Received: 4 April 2023 | Accepted: 8 August 2023

DOI: 10.1002/ame2.12347

ORIGINAL ARTICLE

re WILEY

Comparing the efficacy and safety of low, medium, and high
dosages of selexipag for treating pulmonary hypertension: A
systematic review and meta-analysis

Shang Wang! | Yi Yan?

| Jian Zhang® | Ping Yuan!

| Ci-Jun Luo® |

Hong-Ling Qiu' | Hui-Ting Li* | Jian Xu! | LanWang! | Tian-LanLi* | Rong Jiang!

1Department of Cardio-Pulmonary Circulation, Shanghai Pulmonary Hospital, School of Medicine, Tongji University, Shanghai, China

?Heart Center and Shanghai Institute of Pediatric Congenital Heart Disease, Shanghai Children's Medical Center, National Children's Medical Center, Shanghai
Jiaotong University School of Medicine, Shanghai, China

SDepartment of Respiratory and Critical Care Medicine, The 416 Hospital of Nuclear Industry, The Second Affiliated Hospital of Chengdu Medical College,

Chengdu, China

“Department of Hematology, The Affiliated Hospital of Qingdao University, Qingdao, China

Correspondence

Lan Wang and Rong Jiang, Department of
Cardio-Pulmonary Circulation, Shanghai
Pulmonary Hospital, School of Medicine,
Tongji University, No. 507 Zhengmin
Road, Yangpu District, Shanghai 200433,
China.

Email: lanwang@tongji.edu.cn and
listening39@163.com

Tian-Lan Li, Department of Hematology,
The Affiliated Hospital of Qingdao
University, Qingdao 266003, China.
Email: tianlan0919@163.com

Funding information

Program of the National Natural Science
Foundation of China, Grant/Award
Number: 81700045, 81870042 and
82200065; The Department Development
Fund of Shanghai Pulmonary Hospital,
Grant/Award Number: 201906-0314; The
Program of Shanghai Pulmonary Hospital,
Grant/Award Number: FKLY20011;

The Three-year Action Plan to Promote
Clinical Skills and Clinical Innovation

in Municipal Hospitals, Grant/Award
Number: SHDC2020CR4021; Young
Talent Program of Shanghai Municipal
Health Commission, Grant/Award
Number: 2022YQ070

Abstract

Background: The maintenance dosage of selexipag is categorized as low, medium or
high. In order to assess the efficacy and safety of different dosages of selexipag for
the risk stratification of pulmonary arterial hypertension (PAH), we performed a sys-
tematic review and meta-analysis.

Methods: Studies assessing PAH risk stratification indices, such as the World Health
Organization functional class (WHO-FC), six-minute walk distance (6MWD), N-
terminal pro-B-type natriuretic peptide (NT-proBNP) level, right atrial pressure (RAP),
cardiac index (Cl) and mixed venous oxygen saturation (SvOz), were included.
Results: Thirteen studies were included. Selexipag led to improvements in the 6MWD
(MD: 24.20m, 95% Cl: 10.74-37.67), NT-proBNP (SMD: -0.41, 95% Cl: -0.79-0.04),
CI (MD: 0.47 L/min/m?, 95% Cl: 0.17-0.77) and WHO-FC (OR: 0.564, 95% Cl: 0.457-
0.697). Subgroup analysis demonstrated that all three dosages improved the 6MWD.
A moderate dosage led to improvements in the Cl (MD: 0.30 L/min/m?, 95% Cl: 0.15-
0.46) and WHO-FC (OR: 0.589, 95% Cl: 0.376-0.922). Within 6 months of treatment,
only the WHO-FC and CI were significantly improved (OR: 0.614, 95% Cl: 0.380-
0.993; MD: 0.30L/min/m?, 95% Cl: 0.16-0.45, respectively). More than é months of
treatment significantly improved the 6MWD, WHO-FC and NT-proBNP (MD: 40.87 m,
95% Cl: 10.97-70.77; OR: 0.557, 95% ClI: 0.440-0.705; SMD: -0.61, 95% Cl: -1.17-
0.05, respectively).

Shang Wang, Yi Yan and Jian Zhang contributed equally to the article.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2023 The Authors. Animal Models and Experimental Medicine published by John Wiley & Sons Australia, Ltd on behalf of The Chinese Association for

Laboratory Animal Sciences.

56 wileyonlinelibrary.com/journal/ame2

Anim Models Exp Med. 2024;7:56-70.


www.wileyonlinelibrary.com/journal/ame2
https://orcid.org/0000-0003-2860-3252
https://orcid.org/0000-0001-5096-4850
mailto:
mailto:
mailto:
https://orcid.org/0000-0003-4062-5550
http://creativecommons.org/licenses/by-nc/4.0/
mailto:lanwang@tongji.edu.cn
mailto:listening39@163.com
mailto:tianlan0919@163.com

WANG ET AL.

treatments.

KEYWORDS

systematic review

1 | INTRODUCTION

Progressive increase of pulmonary artery pressure (PAP) due to
pulmonary artery bed remodeling in pulmonary arterial hyperten-
sion (PAH) patients can eventually lead to right heart failure, sug-
gesting that PAH is a deadly disease.! Along with the therapeutic
advances in the field of PAH, it has become increasingly important
to recognize clinically relevant treatment goals that are associated
with long-term outcomes. The basis for current treatment strategy
is the severity of newly diagnosed PAH, which is evaluated by a
multiparametric risk stratification tool and patients are divided as
low-, intermediate- or high-risk according to their expected 1-year
mortality.>® This multiparametric risk-assessment tool includes six-
minute walk distance (6MWD), the World Health Organization func-
tional class (WHO-FC), N-terminal pro-B-type natriuretic peptide
(NT-proBNP) level, cardiac index (Cl), right atrial pressure (RAP) and
mixed venous oxygen saturation (SvO,). A simplified low-risk treat-
ment goal includes WHO-FC | or Il, MWD >380m, a decrease in
or normalization of the NT-proBNP level, and hemodynamics with a
RAP <8 mmHg and CI>2.5L/min/min2. In terms of the diagnosis and
treatment of PH, the ESC/ERS Guidelines suggest using a three-level
model to classify patients as being at a low, intermediate, or high risk
of death, based on a multiparametric approach.g'4

Currently, in addition to classic PAH-targeted drugs, including
prostacyclin and its derivatives, endothelin receptor antagonists
and phosphodiesterase inhibitors are used. As the first orally ad-
ministered prostacyclin receptor (IP receptor) agonist, selexipag
has a nonprostanoid structure. The GRIPHON study, a placebo-
controlled double-blind international phase Ill study of selexipag,
and many other real-world studies have demonstrated that tar-
geting the IP receptor leads to long-term efficacy with respect to
clinical outcomes.’™*® The recommended initial dose of selexipag
is 200 g twice daily, which is then increased by 200pg twice daily
weekly until the onset of associated unmanageable adverse effects,
such as headache or gastrointestinal reaction, or until the maximum
approved dose (1600ug twice daily) is reached. Each twice-daily
dosage is then decreased by 200 pg, and this reduced dosage is con-
sidered the maximum tolerated dosage for individual patients. In
the GRIPHON study, the selexipag treated cohort was divided into
low (200 and 400pg b.i.d.), medium (600, 800 and 1000ug b.i.d.)
and high (1200, 1400 and 1600ug b.i.d.) dosage groups. Low, me-
dium and high dosages seem to have similar effects on long-term

Conclusions: Low, medium, and high dosages of selexipag all exhibited good effects.
When treatment lasted for more than 6 months, selexipag exerted obvious effects,

even in the low-dosage group. This finding is important for guiding individualized

individualized treatments, meta-analysis, prostacyclin receptor agonist, risk stratification,

prognosis.5 In other real-world studies, treatment intensity is more
complex, with individualized maintenance including low, medium
and high dosages, due to substantial individual heterogeneity. How-
ever, few studies have evaluated the effects of different doses of
selexipag on risk stratification of PAH. Therefore, it remains unclear
whether low-, moderate-, or high-dosage selexipag treatments can
achieve or maintain a low-risk profile and yield beneficial treatment
outcomes in patients with PAH.3*

We therefore carried out a systematic review and meta-analysis
to assess (i) the efficacy and safety of selexipag in the treatment of
PAH patients and (ii) the efficacy of low, medium or high dosages of
selexipag on the determinants of prognosis that are used to calculate
the risk-assessment tool.

