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Abstract

Objective: To describe the efficacy and safety in all patients with systemic sclerosis—associated pulmonary arterial
hypertension who started selexipag between 09-2016 and 06-2018 in two pulmonary arterial hypertension expert
centers.

Methods: All patients with systemic sclerosis—associated pulmonary arterial hypertension diagnosed by right heart
catheterization and treated with selexipag were included. Every |12 weeks, treatment effect was assessed by () the
opinion of the expert team and (2) the abbreviated risk assessment, consisting of functional class, six-minute walking
distance, and N-terminal prohormone of brain natriuretic peptide level at baseline and during follow-up. Side effects and
adverse events were registered.

Results: We included |3 systemic sclerosis—associated pulmonary arterial hypertension patients, 10 patients were
female, median age (interquartile range) of 68 (58-75) years, median systemic sclerosis disease duration of 7.4 (4.7—13.5)
years, and median pulmonary arterial hypertension duration of 4 (2.5-7.5) years. Two patients discontinued selexipag
within 4 weeks due to side effects. The remaining | | patients had a median follow-up duration of 48 (interquartile range
= 24-72) weeks. Two patients died (one pulmonary arterial hypertension—related, the other systemic sclerosis—related).
According to the expert team, 8 of |1, 9 of 10, and 5 of 7 patients stabilized or improved at 12, 24, and 48 weeks,
respectively. According to the abbreviated risk assessment at study end, 3 of || patients had | low-risk criterion. No
previously unrecorded side effects were reported.

Conclusion: Adding selexipag to background therapy in a high-risk cohort of systemic sclerosis—associated pulmonary
arterial hypertension patients provided sustained stabilization of symptoms with an acceptable safety profile.
Improvement was reached in only two of our patients. Further research should focus on systemic sclerosis—associated
pulmonary arterial hypertension patients treated with multiple targeted treatments, preferably these patients should be
prospectively followed in international registries.
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Introduction

Pulmonary arterial hypertension (PAH), diagnosed by
right heart catheterization, has a prevalence of 8%—12% in
systemic sclerosis (SSc) patients and may occur at any
stage.! As diagnosing SSc with mild or no cutaneous
involvement can be difficult for nonexperts, PAH occur-
rence can be among the first symptoms of SSc. The 3-year
survival rate of PAH associated with SSc (SSc-PAH) is
estimated to be only 52%, despite the available targeted
treatments.” Current treatment strategies are based on ini-
tial evaluation of severity and prognostic risk, as well as
subsequent response to treatment.>* Risk status for mortal-
ity of idiopathic-PAH patients can be assessed by a com-
prehensive tool described by the European Society of
Cardiology (ESC) and the European Respiratory Society
(ERS) guidelines.>® The number of low-risk criteria at
baseline and during the first follow-up discriminates the
risk of death or lung transplantation and enables classifica-
tion of patients as low (<5%), intermediate (5%—10%), or
high risk (>10%) for an estimated 1-year mortality.
However, as SSc-PAH is a more progressive disease, treat-
ment is focused on delay of progression and on achieving
as many low-risk criteria as possible. Until the registration
of the oral prostacyclin receptor agonist (PGI,) selexipag
in 2016, treatment targeting the prostacyclin pathway was
only available as continuous intravenous, subcutaneous
(SC), or inhalation therapy. Although these medications
were registered and recommended for high-risk SSc-PAH
patients, due to practical barriers of self-administering and
possible complications of parenteral medication, patients
often were not able to initiate or continue with these treat-
ments.? With the availability of selexipag, treatment with
prostacyclines has become feasible for more SSc-PAH
patients. In this article, we report on the efficacy and safety
of selexipag in SSc-PAH patients in a real-life case series.

