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OBJECTIVES  This study sought to investigate the effects of inhaled treprostinil on pulmonary hemody-
namics and gas exchange in severe pulmonary hypertension.
Inhaled iloprost therapy has a proven clinical efficacy in pulmonary arterial hypertension, but
this therapy necessitates 6 to 9 inhalation sessions per day. Treprostinil has a longer plasma
half-life and might provide favorable properties when applied by inhalation.
Three different studies were conducted on a total of 123 patients by means of right heart
catheterization: 1) a randomized crossover-design study (44 patients), 2) a dose escalation
study (31 patients), and 3) a study of reduction of inhalation time while keeping the dose fixed
(48 patients). The primary end point was the change in pulmonary vascular resistance (PVR).
The mean pulmonary arterial pressure of the enrolled patients was approximately 50 mm Hg
in all studies. In study 1, both treprostinil and iloprost at an inhaled dose of 7.5 pg displayed
a comparable PVR decrease, with a significantly different time course (p < 0.001), treprostinil
showing a more sustained effect on PVR (p < 0.0001) and fewer systemic side effects. In
study 2, effects of inhalation were observed for 3 h. A near-maximal acute PVR decrease was
observed at 30 pg treprostinil. In study 3, treprostinil was inhaled at increasing concentrations
with a pulsed ultrasonic nebulizer, mimicking a metered dose inhaler. A dose of 15 ug
treprostinil was inhaled with 18, 9, 3, 2 pulses, or 1 pulse, each mode achieving comparable,
sustained pulmonary vasodilation without significant side effects.
CONCLUSIONS Inhaled treprostinil exerts sustained pulmonary vasodilation with excellent tolerability at
relatively low doses and may be inhaled in a few breaths. (] Am Coll Cardiol 2006;48:
1672-81) © 2006 by the American College of Cardiology Foundation

BACKGROUND

METHODS

RESULTS

New therapies for pulmonary arterial hypertension have
shown clinical efficacy, but there remains a need for further
improvement (1). Continuous intravenous infusion of
epoprostenol improves hemodynamics, quality of life, and
survival. The stable prostacyclin analog treprostinil might
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have comparable clinical effects (2-4), but intravenous
therapy is prone to catheter-related infections, drug toler-
ance, and major systemic side effects. The inhalation of
iloprost is clinically efficacious in patients with severe
pulmonary arterial hypertension (5) and was recently ap-
proved for use in Europe, Australia, and the U.S. However,
6 to 9 iloprost inhalation sessions daily with 6- to 12-min
inhalation times are recommended, consuming considerable
time every day.

The stable prostacyclin analog treprostinil has been
approved in the U.S., Israel, Australia, and Canada for
treatment of pulmonary arterial hypertension (New York
Heart Association functional class II to IV) and by the
European Medical Agency for idiopathic PAH (New
York Heart Association functional class III) via contin-
uous subcutaneous infusion (6) and continuous intrave-
nous infusion (4). Subcutaneous application circumvents
septic events caused by catheter infections related to
intravenous infusion; however, local pain and tissue
reaction at the infusion site may limit effective dosing and
long-term treatment. Treprostinil possesses a longer
plasma half-life than iloprost (7) and may show alterna-
tive tissue binding characteristics that could result in

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

JACC Vol. 48, No. 8, 2006 Voswinckel et al. 1673

October 17, 2006:1672-81 Inhaled Treprostinil in Pulmonary Hypertension
~_ | T oSy >y ~ee | g2 I
S PR D et s i it f b P u;égcg o
Abbreviations and Acronyms B R B g S
PVR = pulmonary vascular resistance 3 B S B S R | ] = el = f%é g
P Ty NN TMBecld EoCeinod| Ry 2
AUC = area under the curve 2 '; ; g 8
ABC = areas between curves T ol S ey
PAP = pulmor'mry art'crial pressure | ZRInsnrn2T2 E*‘n_ﬂ‘::.:.f E
SAP = systemic arterial pressure To| HA A DD 44 -g:ﬂt% 0
=] [=2] e =T == T I R = T T T - . - =
Elocdaa®sounsa 2398 §
= o 00 O O = W= - = = = ﬂq\[ﬁg i
EIl=g 2z
. . . N =5 g
favorable pharmacodynamic features when delivered via M W N N N Mﬁ:\i‘-‘ & 2

