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Long-term therapy with oral treprostinil in pulmonary arterial
hypertension failed to lead to improvement in important
physiologic measures: results from a single center

Kelly Marie Chin,' Rosechelle Ruggiero,' Sonja Bartolome,' Mariella Velez-Martinez,” Konstantina Darsaklis,’
Martha Kingman,' Scarlet Harden,' Fernando Torres'

'Pulmonary and Critical Care Division, University of Texas Southwestern Medical Center, Dallas, Texas, USA; *Cardiology Division, University of Maryland
Medical Center, Baltimore, Maryland, USA

Abstract: Sustained-release oral treprostinil, an oral prostacyclin, led to significant improvement in 6-minute walk distance (6MWD) versus
placebo in treatment-naive patients with pulmonary arterial hypertension (PAH) but failed to lead to significant improvement in two 16-week
trials in patients receiving background PAH therapies (FREEDOM studies). Long-term studies are lacking. Our objective was to evaluate
6MWD, functional class, hemodynamics, and other long-term outcomes during oral treprostinil administration in PAH. Patients receiving
oral treprostinil through the FREEDOM studies at our institution were included and were followed for up to 7 years. The primary end point
was change in pulmonary vascular resistance (PVR) at first follow-up catheterization. Other end points included 6MWD, functional class, and
other hemodynamic results. Thirty-seven patients received oral treprostinil for a median of 948 days, with 81%, 61%, and 47% continuing
therapy at 1, 2, and 3 years, respectively. Mean treprostinil dose at 3, 12, and 24 months was 4.3 + 2.3, 8.6 + 3.2, and 11.7 + 5.8 mg/24 h,
respectively. Compared with pretreatment values, there was no significant change in 6MWD at 3 or 12 months, no improvement in functional
class at 12 months, and no significant change in hemodynamics at the first follow-up catheterization (N = 34). Oral treprostinil dose was
inversely associated with change in PVR (r = —0.42, P < 0.05), and change in PVR was numerically better among patients in the highest dosing
quartile. No significant improvement in 6MWD, functional class, or hemodynamics versus pretreatment values was seen with long-term oral

treprostinil therapy, potentially because of inability to achieve a clinically effective dose.
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Systemic prostacyclins are considered the gold-standard treatment
for pulmonary arterial hypertension (PAH). Intravenous epoprostenol
(prostacyclin; Flolan/Veletri) and subcutaneous treprostinil (Remoduin)
have both been shown to lead to significant improvement in 6-minute
walk distance (6MWD), dyspnea scores, quality of life, and hemo-
dynamics compared with controls in 12-week clinical trials in PAH,'”
and epoprostenol led to improvement in survival compared with
controls in one 12-week study.” In longer-term observational stud-
ies, both therapies have been associated with improvement in he-
modynamics; moreover, observed survival with epoprostenol and
treprostinil therapy is greater than that expected from historical
data*”

In contrast, studies of oral prostacyclins have had mixed results.
Oral beraprost led to improvement in 6MWD versus placebo in
treatment-naive PAH patients at 12 weeks but did not lead to sig-
nificant improvement in 6MWD or clinical worsening in a longer

12-month study.*® More recently, oral treprostinil led to improve-
ment in 6MWD in treatment-naive PAH patients (FREEDOM M
study: 26-m improvement vs. placebo, P < 0.05)'° but failed to lead
to significant improvement in two studies enrolling patients receiving
background PAH therapies (FREEDOM C!" and C2,'2 11- and
10-m improvement vs. placebo, P = 0.07 and 0.09, respectively).
There was also no improvement across all three studies in secondary
end points of World Health Organization functional class and clini-
cal worsening. Although the cause for this lack of improvement is un-
clear, potential contributors, as suggested by the authors, include the
short study duration and the relatively low doses of oral treprostinil
achieved during the study. We therefore explored whether longer-
term therapy with oral treprostinil is associated with improvement
in hemodynamics, functional class, and 6MWD, focusing on these
end points because of their prognostic value and because hemody-
namics have not previously been reported for oral treprostinil.
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METHODS

