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ABSTRACT

Introduction: Patients with connective tissue
disorders (CTD) and pulmonary arterial hyper-
tension (PAH) have a poorer prognosis than
those with other PAH etiologies. This study
assessed the impact of CTD on healthcare out-
comes among PAH patients with and without
CTD comorbidities that were treated with oral
selexipag.
Methods: The study utilized Optum’s de-iden-
tified Clinformatics� Data Mart Database
(2007–2021) from January 1, 2014 to June 30,
2019, and identified patients with PAH without
CTD and PAH with CTD treated with oral
selexipag. Patients had C 12-month baseline
period with no requirement for a minimum
follow-up period. Patients were followed until
any of the following events: discontinuation of
oral selexipag, or health plan disenrollment, or
death, or presence of a diagnosis claim for
CTEPH, or study end date, whichever occurred
first. PAH-related hospitalizations, PAH disease

progression, and healthcare utilizations and
costs were assessed in the follow-up period.
The Cox proportional hazards model was used
to evaluate the time to hospitalization and
generalized linear models were used to examine
healthcare costs and utilization between the
two cohorts.
Results: In the analysis, 237 PAH without CTD,
and 80 PAH patients with CTD comorbidities
prescribed oral selexipag were included. The
PAH without CTD comorbidities cohort was
older (65 vs. 63 years old), had proportionately
less females (72 vs. 83%), and higher comor-
bidity burden than PAH with CTD comorbidi-
ties (mean CCI index 3 vs. 2). After adjusting for
potential confounders, the risk for PAH-related
hospitalization (hazard ratio (HR) 1.13, p value
0.641), all-cause hospitalization (HR 1.09, p
value: 0.765), and PAH disease progression (HR
1.14, p value 0.522) between the two cohorts
were similar. After adjusting for baseline
demographic and clinical characteristics, PAH
with CTD comorbidities incurred higher total
mean all-cause PAH-related medical care costs
compared to PAH without CTD comorbidities.
Conclusions: In this real-world study, the risk
of hospitalization and PAH disease progression
were similar between the two cohorts who
received oral selexipag. The results from this
study corroborate findings of the GRIPHON
post hoc analysis of PAH-associated CTD
patients and support oral selexipag use in PAH-
CTD patients.
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Key Summary Points

Why carry out this study?

A knowledge gap exists regarding the
impact of connective tissue disorders
(CTD) comorbidities on pulmonary
arterial hypertension (PAH) clinical
outcomes among oral selexipag users in
the US.

There is limited information regarding the
clinical outcomes associated with oral
selexipag use among CTD-associated PAH
in real-world clinical practice.

What was learned from this study?

This real-world study shows that the risk
of clinical outcomes such as all-cause
hospitalization, PAH hospitalization, and
PAH disease progression were not
statistically significantly different for
CTD-associated PAH patients compared to
those with PAH not associated with CTD
comorbidities who were prescribed oral
selexipag after adjusting for potential
measured confounders.

Oral selexipag therapy provides similar
clinical benefits for patients with PAH.

INTRODUCTION

Pulmonary arterial hypertension (PAH) is a
severe and progressive disease associated with
progressive loss and obstruction of the pul-
monary vascular bed, leading to elevated pul-
monary arterial pressure which can eventually
lead to right heart failure and death [1–3].
Connective tissue disorders (CTDs; such as sys-
temic sclerosis [SSc, or scleroderma], mixed
connective tissue disease, and systemic lupus
erythematosus) are the second leading cause of

PAH after idiopathic PAH (IPAH), with CTD-as-
sociated PAH representing up to 13% of PAH
[4]. Among the CTDs, SSc has the highest
prevalence in PAH, and has historically been
associated with poor PAH prognosis [3, 5]. The
REVEAL data (the Registry to Evaluate Early and
Long-term Pulmonary Arterial Hypertension
Disease Management) showed that CTD-associ-
ated PAH patients had worse survival and
higher number of hospitalizations than IPAH
patients [4]. In addition, a pool analysis of 11
phase III randomized controlled trials (RCT) of
PAH therapies showed treatment is less effective
in patients with CTD-associated PAH compared
with patients with IPAH [6]. However, since the
publication of this pool analysis, new novel
therapies have emerged for PAH such as oral
selexipag.

