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Abstract

Two oral medications targeting the prostacyclin pathway are available to treat pulmonary arterial hypertension in the United States:

oral treprostinil and selexipag. We compared real-world hospitalization in patients receiving these medications. A retrospective

administrative claims study was conducted using the Optum� Clinformatics� Data Mart database. Patients with pulmonary

hypertension were identified using diagnostic codes. Cohort inclusion required age� 18 years, first oral treprostinil or selexipag

prescription between 1 January 2015 and 30 September 2017 (index date), and continuous enrollment in the prior �6 months.

Patients who switched index drug were excluded. Follow-up was from index date until the first of end of index drug exposure, end

of continuous enrollment, death, or 31 December 2017. Multivariable Cox proportional hazard and Poisson regression were used

to compare risk and rate, respectively, of hospitalization associated with oral treprostinil vs. selexipag, adjusting for potential

confounders. The study cohort included 99 patients receiving oral treprostinil and 123 receiving selexipag. Mean age was 61 years,

and most patients were females (71%). Compared with oral treprostinil, selexipag was associated with a 46% lower risk of all-cause

hospitalization (hazard ratio 0.54, 95% confidence interval 0.31, 0.92; P¼ 0.02), a 47% lower risk of pulmonary hypertension-

related hospitalization (hazard ratio 0.53, 95% confidence interval 0.31, 0.93; P¼ 0.03), a 42% lower all-cause hospitalization rate

(rate ratio 0.58, 95% confidence interval 0.39, 0.87; P¼ 0.01), and a 46% lower pulmonary hypertension-related hospitalization rate

(rate ratio 0.54, 95% confidence interval 0.35, 0.82; P¼ 0.004). This study suggests that selexipag is associated with lower hos-

pitalization risk and rate than oral treprostinil.
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Until recently, available therapies for patients with pulmon-
ary arterial hypertension (PAH) targeting the prostacyclin
pathway have been administered via continuous intraven-
ous, subcutaneous infusion, or inhaled routes, all of which
are associated with significant administration-related
adverse effects and patient burden.1 Oral therapy offers
greater convenience and could enable the use of these thera-
pies earlier in the disease evolution.2 Two oral prostacyclin
pathway medications, oral treprostinil and selexipag, were

approved by the Food and Drug Administration in
December 2013 and December 2015, respectively.3

The oral formulation of the prostacyclin analog trepros-
tinil was approved to improve exercise capacity on the basis
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of the FREEDOM-M randomized, controlled trial (RCT) in
patients not on background PAH therapy, which met its
primary end point of change from baseline to week 12 in
6-min walk distance (6MWD).4,5 However, this primary end
point was not met in the FREEDOM-C1 and FREEDOM-
C2 RCTs in patients on background endothelin receptor
antagonist (ERA) and/or phosphodiesterase type 5 inhibitor
(PDE5i) therapy.6,7

The selective prostaglandin I2 (IP) prostacyclin-receptor
agonist selexipag was approved to delay disease progression
and reduce the risk of hospitalization for PAH on the basis of
the event-driven, placebo-controlled GRIPHON RCT,
which included patients not receiving background therapy,
patients receiving background monotherapy with an ERA or
PDE5i, and patients receiving background dual therapy with
an ERA and a PDE5i.8,9 GRIPHON met its primary end
point of time to a morbidity event or death from any
cause.8 The treatment effect of selexipag on the primary
end point was similar in the overall population, the subgroup
of patients not receiving PAH-specific treatment at baseline,
and the subgroup on background treatment (including
patients receiving a combination of an ERA and a PDE5i
at baseline).8,10

Shifting of the primary trial end point from a short-term
correlate such as 6MWD, as in FREEDOM-M, to a long-
term true clinical efficacy measure such as clinical worsening,
as in GRIPHON, represents an important evolution in PAH
RCT design.11 This shift was recommended at the fourth
World Symposium on Pulmonary Hypertension (WSPH)
and endorsed at the fifth WSPH.12,13 Clinical worsening in
PAH leads to increasingly debilitating symptoms, high mor-
bidity, frequent hospitalizations, and ultimately right-heart
failure and premature death.14–17 Thus, delaying clinical wor-
sening is essential to attain the treatment goals for patients
with PAH of achieving and maintaining good exercise cap-
acity, quality of life and right-ventricular function, avoiding
hospitalization, and improving survival.11,18–20

It has recently been reported that the event-driven, pla-
cebo-controlled FREEDOM-EV RCT of oral treprostinil
met its primary end point of delayed time to first adjudi-
cated clinical worsening event.21 However, no clinical trials
have directly compared oral treprostinil vs. selexipag for
clinical worsening (or any other end point). In the absence
of head-to-head data, hospitalization data for both agents in
real-world use may provide valuable comparative evidence.

