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KEYWORDS: BACKGROUND: Selexipag is an oral prostacyclin receptor agonist, indicated for pulmonary arterial
SPHERE registry; hypertension to delay disease progression and reduce the risk of pulmonary arterial hypertension—related
Selexipag; hospitalization. SelexiPag: tHe usErs dRug rEgistry (NCT03278002) was a US-based, prospective, real-
PAH; world registry of selexipag-treated patients.

REVEAL; METHODS: Adults with pulmonary hypertension (enrolled 2016-2020) prescribed selexipag were

Risk assessment

followed for <18 months, with data collected at routine clinic visits. Patients were defined as newly or
previously initiated if they had started selexipag <60 days or > 60 days, respectively, before enrollment.
RESULTS: The registry included 829 patients (430 newly initiated, 399 previously initiated; 759 with
pulmonary arterial hypertension), of whom 55.6% were World Health Organization functional class
(FC) 3/4; 57.3% were intermediate or high risk per Registry to Evaluate Early and Long-Term PAH
Disease Management (REVEAL) 2.0. In patients with pulmonary arterial hypertension, 18-month
discontinuation rates for adverse events were 22.0%, 32.0%, and 11.9%, and 18-month survival rates
were 89.4%, 84.2%, and 94.5% in the overall, newly, and previously initiated patient populations,
respectively. From baseline to month 18, most patients had stable or improved FC and stable or
improved REVEAL 2.0 risk category status. Discontinuation for adverse events, hospitalization, and
survival were similar regardless of patients’ individually tolerated selexipag maintenance dose. No new
safety signals were identified.

CONCLUSIONS: In this real-world analysis of patients initiating selexipag, most patients had stable or
improved FC and REVEAL 2.0 risk category. Similar to the GRIPHON trial, outcomes with selexipag
in this real-world study were comparable across maintenance dose strata, with no new safety signals.
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Background

Pulmonary arterial hypertension (PAH) is a progressive
disease with high mortality. Although treatment for PAH
has substantially improved over the past 2 decades,’ 1-year
mortality is estimated at 8% to 17% and 3-year mortality at
25% to 44%.”” A recent analysis reported lower S-year
mortality in patients receiving triple therapy (9%) compared
with those receiving dual or monotherapy (39%),” and
combination therapy is recommended in current PAH
treatment guidelines to achieve low-risk status.'’

Selexipag is an oral, selective prostacyclin (IP) receptor
agonist.””’ It is approved for use in patients with PAH based
on large-scale evidence, including the phase III, placebo-
controlled GRIPHON trial, in which selexipag was given in
combination with background endothelin receptor antago-
nist (ERA) or phosphodiesterase 5 inhibitor (PDES5i)
therapy or as monotherapy.” Selexipag treatment resulted in
a 40% reduction in risk of disease progression, regardless of
whether it was part of a triple oral therapy regimen, a dual
oral therapy regimen, or as monotherapy.” The tolerability
and safety profile of selexipag in GRIPHON was consistent
with the usual profile of drugs targeting the prostacyclin
pathway, and adverse events (AEs) were mainly mild to
moderate.”

Real-world evidence is becoming increasingly important to
complement clinical trials; patients treated in real-world set-
tings are by nature more diverse than trial participants.”"’
Patient registries in PAH provide real-world data on epide-
miology, patient demographics, clinical characteristics, treat-
ment practices, and outcomes.'” SelexiPag: tHe usErs dRug
rEgistry (SPHERE) is an observational registry study of pa-
tients receiving selexipag in routine clinical practice in the
United States. We have previously reported data from the first
500 patients enrolled in SPHERE, describing baseline patient
demographics, disease characteristics, concomitant therapy,
selexipag dosing regimens and titration, and safety.'” Here, we
report real-world outcomes from SPHERE for the first time, as
well as further details of patient demographics and disease
characteristics in the entire population of SPHERE.

Methods

The methodology of SPHERE (registered at www.clinical-
trials.gov [NCT03278002]) has been previously described;'” key
features are summarized here. Institutional review board or ethics
committee permission, according to local and national regulations,
was required for each participating site, and the study complied
with the International Society for Heart & Lung Transplantation
Ethics statement. Patients provided written informed consent.

Study design, patients, and treatment

SPHERE was a US-based, multicenter, prospective, real-world, ob-
servational selexipag drug registry. Adult patients (aged >18 years)
were enrolled (November 2016 to March 2020); they were followed
for up to 18 months.

Selexipag was initiated by the treating physician per routine
clinical practice. Details of recommended dosing and titration and
maintenance dosing definitions are provided in the Supplementary
Methods. Patients were defined as newly initiated if they had
started selexipag <60 days before enrollment, and patients were
defined as previously initiated if they had started selexipag
> 60 days before enrollment. Patients were excluded if they had
previously received selexipag in a clinical trial, previously dis-
continued selexipag for any reason before study enrollment, or
participated in a blinded clinical trial or trial of any unapproved
drug. For newly initiated patients, baseline assessments were de-
fined as the first available measurement between the first selexipag
dose and enrollment; for previously initiated patients, they were
defined as the closest measurement performed around the first
selexipag dose. Each patient’s 1-year mortality risk category (low,
intermediate, and high) was assessed at baseline using the Registry
to Evaluate Early and Long-Term PAH Disease Management
(REVEAL) 2.0 risk calculator.'”

The original protocol planned to enroll 500 patients; it was
amended in January 2018 to expand enrollment to 800 patients and
to include only newly initiated patients to maintain group size
balance between newly and previously initiated patients.