Oral selexipag is a selective prostacyclin IP
receptor agonist and was notably studied in the
GRIPHON trial that included 1156 PAH
patients, the majority of whom had IPAH (649
patients) or CTD-associated PAH (334 patients).
In the overall study population, oral selexipag
reduced the risk for morbidity and mortality by
40% compared with placebo [7]. In a post hoc
analysis of the GRIPHON trial, oral selexipag
reduced the risk of morbidity and mortality by
41% compared with placebo among CTD-asso-
ciated PAH patients. This treatment effect of
oral selexipag among CTD-associated PAH is
consistent with the overall GRIPHON popula-
tion and in patients with IPAH/heritable PAH
[8].

Although the study results of the GRIPHON
trial data suggest that CTD-associated PAH
patients respond well to oral selexipag, there is
limited information regarding the clinical out-
comes associated with oral selexipag use among
PAH patients with CTD comorbidities in real-
world clinical practice. A knowledge gap exists
regarding the impact of CTD comorbidities on
PAH clinical outcomes among oral selexipag
users in the US. Using real-world data, this study
evaluated the impact of oral selexipag on clini-
cal outcomes, including hospitalization, PAH
disease progression, health care utilization and
medical costs, in PAH patients with and without
CTD comorbidities.
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METHODS

Study Design and Data Sources

The study utilized the Optum de-identified
Clinformatics� Mart Database with compre-
hensive demographic, clinical, and treatment
information identified using International
Classification of Diseases, Ninth and Tenth
Revision, Clinical Modification (ICD-9-CM,
ICD-10-CM) codes, National Drug Codes
(NDCs), and Healthcare Common Procedure
Coding System (HCPCS) codes. The analyses did
not involve the collection, use, or transmittal of
individual identifiable data. Thus, institutional
review board approval to conduct this study was
not required.

Study Population

This retrospective cohort study included
patients C 18 years of age identified between
December 1, 2015, and December 31, 2019.
Patients were required to have C 1 inpatient or
emergency room or C 2 outpatient pulmonary
hypertension (PH)/PAH diagnosis claims (ICD-
9-CM: 416.0, 416.8 or ICD-10-CM: I27.0, I27.2,
I27.89). The first observed PH/PAH diagnosis
claim date was defined as the first observed
diagnosis date. Patients were also required to
have C 1 claim for oral selexipag on or after the
first observed diagnosis date and the first oral
selexipag claim date during the identification
period was defined as the index date. Continu-
ous health plan enrollment was required
for C 12 months prior to the index date (base-
line period). Patients who had oral selexipag,
other prostacyclin pathway agents (treprostinil,
epoprostenol, and iloprost), chronic thrombo-
embolic pulmonary hypertension (CTEPH, ICD-
9-CM: not available; ICD-10-CM: I27.24), lung
transplant or balloon atrial septostomy during
the baseline period were excluded from the
study.

PAH/PH patients were stratified into PAH
with and without CTD comorbidities cohorts.
Additionally, PAH patients with CTD comor-
bidities were required to have C 1 diagnosis
claim for any of the following CTD conditions

at any time during the baseline period (systemic
sclerosis [SSc] ICD-9-CM: 710.1; ICD-10-CM:
M34; systemic lupus erythematosus [SLE] ICD-
9-CM: 517.8, 710.0 or ICD-10-CM: M32; Sicca
syndrome: ICD-9-CM: 517.8, 710.2 or ICD-10-
CM: M35.0; dermatomyositis or polymyositis:
ICD-9-CM: 710.3, 710.4 or ICD-10-CM: M33;
mixed CTD: ICD-9-CM: 710.8, 710.9 or ICD-10-
CM: M35.1 or M36.8).

Baseline Characteristics

Patient demographic characteristics were eval-
uated as of the index date and included sex, age,
and geographic region. Clinical characteristics
were evaluated during the baseline period and
included Deyo-Charlson Comorbidity Index
(CCI) scores [9, 10] and individual comorbidi-
ties which were identified using ICD-9/10-CM
codes (Supplementary Material Figure S2; indi-
vidual ICD 9/10 codes for baseline comorbidi-
ties can be found in Supplementary
Material Table S2). All-cause health care uti-
lization and costs during the baseline period
were also evaluated.

Study Outcomes
Time to first all-cause hospitalization and time
to first PAH-related hospitalization after the
index date were examined and reported as the
primary outcomes. The time to PAH disease
progression was determined using composite
endpoints and was defined as time from the
index date to earliest of any of the following
during the follow-up period:

• Initiation of parenteral prostanoids treat-
ment was defined as the date of the first
prescription of intravenous (IV)/subcuta-
neous (SC) prostanoids (e.g., epoprostenol,
treprostinil)

• Date of all-cause death,
• Lung transplant claim date,
• Balloon atrial septostomy claim date,
• PAH-related hospitalization claim date, OR
• PAH-related ER visit claim date.

