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Abstract
Background: Riociguat is a novel soluble guanylate cyclase stimulator, and has been widely used for the treatment of pulmonary |

arterial hypertension and chronic thromboembolic pulmonary hypertension (CTEPH). Some studies found that riociguat had better
effects on CTEPH and proved to be safe, but the results were not utterly consistent. Therefore, the purpose of this study was to
comprehensively evaluate the efficacy and safety of riociguat in the treatment of CTEPH.

Methods: Randomized controlled trials on riociguat for the treatment of CTEPH were searched through such electronic databases
as PubMed, Embase, Cochrane Library, Web of Science, China national knowledge internet, and Wanfang. The outcomes included
exercise capacity, pulmonary hemodynamics, and side effects. The fixed-effects or random-effects models were used to analyze the
pooled data, and heterogeneity was assessed by the /° test.

Results: Four studies involving 520 patients were included in this meta-analysis. Compared with the placebo group, riociguat
significantly improved the hemodynamic indexes and increased 6-min walking distance (P < .0001, standardized mean difference
(SMD)=—-0.24, 95%Cl —0.35 to —0.12; P<.00001, SMD=0.52, 95%CI 0.33 to 0.71), and decreased the Borg dyspnea score
(P=.002, SMD=-0.31, 95%CI —0.51 to —0.12). In addition, riociguat could also significantly reduce the living with pulmonary
hypertension scores and increase the EQ-5D scores (P=.01, SMD=—0.23, 95%Cl —0.42 to —0.05; P < .00001, SMD=0.47, 95%
Cl 0.27 to 0.66), but there was no significant difference in the change level of N-terminal pro-hormone B-type natriuretic peptide in
patients with riociguat (P=.20, SMD=—0.24, 95%CI —0.61 to —0.13). The common adverse events of riociguat were dyspepsia and
peripheral edema, and no other serious adverse reactions were observed.

Conclusions: \We confirmed that riociguat had better therapeutic effects in improving the hemodynamic parameters and exercise
capacity in patients with CTEPH without inducing serious adverse events. This will provide a reasonable medication regimen for the
treatment of CTEPH.

Abbreviations: 6-MWD = 6-min walking distance, BPA = balloon pulmonary angioplasty, Cls = confidence intervals, CTEPH =
chronic thromboembolic pulmonary hypertension, EQ-5D = EuroQol group 5-dimension self-report questionnaire, LPH = living with
pulmonary hypertension, MAP = mean arterial pressure, NT-proBNP = N-terminal pro-hormone B-type natriuretic peptide, PAH =
pulmonary arterial hypertension, PCWP = pulmonary capillary wedge pressure, PEA = pulmonary endarterectomy, RAP = right
arterial pressure, SMD = standardized mean difference.
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1. Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH)
belongs to the fourth category of pulmonary arterial hyperten-
sion (PAH), and is characterized by pulmonary arterial thrombi
or occlusion and microvascular arteriopathy, causing a sustained
increase in pulmonary vascular resistance (PVR) and pulmonary
arterial pressure, eventually leading to right heart failure.-!
According to the world symposium on PAH in 2018, the
diagnosis standards of CTEPH include

i) Anticoagulation therapeutic for more than 3 months,

ii) Mean pulmonary arterial pressure >25mmHg and pulmo-
nary capillary wedge pressure (PCWP) <15 mmHg measured
by right heart catheterization

iii) Mismatched perfusion defects on pulmonary perfusion/
ventilation scanning or typical signs of CTEPH on multislice
spiral computed tomography (MSCT) pulmonary angiogra-
phy or magnetic resonance imaging.

At present, it is commonly believed that CTEPH is a long-term
complication of pulmonary embolism. One study found that the
incidence of CTEPH was higher within 3 years of being
diagnosed with acute pulmonary embolism, and the risk of
CTEPH was associated with lower-limb varicose veins, increased
systolic pulmonary artery pressure and intermediate-risk pulmo-
nary embolism."! Later, a systematic review and meta-analysis
indicated that CTEPH was a common complication with acute
pulmonary embolism, and idiopathic pulmonary embolism and
right heart dysfunction were the main risky factors."!

