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Background: Riociguat therapy has been recommended for pulmonary arterial hypertension (PAH) and
chronic thromboembolic pulmonary hypertension (CTEPH), and it might have therapeutic significance for
other types of pulmonary hypertension (PH). Our purpose was to evaluate the specific impact of riociguat on
all types of PH.

Methods: We conducted a systematic review and meta-analysis of randomized controlled trials (RCTs)
comparing the safety and efficacy of riociguat treatment for PH through databases of the Cochrane Library,
PubMed, Embase, and Web of Science from inception to the present. Duplicate publications, studies with no
full text, incomplete information or inability to extract data, animal experiments and reviews, and systematic
reviews were excluded. The software RevMan 5.4 was used for data synthesis.

Results: There were 8 RCTs included in our study, involving 1,606 participants. For PAH and CTEPH
patients, riociguat treatment extended 6-minute walk distance (6MWD) by 39.84 meters, decreased mean
pulmonary arterial pressure (PAP) by 4.20 mmHg, lowered pulmonary vascular resistance (PVR) by
218.76 dynes/sec/cm”’, cut down right atrial pressure (RAP) by 0.9 mmHg, increased cardiac index (CI) by
0.49 L/min/m’, improved cardiac output (CO) by 0.89 L/min, reduced N-terminal pro-type B natriuretic
peptide (NT-proBNP) by 436.21 pg/mL, and decreased adverse events and clinical worsening as compared
with placebo. For other types of PH including PH due to left heart disease and PH due to lung disease,
riociguat was reported as having improved CI by 0.42 L/min/m’ and CO was increased by 0.92 L/min
compared with placebo. Other efficacy outcomes and safety outcomes did not attain statistical difference
in other types of PH.

Conclusions: For PAH and CTEPH, riociguat treatment is safe and effective, but for other types of PH,

it can only improve some hemodynamic parameters.
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Introduction

Pulmonary hypertension (PH) is a group of
cardiopulmonary diseases characterized by increased
pulmonary vascular resistance (PVR) and elevated
pulmonary arterial pressure (PAP), which may lead to right
ventricular (RV) hypertrophy, heart failure, and ultimately
death (1). It has been reported that about 1% of the world’s
population have PH, and that 10% of people over 65 years
old have the disease (2). Substantial progress has been made
in the development of pharmacological treatments for
PH in the past 20 years, with 10 different targeted drugs
currently available (1,3,4). Nevertheless, the mortality rate
of PH remains high, with a 5-year survival rate of less than
50% (5,6).

The definition of PH has recently been updated and the
latest definition is that the mean arterial pressure (mPAP)
is greater than 20 mmHg at rest (7). According to the
underlying causes of PH, the WHO classification system
divides PH patients into 5 groups: pulmonary arterial
hypertension (group 1, PAH), PH due to left heart disease
(group 2, PH-LHD), PH due to lung disease (group 3, LD-
PH), chronic thromboembolic PH (group 4, CTEPH), and
PH with unclear and/or multifactorial mechanisms (group
5) (1). Among them, LHD (group 2) is considered to be
the most common cause of PH. Up to 60% of patients with
severe left ventricular (LV) systolic dysfunction and up to
70% of patients with heart failure with preserved ejection
fraction could develop PH (1).

Soluble guanylate cyclase (sGC) is an effector of
endogenous nitric oxide (NO). In the cardiovascular
system, the combination of NO and sGC stimulates
the enzyme to catalyze the conversion of guanosine
5'-triphosphate to cyclic guanosine-3',5'-monophosphate
(cGMP), which could lead to several beneficial
downstream physiological effects, including inhibition of
vasodilation, platelet aggregation and smooth muscle cell
proliferation (8). Thus, the NO-sGC-cGMP pathway
has been shown to play an important role in the
pathophysiologic process of PH (9). Riociguat is the
first approved medication from the novel class of sGC
stimulators and the only agent approved for treating both
PAH and CTEPH (9-11). It could stimulate sGC directly,
independent of NO, and also sensitizes sGC to endogenous
NO by stabilizing NO-sGC binding, leading to increased
intracellular cGMP levels (9,12,13). Thus, riociguat has
antifibrotic, antiproliferative, and anti-inflammatory effects,
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in addition to vasodilatory properties.