This was an open-label study of patients participating in the FREE-
DOM studies at University of Texas (UT) Southwestern Medical Cen-
ter, Dallas. The 12-16-week FREEDOM clinical trials (FREEDOM
M, C, and C2) were international, double-blind, randomized, placebo-
controlled studies of oral treprostinil in PAH. Articles detailing study
methods and results have been published.'®'? Patients entered the
FREEDOM M or C trials at our center between 2007 and 2010, and
completing patients were then eligible to enter the open-label FREE-
DOM extension study. All patients in the extension study received
active therapy, and patients were followed at our center for up to
7 years. Patients underwent routine study follow-up plus assess-
ment of functional class and 6MWD every 3-6 months and right
heart catheterization approximately annually, or earlier when clini-
cally required. Baseline 6MWD and functional class were assessed
just before the first active therapy with oral treprostinil, while “base-
line” catheterizations were performed before the placebo-controlled
portion of the study. Informed consent was obtained from all partic-
ipants, and the studies were conducted in accordance with the
amended Declaration of Helsinki and were approved by UT South-
western’s Institutional Review Board (FREEDOM extension: 082007—
076; clinicaltrials.gov identifier NCT01027949). The sample size was
predetermined and was based on the number of patients enrolled in
the FREEDOM extension study at our center. Sample size calcula-
tions around the primary end point (change in pulmonary vascular
resistance [PVR]) found that a sample of >32 patients would have
80% power to detect a change in PVR >20% of baseline, with o =
0.05 the standard of significance.

Treatment strategy

Oral treprostinil was initiated at 0.5 or 0.25 mg twice daily (bid) and
up-titrated at the discretion of the treating clinician. Up-titration
was recommended unless the patient had dose-limiting side effects
or had achieved therapeutic goals (functional class II, 6MWD >
450 m, and improved hemodynamics). Add-on oral therapy (phos-
phodiesterase type 5 inhibitor [PDE5i] and/or endothelin receptor
antagonist [ERA]) was allowed. During the first 12 months of ther-
apy, add-on PDES5i or ERA therapy was prescribed only for clinical
worsening, defined as either right ventricular failure or persistent
functional class III symptoms with a >15% decline in 6MWD. After
12 months, all patients with persistent functional class ITI symptoms
or a 6MWD of <400 m were prescribed at least one approved oral
PAH therapy and were considered for a second approved oral ther-
apy at the treating physician’s discretion. Transition to a parenteral
prostacyclin therapy was recommended throughout the trial for
class IV symptoms, for hemodynamic instability, and for patients
with evidence of severe right heart failure (right atrial pressure of
=15 mmHg or a cardiac index of <2.0 L/min/m?). After 12 months
of oral treprostinil, parenteral therapy was also recommended for
patients with persistent functional class IIT symptoms, hemodynam-
ics worse than baseline values, and at least one other poor prognos-
tic marker (6MWD < 400 m, abnormal right atrial pressure or car-
diac index on catheterization, elevated N-terminal brain natriuretic
protein, or worsening findings on echocardiogram). The treatment-