Case description

We included all patients treated with selexipag at the
pulmonary hypertension (PH) expert centers of the
Radboud University Nijmegen Medical Centre and the
Oslo University Hospital between 09-2016 and 06-2018.
Inclusion criteria were (1) fulfillment criteria for SSc, (2)
age >18 years, (3) PAH (WHO group 1) diagnosed by right
heart catheterization.® Clinical and demographic data were
prospectively collected, including New York Heart
Association functional class (NYHA), six-minute walking
distance (6MWD), N-terminal prohormone of brain natriu-
retic peptide (NT-pro-BNP), and co-medication during fol-
low-up. Both SSc and PAH disease duration were calculated
from the time of diagnosis until start of selexipag. Patients
were categorized as having no, limited, or extensive inter-
stitial lung disease (ILD) by combining the pulmonary
function test results and high-resolution computed tomog-
raphy scan results as described by Goh et al.® Side effects

and adverse events were recorded weekly during titration
and every 3 months thereafter. Data on reason for discon-
tinuation, treatment alterations, hospitalization, and cause
of death were collected from the patient electronic medical
file. Follow-up was performed every 3 months according to
ESC/ERS guidelines recommendations and local institu-
tion protocol, and consisted of evaluating symptoms, clini-
cal signs of right heart failure, syncope, NYHA class,
6MWD, NT-pro-BNP, imaging, echocardiography, and
exercise testing, if applicable.* We defined treatment effect
according to the expert team as “improvement,” “stabiliza-
tion,” or “deterioration” taking into account all these param-
eters. Treatment effect was also evaluated by the abbreviated
risk assessment,’ which consists only of noninvasive param-
eters. Low-risk criteria are defined as NYHA functional
class I or II, 6BMWD >440 m, and NT-pro-BNP <300 pg/mL
recorded at treatment initiation and during follow-up.

Thirteen SSc-PAH patients were included. All patients
were classified as limited cutaneous systemic sclerosis
(LcSSc), 10 patients were female. The median age was 68
(interquartile range (IQR) = 58-75) years, median disease
duration for SSc at initiation of selexipag was 7.4
(IQR = 4.7-13.5) years, and median PAH duration was 4
(IQR = 2.5-7.5) years. Four patients had limited ILD, and
in 9 patients, no ILD was present. All patients were on
background therapy for PH, consisting of a PDE-5-1 (phos-
phodiesterase 5 inhibitor) and/or Endothelin Receptor
Antagonist (ERA) (Table 1).

In total, three SSc-PAH patients did receive parenteral
or inhaled PGI, treatment before the start of selexipag.
Patients 1 and 8 switched from iloprost nebulization to
selexipag on their own request to improve quality of life,
as nebulization multiple times a day was time-consuming.
Patient 6 requested to switch from trepostinil SC to selex-
ipag because she experienced pain during administration.
In all three cases, PGI, was faded out gradually during
titration period.

Two patients discontinued selexipag within 4 weeks
due to side effects, and the remaining 11 patients had a
median follow-up duration of 48 (IQR = 24-72) weeks.
Dosage of selexipag was titrated according to tolerability,
ranging from 800 to 1600 pg twice daily. Medium
maintenance dosage was reached in three patients, high
maintenance dosage in eight patients. Maximum tolerable
dosage was reached after a median of 13 weeks, ranging
from 7 to 41 weeks. At study end, with a median follow-up
duration of 48 weeks, 2 patients (18%) improved, 4
patients (36%) stabilized, and 5 patients (46%) deterio-
rated. Of these 5 patients that deteriorated, 3 (60%) ini-
tially stabilized for 12 to 60 weeks. At the start of selexipag
treatment, one patient had one low-risk criterion, and one
patient had two low-risk criteria. At study end, 3 (27%) of
the 11 patients had 1 low-risk criterion; none had 3 low-
risk criteria (Table 1). During follow-up, 2 SSc-PAH
patients died. One patient developed right ventricular



Lemmers et al.

NP9

Table |. Patient characteristics at baseline and during follow-up.