PAH-related hospitalization is an important measure of
clinical worsening that has been demonstrated to predict
increased mortality among patients in clinical practice15,22

and in the long-term, event-driven clinical trials.14

Hospitalization for worsening PAH is a key component of
the composite end point of time to clinical worsening rec-
ommended at the fourth and fifth WSPH.12,13 Furthermore,
hospitalizations in patients with PAH are costly, and
readmission is common following discharge.23

Hospitalization data can be extracted from medical
administrative claims data, a source of real-world

evidence.24 Although RCTs remain the gold standard for
the assessment of the efficacy and safety of therapies, real-
world evidence is recognized as being an important resource
to expand the evidence generated by traditional clinical
trials and is increasingly being considered in regulatory deci-
sion-making.24–26 Accordingly, the objective of this study
was to compare the rate and risk of hospitalization (all-
cause and pulmonary hypertension (PH)-related) in patients
with PH receiving either oral treprostinil or selexipag, based
on a retrospective claims database analysis.

Methods

Data source

Data for this study were obtained from the Optum�

Clinformatics� Data Mart healthcare claims database, a
longitudinal database of medical and pharmaceutical
administrative claims for a privately insured US population.
Most of the approximately 82 million unique patients in the
database are enrollees in the UnitedHealth Group and have
both medical and pharmacy benefits.

All data used in these analyses have been deidentified and
are fully compliant with the Health Insurance Portability and
Accountability Act Privacy Rules; as such, Institutional
Review Board review and approval were not required.

Study design and sample

Data were retrieved for the study period commencing 1 July
2014 and ending 31 December 2017 (Fig. 1). A study start
date earlier than the launch of selexipag was chosen to cap-
ture sufficient data for patients taking oral treprostinil
because relatively few patients were prescribed oral trepros-
tinil after the selexipag launch. Any between-group differ-
ences in the distribution of prescribing dates should not have
had an impact on hospital admission, given the short
(2.5-year) study period. The index date was defined as the
first date of receipt of oral treprostinil or selexipag within
the identification period of 1 January 2015 to 30 September
2017. This allowed for a minimum six-month pre-index and
three-month post-index evaluation of each patient’s data.
The follow-up period for each patient was from their
index date until the end of index drug exposure (defined as
a gap in therapy of at least 45 days), the end of continuous
health-plan enrollment, the date of all-cause death (defined
as the first day of the month of death), or the end of data (31
December 2017), whichever came first.

Adult patients (at least 18 years of age) were eligible if
they had continuous health-plan enrollment for at least six
months prior to the index date (termed the baseline period).
Because the claims database does not include linked medical
charts that would have permitted confirmation of PH diag-
noses, patients were ascertained using a claims-based algo-
rithm. Inclusion required at least one medical claim on an
outpatient visit or hospitalization in the baseline period with
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an International Classification of Diseases, Ninth or Tenth
Revision, Clinical Modification (ICD-9-CM or ICD-10-
CM, respectively) diagnostic code for PH, namely, ICD-9-
CM 416.0 (primary PH), 416.8 (other chronic pulmonary
heart disease; pulmonary hypertension, secondary), or
416.9 (chronic pulmonary heart disease, unspecified) or
ICD-10-CM I27.0 (primary PH), I27.2 (other secondary
PH), I27.89 (other specified pulmonary heart diseases), or
I27.9 (pulmonary heart disease, unspecified).

To limit the analysis to new users, patients were
excluded if they had any use of the index medication in
the baseline period. To avoid the crossover effects of ther-
apy, patients with any switching between oral treprostinil
and selexipag at any time during the entire study period
were also excluded.