The healthcare resource utilization (HCRU)
and costs were examined during the entire fol-
low-up period for patients and included all-
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cause and PAH-related utilization and associ-
ated costs. Costs, defined as standardized gross
payments, were reported as per patient per
month (PPPM) and adjusted to 2019 US dollars
using the medical care component of the Con-
sumer Price Index (CPI) [11].

Statistical Analysis

All variables were analyzed descriptively with
means, standard deviations for continuous
variables and counts, percentages for categorical
variables. p values were calculated using chi-
square tests for categorical and Student’s t tests
for continuous variables. Demographics (age,
sex, geographic region) and clinical character-
istics (CCI scores, individual comorbidities)
were explored during the baseline period. Time
to PAH-related hospitalization, time to all-cause
hospitalization and time to PAH disease pro-
gression were compared between PAH patients
with and without CTD comorbidities cohorts
using Kaplan–Meier analyses with log-rank tests
and Cox proportional hazards models that
reported the hazard ratio with the 95% confi-
dence interval. Generalized linear models
(GLMs) were used to evaluate the HCRU and
costs during the follow-up period. The Cox
proportional hazards and the GLMs were
adjusted for statistically significant baseline
demographic and clinical characteristics
including age, sex, geographic region, baseline
oral selexipag regimen, apnea, obesity, and
interstitial lung disease. Analyses were per-
formed using SAS� for Windows, Version 9.4
(SAS Institute, Cary, NC, USA). Adjustment for
multiple testing was not performed.

Compliance with Ethical Guidelines

This study was performed in accordance with
the Helsinki Declaration of 1964, and its later
amendments. Since this study did not involve
the collection, use, or transmittal of individu-
ally identifiable data, it was deemed exempt
from Institutional Review Board review by
Solutions IRB. Both the datasets and the security
of the offices where analysis was completed
(and where the datasets are kept) meet the

requirements of the Health Insurance Portabil-
ity and Accountability Act of 1996. Solutions
IRB determined this study to be EXEMPT from
the Office for Human Research Protections
(OHRP)’s Regulations for the Protection of
Human Subjects (45 CFR 46) under Exemption
4: Research involving the collection or study of
existing data, documents, records, pathological
specimens, or diagnostic specimens, if these
sources are publicly available or if the informa-
tion is recorded by the investigator in such a
manner that subjects cannot be identified,
directly or through identifiers linked to the
subjects. The HIPAA Authorization Waiver was
granted in accordance with the specifications of
45 CFR 164.512(i). This project was conducted
in full accordance with all applicable laws and
regulations, and adhered to the project plan
that was reviewed by Solutions Institutional
Review Board.

RESULTS

A total of 317 patients were identified who ini-
tiated oral selexipag, among which 74.8%
(n = 237) were identified as PAH patients with-
out CTD comorbidities and 15.2% (n = 80) were
PAH patients with CTD comorbidities. (Supple-
mentary Material Figure S1).

Baseline Characteristics

Among the PAH patients with and without CTD
comorbidities cohorts, respectively, patients
had mean ages of 62.7 and 64.8 years
(p = 0.221), were predominately female (82.5%
and 72.2%; p = 0.065), and mostly resided in
the Southern US region (47.5% and 53.2%;
p = 0.381). Mean CCI scores were lower among
PAH patients with CTD comorbidities when
compared to PAH patients without CTD
comorbidities (2.3 and 3.1 respectively;
p = 0.013). The most common comorbidities
among the PAH with CTD comorbidities cohort
were hypertension (91.3%) and coronary artery
disease (42.5%), followed by interstitial lung
disease (40.0%). The most common comor-
bidities among PAH without CTD comorbidities
cohort were hypertension (84.4%) and chronic
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obstructive pulmonary disease (55.7%), fol-
lowed by apnea (48.5%) during the 12-month
baseline period. PAH without CTD comorbidi-
ties cohort had higher proportion of patients
with C 1 inpatient visit during the baseline
period (PAH with CTD comorbidities = 49.8%
vs. PAH without CTD comorbidities = 58.8%)
and longer length of stay for all inpatient visits
(PAH with CTD comorbidities = 0.58 days vs.
PAH without CTD comorbidities = 0.71 days).
The number of outpatient visits were 5.84 and
4.62 days in the PAH patients with and without
CTD comorbidities cohorts, respectively. PAH
patients with CTD comorbidities had higher
average total all-cause health care costs as
compared to PAH without CTD comorbidities
during the 12-month baseline period ($7719 vs.
$6078, respectively) (Table 1).

