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ABSTRACT

Background

Pulmonary hypertension is a condition of complex aetiology that culminates in right heart failure and early death. Soluble guanylate
cyclase (sGC) stimulators are a promising class of agents that have recently gained approval for use.

Objectives

To evaluate the efficacy of sGC stimulators in pulmonary hypertension.

Search methods

We searched CENTRAL (Cochrane Central Register of Controlled Trials), MEDLINE, EMBASE and the reference lists of articles. Searches are
current as of 12 February 2016.

Selection criteria

We selected randomised controlled trials (RCTs) involving participants with pulmonary hypertension of all ages, severities and durations
of treatment.

Data collection and analysis

AW, MS and RW independently selected studies, assessed evidence quality and extracted data. This process was overseen by RT and SG.
Allincluded studies were sponsored by the drug manufacturer.

Main results

Five trials involving 962 participants are included in this review. All trials were of relatively short duration (< 16 weeks). Due to the
heterogenous aetiology of pulmonary hypertension in participants, results are best considered according to each pulmonary hypertension
subtype.

Pooled analysis shows a mean difference (MD) increase in six-minute walking distance (6MWD) of 30.13 metres (95% CI 5.29 to 54.96;
participants = 659; studies = 3). On subgroup analysis, for pulmonary arterial hypertension (PAH) there was no effect noted (6MWD; MD
11.91 metres, 95% Cl —44.92 to 68.75; participants = 398; studies = 2), and in chronic thromboembolic pulmonary hypertension (CTEPH)
sGC stimulators improved 6MWD by an MD of 45 metres (95% Cl 23.87 to 66.13; participants = 261; studies = 1). Data for left heart disease-
associated PH was not available for pooling. Importantly, when participants receiving phosphodiesterase inhibitors were excluded, sGC
stimulators increased 6MWD by a MD of 36 metres in PAH. The second primary outcome, mortality, showed no change on pooled analysis
against placebo (Peto odds ratio (OR) 0.57, 95% Cl 0.18 to 1.80).

Guanylate cyclase stimulators for pulmonary hypertension (Review) 1
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


mailto:aw7084@my.bristol.ac.uk
mailto:Andrew.Wardle@outlook.com
https://doi.org/10.1002%2F14651858.CD011205.pub2

: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Pooled secondary outcomes include an increase in World Health Organization (WHO) functional class (OR 1.53, 95% CI 0.87 to 2.72;
participants = 858; studies = 4), no effect on clinical worsening (OR 0.45,95% CI 0.17 to 1.14; participants = 842; studies = 3), and a reduction
in mean pulmonary artery pressure (MD -2.77 mmHg, 95% Cl —4.96 to —0.58; participants = 744; studies = 5). There was no significant
difference in serious adverse events on pooled analysis (OR 1.12, 95% Cl 0.66 to 1.90; participants = 818; studies = 5) or when analysed at
PAH (MD -3.50, 95% CI —5.54 to —1.46; participants = 344; studies = 1), left heart disease associated subgroups (OR 1.56,95% CI 0.78 to 3.13;
participants = 159; studies = 2) or CTEPH subgroups (OR 1.29, 95% Cl 0.65 to 2.56; participants = 261; studies = 1).

Itisimportant to consider the results for PAH in the context of a person who is not also receiving a phosphodiesterase-V inhibitor, a contra-
indication to sGC stimulator use. It should also be noted that CTEPH results are applicable to inoperable or recurrent CTEPH only.

Evidence was rated according to the GRADE scoring system. One outcome was considered high quality, two were moderate, and eight were
of low or very low quality, meaning that for many of the outcomes the true effect could differ substantially from our estimate. There were
only minor concerns regarding the risk of bias in these trials, all being RCTs largely following the original protocol. Most trials employed
an intention-to-treat analysis.

Authors' conclusions

sGC stimulators improve pulmonary artery pressures in people with PAH (who are treatment naive or receiving a prostanoid or endothelin
antagonist) or those with recurrent or inoperable CTEPH. In these settings this can be achieved without notable complication. However,
sGC stimulators should not be taken by people also receiving phosphodiestase-V inhibitors or nitrates due to the risks of hypotension, and
there is currently no evidence supporting their use in pulmonary hypertension associated with left heart disease. There is no evidence
supporting their use in children. These conclusions are based on data with limitations, including unavailable data from two of the trials.

PLAIN LANGUAGE SUMMARY

Soluble guanylate cyclase stimulators for raised blood pressure within the lungs
Review question

We reviewed the use of a set of drugs, soluble guanylate cyclase stimulators, for the improvement of symptoms in participants with
pulmonary hypertension (PH). This was in comparison to current treatment or no treatment.

Background

PH involves high blood pressure in the blood vessels of the lungs. This causes shortness of breath and reduces the ability to exercise,
leading to faints and dizziness. PH can cause the heart to fail, leading to a shortened life. PH is not a single disease, but includes a group of
diseases. Key PH types for this review include pulmonary arterial hypertension (PAH), chronic thromboembolic pulmonary hypertension
(CTEPH) and PH due to left heart disease.

Study characteristics

This evidence is current to February 2016. Males and females of all ages diagnosed with PH were included in this review. We selected only
randomised clinical trials. All trials used a comparison to no treatment. Trial durations ranged from 12 to 16 weeks. This review involves
five trials on 962 participants. All included studies were sponsored by the maker of the drug.

Key results

Soluble guanylate cyclase stimulators appear to reduce lung pressures and improve exercise capacity in PAH and recurrent or inoperable
CTEPH, but not in PH due to left heart disease. It is uncertain if these drugs have an effect on death rates and general health decline, or
if they may be associated with serious side effects. There is evidence that suggests these drugs should not be taken at the same time as
phosphodiesterase-V inhibitors.

Quality of the evidence

One outcome was considered to be high quality according to the GRADE scoring system. Two were considered moderate strength and eight
outcomes were considered low or very low strength. This means the results reported may not represent the true effect.