Currently, the therapeutic strategies of CTEPH include pulmo-
nary endarterectomy (PEA), drugs therapy and interventional
therapy. CTEPH is the only pulmonary hypertension that can be
cured with PEA. However, some patients were ineligible for PEA
due to distal lesions or some severe complications. Balloon
pulmonary angioplasty (BPA) is an emerging option that may be
curative for patients with CTEPH in the future.!”) Recent study
found that BPA could significantly improve pulmonary hemody-
namics and exercise capacity of patients with inoperable CTEPH,
and better safety was guaranteed.””! Furthermore, a systematic
review assessed the efficacy and safety of BPA for CTEPH, and the
results showed that BPA could improve hemodynamics and
increase survival rate.’®! On the other hand, such targeted therapies
as soluble guanylate cyclase stimulators (riociguat), PDE-5
inhibitors (sildenafil), endothelin receptor antagonists (bosentan
and macitentan) and prostacyclin analogues (iloprost, beraprost,
and treprostinil) had shown better effects in patients with
CTEPH."”! Additionally, combination therapies and bridging
therapy were also used for patients with CTEPH, but no consensus
on the therapeutic regimen was achieved.

Riociguat is an orally administered soluble guanylate cyclase
stimulator that targets the nitric oxide receptors, and has been
approved for the treatment of CTEPH in October 2013.11!
Riociguat has a dual mechanism of action, and mainly acts on the
nitric oxide (NO)-soluble guanylate cyclase (sGC)-cyclic guano-
sine monophosphate signaling pathway, increasing the sensitivity
of sGC to NO and directly stimulating sGC in a NO-independent
manner, which inhibits the proliferation of pulmonary arterial
smooth cells and promotes vasodilation."" In an uncontrolled
phase II study, the results indicated that riociguat (1.0-2.5 mg t.i.
d) was well tolerated, and significantly increased median 6-MWD
and reduced pulmonary vascular resistance in patients with
CTEPH and PAH.""*! Later, Marra et al'"¥! found that long-term
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therapy with riociguat effectively reduced right heart size and
bolstered right ventricular function in patients with CTEPH and
PAH.

Previous clinical trials had confirmed that riociguat can be used
as first-line treatment for CTEPH, and could boost hemodynam-
ics and 6-MWD when combined with treprostinil.'*! However,
such serious side effects as hypotension and bleeding, and the
high cost of nearly $90,000 per year bring huge burden on
patients with CTEPH or PAH. In order to determine the role of
riociguat in the treatment of CTEPH and PAH, several clinical
trials in different countries had been conducted, but it is difficult
to draw reasonable conclusions with insufficient data. Therefore,
the purpose of this meta-analysis was to assess the effects and
safety of riociguat in the treatment of CTEPH by collecting
existing data.

2. Material and methods

2.1. Literature search

A comprehensive literature search was performed in the
electronic databases including PubMed, Embase, and the
Cochrane library, Web of science, China National Knowledge
Infrastructure and Wanfang database from their inceptions to 31
December 2019. The search terms as following: “riociguat” and
“chronic  thromboembolic  pulmonary hypertension” or
“CTEPH”, without any restrictions of publication date and
languages.

2.2. Inclusion and exclusion criteria

In this study, we only included articles specifically evaluating the
effects and safety of riociguat for the treatment of CTEPH. In
addition, articles from all databases would be included if they met
the following criteria:

1) The studies designed as randomized controlled trials

ii) All patients were aged from 18 to 80years old and diagnosed
with CTEPH by multislice spiral computed tomography
pulmonary angiography or magnetic resonance imaging;

iii) Riociguat for the treatment of CTEPH had a minimum
treatment duration of 8weeks and at least one interest
outcome should be reported;

iv) The data from all published articles reporting mean and
standard deviation. All studies were excluded when they did
not meet the criteria described above.