Data collection and analysis

Data were collected using electronic case report forms at enrollment
and then every 3 months at routine clinic visits. There were no
study-mandated visits or procedures. Data included patient demo-
graphics, medical history, disease characteristics, New York Heart
Association/World Health Organization (WHO) functional class
(FC), prior PAH therapy within 12 months of enrollment or con-
comitant PAH therapy, selexipag dosing regimens and titration,
patient outcomes (discontinuation due to an AE, discontinuation
due to an AE related to PAH progression, time to first hospitali-
zation, overall survival), and safety. AEs were collected from en-
rollment to the last dose of selexipag and coded using the Medical
Dictionary for Regulatory Activities. AEs associated with selex-
ipag’s mode of action were collected during the titration phase only
if they were defined as serious, led to selexipag discontinuation, or
reflected an unusual pattern of severity according to investigator
judgment. AEs leading to selexipag discontinuation were classified
as related or unrelated to PAH progression using Medical
Dictionary for Regulatory Activities system organ class and pre-
ferred term by medical review. Patients were followed for
18 months or until they died, withdrew consent, or entered a blinded
clinical trial or trial of an unapproved drug. Patients who dis-
continued selexipag were followed for survival only, which was
recorded up to 18 months after enrollment regardless of treatment
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status. The outcomes analysis focuses mainly on patients with PAH
(i.e., WHO Group 1 pulmonary hypertension [PH]).

Statistical considerations

Characteristics of the study population were described using means
with standard deviations (SDs), medians with interquartile ranges or
ranges (minimum, maximum), counts, or percentages. Analyses of
time to discontinuation of selexipag due to an AE, time to first hos-
pitalization, and overall survival are described using the Kaplan-Meier
method, with 95% confidence interval calculated using the method of
Brookmeyer & Crowley.”” Analyses were descriptive. As SPHERE
was a registry study, missing data were inevitable. No imputation for
missing observations was performed.

Results

Patient disposition and baseline demographics in
the total PH population

Due to the real-world nature of the study, some patients
with WHO Group 2 through Group 5 PH were enrolled
(i.e., non-PAH). The study included 829 patients with PH,
of whom 430 (51.9%) were newly initiated on selexipag,
and 399 (48.1%) were previously initiated (Table S1). Of
the 829 patients, 161 (19.4%) discontinued the study. The
reasons for discontinuation, including all-cause death, are

shown in Figure S1. The median duration of follow-up was
17.8 months.

Most of the 829 patients in the total population had PAH
(n = 759), with the most common PAH subtypes being
idiopathic PAH (n = 384, 50.6%) and PAH associated with
connective tissue disease (n = 205, 27.0%; Table 1). The
majority of the PAH study population was female (76.5%),
72.3% were White, and 15.4% were Black or African
American. At the time of selexipag initiation, the median
age was 61.0 years, and the median body mass index was
28.5 kg/m? (Table 1). The median time from PAH diagnosis
to selexipag initiation was 2.7 years in the overall popula-
tion, 2.1 years in the newly initiated population, and
3.5 years in the previously initiated population (Table ).

Disease characteristics in the PAH population

Of the 759 patients with PAH, the majority (51.0%) were
FC 3 at selexipag initiation, with a higher proportion of FC
3 among newly vs previously initiated patients (Table 2).
According to REVEAL 2.0, 42.7% were low risk, 30.2%
were intermediate risk, and 27.1% were high risk for 1-year
mortality (Table 2). Most patients (95%) were taking other
PAH-specific medications before selexipag initiation, with
approximately half taking dual therapy targeting the en-
dothelin and nitric oxide pathways and one third taking
monotherapy, mainly with an ERA or PDESi (Table 3).

Table 1  Patient Demographics and Disease Characteristics in Patients with PAH
All patients Newly initiated Previously initiated
Characteristic (N = 759) (n = 387) (n=372)

Age at selexipag initiation (years), median (IQR)
Age at PAH diagnosis (years), median (IQR)
Female, n (%)
Race or ethnicity, n (%)
White
Black or African American
Hispanic
Asian
Native Hawaiian or Other Pacific Islander
American Indian or Alaskan Native
Other
Unknown
BMI at selexipag initiation, n
Median (IQR), kg/m?
WHO classification of Group 1 PAH at diagnosis, n (%)
Idiopathic
Associated
Connective tissue disease
Congenital heart disease
Portal hypertension
HIV infection
Drug- and toxin-induced
Heritable
Other

Time from PAH diagnosis to selexipag initiation (years), median (IQR)

62.0 (22.0, 89.0)
57.0 (44.0, 67.0)

59.0 (48.0, 67.0)
54.0 (42.0, 63.0)

61.0 (49.0, 69.0)
55.0 (43.0, 65.0)

581 (76.5) 297 (76.7) 284 (76.3)
549 (72.3) 268 (69.3) 281 (75.5)
117 (15.4) 65 (16.8) 52 (14.0)
45 (5.9) 21 (5.4) 24 (6.5)
26 (3.4) 18 (4.7) 8 (2.2)
3 (0.4) 1(0.3) 2 (0.5)
2 (0.3) 2 (0.5) 0
10 (1.3) 8 (2.1) 2 (0.5)
7 (0.9) 4 (1.0) 3 (0.8)

28.5 (24.5, 34.4) 28.1 (24.5, 34.1) 28.9 (24.6, 34.5)

384 (50.6) 192 (49.6) 192 (51.6)
205 (27.0) 106 (27.4) 99 (26.6)
40 (5.3) 14 (3.6) 26 (7.0)

24 (3.2) 13 (3.4) 11 (3.0)

8 (1.1) 5 (1.3) 3 (0.8)

47 (6.2) 28 (7.2) 19 (5.1)

15 (2.0) 5 (1.3) 10 (2.7)

29 (3.8) 20 (5.2) 9 (2.4)
2.7 (1.1, 6.9) 2.1 (0.8, 5.9) 3.5 (1.4, 7.4)

BMI, body mass index; HIV, human immunodeficiency virus; IQR, interquartile range; PAH, pulmonary arterial hypertension; WHO, World Health

Organization.
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Selexipag dosing regimen and titration schemes

Among the 759 patients with PAH, the median duration of
selexipag titration was 8.1 weeks, with 88.4% of patients
(87.3% newly initiated and 89.5% previously initiated) ti-
trating at a weekly dose of <200 ug twice daily (Table S2).
The median maintenance dose was 1,100 ug twice daily
(range, 100-3,200 pg; Table S2). In total, 114 (15.0%) pa-
tients received a twice-daily maintenance dose of selexipag
200-400 pg, 238 (31.4%) received 600-1,000 pg, 310
(40.8%) received > 1,200 pg, and 97 (12.8%) received a
different dose or an unrecorded dose.