escalation recommendations above are consistent with the PAH guide-

lines at the time of the study.'>'*

Statistical analysis

The primary end point was change in PVR, chosen because change
in PVR with therapy is a prognostic marker in PAH and because it
is also thought to be a predictor of efficacy for novel therapies.
“Posttreatment” catheterizations performed before 3 months of oral
treprostinil therapy were excluded (N = 1) because the time frame
may be too short to see improvement. Secondary end points in-
cluded changes in other catheterization measures at first follow-up
catheterization, change in 6MWD at 3 months (90-120 days) and
12 + 1 months, and change in functional class at 12 + 1 months. An
exploratory analysis focused on dosing was completed and included
(1) absolute value of the change in hemodynamics and 6MWD after
stratification by oral treprostinil dose (quartiles for hemodynamics
and median for 6MWD), (2) percent change in PVR by dosing quar-
tile and by subgroup (idiopathic PAH, connective tissue disease,
baseline PVR, therapy during trial, background PAH therapy), and
(3) a regression analysis looking at oral treprostinil dose as a predictor
of change in PVR at first follow-up alone and after adjustment for
PAH subtype, age, sex, background therapy (yes/no), and baseline
PVR and 6MWD. Results are presented as means + standard devia-
tion or as median and interquartile range. Medians were used for
6MWD because of a nonnormal distribution with the Wilcoxon
rank-sum test. Hemodynamic results were tested with a paired Stu-
dent ¢ test. Kaplan-Meier curves were created for continued oral tre-
prostinil therapy and survival; data were censored on January 15,
2014. Results are “as observed” except for functional class, where the
last observed functional class was carried forward except for deceased
patients, who were classified as functional class IV. A P value of
<0.05 was considered statistically significant.

RESULTS

Demographics

Thirty-eight patients were enrolled in the 12-16-week randomized
controlled FREEDOM studies (FREEDOM M or C) at our institu-
tion, and 37 patients entered the FREEDOM extension study (Fig. 1).
One patient randomized to placebo exited early because of clinical
worsening and was excluded from this analysis. Mean age at study
entry was 48 + 14 years, and time since diagnosis was 2.2 + 1.8 years
(Table 1). Five patients were treatment naive at enrollment, and 32
were receiving background oral PAH therapy, including 10 patients
receiving combination oral therapy. Add-on therapy with a PDE5i
and/or an ERA was permitted, and 16 patients (43%) began one or
both therapies during the study. Add-on therapy was initiated be-
fore the first follow-up catheterization in 3 patients and during later
follow-up in 13 patients.

Oral treprostinil dosing

Oral treprostinil was initiated at doses of 0.5 or 0.25 mg bid, with
the lower dose added per protocol later in the study for the purpose
of improving tolerability. Overall survival was 92%, 89%, and 86%
at 1, 2, and 3 years, respectively (N = 37; Fig. 2). Of the surviving
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Figure 1. Patient disposition. Treatment-naive patients entered the
FREEDOM M study, and patients receiving background pulmonary
arterial hypertension therapies entered the FREEDOM C study. After
completion, patients entered an extension study, where all patients
received open-label oral treprostinil. “Other” reasons for withdrawal
were thrombocytopenia (N = 1), worsening hypoxia (N = 1), and
incarceration with inability to obtain consent from prison officials to
continue experimental therapy (N = 1). IV Rx: intravenous therapy;
RCT: randomized clinical trial; 6MWD: 6-minute walk distance.

patients, 81% continued to receive oral treprostinil at 1 year, but
only 61% and 47% were still receiving this therapy at 2 and 3 years,
respectively. The maximum tolerated oral treprostinil dose during
the first year of therapy ranged from 1 to 20 mg/24 h (Fig. 3), and
the highest tolerated dose at any time point was 32 mg/24 h. Side
effects were similar to those for other systemic prostacyclins and
included headache (86%), nausea (68%), diarrhea (59%), jaw pain
(51%), and flushing (49%). Side effects limited up-titration during the
first year of therapy in all but 1 patient. Overall, 8 patients discontin-
ued oral treprostinil because of either side effects alone (N = 2) or
inability to tolerate up-titration despite =12 months of therapy (N = 6,
all at <7 mg/day; Fig. 1). Dosing was bid until 2013, when a protocol
amendment allowed three-times-daily (tid) dosing, if preferred. All
remaining patients (N = 6) chose to transition to tid dosing and re-
ported improved side effects, but patients were unable to increase
their total daily dose (median daily dose after 6 months decreased
from 18 to 17.5 mg/24 h).