Baseline characteristics for each patient were recorded
during the baseline period. Demographic variables mea-
sured at the index date were age, gender, geographic
region, and type of insurance. Clinical comorbidities of
interest were the Charlson comorbidity score (calculated
based on ICD-9-CM and/or ICD-10-CM codes using the
methods of Quan et al.27 with updated weights from Quan
et al.28), depression, hypertension, diabetes, chronic
obstructive pulmonary disease (COPD), heart failure,
hyperlipidemia, obesity, and PAH-related comorbidities
(connective tissue diseases (CTDs), congenital heart diseases
(CHDs), and portal hypertension). Selected comorbidities
were defined based on medical claims using ICD-9-CM
and ICD-10-CM codes (see Supplementary Table 1 for diag-
nostic codes). PAH-related comorbidities were identified by
codes used in a previous retrospective database analysis.29

Other selected comorbidities were identified using Medicare
Chronic Conditions Data Warehouse algorithms.30

Clinical management variables retrieved were PAH medi-
cations, all-cause outpatient visits, all-cause hospitaliza-
tions, and PH-related hospitalizations. Other than the
index medications (oral treprostinil and selexipag), PAH
medications included ERAs (oral ambrisentan, bosentan,
and macitentan), PDE5is (oral sildenafil, tadalafil), prosta-
cyclins (subcutaneous, intravenous, and inhaled treprostinil,
inhaled iloprost, intravenous epoprostenol), and the oral
soluble guanylate cyclase stimulator riociguat. These drugs
were identified from pharmacy claims by National Drug

Code and from medical claims by Healthcare Common
Procedure Coding System codes (see Supplementary
Table 1 for drug codes).

Outcomes

Hospitalizations were the only outcomes assessed, as both
rates and risks. Hospitalization rate was defined as the
number of hospitalizations per person-time. Patients con-
tributed person-time in the study as long as they remained
on the index drug, continuously enrolled, and alive.
Hospitalization risk was defined as the time to all-cause
hospitalization and PH-related hospitalization from an on-
treatment analysis with follow-up beginning on the index
date and censored at the end of index drug exposure, end
of continuous enrollment, all-cause death, or end of data (31
December 2017), whichever occurred earliest. Patients were
considered to be on treatment unless they had a �45-day
gap in therapy. PH-related hospitalization was defined as a
hospitalization with a PH diagnosis code at any position on
the medical claim.

Statistical analysis

Descriptive statistics for baseline characteristics are reported
as counts and percentages for categorical variables and
mean and standard deviation for continuous variables.
Between-group comparisons were performed using Chi-
square or Fisher’s exact test for categorical variables and
Student’s t test for continuous variables.

Kaplan–Meier estimates of survival probabilities were
plotted to assess the time to all-cause and PH-related hos-
pitalization. Multivariable Cox proportional hazards regres-
sion models were constructed to estimate hazard ratios
(HRs) with 95% confidence intervals (CIs) for the risks of
first all-cause and PH-related hospitalization in patients
using oral treprostinil vs. those using selexipag. The follow-
ing potential confounders were included as model covari-
ates: age, gender, geographic region, insurance type,
Charlson comorbidity score, PAH medication used
(ERAs, PDE5is, parenteral and inhaled prostacyclin, and
riociguat), specified comorbidities (depression, hyperten-
sion, diabetes, COPD, heart failure, hyperlipidemia, and

1 July, 2014  31 December, 2017

Identification

Study period:
• No other index medication

1 January, 2015 30 September, 2017

Index date

≥6-month baseline period:
• Continuous enrollment
• PH diagnosis
• No index medication

Follow-up period, index date until first of:
• End of exposure to index drug
• End of continuous enrollment
• All-cause death
• End of data (31 December, 2017)

Fig. 1. Study design. PH: pulmonary hypertension.
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obesity), PAH-associated comorbidities (CTDs, CHDs, and
portal hypertension), and the number of hospitalizations
and outpatient visits during the baseline period.

Multivariable Poisson regression models were used to cal-
culate rate ratios (RRs) and 95% CIs comparing all-cause
hospitalization and PH-related hospitalization rates with
oral treprostinil vs. selexipag. These models included the
same covariates included in the Cox models and incorpo-
rated an offset variable to account for the varying length of
person-time.

