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Background: New oral prostacyclin therapies and prostacyclin agonists have become

available for the treatment of pulmonary arterial hypertension (PAH). However,

methods for transitioning between oral, inhaled, and parenteral formulations are not

well-established, except in the form of case reports and case series. Collectively, these

emphasize the lack of a standardized process and approach in transitioning patients

between PAH prostanoid therapies. In this case series, we report our experience at an

accredited Pulmonary Hypertension center in transitioning between various oral, inhaled,

and parenteral prostanoids to offer additional guidance on safe transitions in therapy.

Methods: All cases of prostanoid transitions at an accredited Pulmonary Hypertension

center from March 2018 to September 2019 were included in this report. The transition

approach for each case was developed through a review of the literature, extrapolation of

available pharmacokinetic data, and collaboration between pharmacists and clinicians.

Results: This case series describes the transition of 3 patients from selexipag to

parenteral treprostinil; 1 patient transitioning from parenteral treprostinil to selexipag;

1 patient transitioning from oral treprostinil to parenteral treprostinil; and 1 patient

transitioning from inhaled treprostinil to selexipag. Four of the 6 patients presented

here were transitioned to an alternate prostanoid on account of clinical worsening,

while the remaining 2 patients transitioned due to intolerance of parenteral therapy

and poor medication adherence. This case series includes patients with various

etiologies of PAH including idiopathic PAH, methamphetamine-associated PAH, and

scleroderma-associated PAH. All patients successfully completed each transition without

serious adverse events.

Conclusions: With the increasing utilization and availability of prostanoids, there is

a critical need for a standardized approach in transitioning safely between different

formulations without compromising treatment efficacy. In this case series, we present our

clinical experiences, guided by available pharmacokinetic data, in transitioning between

various prostanoid formulations.
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BACKGROUND

In recent years, new oral prostanoid therapies such as selexipag
and oral treprostinil have become globally available for the
treatment of pulmonary arterial hypertension (PAH). These
agents are becoming increasingly utilized due to their efficacy,
oral route of administration, and potentially favorable side
effect profile based on data from the FREEDOM trials with
oral treprostinil (1–4) and the GRIPHON trial with selexipag
(5). Established guidance on transitions between various
formulations within this drug class have not been standardized.
A number of case reports and case series have been published
describing such transitions but lack consistent processes (6–13).

The most common method of determining dose equivalency
between parenteral treprostinil and oral treprostinil is derived
from a small phase 2 trial consisting of 33 patients. This dose
conversion strategy can be found in the package insert for oral
treprostinil and is summarized by the following equation (14):

Oral treprostinil total dose/day (mg)= parenteral treprostinil
dose (ng/kg/min)× weight (kg)× 0.0072

During the transition period, the package insert recommends
reducing parenteral treprostinil by up to 30 ng/kg/min per day
while also increasing the dose of oral treprostinil by up to
6mg per day as tolerated (14). However, despite sharing similar
dosing strategies based on these recommendations, there are still
numerous variations between different institutional practices.
Most notable are the durations over which the transitions are
implemented (6–10).

There is no standardized dose conversion strategy for
transitioning from oral treprostinil to inhaled treprostinil, and
no recommendations are provided in the package insert (14).
There is published data for patients on doses of parenteral
treprostinil ranging from 22.5 to 111 ng/kg/min and inhaled
treprostinil ranging from 9 to 54 mcg four times daily, who
have subsequently been transitioned to oral treprostinil 1mg
twice daily to 14mg three times daily (7, 9, 10). Given the
linear pharmacokinetic relationship between treprostinil plasma
concentrations and doses up to 125 ng/kg/min, relative dose
equivalencies between different formulations can be estimated
(15). Parenteral treprostinil 10 ng/kg/min results in plasma
concentrations of ∼1–2 ng/mL, which is roughly equivalent to
inhaled treprostinil 54 mcg four times daily (15–17). Assuming
inhaled treprostinil 54 mcg four times daily is approximately
equivalent to parenteral treprostinil 5–10 ng/kg/min, the
corresponding dose of oral treprostinil (for an average 70 kg
patient) would be ∼1–2mg three times daily. Other studies have
described successful transitions between inhaled and parenteral
treprostinil using parenteral doses of up to 25 ng/kg/min (18, 19).

For transitions between parenteral or inhaled prostanoids and
selexipag, there is considerably less guidance available. Selexipag
is an oral selective IP receptor agonist, and the pharmacokinetic
relationship between dose and equivalent plasma concentrations
are unknown. In the TRANSIT-1 study, 34 PAH patients on
inhaled treprostinil were transitioned to selexipag over 8 weeks
with a 94.1% success rate. The mean dose of inhaled treprostinil
at baseline was 59.3 mcg four times daily (13). In a case
series of 4 patients on parenteral treprostinil, the highest dose

upon initiation of the transition was 46.5 ng/kg/min, which
was successfully transitioned to selexipag 1,600 mcg twice daily
(11). In another case series of 5 patients, parenteral treprostinil
doses up to 96 ng/kg/min were successfully transitioned to
selexipag 1,600 mcg twice daily (20). It is important to note the
lack of information beyond 6 months following the transition,
particularly in patients previously on high treprostinil doses.