Unadjusted Results

Time to All-cause and PAH-Related
Hospitalization
PAH patients with CTD comorbidities had a
mean follow-up time of 231 days compared to
224 days for PAH patients without CTD
comorbidities (p = 0.858). Among PAH patients
with CTD comorbidities, 29 (36.3%) and 26
(32.5%) had all-cause and PAH-related hospi-
talization, respectively. The median time to all-
cause and PAH-related hospitalization was
observed to be 450 and 484 days, respectively,
among PAH patients with CTD comorbidities.
Similarly, among the PAH patients without CTD
comorbidities, 67 (28.3%) and 26 (26.2%)
patients had all-cause and PAH-related hospi-
talization, respectively. The median time to all-
cause and PAH-related hospitalization was
observed to be 495 and 503 days, respectively,
among PAH patients without CTD comorbidi-
ties. However, no statistically significant differ-
ence was observed in time to all-cause and time
to PAH-related hospitalization between PAH
patients with CTD comorbidities treated with
oral selexipag and PAH patients without CTD
comorbidities treated with oral selexipag
(Table 2).

Time to PAH Disease Progression
PAH with CTD comorbidities cohort had a
similar proportion of patients with PAH disease
progression during the follow-up period com-
pared to the PAH patients without CTD
comorbidities (CTD-associated PAH = 56.3% vs.
PAH not associated with CTD = 47.3%;
p = 0.164). PAH-related hospitalization and
PAH-related ER visits accounted for 86.6% of
the events in the PAH disease progression
composite endpoint.

Time to PAH disease progression was
observed to be similar among PAH patients with
CTD comorbidities when compared to PAH
patients without CTD comorbidities (CTD-as-
sociated PAH = 290 days vs. PAH patients not
associated with CTD = 329 days; p = 0.744)
(Table 2).

HCRU and Costs During the Follow-up Period
The unadjusted total all-cause and PAH-related
medical healthcare PPPM costs were similar
between the PAH patients with and without
CTD comorbidities cohorts. The outpatient
office all-cause healthcare PPPM costs were
higher (CTD-associated PAH $210 vs. PAH
patients not associated with CTD = $157;
p = 0.013) for the PAH with CTD comorbidities
cohort when compared to the PAH without
CTD comorbidities cohort (Table 2).

Multivariable Results

PAH-Related Hospitalization and Costs
The PAH with CTD cohort had a similar risk of
PAH-related hospitalization during the follow-
up period compared to the PAH without CTD
comorbidities after adjusting for potential
measured confounders [hazard ratio (HR) =
1.13; 95% CI = 0.67–1.90, p value = 0.6410]

(Fig. 1).
After adjusting for the baseline demographic

and clinical characteristics there were no sta-
tistically significant differences observed in
total PAH-related medical costs between PAH
patients with and without CTD comorbidities
cohorts (PAH with CTD comorbidities = $2568
PPPM vs. PAH without CTD comorbidi-
ties = $2059 PPPM; p = 0.157). The total all-
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Table 1 Baseline demographic characteristics for PAH patients without CTD and CTD-associated PAH prescribed oral
selexipag

PAH not
associated with
CTD (N = 237)

CTD-associated
PAH (N = 80)

p value STD

N/Mean %/SD N/Mean %/SD

Mean age (years) 64.80 13.39 62.71 12.53 0.2211 16.11

Age group (n, %)

18–44 21 8.86% \ 11a – 0.9759 0.39

45–54 27 11.39% 13 16.25% 0.2579 14.05

55–64 51 21.52% 22 27.50% 0.2719 13.88

65–74 74 31.22% 22 27.50% 0.5308 8.15

C 75 64 27.00% 16 20.00% 0.2124 16.51

Sex (n, %)

Male 66 27.85% 14 17.50% 0.0654 24.81

Female 171 72.15% 66 82.50% 0.0654 24.81

US geographic region (n, %)