2 | METHODS

We acted according to a prespecified protocol (PROSPERO:
CRD420022297798) and the PRISMA guidelines for reporting sys-

tematic reviews (Table S1).11

2.1 | Search strategy and selection criteria

From databases established before October 31, 2021, we retrieved
141, 179, 94 and 83 publications from the PubMed, Embase,
Cochrane Library and Web of Science databases, respectively, for a
total of 497 studies published in English. We excluded clinical trials
that were published as abstracts or congress proceedings. Free text
words and MeSH subject words were used as search terms. We used
the standard Boolean operators (AND, OR) to link search terms, e.g.,
the search formula of PubMed was as follows: ((selexipag [Title/
Abstract]) AND (pulmonary arterial hypertension [Text Word])
OR (pulmonary hypertension [Text Word])), and we also tracked
the references for inclusion in the literature and related reviews.
The inclusion criteria were as follows: (1) patients with pulmonary
arterial hypertension who had not used selexipag before the study;
and (2) observational studies comparing clinical data between the
baseline and follow-up and randomized controlled trials (RCTs)
comparing changes in clinical data between cases and controls or
between experimental groups and control groups under the same
conditions. We also used the following exclusion criteria: (1) case
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reports, reviews, animal studies and pharmacological studies; and

(2) analyses of data extracted from a large study.

2.2 | Data extraction and quality assessment
Independently, investigators (S.W. and Y.Y.) collected data, includ-
ing the first author, year of publication, sample size, follow-up time,
main outcome and adverse events. The pooled efficacy outcomes
included parameters that are included in the simple risk stratifica-
tion of PAH,* which included 6MWD, the WHO-FC, NT-proBNP, Cl,
RAP and SvO,. We also evaluated other hemodynamic and echo-
cardiographic parameters, such as pulmonary vascular resistance
(PVR), mean pulmonary arterial pressure (mPAP) and right atrial area
(RAA). Subgroup analysis was performed based on the clinical clas-
sification of PAH, dosages [low (200 and 400 ug b.i.d.), medium (600,
800 and 1000 g b.i.d.) or high (1200, 1400 and 1600pg b.i.d.)] and
treatment time. To avoid double-counting data, when patients in an
included study were also described in the GRIPHON study, we used
their data from the GRIPHON study.” If we could not extract the rel-
evant data from the GRIPHON study,5 we used articles derived from
GRIPHON studies.®?13 As for quality assessments, the Newcastle-
Ottawa quality assessment scale was used for cohort studies and
the Cochrane collaboration tool was used for RCTs.

2.3 | Dataanalysis

The risk ratio (RR) with a 95% confidence interval (Cl) was used to
evaluate dichotomous data, and weighted mean differences (WMDs
or MDs) or standardized mean differences (SMDs) were used to
study continuous variables. Fixed effects models were used to cal-
culate the results of pooled analyses, while random effects models
were used where there was a considerable amount of study hetero-
geneity. 0.5 was added to both trial arms when there were no oc-
currences seen. Statistical heterogeneity was evaluated using the
I? statistic. STATA software 10.0 (StataCorp, College Station, TX,
USA) and RevMan 5.2 (The Cochrane Collaboration, Copenhagen,
Denmark) were used to conduct the statistical analyses. All P values

were two-tailed, and p <0.05 was considered statistically significant.

3 | RESULTS

3.1 | Eligible studies

497 potentially relevant studies were identified, including 179 from
Embase, 141 from PubMed, 83 from Web of Science and 94 from the
Cochrane Library. After removing 216 duplicate studies, 281 studies
remained for further analysis. 188 studies were excluded (37 patho-
logical studies, 20 conference/meeting abstracts, 47 case reports,
59 reviews, 5 comments and letters, 22 cell/animal studies, 2 editori-
als/letters, and 1 protocol) after screening the titles and abstracts.

Ultimately, 13 studies were recruited in the meta-analysis, including
7 RCTs>®127%6 and 6 cohort studies'®'’~2 (Figure 1).

Figure S2 shows the quality assessments of the RCTs. The Co-
chrane Bias Risk Assessment showed that all RCTs were graded as
A and had a small risk of various biases, thus indicating high-quality
study designs. The Newcastle-Ottawa Quality Assessment Scale
(NOS) was used to assess the risk of bias in the included cohort
studies (Table 52).22 The NOS evaluates the quality of studies across
3 parameters: selection, comparability, and exposure/outcome. A
score of 27, 4-6 and <4 are defined as high quality, moderate quality,
and low quality, respectively.?2 The characteristics of the recruited
studies are showed in Table 1.

3.2 | Risk stratification for pulmonary arterial
hypertension

3.21 | 6MWD

In 10 studies that compared 6MWD results between baseline and
post treatment,10:14-21 selexipag therapy was found to improve
6MWD results (MD: 24.20m, p=0.0004), and there was a small
amount of heterogeneity (1?=10%, p=0.35) (Figure 2A). With regard
to different dosages, Jae Yong Choi's study found that low dosages
of selexipag improved the 6MWD results by 64.60m (95% Cl: 6.24-
122.96m, p=0.03).?! Pooled analysis showed that moderate and
high dosages of selexipag improved the 6MWD results by 16.38m
(95% Cl: 2.68-30.08 m, p=0.02, >=0%) and 58.46 m (95% Cl: 16.06-
100.86m, p=0.007, I>=53%), respectively (Figure 2B). With regard
to treatment time, selexipag therapy did not improve the 6MWD
results within 6 months (p=0.11); after more than 6 months of treat-
ment, selexipag therapy led to a significant improvement in 6MWD
results, and there was moderate heterogeneity (MD: 40.87m, 95%
Cl: 10.97-70.77m, p=0.007, I>=55%) (Figure 2C). Subgroup analysis
based on the clinical classification of PH showed that selexipag ther-
apy improved the 6MWD results by 25.31m (95% Cl: 7.82-42.79,
p=0.005) in Group 1 PAH, 22.72m in both Group 1 PAH and Group
4 PH (95% Cl: -1.25-46.68, p=0.06), and 14.08m in Group 4 PH
(95% Cl: -15.20-43.36, p=0.35). Mild or no heterogeneity was ob-
served across these subgroup analyses (P=49%, p=0.005; ?=0%,
p=0.06; 1?=0%, p=0.74, respectively) (Figure S3A). In RCTs,814-1¢
compared with placebo, selexipag led to significant improvements
in 6MWD results by 41.18 m; there was no heterogeneity (95% Cl:
15.59-66.77m, p=0.002) (Figure S3B). Our analysis showed that
low, moderate and high selexipag all improved 6MWD, as did a ther-
apy duration of more than é6 months.