Guanylate cyclase stimulators for pulmonary hypertension (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Summary of findings table

Riociguat compared to placebo for pulmonary hypertension

Patient or population: Adults (>18 years) with pulmonary hypertension of varied aetiology (PAH, CTEPH and left heart disease)
Setting: Randomised controlled trials of 16 weeks duration or less

Intervention: Ricociguat

Comparison: Placebo

Outcomes Aetiology Anticipated absolute effects* (95% Cl) Relative effect Ne of partici- Quality of the Comments
(95% Cl) pants evidence
Risk with Risk with Ricociguat (studies) (GRADE)
placebo
ChangeinEx-  Group 1: PAH - The mean change in Exercise Capacity - 398 BOOO
ercise Capaci- (6MWD) - Group 1: PAH in the interven- (2 RCTs) VERY LOW
ty (6MWD) tion group was 12 m higher (45 fewer 12,34
to 69 more)
Group 2: Left - - - (0 studies) -
heart disease
Group 4: CTEPH - The mean change in Exercise Capacity - 261 BTOO Note small ef-
(6MWD) - Group 4: CTEPH in the inter- (LRCT) HIGH fect size
vention group was 45 m higher (24 m
more to 66 m more)
Mortality Group 1: PAH 23 per 1000 7 per 1000 ORO0.29 398 lslole)
(1to43) (0.05t01.91) (2 RCTs) LOW 1,2
Group 2: Left 0 per 1000 0 per 1000 OR 4.57 240 BPOO
heart disease (0to 0) (0.42 to 50.06) (LRCT) LOW 2
Group 4: CTEPH 34 per 1000 10 per 1000 OR0.30 261 BPOO
(2 to 65) (0.05 to 1.96) (2 RCTs) LOW 2
Improvement  Group 1: PAH 164 per 1000 235 per 1000 OR1.53 397 BB
in WHO Func- (128 to 315) (0.87to0 2.71) (2 RCTs) LOW 1,2
tional Class
Group 2: Left 217 per 1000 189 per 1000 OR0.84 201 BB
heart disease (102 to 325) (0.41t01.73) (LRCT) LOW 1,2
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Group 4: CTEPH 149 per 1000 330 per 1000 OR 2.80 260 SODO
(201 to 490) (1.43t0 5.46) (LRCT) MODERATE 1
Serious Ad- Group 1: PAH 189 per 1000 179 per 1000 OR0.93 398 HOOO
verse Events (49 to 472) (0.22 t0 3.83) (2 studies) VERY LOW 1,2,3
(Participants
with one or Group 2: Left 244 per 1000 335 per 1000 OR1.56 159 lele)
more event) heart disease (201 to 502) (0.78 t0 3.13) (2 studies) LOW 1,2
Group 4: CTEPH 159 per 1000 196 per 1000 OR1.29 261 DDDO
(110 to 326) (0.65 t0 2.56) (1 study) MODERATE 1

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

CTEPH: Chronic Thromboembolic Pulmonary Hypertension CI: Confidence interval; PAH: Pulmonary arterial hypertension; RR: Risk ratio; OR: Odds ratio; WHO: World

Health Organization; 6MWD: 6-minute walk distance

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-

stantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 Downgraded due to indirectness (variable treatment regimens in included studies)

2 Downgraded due to imprecision in outcome
3 Downgraded due to heterogeneity (1 > 50%)

4 Note that the pooled outcome includes data from trials with contra-indicated drugs (PDE5is)
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BACKGROUND

Description of the condition

Pulmonary hypertension (PH) is an important cause of morbidity
and mortality, affecting up to 100 million people worldwide
(Schermuly 2011). It leads to a substantial loss of exercise capacity,
as well as causing right ventricular overload, resulting in heart
failure and early mortality. Current three year survival ranges from
58.2% to 73.3% (Ling 2012).

PH is diagnosed when resting mean pulmonary arterial pressure
(pPA) is 25 mmHg or more at cardiac catheterization. The clinical
phenotype includes dyspnoea (Table 1), syncope (Table 1), chest
pain and fatigue, whilst examination may reveal cyanosis (Table
1), right ventricular heave, a loud pulmonary second heart sound,
and in late disease, signs of right heart failure. The degree of
physical limitation can be categorised by the 6-minute walking
distance (6MWD) or the results at cardiopulmonary exercise testing
(Miyamoto 2000; Abumehdi 2015). PH symptoms are classified
clinically according to the World Health Organization (WHO)
functional class system (1 = no limitation, 4 = symptomatic at rest;
Galié 2013).

PH is divided into five aetiological categories according to the
WHO criteria (Simonneau 2013b), of which three categories are
relevant to our review. Group 1 is pulmonary arterial hypertension
(PAH). This is subdivided further into groups including PH
associated with congenital heart disease (CHD), connective tissue
disease, heritable PH and, the most common group, idiopathic
PH. PAH treatment options include calcium channel blockers,
phosphodiesterase-V inhibitors (PDE5is), dual-endothelin receptor
antagonists and prostanoids. More recently soluble guanylate
cyclase (sGC) stimulators have gained approval. Despite this,
annual mortality remains 15% (Thenappan 2010). Group 2 is PH
associated with left heart disease, the most common form of
PH worldwide, affecting up to 30% of people with heart failure.
There is no proven treatment that specifically targets PH in this
condition (Damy 2010). The other major class relevant to this
review is group 4, chronic thromboembolic PH (CTEPH). This
entails vessel occlusion secondary to thromboses or emboli,
alongside a vasoconstrictive component, which leads to significant
increases in vascular resistance. PH is associated with poorer
outcomes in pulmonary embolism unless early diagnosis is made
(Riedel 1982). Pulmonary endartectomy (PEA) is the gold-standard
management for CTEPH. However, up to 63% of candidates
are ineligible for surgery due to co-morbidities, unsuitable
morphology, surgical centre access or declining consent (Mayer
2011). Balloon angioplasty has also been used with some effect
for inoperable cases, although there is currently no randomised
data underlying this (Tatebe 2016). Furthermore, the condition
either recurs or is refractory to surgery in 5% to 35% of cases
(Thistlesthwaite 2006; Bonderman 2007). This leaves substantial
unmet medical need.