In this case series, we report our experience in transitioning
between oral, inhaled, and parenteral prostaglandin products at
an accredited Pulmonary Hypertension (PH) center (Table 1).

METHODS

Approval of this study was obtained through the University
of Utah Institutional Review Board. All cases that underwent
transition between different prostanoid formulations at the
University of Utah Pulmonary Hypertension Comprehensive
Care Center from March 2018 to September 2019 were included
in this report. No cases were omitted, and all available relevant
data were included in this report. Written informed consent
was obtained from the participants for the publication of this
case report. The consecutive cases were collected prospectively.
The different methodologies for transition were created after
an extensive literature review and with collaboration between
pharmacists and clinicians at University of Utah Health.

CASE PRESENTATION

Case #1: Selexipag to Parenteral
Treprostinil
A 66-year-old female with World Health Organization (WHO)
group 1, functional class (FC) III scleroderma-associated PAH
underwent a planned admission to transition from selexipag
to parenteral treprostinil due to declining clinical status. Prior
to starting any PAH therapies, her right heart catheterization
(RHC) showed a right atrial pressure (RAP) of 25 mmHg,
pulmonary artery pressure (PAP) of 61/26 mmHg with a
mean PAP of 43 mmHg, pulmonary capillary wedge pressure
(PCWP) of 9 mmHg, pulmonary vascular resistance (PVR)
of 6.7 Wood Units (WU), and cardiac index (CI) (Fick) of
2.3 L/min/m2. PAH medications prior to the transition were:
ambrisentan 10mg daily, sildenafil 20mg three times daily,
and selexipag 600 mcg twice daily. The patient had received
selexipag for ∼7 months. Her other medications included
apixaban 5mg twice daily, bumetanide 2mg twice daily, and
metolazone 2.5mg twice weekly. Prior to the transition, while
on PAH therapies, the patient had a 6minute walk distance
(6MWD) of 213m; brain natriuretic peptide (BNP) of 288 pg/mL;
and a transthoracic echocardiogram (TTE) demonstrating an
estimated right ventricular systolic pressure (RVSP) of 61 mmHg,
a moderate pericardial effusion, and normal right ventricle (RV)
size and function. On admission, her total body weight was
101.4 kg (BMI 38.4 kg/m2). She was hemodynamically stable
with an oxygen saturation of 99% on her baseline oxygen
requirement of 1L. Selexipag total daily dose was decreased
by 400 mcg per day (split between the morning and evening
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TABLE 1 | Baseline characteristics.

Case #1 Case #2 Case #3 Case #4 Case #5 Case #6

Age (yr) 66 41 40 32 20 56

Type of PAH Scleroderma-

associated

Idiopathic Methamphetamine-

associated

Methamphetamine-

associated

Idiopathic Methamphetamine-

associated

Transitioning

agents

Selexipag to SQ

Treprostinil

Selexipag to SQ

Treprostinil

Selexipag to SQ

Treprostinil

SQ Treprostinil to

Selexipag

Oral Treprostinil to SQ

Treprostinil

Inhaled Treprostinil

to Selexipag

6MWD (m) 213 213 383 671 520 312

BNP (pg/mL) 288 579 NT-proBNP

599 pg/mL

21 43 189

Hemodynamics RAP 25 mmHg

PAP 61/26 mmHg

mPAP 43 mmHg

PCWP 9 mmHg

PVR 6.7 WU

CI 2.3 L/min/m2

RAP 19 mmHg

PAP 80/40 mmHg

mPAP 54 mmHg

PCWP 18 mmHg

PVR 8.6 WU

CI 2.56 L/min/m2

RAP 5 mmHg

PAP 87/32 mmHg

mPAP 57 mmHg

PCWP 12 mmHg

PVR 9.3 WU

CI 2.46 L/min/m2

RAP 3 mmHg

PAP 120/57 mmHg

mPAP 78 mmHg

PCWP 17 mmHg

PVR 9.2 WU

CI 3.7 L/min/m2

RAP 10 mmHg

PAP 100/55 mmHg

mPAP 79 mmHg

PCWP 21 mmHg

PVR 13.68 WU

CI 2.35 L/min/m2

RAP 6 mmHg

PAP 63/25 mmHg

mPAP 44 mmHg

PCWP 7 mmHg

PVR 11.7 WU

CI 1.6 L/min/m2

TABLE 2 | Selexipag to parenteral treprostinil transitions (Cases #1-#3).