3.22 | WHO-FC

Selexipag improved the WHO-FC in eight studies.>1015-1921 .
dered logistic regression showed that the odds ratio (OR) of the
WHO-FC was significantly reduced by 0.564 after treatment (95%
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FIGURE 1 Search flow diagram for
studies included in the meta-analysis.

Records identified through
database searching

Additional records identified
through other sources

(n = 497) (h=0)

Identification

Screening

Eligibility

Cl: 0.457-0.697, p<0.0001) (number of observations=1404, LR
chi? (1) =28.55, prob > chi?=0.0000, log likelihood =-1102.75).
Within 6 months of selexipag treatment, the OR of the WHO-
FC was significantly reduced by 0.614 (95% Cl: 0.380-0.993,
p<0.047); after 6 months of treatment, the OR of the WHO-
FC was significantly reduced by 0.557 (95% Cl: 0.440-0.705,
p<0.0001). Jae Young Choi 20212! showed that before selexipag
treatment, there were 0, 7, 5, and O patients with WHO-FC |, I,
Il and 1V, respectively; after low-dosage treatment, there were 4,
4,4, and O patients with WHO-FC I, II, lll and IV, respectively. In
addition, Katrin Milger!” found that before selexipag treatment,
there were 0, 9, 11, and 0 patients with WHO-FC [, II, Ill and IV,
respectively. However, after low-dosage treatment, there were 0O,
15, 4, and 1 patients with WHO-FC I, I, lll and 1V, respectively.
At moderate dosages of selexipag, ordered logistic regression
showed that the OR of the WHO-FC was 0.589 (95% Cl: 0.376-
0.922, p<0.0001).

3.2.3 | NT-proBNP

515-19.21 selexipag therapy was found to reduce NT-

Across 7 studies,
proBNP levels (SMD: -0.41, 95% Cl: -0.79-0.04, p=0.03) with a high

level of heterogeneity (I>=77%, p=0.0002) (Figure 3A). According

A A 4

Records after duplicates removed
(n=281)

A 4

Records excluded
(n=80)

Records screened
(n=281)

Full-text articles excluded,
based on exclusion criteria
y (n = 188)

47 case reports,
37 pathological studies,

Full-text articles

assessed for eligibility 50 review,
(n=201) 20 conference/meeting
abstract,

22 cells/animals study,
2 editorials/letters,
1 protocol

v

Studies included in
qualitative synthesis
(n=13)

v

Studies included in the
quantitative synthesis
(meta-analysis)
(n=13)

to the subgroup analysis based on dosages, the low, medium and
high dosage groups did not show significant reductions in the level
of NT-proBNP31571%21 (Figyre 3B). Compared with baseline, the NT-
proBNP level within 6 months of selexipag therapy was not reduced
significantly (SMD: -0.08, 95% Cl: -0.35-0.20pg/mL, p=0.60);
after more than 6 months (median: 9.5months, interquartile range
[7.3months, 16.5months]), the NT-proBNP level significantly
improved, with a moderate level of heterogeneity (SMD: -0.61, 95%
Cl: -1.17-0.05, p=0.03, 1>=85%) (Figure 3C). Across 3 RCTs,>1>1¢
compared with placebo, selexipag treatment significantly improved
the NT-proBNP level; there was no heterogeneity (SMD: -0.23, 95%
Cl: -0.35-0.11, p=0.0003, I>=0%) (Figure 3D). Based on the above
results, we conclude that NT-proBNP is improved by long-term

treatment with selexipag.

3.2.4 | Cardiacindex (Cl)

10.14-17.20 selexipag therapy was found to improve the Cl

In 6 studies,
(MD: 0.47L/min/m?, p=0.002), and there was a moderate level of het-
erogeneity (12=76%, p=0.0009) (Figure 4A). With regard to different
dosages, a moderate dosage of selexipag treatment improved the Cl by
0.30L/min/m?, and there was no heterogeneity (95% Cl: 0.15-0.46L/

min/m?2, p=0.0001). In a pooled analysis of two studies, high-dosage
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(A)

Follow-up Basecline

Mean Difference

Mean Difference

% Cl 1V, Fixed, 95% Cl

Ge'rald Simonneau2012 4193 1063 32 3947 72 32 92% 24.60(-19.88,69.08) ]

Gerorg Hansm 2020 4534 546 6 3963 405 6 6.1% 57.10(2.70, 111.50]

Jae Young Choi 2021 3638 865 12 2092 562 12 53% 64.60 (6.24, 122.96)

Katrin Milgor 2019 4258 1126 20 405 99.8 20 4.2% 20.80 (45.14, 86.74) —ree——

Masaharu Kataoka 2021 4683 434 18 3833 1117 18 59% 85.00 (29.64, 140.36) —

Maurico Boghotti 2019 388 646 60 377.7 668 60 32.8% 10.30(-13.21,33.81) =

Nobuhiro Tanabe 2017 4599 1128 30 445 1022 30 6.1% 14.90[-39.57, 69.37) —

Nobuhiro Tanabo 2020 395 64 24 376 81 24 106% 19.00(-22.30, 60.30) -1 ==

Sia Ulrich 2019 470 85 19 450 553 23 92% 20.00[-24.40, 64.40) — =

Takoshl Ogo 2021 417 961 39 407.9 909 39 10.5%  9.10(-32.42, 50.62) B P

Total (95% CI) 260 264 100.0% 24.20 (10.74, 37.67) <>

Hetorogeneity: Chi* = 9.95, df = 9 (P = 0.35); P = 10% _1=°° 50 o 5’0 150

Test for overall effect: Z = 3.52 (P = 0.0004) Favours [Baseline] Favours [Foliow-up)
(B) Follow-up Baseline Mean Difference Mean Difference

~StudvorSubgroup  Mean  SD Total Mean SD Total Weight IV, Eixed, 95% CI IV, Eixed, 95% Cl

Low doso

Jae Young Choi 2021 3638 865 12 2092 562 12 6.0% 64.60(6.24, 122.96)

Subtotal (95% CI) 12 12 6.0% 64.60 (6.24, 122.96] — R —

Heterogenaity: Not applicablo

Tost for ovorall offoct: Z = 2.17 (P = 0.03)

Moderate doso

Go'rald Simonneau2012  419.3 1063 32 3947 72 32 104% 24.60(-19.88, 69.08) N T —

Gororg Hansm 2020 4534 546 15 3963 405 15 17.3% 57.10(22.70, 91.50) T

Nobuhiro Tanabe 2017 4509 1128 30 445 1022 30 69% 14.90(-39.57, 69.37) e

Nobuhiro Tanabe 2020 395 64 24 376 81 24 120% 19.00(-22.30, 60.30) —

Silvia Ulrich 2019 470 85 19 450 553 23 10.4% 20.00 [-24.40, 64.40) Tt

Silvia Ulrich 2019 458 70 19 450 553 23 137% 8.00(-30.75,46.75) Py [ TR

Takeshi Ogo 2021 417 961 39 4079 909 39 11.9%  9.10(-32.42,50.62) — T

Subtotal (95% CI) 178 186  82.6%  24.23 (8.48, 39.99) <

Heterogeneity: Chi® = 4,90, df = 6 (P = 0.56); I = 0%

Test for overall offect: Z = 3.01 (P = 0.003)