Functional class and 6MWD

Functional class at the start of active therapy was class I (N = 2, 5%),
class III (N = 34, 92%), or class IV (N = 1, 3%). There was no sta-
tistically significant change in functional class after 12 months of
therapy: 6 patients improved, 2 worsened, 3 were deceased, and there
was no change in 26 patients (P not significant). There was also no
significant change in 6MWD from baseline values at 3 or 12 months,
with median changes of 1 and -3 m, respectively (P not significant).
Patients receiving greater than the median dose of oral treprostinil at
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each time point did have numerically greater increases in 6MWD
(Fig. 4).

Hemodynamics

Baseline hemodynamics were consistent with severe PAH (Table 1).
After therapy with oral treprostinil, there was no significant improve-
ment in hemodynamics over baseline values. Among patients with
catheterization both before and after oral treprostinil therapy, PVR
was 10.74 Wood units at baseline and 10.75 Wood units at first
follow-up (overall change in PVR: 0.01 + 3.6 Wood units; Table 2).
Results were similar across subgroups of etiology, severity, receipt
of placebo or active therapy in the FREEDOM studies, and whether
treatment naive (FREEDOM M participants) or receiving back-
ground therapy (FREEDOM C participants), but percent change in
PVR was numerically better for patients in the highest dosing quar-
tile (Table 2; Fig. 4). Specifically, patients receiving at least 10.125
mg/24 h oral treprostinil had a 12.4% (95% confidence interval [CI]:
—37% to 12%) decline in PVR versus baseline (N = 8), while all other
dosing quartiles showed increases in PVR. Oral treprostinil dose was
also a modest predictor of change in PVR in a linear regression anal-

Table 1. Demographics: FREEDOM extension patients

Characteristic Result
Age, years 48 + 14
Female, N (%) 29 (76)
Weight, kg
Female 76 + 24
Male 85+ 21
Etiology, N
Idiopathic PAH 26
CTD-PAH 11
Background therapy (at randomization), N None: 5,
PDES5I/ERA: 22,
both: 10
Hemodynamics
RAP, mmHg 9+6
PAP, mmHg 53+ 15
PCWP, mmHg 9+4
CI, L/min/m’ 2.5£07
SVo,, % 619
PVR, Wood units 11+6

Baseline 6MWD, median (IQR), m 366 (314-413)

Note: Data are reported as mean + standard deviation unless
otherwise specified. CI: cardiac index; CTD: connective-tissue disease;
ERA: endothelin 1 receptor antagonist; IQR: interquartile range;
PAH: pulmonary arterial hypertension; PAP: pulmonary arterial
pressure; PCWP: pulmonary capillary wedge pressure; PDED5i:
phosphodiesterase type 5 inhibitor; PVR: pulmonary vascular resis-
tance; RAP: right atrial pressure; SD: standard deviation; SVo,:
mixed venous oxygen saturation; 6SMWD: 6-minute walk distance.
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Kaplan-Meier Curves
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Figure 2. Survival and proportion receiving oral treprostinil over
a 5-year period. UTSW: University of Texas Southwestern Medi-
cal Center.

ysis (r = —0.42, P < 0.05; Fig. 5), and this association remained sig-
nificant after adjustment for age, sex, etiology, background therapy,
baseline PVR, and baseline 6MWD.

Discontinuations and transitions to other therapies
Eleven patients exited the study because of prostacyclin side effects
and inability to up-titrate (N = 8) or other reasons (N = 3; Fig. 1).
All patients were down-titrated over a period of several months so
as to avoid any rebound related to prostacyclin withdrawal. Patients
also received one or more additional PAH therapies during this time,
including approved oral therapies (N = 9) and/or inhaled prostacy-
clin analogs (N = 4). Long-term outcomes for these patients are
beyond the scope of this article, but no patients died during the
transition or during the first year after discontinuation of oral tre-
prostinil therapy.