Sample selection and creation of analytic variables were
performed using the Instant Health Data platform (BHE,
Boston, MA). Statistical analyses were undertaken with R,
version 3.2.1 (R foundation for Statistical Computing,
Vienna, Austria).

Results

Patient characteristics

After the application of all eligibility criteria, 222 patients
were included in the analysis cohort: 99 treated with oral
treprostinil and 123 treated with selexipag (Fig. 2). Notably,
these numbers exclude 9 patients in the oral treprostinil
group and 14 patients in the selexipag group who took the
other drug at some time. Patients were predominantly
females (71%), and the gender distribution was similar in
both groups (Table 1). Overall, 48% of patients were aged
65 years or older. Although the difference was not statistic-
ally significant, the oral treprostinil group, on average, was
older than the selexipag group (mean 63.0 vs. 59.5 years,
respectively; P¼ 0.08; Table 1). Most patients resided in
the south region of the United States (54%) and were
enrolled in Medicare Advantage (66%).

Compared with the selexipag group, the oral treprostinil
group had a significantly higher mean Charlson comorbidity
score and a numerically higher prevalence of several selected

comorbidities (Table 1). ERAs (71%) and/or PDE5is (71%)
were the most common PAH mediations received prior to
index drug initiation. Overall PAH medication use at base-
line was less common in the oral treprostinil group than in
the selexipag group (88% vs. 97%, respectively; P¼ 0.02).
Oral treprostinil recipients were more likely than selexipag
recipients to take parenteral or inhaled prostacyclins at
baseline (43% vs. 18%, respectively; P< 0.0001) but less
likely to take ERAs (57% vs. 83%, respectively;
P< 0.0001) and/or PDE5is (63% vs. 77%, respectively;
P¼ 0.03).

Exposure to index drug

The median follow-up was 0.59 years (interquartile range
(IQR) 0.27–1.01 years) for patients treated with oral trepros-
tinil and 0.61 years (IQR 0.30–0.98 years) for patients trea-
ted with selexipag. The most common reason for censoring
was discontinuing index therapy (oral treprostinil 45% and
selexipag 38%).

Hospitalization

Over a total of 162.05 person-years of follow-up among the
222 study participants, there were 147 all-cause hospitaliza-
tions and 134 PH-related hospitalizations. Overall, 79
patients experienced at least one hospitalization from any
cause and 75 patients experienced at least one hospitaliza-
tion associated with PH.

Based on the Kaplan–Meier analysis, patients treated with
selexipag had lower risk for all-cause hospitalization (log rank
P¼ 0.002) and lower risk for PH-related hospitalization (log
rank P¼ 0.001) compared with patients on oral treprostinil
(Fig. 3). After controlling for potentially confounding baseline
characteristics, treatment with selexipag was associated with a
46% lower hazard of all-cause hospitalization (P¼ 0.02) and
a 47% lower hazard of PH-related hospitalization (P¼ 0.03)
relative to treatment with oral treprostinil (Table 2).

Crude rates of all-cause and PH-related hospitalization
per 100 person-years were 113.9 (95% CI 92.6, 140.2) and
103.7 (95% CI 83.5, 128.9), respectively, for oral treprosti-
nil, and 69.1 (95% CI 53.5, 89.3) and 63.2 (95% CI 48.3,
82.6), respectively, for selexipag. After controlling for base-
line characteristics, selexipag was associated with a 42%
lower all-cause hospitalization rate (P¼ 0.01) and 46%
lower PH-related hospitalization rate (P¼ 0.004) vs. oral
treprostinil (Fig. 4 and Table 3).

Discussion

These results provide real-world evidence suggesting the two
available oral agents targeting the prostacyclin pathway
may yield different clinical outcomes, specifically all-cause
and PH-related hospitalizations. Notably, PH-related hos-
pitalizations accounted for 91% of all hospitalizations in the
cohort.