. A ] E 1, =
the inhaled route. A recent case report suggests that o £ i B < B B e SEgm
. . . 2R E n
inhaled treprostinil might be tolerable and efficacious in 5| £ R A VAV [ SO
thelongterm(S) 3 TSI A AT Ad T Ege2 o

. = o, 2=z &
. .. o == =

We asked whether inhaled treprostinil had acute pul- 2 SuBz 2

I . o & BlenIna Seaauaa| IdTI E
monary vasodilative properties and whether it might be = g Bl S S i Seido |zl & &

: . : . . v el I I I R A B N T IR -
superior to }nh;‘lled iloprost in terms cff duration of effect HE E < woaeo |l $HT 3
and systemic side effects. We then increased both the SG|TE|Xeear ®TSO®NAREE E

. . . = o
total inhaled dose to define a threshold for systemic side E e %ﬁ% g
effects, and the drug concentration to reduce the inhala- 5 ™~ O T Iy N G S Y fgé‘g £
t. t et — — — — Ny = un _‘i‘ — g =
1on time. = B |+ L H L H A H A ~Ee g

g ] E =+ oo 0w D~ I~ =] gg g2 &
~ o0 I~ — 0 ~< | Eosm =
=} — - g 249 5 =i
METHODS AND PATIENTS S TEEE g
= Q=g 5

B 1C58 WCre approve € mnstitutional ethics com- ~lverunmwt ooy oo | Wl =
All stud pproved by th titutional eth O qmmTamaammoge|pl A §

. . . . . . w T R e S R R R
mittee of the University of Giessen, and written informed sl& r-E- HOH A H R4 2§ &
consent was obtained from all 123 enrolled patients. All Rl E[ SIS IBIZ|Erg 2
. . . . . - O [=2 0 = W= S = o O (=0 =% ™ O R =
inhalations were performed with the Optineb ultrasonic g Sgsf B

. 5 23Ség &
nebulizer (Nebutec, Elsenfeld, Germany). S eZ E £ L

Study 1 was a randomized, open-label, single-blind A e FESE E

. . = E|ScSR8RS8eRaRI|5252 E

crossover study. The primary objective was to compare the Bl S(FBIAASHSEI AR S| £82 § 2

- . . o . e B -

acute hemodynamic effects and the systemic side effects of gl | nonon ; | g HHlEEss o

. . . . . — =] = Howm @ B

inhaled treprostinil with inhaled iloprost at comparable S £ FRRGKBIRARINR[ZEL5 £

. . 3 S wg =

doses. A total number of 44 patients with moderate to % E E,g& A

- - 2 T5ES

severe precapillary pulmonary hypertension were enrolled. = EE%p 3

- - . 5 ~Es8 %

Patient characteristics and hemodynamic as well as gas [5 N B3 ot B JHAR S it S dba il o 1; £: £

exchange parameters are outlined in Table 1. sl H|SLEE E

. . oo SleEleznagouneaoan|E58s §

. Each patlen_t underwent right he'f\rF catheterization and et ElggndTznunorgay £%5% 2
inhaled both iloprost and treprostinil on the same day g ze28% g4
. . .. i 2,62 2
during hemodynamic monitoring. The drugs were admin- & EECe EE
, : . - 5 By |393939898T39Q|E8%y BE
istered consecutively with a 1-h interval between the drug o E R REEE NS ST 8T i s
111 1 . =LP|F Lo n SF o= FF| S8 EE=3F <
administrations. One-half of the study patients initially g B3 |FSTaScacaaRc5|§58zeed
. .. . . cE &
inhaled treprostinil and then inhaled iloprost (n = 22), and & g =¥ ,E ;'_ g
.. . . : 2z =S
the other half initially inhaled iloprost and then inhaled é o £ g8 exE
. . . . = Ty e gt
treprostinil (n = 22). Patients were randomized to 1 of the g = E - :E =525 e
. . = oo e SEESSE R
2 groups and blinded regarding the sequence of the study HEEIEELEEEE LR EEE D IR EEE R