Drug Titration Case 1 Case 2 Case 3

Selexipag dose prior to transition 600 mcg twice daily 1,600 mcg twice daily 1,400 mcg twice daily

Selexipag dose at time of

treprostinil initiation

400 mcg 1,200 mcg 1,200 mcg

Treprostinil initiation dose 5 ng/kg/min 5 ng/kg/min 5 ng/kg/min

Selexipag dose down-titration Total daily dose decreased by 400

mcg every 24 h

Total daily dose decreased by 800 mcg

every 24 h until 400 mcg dose reached,

then decreased by 400 mcg every 24 h

Decreased by 200 mcg per dose every 12 h

Treprostinil dose up-titration Increased by 5 ng/kg/min every

24 h until selexipag off, then

increased by 1 ng/kg/min every

24 h as tolerated

Increased by 3–5 ng/kg/min every 24 h

until selexipag off, then increased by 1

ng/kg/min every 24 h as tolerated

Increased by 5 ng/kg/min every 24 h until

selexipag off, then increased by 1 ng/kg/min

every 24 h as tolerated

Treprostinil dosing weight used 54.2 kg (IBW) 70 kg (IBW) 50.1 kg (IBW)

Duration of transition 3 days 5 days 3 days

Treprostinil dose reached at

hospital discharge

13 ng/kg/min 20 ng/kg/min 20 ng/kg/min

doses) starting on the day of hospital admission. Intravenous
treprostinil was initiated at 5 ng/kg/min using an ideal body
weight of 54.2 kg on day 1 of admission and increased by
increments of 5 ng/kg/min every 24 hours to 10 ng/kg/min by the
time of selexipag discontinuation. The transition was completed
over 3 days (Table 2). The patient tolerated the transition
well with no reports of headaches, flushing, flu-like symptoms,
or symptomatic hypotension. Throughout the transition, she
required 1 to 2 L/min of oxygen to maintain oxygen saturations
>90% at rest. Her hospital stay was complicated by fluid
overload and acute kidney injury likely secondary to cardiorenal
syndrome, despite an adequate cardiac output shown on RHC.
Following the transition, her RHC hemodynamics showed a RAP
of 23 mmHg, PAP of 67/29 mmHg with a mean PAP of 44
mmHg, PCWP of 27mmHg (increased PCWP secondary to right
ventricular compression of the left ventricle), PVR of 2.2WU, and
CI (Fick) of 3.8 L/min/m2. Prior to hospital discharge, the patient
was transitioned from IV to SQ treprostinil and was instructed
to continue up-titrating by 1 ng/kg/min every 2–4 days until

goal of 40 ng/kg/min. At a 7-month follow-up, she was on SQ
treprostinil at a rate of 43 ng/kg/min. Her BNP was stable at
261 pg/mL, and her TTE was unchanged. However, her 6MWD
had decreased to 168m, and she required 3 L/min of oxygen to
maintain an oxygen saturation of >88%. Repeat RHC showed a
RAP of 19 mmHg, PAP of 61/25 mmHg with a mean PAP of 37
mmHg, PCWP of 22 mmHg, PVR of 1.7 WU, and CI (Fick) of
4.14 L/min/m2.

Case #2: Selexipag to
Parenteral Treprostinil
A 41-year-old female with WHO group 1, FC IV idiopathic PAH
underwent a planned admission to transition from selexipag to
parenteral treprostinil. She had worsening functional class on
ambrisentan 10mg daily, sildenafil 20mg three times daily, and
selexipag 1,600 mcg twice daily. Her concomitant medications
included torsemide 40mg daily, spironolactone 25mg daily,
digoxin 250 mcg daily, and apixaban 5mg twice daily. Prior
to the transition, while on PAH therapies, the patient had a
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6MWD of 213m, BNP of 579 pg/mL, and a TTE demonstrating
an estimated RVSP of 69 mmHg and a severely enlarged
RV with mildly reduced RV systolic function. Her RHC on
admission showed a RAP of 19 mmHg, PAP of 80/40 mmHg
with a mean PAP of 54 mmHg, PCWP of 18 mmHg, PVR
of 8.6 WU, and CI (Fick) of 2.56 L/min/m2. On admission,
her total body weight was 107 kg (BMI 44.6 kg/m2). She was
hemodynamically stable with an oxygen saturation of 92% on
her baseline oxygen requirement of 4L. Selexipag was reduced
to 1,200 mcg twice daily (75% of her home dose) on the day
of admission and subsequently decreased by 800 mcg per day
(split between the morning and evening doses). Once 400 mcg
was reached, the dose was further decreased to 200 mcg after
24 h before stopping. Intravenous treprostinil was initiated on
hospital day 1 at 5 ng/kg/min using an ideal body weight
of 70 kg and was increased by 3–5 ng/kg/min every 24 h to
20 ng/kg/min by the time of selexipag discontinuation. The
transition took place over the course of 5 days (Table 2).
The patient tolerated the transition with no complaints. The
patient did develop a rash during the admission, which was
thought to be contact dermatitis secondary to an adhesive.
Throughout the transition, her oxygen saturations remained
>88% on 4 to 6 L/min NC, and her renal function remained
unchanged. Prior to discharge, the patient was transitioned
from IV to SQ treprostinil. She was continued on a gradual
up-titration as an outpatient with a goal of 40 ng/kg/min
and had reached 30 ng/kg/min by the time of her 1 month
follow up.