Patient outcomes

Most patients with PAH had stable or improved FC vs
baseline (68.5% and 20.2%, respectively, to month 6;
65.6% and 22.0% to month 12; and 61.1% and 24.9% to
month 18; Tables 2 and 4). REVEAL 2.0 risk category
status was also stable or improved in most patients (62.9%
and 22.1%, respectively, to month 6; 59.7% and 19.6% to
month 12; and 57.2% and 21.3% to month 18; Tables 2 and
4). Similar results were observed in newly and previously
initiated patients (Tables 2 and 4). In total, 39.4% of pa-
tients with PAH experienced 21 hospitalization over 18
months’ follow-up (39.7% newly initiated; 39.0% pre-
viously initiated; time to first hospitalization is shown in
Figure 1A). Patients with PAH at high or intermediate risk
according to REVEAL 2.0 were more likely to be hospi-
talized compared with low-risk patients (Figure 1B). Time
to first hospitalization was similar among selexipag main-
tenance dose strata in patients with PAH (Figure 1C)
whether patients received monotherapy, dual therapy, or
triple therapy at baseline (Figure 1D). In the total PH po-
pulation (N = 829), 39.5% experienced =1 hospitalization
(40.4% newly initiated; 38.6% previously initiated).

In patients with PAH (N =759), the 12-month and 18-month
overall survival rates were 93.4% and 89.4%, respectively
(Figure 2A). Patients at high or intermediate risk according to
REVEAL 2.0 had poorer overall survival than low-risk patients
(Figure 2B). Overall survival was similar between maintenance
dose strata and number of baseline PAH therapies (Figure 2C
and D). In the total PH population, the estimated overall sur-
vival rate at 18 months was 83.8% in newly initiated patients
and 94.6% in previously initiated patients.

Safety and persistence to treatment

Among all patients treated with selexipag, the mean (SD)
duration of treatment was 18.7 (9.5), 13.1 (6.8), and 24.7
(8.2) months in the overall, newly initiated, and previously
initiated groups, respectively. The mean (SD) duration of
treatment during the study period was 13.5 (6.3), 12.5 (6.7),
and 14.6 (5.5) months, in the 3 groups, respectively. AEs
were reported in 71.4% of the overall, 74.7% of the newly
initiated, and 67.9% of the previously initiated population
(Table 5). Of patients identified as high, intermediate, or

Table 2 WHO Functional Class and Risk Assessment
According to REVEAL 2.0 in Patients With PAH

Newly Previously
All patients initiated® initiated”

Classification (N=1759) (n=387) (n=2372)
WHO functional class
Baseline
1 40 (5.3) 22 (5.7) 18 (4.8)
2 224 (29.5) 101 (26.1) 123 (33.1)
3 387 (51.0) 216 (55.8) 171 (46.0)
4 35 (4.6) 17 (4.4) 18 (4.8)
Missing 73 (9.6)  31(8.0) 42 (11.3)
6 months
I 28 (3.7)  21(5.4) 7 (1.9)
II 179 (23.6) 113 (29.2) 66 (17.7)
111 223 (29.4) 147 (38.0) 76 (20.4)
v 18 (2.4) 13 (3.4) 5 (1.3)
Missing 311 (41.0) 93 (24.0) 218 (58.6)
12 months
I 29 (3.8) 14 (3.6) 15 (4.0)
11 184 (24.2) 82 (21.2) 102 (27.4)
III 203 (26.7) 93 (24.0) 110 (29.6)
v 17 (2.2) 11 (2.8) 6 (1.6)
Missing 326 (43.0) 187 (48.3) 139 (37.4)
18 months
I 29 (3.8) 6 (1.6) 23 (6.2)
II 142 (18.7) 51 (13.2) 91 (24.5)
III 137 (18.1) 45 (11.6) 92 (24.7)
v 12 (1.6) 4(1.0)  8(2.2)
Missing 439 (57.8) 281 (72.6) 158 (42.5)
REVEAL 2.0
Baseline
Low risk 324 (42.7) 165 (42.6) 159 (42.7)
Intermediate risk 229 (30.2) 104 (26.9) 125 (33.6)
High risk 206 (27.1) 118 (30.5) 88 (23.7)
6 months
Low risk 261 (34.4) 155 (40.1) 106 (28.5)
Intermediate risk 172 (22.7) 94 (24.3) 78 (21.0)
High risk 133 (17.5) 97 (25.1) 36 (9.7)
Missing 193 (25.4) 41 (10.6) 152 (40.9)
12 months
Low risk 237 (31.2) 108 (27.9) 129 (34.7)
Intermediate risk 180 (23.7) 86 (22.2) 94 (25.3)
High risk 129 (17.0) 60 (15.5) 69 (18.5)
Missing 213 (28.1) 133 (34.4) 80 (21.5)
18 months
Low risk 207 (27.3) 73 (18.9) 134 (36.0)
Intermediate risk 134 (17.7) 52 (13.4) 82 (22.0)
High risk 91 (12.0) 31(8.0) 60 (16.1)
Missing 327 (43.1) 231 (59.7) 96 (25.8)

PAH, pulmonary arterial hypertension; REVEAL, Registry to Evaluate Early
and Long-Term PAH Disease Management; WHO, World Health Organization.