A previous meta-analysis performed by Zhao et al.
concluded that riociguat could improve 6-minute walk
distance (6MWD) and hemodynamics in patients with
PAH (14). However, some of the randomized controlled
trials (RCTs) enrolled were actually performed on PH
caused by systolic left ventricular dysfunction and PH
associated with diastolic heart failure, which could not
belong to PAH. Therefore, related deviations may be
introduced and specific efficacy of riociguat for PAH, as
well as its safety, needs further validation.

In addition, several studies have suggested that riociguat
could also improve cardiopulmonary hemodynamics of
other types of PH (15,16). The safety and effectiveness
of riociguat in the treatment of other types of PH has
remained undefined. Thus, our purpose was to evaluate the
effectiveness and safety of riociguat treatment for all types
of PH by conducting a systemic review and meta-analysis.
We present the following article in accordance with the
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-2656).

Methods
Search strategy

We searched the databases of the Cochrane Library,
PubMed, Embase, and Web of Science from inception to
the present with no imitations of language and publication
status. The search terms were as follows: riociguat, BAY
63-2521, placebo, PAH, CTEPH, and PH. Searches were
restricted to human studies. The electronic database search
was supplemented by manually searching the reference
list of the included articles to avoid missing any eligible
studies. Studies were independently screened and selected
by 2 researchers who performed quality assessment for all
included studies. Any differences were resolved through
discussions with a third researcher until a consensus
was reached. The software RevMan 5.4 (The Cochrane
Collaboration, London, UK, 2020) was used for data
synthesis.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (I) the study design
was RCT; (II) the study population comprised patients
with PH, no matter what type of PH; (III) intervention
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treatment included riociguat versus placebo. Studies were
excluded if the research had been conducted on infants.

Main outcomes

Efficacy outcomes included the following: (I) 6MWD
change; (II) cardiopulmonary hemodynamic parameters.
The 6MWD change indicated the change in the distance
walked in 6 minutes from baseline to the end of the study.
Hemodynamic parameters included mPAP, PVR, right
atrial pressure (RAP), cardiac index (CI), cardiac output
(CO), and N-terminal pro-type B natriuretic peptide (N'T-
proBNP).

Safety outcomes were defined as the following items:
(I) adverse events; (II) clinical worsening. Adverse events
included but were not limited to headache, dyspepsia,
peripheral edema, nausea, dizziness, syncope diarrhea,
vomiting, nasopharyngitis, hypotension, anemia,
palpitations, chest pain, dyspnea, gastroesophageal
reflux disease, cough, nasal congestion, tachycardia,
pyrexia, fatigue, chest discomfort, flushing, gastritis, and
syncope (17). Clinical worsening covered hospitalization
due to PH, initiation of new treatment for PH, decrease
in 6-min walk distance due to PH, persistent worsening of
WHO functional status due to PH, and death (18).

Bias and quality assessment

The risk of bias for each research assessed by 2 review
authors independently using the criteria outlined in
the Cochrane Handbook for Systematic Reviews of
Interventions (19). Bias evaluation included allocation
concealment, blinding of participants and personnel,
incomplete outcome data, blinding of outcome assessment,
selective reporting, and other bias. Risk of bias was classified
as low, high, and unclear.