. . 2 g ag .
drugs. Drug effects were monitored for 60 min after each gl° E SEEE5
. . . . . 25 n.=c &
inhalation session. Iloprost was inhaled at a concentration of == §Fi.28,
. R . . a o E=SE2.,7E% ~n
4 pg/ml (6 min inhalation time; n = 44) and treprostinil R SsEEZEC
inhaled - f /ml in inhalation: R —] @ o - . R R I TV " I N EE%F'gaW
was inhaled at concentrations of 4 ug/ml (6 min inhalation; 5| Elroorevncacmunnn| Sokag, g
n = 14), 8 pg/ml (6 min inhalation; n = 14) or 16 pg/ml g ‘ HoAH A AL A A AL ) S O e B R
(3 min inhalation; n = 16). Based ious biophvsical = HePSadanaen | Z53220 2
min inhalation; n = 16). Based on previous biophysic 5 < (B3 "SR RHARER FLES S0 E
. - - . . . e - =]
characterization of the ultrasonic device with iloprost and z - i"s g §~g;c
.. . ) . = CEEAER Y
treprostinil solution, this corresponds to total inhaled doses £ clzzgwovcomoognw|[Es58 §~g 8
of 7.5 g iloprost and treprostinil (4 pg/ml) and 15 ug o E2EA%2EE
.. . =1 i
treprostinil (8 ug/ml and 16 pg/ml), respectively. ol 23 E%E " b
Study 2 was a randomized, open-label, single-blind 2lTE|ccosnuvmosnovoo| T¥55ETSSE
T - ’ LlEE[~=raRadaamaaa | 8508
placebo-controlled study. The primary objectives were to =1v0 CRGCI=E- 2

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

1674 Voswinckel et al.

Inhaled Treprostinil in Pulmonary Hypertension

describe the pharmacodynamic and pharmacokinetic effects
of inhaled treprostinil at a well-tolerated dose (30 ug) and
to explore the highest tolerated single dose. A total number
of 31 patients inhaled either placebo or treprostinil; each
patient underwent 1 inhalation session. The first 16 patients
were randomized to 30 ug treprostinil (16 pg/ml, n = 8)
or placebo (stock solution containing the same buffer and
preservative concentrations as treprostinil 16 pg/ml).
Subsequent patients received 60 pg treprostinil (32
pg/ml; n = 6), 90 pg treprostinil (48 pg/ml; n = 6) and
120 pg treprostinil (64 pg/ml; n = 3). Inhalation time
was 6 min for all groups. Hemodynamics, gas exchange,
and arterial treprostinil concentrations were recorded for
180 min.

Study 3 was a randomized, open-label, single-blind study.
The primary objective was to explore the shortest possible
inhalation time for a 15-ug dose of inhaled treprostinil. A
total of 48 patients inhaled 1 dose of treprostinil during
hemodynamic monitoring. The drug was applied in 18, 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-s aerosol production (pulse)
and a 4-s pause. The device included an optic-acoustical
trigger enabling the patient to synchronize the inspiration to
the end of the aerosol pulse, thereby providing exact dosage.
The treprostinil dose of 15 ug was either generated during
18 cycles (Optineb filled with 100 wg/ml treprostinil, n =
6), 9 cycles (200 pg/ml treprostinil, n = 6), 3 cycles (600
pg/ml treprostinil, n = 21), 2 cycles (1,000 pg/ml trepro-
stinil, n = 7), or 1 cycle (2,000 pg/ml treprostinil, n = 8).
Hemodynamics and gas exchange were recorded for 120 to
180 min.