Case #3: Selexipag to Parenteral
Treprostinil
A 40-year-old female with WHO group 1, FC III
methamphetamine-associated PAH underwent a planned
admission for transition from oral selexipag to parenteral
treprostinil. She initially presented to our PH clinic with
progression of disease and worsening functional status despite
treatment with tadalafil 40mg daily, macitentan 10mg daily,
and selexipag 1,400 mcg twice daily for nearly 3 years. Her
other medications included furosemide 40mg in the morning
and 20mg in the afternoon and spironolactone 25mg daily.
Prior to her transition, the patient had a 6MWD of 382m,
NT-proBNP of 599 pg/mL, and a TTE revealing an estimated
RVSP of 91 mmHg and a severely enlarged RV with mildly
reduced RV systolic function. Her RHC showed a RAP of 5
mmHg, PAP of 87/32 mmHg with a mean PAP of 57 mmHg,
PCWP of 12 mmHg, PVR of 9.3 WU, and CI (Fick) of 2.46
L/min/m2. On admission, her total body weight was 94.5 kg
(BMI 38.1 kg/m2). She was hemodynamically stable with an
oxygen saturation of 90% on her baseline oxygen requirement
of 4L. Selexipag was decreased by 200 mcg every 12 h from
her home dose of 1,400 mcg twice daily. IV treprostinil was
initiated at 5 ng/kg/min using an ideal body weight of 50.1 kg
at the time of the first selexipag dose decrease and subsequently
uptitrated by 5 ng/kg/min every 24 h to 15 ng/kg/min by the
time of selexipag discontinuation. The transition took place over
a period of 3 days (Table 2). After selexipag discontinuation,

treprostinil was increased to 20 ng/kg/min prior to hospital
discharge. The patient tolerated the transition well with
some mild nausea but had no other complaints. Her oxygen
saturations remained >88% on 4–6 L/min of oxygen at night
and on 1–3 L/min during the day throughout the transition.
She was discharged on her home oxygen requirement of 4
L/min at night. On the day of discharge, the patient was
transitioned from IV to SQ treprostinil with the plan to increase
treprostinil by 3 ng/kg/min every 3–6 days to a goal of 35
ng/kg/min. At the time of publication, the patient is doing
well but has not yet had follow up studies performed after
her transition.

Case #4: Parenteral Treprostinil to
Selexipag
A 32-year-old male with WHO group 1, FC II
methamphetamine-associated PAH was admitted for transition
from subcutaneous treprostinil to oral selexipag. The reason
for transition was patient preference as his quality of life had
significantly declined due to being limited by daily pump
management. This transition was strongly discouraged by his
PH care team, but after several conversations regarding his
perspective and the risks associated, he chose to transition with
close follow up. The patient was diagnosed with PAH 10 months
prior to admission and was originally started on epoprostenol
at the time of diagnosis but was quickly transitioned to
subcutaneous treprostinil. His dose of treprostinil at the time of
this transition was 32 ng/kg/min using a dosing weight of 70.6 kg.
He was also on tadalafil 40mg daily and macitentan 10mg daily.
Prior to the transition, while on PAH therapies, the patient
had a 6MWD of 671m, BNP of 21 pg/ml, and a TTE with an
RVSP of 71.6 mmHg with normal RV systolic function and mild
enlargement. His most recent RHC measurements immediately
prior to the transition demonstrated a RAP of 3 mmHg, PAP
of 120/57 mmHg with a mean PAP of 78 mmHg, PCWP of
17 mmHg, PVR of 9.2 WU, and CI (Fick) of 3.7 L/min/m2.
On admission, his total body weight was 65.5 kg (BMI 23.3
kg/m2). The patient was hemodynamically stable with an oxygen
saturation of 96% on room air while on his home treprostinil,
tadalafil, and macitentan. The patient underwent a simultaneous
down-titration of treprostinil by 4 ng/kg/min and up-titration
of selexipag by 200 mcg every 12 h. The transition took place
over a period of 5 hospital days (Table 3). The patient had no
complaints of side effects during the transition. The patient’s
renal function remained stable during the transition, and his
oxygen saturation remained >88% on his baseline requirement
of 3L nocturnal oxygen and room air throughout the day. The
patient successfully reached 1,600 mcg BID at the end of the
transition and was discharged home on tadalafil, macitentan,
and selexipag. At a 3-month follow-up, the patient had a 6MWD
of 649m, a BNP of 29 pg/mL, and a TTE that demonstrated
an RVSP of 94.4 mmHg and severe RV enlargement and
normal RV systolic function. He had complaints of flushing and
jaw pain on selexipag 1,600 mcg BID, and thus his dose was
reduced to 1,400 mcg daily in the morning and 1,600 mcg daily
at bedtime.
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TABLE 3 | Parenteral treprostinil to selexipag transition (Case #4).