Seventeen patients (46%) required transition to intravenous pros-
tacyclin therapy (epoprostenol or treprostinil). As shown in Table 3,
these patients had a number of concerning hemodynamic findings,
both at baseline and after oral treprostinil therapy. Dosing and up-
titration of the intravenous therapies were individualized and were
based on PAH severity, prior oral treprostinil dose and tolerability, and
intravenous therapy tolerability. We utilized minimum intravenous-
therapy dosing targets of 20 ng/kg/min for epoprostenol and 40 ng/kg/
min for treprostinil, consistent with our center’s usual 3-4-month
goals. Sixteen of 17 patients reached their individual dosing targets
uneventfully, achieving mean doses at 4 months of 33 + 9 ng/kg/min
for epoprostenol (N = 13) and 43 + 6 ng/kg/min for treprostinil (N =
3). One patient reported continued severe prostacyclin side effects
with intravenous therapy and chose to discontinue prostacyclin ther-
apy altogether.

Survival from the start of intravenous therapy was 71%, 64%, and
56% at 1, 2, and 3 years, respectively, including 5 deaths during the
first 6 months of therapy. Thirteen patients (76%) underwent cathe-

terization at 11 + 4 months of intravenous therapy. Catheterization
results showed significant improvement versus both baseline (pre-
oral treprostinil) and catheterization while receiving oral therapy (Ta-
ble 3). Of note, because 4 (24%) of the 17 transition patients died
before follow-up catheterization, these results could overestimate the
hemodynamic benefits of intravenous therapy.

DISCUSSION

In this study, we evaluated long-term outcomes in 37 patients en-
rolled in the FREEDOM extension study at our institution. We
found no significant improvement in functional class, 6 MWD, or
hemodynamics versus baseline during long-term follow-up. These
results suggest that oral treprostinil may not lead to significant long-
term improvement in these end points at the doses most commonly
achieved in the FREEDOM clinical trials and extension study. This
contrasts with the significant benefits shown with intravenous and
subcutaneous prostacyclins in clinical trials and open-label studies.'™

Systemic treprostinil therapy: optimal dosing

Our findings suggest that insufficient prostacyclin dosing was most
likely the major contributor to our overall negative results. This
is supported by our findings of a moderate inverse association be-
tween oral treprostinil dose and change in PVR, by the 12% decline
in PVR in the highest dosing quartile (P not significant), and by the
large decline in PVR (41%) among patients whose therapy tran-
sitioned from oral treprostinil to intravenous epoprostenol or tre-
prostinil. Concerns about dosing have previously been raised with
oral treprostinil. The authors of the primary FREEDOM C and C2
papers speculated that the failure to achieve the primary end point
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Figure 3. Daily oral treprostinil dose, in milligrams. Median doses were
438, 6.0, 9.0, and 11.0 mg/24 h at 3, 6, 12, and 24 months, respectively;
mean doses were 4.3 + 2.3,6.0 £ 2.1, 8.6 + 3.2, and 11.7 + 5.8 mg/24 h,
respectively. Circles indicate outliers. *Dashed line: 12 mg, thought to
be equivalent to approximately 20 ng/kg/min subcutaneous or intrave-
nous treprostinil."®



Pulmonary Circulation

Follow-up Time

Change in 6MWD

Volume 5 Number 3 September 2015 | 517

Median, (IQ Range) Dose /24 hrs

(mean t SD)
Three Months
All (N=35) 1 ° 1(-34 to 42) 4323 mg
= median dose (N=18) - [ © i — ] 16 (-6.5to 70) 6.0+1.7mg
< median dose (N=17) -H o —_—r -26 (-50 to 28) 25+13
Twelve Months
All (N=27) . —_— -3 (-43 to 68) 8.6 +3.2mg
> median dose - 13 (-50 to 72) 109+238
< median dose (N=14) - -7 (-60 to 73) 6.5+2mg
| | | 1 | | | |
-250 -150 -50 0 50 150 250
Worse Meters Better