Northeast 26 10.97% \ 11 – 0.5739 7.42

North Central 35 14.77% 11 13.75% 0.8231 2.90

South 126 53.16% 38 47.50% 0.3807 11.30

West 49 20.68% 24 30.00% 0.0867 21.47

Other regions \ 11 – 0 0.00% 1.0000 9.19

Deyo-Charlson CCI Index

Mean score (mean, SD) 3.06 2.54 2.26 2.18 0.0126 33.66

0–2 (n, %) 117 49.37% 50 62.50% 0.0419 26.58

3–4 (n, %) 52 21.94% 16 20.00% 0.7146 4.75

[ 4 (n, %) 68 28.69% 14 17.50% 0.0481 26.69

Baseline regimen (n, %)

Baseline monotherapy (selexipag only) 50 21.10% 11 13.75% 0.1495 19.39

Baseline double therapy (selexipag/one other PAH regimen) 99 41.77% 26 32.50% 0.1423 19.20

Baseline triple therapy (selexipag/two other PAH regimens) 88 37.13% 43 53.75% 0.0091 33.71

Bold value indicates the standardized mean difference of[ 10 significant difference between groups. Italic value indicates
the P-value\ 0.05 significant difference between groups
CCI Charlson Comorbidity Index, SD standard deviation, STD standardized differences
aPatient count less than 11 have been marked as ‘‘\ 11’’ to be compliant with data user agreement
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Table 2 Unadjusted outcomes for CTD-associated PAH patients and PAH patients not associated with CTD who
prescribed oral selexipag

PAH not associated
with CTD (N = 237)

CTD-associated PAH
(N = 80)

STD

N/Mean/
Median

%/SD N/Mean/
Median

%/SD p value

Follow-up time (mean) days 223.9 243.4 230.7 306.0 0.8579 2.45

Follow-up time (median) days 136 99.5

Follow-up time (Q1, Q3) days 48, 300 28, 282.5

Follow-up time (IQR) days 252 254.5

Primary endpoints

Patients with all-cause hospitalization 67 28.3% 29 36.3% 0.1792 17.06

Time to all-cause hospitalization (among patients

with event, mean days)

111.3 152.9 213.3 222.6 0.0302 53.41

Time to all-cause hospitalization (including censored

patients, median days)

495 450 0.6406

Patients with PAH-related hospitalization 62 26.2% 26 32.5% 0.2736 13.90

Time to PAH-related hospitalization (among

patients with event, mean days)

118.0 156.3 207.8 217.1 0.0638 47.49

Time to PAH-related hospitalization (including

censored patients, median days)

503 484 0.7441

Composite endpoint

Patient with PAH disease progression 112 47.3% 45 56.3% 0.1642 17.99

PAH-related hospitalization 56 23.6% 21 26.3%

PAH-related ER visits 38 16.0% 21 26.3%

All-cause death 39 16.5% 15 18.8%

Parenteral prostanoid \ 11a – \ 11 –

Balloon atrial septostomy 0 0% 0 0%

Lung transplantation 0 0% 0 0%

Time to disease progression (among patient with

event, mean days)

239.4 295.0 232.9 219.9 0.8810 2.48

Time to disease progression (including censored

patients, median days)

329 290 0.7441 10.23

All-cause healthcare utilization

Length of stay for all inpatient visits (days) 1.22 4.3 0.93 2.16 0.4364 8.45

Number of inpatient visits 0.17 0.6 0.13 0.31 0.356 10.10

Number of outpatient visits 4.86 4.04 5.94 4.2 0.0413 26.23
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Table 2 continued

PAH not associated
with CTD (N = 237)

CTD-associated PAH
(N = 80)

STD

N/Mean/
Median

%/SD N/Mean/
Median

%/SD p value

Number of ER visits 0.21 0.86 0.18 0.34 0.7156 3.77

Number of office outpatient visits 1.23 1.07 1.52 1.16 0.0396 26.19

Number of other outpatient visits 3.42 3.21 4.24 3.45 0.0553 24.42

All-cause healthcare costs

Inpatient hospitalization costs $4923 $21,475 $4394 $10,734 0.7740 3.12

Outpatient costs $2568 $4879 $2883 $4589 0.6135 6.64

Other outpatient office costs $2007 $4016.90 $2321.00 $4494.00 0.56 13 7.38

Outpatient ER costs $405 $1919 $352 $670 0.7125 3.73

Outpatient office costs $157 $162 $210 $177 0.0132 31.54

Total medical costs (inpatient ? outpatient) $7492 $23,747 $7277 $12,162 0.9169 1.14