Treprostinil dose titration Selexipag dose titration

Day 1 AM 32 ng/kg/min 0 mcg

Day 1 PM 28 ng/kg/min 200 mcg

Day 2 AM 24 ng/kg/min 400 mcg

Day 2 PM 20 ng/kg/min 600 mcg

Day 3 AM 16 ng/kg/min 800 mcg

Day 3 PM 12 ng/kg/min 1,000 mcg

Day 4 AM 8 ng/kg/min 1,200 mcg

Day 4 PM 4 ng/kg/min 1,400 mcg

Day 5 AM 0 ng/kg/min 1,600 mcg

Case #5: Oral Treprostinil to Parenteral
Treprostinil
A 20-year-old male with WHO group 1, FC III idiopathic
PAH was admitted for transition from oral treprostinil to
subcutaneous treprostinil. The patient had a diagnosis of PAH
since the age of 4 and had been on PAH-specific therapies prior
to presentation to our center. The reason for transition was
declining functional status on tadalafil 40mg daily, macitentan
10mg daily, and treprostinil diolamine 4mg three times daily.
Other medications included aspirin 81mg daily and digoxin 125
mcg daily. His 6MWD at baseline on PAH therapies was 520m,
with a desaturation to 69%, requiring 25L via nasal cannula to
bring his oxygen saturation to 82% at the end of 6minutes. His
initial BNP was 43 pg/mL. His TTE showed an RVSP of 97.9
mmHg, moderate RV enlargement, severe RV wall thickness, and
normal RV systolic function. His RHC immediately prior to his
transition to IV treprostinil showed a RAP of 10 mmHg, PAP
of 100/55 mmHg with a mean PAP of 79 mmHg, PCWP of 21
mmHg, PVR of 13.68 WU, and CI (Fick) of 2.35 L/min/m2.
On admission, the patient’s total body weight was 69.9 kg (BMI
23.4 kg/m2). The patient was hemodynamically stable on his
home treprostinil and had an oxygen saturation of 90% on
room air. The patient underwent a simultaneous down-titration
of oral treprostinil by 1mg three times daily every 24 h while
initiating and increasing IV treprostinil by 6 ng/kg/min every
24 h. The transition took place over a period of 4 hospital days
(Table 4). The patient had no complaints of side effects during the
transition, and the patient’s renal function remained stable during
the transition. His oxygen saturation at rest remained >90%
throughout the entire transition without supplemental oxygen
and was 94% on room air at the time of discharge. The patient
successfully reached 24 ng/kg/min at the end of the transition and
was converted to subcutaneous treprostinil and discharged home
without any problems. At 2-month follow-up, the patient was
WHO-FC II and had reached a dose of 40 ng/kg/min. His 6MWD
had improved to 613m, but he still required 25L of oxygen
to achieve an oxygen saturation of 83%. His treprostinil was
gradually increased to 61 ng/kg/min. At his 6-month follow-up,
there was no new RHC data, his BNP was stable at 52 pg/mL and
a TTE demonstrated normal RV size, severe RV wall thickness,
and normal RV function.

TABLE 4 | Oral Treprostinil to Parenteral Treprostinil (Case #5).

Oral treprostinil

down-titration

IV treprostinil

dose titration

Day 1 AM 4mg

Day 1 Mid-day 4mg 6 ng/kg/min

Day 1 PM 3mg 6 ng/kg/min

Day 2 AM 3mg 6 ng/kg/min

Day 2 Mid-day 3mg 12 ng/kg/min

Day 2 PM 2mg 12 ng/kg/min

Day 3 AM 2mg 12 ng/kg/min

Day 3 Mid-day 2mg 18 ng/kg/min

Day 3 PM 1mg 18 ng/kg/min

Day 4 AM 1mg 18 ng/kg/min

Day 4 Mid-day 1mg 24 ng/kg/min

Day 4 PM OFF 24 ng/kg/min

Discharged

Case #6: Inhaled Treprostinil to Selexipag
A 56-year-old male with WHO group 1 methamphetamine-
associated PAH, diagnosed 3.5 years previously, presented to our
PH clinic after being lost to follow-up for 15 months. At the
time of reestablishing care, the patient was WHO-FC III and
was directly admitted to the hospital for intravenous diuresis for
right heart failure and re-initiation and optimization of PAH-
specific therapies. The patient was experiencing intolerable cough
and poor adherence to inhaled treprostinil, and the decision was
made to transition him to selexipag. The patient was also non-
adherent to a regimen of tadalafil 40mg daily and macitentan
10mg daily. His other medications included torsemide 80mg
daily, metolazone 5mg as needed, potassium chloride 20 mEq
three times daily, spironolactone 100mg daily, and aspirin 81mg
daily. Prior to admission, the patient had a 6MWD of 312m and
resting oxygen saturation of 90% on room air. His initial BNP
was 189 pg/mL. His TTE showed an RVSP of 65.9 mmHg, severe
RV enlargement, and severely reduced RV systolic function. RHC
showed a RAP of 6 mmHg, PAP of 63/25 mmHg with a mean
PAP of 44 mmHg, PCWP of 7 mmHg, PVR of 11.7 WU, and CI
(Fick) of 1.6 L/min/m2. On admission to the hospital, the patient
was restarted on macitentan 10mg daily, and treprostinil was
changed to 6 puffs four times daily for medication optimization
in anticipation of transitioning him from inhaled treprostinil to
selexipag. He was WHO-FC II upon discharge from the hospital,
but due to a delay in access had an interruption in macitentan
for 6 days after discharge. The decision was then made to begin
the transition from inhaled treprostinil to selexipag 2 weeks
later as an outpatient. At the time of transition, the patient was
using inhaled treprostinil 6 puffs three times daily. The plan
was to initiate selexipag 200 mcg twice daily for 1 week while
maintaining inhaled treprostinil at 6 puffs three times daily, then
to continue the transition as outlined inTable 5. However, during
the second week of the transition, the patient complained of
increased cough related to inhaled treprostinil and wanted to
discontinue use. The patient had also not increased selexipag as
planned. The transition plan was modified as shown in Table 5.
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TABLE 5 | Inhaled treprostinil to selexipag (Case #6).