Group Percent Change in PVR Mean (95% ClI) Dose / 24 hrs
First Follow-Up Catheterization (mean = SD)
All (N=33) b ——o— 6.5% (-4.6 to 17%) 7.9 +£3.6 mg
Dosing Quartile
Lowest: 2-5 mg (N=8) 7 T 8.9% (-8.3 to 26%) 3.8+1.3mg
Second: 6-6.5 mg (N=9) 7 f o f 21% (-6.8 to 48%) 6.3+0.3mg
Third: 7.75-10 mg (N=8) 1 t i 7.1% (-20 to 35%) 8.8 +0.8 mg
Highest: 10.25-16 mg (N=8) 1 f o -12.5% (-37t0 12%) 129+2mg
Sub-groups
Idiopathic (N=25) 1 00— 6.5% (-4.6 to 18%) 8.0+4.0mg
CTD (N=8) 1 f f 24% (-3.2 to 53%) 7.6+23mg
PVR>9 (N=17) 1 LA 1.1% (-13.6 10 15.8%) 7.4+3.6 mg
PVR<9 (N=16) 1 N 11.6% (-6.2t029%) 9.0+3.7mg
Former placebo (N=16) 7 70— 6.1% (-13.5t026%) 7.8+4.4mg
Former active (N=17) b 0 6.9% (-6.8 to 21%) 8.0+2.8mg
Treatment naive (N=4) 8 I 0 113% (-38 to 64%) 10.3+1.2mg
One background Rx (N=19) 8 00— 13.4 (-3 t0 27%) 6.8+2.9mg
Two background Rx (N=10) : F | -9.3% (-33t0 14.8%) 8.9+4.7mg
Pre / Post-IV Prostacyclin
Last PO tre vs. baseline (N=13)* 1 | e — 14.8% (-5.7t0 35%) 11.4+7.5mg
IV Rx vs. Last PO tre (N=13) 1 00— -41% (-53 to -28%) 39422 epo &
T T T T T T T T 1 4716 tre (ng/kg/min)
50% -40% 20% 0 20% 40% 50%
Better Worse

Figure 4. Change in 6MWD and change in PVR with oral treprostinil therapy. No significant improvement in PVR was seen in the group
as a whole or in any tested subgroup. Circles in the top plot indicate outliers. CTD: connective-tissue disease; epo: epoprostenol; 1Q:
interquartile; IV Rx: intravenous therapy; PVR: pulmonary vascular resistance; SD: standard deviation; tre: treprostinil; 6MWD: 6-minute
walk distance. *Last PO tre: last catheterization while still receiving oral treprostinil.

(6MWD) could have related to the relatively low doses achieved,
the short study durations, and premature discontinuations due to
tolerability, particularly before the introduction of lower tablet
strengths later in the FREEDOM series.

Although optimal dosing for systemic prostacyclins remains un-
known, studies of intravenous and subcutaneous prostacyclins have
suggested a significant dose response for both 6MWD'® and hemo-
dynamics.'®'® Survival also appears to be associated with subcuta-
neous treprostinil doses, with greater survival seen for every 10 ng/
kg/min-higher dose achieved at 12 weeks (hazard ratio: 0.66 [95%
CI: 0.48-0.9]) and for those achieving a dose 240 ng/kg/min (haz-
ard ratio: 0.29 [95% CI: 0.20-0.44]) at any time point.>"

Partially because of these results, our center utilizes a minimum
intravenous and subcutaneous treprostinil target dose of 40 ng/kg/
min, typically achieved during the first 3-4 months of therapy.*>*!
For epoprostenol, we target 20 ng/kg/min, chosen on the basis of
treprostinil-to-epoprostenol conversion studies, other epoprostenol

studies, and our own clinical experience.*'*** Notably, dosing equiv-
alencies between epoprostenol and treprostinil have not been estab-
lished; studies looking at eporprostenol-to-treprostinil transitions
typically utilize lower initial doses of treprostinil (~1.25 times the
epoprostenol dose) followed by gradual up-titration, with mainte-
nance doses at 12 weeks of about 2 times the prior epoprostenol
dose. Our dosing targets are also slightly lower than prostacyclin
maintenance doses reported at other pulmonary hypertension centers
in the United States,> but these are only our minimum targets, and
many patients undergo subsequent additional up-titration based on
both clinical and hemodynamic response.