Treprostinil plasma concentrations were assessed in study
2 at 10, 15, 30, 60, and 120 min after inhalation. Trepro-
stinil quantification was performed by Alta Analytical Lab-
oratory (El Dorado Hills, California) with a validated liquid
chromatography atmospheric-pressure ionization tandem
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mass spectrometry as previously described (9). Mixed ve-
nous blood was drawn at 10, 15, 30, 60, 120, and 240 min
after inhalation, centrifuged, and the plasma frozen at
—80°C until temperature-controlled shipping on dry ice.
Statistics. For statistical analysis of study 1, the repeated
pulmonary vascular resistance (PVR) measurements after
inhaled iloprost and treprostinil were subjected to a
3-factorial analysis of variance (factors: time [A], drug [B],
treprostinil concentration [C]) to avoid multiple testing.
The time to maximum PVR decrease after inhalation of
iloprost versus treprostinil was compared by paired # test.
The area under the curve (AUC) was calculated from the
start of inhalation until 60 min after inhalation. Means,
standard error of the mean, and 95% confidence intervals
were calculated. For studies 2 and 3, areas between curves
(ABC) were calculated between placebo inhalation (study
2) and the respective treprostinil inhalation until 180 min
(study 2) and 120 min (study 3) after the end of
inhalation.

RESULTS

The inhalation of both iloprost and treprostinil in study 1
resulted in a rapid decrease in PVR and pulmonary arterial
pressure (PAP) (Figs. 1 to 3). No significant differences
were observed for the AUC of PVR decrease after inhala-
tion of 7.5 pg treprostinil in 6 min (AUC —12.6 = 7.0%),
15 pg treprostinil in 6 min (AUC —13.3 ® 3.2%), and 15
pg treprostinil in 3 min (AUC —13.6 £ 4.3%). The AUC
for PVR after the inhalation of 7.5 ug iloprost in 6 min was
—7.7 = 3.7% (mean * 95% confidence interval). An
overview of the pooled data of treprostinil inhalation com-
pared with iloprost inhalation is given in Figure 3. The
maximum effects of iloprost and treprostinil on PVR were
comparable, but this effect was reached significantly later
after treprostinil inhalation (18 * 2 min) compared with
iloprost (8 * 1 min; mean * SEM, p < 0.0001) and lasted
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Figure 1. Response of pulmonary vascular resistance (PVR) to inhaled treprostinil versus iloprost: period effects. (A) First inhalation session with treprostinil
(n = 22) versus first inhalation session with iloprost (n = 22). (B) Second inhalation session with treprostinil (n = 22) versus second inhalation session
with iloprost (n = 22). The PVR decrease with treprostinil was delayed and prolonged compared with that for iloprost. Because of 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 = 95% confidence
interval).
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Figure 2. Response of pulmonary vascular resistance (PVR) and systemic arterial pressure (SAP) to inhalation of treprostinil versus iloprost: dose
effects. (A) Inhalation of 7.5 pg iloprost (in 6 min) versus 7.5 pg treprostinil (6 min) (n = 14, in randomized order). (B) Inhalation of 7.5 pg iloprost
(6 min) versus 15 pg treprostinil (6 min) (n = 14, in randomized order). (C) Inhalation of 7.5 pg iloprost (6 min) versus 15 ug treprostinil (3 min)
(n = 16, in randomized order). Data are shown as percent of baseline values (mean * 95% confidence interval). Circles = iloprost; triangles =

treprostinil.

considerably longer (after 60 min, PVR wvalues in the
treprostinil group had not yet returned to baseline). The
increase in cardiac output was less brisk but more sustained
after treprostinil inhalation. Systemic arterial pressure
(SAP) was unaffected by treprostinil inhalation, whereas a
transient decrease was observed after iloprost inhalation.
Neither iloprost nor treprostinil affected gas exchange.
Three-factorial analysis of variance for PVR showed a
significant difference between repeated measurements after
inhalation (p[A] << 0.0001), no significant difference be-
tween drugs (p[B] = 0.1), no difference between treprostinil
concentrations (p[C] = 0.74), and a significant drug X time
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interaction (p[A X B] < 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 with iloprost.