2.3. Data extraction

The baseline characteristics and interested data of all included
RCTs were independently extracted by 2 authors (MFY and ]JS).
The primary outcomes included 6-MWD and hemodynamic
variables. The second outcomes included N-terminal pro-
hormone B-type natriuretic peptide (NT-proBNP), Borg dyspnea
scores, EuroQol group five-dimension self-report questionnaire
(EQ-5D) scores, living with pulmonary hypertension (LPH)
scores, and adverse events.

2.4. Quality assessment

The risk of bias for the chosen studies was evaluated using the
Cochrane risk of bias tool, which consisted of the following
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Records  identified through  database
searching(N=531): PubMed (n=131),
EmBase(n=215) , Cochrane Library (n=8) , web
of science (n=173), Wanfang(n=3) , CNKI(n=1)

Additional records
identified through
other sources(N=0)

[ |

}

Records after duplicates
removed(N=438)

Records excluded(N=355):
review

observational trials
meta-analysis

clinical guidelines

V Full-text articles excluded,
Full-text articles assessed with reasons(N=79):

for eligibility(N=83) ™21 Protocol, Non-RCTs
Unavailable data

Studies included in this meta-analysis (n=4)

Figure 1. Flow diagram of selected studies in this meta-analysis.

aspects: random sequence generations (selection bias), allocation
concealment (selection bias), blinding of participants and
personnel (performance bias), blinding of outcome assessment
(detection bias), incomplete outcome (attrition bias), selective
reporting (reporting bias) and other bias. Moreover, the quality
of all included studies was scored by the Jadad scale. Any
disagreements were solved by discussion to reach a consensus.
For this type of study, ethical approval and informed consent are
not required.

2.5. Statistical analysis

In this meta-analysis, the outcomes were analyzed using RevMan
software 5.3 (Cochrane Collaboration, Copenhagen, Denmark).
For continuous data, the difference of each outcome was
measured by the statistical method of inverse variance, and the
results were expressed as standardized mean difference (SMD)
with 95% confidence intervals (CIs). I-squared (I?) test was used
to analyze the heterogeneity between different studies. Significant
heterogeneity was considered when P <.05 or I* > 50%, and the
random effects model was used to analyzed the pooled outcomes.
Conversely, the fixed-effect model was applied when no
significant heterogeneity was observed (P>.05 or I*<50%).
The subgroup analysis and sensitivity analysis were also used to
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reduce heterogeneity. For dichotomous data, the results were
expressed as odds ratio (OR) and 95%Cls. P-value less than .05
was regarded as statistically significant.

3. Results

3.1. Description of all included studies

A total of 531 studies were retrieved after searching the electronic
databases. The process of literature selection is outlined in
Figure 1. A total of 93 records were excluded for duplications,
and 355 records were removed after scrutinizing the irrespective
reviews, observational trials, meta-analysis, and clinical guide-
lines. Then 83 articles were eligible for full-text assessment, and
79 articles were excluded because of protocol, non-RCTs, or lack
of available data. Finally, 4 studies met the inclusion criteria and
were selected.">7'8 The main characteristics of each study were
summarized in Table 1. Among the included studies, four studies
were multicenter, double-blind, placebo-controlled trials. A total
of 483 patients were randomized to receive riociguat (2.5 mg 3
times per day) and 214 to receive placebo. Mean age of all
patients ranged from 38 years to 60 years old. The durations of all
included trials were more than or equal to 16 weeks. All included
studies had a Jadad score, only one of the studies scored less than
4, and the other studies scored more than or equal to 4. In
addition, the results of the risk of bias were shown in Figure 2.
The main risks of bias were performance bias and reporting bias.