Data represent n (%).

#For newly initiated patients, baseline assessments were defined as the
first available measurement between the first selexipag dose and enrollment.

SFor previously initiated patients, baseline assessments were de-
fined as the measurement taken at the first selexipag dose.

low risk at baseline, 79.0%, 71.0%, and 66.8%, respec-
tively, reported 21 AE. Higher rates of AEs leading to
death, AEs leading to discontinuation, and AEs related to



276 The Journal of Heart and Lung Transplantation, Vol 43, No 2, February 2024
Table 3  Summary of PAH-Specific Concomitant Medications Used Before Selexipag Initiation in Patients With PAH (WHO Group 1 PH)
All patients  Newly initiated  Previously initiated
Characteristic (N = 759) (n =387) (n =372)
Taking any PAH-specific concomitant medication (ERA, sGC, PDE5i, or PGI2) 720 (94.9) 364 (94.1) 356 (95.7)
Monotherapy 234 (30.8) 127 (32.8) 107 (28.8)
ERA 73 (9.6) 41 (10.6) 32 (8.6)
PDES5i 131 (17.3) 67 (17.3) 64 (17.2)
PGI2 13 (1.7) 8 (2.1) 5 (1.3)
sGC 17 (2.2) 11 (2.8) 6 (1.6)
Dual therapy without PGI2 377 (49.7) 192 (49.6) 185 (49.7)
ERA and PDES5i 325 (42.8) 154 (39.8) 171 (46.0)
ERA and sGC 52 (6.9) 38 (9.8) 14 (3.8)
Dual therapy with PGI2 45 (5.9) 18 (4.7) 27 (7.3)
ERA and PGI2 25 (3.3) 12 (3.1) 13 (3.5)
PDE5i and PGI2 19 (2.5) 6 (1.6) 13 (3.5)
PGI2 and sGC 1 (0.1) 0 1(0.3)
Triple therapy 64 (8.4) 27 (7.0) 37 (9.9)
ERA, PDE5i, and PGI2 60 (7.9) 26 (6.7) 34 (9.1)
ERA, PGI2, and sGC 4 (0.5) 1 (0.3) 3 (0.8)

CCB, calcium channel blocker; ERA, endothelin receptor antagonist; PDE5i, phosphodiesterase 5 inhibitor; PAH, pulmonary arterial hypertension;
PGI2, prostaglandin I2 (prostacyclin); PH, pulmonary hypertension; sGC, soluble guanylate cyclase.

Data represent n (%).

Table 4 Change from Baseline in WHO Functional Class and REVEAL 2.0 Risk Assessment Over the Study Period in the PAH Population
WHO FC REVEAL 2.0
Patients
All patients Newly initiated Previously initiated All patients Newly initiated Previously initiated
(N=759) (n=387) (n=372) (N=759) (n=2387) (n =372)
6 months
Patients with 426 283 143 566 346 220
available data
Improved 86 (20.2) 58 (20.5) 28 (19.6) 125 (22.1) 72 (20.8) 53 (24.1)
Stable 292 (68.5) 195 (68.9) 97 (67.8) 356 (62.9) 218 (63.0) 138 (62.7)
Worsened 48 (11.3) 30 (10.6) 18 (12.6) 85 (15.0) 56 (16.2) 29 (13.2)
12 months
Patients with available data 410 191 219 546 254 292
Improved 90 (22.0) 46 (24.1) 44 (20.1) 107 (19.6) 46 (18.1) 61 (20.9)
Stable 269 (65.6) 121 (63.4) 148 (67.6) 326 (59.7) 154 (60.6) 172 (58.9)
Worsened 51 (12.4) 24 (12.6) 27 (12.3) 113 (20.7) 54 (21.3) 59 (20.2)
18 months
Patients with 293 100 193 432 156 276
available data
Improved 73 (24.9) 24 (24.0) 49 (25.4) 92 (21.3) 29 (18.6) 63 (22.8)
Stable 179 (61.1) 64 (64.0) 115 (59.6) 247 (57.2) 94 (60.3) 153 (55.4)
Worsened 41 (14.0) 12 (12.0) 29 (15.0) 93 (21.5) 33 (21.2) 60 (21.7)

FC, functional class; NA, not available; REVEAL, Registry to Evaluate Early and Long-Term PAH Disease Management; WHO, World Health Organization.

Data represent n or n (%).

For newly initiated patients, baseline assessments were defined as the first available measurement between the first selexipag dose and enrollment.
For previously initiated patients, baseline assessments were defined as the measurement taken at the first selexipag dose.

Percentages were calculated with the number of patients with available data as denominator.

selexipag leading to discontinuation were seen in newly vs
previously initiated patients (Table 5).

For patients with PAH (N=759), 22.0% discontinued
selexipag due to an AE over 18 months’ follow-up (32.0%
newly initiated; 11.9% previously initiated; Figure 3A).
Patients with baseline high risk according to REVEAL 2.0
were more likely to discontinue selexipag due to an AE than

those with low risk, but there was no difference between
intermediate- and low-risk patients (Figure 3B). The rates
of discontinuation due to an AE were similar regardless of
the number of baseline PAH therapies (Figure 3C). In the
total PH population (N=2829), at 18 months’ follow-up,
22.3% discontinued selexipag due to an AE (32.5% newly
initiated; 11.9% previously initiated).
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When PAH progression was classified as an AE,
discontinuation of selexipag was similar regardless of
maintenance dose strata (Figure 3D). Patients with PAH
were more likely to discontinue selexipag due to an AE
unrelated to PAH progression when receiving a main-
tenance dose of 200-400 ug (Figure 3E). Newly initiated
patients in the low maintenance dose stratum were more
likely to discontinue due to an AE unrelated to PAH
progression than those in the intermediate or high
maintenance dose strata (25.6%, 14.4%, and 6.1%, re-
spectively, at 18 months).