Data extraction

The required data reviewed and extracted by 2 independent
investigators from each study were as follows: the first
author, publication year, number of patients, patient
characteristics (including age, gender, etiology of PH, body
mass index, and functional class), riociguat dosage, as well
as the effectiveness and safety results mentioned above.
Disagreements between 2 authors were negotiated with the
third investigator when necessary.
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Statistical analysis

All data were synthesized and analyzed using Review
Manager Version 5.4. For dichotomous data, we calculated
risk ratio (RR) and the 95% confidence intervals (CI) to
express the effect size. For continuous data, we estimated
the mean difference or standardized mean difference and
95% CIL

Heterogeneity across the included studies were
assessed by using I’ test. When I’<50%, heterogeneity
was considered or could be neglected, and then a fixed
effects model was used to merge the data. Otherwise, when
I’>50%, significant heterogeneity was considered and could
not be neglected, then sensitivity analysis was carried out.
Sensitivity analysis was conducted by eliminating each
included study individually, and performing a summary
analysis on the remaining studies to assess whether any
single included study had an excessive impact on the
results of the entire meta-analysis. Subgroup analysis was
conducted in accordance with the type of PH.

Results
Literature selection

The flow chart for the selection process and detailed
identification of studies is presented in Figure 1. The
literature search identified 362 abstracts and titles, from
which 320 records were excluded due to irrelevance or
studies not conducted on humans. The remaining 42 full-
text articles were assessed for eligibility. Of these, 34 were
excluded because 3 were performed on infants, 8 contained
inappropriate data, and 23 trials were not RCTs. Finally,
there were 8 RCTs included in the meta-analysis.

Bias and quality assessment

Results of bias risk evaluation for the enrolled RCTs are
shown in Figure 2. Green represents low risk, red represents
high risk, and yellow represents unclear risk and can be seen
that there was no obvious bias in this study.

Heterogeneity test and sensitivity analysis

Heterogeneity was observed for the meta-analysis of CI and
clinical worsening, thus we did sensitivity analysis. None
of the studies had a serious influence on the results of the
meta-analysis, indicating that the results of the remaining
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Figure 1 Flow chart of the literature search. RCT, randomized controlled trial.

studies were reliable.

Characteristics of the studies

A total of 5 studies had been conducted on PAH and
CTEPH patients (n=1,230), of which 810 were on a
riociguat treated group and 420 on a placebo group
(18,20-23). One study included inoperable CTEPH
and persistent/recurrent PH following pulmonary
endarterectomy (PEA) and their independent control
group (23), which we analyzed separately. Another study
focused on patients with PAH who were treatment naive or
pretreated with endothelin receptor antagonists (ERAs) or
non-intravenous prostanoids (22), which we also included
and analyzed separately. There were 2 studies that had been
conducted by Ghofrani with different colleagues in 2013,
where PH and CTEPH were discussed respectively (18,20).
Another 3 studies were carried out on other types of PH
(n=376), with 202 patients in the riociguat group and 174
in the placebo group (15,16,24). The 3 studies included PH
associated with diastolic heart failure, PH caused by systolic
left ventricular dysfunction, and idiopathic interstitial
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pneumonia-associated PH, which belonged to group 2,
group 2, and group 3 of PH, separately. The baseline
characteristics of 8 eligible RCTs in the meta-analysis are
summarized in Table 1. Participants in riociguat group
and placebo group showed similar baseline characteristics.
The dose of riociguat varied from 1.5 mg daily to 2.5 mg
3 times daily and follow-up period lasted between 12 and
16 weeks in 7 trials. There was 1 study that investigated
single oral doses of 2 mg and hemodynamic parameters
were recorded at regular intervals up to 6 h after intake of

the study drug (16).

Efficacy assessment

Exercise capacity

Exercise capacity was evaluated with 6MWD changes
in 5 articles, of 3 which were implemented in PAH and
CTEPH, and 2 in other types of PH subset (Figure 3). For
PAH and CTEPH, participants treated with riociguat could
walk 39.84 meters further than those receiving placebo
(P<0.00001), while in other types of PH, the 6MWD
change between riociguat and placebo group did not reach
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Figure 2 Risk of bias graph and risk of bias summary.

statistical significance (P=0.16). These results were stable
in sensitivity analysis. Funnel plots indicated no obvious
publication bias.