Oral treprostinil can theoretically be administered in these dos-
ing ranges, but tolerability appears to be a significant issue for most
patients. The average oral treprostinil dose at 1 year in our FREE-
DOM extension patients was 8.6 mg/24 h, similar to the average of
8.4 mg/24 h at 1 year in the FREEDOM extension study overall.*
In addition, fewer than 10% of patients at our center were able to
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Table 2. Change in hemodynamics versus baseline catheterization

All Q1 Q2 Q3 Q4
(N =34) (2-5mg) (6-6.5mg) (7.75-10 mg)  (10.25-16 mg)
RAP, mmHg -02+7 -3+8 2+8 -1+4 0+6
PAP, mmHg 1+8 2+7 5+£5 0+7 -4 +12
PCWP, mmHg 09+5 0+6 2+4 -1+3 3+5
CI, L/min/m? (N = 33)* 0.1 +0.7 0x04 -0.2+0.5 0.3 +0.9 0.2 +0.7
SVo,, % -2+8 -3x8 -5+10 -3+6 3+6
PVR, Wood units
(N =33)" 001+36 07+24 12+3 -0.1+2.2 -23+52
Daily treprostinil
dose, mg 78+36 38=*13 6.3+0.3 8.8 +0.8 129 +2
Median daily
treprostinil dose, mg 6.5 3.5 6.25 8.75 13.125

Note: Data are reported as mean + standard deviation unless otherwise specified. First follow-up cath-
eterization was performed after 11 + 7 months of therapy. Three patients (9%) received add-on PDES5i or
ERA therapy before follow-up. Missing data are due to clinical worsening and catheterization before
3 months of therapy (N = 1), medication discontinuation without catheterization (N = 1), or insur-
ance issues (N = 1). No comparisons were statistically significant. CI: cardiac index; ERA: endothelin 1 re-
ceptor antagonist; PAP: pulmonary arterial pressure; PCWP: pulmonary capillary wedge pressure; PDE5i:
phosphodiesterase type 5 inhibitor; PVR: pulmonary vascular resistance; Q: dosing quartile; RAP: right

atrial pressure; SVo,: mixed venous oxygen saturation.

* N = 33 because baseline CI data were missing for 1 patient.

reach 12 mg/24 h within the first year of therapy, and no patients
reached 24 mg/24 h within 1 year—with the latter thought to be
roughly equivalent to our minimum intravenous treprostinil dosing
target of 40 ng/kg/min."” This occurred despite continuous attempts
to up-titrate throughout the first year of therapy in 36 of 37 patients
and despite our center’s considerable experience in managing sys-
temic prostacyclins and their side effects.

Limitations

The small sample size (N = 37) and observational design may limit
the conclusiveness of our results. The lack of a control group, in
particular, makes it difficult to exclude a beneficial effect on hemo-
dynamic stability, because PAH is frequently progressive. However,
while our data do not exclude the possibility that oral treprostinil
could prevent hemodynamic worsening, most approved PAH ther-
apies lead to significant hemodynamic improvement versus baseline.
Decreases in PVR have been in the 20%-42% range with most other
approved PAH therapies,>>'®'®*>*> and our study was well pow-
ered to identify improvement of this magnitude.