Discussion

In accordance with selexipag’s Food and Drug Administration-
approved indication, most patients in SPHERE (92%) had
PAH; the registry provides the largest real-world evidence data
set for patients treated with selexipag in the United States and
adds important insights into the use of this therapy in clinical
practice in a broader population than evaluated in clinical trials.
Seventy patients were enrolled in SPHERE who did not have
PAH. It should be noted the clinical efficacy and safety of se-
lexipag have not been established for non-PAH patients, and
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selexipag is not Food and Drug Administration-approved for
the treatment of WHO Group 2 to 5 PH.

The patients enrolled in SPHERE were generally re-
presentative of patients in PH registries.”' "’ Most patients
were female, and the average age was 61 years at selexipag
initiation (55 years at diagnosis). Other recent registries have
also observed that the PAH population is getting older at
diagnosis.”'"'**" Approximately half of the patients in
SPHERE with PAH had idiopathic PAH, and a quarter had

PAH associated with connective tissue disease. At selexipag
initiation, approximately half of patients were FC 3 (51%) or
4 (5%)—-corresponding values at diagnosis were FC 3 36%
and FC 4 6.2%—and over half were classified as inter-
mediate risk (30%) or high risk (27%) by REVEAL 2.0 at
baseline. Other real-world studies have also identified a high
proportion of patients in FC 3 or 4 at diagnosis: 75% in the
French Pulmonary Hypertension Study and 84% of patients
in Comparative Prospective Registry of Newly Initiated
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Table 5 Overview of AEs in the Total Enrolled Population
Newly Previously
All patients initiated initiated
AE (N=2829) (n=430) (n=399)
Any AE 592 (71.4) 321 (74.7) 271 (67.9)
SAE 304 (36.7) 155 (36.0) 149 (37.3)
AE leading to death 58 (7.0) 36 (8.4) 22 (5.5)
AE leading to 287 (34.6) 144 (33.5) 143 (35.8)
hospitalization
AE leading to 207 (25.0) 128 (29.8) 79 (19.8)
discontinuation
Related to selexipag 60 (7.2) 48 (11.2) 12 (3.0)
Headache 25 (3.0) 20 (4.7) 5 (1.3)
Diarrhea 14 (1.7) 13 (3.0) 1 (0.3)
Myalgia 14 (1.7) 11 (2.6) 3 (0.8)
Nausea 13 (1.6) 13 (3.0) 0
Arthralgia 6 (0.7) 6 (1.4) 0
Pain in jaw 5 (0.6) 5 (1.2) 0
Related to PAH 118 (14.2) 63 (14.7) 55 (13.8)
progression
Pulmonary 19 (2.3) 11 (2.6) 8 (2.0)
hypertension
Dyspnea 17 (2.1) 10 (2.3) 7 (1.8)
Right ventricular 16 (1.9) 9 (2.1) 7 (1.8)
failure
PAH 14 (1.7) 7 (1.6) 7 (1.8)
Acute respiratory 11 (1.3) 7 (1.6) 4 (1.0)
failure
Respiratory failure 7 (0.8) 5 (1.2) 2 (0.5)

AE, adverse event; PAH, pulmonary arterial hypertension; SAE,
serious adverse event.

Data represent n (%).

Data are shown for patients with >1 AE in the category indicated.
Individual AEs are included if they occurred in > 1% of patients in any
group.

Therapies for Pulmonary Hypertension (COMPERA).*'"”
There have been similar observations in clinical trials; for
example, in the TRITON trial, 80% of patients were in FC 3
or 4 at diagnosis,”" and in the AMBITION trial that included
patients in either FC 2 or 3, 69% were in FC 3.7

Current guidelines recommend frequent risk assessment
of patients with PAH using tools such as WHO FC and
REVEAL. Despite this recommendation, at 6 months of
follow-up, 41% of patients in SPHERE had no WHO FC
assessment, and 25% had no REVEAL risk assessment.
Guidelines also follow a trend for increasingly aggressive
therapy, recommending initial treatment with dual therapy
and increased frequency of follow-up for sequential therapy
or treatment escalation.' The addition of selexipag has been
recommended for appropriate patients with FC 2 or 3 PAH
already receiving dual oral therapy with an ERA and a
PDESi; selexipag is also recommended for patients on
monotherapy with PDE5i or ERA.”* SPHERE data indicate
that many patients eligible for combination therapy even
before initiation of selexipag might not be receiving it;

despite the high proportion of patients who were FC 3 or 4,
or classified as intermediate or high risk, 31% were re-
ceiving monotherapy, and 56% were receiving dual therapy
with PAH-specific medications before selexipag initiation.
A similar trend was seen in other registry studies. In
COMPERA, 80% of patients were receiving monotherapy
3 months after diagnosis despite the high proportion who
were FC 3 or 4; 3years after diagnosis, only half of
COMPERA patients were receiving combination therapy.'”
In the French Pulmonary Hypertension Study, 61% of pa-
tients initially received monotherapy, 34% received dual
therapy, and 5% received triple therapy.” Conversely, the
UK National Audit of Pulmonary Hypertension (2020-
2021) reported that for patients with idiopathic, heritable, or
drug-induced PAH without comorbidities, 21% were re-
ceiving monotherapy, 50% were receiving dual therapy,
and 30% were receiving triple therapy,”” and almost 70% of
patients in Swedish Pulmonary Arterial Hypertension and
Chronic Thromboembolic Pulmonary Hypertension Reg-
istry were receiving combination treatment 1 year after di-
agnosis in 2020.”