3.2. Hemodynamic variables

Hemodynamic parameters include mean arterial pressure (MAP),
PVR, PAP, PCWP, right arterial pressure (RAP), and cardiac
output. The objective indicators of the state of the pulmonary
circulatory system could predict the treating process and outcome
of patients with CTEPH.'"?2"! In this study, 2 RCTs were
included to assess the change of PVR level, and one RCT was
used to assess the change of MAP, PAP, PCWP, RAP, and cardiac
output. There was no significant heterogeneity between the 2
groups (P=.73, ’=0%), and fixed-effects model was used to
compare the differences between hemodynamic parameters.
Compared with placebo group, riociguat could obviously reduce
the levels of PVR, MAP, and PAP (P<.00001, SMD=-0.98,
95%CI —1.25 to —0.71; P<.0001, SMD=-0.73, 95%CI
—1.08 to —0.37; P<.00001, SMD=-0.67, 95%CI —0.95 to
—0.40), and significantly increase cardiac output (P<.00001,
SMD=0.76, 95%CI 0.48 to 1.03). However, there was no

Characteristics of studies included in the meta-analysis.

Study Patients number Age (years) Duration Jadad
Study design Blind Riociguat /placebo  Riociguat /placebo Dose (weeks) Outcomes score
Ghofrani et all' RCTs  double-blind 173/88 59-+14/59+13 2.5mg, tid 16 6-MWD, Hemodynamics, PVR 5
NT-proBNP, BDS, LPHS
EQ-5D,Safety
Marra et al ['® RCTs  double-blind 112/20 60413/~ 1- 2.5mg, tid 52 6-MWD, NT-proBNP, safety 4
Simonneau et al ' RCTs  double-blind 155/82 59 +14/59 +12 2.5mg, tid 52 6-MWD, NT-proBNP, BDS, LPHS 4
EQ-5D,Safety
Wang et al ['® RCTs  double-blind 21/11 47 £10/52+13 2.5mg, tid 16 6-MWD, PVR, NT-proBNP, BDS 3

LPHS, EQ-5D,Safety

6-MWD = 6-minute walk distance, BDS = Borg dyspnoea score, LPHS = Living with pulmonary hypertension score, NT-proBNP = N-terminal B-type natriuretic peptide (pg/ml), PVR = pulmonary vascular

resistance (dyn-s-cm™®), RCTs = randomized controlled trials, t.i.d = 3 times daily.
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Ghofrani 2013

-~ . Blinding of participants and personnel (performance bias)

-~ . Selective reporting (reporting bias)

. . . - | Other bias

Marra 2018

=
-~

Simonneau 2015

® O ® @ sinding of outcome assessment (detection bias)
- . . . Incomplete outcome data (attrition bias)

® O O ® Random sequence generation (selection bias)
-~ . . . Allocation concealment (selection bias)

Figure 2. Summarized the risk of bias. Red (—), high risk of bias; yellow (?),
unclear risk of bias; green (+), low risk of bias.

Wang 2016

significant differences in the levels of PCWP and RAP when
patients were treated with riociguat or placebo (P=.46, SMD =
0.10, 95%CI —0.17 to 0.37; P=.56, SMD=-0.08, 95%CI
—0.34 to 0.19) (Fig. 3).

3.3. 6-MWD

Four studies involving 520 patients measured the change of 6-
MWD. As shown in Figure 4A, fixed-effects model was applied
because no significant heterogeneity was observed (P=.31, P=
17%). In contrast to placebo control, the change of 6-MWD was
more obvious in patients with riociguat (P <.00001, SMD=
0.52,95%CI 0.33 to 0.71). This finding indicated that riociguat
could significantly increase 6-MWD in patients with CTEPH. In
addition, we conducted subgroup analysis to assess this outcome
based on the duration of treatment, and the result was consistent
(Supplemental Digital Content, Fig. 1, http:/links.lww.com/
MD2/A219).

3.4. Borg dyspnea scores

In the process of measuring the exercise capacity of CTEPH
patients, dyspnea could seriously affect the life quality of CTEPH
patients, and the degree of dyspnea could be measured by Borg
dyspnea scale. We selected three studies to assess this indicator, and
fixed effects model was used due to the low heterogeneity (P=.21,
I?=35%). Riociguat could markedly reduce the score of Borg
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dyspnea when compared with placebo group (P=.002, SMD =
—0.31, 95%CI —0.51 to —0.12) (Fig. 4B). In addition, we
conducted subgroup analysis to analyze the data based on the
duration of treatment, and the results were consistent (Supple-
mental Digital Content, Fig. 2, http:/links.lww.com/MD2/A220).