PAH-related healthcare utilization

Length of stay for all inpatient visits (days) 1.03 3.68 0.81 1.92 0.4894 7.58

Number of inpatient visits 0.16 0.59 0.12 0.31 0.4164 8.92

Number of outpatient visits 1.79 2.55 2.18 2.22 0.2179 16.51

Number of ER visits 0.13 0.81 0.13 0.31 0.9935 0.08

Number of office outpatient visits 0.53 0.58 0.68 0.71 0.0897 23.18

Number of other outpatient visits 1.13 2.14 1.38 1.78 0.3576 12.44

PAH health care costs PPPM

Inpatient hospitalization costs $2055 $9968 $1772 $5002 0.7415 3.58

Outpatient costs $1106 $2909 $1084 $1666 0.9316 0.96

Outpatient ER costs $277 $1822 $237 $564 0.7649 2.98

Outpatient office costs $73 $96 $93 $89 0.1006 21.70

Other outpatient office costs $757 $2086 $754 $1509 0.9898 0.15

Total medical costs (inpatient ? outpatient) $3161 $11,665 $2856 $5797 0.7597 3.31

Bold value indicates the standardized mean difference of[ 10 significant difference between groups. Italic value indicates
the P-value\ 0.05 significant difference between groups
CTD connective tissue disorders, ER emergency room, IQR interquartile range, Q1 first quarter, Q3 third quarter, PAH
pulmonary arterial hypertension, PPPM per patient per month, SD standard deviation, STD standardized difference
aPatient count less than 11 have been marked as ‘‘\ 11’’ to be compliant with data user agreement
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cause medical costs (inpatient ? outpatient)
were significantly higher among the PAH with
CTD comorbidities when compared to PAH
without CTD comorbidities cohort (PAH with
CTD comorbidities = $6312 PPPM vs. PAH
without CTD comorbidities CTD = $4663
PPPM, p value = 0.047). PAH with CTD comor-
bidities cohort had higher inpatient and out-
patient cost than PAH without CTD
comorbidities cohort with all-cause ER cost
being a significant driver for the PAH with CTD
comorbidities cohort (PAH with CTD comor-
bidities $406 PPPM vs. PAH without CTD
comorbidities = $253 PPPM, p = 0.004) (Sup-
plementary Material Table S1).

All-Cause Hospitalization
The PAH with CTD comorbidities cohort had a
similar risk of all-cause hospitalization during
the follow-up period compared to the PAH
patients without CTD comorbidities after
adjusting to potential measured confounders
[hazard ratio (HR) = 1.09; 95% CI = 0.71–1.28,
p value = 0.7650] (Fig. 1).

Disease Progression
The PAH with CTD comorbidities cohort had
similar risk of PAH disease progression during
the follow-up period compared to the PAH
patients without (Fig. 2) CTD comorbidities
after adjusting for potential measured con-
founders [hazard ratio (HR) = 1.14; 95%
CI = 0.76–1.75, p value = 0.5220] (Fig. 3).

Fig. 1 Cox regression for time to PAH-related hospitalization. CI confidence interval, CTD connective tissue disorders,
PAH pulmonary arterial hypertension
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DISCUSSION

This study examined hospitalization rate, PAH
disease progression, medical costs, and health-
care utilization among PAH patients with and
without CTD comorbidities who were pre-
scribed oral selexipag. Historically, PAH treat-
ment appeared less effective in CTD-associated
PAH patients compared to IPAH patients
[3, 6, 12]. However, the results from this study
suggested that risks of all-cause hospitalization,
PAH hospitalization, or PAH disease progres-
sion, were not statistically significantly different
between PAH patients with and without CTD
comorbidities among oral selexipag users. The
results of this study complement the data that
were observed in the GRIPHON post-hoc anal-
ysis that showed the treatment effects of oral
selexipag for morbidity and mortality were
consistent between CTD-associated patients,
IPAH patients, and the overall study

population. Further, the GRIPHON post hoc
analysis looked at CTD-associated PAH based on
the CTD subtype specifically patients with PAH-
SSc and PAH-SLE were examined. That post hoc
analysis showed that despite the differences in
CTD subtypes, the treatment benefits such as
reducing risk of PAH disease progression and
hospitalization by oral selexipag utilization was
consistent for the CTD subtypes and other PAH
patients without CTD [6, 13]. However, the
current study differed from the GRIPHON post
hoc analysis in the groups that were compared.
In this study, two groups of oral selexipag users
were compared since a control group without
oral selexipag is assumed to have less severe
disease leading to introduction of selection bias
(Table 3).