High doso

Katrin Miger 2019 4258 1126 20 405 998 20 4.7% 20.80 [45.14, 86.74) ——

Masaharu Kataoka 2021 4683 434 18 3833 1117 18 6.7% 85.00(29.64, 140.36) L

Subtotal (95% Cl) 38 38 11.4% 58.46 [16.06, 100.86) —l——

Hetorogonoity: Chit = 2.14, df = 1 (P = 0.14); I* = 53%

Test for overall effect: Z = 2.70 (P = 0.007)

Total (95% CI) 228 236 100.0% 30.57 [16.25, 44.89) >

Hotorogeneity: Chi® = 10.63, df = 9 (P = 0.30); I = 15% 1oo _50 3 50 » 60

Test for overall effect: Z = 4.18 (P < 0.0001)

Test for subarouo difforences: Chit = 3.59. df = 2 (P = 0.17). ' = 44.3% Keours [Dasefinel. <Kavoucs (Eoowuel
© Follow-up Basoline Mean Difference Mean Difference
_StudyorSubgroup ~ Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl IV.Random,95%Cl

Within 6 months

Ge'rald Simonneau2012 4193 1063 32 3947 72 32 84% 24.60(-19.88,69.08) -

Katrin Miger 2019 4258 1126 20 405 998 20 4.3% 20.80 [45.14, 86.74)

Nobuhiro Tanabe 2017 4509 1128 30 445 1022 30 60% 14.90(-39.57,69.37) —
Nobuhiro Tanabe 2020 395 64 24 376 81 24 95% 19.00(-22.30, 60.30) — T I—

Sivia Ulrich 2019 458 70 19 450 553 23 104%  8.00(-30.75, 46.75) —

Takeshi Ogo 2021 417 961 39 407.9 909 39 9.4% 9.10(-32.42, 50.62) T

Subtotal (95% Cl) 164 168 47.9% 15.14[-3.41,33.70) o
Heterogeneity: Tau? = 0.00; Chi* = 0.45, df = 5 (P = 0.99); I = 0%

Test for overall effect: Z = 1.60 (P = 0.11)

> 6 months

Gerorg Hansm 2020 4534 546 15 3963 405 15 124% 57.10(22.70,91.50) —
Jae Young Choi 2021 3638 865 12 29092 562 12 53% 64.60(6.24, 122.96) ———
Masaharu Kataoka 2021 4683 434 18 3833 111.7 18  58% 85.00[29.64, 140.36) —
Maurice Beghetti 2019 388 646 60 377.7 668 60 20.1% 10.30[-13.21,33.81) = .

Sivia Ulrich 2019 470 85 19 450 553 23 8.4% 20.00 [-24.40, 64.40) o - T
Subtotal (95% Cl) 124 128  52.1% 42.20 [13.28,71.12) .
Heterogeneity: Tau? = 629.84; Chi? = 10.31, df = 4 (P = 0.04); P = 61%

Test for overall effect: Z = 2.86 (P = 0.004)

Total (95% Cl) 288 296 100.0% 26.55[12.22, 40.89) >
Heterogeneity: Tau? = 121.70; Chi? = 12.71, df = 10 (P = 0.24); P = 21% _130 _50 3 sfo 1&)

Test for overall effect: Z = 3.63 (P = 0.0003)
Test for suborouo differences: Chi* = 2.38. df = 1 (P = 0.12). P = 58.0%

Favours [Baseline] Favours [Follow-up)

FIGURE 2 Changesinthe 6MWD. (A), The effect of added selexipag on the 6MWD compared with baseline. (B), The effect of different
dosages of selexipag on the 6MWD compared with baseline. (C), The effect of added selexipag on the 6MWD compared with baseline at

different treatment times. 6MWD, six-minute walk distance.
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Std. Mean Difference

1V, Random. 95% Cl

Std. Mean Difference
IV, Random, 95%Cl

-WILEY
Follow-up Baseline

1,194 629 15 3571 2302 15 108%
Jae Young Choi 2021 629 220 12 1,580 497 12 7%
Katrin Milger 2019 1306 18773 20 16833 1898 20 13.5%
Nobuhiro Tanabe 2020 572 1,029 24 402 490 24 14.4%
Sivia Ulrich 2019 421.8 608 20 7393 1,160.1 326 16.3%
Takeshi Ogo 2021 5313 8563 39 §92 9282 39 16.5%
VallerioV McLaughlin2015  555.5 786 460 6788 885 460 20.8%
Total (95% CI) 590 896 100.0%

Heterogenelty: Tau? = 0.17; Chi = 26.63, df = 6 (P = 0.0002); F = 77%
Test for overall effect: Z = 2.16 (P = 0.03)

-1.37 [-2.18, -0.56)

-2.39(-3.48,-1.30) —

-0.20 (0.82, 0.43)
0.21(0.36,0.77)
-0.28(-0.73,0.17)
-0.07 (0.51, 0.38)
-0.15 -0.28, -0.02)

-0.42 [-0.79, -0.04)

2 4 0o 1 2
Favours [Follow-up] Favours [Bseline]

B

( ) Follow-up Basolino Std. Mean Differonce Std. Moan Difference

—StudyorSubagroup  Mean  SD Total Mean  SD Total Weight IV, Random,95%Cl IV.Random.95%Cl
Low dose
Jae Young Choi 2021 620 220 12 1580 497 12 67%  -239(348,-1.30) —
Sean Gaine 2017 634.7 1,0036 128 7852 1,107.1 128 16.9% -0.14 [-0.39, 0.10) T
Subtotal (95% Cl) 140 140 23.6% -1.20 (-3.40, 1.00) ——e—
Hetorogeneity: Tau? = 2.36; Chi = 15,56, df = 1 (P < 0.0001); P = 94%
Test for overall offect: Z = 1.07 (P = 0.28)
Moderate dose
Gerorg Hansm 2020 1,194 629 15 3571 2302 15 94%  -1.37[-2.18,-0.56) T
Nobuhiro Tanabe 2020 572 1,020 24 402 490 24 12.5% 0.21(-0.36, 0.77) = E
Silvia Ulrich 2019 4218 608 20 7393 1,160.1 326 14.1% -0.28 0.73, 0.17) -xr
Silvia Ulrich 2019 853 1,3639 22 739.3 1,160.1 326 14.4% 0.10 [-0.34, 0.53) o
Takeshi Ogo 2021 §31.3 8553 39 592 9282 39 14.2% -0.07 [-0.51, 0.38) S
Subtotal (95% Cl) 120 730 64.7% -0.20 [-0.60, 0.20)
Heterogeneity: Tau® = 0.13; Chi? = 12,00, df = 4 (P = 0.02); I* = 67%
Test for overall effect: Z = 0.99 (P = 0.32)
High dose
Katrin Miger 2019 1,306 1,877.3 20 16833 1898 20 11.7% -0.20 -0.82, 0.43) -1 O
Subtotal (95% Cl) 20 20 11.7%  -0.20(-0.82, 0.43) e
Heterogeneity: Not applicable
Tost for overall offect: Z = 0.62 (P = 0.54)
Total (95% Cl) 280 890 100.0% -0.35[-0.70, 0.01) S g
Heterogeneity: Tau? = 0,18; Chi? = 28.05, df = 7 (P = 0.0002); I* = 75% 2 1 23 1 2