Index drug:

Baseline continuous enrollment:

No index drug in baseline period:

Baseline PH diagnosis:

No other index drug anytime:

Age ≥18 y at index date:

N=204

n=141

n=111

n=137

n=102

n=99

Oral treprostinil

N=198

n=141

n=137

n=137

n=123

n=123

Selexipag

Fig. 2. Ascertainment of the patient cohort. PH: pulmonary

hypertension.
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Clinical guidelines current during the study period gave a
Class I (Evidence Level B) recommendation to selexipag for
patients with PAH in World Health Organization (WHO)
Functional Class (FC) II or III and a Class IIb (Evidence
Level B) recommendation to oral treprostinil for patients in
WHO FC III.18 It is unknown to what extent prescribers
may have selected different patients for treatment with oral
treprostinil vs. selexipag in accordance with these recom-
mendations because WHO FC was not recorded in the data-
base. However, compared with patients treated with
selexipag, those treated with oral treprostinil tended to be
older and have more comorbidities. Although these baseline
differences would be expected to bias the analysis results,
even after controlling for these potential confounders the

differences in the risk and rate of hospitalization in favor
of selexipag remained large and statistically significant.
Notably, these results should not be influenced by the preva-
lence of CTD, which was similar between groups (28.3% for
oral treprostinil vs. 24.4% for selexipag; P¼ 0.62), and for
which the models controlled.

Results of the event-driven FREEDOM-EV trial of oral
treprostinil have recently been reported.21 Oral treprostinil
met the primary end point of time to first adjudicated clin-
ical worsening event (death, hospitalization due to worsen-
ing PAH, initiation of inhaled/infused prostacyclin, disease
progression, or unsatisfactory long-term clinical response)
with delay in disease progression accounting for the major-
ity of the treatment effect vs. placebo. The primary-end

Table 1. Patient baseline characteristics.

Characteristic

Oral treprostinil Selexipag Study population

PN¼ 99 N¼ 123 N¼ 222

Age, years, mean (SD) 63.0 (15.4) 59.5 (14.5) 61.1 (14.9) 0.08

Female, n (%) 71 (71.7) 87 (70.7) 158 (71.2) 0.99

Geographic region, n (%)

Midwest 21 (21.2) 18 (14.6) 39 (17.6) 0.44

Northeast 7 (7.1) 9 (7.3) 16 (7.2)

South 54 (54.6) 66 (53.7) 120 (54.1)

West 17 (17.2) 30 (24.4) 47 (21.2)

Insurance type, n (%)

Commercial 27 (27.3) 49 (39.8) 76 (34.2) 0.07

Medicare 72 (72.7) 74 (60.2) 146 (65.8)

Charlson comorbidity score, mean (SD) 3.4 (2.0) 2.8 (2.1) 3.1 (2.1) 0.04

Comorbidities, n (%)

COPD 53 (53.5) 49 (39.8) 102 (46.0) 0.06

Depression 23 (23.2) 16 (13.0) 39 (17.8) 0.07

Diabetes 44 (44.4) 32 (26.2) 76 (34.2) 0.01

Heart failure 53 (53.5) 64 (52.0) 117 (52.7) 0.93

Hyperlipidemia 55 (55.6) 52 (42.3) 107 (48.2) 0.07

Hypertension 75 (75.8) 83 (67.5) 158 (71.2) 0.23

Obesity 28 (28.3) 28 (22.8) 56 (25.2) 0.43

PAH-associated comorbidities, n (%)

CTD 28 (28.3) 30 (24.4) 58 (26.1) 0.62

CHD 8 (8.1) 13 (10.6) 21 (9.5) 0.69

Portal hypertension 4 (4.0) 4 (3.3) 8 (3.6) 1.0

PAH medications, n (%)

ERAs 56 (56.6) 102 (82.9) 158 (71.2) <0.0001

PDE5is 62 (62.6) 95 (77.2) 157 (70.7) 0.03

Inhaled or parenteral prostacyclins 43 (43.4) 22 (17.9) 65 (29.3) <0.0001

Riociguat 8 (8.1) 15 (12.2) 23 (10.4) 0.44

Overall PAH medicationsa 87 (87.9) 119 (96.8) 206 (92.8) 0.02

Number of PH-related hospitalizations, mean (SD) 0.54 (1) 0.40 (0.92) 0.46 (0.96) 0.30

Number of all-cause hospitalizations, mean (SD) 0.59 (1.05) 0.40 (0.92) 0.48 (0.98) 0.16

Number of all-cause outpatient visits, mean (SD) 14.8 (15.0) 13.5 (13.7) 14.1 (14.2) 0.49

Note: CHD: congenital heart disease; COPD: chronic obstructive pulmonary disease; CTD: connective tissue disease; ERA: endothelin receptor antagonist; PAH:

pulmonary arterial hypertension; PH: pulmonary hypertension; PDE5i: phosphodiesterase type 5 inhibitor; SD: standard deviation.
aOverall PAH medication use includes ERAs, PDE5is, parenteral or inhaled prostacyclins, and riociguat.
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point HR for oral treprostinil vs. placebo was 0.74 (95% CI
0.56, 0.97; P¼ 0.0275).