Description of the intervention

As our understanding of PH has evolved, numerous medications
have been developed with the hope of improving clinical outcomes
(Galie 2013). Historically calcium channel blockers are the first
line treatment but only for those responding positively at vaso
reactivity tests. Prostanoids were the first real breakthrough,
and are still widely considered the gold standard due to their

superior efficacy but have a significant side effect profile.
However, the most common form requires continuous intravenous
infusion, with associated complications limiting utility. More
recent developments include both selective and dual endothelin
receptor antagonists (e.g. ambrisentan, bosentan, macitentan) and
phosphodiesterase-V inhibitors (e.g. sildenafil, tadalafil) (Wardle
2013b). The decision of which PAH regimen to use is determined by
WHO functional class amongst other factors (Galie 2013). Studies
have suggested and it is widely accepted that 6MWD greater than
400 m is associated with improved survival; however, this is yet
to be proved. There is a lack of randomised controlled trial (RCT)
data in paediatric groups overall, meaning drug treatment is based
largely upon adult evidence (Ivy 2013).

In 2013, the Food and Drug Administration (FDA) approved
riociguat, a sGC stimulator, the first in a novel class of PH
treatments (Guha 2013), which now also has European approval
(Dowdall 2014). This license pertained not only to PAH, but to
CTEPH also. This makes sGC stimulators the first specific treatment
for inoperable or recurrent CTEPH. Inoperable CTEPH is that
determined to be unsuitable for PEA by a multi-disciplinary surgical
team, whilst recurrent CTEPH is that occurring after PEA has been
performed. Medical therapy is not intended as a replacement for
surgery in people suitable for PEA (Archer 2013) and any attempt
at this should be discouraged. Furthermore, surgery should not be
delayed for trials of medical therapy (Keogh 2009).

When considering the clinical use of riociguat, the price
implications are still poorly defined, but should be in line with rival
PAH agents at GBP 25,931 per year (Bayer 2014). Riociguat comes
in the form of an oral tablet (up to 2.5 mg as tolerated), taken three
times daily to aid patient compliance.

How the intervention might work

sGC stimulators are a novel class of PH medication that manipulate
endogenous mechanisms controlling pulmonary pressures. In
normal physiology, the body regulates pulmonary flow, and
therefore resistance, through a unique set of endocrine and
paracrine effectors. One of these is the ventilation-induced release
of endothelial nitric oxide (NO) to stimulate vasodilatation via
smooth muscle cells. NO does this by stimulating sGC to produce
cyclic guanosine monophosphate (cGMP). cGMP activates kinases
that lead to vasodilatation and the inhibition of inflammation
and thrombosis (Denninger 1999; Ghofrani 2004). In addition, the
potential forincreasing cGMP as a therapeutic target for pulmonary
vasodilatation is demonstrated by PDE5is (Wardle 2013a; Wardle
2013b). However, it is hoped that sGC stimulators may display
greater efficacy than PDES5is due to their independence from NO
bioavailability, relative lack of adverse effects, and actions as a NO
sGC sensitiser and stimulator (Stasch 2011).

Why it is important to do this review

There is already significant controversy over the most effective
medication for PAH and this will deepen with the introduction of
sGC stimulators. It also remains to be seen how sGC stimulators
should be used in the context of CTEPH — whether they are a
replacement for PEA in people at high surgical risk, an adjunct, or
a measure of last resort. By collating the evidence of these agents
in PH it is hoped that we will address these issues whilst also
increasing the evidence base for adverse effects — an area still
lacking sufficient data. Finally, this work will also act as a protocol

Guanylate cyclase stimulators for pulmonary hypertension (Review)
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capable of being repeated in the future as the evidence base for
these agents continues to evolve, and therefore begin to act as basis
for comparison between different available treatments.

OBJECTIVES

To evaluate the efficacy of sGC stimulators in pulmonary
hypertension.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCTs). This included
studies reported as full-text, abstract only, and unpublished data.
We excluded all studies not conforming to the RCT format.

Types of participants

We included both adults and children (0 to 18 years) diagnosed with
PH.

Types of interventions

We included trials comparing sGC stimulators with usual care and
placebo. We also sought to compare head-to-head trials comparing
different sGC stimulators as a separate comparison. We included
the following co-interventions.

PDE5is

Endothelin receptor antagonists
Prostanoids

Nitrates

Calcium channel blockers

Non-PH specific medications including diuretics, anticoagulants
and oxygen.

ok N

Types of outcome measures

Primary outcomes

1. Change in exercise capacity, measured by 6MWD.
2. Mortality

Secondary outcomes

1. Change in WHO functional class

2. Time to clinical worsening

3. Change in pulmonary arterial pressure (mmHg)
4. Serious adverse events

Reporting one of more of the outcomes listed here in the trial was
not an inclusion criterion for the review.

Search methods for identification of studies
Electronic searches

We identified trials from searches of the following databases:

« The Cochrane Airways Group Register of Trials - all years.

« The Cochrane Central Register of Controlled Trials (CENTRAL),
issue 2, 2016 (The Cochrane Library).

« MEDLINE (Ovid) 1950 to February 2016.
« EMBASE (Ovid) 1974 to February 2016.
o Trials registries (ClinicalTrials.gov and the WHO trials portal).

The search strategy is detailed in Appendix 1. We searched all
databases from inception to present day, and did not impose
any restriction on language or type of publication. We searched
for conference abstracts and grey literature through the CENTRAL
database. The search date was 12 February 2016.

Searching other resources

We checked reference lists of all primary studies and review articles
for additional references. We searched relevant manufacturers'
websites for trial information.

We searched for errata or retractions from included studies
published in full-text on PubMed (www.ncbi.nlm.nih.gov/pubmed).
This was done on 12 February 2016.

Data collection and analysis
Selection of studies

Two review authors (MS and RW) independently screened titles
and abstracts for inclusion and coded them as 'retrieve' (eligible
or potentially eligible/unclear) or 'do not retrieve'. We retrieved all
available full-text study reports and publications, and two review
authors (MS and RW) independently screened for inclusion or
identified and recorded reasons for exclusion. We resolved any
disagreement through discussion or, when required, through a
third review author (AW). One final review author (RT) analysed the
included and excluded texts to ensure uniform enforcement of the
study protocol. We identified and excluded duplicates and collated
multiple reports of the same study so that each study rather than
each report was the unit of interest in the review. We recorded the
selection process in sufficient detail to complete a PRISMA flow
diagram (Figure 1) and 'Characteristics of excluded studies' table.
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Figure 1. Study Selection Flow diagram.
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Data extraction and management 1. Methods: study design, total duration of study, details of any
'run-in' period, number of study centres and locations, study
setting, withdrawals, and date of study.