Test for overall offect: Z = 1,91 (P = 0.06)
Tast for suborouo differencos: Chi* = 0.78. df = 2 (P = 0.68). I’ = 0%

©)

Follow-up Baseline
R Mean  SD Total Mean  SD Total Weight

Std. Mean Difference

I¥. Random, 95% CI

Favours [Follow-up] Favours [Basclino)

Std. Mean Difference

Within 6 months

Nobuhiro Tanabe 2020 572 1029 24 402 490 24 12.2%
Silvia Ulrich 2019 421.8 608 20 7393 1,160.1 326 14.1%
Takeshi Ogo 2021 6313 8553 39 592 9282 39 14.2%
Subtotal (95% CI) 83 389 40.5%
Heterogeneity: Tau? = 0.00; Chi® = 1.73, df = 2 (P = 0.42); I* = 0%

Test for overall effect: Z = 0.58 (P = 0.56)

> 6 months

Gerorg Hansm 2020 1,194 629 15 3571 2302 15 88%
Jae Young Choi 2021 629 220 12 1,580 497 12 6.4%
Katrin Milger 2019 1306 18773 20 16833 1898 20 113%
Silvia Ulrich 2019 853 13639 22 7393 1,160.1 326 144%
Vallerie V MclLaughlin 2015  555.5 786 460 67838 885 460 18.8%
Subtotal (95% CI) 529 833 59.5%
Heterogeneity: Tau® = 0.31; Chi* = 25,99, ¢f = 4 (P < 0.0001); I = 85%

Tost for overall effect: Z = 2.13 (P = 0.03)

Total (95% CI) 612 1222 100.0%

Heterogeneity: Tau? = 0.14; Chi* = 28.17, df = 7 (P = 0.0002); I* = 75%
Test for overall effect: Z = 1.97 (P = 0.05)
Tost for suborouo difforencos: Chi? =2.74. df = 1 (P = 0.10). I = 63.5%

0.21(-0.36,0.77)
-0.28(-0.73,0.17)
-0.07 (-0.51, 0.38)
-0.08 [-0.36, 0.20)

-1.37 (-2.18, -0.56)
-2.39(-3.48, -1.30)
-0.20 (-0.82, 0.43)
0.10(-0.34, 0.53)
-0.15(-0.28, -0.02)
-0.61 [+1.17, -0.05)

-0.33 [-0.65, -0.00)

IV.Random, 95%Cl
= .
&>
adl 2
-4
P
L o
2 4 0 1 2

Favours [Follow-up) Favours [Baseline)

D
() Seloxipag Placebo Std. Mean Difference Std. Mean Differance
n___SD Total Mean  SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% C|
Nobuhiro Tanabe 2020 572 1020 24 1,109 1,383 7 21%  -047[1.32,038)
Takeshi Ogo 2021 531.3 8553 39 6644 12104 39 7.8%  -0.13(-0.57,0.32) ==
Valloe V McLaughin 2015  555.5 786 460 768.3 10256 449 90.1%  -0.23(-0.36,-0.10) : B
Total (95% CI) 523 495 100.0%  -0.23[-0.35,-0.11) <>
Heterogeneity: Chi? = 0.52, df = 2 (P = 0.77); P= 0% 51 _é s 13 ofs 1
Test for overall effect: Z = 3.64 (P = 0.0003) Favours [Selexipag] Favours [Placobo)

FIGURE 3 Changesin NT-proBNP levels. (A), The effect of added selexipag on NT-proBNP compared with baseline. (B), The effect of
different dosages of selexipag on NT-proBNP compared with baseline. (C), The effect of added selexipag on NT-proBNP compared with
baseline at different treatment times. (D), The effect of added selexipag on NT-proBNP compared with placebo. NT-proBNP, N-terminal pro-
B-type natriuretic peptide.
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A

A Follow-up Baseline Mean Difference Mean Difference
Study or Subgroup dean 2D al_Mean <10 s 0 R 99% ndom, 95%
Ge’rald Simonneau 2012 27 06 32 24 06 32 187% 0.30 [0.01, 0.59) ~
Katrin Milger 2019 31 07 16 28 06 16 150% 0.30 (-0.15, 0.75) s
Masaharu Kataoka 2021 387 097 18 22 08 18 122% 1.67 [1.09, 2.25) =
Nobuhiro Tanabe 2017 296 074 33 263 05 33 184% 0.33 [0.03, 0.63] -
Nobuhiro Tanabe 2020 26 07 24 24 05 24 17.5% 0.20 [-0.14, 0.54) H B
Takeshi Ogo 2021 3.056 0.788 39 2.693 0.601 39 18.3% 0.36 [0.05, 0.67] -2
Total (95% CI) 162 162 100.0% 0.47 [0.17, 0.77] ,
Heterogeneity: Tau? = 0.10; Chi* = 20.51, df = 5 (P = 0.001); P = 76% 2 1 ° 1 ;

Test for overall effect: Z = 3.07 (P = 0.002) Favours [Baseline) Favours [Follow-up)

(B) Follow-up Baseline Mean Difference Mean Difference
_StudyorSubgroup _____Mean  SD Total Mean SD Total Weight [V, Random, 95% Cl IV.Random, 95%Cl
Moderate dose
Ge'rald Simonneau 2012 27 08 32 24 06 32 187% 0.30 {0.01, 0.59) (e
Nobuhiro Tanabe 2017 296 074 33 263 05 33 184% 0.33 (0.03, 0.63) Bk
Nobuhiro Tanabe 2020 26 07 24 24 05 24 175% 0.20 [-0.14, 0.54) N
Takeshi Ogo 2021 3056 0788 39 2693 0.601 39 183% 0.36 (0.05, 0.67) P T
Subtotal (95% Cl) 128 128 728% 0.30 [0.15, 0.46) <
Heterogenelty: Tau? = 0.00; Chi?= 0.52, df = 3 (P = 0.92); P = 0%
Test for overall effect: Z = 3.81 (P = 0.0001)
High dose
Katrin Milger 2019 31 07 16 28 06 16 15.0% 0.30 [-0.15, 0.75) sy
Masaharu Kataoka 2021 387 097 18 22 08 18 122% 1.67 [1.09, 2.25) ST T
Subtotal (95% CI) U 34 272%  0.97[-0.37, 2.31) e SR ——
Heterogeneity: Tau? = 0.87; Chi* = 13.32, df = 1 (P = 0.0003); I* = 92%
Test for overall effect: Z = 1.42 (P = 0.16)
Total (95% Cl) 162 162 100.0% 0.47 [0.17, 0.77) -
Heterogeneity: Tau? = 0.10; Chi* = 20.51, df = 5 (P = 0.001); I = 76% 2 _=1 3 ‘ 2

Test for overall effect: Z = 3.07 (P = 0.002)

Test for subarouo differencas: Chi? = 0.94. df = 1 (P = 0.33). P = 0% savoucs Pasolne] s Favouss [Folow:up]

© Bascline Follow-up Mcan Difference Mecan Difference
95%Cl

Within 6 months
Ge'rald Simonneau 2012 27 086 32 24 08 32 233% 0.30(0.01,0.59) :_
Katrin Milger 2019 31 07 16 28 08 16 9.9% 0.30[-0.15, 0.79) 7]
Nobuniro Tanabe 2017 3 07 33 28 0S5 33 234% 0.40[0.11,0.89) TR
Nobuhiro Tanabe 2020 26 07 24 24 05 24 17.0% 0.20[-0.14,0.54) P o
Takeshi Ogo 2021 31 08 39 27 08 39 205% 040(0.09, 0.71) T T
Subtotal (95% CI) 144 144 94.0% 0.33(0.18, 0.47] . 4