There are not many other studies that have
investigated the impact of PAH medication on
health outcomes among CTD-associated PAH.
Rhee et al. conducted a meta-analysis of 11

Fig. 2 Cox proportional hazards model for time to all-cause hospitalization for PAH patients with and without CTD
prescribed oral selexipag. CI confidence interval, CTD connective tissue disorders, PAH pulmonary arterial hypertension
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RCTs to compare the effect of PAH therapy
between IPAH and CTD-associated PAH. They
found the effect of PAH treatment was less
effective in improving 6-min walk distance and
preventing clinical worsening in CTD-associ-
ated PAH patients compared to IPAH. However,
several trials that were included in this meta-
analysis had patients that did not receive back-
ground PAH therapies. Since the publication of
this meta-analysis, new novel therapies such as
oral prostacyclin pathway agents were intro-
duced in the treatment landscape and combi-
nation therapy is now regarded as the standard
of care in PAH. A recent meta-analysis of 11
RCTs and 19 registries found a similar risk
reduction in morbidity and mortality between
CTD-associated PAH and the overall PAH pop-
ulation, suggesting a potential benefit from
currently available PAH therapies. This meta-
analysis included trials of modern therapy to

date as well as the more frequent use of com-
bination therapy. In our study, about 86.25% of
CTD-associated PAH patients were on combi-
nation therapy at baseline. Previous studies
have indicated that combination therapy is
effective in CTD-associated PAH patients
[14, 15]. However, in this present study, we
cannot determine the magnitude to which
combination therapy helped improved the
study outcomes in CTD-associated PAH
patients.

In this study, PAH-related hospitalization
and PAH disease progression were the primary
and secondary outcomes, respectively. These
selected outcomes are clinically important to
PAH patients because PAH disease progression
or hospitalization due to PAH events are
potential risk factors for mortality [16]. Unlike
the 6-min walk test outcome that was used in
Rhee et al. meta-analysis to assess PAH

Fig. 3 Cox regression for time to PAH disease progression for PAH patients without CTD and CTD-associated PAH
prescribed oral selexipag. CI confidence interval, CTD connective tissue disorders, PAH pulmonary arterial hypertension
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Table 3 Adjusted healthcare resource utilization and costs for CTD-associated PAH patients and PAH patients not
associated with CTD who were prescribed oral selexipag

PAH not associated with CTD
(N = 237)

CTD-associated PAH
(N = 80)

p value

N/Mean N/Mean

All-cause health care utilization PPPM

Length of stay for all inpatient visits

(days)

0.65 0.79 0.6495

Number of inpatient visits 0.13 0.09 0.2953

Number of outpatient visits 4.46 5.00 0.1495

Number of outpatient office visits 1.19 1.39 0.2011

Number of other outpatient office

visits

3.08 3.45 0.2042

Number of ER visits 0.16 0.13 0.5780

Number of pharmacy claims 4.70 4.92 0.4632

All-cause health care costs PPPM

Inpatient hospitalization costs $2398 $3064 0.1526

Outpatient costs $1843 $2403 0.0655

Outpatient ER costs $253 $406 0.0036

Outpatient office costs $151 $194 0.0769

Other outpatient costs $1396 $1837 0.0570

Total medical costs

(inpatient ? outpatient)

$4663 $6312 0.0469

PAH-related health care utilization

PPPM

Length of stay for all inpatient visits

(days)

0.57 0.72 0.5760

Number of inpatient visits 0.12 0.08 0.3133

Number of outpatient visits 1.67 2.12 0.0630

Number of outpatient office visits 0.52 0.69 0.1009

Number of other outpatient office

visits

1.02 1.34 0.0881

Number of ER visits 0.07 0.07 0.9765

Number of pharmacy claims 2.08 2.05 0.8909

PAH-related health care costs PPPM

Inpatient hospitalization costs $939 $1153 0.2537

Outpatient costs $828 $1104 0.0492
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treatment response, the composite PAH disease
progression outcome that was measured in this
study is potentially less influenced by non-car-
diopulmonary manifestations of CTD [6].