3.5. NT-proBNP

For this indicator, four studies with 439 patients evaluated the
change level of NT-proBNP, and the results were showed in
Fig. 5. Random effect model was used because of moderate
heterogeneity between the two groups (P=.08, =59%).
Compared with the controlled-placebo group, there was no
significant difference in the change level of NT-proBNP in
patients with riociguat (P=.20, SMD = —0.24, 95%CI —0.61 to
—0.13).

3.6. The change of LPH score and EQ-5D score

Currently, LPH scale and EQ-5D scale are used to assess health-
related quality of life in the prognosis of patients with CTEPH. In
this study, 3 RCTs with 493 patients evaluated the change of LPH
score after treating with riociguat or placebo. Fixed effect model
was used because no significant heterogeneity was observed (P=
0.44, I’=0%). Compared with placebo group, riociguat could
significantly reduce the score of LPH in patients with CTEPH
(P=.01, SMD = —0.23, 95%CI —0.42 to —0.05) (Fig. 6A). In
addition, three studies involving 462 patients were used to assess
the change of EQ-5D score. Fixed effect model was applied due to
low heterogeneity (P=0.31, I?=16%). Riociguat could signifi-
cantly increase the score of EQ-5D when compared with placebo
group (P <.00001, SMD=0.47, 95%CI 0.27 to 0.66) (Fig. 6B).
In addition, subgroup analysis was conducted to analyze the data
based on the duration of treatment, and the results were
consistent with the comprehensive analysis (Supplemental Digital
Content, Fig. 3, http:/links.lww.com/MD2/A221 and 4, http://
links.lww.com/MD2/A222)).

3.7. Safety

During the medication of riociguat, a series of side effects, such as
dizziness, dyspepsia, peripheral edema, nasopharyngitis, nausea,
vomiting, dyspnea, and upper respiratory tract infection, were
observed. In this study, we assessed the safety of riociguat in the
treatment of CTEPH. The results were shown in Table 2. There
were no significant difference in the incidence of headache,
dizziness, nasopharyngitis, nausea, vomiting, diarrhea, hypoten-
sion, upper respiratory tract infection, constipation, dyspnea, and
cough between riociguat group and placebo group (P=.87, OR =
1.25,95%CI 0.08 to 19.18; P=.27, OR = 1.61, 95%CI 0.69 to
3.74; P = .28, OR = 1.32, 95%CI 0.79 to 2.20; P = .55, OR =
1.30,95%CI 0.55 to 3.08; P =.08; P = .53, OR = 1.22, 95%CI
0.65t02.30; P =.58, OR =1.44, 95%CI 0.40 to 5.16; P = .73,
OR =1.13, 95%CI 0.58 to 2.20; P = .11; P = .38, OR = 0.58,
95%C10.17 to 1.97; P = .42, OR = 0.79, 95%CI 0.45 to 1.39).
In addition, riociguat medication led to higher incidence of
dyspepsia and peripheral edema (P = .03, OR = 2.55, 95%CI
1.11 to 5.88; P = .05, OR = 0.63, 95%CI 0.40 to 1.00).

3.8. Sensitivity analysis

In the process of data analysis, sensitivity analysis was conducted
to identify potential heterogeneity. For the incidence of headache
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Experimental Control

_Study or Subgroup Mean SD Total Mean SD Total Weight

3.1.1 Pulmonary vascular pressure

Ghofrani 2013 -226 248 151 23 274
Wang 2016 -249 262 18 95 358
Subtotal (95% CI) 169

Heterogeneity: Chi* = 0.12, df = 1 (P = 0.73); P = 0%
Test for overall effect: Z=7.17 (P < 0.00001)