Heterogenelty: Cn? = 1.01,df=4 (P = 091),F=0%
Test for overall effect: Z = 4.40 (P < 0.0001)

> 6 months

Masaharu Kataoka 2021 387 097 18 22 08 18 6.0% 1.67[1.09,225) [
Subtotal (95% Cl) 18 18  6.0% 1.67 [1.09, 2.25) ~tii—
Heterogenetlty: Not applicable

Test for overall effect: Z = 5,84 (P < 0.00C01)

Total (95% Cl) 162 162 100.0% 041 [0.27, 0.55) <

Heterogeneity: Chi = 20.28, df = § (P = 0.001); 17 = 75% 2 1 o 1 2

Test for overall effect: Z = 5.84 (P < 0.00C01)

Favou § Favours [F .
Test for subarcuo differences: Chi? = 19.27. df = 1 (P < 0.0001). 17 = 94.8% %3, (Baseine] vs, Follow:up)

(D) Sclexipag Placebo Mcan Difference Mcan Difference
—StudyorSubgroup ~ Mean SD Total Mean SD Tofal Wejght IV, Fixed, 95% Cl IV, Fixed, 95% CI
Ge'rald Simonneau 2012 27 06 32 23 04 10 354% 0.40([0.08,0.72) e
Nobuhiro Tanabe 2020 26 07 24 22 04 7 223% 040[-0.01,0.81) v
Takeshi Ogo 2021 31 08 39 2505 39 423% 0.60[0.30,0.80) —
Total (95% CI) 95 56 100.0% 0.48 [0.29, 0.68] -~

Heterogenetty: Ch = 1.01,df= 2 (P = 0.60); P = 0%

Test for overall effect: Z = 4.93 (P < 0.00001) 205 ,:0.25, 0., 025,09

Favours [Piacebo] Favours [Sclexipag)

FIGURE 4 Changesinthe Cl. (A), The effect of added selexipag on the Cl compared with baseline. (B), The effect of different dosages
of selexipag on the Cl compared with baseline. (C), The effect of added selexipag on the Cl compared with baseline at different treatment
times. (D), The effect of added selexipag on the Cl compared with placebo. Cl, cardiac index.



WANG ET AL.

selexipag treatment did not significantly improve the Cl (MD: 0.99L/
min/m2, 95% Cl: -0.39-2.36L/min/m?, p=0.16) (Figure 4B). Within
6months of treatment, selexipag therapy significantly improved the
Cl by 0.30L/min/m? (95% Cl: 0.16-0.45L/min/m?2, p<0.0001, >=0%).
Only Masaharu Kataoka's study evaluated the effect of long-term
selexipag treatment on the CI?%; after 441 (229-1103) days of treat-
ment, selexipag therapy significantly improved the CI (MD: 1.70L/
min/m2, 95% Cl: 1.11-2.29L/min/m?, p<0.00001) (Figure 4C). In
RCTs, 14716 compared with placebo, selexipag significantly improved
the Cl by 0.48L/min/m?, and there was no heterogeneity (p <0.00001)
(Figure 4D). In addition, in a pooled analysis of other parameters that
reflect cardiac function, selexipag therapy was not found to improve
the cardiac output (CO) or tricuspid annular plane systolic excursion
(TAPSE) (p=0.15 and 0.38, respectively) (Figure S4A,B). In brief, se-
lexipag therapy, especially at a moderate dosage and with short-term
treatment can improve Cl. However, whether selexipag improves CO
and TAPSE still needs to be further explored.

3.2.5 | Right atrial pressure (RAP) and mixed venous
oxygen saturation (SvO,)

In a pooled analysis of 6 studies, %1720 RAP was not signifi-
cantly reduced after the implementation of selexipag therapy (MD:
-0.30mmHg, 95% Cl: -1.01-0.41pg/mL, p=0.41) (Figure 5A). In a
subgroup analysis based on the treatment time, selexipag therapy
did not improve RAP within 6 months of selexipag treatment. Only
Masaharu Kataoka?® explored the effect of long-term selexipag
treatment on RAP. The implementation of selexipag treatment
significantly reduced RAP after 441 (229-1103) days of treatment
(MD: -2.17 mmHg, 95% Cl: -3.83-0.51pg/mL, p=0.01) (Figure 5B).
In a pooled analysis of 4 studies,'®*>7 SvO, did not significantly
improve after the implementation of selexipag therapy (MD: 0.28%,
95% Cl: -1.57%-2.13%, p=0.77) (Figure 5C). Therefore, more stud-
ies are needed to confirm the impact of selexipag on RAP and SvO,
in PAH patients.

3.2.6 | Right atrial area (RAA)

In a pooled analysis of two articles,?”?° the RAA did not significantly
improve after the implementation of selexipag treatment (p=0.91)
(Figure S4C).

3.3 | Other pulmonary hemodynamic parameters

3.3.1 | Mean pulmonary arterial pressure (mPAP)

Low-dosage and longer duration selexipag led to improvements
in the mPAP. In 7 studies, 14172021 selexipag therapy was
found to reduce the mPAP (MD: -5.27mmHg, 95% Cl. -8.96-
1.58 mmHg, p=0.005) with a moderate level of heterogeneity

(I?=60%) (Figure 6A). With regard to different dosages, a
moderate dosage of selexipag treatment significantly reduced the
mPAP by 2.37mmHg, and there was no heterogeneity (p=0.03).
Only Jae Young Choi?' described the effect of low-dosage
selexipag treatment on mPAP. Implementing low-dosage selexipag
treatment significantly reduced the mPAP (MD: -13.8 mmHg,
95% Cl: -21.86-5.74mmHg, p=0.0008) (Figure 6B). Subgroup
analysis showed no significant reduction in mPAP with high-
dosage selexipag treatment (p=0.14) (Figure 6B). Regardless
of the treatment length (i.e., less than 6 months or long-term
treatment), selexipag therapy significantly reduced the mPAP by
2.41mmHg (95% Cl: -4.44-0.37 mmHg, p=0.02) and 15.11 mmHg
(95% Cl: -21.26-8.95mmHg, p<0.00001), respectively, and no

heterogeneity was observed. (Figure 6C).

3.3.2 | Pulmonary vascular resistance (PVR)

Across 6 studies,'®1%1720 selexipag therapy was found to reduce
PVR (SMD: -0.59, 95% Cl: -0.81-0.36, p <0.00001), and there was
alow level of heterogeneity (I =18%) (Figure 7A). With regard to dif-
ferent dosages, both moderate and high dosages of selexipag treat-
ment significantly reduced PVR, and there was no heterogeneity
(SMD: -0.47, 95% Cl: -0.72-0.23, p=0.0002; SMD: -1.07, 95% Cl:
-1.59-0.56, p<0.0001, respectively) (Figure 7B). Regardless of the
treatment length (i.e., less than 6 months or long-term treatment),
selexipag therapy significantly reduced PVR, and there was no het-
erogeneity (SMD: -0.52, 95% Cl: -0.75-0.28, p<0.0001; SMD:
-1.26, 95% Cl: -1.99-0.54, p=0.0006, respectively) (Figure 7C). To
sum up, selexipag can improve PVR in PAH patients.