Planned transition Actual transition

Inhaled treprostinil

down-titration

Selexipag up-titration Inhaled treprostinil

down-titration

Selexipag up-titration

Week 1 6 puffs three times daily 200 mcg twice daily Week 1 6 puffs three times daily 200 mcg twice daily

Week 2 3 puffs three times daily 400 mcg twice daily Week 2 3 puffs three times daily 400 mcg in the morning

and 200 mcg in

the evening

Week 3 OFF 600 mcg twice daily Week 3 OFF 400 mcg twice daily

Increase every 1–2 weeks

as tolerated to max of

1,600 mcg twice daily

Increase every 1–2 weeks

as tolerated to max of

1,600 mcg twice daily

The patient reached a maintenance dose of 1,600 mcg twice
daily approximately 6 weeks after starting selexipag. At a 6-
month follow-up, he remained on selexipag 1,600 mcg twice
daily. His 6MWD improved to 431m, and his BNP was 164
pg/mL. His TTE at 8 months showed a reduction in RVSP to
53.4 mmHg, severe RV enlargement, and moderately to severely
reduce RV function.

DISCUSSION

These 6 cases provide real world experience of transitioning
patients between oral, inhaled, and parenteral prostanoids at a
specialized PAH center over an 18-month period. This series
illustrates one of the many challenges in contemporary PAH
management where there is a lack of consensus regarding
transitions between different agents. As prescriptions for
oral prostanoid products continue to rise and the number
of specialized PAH centers and providers continue to
expand, it is increasingly essential to share experiences and
institutional practice patterns. The purpose of this case series
was to provide additional insight into transition strategies
and serve as a resource for other practitioners faced with
the challenge of transitioning patients between alternative
prostanoid formulations.

We created individualized approaches for transitioning
between prostanoid formulations based on reviews of the
available literature and extensive discussion amongst our PAH
providers. The absence of standardized protocols to facilitate
prostanoid transitions provides a challenge to those caring
for PAH patients. The risks of providing a suboptimal dose
with prostanoid transitions includes acute right ventricular
failure and death. The risk of transitioning patients to
significantly higher doses too quickly include hypotension
resulting in organ failures, as well as significant side effects.
This in turn may go on to limit the amount prescribed, thus
leading to inadequate treatment of patients with this severe,
progressive disease.

When faced with the clinical scenario of transitioning patients
between various prostanoid agents, we found the limited number
of published reports describing real-world experiences to be
challenging. The goal of this paper is to serve as a practical
guide to our approach and details the challenges associated

with these transitions. This paper is distinct from prior reports
because it is comprised of different strategies and methods
of delivering prostanoids, namely oral, inhaled, intravenous,
and subcutaneous. Prior reports largely focused on one type
of transition.

Within this case series, the predominant reason for
transitioning between prostanoid formulations was clinical
deterioration. Less commonly, patients were transitioned
due to intolerance or poor adherence to the previous
delivery system. In addition to studying how best to safely
implement transitions, it would also be worthwhile to further
examine reasons to switch between different prostanoid
analogs from both the patients’ and providers’ perspectives.
In the era of shared-decision making, it is important to
ensure patients have been thoroughly educated on initial
prostanoid therapy options, and in turn, that transition
between agents is feasible, as demonstrated in this case
series (21).

More prostanoid analogs are currently under clinical
investigation, including a dry powder inhaled form of treprostinil
(22) and ralinepag (23), a novel prostacyclin IP receptor agonist.
Unless efforts are made to study the optimum manner in
which PAH providers and their patients can transition between
agents, this area will become increasingly complex. It will be
important for drug developers and those working in the field
of PAH to study and develop clinical standards in transitioning
between agents.

LIMITATIONS

The cases presented here are small in number and come from
a single center. Other reports have described more standardized
protocols, with larger sample sizes and with some homogeneity
between cases (7, 13).