3.1.2 Mean arterial pressure

Ghofrani 2013 9 12 55 -0.3 11.8
Subtotal (95% CI) 55
Heterogeneity: Not applicable

Test for overall effect: Z = 4.00 (P < 0.0001)

3.1.3 Pulmonary-artery pressure

Ghofrani 2013 -4 7 156 08 73
Subtotal (95% CI) 156
Heterogeneity: Not applicable

Test for overall effect: Z = 4.85 (P < 0.00001)

3.1.4 Pulmonary-capillary wedge pressure

Ghofrani 2013 06 37 151 0.2 43
Subtotal (95% CI) 151
Heterogeneity: Not applicable

Test for overall effect: Z = 0.74 (P = 0.46)

3.1.5 Right atrial pressure

Ghofrani 2013 -1 § 157 -06 5.2
Subtotal (95% CI) 157
Heterogeneity: Not applicable

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

3.1.6 Cardiac output

Ghofrani 2013 08 11 155 -0.03 107
Marra 2018 -0.09 0.83 13 0 0
Subtotal (95% CI) 168

Heterogeneity: Not applicable
Test for overall effect: Z = 5.41 (P < 0.00001)

82
10
92

78
78

83
83

83

83

Std. Mean Difference

Std. Mean Difference

IV. Fixed. 95% Cl IV, Fixed. 95% CI
89.7%  -0.96(-1.25,-0.68] M —
103%  -1.12[-1.95,-028) ¥
100.0%  -0.98 [-1.25,-0.71]
1000%  -0.73[-1.08,-0.37] i
100.0%  -0.73 [-1.08, -0.37]
1000%  -0.67 [-0.95, -0.40] t
100.0%  -0.67 [-0.95, -0.40]
100.0% 0.10 (-0.17, 0.37] —t
100.0%  0.10 [-0.17, 0.37]
100.0%  -0.08 [-0.34, 0.19] t
100.0%  -0.08 [-0.34, 0.19]
100.0% 0.76 [0.48, 1.03] ——
Not estimable
100.0% 0.76 [0.48, 1.03] e
4 05 0 05 1

Favours [experimental] Favours [control]

Figure 3. Comparison of the change of hemodynamic parameters between riociguat and placebo groups.

Experimental Control Std. Mean Difference Std. Mean Difference

_Study or Subgroup _Mean  SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Ghofrani 2013 3 79 173 -6 84 88 53.7% 0.56 [0.29, 0.82]
Marra 2018 50.6 81 50 18 55 5 43% 0.52[-0.41, 1.44] »
Simonneau 2015 58 58 114 37 69 58 36.1% 0.35[0.04, 0.67] —
Wang 2016 51 55 21 -48 122 1 5.9% 1.16 [0.37, 1.94] —
Total (95% CI) 358 162 100.0% 0.52 [0.33, 0.71] -
Heterogeneity: Chiz = 3.60, df = 3 (P = 0.31); 12 = 17% 1 4)‘.5 3 of - 1

Test for overall effect: Z = 5,29 (P < 0.00001)
A

Experimental Control

_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI

Ghofrani 2013 08 2 172 02 24
Simonneau 2015 08 241 113 -057 1.98
Wang 2016 A2 93 9 405 86
Total (95% CI) 307

Heterogeneity: Chi? = 3.08, df = 2 (P = 0.21); I’ = 35%
Test for overall effect: Z = 3.17 (P = 0.002)

B

88
58
1

157

55.6%
37.4%
7.0%

100.0%

Favours [experimental]

Std. Mean Difference

Favours [control]

Std. Mean Difference

IV, Fixed, 95% Cl
0.47 [-0.73, -0.21]
-0.10 [-0.42, 0.22] —
-0.24 [-0.98, 0.49]
-0.31 [-0.51, -0.12] -
A 05 0 05 1

Favours [experimental]

Favours [control]

Figure 4. Effect of riociguat on the change of 6-MWD and Borg dyspnea scores in patients with CTEPH. (A) 6- MWD; (B) Borg dyspnea scores.