The findings from SPHERE and other registries de-
scribed above highlight a potential trend of undertreatment
and misalignment between real-world practice and treat-
ment guidelines, despite the widespread recognition that
patients who receive early treatment have better outcomes
with lower health care costs than those with more advanced
disease.”””° Indeed, a recent pooled analysis of the GRI-
PHON and TRITON trials showed that early initiation of
selexipag (<6 months after PAH diagnosis) as part of triple
therapy reduced the risk of disease progression by 48% and
risk of all-cause death by 30% compared with control.”’
However, a retrospective study of US health care claims
data for selexipag showed that most patients had remained
on the same therapy the year before starting selexipag,
despite high rates of emergency room visits, inpatient ad-
missions, and increasing costs.”” This underlines the im-
portance of ongoing risk assessment in PAH to allow rapid
escalation of therapy before clinical deterioration occurs.”

In SPHERE, selexipag was titrated over a median of
8.1 weeks, with almost all patients (88%) titrating more
slowly than 200 pg twice daily. A total of 15% of patients
received the lowest twice-daily maintenance dose (200-
400 pug), 31% received the intermediate dose of 600-
1,000 pg, and 41% received >1,200 pug. This dose distribu-
tion in real-world practice was similar to that in the
GRIPHON trial, in which 23% were in the lowest main-
tenance dose stratum, 31% were in the intermediate dose
stratum, and 43% were in the highest dose stratum.” Se-
lexipag was well tolerated in SPHERE, and no new safety
signals were identified. The most frequent AEs leading to
discontinuation and related to selexipag were headache,
diarrhea, myalgia, and nausea, which is in line with GRI-
PHON and the US prescribing information, and consistent
with AEs commonly seen with prostacyclin therapy.””’ By
18 months, 22% of patients overall had discontinued
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selexipag because of an AE, 32% of the newly initiated
group, and 12% of the previously initiated group. It was not
unexpected that AEs and discontinuations due to AEs were
more common among newly than previously initiated pa-
tients; this highlights the need for increased patient mon-
itoring and support during early treatment. Patients
receiving the lowest maintenance dose (200-400 ug) were
more likely to discontinue due to an AE unrelated to PAH
progression than those receiving an intermediate or high
maintenance dose. This might be because patients on a low
maintenance dose were unable to tolerate a higher dose and
therefore discontinued selexipag due to an AE rather than
disease progression. Patients at high risk at baseline were
more likely to discontinue selexipag due to an AE than
those at low risk and were also more likely to discontinue
due to an AE related to PAH (data not shown).

Current guidelines recommend achievement of low-risk
status as a treatment goal. At the end of the SPHERE ob-
servation period, 25% and 21% of patients, respectively,
had improved FC and REVEAL 2.0 risk status, while 61%
and 57%, respectively, had stable FC and REVEAL 2.0 risk
status. Although disappointing that not more patients were
able to improve their status, this observation likely reflects
the undertreatment and misalignment of guidelines and
real-world experience, as discussed earlier. Hospitalization
and overall survival in SPHERE were similar regardless of
maintenance dose, as also observed in GRIPHON,® sup-
porting the individualized dosing regimen of selexipag. As
anticipated per risk status, patients classified as REVEAL
high risk or intermediate risk had an earlier time to first
hospitalization and death than low-risk patients. These data
concur with a post hoc analysis of GRIPHON, which
classified 41%, 26%, and 33% of patients as low, inter-
mediate, and high risk, respectively, according to REVEAL
Lite 2, and found that risk category at baseline predicted
mortality/morbidity outcomes.'® Notably, in GRIPHON,
selexipag reduced mortality/morbidity compared with pla-
cebo regardless of baseline risk category (by 43% for low-,
58% for intermediate-, and 29% for high-risk patients).”’

The main limitations of SPHERE are related to its ob-
servational nature and the potential bias introduced by in-
cluding previously initiated patients for whom no data were
collected between treatment initiation and study enrollment
(as described previously'”). Differences between newly and
previously initiated patients (fewer AEs, fewer discontinua-
tions, and longer survival in the previously initiated group)
might be related to this survivor bias. However, inclusion of
previously initiated patients allowed recruitment of more
patients than would have been possible if only newly in-
itiated patients had been included. As a drug registry (rather
than a disease registry), SPHERE recruited only patients
receiving selexipag, who typically take selexipag as part of a
combination therapy regimen. This introduces bias in favor
of combination therapy recipients. As with any observational
study, missing data can impact interpretation of findings, but
incomplete records are reflective of clinical practice. A
protocol amendment partway through SPHERE permitted

recruitment enhancement for patients newly initiated on se-
lexipag. Thus, the overall study population differs from the
first 500 patients previously reported, with approximately
50% of the overall population being newly initiated com-
pared with approximately 30% of the first 500."" Never-
theless, patient demographics and disease characteristics
were similar in the overall population and the first 500 pa-
tients. Due to the real-world nature of the study, patients
receiving selexipag who had PH but not PAH also partici-
pated; however, for the present analysis, we have focused on
patients with PAH.

In conclusion, SPHERE reports the first US-based, real-
world outcomes data for selexipag, providing new insights into
the clinical characteristics of patients receiving selexipag and
the dosing regimens used in routine clinical practice and con-
firming efficacy across individualized maintenance dose strata
as seen in randomized trials. Contemporary guidelines and lit-
erature recommend a more aggressive approach to risk as-
sessment and treatment than the real-world experience
chronicled in SPHERE. Despite late treatment initiation, out-
comes from SPHERE reflect the efficacy and safety observed in
selexipag clinical trials, presenting the opportunity to maximize
therapy earlier than in current real-world practice and in ac-
cordance with guidelines. The results from SPHERE highlight
the disconnect between guideline recommendations con-
temporaneous with SPHERE data collection™ and real-world
clinical practice. This emphasizes a need to address potential
barriers to clinical adoption of the current guidelines.’