Patient | 2 3 4 5 6 7° 8 9 10 I 12 13
Gender F F M M F F F F F F F F M
Age 75 75 66 63 76 67 82 80 50 68 53 51 72
SSc duration(y) 6 14 I 12 13 22 I 4 5 5 7 I 23
PAH duration(y) 6 14 4 4 2 9 | 4 3 5 6 2 10
PAH treatment BL ERA ERA PDE5 ERA ERA ERA  ERA ERA ERA ERA ERA ERA ERA
PDE5 PDE5 PDE5 PDE5 PDE5 PGI2 PDE5 PDE5 PDE5 PDE5 PDES
PGI2 PGI2
ILD Limited No No No  Limited No No  Limited No No Limited No No
RHC
mPAP 52 24 34 51 37 40 38 b 45 40 47 42 39
Wedge 9 2 16 10 12 8 12 b 6 10 4 8 10
Cco 78 51 9,9 55 59 6,8 3 b 6,3 44 6,8 53 9,8
Weeks FU 12 48 60 48 72 24 I 3 72 48 36 24 72
NYHA
BL 4 3 3 3 3 3 4 4 3 3 3 4 2
END 3 3 3 2 3 3 NA NA 4 3 3 3 4
6minWT
BL 171 210 420 240 292 NA 150 163 333 192 399 225 549
END NA 225 364 420 268 NA NA NA 370 164 479 330 NA
Nt-proBNP
BL 8500 210 730 2900 550 950 1500 740 457 7239 6046 677 541
END 11000 270 880 2700 560 810 NA NA 554 10005 5586 425 1704
Low-risk items
BL 0 | 0 0 0 0 0 0 0 0 0 2
END 0 I 0 0 0 NA NA 0 0 | 0 0
Treatment EXPERT
Week 12 D D S I S S NA NA S | S S D
Week 24 c | S I D S S S S S
Week 36 | S I S S D D S
Week 48 | D I S S D S
Week 60 S S ¢
Week 72 D S
Treatment EXPERT END D | D I D S NA NA S D D S S

F: female; M: male; SSc: systemic sclerosis; PAH: pulmonary arterial hypertension; BL: baseline; ERA: endothelin receptor antagonist; PDE5:
phosphodiesterase 5 inhibitor; PGI2: prostacyclin pathway agonist; ILD: interstitial lung disease; RHC: right heart catheterization at the time of PH
diagnosis; mPAP: mean pulmonary arterial pressure mmHg; CO: cardiac output L/min; FU: follow-up; NYHA: New York Heart Association; END:
end of follow-up; 6minWT: six-minute walking distance; NT-pro-BNP: N-terminal prohormone of brain natriuretic peptide pg/ml; wedge: pulmonary
wedge pressure mmHg; D: deteriorated; |: improved; S: stabilized; NA: not available; Empty: study end; LcSSc: limited cutaneous systemic sclerosis.
All patients classified as LcSSc, PAH (WHO class ).
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Table I. (Continued)

SSc duration (y) measured as from the date of diagnosis until start of selexipag.
PAH duration (y) measured as from the date of diagnosis by right heart catheterization until start of selexipag.

?Patient discontinued use of selexipag because of side effects.

®RHC not done; thrombus in left ventricle, high pressures on pulmonary angiogram.

“Patient died.

failure, 12 weeks after the initiation of selexipag. The
other patient developed uncontrollable gastro-intestinal
bleeding due to angiodysplasias (55 weeks after the start
of selexipag). All patients experienced side effects during
titration period, most common were headache, nausea,
and jaw pain. During maintenance dosage, all side effects
subsided or diminished in intensity. Side effects did not
differ between patients with mild ILD and without ILD.
Two patients discontinued selexipag due to intolerable
side effects. The first patient experienced severe dyspnea
and peripheral edema 1 week after initiation. The second
patient experienced severe headache, nausea, jaw pain,
diarrhea, and abdominal pain 3 weeks after initiation,
caused by overdosing of prescribed selexipag. In both
cases, selexipag was discontinued, resulting in resolving
of complaints within 1 week.