http://www.md-journal.com

Ying et al. Medicine (2021) 100:22

Medicine

Experimental Control

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Ghofrani 2013 =291 1,717 150 76 1,447 73 384%
Marra 2018 -132.52 1,077.4 30 186.05 879.5 5 11.6%
Simonneau 2015 =375 1,482 102 -505 1,591 47 34.4%
Wang 2016 -538 1,107 21 510 839 11 15.6%
Total (95% Cl) 303 136 100.0%

Heterogeneity: Tau? = 0.07; Chi* = 6.88, df = 3 (P = 0.08); I* = 56%
Test for overall effect: Z = 1.28 (P = 0.20)

Std. Mean Difference

IV. Random.95%Cl
J——

Std. Mean Difference

-0.22 [-0.50, 0.06]
-0.29 [-1.24, 0.65]

0.10 [-0.25, 0.44]
-1.00 [-1.77,-0.22]

—_—

e —

I I -‘- I I
. . . .

-2 0 1
Favours [experimental] Favours [control]

-0.24 [-0.61, 0.13]

Figure 5. Effect of riociguat on the change level of NT-proBNP.

with severe heterogeneity, the pooled outcome changed from (OR
=1.03,95%CI 0.57 to 1.86) with I? = 76% to (OR=1.30, 95%
CI 0.31 to 5.42) with I?=76%. Therefore, the results were
similar and credible.

4. Discussion

Riociguat is an sGC stimulator that works by targeting the NO-
sGC-cyclic guanosine monophosphate pathway, and has been the
only approved drug for the treatment of PAH and persistent/
recurrent or inoperable CTEPH after surgical treatment.!*!) The
half-life of riociguat is about 12 hours in patients, and could be
rapidly absorbed after oral administration. The pharmacokinetic
factors of riociguat include smoking, ethnicity, age, sex, and
complications.??! Recent study found that the clearance of
riociguat was higher in patients with smoking habit, and
riociguat could significantly ameliorate hemodynamic parame-
ters; moreover, 6-MWD was associated with the change of
hemodynamic parameters, especially PVR.** Therefore, reduc-
ing the metabolism and clearance rate of riociguat in patients
with CTEPH may be more effective in improving hemodynamic
parameters and increasing 6-MWD.

This is the first meta-analysis to assess the efficacy and safety of
riociguat in the treatment of CTEPH. The results indicated that
riociguat could markedly improve the levels of hemodynamic

parameters, except for PCWP and RAP. In a previous meta-
analysis, the results indicated that targeted therapies could
remarkably enhance pulmonary hemodynamics in patients with
CTEPH."**! Other study demonstrated that riociguat obviously
decreased mean pulmonary arterial pressure (47.3— 38.9 mmHg)
and PVR (9.2- 5.7 wood units), and increased cardiac index.*"!
Later, the study evaluated the effects of riociguat on hemody-
namic parameters in Asian patients with inoperable CTEPH, and
the results indicated that riociguat significantly reduced PAP (41—
38mmHg) and PVR (787 to 478 dyns cm ), and relieved clinical
symptoms.[*®! These results were consistent with our study.
Recent studies found that exercise capacity was reduced by
57% in patients with CTEPH, and the right ventricle and its
interplay with pulmonary circulation were determinants of
exercise capacity.l?”?8) Moreover, the main clinical symptoms of
CTEPH were exercise capacity limitations, exertional dyspnea,
and life quality decline.!**! At present, the trial endpoint and main
indicator of risk assessment in PAH were the 6-MWD, which
were used to measure the exercise capacity.'*°! In an uncontrolled
and single-arm clinical trial, the results showed that riociguat was
well tolerated and improved the 6-MWD, and no new safety
events were observed in patients with CTEPH."®!! In our study,
we included four studies to evaluate the effects of riociguat on 6-
MWD, and three studies to evaluate the effects of riociguat on
dyspnea. The results confirmed that riociguat significantly
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Figure 6. Effect of riociguat on the change of LPH score and EQ-5D score. (A) LPH score; (B) EQ-5D score.
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Summary of the common adverse events during the treatment of
CTEPH.