Disclosure statement

The authors have no conflicts of interest to disclose

Financial statement

N.H.K. has received research support from Bellerophon,
Eiger, Gossamer Bio, Lung Biotechnology, and SoniVie.
He has served as a consultant for Actelion, Arena, Bayer,
MSD, and United Therapeutics. He has served on the
speakers’ bureaus for Actelion and Bayer. A.R.H. has re-
ceived grants from the National Institutes of Health and
Cardiovascular Medical Research and Education Fund. She
has served as a consultant for Actelion, Bayer, Complexa,
United Therapeutics, and PHPrecisionMed, where she also
owns equity interest. M.M.C. has received consulting fees,
speaker fees, and/or grant monies from Actelion, Gilead,
United Therapeutics, Bayer, Medtronic, Novartis AG,
Eiger, and Reata Pharmaceuticals. He has served on ad-
visory committees for Actelion, Gilead, Bayer, United
Therapeutics, and Express Scripts. K.B.H. is on the
speakers’ bureau and does consulting or has grants/con-
tracts with Actelion, Bayer Healthcare, Gilead Sciences,
Gossamer Bio, Reata Pharmaceuticals, and United
Therapeutics. K.M.C. has received grant/research support



282 The Journal of Heart and Lung Transplantation, Vol 43, No 2, February 2024

and done consulting with Actelion, consulting and grant/
research support with Bayer through a grant to University
of California at San Diego, consulting and adjudication
committee with Arena and United Therapeutics, consulting
with Gossamer Bio, and received grant/research support
from SoniVie, Ironwood, Gossamer Bio, and the National
Institutes of Health. V.M. has served as a consultant for
Actelion, Acceleron, Altavant, Arena Pharmaceuticals,
Bayer, Caremark, CiVi Biopharma, Gossamer Bio, and
United Therapeutics; and received research funding from
Acceleron, Actelion, Bayer, Reata Pharmaceutics, SoniVie,
and United Therapeutics. T.T., M.H., M.C., and M.R. are
employees of Actelion Pharmaceuticals US, Inc., Titusville,
New Jersey. H-W.F. is a speaker for Bayer and a scientific
advisory board member for Actelion, Acceleron, Altavant,
and United Therapeutics, and has received research support
from Actelion, Eiger, Reata, and United Therapeutics. This
analysis was funded by Actelion Pharmaceuticals US, Inc.

Author contributions

The authors confirm contribution to the paper as follows:
study conception and design: V.M., HW.F., K.B.H.,
ARH., MM.C., KM.C.,, NNHK., M.C.; data collection:
M.H., T.T., MR,; analysis and interpretation of results:
M.H., M.C., T.T., MR,; draft manuscript preparation:
M.H.; manuscript review and revision: V.M., HW.F,,
K.B.H., ARH., MM.C., KM.C.,, NHK., M.H., M.C,,
T.T., M.R. All authors reviewed the results and approved
the final version of the manuscript for submission.

Acknowledgments

Actelion  Pharmaceuticals US, Inc. (a Janssen
Pharmaceutical Company of Johnson & Johnson) is the
sponsor of SPHERE. The authors wish to acknowledge
Paul Strachan (Actelion Pharmaceuticals US, Inc.,
Titusville, New Jersey) for manuscript review and feed-
back. Medical writing support was provided by Ify Sargeant
and Mary Greenacre of Twist Medical and was funded by
Actelion Pharmaceuticals Ltd.

Data statement

The data sharing policy of the sponsor is available at https:/
www.janssen.com/clinical-trials/transparency. Although these
data are not currently publicly available for sharing, requests for
sharing can be sent to the corresponding author and will be
evaluated on an individual basis.

Appendix A. Supporting information

Supplementary data associated with this article can be
found in the online version at doi:10.1016/j.healun.2023.
09.016.

References

1. Humbert M, Kovacs G, Hoeper MM, et al. 2022 ESC/ERS Guidelines
for the diagnosis and treatment of pulmonary hypertension. Eur Heart J
2022;43:3618-731.

2. Humbert M, Sitbon O, Chaouat A, et al. Pulmonary arterial hy-
pertension in France: results from a national registry. Am J Respir Crit
Care Med 2006;173:1023-30.

3. Humbert M, Sitbon O, Chaouat A, et al. Survival in patients with idio-
pathic, familial, and anorexigen-associated pulmonary arterial hypertension
in the modern management era. Circulation 2010;122:156-63.

4. Thenappan T, Shah SJ, Rich S, Tian L, Archer SL, Gomberg-Maitland
M. Survival in pulmonary arterial hypertension: a reappraisal of the
NIH risk stratification equation. Eur Respir J 2010;35:1079-87.

5. Launay D, Sitbon O, Hachulla E, et al. Survival in systemic sclerosis-
associated pulmonary arterial hypertension in the modern management
era. Ann Rheum Dis 2013;72:1940-6.

6. Boucly A, Savale L, Jais X, et al. Association between initial treatment
strategy and long-term survival in pulmonary arterial hypertension.
Am J Crit Care Med 2021;204:842-54.

7. Klinger JR, Elliott CG, Levine DJ, et al. Therapy for pulmonary ar-
terial hypertension in adults. Update of the CHEST guideline and
expert panel report. Chest 2019;155:565-86.

8. Sitbon O, Channick R, Chin KM, et al. Selexipag for the treatment of
pulmonary arterial hypertension. N Engl J Med 2015;373:2522-33.

9. Barnish MS, Turner S. The value of pragmatic and observational studies in
health care and public health. Pragmat Obs Res 2017;8:49-55.