Cardiopulmonary hemodynamics
All of the included studies reported parameters of mPAP,
PVR, and RAP. Riociguat therapy reduced mPAP by 4.20
mmHg in PAH and CTEPH participants compared with
placebo (P<0.00001; Figure 4), and PVR was reduced by
218.76 dynes/se/cm” in the riociguat group than that in
placebo group (P<0.00001; Figure 5). Furthermore, RAP was
cut down by 0.9 mmHg in PAH and CTEPH participants
compared with placebo (P=0.003; Figure 6). However, in
other types of PH, mPAP, RVP, and RAP did not reach
significant difference between groups (Figures 4-6).

For PAH and CTEPH, 3 studies reported CI, CO, and
NT-proBNP. Compared with placebo, riociguat improved
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CI by 0.49 L/min/m’ (P<0.00001; Figure 7), increased CO
by 0.89 L/min (P<0.00001; Figure §), and reduced N'T-
proBNP by 436.21 pg/mL (P=0.0003; Figure 9). For other
types of PH, 3 studies reported CI, 1 study recorded CO
and, another 1 collected NT-proBNP. The CI was increased
by 0.42 L/min/m’ (P<0.00001; Figure 7), and CO was
increased by 0.92 L/min compared with placebo reported
(P=0.001; Figure 8). Meanwhile, NT-proBNP did not show
a significant difference between groups (P=0.56; Figure 9)

Safety assessment

There were 8 studies that reported adverse events after
riociguat treatment, 5 of which were performed in PAH
and CTEPH, and 3 in other types of PH subset. Compared
with placebo, riociguat treatment could not increase the
rate of adverse events in PAH and CTEPH (P=0.06;

Ann Palliat Med 2021;10(10):11117-11128 | https://dx.doi.org/10.21037/apm-21-2656



Wang et al. Meta-analysis of riociguat therapy for PH

11122

‘papodal

10U ‘YN ‘aseasip Bun| 01 anp Hd ‘Hd-A7 ‘@seasip yeay Ud| 01 anp Hd ‘dH1-Hd ‘uoisuauadAy Areuowind 21j0quiaoquiody} 21UoIYD ‘HdTLD ‘uoisuauadAy reusue Areuow|nd
‘Hvd ‘@oueisip Bupjiem ainuiw-9 ‘QMIN-9 X8pul ssew Apoq ‘|G "OAlBU luswieal}l HYd ‘WM ‘Hd3L1D d|gesadoul ‘,Blen ‘Hvd ‘.Iueioys ‘esop a|buls e se bw g ‘.2

99F12¢ 9¥8¢ 8¥69 vl 08¥/0€ G¥0¢ 8¥89 €l G260 AL HA-AT 6102 (v2) ueureN
(062 (092
8'€ZLF1'28¢ 8'GF/'82  -0'Ge) 6'8S 69 I'9ZIF6°08¢  61F6'8C  -0'92) €65 19 4 171 AH1-Hd €102  (G1) uewispuog
(0'9¢ (ree (0'es
4N ei°] -8'12) 2'0e b HN -g'ee) €6 -0'69) 8'2L ok +C I AHT-Hd  viog (91) uewuspuog
2LFIE 9¥82 GIF/G 0z 8/%09¢ 1¥82 ¥ 1¥09 s §'2-60 17]] Hd3LD 9102 (€2) wix
G/FIGE G¥8e Z1¥09 89 £8¥GEE G¥/2 v1¥65 4! G260 1711 Hd3lD 9102 (€2) Ly
G/¥9GE G¥8e €176 88 z8¥eve 9¥/2 v1%65 €Ll G260 171 Hd3lD €102 (81) lueyOUD
89¥9/¢ 9¥/2 GlL¥eg 09 69¥€GE 9¥/2 SLFPG el gz 17] Hvd /102 (c2) olen
08¥09¢ 9¥92 8L¥8h 99 99%0./€ G¥Gz L1¥8Y o4 Ge il Hvd  Zl02 (c2) Lolen
6GF09¢ £Fpe 9L¥0Y 4! 6GF16E GFe SIFLY 8 gl 171 Hvd  Sl0oZ (1g) zuenjuesoy
G/¥89¢ 9¥92 LIFLG 9zl 89F19¢ G¥oz LIFLG G2 gz 171 Hvd  €Log  (02) .ueyoys
(w) (;uu/Bx) (sseak) (u) (w) (;uu/Bx) (ssesk) (u) (o1 “Bu)
aMIN-9 INg aby sloquInN aMIN-9 INg aby sloquInN asop SSBIO  fBojong  Jeen e
0geoe|d 1enblooly 1enBiooly feHionotnd