2. Participants: number, mean age, age range, gender, severity of
condition, diagnostic criteria, baseline lung function, smoking
history, inclusion criteria, and exclusion criteria.

3. Interventions:  intervention, comparison, concomitant
medications, and excluded medications.

We used a data collection form for study characteristics and
outcome data which had been piloted on at least one study in the
review. One review author (MS) extracted study characteristics from
included studies and this was duplicated by a second review author
(RW). We extracted the following study characteristics.

Guanylate cyclase stimulators for pulmonary hypertension (Review) 7
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4, Outcomes: primary and secondary outcomes specified and
collected, and time points reported.

5. Notes: funding for trial, and notable conflicts of interest of trial
authors.

Two review authors (MS and RW) independently extracted outcome
data from included studies. We noted in the 'Characteristics of
included studies' table if outcome data were not reported in
a usable way. We resolved disagreements by consensus or by
involving a third review author (AW). One review author (AW)
transferred data into the Review Manager (RevMan 2012) file. We
double-checked that data was entered correctly by comparing the
data presented in the systematic review with the study reports. A
second review author (RW) spot-checked study characteristics for
accuracy against the trial report.

Assessment of risk of bias in included studies

Two review authors (MS and RW) independently assessed risk of
bias for each study using the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
We resolved any disagreements by discussion or by involving
another review author (AW or RT). We assessed the risk of bias
according to the following domains.

Random sequence generation
Allocation concealment

Blinding of participants and personnel
Blinding of outcome assessment
Incomplete outcome data

Selective outcome reporting

Other bias

No oA~ wDh e

We graded each potential source of bias as 'high’, 'low' or 'unclear
and provided a quote from the study report together with a
justification for our judgment in the 'Risk of bias' table. We
summarised risk of bias judgements across different studies for
each of the domains listed. We considered blinding separately
for different key outcomes where necessary (e.g. for unblinded
outcome assessment, risk of bias for all-cause mortality may
be very different than for a patient-reported pain scale). Where
information on risk of bias was related to unpublished data or
correspondence with a trialist, we noted this in the 'Risk of bias'
table.

When considering treatment effects, we took into account the risk
of bias for the studies that contributed to that outcome.

Assesment of bias in conducting the systematic review

We conducted the review according to the published protocol
(Wardle 2014) and have reported any deviations from it in the
"Differences between protocol and review" section below.

Measures of treatment effect

We analysed dichotomous data as risk ratios and continuous
data as the mean difference or standardised mean difference. We
entered data as a scale with consistent direction of effect. Meta-
analyses were performed only where it was meaningful i.e. if the
treatments, participants and the underlying clinical question were
similar enough for pooling to make sense. Any skewed data is
described in narrative using medians and interquartile ranges.

Where multiple trial arms were reported in a single trial, we
included only the relevant arms in the data set. If two comparisons
(e.g. drug A versus placebo and drug B versus placebo) were
combined in the same meta-analysis, we halved the control group
to avoid double-counting. When trials were taking measurements
of treatment effect at different time points, we took the data
point nearest to the predetermined set time point. Set time points
included results at four weeks, 12 weeks, 26 weeks and 52 weeks
post-initiation of treatment.

Unit of analysis issues

The unit of analysis was the individual participant. The eligibility
of non-standard randomisation study designs was questioned and
taken into account during subsequent analysis of bias. We excluded
cross-over study designs due to the large variability in PH disease
course, the potential for previous treatment to modify future
outcomes, and the risk of pharmacodynamic crossover.

Dealing with missing data

We contacted investigators and study sponsors in order to verify key
study characteristics and obtain missing numerical outcome data
where possible (e.g. when a study was identified as abstract only).
When this was not possible, and the missing data was thought
to introduce serious bias, we explored the impact of including
such studies in the overall assessment of results using a sensitivity
analysis.

Assessment of heterogeneity

We used the 12 statistic to measure heterogeneity amongst the
trials in each of the analyses. When we identified substantial
heterogeneity we reported it and explored possible causes using
prespecified subgroup analyses.

Assessment of reporting biases

If we had been able to pool more than 10 trials, we would
have created a funnel plot to explore possible small study and
publication biases.

Data synthesis

We used a random-effects model throughout. We made this
decision on the basis that the inherent heterogeneity of this
population should not affect the outcome measures of interest in
this work.

Summary of findings table

We created a 'Summary of findings' table aligned to the following
outcomes:

1. Change in exercise capacity, measured by 6MWD
2. Mortality

3. Change in WHO functional class

4. Serious adverse events

We used the eight GRADE considerations (risk of bias, inconsistency,
indirectness, imprecision, publication bias, large effect, plausible
confounding and dose response gradient) to assess the quality
of evidence as it relates to the studies that contribute data
to the relevant meta-analysis. We used the methods and
recommendations described in Section 8.5 and Chapter 12 of the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
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2011) using GRADEpro software (GRADEpro GDT). All decisions to
down-grade or up-grade the quality of studies is justified within
footnotes and comments to aid the reader's understanding of the
review as necessary. Data on 6MWD, mortality and change in WHO
functional class was broken down according to PH classification

group.
Subgroup analysis and investigation of heterogeneity

We planned the following subgroup analyses.

1. Dose (riociguat: less than 1 mg three times daily, 1 to 2.4 mg
three times daily, or 2.5 mg or greater three times daily). This
was not performed due to inadequate data volumes and detail in
results.

2. Frequency of medication administration. All included studies
employed the same frequency of administration.

3. Duration of treatment (< 24 weeks or > 24 weeks). No studies
exceeded 24 weeks.

4. WHO functional class. There was inadequate study detail
available to subgroup according to WHO functional class.

5. Combination with alternative PH therapies (phosphodiesterase-
V inhibitors, endothelin receptor antagonists, prostanoids,
nitrates, calcium channel blockers, non-PH specific medications
including diuretics, anti-coagulants and oxygen). This was
performed for exercise and serious adverse event outcomes.