10. Food and Drug AdministrationStatement from FDA Commissioner
Scott Gottlieb, M.D., on FDA’s new strategic framework to advance
use of real-world evidence to support development of drugs and
biologics. December 2018. Available at: (https://www.fda.gov/news-
events/press-announcements/statement-fda-commissioner-scott-
gottlieb-md-fdas-new-strategic-framework-advance-use-real-world).
Accessed January 2, 2023.

11. Blonde L, Khunti K, Harris SB, Meizinger C, Skolnik NS.
Interpretation and impact of real-world clinical data for the practicing
clinician. Adv Ther 2018;35:1763-74.

12. Swinnen K, Quarck R, Godinas L, Belge C, Delcroix M. Learning
from registries in pulmonary arterial hypertension: pitfalls and re-
commendations. Eur Respir Rev 2019;28:190050.

13. Kim NH, Hemnes AR, Chakinala MM, et al. Patient and disease
characteristics of the first 500 patients with pulmonary arterial hy-
pertension treated with selexipag in real-world settings from SPHERE.
J Heart Lung Transpl 2021;40:279-88.

14. Benza RL, Gomberg-Maitland M, Elliott CG, et al. Predicting survival
in patients with pulmonary arterial hypertension: the REVEAL risk
score calculator 2.0 and comparison with ESC/ERS-based risk as-
sessment strategies. Chest 2019;156:323-37.

15. Brookmeyer R, Crowley JA. A confidence interval for the median
survival time. Biometrics 1982;38:29-41.

16. Benza R, Chin K, Gaine S, et al. REVEAL Lite 2 risk assessment in
patients with pulmonary arterial hypertension from the GRIPHON
study: a post-hoc analysis demonstrates association of risk status with
long-term outcomes. Chest 2021;160(4S):2318A-21A.

17. Badesch DB, Raskob GE, Elliott CG, et al. Pulmonary arterial hy-
pertension: baseline characteristics from the REVEAL Registry. Chest
2010;137:376-87.

18. Frost AE, Badesch DB, Barst RJ, et al. The changing picture of pa-
tients with pulmonary arterial hypertension in the United States: how
REVEAL differs from historic and non-US contemporary registries.
Chest 2011;139:128-37.

19. Hoeper MM, Pausch C, Griinig E, et al. Temporal trends in pulmonary
arterial hypertension: results from the COMPERA registry. Eur Respir
J 2022;59:2102024.

20. Swedish P.A.H. & C.T.EP.H. Registry. Annual Report 2021.
Available at: (https://www.ucr.uu.se/spahr/arsrapporter/arsrapport-
2021/viewdocument/155). Accessed January 2, 2023.

21. Chin KM, Sitbon O, Doelberg M, et al. Three- versus two-drug
therapy for patients with newly diagnosed pulmonary arterial hy-
pertension. J Am Coll Cardiol 2021;78:1393-403.



McLaughlin et al.

Real-world data for selexipag in PAH patients

283

22.

23.

24.

25.

26.

Galie N, Barbera JA, Frost AE, et al. Initial use of ambrisentan plus ta-
dalafil in pulmonary arterial hypertension. N Engl J Med 2015;373:834-44.
McLaughlin VV, Channick R, De Marco T, et al. Results of an expert
consensus survey on the treatment of pulmonary arterial hypertension
with oral prostacyclin pathway agents. Chest 2020;157:955-65.

NHS Digital. National Audit of Pulmonary Hypertension Great
Britain, 2020-21, 12th Annual Report, v1.1. Available at: (https://
files.digital.nhs.uk/75/83A559/NAPH%2012AR %?20-%20Main
9%20Report%20v1.1.pdf). Accessed January 2, 2023.

Burger CD, Ghandour M, Padmanabhan Menon D, Helmi H, Benza RL.
Early intervention in the management of pulmonary arterial hypertension:
clinical and economic outcomes. Clin Outcomes Res 2017;9:731-9.
Zozaya N, Abdalla F, Casado Moreno I, et al. The economic burden of
pulmonary arterial hypertension in Spain. BMC Pulm Med 2022;22:105.

27.

28.

29.

30.

Coghlan JG, Gaine S, Channick R, et al. Early selexipag initiation
and long-term outcomes: insights from randomised controlled
trials in pulmonary arterial hypertension. ERJ Open Res
2023;9:00456-2022.

Highland KB, Hull M, Pruett J, Elliott C, Tsang Y, Drake W. Baseline
history of patients using selexipag for pulmonary arterial hypertension.
Ther Adv Respir Dis 2019;13:1753466619843774.

Uptravi. Prescribing information. Actelion Pharmaceuticals US; 2022.
Available at: (https://www.janssenlabels.com/package-insert/product-
monograph/prescribing-information/UPTRAVI-pi.pdf). Accessed
January 2, 2023.

Galie N, Humbert M, Vachiery JL, et al. 2015 ESC/ERS Guidelines
for the diagnosis and treatment of pulmonary hypertension. Eur Heart
J2016;37:67-119.



	Disease characteristics, treatments, and outcomes of patients with pulmonary arterial hypertension treated with selexipag in real-world settings from the SPHERE registry (SelexiPag: tHe usErs dRug rEgistry)
	Please let us know how this document benefits you.
	Recommended Citation
	Authors

	Disease characteristics, treatments, and outcomes of patients with pulmonary arterial hypertension treated with selexipag in...
	Background
	Methods
	Study design, patients, and treatment
	Data collection and analysis
	Statistical considerations

	Results
	Patient disposition and baseline demographics in the total PH population
	Disease characteristics in the PAH population
	Selexipag dosing regimen and titration schemes
	Patient outcomes
	Safety and persistence to treatment

	Discussion
	Disclosure statement
	Financial statement
	Author contributions
	Acknowledgments
	Data statement
	Appendix A. Supporting information
	References