SISA[eUR-EIDUI AU} UT PIPNIUT SIIPMIS JO SINSLINILILYD) T J[qRL,

Ann Palliat Med 2021;10(10):11117-11128 | https://dx.doi.org/10.21037/apm-21-2656

© Annals of Palliative Medicine. All rights reserved.



Annals of Palliative Medicine, Vol 10, No 10 October 2021 11123

Experimental Control Mean Difference Mean Difference
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1.2.1 PAH and CTEPH
Ghofrani 2013 39 79 173 -6 84 88 31.7% 45.00[23.87,66.13] — &
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Test for overall effect: Z = 6.14 (P < 0.00001)
1.2.2 other types of PH
Bonderman 2013 31 122.74 54 18 116.1 55 7.0% 13.00[-31.87, 57.87] -
Nathan 2019 -85 155 74 123 161 74 5.5% 38.00[-12.92, 88.92] ]
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Total (95% CI) 563 356 100.0% 37.85[25.95, 49.75] ‘
Heterogeneity: Chi2 = 1.72, df = 4 (P = 0.79); I? = 0% ’_100 _5‘0 p 5’0 100’
Test for overall effect: Z = 6.23 (P < 0.00001) .
N i Favours [experimental] Favours [control]
Test for subgroup differences: Chi? = 0.75, df = 1 (P = 0.39), I = 0%
Figure 3 Meta-analysis results of riociguat on change in 6MWD. 6MWD, 6-minute walk distance.
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Figure 4 Meta-analysis results of riociguat on change in mPAP. mPAP, mean pulmonary arterial pressure.

Figure 10), but in other types of PH, riociguat treatment relieved certain hemodynamics of other types of PH.

was associated with approximately 1.15-fold higher than
the rate of adverse events (P=0.006; Figure 10). There were
3 studies that recorded outcomes of clinical worsening of
PAH and CTEPH, with no statistical difference between
groups (P=0.22; Figure 11), and no data were available for
other types of PH. These results were stable in sensitivity

analysis.

Discussion

This meta-analysis of riociguat therapy for PH revealed
that riociguat was relatively safe and could improve clinical
outcome of patients in PAH and CTEPH, whereas it only

© Annals of Palliative Medicine. All rights reserved.

Change in 6MWD was reported to have an important
relationship with functional status, hemodynamic variables,
and survival and served as the most frequently used
indicator of exercise capacity (25-27). The RAP, CI, CO
are the most important indicators of right ventricle (RV)
function and prognosis, among which RV function plays
as a key and determinant role of exercise capacity and
outcome in PH patients (28,29). In addition, N'T-proBNP
acts as a biochemical marker in patients with PH, which is
associated with myocardial dysfunction and could provide
reliable prognostic information at the time of diagnosis
and during follow-up assessments (30-32). For PAH
and CTEPH patients, our study revealed that riociguat