6. Underlying aetiology of pulmonary hypertension, including
WHO classification grouping and then subgrouping. This was
performed for exercise and serious adverse event outcomes.

We used the following outcomes in subgroup analyses.

1. Change in 6MWD
2. Serious adverse event

During this, we applied the formal test for subgroup interactions
in Review Manager 5 (RevMan 2012). In addition to these subgroup
analyses, we also analysed data together as a single complete set
to allow subgroup analyses to infer causes of heterogeneity.

Sensitivity analysis

We carried out the following sensitivity analyses when appropriate.

1. Selection bias i.e. RCT versus quasi-RCT
2. Performance and assessment bias e.g. blinding when applicable

3. Attrition bias (rate of drop-out less than 20% versus 20% or
higher)

RESULTS

Description of studies

See Included studies; Excluded studies.

Results of the search

The literature search identified 259 abstracts and titles. After
applying the aforementioned inclusion and exclusion criteria,
we identified five RCTs suitable for inclusion within this review
(Bonderman 2013; Ghofrani 2013a; Ghofrani 2013b; Bonderman
2014; Galié 2015). This process is summarised in a flow diagram
(Figure 1). Full text publications were obtained from the websites
of the original source of publication. When studies were referenced

more than once, data were combined in order to give as complete
an interpretation as possible of available data.

Included studies

All studies were randomised and controlled in a parallel design and
their characteristics are summarised in Table 2 and Table 3.

Out of the five included studies, a total of 966 participants
were randomised, with 874 of these participants completing the
study; this is made up of Bonderman 2013 (202 randomised,
172 completed), Bonderman 2014 (39 randomised, 37 completed),
Galié 2015 (18 randomised, 17 completed), Ghofrani 2013a (445
randomised, 405 completed), and Ghofrani2013b (262 randomised,
243 completed). Four of these were controlled against placebo only
(Bonderman 2013; Ghofrani 2013a; Ghofrani 2013b; Bonderman
2014). One study used stably managed sildenafil treatment in the
control group as well the interventional group (Galie 2015). All
studies chose riociguat as their interventional agent.

All participants were adults (> 18 years old) and diagnosed
with pulmonary hypertension. The aetiology of pulmonary
hypertension varied and included PAH (Ghofrani 2013a; Galie 2015),
CTEPH (Ghofrani 2013b) and left-sided heart failure (Bonderman
2013; Bonderman 2014).

6MWD was the primary outcome measure in two trials (Ghofrani
2013a; Ghofrani 2013b). Change in pPA was the primary outcome
in two studies (Bonderman 2013; Bonderman 2014). Adverse
events were the primary outcome in one study (Galie 2015).
Additional outcome measures included change in pulmonary
vascular resistance, N-terminal pro-brain natriuretic peptide, WHO
functional class, time to clinical worsening, Borg dyspnoea scale
score, quality of life, haemodynamic and echocardiographic
cardiac parameters and pharmacokinetics.

Further details including dosing and baseline exercise capacity can
be found in the 'Characteristics of included studies' table.

Excluded studies

Twenty-four references were excluded, and the reasons for this are
outlined in the 'Characteristics of excluded studies' table.

Risk of bias in included studies
Allocation

All works reported are international, multicentre, double-blind,
randomised, placebo-controlled trials (Bonderman 2013; Ghofrani
2013a; Ghofrani 2013b; Bonderman 2014; Galié 2015). All studies
utilised computer-generated random numbers alongside adequate
concealment of allocation.

Blinding

All studies are self-described as "double-blinded". However, none
of the studies provided furtherinformation on the blinding process,
therefore all studies were judged to have an unclear risk of bias.

Incomplete outcome data

Details of dropouts and withdrawals were described by all
studies. Two studies employed an intention-to-treat analysis
(Ghofrani 2013a; Ghofrani 2013b). Two studies employed a per-
protocol analysis (Bonderman 2014; Galie 2015). One study used
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a combination of intention-to-treat and per protocol analyses
depending on the variable (Bonderman 2013). No study had a
dropout rate exceeding 20%. The risk of bias is more completely

described in the 'Characteristics of included studies' tables and
Figure 2.

Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Selective reporting

A low risk of reporting bias was found in four studies (Ghofrani
2013a; Ghofrani 2013b; Bonderman 2014; Galie 2015), with
outcomes reported in published works consistent with those stated
in the protocols published beforehand. One study published all of
the outcomes mentioned in the original protocol, as well as some
further data not previously mentioned (Bonderman 2013). One
study reported important outcomes for this meta-analysis (6MWD
and change in WHO functional class) as exploratory variables only

(Galie 2015). Galié 2015 also had a further extension study that
was stopped early. There is no data on this study that is publicly
available and therefore this represents a potentially significant
source of bias.

Other potential sources of bias

It should be noted that all included studies were sponsored by the
drug manufacturer.

Guanylate cyclase stimulators for pulmonary hypertension (Review)
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Effects of interventions

See: Summary of findings for the main comparison Summary of
findings table

Riociguat versus placebo

On theoretical discussion and preliminary analysis it was agreed
that PH pathophysiology varies widely and is likely to drive
heterogeneity in results. As such, we have presented all results
broken down according to PH diagnostic classification. Any further
analyses that were run are commented on separately within the
text but not within forest plots. It should be noted that these other
subgroups do not take into account PH aetiology.

Throughout all studies there were no differences in the daily
frequency of dose administration reported. All reported trials
were of less than 24 weeks total duration and therefore no
further subgroup analysis was required. Futher subgroup analysis is
detailed alongside pooled data analysis in the appropriate results.

