 3 hours 
when compared to placebo inhalation. Surprisingly, inhaled 
treprostinil was tolerated in doses up to 90 ug. 
0090 Study iii) successfully demonstrated that the inha 
lation time could be reduced to literally one single breath of 
2000 ug/ml treprostinil solution, thereby applying a dose of 
15ug. This drug administration with a single breath induced 
pulmonary vasodilation for longer than 3 hours compared to 
placebo inhalation. Side effects were minor, of low frequency 
and not related to drug concentration. It was a Surprising 
finding that such high concentrations of treprostinil were so 
well tolerated. 

Conclusion: 

0091 Inhaled treprostinil can be applied in high doses (up 
to 90 ug) with a minimal inhalation time. Inhaled treprostinil 
exerts high pulmonary selectivity and leads to a long-lasting 
pulmonary vasodilation. 
0092 Although the foregoing refers to particular preferred 
embodiments, it will be understood that the present invention 
is not so limited. It will occur to those of ordinary skill in the 
art that various modifications may be made to the disclosed 
embodiments and that Such modifications are intended to be 
within the scope of the present invention. 
0093 All of the publications, patent applications and pat 
ents cited in this specification are incorporated herein by 
reference in their entirety. 
What is claimed is: 
1. A method for treating pulmonary hypertension, compris 

ing administering to a subject in need thereoftreprostinil or 
treprostinil derivative, or a pharmaceutically acceptable salt 
thereof by a metered dose inhaler. 

2. The method of claim 1, wherein said metered dose 
inhaler is a pressured metered dose inhaler. 

3. The method of claim 1, wherein said metered dose 
inhaler is a dry powder inhaler. 

4. The method of claim 1, wherein said metered dose 
inhaler is a soft mist inhaler. 

5. The method of claim 4, wherein said treprostinil is 
formulated in said inhaler as a solution, wherein a solvent of 
the solution comprises water, ethanol or a mixture thereof. 

6. The method of claim 5, wherein a concentration of the 
treprostinil in the solution ranges from about 500 ug/ml to 
about 2500 g/ml. 

7. The method of claim 6, wherein the concentration of the 
treprostinil in the solution ranges from about 1000 ug/ml to 
about 2000 g/ml. 

8. The method of claim 1, wherein a dose of the treprostinil 
administered during a single event ranges from about 15ug to 
about 100 ug of the treprostinil. 

9. The method of claim 8, wherein the dose ranges from 
about 30 ug to about 90 g of the treprostinil. 

10. The method of claim 1, wherein said administering 
does not have a systemic side effect on said Subject, wherein 
the systemic side effect is selected from the group consisting 
of headache, flush, nausea, and dizziness. 

11. The method of claim 1, wherein said administering 
does not disrupt gas exchange in said Subject. 
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12. The method of claim 1, wherein said administering 
does change heart rate of said Subject. 

13. The method of claim 1, wherein said administering 
does not affect systemic arterial pressure and systemic arterial 
resistance. 

14. The method of claim 1, wherein said administering 
comprises a limited number of breaths by said subject. 

15. The method of claim 1, wherein said administering 
lasts less than 5 minutes. 

16. The method of claim 1, wherein said administering 
lasts less than 1 minute. 

17. The method of claim 1, wherein said subject is a human 
being. 

18. The method of claim 1, further comprising administer 
ing to said Subject at least one Supplementary agent selected 
from the group consisting of diltiazem, amlodipine, nife 
dipine, sildenafil, tadalafil. Vardenafil. bosentan, sitaxsentan, 
ambrisenatin, prostacyclin, iloprost, beraprost and pharma 
ceutically acceptable salts thereof. 

19. A method of delivering to a subject in need thereof a 
therapeutically effective amount of treprostinil, or treprostinil 
derivative or a pharmaceutically acceptable salt thereof com 
prising administering to the Subject the therapeutically effec 
tive amount of the treprostinil or treprostinil derivative or a 
pharmaceutically acceptable salt thereof using a metered 
dose inhaler. 