Heterogeneity 0R(95%Cl)

Types () rioviguat vs placebo P values
Headache 70%, .07 1.25 (0.08,19.18) .87
Dizziness 53%, 12 1.61 (0.69,3.74) 27
Dyspepsia 0%, .93 2.55 (1.11,5.88) .03
Peripheral edema 0%, .67 0.63 (0.40,1.00) .05
Nasopharyngitis 0%, .39 1.32 (0.79,2.20) .28
Nausea 0%, .50 1.30 (0.55,3.08) .55
Vomiting - - .08
Diarrhea 43%, 19 1.22 (0.65, 2.30) 53
Hypotension 58%, .12 1.44 (0.40, 5.16) .58
Upper respiratory 0%, .70 1.13 (0.58, 2.20) 73
Tract infection

Constipation - - 1
Dyspnea 73%, .05 0.58 (0.17,1.97) .38
Cough 10%, .33 0.79 (0.45,1.39) 42

increased the 6-MWD and decreased the incidence of dyspnea
(P<.05). As a consequence, we concluded that riociguat was
effective in improving the exercise capacity.

NT-proBNP is correlated with changes in right ventricular
function, and has been considered as a biomarker in the
prognosis of various cardiovascular diseases. In patients with
PAH, the plasma level of NT-proBNP was higher, and this was
associated with the prognosis and mortality.*?! In addition, NT-
proBNP is also an accurate biomarker of congenital PAH.5?!
Suntharalingam et al®* assessed the role of NT-proBNP and 6-
MWD in patients with CETPH, they found that a higher level of
NT-proBNP and worse 6-MWD had been become the indicators
in predicting mortality, and the capability of NT-proBNP to
predict PAH was associated with age. In this meta-analysis, we
found that riociguat could not significantly reduce the level of
NT-proBNP.

For the effects of riociguat on quality of life, we evaluated the
LPH and EQ-5D scores, and the results indicated that riociguat
significantly decreased the LPH scores and increased EQ-5D
scores. With regard to side effects, the incidence of dyspepsia and
peripheral edema were higher in patients receiving riociguat.
Previous study showed that headache and hypotension frequently
occurred in patients when treated with riociguat.®*! Further-
more, we found that there were no significant differences in the
incidence of headache, dizziness, nasopharyngitis, nausea,
vomiting, diarrhea, hypotension, upper respiratory tract infec-
tion, constipation, dyspnea, and cough between riociguat and
placebo groups. These were not consistent with the previous
study, and might be caused by the limited sample size of our
selected studies. Bleeding is also a serious adverse reaction that
happened in CTEPH patients received riociguat, but all included
studies had no assessment on this outcome.

Meanwhile, our study has some limitations. First, there were
only 4 studies available in this meta-analysis, and the sample size
of RCTs conducted in all 4 studies was small, and some of the
studies had short follow-up or even no mention of follow-up.
Second, the quality of included studies was moderate, and one of
the 4 studies was of low quality, which may affect the accuracy of
the conclusions. Third, significant heterogeneity was observed,
and sensitivity analysis was used to exclude the studies of
potential published bias, but no relevant factors were observed
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and the results were consistent. Therefore, more high-quality
studies with sufficient data are necessary to further evaluate the
efficacy and safety of riociguat in the treatment of patients with
CTEPH in the future.

In conclusion, the results of this meta-analysis suggested that
riociguat could efficiently improve the hemodynamic parameters
and increase the exercise capacity of patients with CTEPH.
Furthermore, riociguat could significantly relieve dyspnea,
decrease the LPH scores and increase EQ-5D scores, contributing
to life quality improvement. In addition, no serious adverse
events were observed in patients receiving riociguat, and the drug
could increase the incidence of dyspepsia and peripheral edema.
Based on these results, it is safe to conclude that the efficacy and
safety of riociguat in the treatment of CTEPH had been
substantiated, and this will provide a reasonable medication
regimen for the treatment of CTEPH.
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