Primary outcomes
Exercise capacity

Four trials of 819 participants assessed change from baseline
in 6MWD (Bonderman 2013; Ghofrani 2013a; Ghofrani 2013b;
Galié 2015). That stated, only Ghofrani 2013a, Ghofrani 2013b
and Galie 2015 presented data suitable for pooling to the
appropriate outcome. This totaled 659 participants. The pooled
data demonstrate a mean difference (MD) versus placebo of 30.13
m (95% Cl 5.29 to 54.96; participants = 659; studies = 3; I = 64%)
with potential substantial heterogeneity (Analysis 1.1). All studies
used dose titration of riociguat up to 2.5 mg three times daily and
so further subgroup analysis of dosing was not applicable. Authors
were contacted for data regarding WHO functional class at baseline
and changes in exercise capacity; unfortunately no further data
was obtained. Only one trial explicitly dealt with a combination of
riociguat with other named PH therapies (Galie 2015). Data were
presented according to PH aetiology.

When looking at the PAH group alone, MD was 12 m (95% Cl -44.92
to 68.75; participants = 398; studies = 2; 1> = 77%).

Bonderman 2013 presented 6MWD change data relative to the
control group only and therefore was not suitable for pooled
analysis. This trial reported a placebo-corrected least-squares MD
of 10 m (95% Cl —18 to 39; P = 0.48; participants = 202) in favour of
riociguat 2 mg.

Looking at CTEPH alone, the MD was 45 m (95% Cl 23.87 to 66.13;
participants = 261; studies = 1; 12 = 0%).

Mortality

Fourteen deaths were reported from a total 899 participants in
all trials (Analysis 1.2). The pooled analysis shows no significant
difference in mortality (Peto OR 0.57, 95% CI 0.18 to 1.80;
participants = 899; studies = 5; 1> = 22%) and did not display
significant heterogeneity.

Secondary outcomes

Change in WHO functional class

Four studies (Bonderman 2013; Ghofrani 2013a; Ghofrani 2013b;
Galie 2015), including 858 participants, measured changes in

exercise capacity according to the WHO functional class system
(Analysis 1.3). Pooled analysis shows an odds ratio of 1.53 (95% CI
0.87 to 2.72; participants = 858; studies = 4; |12 = 49%) in favour of
riociguat for the improvement of WHO functional class. I? for this
outcome is 49% and could represent substantial heterogeneity.

Time to clinical worsening

Three studies (Bonderman 2013; Ghofrani 2013a; Ghofrani 2013b),
including 842 participants, reported events of clinical worsening
during the trial period (Analysis 1.4). Pooled analysis shows an OR
0f 0.45 (95% C1 0.17 to 1.14; participants = 842; studies = 3; 12 = 54%)
towards clinical worseningin the placebo group. I? for this outcome
is 54% and could represent substantial heterogeneity.

Serious adverse events

Due to variability in reporting, only serious adverse events were
analysed in this review and this has been measured as the number
of people experiencing one or more events rather than total
number of events. From 818 participants, pooled data indicates an
OR of 1.12 (95% CI 0.66 to 1.90; participants = 818; studies = 5; I* =
39%) for serious adverse events being recorded between placebo
and riociguat groups, with potential for moderate heterogeneity
(Analysis 1.5).

Two studies dealt with participants with PAH (Ghofrani 2013a; Galie
2015). The pooled data did not show a difference in serious adverse
events (OR 0.93,95% Cl 0.22 to 3.83; participants = 398; studies = 2;
12 =53%) and potential substantial heterogeneity. We believe this is
likely due to the use of PDES5is in Galie 2015. This study presented
data descriptively due to the small cohort size, and did not show
a difference in serious adverse events. However, caution should be
taken when reviewing these results as the longer-term extension of
thetrial was stopped due to a high incidence of adverse events. Two
studies analysed effects in PH associated with left heart disease
(Bonderman 2013; Bonderman 2014). This showed an odds ratio of
1.56 (95% CI 0.78 to 3.13; participants = 159; studies = 2; I* = 0%)
without evidence of heterogeneity. One study analysed effects in
CTEPH: this reported an odds ratio of 1.29 (95% Cl 0.65 to 2.56;
participants = 261; studies = 1; I* = 0%). Of note, 2% of riociguat
recipients developed haemoptysis in this study.

Change in pulmonary artery pressure

Four studies (Bonderman 2013; Ghofrani 2013a; Ghofrani 2013b;
Bonderman 2014), involving 744 participants, directly measured
changes in pulmonary artery pressure at baseline and study
endpoint (Analysis 1.6). Pooled analysis shows a MD of =2.77 mmHg
(95% Cl -4.96 to —0.58; participants = 744; studies = 3; 12 = 49%) in
the riociguat group versus placebo. |12 for this outcome is 49% and
could represent substantial heterogeneity.

Bonderman 2014 presented pulmonary artery pressure relative to
the control group only and therefore was not suitable for pooled
analysis. This trial reported a mean treatment difference of -8.0
mmHg (95% Cl -15.5 to -0.6; P = 0.04; participants = 36) in favour
of riociguat 2 mg.

Galié 2015 measured pulmonary artery pressure as an exploratory
variable but did not publish relevant data. The study does, however,
state that there were "no between-group differences".
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DISCUSSION

Summary of main results

Pooled data show that sGC stimulators can increase exercise
capacity (6MWD) and cause reductions in pulmonary artery
pressure in adults with PH. However, the significant levels of
statistical heterogeneity should be noted when reviewing pooled
results and broadly speaking, treatment effects should be looked
at with respect to PH aetiology. There is currently no evidence for
use in children and studies assessing use in left heart disease have
been negative thus far. Furthermore, evidence suggests that use in
the context of nitrates or PDESis should be avoided and there is no
evidence for the use of riociguat in people suitable for PEA.

PH Group 1: PAH

PAH is an important cause of mortality. Until recently treatments
that decrease pulmonary pressures and improve exercise capacity
were restricted to prostanoids, endothelin receptor antagonists
and phosphodiesterase inhibitors. This systematic review supports
the addition of sGC stimulators to improve exercise capacity.
This is true for those not receiving PDE5is only and that is how
results are reviewed. sGC stimulators improve 6MWD, a marker of
prognosis (McLaughlin 2013), by 30 m when taken three times a
day. This is very similar to the 28 m achieved with the addition
of sildenafil to people receiving prostanoids (Simonneau 2008).
However, this is yet to translate into improvements in mortality.
Prostanoids have shown mortality benefit at 6MWD improvement
of 47 metres in idiopathic PAH (Barst 1996). Riociguat shows a
similar improvement in 6MWD, especially in the 1 year extension
study (+ 48 m, SD 72 m) (Rubin 2013), but is yet to show associated
mortality benefit. This same group, excluding PDE5is, showed
improvements in clinical worsening, WHO functional class and
pulmonary artery pressures.