In clinical practice there are well-known difficulties in
categorizing patients with pulmonary hypertension. For example,
in this series, several patients displayed a PCWP >15 mmHg
at various time points during their clinical care. This reflects
the difficulty with interpreting hemodynamics in PAH patients
and emphasizes one of the challenges in PH management.
All patients met WHO group I PAH criteria at the time of
therapy initiation. However, over time, several patients developed
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progressive heart failure with elevated PCWP likely due to left
ventricular compression from an oversized right ventricle. As is
routine in our and other PH programs, these cases are reviewed
thoroughly and repeatedly in order to have a confirmatory
diagnosis of PAH.

During the period under study, no patients were transitioned
from or to epoprostenol. Therefore, such transitions are not
presented in this paper. Although our transitions were well-
tolerated clinically, it remains difficult to compare approaches
between different institutions.

CONCLUSIONS

With the increased use of oral prostanoids, there is a critical need
to provide evidence- and pharmacokinetic-based guidance on
how to transition between oral and parenteral prostanoids. In this
case series, we present our approach for this practice in the hope
to generate discussion and to determine best practice in this area.

ETHICS STATEMENT

Written informed consent was obtained from the participants for
the publication of this case report.

AUTHOR CONTRIBUTIONS

All authors contributed to reviewing the source data and crafting
the manuscript.

ACKNOWLEDGMENTS

The authors wish to acknowledge Matt Bowen and Angela
Chea who helped coordinate the clinical care during transitions.
The authors also wish to acknowledge Erin Fox, PharmD who
reviewed an earlier version of this manuscript. John J. Ryan
and his research was supported by funding from The Reagan
Corporation, The Gordon Family, and The Cushman Family.

REFERENCES

1. Tapson VF, Torres F, Kermeen F, Keogh AM, Allen RP, Frantz RP, et al.

Oral treprostinil for the treatment of pulmonary arterial hypertension

in patients on background endothelin receptor antagonist and/or

phosphodiesterase type 5 inhibitor therapy (the FREEDOM-C study): a

randomized controlled trial. Chest. (2012) 142:1383–90. doi: 10.1378/chest.

11-2212

2. Tapson VF, Jing ZC, Xu KF, Pan L, Feldman J, Kiely DG, et al.

Oral treprostinil for the treatment of pulmonary arterial hypertension

in patients receiving background endothelin receptor antagonist and

phosphodiesterase type 5 inhibitor therapy (the FREEDOM-C2 study): a

randomized controlled trial. Chest. (2013) 144:952–8. doi: 10.1378/chest.

12-2875

3. Jing ZC, Parikh K, Pulido T, Jerjes-Sanchez C, White RJ, Allen R,

et al. Efficacy and safety of oral treprostinil monotherapy for the

treatment of pulmonary arterial hypertension: a randomized, controlled

trial. Circulation. (2013) 127:624–33. doi: 10.1161/CIRCULATIONAHA.112.

124388

4. White RJ, Jerjes-Sanchez C, Bohns Meyer GM, Pulido T, Sepulveda

P, Wang KY, et al. Combination therapy with oral treprostinil for

pulmonary arterial hypertension: a double-blind, placebo-controlled

study. Am J Respir Crit Care Med. (2019) doi: 10.1164/rccm.201908-

1640OC

5. Sitbon O, Channick R, Chin KM, Frey A, Gaine S, Galie N, et al.

Selexipag for the treatment of pulmonary arterial hypertension.

N Engl J Med. (2015) 373:2522–33. doi: 10.1056/NEJMoa15

03184

6. Coons JC, Miller T, Simon MA, Ishizawar DC, Mathier MA. Oral treprostinil

for the treatment of pulmonary arterial hypertension in patients transitioned

from parenteral or inhaled prostacyclins: case series and treatment protocol.

Pulm Circ. (2016) 6:132–5. doi: 10.1086/685111

7. Chakinala MM, Feldman JP, Rischard F, Mathier M, Broderick

M, Leedom N, et al. Transition from parenteral to oral

treprostinil in pulmonary arterial hypertension. J Heart Lung

Transplant. (2017) 36:193–201. doi: 10.1016/j.healun.2016.

06.019

8. AbuHalimeh BJ, Parambil JG, Tonelli AR. Different efficacy of inhaled and

oral medications in pulmonary hypertension. Heart Lung. (2017) 46:334–7.

doi: 10.1016/j.hrtlng.2017.04.010

9. Ackerbauer KA, Tandon R. Transition from subcutaneous or

inhaled treprostinil to oral treprostinil at home in patients

with pulmonary arterial hypertension: a retrospective case

series. J Pharm Pract. (2018) 31:163–6. doi: 10.1177/0897190017

703507

10. Smith ZR, Kelly B, Awdish RL, Hegab S. Transitioning parenteral or

inhaled treprostinil to oral treprostinil diolamine: case series and review of

the literature. J Pharm Pract. (2019) 32:599–604. doi: 10.1177/0897190018

764585

11. Fanous SM, Janmohamed M. Transition from treprostinil to selexipag

in patients with pulmonary arterial hypertension: case series.