In this case series, we describe a group of 13 SSc-PAH
patients with adverse prognosis who started with selex-
ipag in addition to background therapy followed at two
tertiary expert centers for PH. Our study shows sustained
stabilization of symptoms for the majority of patients dur-
ing multiple follow-up moments ranging from 12 to
60 weeks, and selexipag was well tolerated past the titra-
tion phase. We cannot confirm improvement as reported
in the previous studies. Furthermore, the patients with
both PAH and limited ILD responded worse on selexipag,
probably reflecting a more severe disease.

The subanalysis of the pivotal selexipag trial describing
SSc-associated and connective tissue disease—associated
PAH patients showed a reduction of the primary composite
endpoint (morbidity/mortality) of 44% and 41%, respec-
tively, by adding selexipag versus placebo.”” Compared to
the PAH patients included in these subanalyses, our
patients have a higher risk of mortality; that is, older age,
longer duration of PAH and a higher NYHA class at the
start of selexipag.® Moreover, 12 of our 13 patients received
double background therapy. Three patients were switched
from either iloprost nebulization or trepostinil SC to selex-
ipag on their own request after consultation of the expert
team. These patients were not expected to improve from
this switch; treatment goal was to improve their quality of
life.In this study, we used two outcome measures, expert
opinion and noninvasive low-risk criteria, which show dis-
crepancy. Based on expert opinion, patients 2 and 4
improve at study end. Based on expert and noninvasive
parameters combined, only patient 4 improves. Also
patient 13 stabilizes according to expert opinion, but this is
not reflected in the amount of noninvasive risk criteria as

there is a deterioration of NT-pro-BNP. This discrepancy is
due to the fact that the expert opinion is not only based on
the noninvasive parameters but takes into account all the
available determinants of prognosis as described in the risk
assessment of the ESC/ERS guidelines for that patient.’

A recent large multicenter cohort study of the French
PAH registry including newly diagnosed SSc-PAH patients
showed that only a minority of patients (28%) achieved
3—4 low-risk criteria after initial treatment, and long-term
survival was still poor.!® In our study, only three patients
reach one low-risk criterion at study end. It should be con-
sidered that reaching low-risk status may not be realistic
and achievable in SSc-PAH patients with advanced dis-
ease, severe co-morbidities, and older age such as in our
cohort.> Another acceptable outcome may also be preven-
tion of progression in SSc-PAH.

The strength of this study is the real-life report on the
use of selexipag in clinical practice in patients with SSc-
PAH with adverse prognosis. Our study however has some
important limitations such as the small sample size. All
patients were recruited from two PH expert centers, which
could have resulted in a selection bias. However, the care
for patients with rare diseases such as SSc-associated PAH
is preferably organized in expert centers. Recruitment and
inclusion of these patients is inevitably performed at these
facilities. Also, no hemodynamic follow-up data were
available for our patients, as is recommended by the guide-
lines in case of clinical deterioration. In clinical practice
for these patients, no hemodynamic monitoring was per-
formed as there were no clinical consequences for the
adaptation in treatment regime. Finally, the abbreviated
risk assessment tool used to evaluate treatment effect in
addition to the ESC/ERS guidelines is not validated to date
in SSc-PAH patients, necessitating to interpret our find-
ings with caution.

Conclusion

In this study, we found that treatment with selexipag in
SSc-PAH patients in real life is safe and can attribute to
stabilization. Improvement was reached in only two of our
patients. Further research should focus on gathering more
insight in real-life prospectively followed cohorts treated
with multiple targeted treatments. Our findings suggest
adding selexipag in SSc-PAH patients with poor progno-
sis, who are unwilling or unable to pursue intravenous or
subcutaneous prostacyclin targeted therapy, should be con-
sidered in clinical practice.
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