3.4 | Survival

In addition, three studies explored the influence of selexipag on

5,12,13; all

the primary composite endpoint of morbidity/mortality
of these studies used data from the GRIPHON study. Overall, se-
lexipag exerted a significant treatment effect compared to placebo
(HR: 0.60; 95% Cl: 0.46-0.78) in the GRIPHON study.’ Subgroup
analysis revealed that compared with placebo, the risk of morbidity/
mortality was reduced by 40%, 47% and 37% with low, medium and
high doses of selexipag, respectively. In addition, Sean'? noted that
among patients receiving double oral combination therapy, selex-
ipag could reduce the risk of morbidity/mortality by 37% compared
with placebo (HR: 0.63; 95% CI: 0.44-0.90).

And similar effects were observed in patients who were classi-
fied as WHO-FC Il and lll. In addition, Sean also examined the in-
fluence of selexipag on morbidity/mortality in CTD-PAH patients
from the GRIPHON study and selexipag was found to be associated
with a 41% reduction in morbidity/mortality compared with placebo
(HR: 0.59; 95% Cl: 0.41-0.85).% Similarly, in patients with PAH-
systemic sclerosis and PAH-systematic lupus erythematosus, selex-
ipag also reduced the risk of morbidity/mortality by 46% and 66%,
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(A)

Follow-up Baseline

Mean Difference Mean Difference

MMMWW% Cl 1Y, Fixed, 95% Cl

Ge'rald Simonneau 2012 72 36 30 69 36 153% 0.30(-1.52, 2.12) 3

Katrin Milger 2019 6.67 325 16 7.58 5.08 16 5.8% -0.91(-3.86, 2.04)

Masaharu Kataoka 2021 4 1.61 18 6.17 3.22 18 18.3% -2.17(-3.83,-051) — =

Nobuhiro Tanabe 2017 47 27 33 45 25 33 322% 0.20(-1.06, 1.46) ] | T

Nobuhiro Tanabe 2020 6 59 24 54 33 24 69% 0.60(-2.10,3.30)

Takeshi Ogo 2021 55 37 39 55 32 39 215% 0.00(-1.54, 1.54)

Total (95% CI) 160 160 100.0% -0.30 [1.01,0.41] -

Heterogeneity: ChP? = 6.62, df = 5 (P = 0.25); P = 24% =_4 2 0 2 ‘

Test for overall effect: Z=0.82 (P = 0.41) Favours [Follow-up] Favours [Baseline]
®) Follow-up Baseline Mean Difference Mean Difference
—StudyorSubgroup  Mean SD Total Mean SD Total Weight [V, Fixed, 95% C| 1V, Fixed, 95% CI

Within 6 months

Ge’rald Simonneau 2012 72 36 30 69 36 30 153% 0.30([-1.52, 2.12)

Katrin Milger 2019 667 3.25 16 7.58 5.08 16 58% -0.91(-3.86, 2.04)

Nobuhiro Tanabe 2017 41 27 3B 45 25 33 322% 0.20(-1.08, 1.46) S - T

Nobuhiro Tanabe 2020 6 59 24 54 33 24 69% 0.60(-2.10,3.30)

Takeshi Ogo 2021 55 37 39 55 3.2 39 215% 0.00[-1.54, 1.54) O

Subtotal (95% CI) 142 142 81.7% 0.12[-0.67,0.91) ’

Heterogeneity: Chi? = 0.66, df = 4 (P = 0.96); P = 0%

Test for overall effect: Z = 0.30 (P =0.76)

> 6 months

Masaharu Kataoka 2021 4 1.61 18 6.17 3.2 18 183% -2.17(-383,-051) —  —

Subtotal (95% CI) 18 18 18.3% -2.17 [-3.83, 0.51) el NN

Heterogeneity: Not applicable

Test for overall effect: Z = 2.56 (P = 0.01)

Total (95% CI) 160 160 100.0% -0.30 [-1.01,0.41) ﬁ

Heterogeneity: Chi* = 6.62, df = 5 (P = 0.25); P = 24% _f‘ 2 o 2 j

Test for overall effect: Z = 0.82 (P = 0.41)
Test for subarouo differences: Chi? = 5.95. df=1 (P =0.01). P=83.2%

©

Favours [Follow-up] Favours [Baseline]

Follow-up Baseline Mean Difference Mean Difference

_StudyorSubgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fi % Cl

Katrin Milger 2019 659 79 15 634 68 15 123% 2.50(-2.77,7.77) =

Nobuhiro Tanabe 2017 70 835 33 70.46 6.96 33 24.8% -0.46(-4.17,3.25) =

Nobuhiro Tanabe 2020 645 78 24 664 75 24 18.2% -1.90(-6.23,243) \J

Takeshi Ogo 2021 68.14 6.59 38 67.17 5.65 38 44.8% 0.97[-1.79,3.73) — T

Total (95% CI) 110 110 100.0% 0.28 [-1.57, 2.13] "

Heterogeneity: Chi? = 2.05, df = 3 (P = 0.56); I = 0% j‘ 2 o 2 ;

Test for overall effect: Z = 0.30 (P = 0.77)

FIGURE 5 Changesin RAP and SvO,,.

selexipag on RAP compared with baseline at different treatment times.

RAP, right atrial pressure; SvO,, mixed venous oxygen saturation.

respectively, compared with placebo. In total, selexipag can reduce
the risk of the primary composite endpoint of morbidity/mortality.

3.5 | Safety

Among the patients taking selexipag, the most common adverse
events included headache (64%), diarrhea (41%), nausea (33%), jaw
pain (27%), worsening of PAH (22%), vomiting (17%), extremity pain
(17%), low appetite (17%), arthralgia (17%), malaise, myalgia, dizziness
and other symptoms (Figure S5A). However, except that we could
not specify the therapeutic dose in the study of McLaughlin (2015),
we found that the remaining included studies which discussed the

Favours [Baseline] Favours [Follow-up)

(A), The effect of added selexipag on RAP compared with baseline. (B), The effect of added

(C), The effect of added selexipag on SvO2 compared with baseline.

safety of selexipag focused only on medium dosage treatment. In
addition, the incidence of almost all recorded adverse reactions was
higher in the selexipag group than in the placebo group, with the
main adverse reactions being headache (96% vs. 32%), diarrhea (59%
vs. 18%), and nausea (50% vs. 17%) (Figure S5B). Therefore, more
evidence is needed to support the effect of selexipag on the safety
of PAH patient, whether at medium or other doses.

4 | DISCUSSION

Our systematic review and meta-analysis further confirmed
the efficacy and safety of selexipag for improving clinical,
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FIGURE 6 Changesin mPAP. (A), The effect of added selexipag on mPAP compared with baseline. (B), The effect of different dosages
of selexipag on mPAP compared with baseline. (C), The effect of added selexipag on mPAP compared with baseline at different treatment

times. mPAP, mean pulmonary arterial pressure.
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FIGURE 7 Changesin PVR. (A), The effect of added selexipag on PVR compared with baseline. (B), The effect of different dosages of
selexipag on PVR compared with baseline. (C), The effect of added selexipag on PVR compared with baseline at different treatment times.