The above results have been achieved without clear evidence of
harm in treatment-naive participants, although the occurrence
of haemoptysis means it is now a relative contraindication to
treatment. PAH combination treatment is becoming increasingly
common and often considered desirable as emphasised by its
superiority in the recent Ambition study (Galie 2014). Riociguat
has shown this to be possible with people on stable prostanoid
or endothelin receptor antagonist therapy. There is currently
no data on which combination of these agents may be most
desirable. However, riociguat cannot be combined with PDES5is.
Galié 2015 showed that the long-term addition of riociguat to
people already on stable sildenafil is potentially dangerous with
elevated incidences of adverse events, serious adverse events
including hypotension, participant dropout and mortality. It has
therefore been recommended that riociguat be contraindicated in
people already receiving sildenafil or any other PDES5i. It should be
noted that these studies are largely based upon idiopathic PAH and
results may differ between PAH subgroups

PH Group 2: Left heart disease

PH associated with heart failure with preserved or reduced ejection
fraction is an important cause of mortality and morbidity in a very
large and important patient group, affecting up to 30% of people
with reduced ejection fraction (Damy 2010). That acknowledged,
there remains controversy on how best to manage PH in this
setting. Current treatment includes optimisation of heart failure
medication including beta-blockers and angiotensin-converting

enzyme inhibitors, the use of diuretics for careful fluid management
and, when appropriate, biventricular pacing. There has been some
investigation into the use of PAH therapies such as PDES5is in this
setting but no agent has yet to demonstrate adequate efficacy for
widescale use.

Thus far, two trials have been completed on the use of
riociguat in left heart disease-associated PH (Bonderman
2013; Bonderman 2014). This included left ventricular systolic
dysfunction (Bonderman 2013) and preserved left ventricular
ejection fraction heart failure (Bonderman 2014). The results from
these works do not show benefit due to the addition of riociguat in
terms of exercise capacity or mortality and both miss their primary
endpoint of achieving a reduction in PAP. These studies do report
favourable haemodynamics (e.g. systemic vascular resistance,
cardiac index, pulmonary vascular resistance) and improvements
in quality of life scales, but do not reach the primary outcomes of
the studies. Based on this, there is currently no evidence to support
the introduction of sGC stimulators to this form of PH.

PH Group 4: CTEPH

CTEPH is an important cause of mortality with limited treatment
options. Gold-standard treatment is PEA; however, in a group of
patients this is either ineffective (recurrent CTEPH) or not feasible
(inoperable CTEPH). Before riociguat's approval, management for
these people was supportive and held a poor prognosis. The
only other pharmacological intervention investigated has been
bosentan, and despite reducing pulmonary artery pressures, it did
not improve 6MWD over 16 weeks (Jais 2008).

Riociguat has been evaluated in recurrent and inoperable CTEPH,
and it is only in these groups that it can be recommended. In this
setting, riociguat improves exercise tolerance and WHO functional
class whilst reducing the incidence of clinical worsening and
lowering pulmonary artery pressures. Evidence regarding serious
adverse events remains inconclusive. Current evidence has not
been designed to demonstrate an effect on mortality. That stated,
the improvements in pulmonary haemodynamics achieved are
significant, and higher pressures are a proven marker of poor
prognosis (Jamieson 2003). There is no evidence for the use of
riociguat in CTEPH suitable for PEA. CTEPH should be considered
a surgically curable condition before reviewing medical therapy.
PEA remains the gold standard treatment for CTEPH as it not
only improves haemodynamics and exercise capacity, but also
has a demonstrable impact on survival (Scholzel 2012). As such,
people with CTEPH who are potential PEA candidates should still
be assessed at a centre capable of achieving this for complete
exclusion of a PEA strategy before the consideration of riociguat.

Overall completeness and applicability of evidence

All studies in this review collected data on one of the stated
primary outcomes of this work (6MWD or mortality). All relevant
participants, interventions and outcomes have been investigated.
Overall, the evidence collected is highly applicable to this review.
The evidence demonstrates that sGC stimulators have animportant
utility in PH. That stated, further data looking at different PH
subgroups is required for a more complete guide as to their utility.

Since the publication of initial PATENT and CHEST trials both have
been subject to open-label extension. In PATENT-2 people receiving
either monotherapy or combination with endothelin receptor
antagonists or prostanoids showed sustained improvements in
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6MWD, WHO-FC, brain natriuretic peptide and survival at two
years (Ghofrani 2016). CHEST-2 showed overall survival of 93% and
clinical worsening-free survival of 82% at two years (Simonneau
2016). Both studies add weight to the notion of long-term use of
sGC-stimulators.

Quality of the evidence

All studies included in this meta-analysis were parallel, double-
blind, RCTs. Trials reported data using a mixture of per protocol
and intention-to-treat analyses. The quality of the current evidence
can be considered to be low overall (one high quality outcome,
two moderate quality outcomes and eight low or very low quality
outcomes). Downgrades were associated with imprecision and
indirectness within the evidence base and this was sometimes
associated with heterogeneity as explored more fully in Summary
of findings for the main comparison.

Potential biases in the review process

There are no known biases to disclose in the implementation of
this review. It should be noted that all works included in this review
were, however, sponsored by the pharmaceuticals company that
launched the agent.

Agreements and disagreements with other studies or
reviews

At the time of writing, this is the only known meta-analysis of data
on the use of sGC stimulators in PH. Published collative work so
far has been in the form of literature reviews and editorials (Archer
2013; Hoeper 2015; Humbert 2015). These generally advocate the
use of sGC stimulators in inoperable or recurrent CTEPH and in
adults with PAH. The findings of this analysis are in agreement with
these works.