Ann Palliat Med 2021;10(10):11117-11128 | https://dx.doi.org/10.21037/apm-21-2656
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Figure 5 Meta-analysis results of riociguat on change in PVR. PVR, pulmonary vascular resistance.
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Study or Subgroup Mean SD Total Mean SD Total Weight |V, Fixed.95% Cl IV, Fixed. 95% CI
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Figure 6 Meta-analysis results of riociguat on change in RAP. RAP, right atrial pressure.

significantly enhanced cardiopulmonary hemodynamic
parameters, which include mPAP, PVR, RAP, CI, CO, and
NT-proBNT, and increased exercise capacity compared

with placebo. Furthermore, riociguat also reduced the rate

of clinical worsening and adverse events. For other types of

PH, we concluded that only CI and CO were ameliorated

after riociguat treatment.

The similarity in hemodynamics and pathophysiology
between CTEPH and PAH provides the rationale for
clinical use of the same therapy (33). Thus, the differences
in efficacy of riociguat between PAH and CTEPH with the

© Annals of Palliative Medicine. All rights reserved.

other types of PH might be owing to their distinct nature.
Independent of etiology, pulmonary vascular remodeling is
one of the main characteristics of all forms of PH (34). In
PAH, vascular remodeling was mainly concentrated in the
middle and small pulmonary arteries, while PH-LHD are
characterized predominantly by venous remodeling (35).
In addition, different types of PH have different treatment
goals. For PH-LHD, the main goal of treatment must be to
improve the underlying diseases before considering specific
treatment measures of PH, including repair of valvular

heart disease when indicated and aggressive therapy for
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Experimental Control Mean Difference Mean Difference
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Figure 7 Meta-analysis results of riociguat on change in CI. CI, cardiac index.
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Figure 8 Meta-analysis results of riociguat on change in CO. CO, cardiac output.

heart failure with reduced systolic function (36). Therefore,
we suspected that the unique pathophysiology of different
subtypes of PH leads to the heterogeneity between
them regarding exercise capacity and cardiopulmonary
hemodynamics changes.

Limitations

Several limitations existed in our study. Firstly, due to
limitation of related research and available data, we did not
conduct subgroup analysis based on different etiology of
PH in different groups. Secondly, we did not analyze the
impact of riociguat on patients with different functional

© Annals of Palliative Medicine. All rights reserved.

class. Thirdly, there were only 3 related RCTs on other
types of PH. Small sample size might be a problem and
more RCTs with sufficient sample sizes enrolled are needed

to expand and validate our findings.

Conclusions

Our meta-analysis showed that riociguat effectively
improves exercise capacity and cardiopulmonary
hemodynamics of PAH and CTEPH patients, and it
is relatively safe and well tolerated. For other types of
PH, apart from amelioration of certain hemodynamic

parameters, riociguat could not improve symptoms or
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Experimental Control Mean Difference Mean Difference
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Heterogeneity: Chiz = 0.77, df =2 (P = 0.68); I>= 0%
Test for overall effect: Z = 3.63 (P = 0.0003)

7.2.2 other types of PH

Bonderman 2013 -175 2,256.1 52 171 3,811.4 56 3.9% -346.00 [-1517.55, 825.55]
Subtotal (95% Cl) 52 56  3.9% -346.00 [-1517.55, 825.55] N
Heterogeneity: Not applicable

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

Total (95% ClI) 437 247 100.0% -432.71 [-663.62, -201.80] ¢
Heterogeneity: Chiz = 0.79, df = 3 (P = 0.85); I = 0% ’_100 _5=0 : 5=0 100’
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Figure 9 Meta-analysis results of riociguat on change in NT-proBNP. NT-proBNP, N-terminal pro-type B natriuretic peptide.
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Figure 10 Meta-analysis results of riociguat on adverse events.

Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
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Ghofrani 2013* 3 254 8 88 289% 0.13[0.04, 0.48] L
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Test for overall effect: Z = 1.24 (P = 0.22)
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Figure 11 Meta-analysis results of riociguat on clinical worsening.
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prevent deterioration.
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