Other factors could also have contributed to our negative results.
Treatment-naive patients may have greater improvement than pa-
tients receiving background therapy, and most patients at our cen-
ter had received background therapy. Our “baseline” catheterizations
(but not walk tests and functional class) were also performed before
the randomized controlled portions of the FREEDOM studies (i.e.,

before the 12-16-week placebo periods), meaning that any worsen-
ing in hemodynamics before the initiation of oral treprostinil was
not captured. On the other hand, our sensitivity analysis did not re-
veal any significant differences in hemodynamic response in former
placebo versus former active-therapy patients or in treatment-naive
patients versus patients receiving one or two background therapies
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Figure 5. Percent change in pulmonary vascular resistance (PVR).
There was no overall improvement in PVR (mean change in PVR:
6.5%), but oral treprostinil dose at first catheterization did corre-
late inversely with change in PVR (r = —0.42, P < 0.05).
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Table 3. Hemodynamic results among patients transitioning to

intravenous therapy

Death before IV Rx cath (N = 4)

Survived to IV Rx cath (N = 13)

Oral treprostinil IV Rx Oral treprostinil IV Rx
First f/u: First f/u: Last f/u: First f/u:

Baseline 12+9mo  None Baseline 9+7mo 18+ 17 mo 11 £ 4 mo
Dose, mean + SD, mg/24 h . 76+3 . 7.8 +4 106 7 Combination®
RAP, mmHg 10 21 12 8 9 6°
PAP, mmHg 49 55 52 55 60 47°¢
PCWP, mmHg 9 10 9 9 9 10
CI, L/min/m? 2.5 2.0 2.4 2.6 2.5 3.3
SVo,, % 55 48 61 56 55 66°
PVR, Wood units 10.3 13.3 10.5 10.8 11.3 6.63%

Note: Data are reported as means unless otherwise specified. Seventeen patients transitioned to intravenous therapy (IV Rx).
Four died before undergoing a follow-up catheterization (left). Catheterization results for the remaining 13 patients showed
significant hemodynamic improvement versus baseline and versus results of the last catheterization with oral treprostinil
therapy (right). CI: cardiac index; f/u: follow-up; IV Rx cath: catheterization while receiving intravenous therapy; PAP: pul-

monary arterial pressure; PCWP: pulmonary capillary wedge pre
pressure; SVo,: mixed venous oxygen saturation.
* Dose at catheterization: treprostinil: 47 + 6 ng/kg/min; e
® P < 0.05 versus baseline.
€ P < 0.05 versus last follow-up with oral therapy.

(Fig. 4). In addition, most patients who would be considered candi-
dates for oral treprostinil will likely be receiving background therapies.

Finally, the higher (equivalent) prostacyclin dosing achieved in
patients after transition to intravenous therapy should also be noted.
In our opinion, this is not a true limitation but is instead the main
issue: up-titration of oral therapy is more difficult than up-titration
of intravenous therapy, even when attempted over a long period of
time. The specific cause(s) for the differences in tolerability between
oral and intravenous therapy remain unclear but could relate to the
peak and trough associated with bid dosing, variability in patients’
adherence to the recommended 500-calorie meal (required to opti-
mize absorption), potential direct gastrointestinal side effects with
oral administration, and/or the lack of sufficiently small dose incre-
ments. Although it is hoped that oral treprostinil tolerability will
improve with the option of tid dosing and smaller pill sizes, this
remains unclear and will require further study.

Conclusions

In this report, we present data for 37 patients receiving oral tre-
prostinil in the FREEDOM extension study at our institution. We
found no significant improvement in functional class, 6MWD, or
hemodynamics after approximately 1 year of therapy. The modest
association between higher treprostinil dose and improvement in
PVR suggests that oral treprostinil might be effective if sufficiently
high doses can be achieved, but our dosing results suggest that this

ssure; PVR: pulmonary vascular resistance; RAP: right atrial

poprostenol: 39 + 22 ng/kg/min.

will be difficult to accomplish. Overall, these findings, combined
with the negative oral treprostinil clinical trial results in patients
receiving background PAH therapy, suggest that parenteral prosta-
noids remain the treatment of choice for most PAH patients requir-
ing a systemic prostanoid.
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