20. The method of claim 19, wherein said metered dose 
inhaler is a pressured metered dose inhaler. 

21. The method of claim 19, wherein said metered dose 
inhaler is a dry powder inhaler. 

22. The method of claim 19, wherein said metered dose 
inhaler is a soft mist inhaler. 

23. The method of claim 22, wherein said treprostinil is 
formulated in the metered dose inhaler as a solution, wherein 
a solvent of the solution comprises water, ethanol or a mixture 
thereof. 

24. The method of claim 23, whereina concentration of the 
treprostinil in the solution ranges from about 500 ug/ml to 
about 2500 g/ml. 

25. The method of claim 24, wherein the concentration of 
the treprostinil in the solution ranges from about 1000 ug/ml 
to about 2000 ug/ml. 

26. The method of claim 19, wherein a dose of the trepro 
stinil administered during a single event ranges from about 15 
ug to about 100 ug of the treprostinil. 

27. The method of claim 26, wherein the dose ranges from 
about 30 ug to about 90 ug of the treprostinil. 

28. The method of claim 19, wherein said administering 
does not have a systemic side effect on said Subject, wherein 
the systemic side effect is selected from the group consisting 
of headache, flush, nausea, and dizziness. 

29. The method of claim 19, wherein said administering 
does not disrupt gas exchange in said Subject. 

30. The method of claim 19, wherein said administering 
does change heart rate of said Subject. 
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31. The method of claim 19, wherein said administering 
does not affect systemic arterial pressure and systemic arterial 
resistance. 

32. The method of claim 19, wherein said administering 
comprises a limited number of breaths by said subject. 

33. The method of claim 19, wherein said administering 
lasts less than 5 minutes. 

34. The method of claim 19, wherein said administering 
lasts less than 1 minute. 

35. The method of claim 19, wherein said subject is a 
human being. 

36. A kit for treating pulmonary hypertension, comprising 
(i) a metered dose inhaler containing a pharmaceutical for 
mulation comprising treprostinil or treprostinil derivative, or 
a pharmaceutically acceptable salt thereof, and (ii) instruc 
tions for use of in treating pulmonary hypertension. 

37. The kit of claim 36, wherein said metered dose inhaler 
is a pressured metered dose inhaler. 

38. The kit of claim 36, wherein said metered dose inhaler 
is a dry powder inhaler. 

39. The kit of claim 36, wherein said metered dose inhaler 
is a soft mist inhaler. 

40. The kit of claim 39, wherein said formulation further 
comprises water, ethanol or a mixture thereof. 

41. The kit of claim 36, wherein a concentration of the 
treprostinil in said formulation is from about 500 ug/ml to 
about 2500 g/ml. 

42. The kit of claim 41, wherein said concentration is from 
about 1000 g/ml to about 2000 ug/ml. 

43. The kit of claim 36, further comprising an effective 
amount of at least one Supplementary agent selected from the 
group consisting of diltiazem, amlodipine, nifedipine, 
sildenafil, tadalafil. Vardenafil. bosentan, sitaxsentan, 
ambrisenatin, prostacyclin, iloprost, beraprost and pharma 
ceutically acceptable salts thereof. 

44. A kit comprising a metered dose inhaler containing a 
pharmaceutical formulation comprising treprostinil or tre 
prostinil derivative, or a pharmaceutically acceptable salt 
thereof. 

45. The kit of claim 44, wherein said metered dose inhaler 
is a pressured metered dose inhaler. 

46. The kit of claim 44, wherein said metered dose inhaler 
is a dry powder inhaler. 

47. The kit of claim 44, wherein said metered dose inhaler 
is a soft mist inhaler. 

48. The kit of claim 47, wherein said formulation further 
comprises water, ethanol or a mixture thereof. 

49. The kit of claim 44, wherein a concentration of the 
treprostinil in said formulation is from about 500 ug/ml to 
about 2500 g/ml. 

50. The kit of claim 44, wherein said concentration is from 
about 1000 g/ml to about 2000 ug/ml. 

51. The kit of claim 44, further comprising instructions for 
using the metered dose inhaler for inhaling the treprostinil. 

c c c c c 