Notably, whereas hospitalization due to PAH as the first
clinical worsening event was similar between groups in
FREEDOM-EV (oral treprostinil 10.1%, placebo 10.2%),
hospitalization for worsening of PAH was an important

driver of the treatment effect in GRIPHON (selexipag
13.6%, placebo 18.7%).8,21 The observed difference in hos-
pitalizations in the present real-world study appears direc-
tionally consistent with this finding and thus the smaller
reduction vs. placebo in primary-end point events for oral
treprostinil in FREEDOM-EV (26%) compared with selex-
ipag in GRIPHON (40%; HR 0.60, 99% CI 0.46, 0.78;
P< 0.001).8,21 However, no firm conclusions can be drawn
from these observations because no analysis comparing the
results with oral treprostinil in FREEDOM-EV vs. the
results with selexipag in GRIPHON with adjustment for
baseline patient characteristics in the two trials has been
conducted.

One potential explanation for the observed results is that
achieving a clinically effective treprostinil dose via the oral
route has proven to be challenging in clinical practice.31

Compared with prostanoids, selexipag has greater selectivity
for the IP receptor, leading to reduced gastrointestinal
intolerance, which has been a dose-limiting side effect with
oral treprostinil.32,33 A recent Delphi panel on the use of oral
treprostinil suggested aggressive antidiarrheal medication to
manage these adverse effects but failed to reach consensus
on optimal dosing strategies.34 In FREEDOM-EV, oral

(a) (b)

Time (years) Time (years)

Oral treprostinil
Selexipag

0 0.4 0.8 1.2 0 0.4 0.8 1.2

Adjusted HR: 0.54*
95% CI: 0.31, 0.92
Log-rank P value: 0.002†

Adjusted HR: 0.53*
95% CI: 0.31, 0.93
Log-rank P value: 0.001†
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Fig. 3. Kaplan–Meier curves with 95% confidence intervals of (a) first all-cause hospitalization and (b) first PH-related hospitalization in patients

receiving oral treprostinil or selexipag. CI: confidence interval; HR: hazard ratio; PAH: pulmonary arterial hypertension; PH: pulmonary hyper-

tension. *Reference group: oral treprostinil; Cox proportional hazard models were adjusted for age, gender, geographic region, insurance type,

Charlson comorbidity score, PAH medication, PAH-associated comorbidities, other selected comorbidities, and baseline hospitalization and

outpatient visits. yLog rank test.

Table 2. Number of patients with a hospitalization event by treatment group (N¼ 222).

Hospitalization

Patients, n (%)

Unadjusted HR (95% CI)a Adjusted HR (95% CI)a,bOral treprostinil (N¼ 99) Selexipag (N¼ 123)

All-cause 47 (47.5) 32 (26.0) 0.5 (0.32, 0.78) 0.54 (0.31, 0.92)

PH-related 46 (46.5) 29 (23.6) 0.45 (0.28, 0.72) 0.53 (0.31, 0.93)

Note: CI: confidence interval; HR: hazard ratio; PAH: pulmonary arterial hypertension; PH: pulmonary hypertension.
aReference group: oral treprostinil.
bCox proportional hazards model adjusted for age, gender, geographic region, insurance type, Charlson comorbidity score, PAH medication used in baseline period,

specified comorbidities, PAH-associated comorbidities, and baseline hospitalization and outpatient visits.

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2
RR* with 95% CI

Favors
selexipag

Favors
oral treprostinil

All-cause
hospitalization

PH-related
hospitalization

Fig. 4. Relative rate of all-cause and PH-related hospitalization with

selexipag vs. oral treprostinil. CI: confidence interval; PAH: pulmonary

arterial hypertension; PH: pulmonary hypertension; RR: rate ratio.