In addition to examining clinical outcomes
such as hospitalization and PAH disease pro-
gression, this study also examined the cost and
utilization associated with PAH patients with or
without CTD comorbidities who were pre-
scribed oral selexipag. Adjusted all-cause
healthcare utilization and PAH-related utiliza-
tion were similar between the two cohorts;
however, PAH patients with CTD were observed
to have higher all-cause ER PPPM costs and
higher mean total medical PPPM costs com-
pared to PAH patients without CTD comor-
bidities. One possible explanation for the
observed PPPM cost difference, in part, is due to
the additional comorbidities that are prevalent
in patients with CTD. In our study, PAH
patients with CTD comorbidities had approxi-
mately three times the proportion of patients
with interstitial lung disease compared to PAH
patients without CTD comorbidities and may
affect the all-cause healthcare PPPM costs. PAH-
related costs for PAH patients with CTD
comorbidities were higher than PAH patients
without CTD comorbidities, but the difference
was not statistically significant.

The strength of the study comes from the
administrative claims database, which covers
multiple providers and physician visits well
recorded in claims data as patient consent is not
necessary for collecting administrative claims
data.

A limitation of the study is the lack of
specificity of ICD codes in the World Health
Organization PAH clinical classification and
PAH etiology. Furthermore, there are no specific
ICD codes for PAH and therefore we require all
patients in the study to receive at least one PAH
medication to increase the specificity of the
patient selection for PAH.

Replication of this study utilizing EMR data
or hospital derived data, which may include
clinical data points such as right heart
catheterization, echocardiogram, and hemody-
namic results, and radiologic patterns for PAH
diagnosis and progression, would further vali-
date findings of this study.

It is also important to note that the ICD-9
codes do not distinguish PAH from CTEPH and
therefore patients with CTEPH diagnosis in the
baseline were excluded and CTEPH diagnosis in
the follow-up was used as a censoring event.
However, the impact would be minimal given
the time period contributing to patient identi-
fication prior to ICD CM code change was short.

Another limitation of the study pertains to
those observed in the claims data. The presence
of a diagnosis code on a medical claim is not a
positive presence of disease. The presence of a
claim for a filled prescription does not indicate
whether the medication was consumed or that
it was taken as prescribed. The lack of com-
pleteness of the mortality data in the Optum
Clinformatics� DoD database may lead to
underrepresentation of the death data in the
current study. The clinical and disease-specific
parameters not captured in claims data could

Table 3 continued

PAH not associated with CTD
(N = 237)

CTD-associated PAH
(N = 80)

p value

N/Mean N/Mean

Outpatient ER costs $136 $239 0.0004

Outpatient office costs $70 $96 0.0266

Other outpatient costs $532 $868 0.0016

Total medical costs

(inpatient ? outpatient)

$2059 $2568 0.1563

CTD connective tissue disorders, PAH pulmonary arterial hypertension, PPPM per patient per month
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influence the study outcomes, for e.g., severity
of the patients which cannot be determined in
the claims data.

The definition of PAH disease progression
may vary across different studies, which may
result in conflicting information on PAH disease
progression. The definition of disease progres-
sion used in this study could only capture seri-
ous changes in PAH disease progression so
results should be interpreted with this consid-
eration. Also, the Optum Clinformatics� data-
base reports a ‘standardized cost’ figure that is
related to allowable charges and should not be
interpreted as the cost of services or medica-
tions. It might have under-represented the costs
for commercially insured patients and con-
versely overestimated costs for Medicare
patients with supplemental coverage.

This study did not consider undifferentiated
CTD, which could have introduced misclassifi-
cation of PAH patients in some cases. However,
this is usually a small proportion and therefore
the impact would be minimal. Further, this
study did not examine CTD subtypes and CTD
medication use due to small sample size of PAH
with CTD cohort. Future studies with sufficient
sample could adjust for severity of PAH with
CTD patients by CTD subtypes and CTD-related
medication use.

This study reported and adjusted for PAH
therapies at baseline but did not investigate
CTD medications. Such study could provide
insight into PAH patients with CTD but since
the objective of the study was to compare PAH
patients with CTD and PAH patients without
CTD this limitation would have had a minimal
impact.

Due to small sample size, the analysis may be
underpowered to detect small differences
between PAH with and without CTD. Interpre-
tation of the results should be made with some
caution, especially because adjustment for
multiple testing was not performed. Finally, the
comparability between the two groups might
have been affected due to the discrepancy in the
sample size of the groups.

CONCLUSIONS

In this real-world study, the risk of hospitaliza-
tion and PAH disease progression were similar
among PAH patients with and without CTD
comorbidities who received oral selexipag. The
results from this study corroborate the findings
of the GRIPHON post hoc analysis of PAH-as-
sociated CTD patients and the benefit associ-
ated with selexipag use in PAH-CTD patients.
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