Am J Health Syst Pharm. (2018) 75:1877–81. doi: 10.2146/ajhp

170814

12. Thurber KM, Williams BM, Bates RE, Frantz RP. Transition of intravenous

treprostinil to oral therapy in a patient with functional class IV chronic

thromboembolic pulmonary hypertension. Pharmacotherapy. (2017) 37:e76–

81. doi: 10.1002/phar.1951

13. Frost A, Janmohamed M, Fritz JS, McConnell JW, Poch D, Fortin TA,

et al. Safety and tolerability of transition from inhaled treprostinil to oral

selexipag in pulmonary arterial hypertension: results from the TRANSIT-1

study. J Heart Lung Transplant. (2019) 38:43–50. doi: 10.1016/j.healun.2018.

09.003

14. Orenitram Package Insert. Research Triangle Park, NC: United

Therapeutics Corp.

15. McSwain CS, Benza R, Shapiro S, Hill N, Schilz R, Elliott CG, et al.

Dose proportionality of treprostinil sodium administered by continuous

subcutaneous and intravenous infusion. J Clin Pharmacol. (2008) 48:19–25.

doi: 10.1177/0091270007309708

16. Remodulin Package Insert. Research Triangle Park, NC: United

Therapeutics Corp.

17. Tyvaso Package Insert. Research Triangle Park, NC: United

Therapeutics Corp.

18. Enderby CY, Soukup M, Al Omari M, Zeiger T, Burger C. Transition

from intravenous or subcutaneous prostacyclin therapy to inhaled

treprostinil in patients with pulmonary arterial hypertension: a retrospective

case series. J Clin Pharm Ther. (2014) 39:496–500. doi: 10.1111/jcpt.

12170

19. Preston IR, Feldman J, White J, Franco V, Ishizawar D, Burger

C, et al. Safety and efficacy of transition from inhaled treprostinil

to parenteral treprostinil in selected patients with pulmonary

arterial hypertension. Pulm Circ. (2014) 4:456–61. doi: 10.1086/

677360

20. Holthaus N, Prins K, Rose L, Prisco S, Pritzker M, Thenappan T.

EXPRESS: transition from parental prostacyclin to selexipag: a case

series of five pulmonary arterial hypertension patients. Pulm Circ. (2019)

9:2045894019862167. doi: 10.1177/2045894019862167

Frontiers in Medicine | www.frontiersin.org 7 March 2020 | Volume 7 | Article 81

https://doi.org/10.1378/chest.11-2212
https://doi.org/10.1378/chest.12-2875
https://doi.org/10.1161/CIRCULATIONAHA.112.124388
https://doi.org/10.1164/rccm.201908-1640OC
https://doi.org/10.1056/NEJMoa1503184
https://doi.org/10.1086/685111
https://doi.org/10.1016/j.healun.2016.06.019
https://doi.org/10.1016/j.hrtlng.2017.04.010
https://doi.org/10.1177/0897190017703507
https://doi.org/10.1177/0897190018764585
https://doi.org/10.2146/ajhp170814
https://doi.org/10.1002/phar.1951
https://doi.org/10.1016/j.healun.2018.09.003
https://doi.org/10.1177/0091270007309708
https://doi.org/10.1111/jcpt.12170
https://doi.org/10.1086/677360
https://doi.org/10.1177/2045894019862167
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Pan et al. Transitioning PAH Therapies

21. McGoon MD, Ferrari P, Armstrong I, Denis M, Howard LS, Lowe

G, et al. The importance of patient perspectives in pulmonary

hypertension. Eur Respir J. (2019) 53:1801919. doi: 10.1183/13993003.019

19-2018

22. ClinicalTrials.gov identifier: NCT03399604. Available online at: www.

clinicaltrials.gov/ct2/show/NCT03399604

23. Torres F, Farber H, Ristic A, McLaughlin V, Adams J, Zhang J, et al.

Efficacy and safety of ralinepag, a novel oral IP agonist, in PAH patients

on mono or dual background therapy: results from a phase 2 randomised,

parallel group, placebo-controlled trial. Eur Respir J. (2019) 54:1901030.

doi: 10.1183/13993003.01030-2019

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Pan, Carey, Jacobs, Dechand, Sessions, Sorensen, Penn, Mayeux,

Hatton and Ryan. This is an open-access article distributed under the terms of

the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org 8 March 2020 | Volume 7 | Article 81

https://doi.org/10.1183/13993003.01919-2018
www.clinicaltrials.gov/ct2/show/NCT03399604
www.clinicaltrials.gov/ct2/show/NCT03399604
https://doi.org/10.1183/13993003.01030-2019
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Transitioning Between Prostanoid Therapies in Pulmonary Arterial Hypertension
	Background
	Methods
	Case Presentation
	Case #1: Selexipag to Parenteral Treprostinil
	Case #2: Selexipag to Parenteral Treprostinil
	Case #3: Selexipag to Parenteral Treprostinil
	Case #4: Parenteral Treprostinil to Selexipag
	Case #5: Oral Treprostinil to Parenteral Treprostinil
	Case #6: Inhaled Treprostinil to Selexipag

	Discussion
	Limitations
	Conclusions
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