In study 1, mild side effects were observed in some
patients with iloprost inhalation at the 7.5-pg dose (tran-
sient flush, headache) but were not observed with inhaled
treprostinil at 7.5 or 15 ug. Bad taste was reported by most
of the patients after inhalation of treprostinil. This was
subsequently found to be attributable to the metacresol
preservative contained in the treprostinil solution, which
was then left out in study 3.
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Figure 3. Hemodynamic response to inhalation of treprostinil versus iloprost. Data from 44 patients who inhaled both drugs in randomized order, shown
as percent of baseline values (mean * 95% confidence interval). Abbreviations as in Table 1.

In study 2, the pharmacodynamics of inhaled placebo or
treprostinil were observed for 180 min. Placebo inhalation
was followed by a gradual increase in PVR over the entire
observation time. Because of reduced patient numbers in the
120-pg treprostinil group (because of side effects, see
below), the hemodynamic values for this group were not
included in the graphs of this study (Figs. 4 and 5). All
treprostinil doses led to comparable maximal decreases of
PVR to 76.5 * 4.7% (30 pg), 73.7 = 5.8% (60 png), 73.3 =
4.3% (90 pg), and 65.4 = 4.1% (120 pg) of baseline values.
An extended duration of pulmonary vasodilation was noted,
surpassing the 3-h observation period for the 60-ug and
90-pg (and 120-ug) treprostinil doses, whereas in the
30-pg dose group the hemodynamic changes had returned
to baseline by the end of this period. Even at the highest
doses, treprostinil had only minor effects on SAP (Fig. 4).
Maximal cardiac output was 106.8 = 3.2% (30 ng), 122.9 =
4.3% (60 pg), 114.3 = 4.8% (90 pg) and 111.3 = 3.9%
(120 pg) of baseline values. The areas between the re-
sponse curves after placebo versus treprostinil inhalation
were calculated for PVR, PAP, systemic vascular resis-
tance, and SAP (Fig. 5). A nearly maximal effect on PVR
was already observed with 30 ug treprostinil, and areas
between the curves for PVR were not significantly dif-
ferent for 30, 60, and 90 pg treprostinil. Effects on PAP
and SAP were small and did not show a dose-response
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relationship. Gas exchange was not affected at doses up to
90 pg treprostinil, but arterial oxygen saturation was
significantly decreased at a dose of 120 pg treprostinil in
all 3 patients. Further dose increments above 120 ug were
not performed because of this desaturation and a severe
headache in 1 patient.

Bad taste of the treprostinil aerosol was again reported by
most patients. Other side effects were flushing (n = 1; 30
pg), mild transient cough (n = 3; 60 ug), mild transient
bronchoconstriction that resolved after fenoterol adminis-
tration (n = 1; 30 pg), and moderate bronchoconstriction
that resolved after fenoterol administration (n = 1; 120 pg).
The bad taste, the bronchoconstriction, and the decrease in
Sao, was attributed to metacresol contained in the original
treprostinil solution. With the use of a metacresol-free
solution of treprostinil (University Hospital Giessen, Ger-
many; produced according to the manufacturer’s protocol)
in the subsequent study, these side effects no longer oc-
curred.

Study 3 was performed with metacresol-free treprosti-
nil solution, which was tasteless and odorless. 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 (Nebu-
tec, Elsenfeld, Germany) inhalation device was pro-
grammed to produce a constant amount of aerosol during
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