*Reference group: oral treprostinil; Poisson regression models with an

offset variable for all-cause and PH-related hospitalization were

adjusted for age, gender, geographic region, insurance type, Charlson

comorbidity score, PAH medication, PAH-associated comorbidities,

other selected comorbidities, and baseline hospitalization and out-

patient visits.
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treprostinil was dosed three times a day (TID);21 although
this could help reduce the intensity of adverse effects to allow
increasing the dose to a therapeutic level,34 TID dosing could
introduce adherence issues compared with a drug with less
frequent dosing.35,36

The primary limitation of this study is that whereas the
index drugs are indicated solely for specified patients with
PAH (not other forms of PH), there is no unique ICD-9-
CM or ICD-10-CM code for PAH.37 Both coding systems
have a diagnostic code for primary PH, which corresponds to
idiopathic PAH in the current PAH classification,38–40 but
they have no codes that differentiate the other PAH sub-
groups from non-PAH forms of PH. Consequently, patients
were identified based on diagnostic codes for PH, potentially
including an unknown percentage of non-PAH patients. Any
resulting off-label use of index medication should be min-
imal, since drugs targeting the prostacyclin pathway are typ-
ically reserved for high-risk patients and have inherent side
effects, which may make them more difficult to initiate and
therefore less likely to be used outside their labels than ERAs
and PDE5is, as has been previously observed in clinical prac-
tice for patients with chronic thromboembolic PH.41,42

Based on diagnosis codes, COPD prevalence in the study
cohort was 46%. High prevalence of COPD diagnosis codes
has also been reported in other retrospective database ana-
lyses of PAH patients.43 One potential explanation is that
some undeterminable percentage of these COPD diagnosis
codes could have been registered for exclusion of COPD in
the differential diagnosis of PAH. Many patients are labeled
with a diagnosis of COPD on their pathway to PAH diag-
nosis, and the code is often not removed or changed. It is
unlikely that a significant percentage of patients in this
cohort did not have true PAH because insurers typically
require prescribers to provide a statement that PAH is not
caused by lung disease if a patient with PAH has a current
COPD diagnosis. The COPD category in our study is
increased by inclusion of diagnosis codes for chronic bron-
chitis and bronchiectasis. The high COPD prevalence also
likely reflects the fact that more than half of the cohort
(54%) came from southern states that have high smoking
rates (ranging from 12.5% to 23.1% in the most recently
published state-level data from the Centers for Disease
Control, for the years 2014–201544) relative to many other
regions of the United States.

It should be noted that the multivariable Cox propor-
tional hazard and Poisson models in this study adjusted
for several demographic and clinical characteristics that
could have impacted its findings, including age, gender,
comorbidities, and the number of hospitalizations and out-
patient visits. However, the results may be influenced by
unmeasured confounders that have been demonstrated to
predict outcomes in PAH, such as WHO FC, exercise cap-
acity, right ventricular function and structure, hemo-
dynamics, and brain natriuretic peptide and other
biomarkers.45 These variables are not captured in claims
databases, so identifying them in a retrospective analysis
would require review of individually linked patient charts,
which was not possible in our study.

This study excluded patients with any switching between
oral treprostinil and selexipag, in order to provide a straight-
forward analysis of the treatment effect. Because switching
medications is typically attributable to lack of effectiveness
and/or intolerable side effects, this exclusion criterion may
have selected for patients with a more favorable response to
their index drug compared with the general population of
patients receiving oral treprostinil and selexipag. A limita-
tion of claims data is that they do not provide the reason for
switching or discontinuing the medication of interest.

Other study limitations include ascertainment of comor-
bidities and PH diagnoses from administrative claims data
collected for insurance payments not research, which are not
clinically validated, may be subject to coding error, and do
not provide information on whether prescriptions were filled
and taken as prescribed. Because this study included only
commercially insured US patients, results may not be gen-
eralizable to patients with different coverage or residing out-
side of the United States. Finally, like all retrospective
database studies, it is not possible to draw firm conclusions
regarding causality of the associations found in this study.

In conclusion, in this real-world study, selexipag was
associated with a lower risk and rate of all-cause and PH-
related hospitalization compared with oral treprostinil.
Controlled studies are recommended to confirm these
findings.
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