PVR, pulmonary vascular resistance.

hemodynamic, and risk stratification parameters in PAH, which is
consistent with previous research results. In addition, our research
yielded new findings. Different dosages of selexipag can also
exert beneficial effects. The efficacy of selexipag in treating PAH
depends more on the treatment time than the treatment dosage;
after more than 6 months of treatment, selexipag began to exert

obvious effects, even in the low-dosage group. The longer the
duration of selexipag therapy was, the more obvious the benefit
for PAH patients. This finding provides important guidance for
individualized clinical treatment.

As a supplement to Chen's meta-analysis of selexipag for treat-
ing PAH,? our study further confirmed that selexipag can lead to
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improvements in the MWD, WHO-FC and PVR. However, in con-
trast to Chen's study,® more updated literature was included in
the current meta-analysis. We also performed more detailed sub-
group analyses, which focused on the impact of different doses
(low, medium and high dosages) and treatment durations on the
risk stratification of PAH. In the GRIPHON study, the low-, medi-
um- and high-dosage groups showed similar effects on long-term
prognosis. With regard to the primary endpoints, the high-dosage
group seemed better than the low-dosage group.5 In our meta-
analysis, low-dosage selexipag led to improvements in the 6MWD
and mPAP; moderate-dosage selexipag led to improvements in
the 6MWD, WHO-FC, CIl, mPAP and PVR; and high-dosage sel-
exipag led to improvements in the 6MWD and PVR. We suggest
that these differences are due to the following reasons: 1. Most
of the included studies focused on a moderate dosage, and few
studies examined low- or high-dosage groups. For example, in
the low-dosage selexipag subgroup, only Jae Young Choi's study
evaluated mPAP.?! 2. Not all of the parameters for risk stratifica-
tion, namely, MWD, the WHO-FC, NT-proBNP level, Cl, RAP and
SvO,, could be sufficiently pooled for analysis. For example, for
the moderate-dosage subgroup, only Katrin Milger's study evalu-
ated the WHO-FC."/

We tried to conduct a subgroup analysis based on different
treatment durations. The outcomes of selexipag therapy are signifi-
cantly better when the therapy lasts for more than 6 months; this
longer duration can lead to improvements not only in WHO-FC,
Cl, mPAP, and PVR, but also in NT-proBNP and RAP. Our findings
indicate that the WHO-FC, CI, mPAP and PVR can improve within
6months of selexipag therapy, but the 6MWD, NT-proBNP and
RAP only improve after 6 months of selexipag therapy. There was
no heterogeneity for any of the above-mentioned outcomes except
the 6MWD after more than 6 months treatment of selexipag, which
showed moderate heterogeneity. This was the highlight of our study,
and this finding provides useful guidance for clinical practice. For
example, some patients have good tolerance and can quickly reach
high dosages, and some need more time to adapt to upregulation of
selexipag's dosage, with dosage adjustments of 100pg b.i.d. or g.d.
or adjustment intervals of more than 1 week or even several months
to reach a medium or high dosage. Moreover, some patients with
PAH can tolerate only a low dosage. Our meta-analysis indicates that
for patients with a poor tolerance who can only maintain a low dose
of selexipag, a treatment time of more than 6 months can still lead to
beneficial effects on PAH risk assessment. However, these findings
should be interpreted with caution. Only Masaharu Kataoka exam-
ined the effect of long-term selexipag treatment on RAP and cL.x
Therefore, the effects of long-term selexipag therapy on RAP and Cl
require further study.

As a multicenter, randomized, double-blind, parallel group,
placebo-controlled, event-driven, phase Il trial, the GRIPHON
study also has its limitation. For example, we could not extract
comprehensive clinical data from it, especially for subgroup
analysis. To obtain sufficient data for analysis, we carried out a
meta-analysis and systematic review of 6WMD, NT-ProBNP and

survival data obtained from other studies that were derived from
the GRIPHON study.®1213

One of the proven effective ways to treat PAH is to target pros-
taglandin |, (PGL,); epoprostenol and PGI, derivatives with a pros-
tanoid structure (treprostinil, beraprost, and iloprost) are used for
this approach. Most other drugs have the disadvantages of short
half-lives, requiring continuous infusion, subcutaneous injection,
or frequent inhalation, but selexipag (Uptravi®) was developed as
a selective prostacyclin IP receptor agonist with a long half-life.
After oral administration of selexipag, it can be rapidly absorbed and
hydrolyzed into the active metabolite MRE-269, which has a high
binding affinity. The licensed GRIPHON trials and many real-world
studies have revealed the clinical outcomes of selexipag in PAH pa-
tients, such as vasodilation, vascular smooth muscle cell prolifera-
tion inhibition, and a decreased risk of the composite endpoint of
all-cause death or PAH-related complications (titrated combination
therapy).>8101418.20.23 Ly 5\vever, as an IP receptor agonist, selexipag
has the common adverse effects of prostacyclin analogs, such as
diarrhea, nausea, myalgia, and jaw pain. These typical side effects
occurred frequently during dosage titration of selexipag. Conse-
quently, we performed the dosage titration as recommended, start-
ing with 200 pg twice daily and then increasing in 200 ug twice-daily
increments every week until there was an intolerable adverse re-
action. In the process of dosage titration, dosages are uptitrated or
downtitrated until all side effects respectively increase or subside
with supportive therapy, such as antiemetic, antidiarrheal, or analge-
sic drugs, or until the maximum tolerated dose is reached (the max-
imum maintenance dosage is 1600 pg twice daily). In the GRIPHON
study individualized titration of selexipag was performed based on
tolerability in patients with PAH. Compared with placebo, the hazard
ratios of selexipag for the primary endpoint were 0.60 (95% Cl 0.41-
0.88;p=0.0038),0.53 (95% Cl1 0.38-0.72; p<0.0001) and 0.64 (95%
Cl 0.49-0.82; p=0.0002) in the low, medium and high maintenance
dosage groups, respectively. It seems that the low-, medium- and
high-dosage groups showed similar effects on long-term prognosis.
The high-dosage group also exhibited stronger improvements in the
primary outcomes than the low-dosage group. Selexipag is usually
uptitrated unless there are intolerable side effects. The nonevidence-
based rationale for this approach is the assumption that side effects
may predict a higher circulating dose of the drug and therefore be
related to a beneficial treatment response. Katrin Milger's study?’
favors this assumption because the researchers found that patients
who did not experience any side effects responded less significantly
to selexipag treatment than those who did.

Although the indication for selexipag is WHO Group 1 PH, there
are also exploratory studies on other PHs, such as CTEPH. There-
fore, in our meta-analysis, we also performed a subgroup analysis
based on different PH groups, which revealed that selexipag can im-
prove the MWD results of not only WHO Group 1 PH patients but
also WHO Group 4 PH patients.

However, this study also has several limitations. The number
of included studies was small, especially in the subgroup analyses,
which may influence the reliability of the results. The selexipag
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treatment dosage affects the 6MWD, PVR, CI, mPAP and WHO-FC.
However, few studies have compared low-dose groups and high-
dose groups; therefore, these differential impacts require further
study. Similarly, there is a need for further research to confirm the
differential effects of various durations of selexipag treatment.

In summary, we conclude that low, medium and high dosages
of selexipag have similar effects. The efficacy of selexipag for the
treatment of PAH depends more on the treatment time than on the
treatment dosage. After more than 6 months of treatment, selexi-
pag began to exert obvious effects, even in the low-dosage group.
A longer course of selexipag treatment was associated with stronger
benefits for PAH patients. This finding provides important guidance
for individualized clinical treatment.
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