Ongoing and future research

A wide scope remains to investigate the role of sGC stimulators in
PAH and CTEPH amongst other conditions. This is demonstrated by
the ongoing long-term extension studies PATENT-2 (NCT00863681)
and CHEST-2 (NCT00910429). Furthermore, there is currently an
ongoing recruitment process for an uncontrolled open-label phase
3binvestigation into the use of riociguat in people with PAH who are
negative responders to phosphodiesterase-V inhibitors (RESPITE;
NCT02007629). This study will allow a cross-over insight into the
effects of sildenafil and riociguat.

The efficacy and safety of riociguat in other forms of PH is also being
investigated. This includes people with PH associated with COPD
(NCT00640315), systemic sclerosis (NCT02283762), idiopathic
interstitial pneumonia (NCT02138825) and cystic fibrosis. In
addition, despite thus far disappointing results in the use of
riociguat in hearts with preserved systolic function, there are
plans for a further parallel randomised controlled phase I trial
(SOCRATES) investigating the use for associated PH (Pieske 2014)
as well as similar trials for verciguat. Results from well-designed
RCTs in these areas are strongly needed. There is also a call for
studies providing greater detail on effects in children, and the effect
of sGC stimulators relative to alternative treatment options in both

PAH (e.g. parallel trials vs. PDE5is) and CTEPH (e.g. parallel trials vs.
balloon angioplasty).

AUTHORS' CONCLUSIONS

Implications for practice

In PAH, sGC stimulators reduce mean pulmonary artery
pressures and, in the absence of concomitant phosphodiesterase-
V inhibitors, improve exercise capacity. Based on this, sGC
stimulators are recommended for use in PAH in people not receiving
PDESis. That stated, the exact role they should play in treatment
algorithms requires further head-to-head and treatment-naive
studies. Given their contra-indication with PDES5is and similar
positioning in treatment pathways to these agents, patient-
specific factors including the balance of evidence for specific PAH
aetiologies and any history of adverse effects should be considered
when deciding between these agents. The RESPITE study should
add further granularity to this decision-making process.

For PH associated with left heart disease, there is currently no
evidence to support their use.

In inoperable or recurrent CTEPH, sGC stimulators can improve
exercise capacity and WHO functional class whilst reducing mean
pulmonary pressures. sGC stimulators should be used in people
with inoperable or recurrent CTEPH as a second line treatment
to endarterectomy only. CTEPH should always be considered a
surgically curable condition before reviewing medical therapy.

Data trends towards reduced mortality in both PAH and CTEPH;
however, no significant findings have yet been made. Further
information is also required regarding the significance of serious
adverse events. There is also currently no evidence supporting the
use of sGC stimulators in children.

Implications for research

This meta-analysis partially answers the question of the utility of
sGC stimulators in PH, specifically regarding PAH, inoperable or
recurrent CTEPH and left heart disease. Further trials are required
to evaluate their use in other PH forms, other population groups
such as children, and to clarify positioning in treatment algorithms.
sGC stimulators' effects on mortality require further investigation
in the long term.
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Bonderman 2013

Methods Multicentre randomised placebo-controlled, parallel, double-blind trial.

Participants Adults with PH due to left systolic dysfunction heart failure. Adults not on any other PH medication.
Total randomised n =202 (69 placebo, 132 riociguat, 1 missing). Included 172 males. Mean age 58.1
years (range 25 to 79). Baseline 6MWD 382.1 m in placebo and 394.8 m in treated groups.

Interventions Intervention groups: (1) riociguat 2 mg, (2) riociguat 1 mg, (3) riociguat 0.5 mg three times daily.

Control: placebo.
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Bonderman 2013 (Continued)

All taken orally for a total 16 weeks' duration three times daily with dose titration at weeks 2 and 4 ac-
cording to systolic blood pressure.

Outcomes Primary outcome: Change from baseline in pPA at week 16.

Secondary outcomes: systolic pulmonary artery pressure, left ventricular ejection fraction, E-wave de-
celeration time, E-wave/A-wave ratio, tricuspid annular plane systolic excursions, venous oxygen sat-
uration, pVR, systemic vascular resistance, transpulmonary pressure gradient, pulmonary capillary
wedge pressure, 6MWD, quality of life, brain natriuretic peptide, troponin T.

Notes LEPHT, clinical trial identifier NCT01172756.

Funding from Bayer HealthCare Pharmaceuticals (Berlin, Germany).

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "randomised"

tion (selection bias)
Comment: Probably done.

Computer generated random number process.

Allocation concealment Low risk Quote: "randomised 2:1:1:2 to four treatment arms"

(selection bias)
Comment: Probably done.

Assumed adequate.

Blinding of participants Unclear risk Quote: "double-blind"
and personnel (perfor-
mance bias) Comment: Probably done.

All out
outcomes Stated to be double-blind. No further information provided as to process.

Blinding of outcome as- Unclear risk Quote: "double-blind"
sessment (detection bias)
All outcomes Comment: Probably done.

Stated to be double-blind. No further information provided as to process.

Incomplete outcome data  Unclear risk Key outcome variables are reported as per protocol analysis with intention-to-
(attrition bias) treat analysis variable performed. Rates and reasons for dropout clearly stated
All outcomes and not significantly different between the groups.

Selective reporting (re- Unclear risk Primary outcome is consistent with protocol, however several secondary out-
porting bias) come variables mentioned in initial protocol (Ghio 2012 Aug) are not detailed

in final analysis.

Other bias Low risk None found
Bonderman 2014
Methods Multicentre randomised placebo-controlled, parallel, double-blind trial.
Participants Adults with pulmonary hypertension associated with preserved left systolic function heart failure. Peo-

ple not on any other PH medication.
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Bonderman 2014 (Continued)

Total randomised n =39 (13 placebo, 26 riociguat). Included 13 males. Mean age 71.0 years (range 48.0
t0 86.0).

Baseline 6MWD unavailable.

Interventions

Intervention groups: (1) riociguat 2 mg, (2) riociguat 1 mg, (3) riociguat 0.5 mg three times daily
Control: placebo.

All taken orally as a single dose with all variables measured at six hours except for adverse events (30
days).

Outcomes Primary outcome: Change from baseline in pPA at 6 hours.
Secondary outcomes: cardiac index, cardiac output, blood pressure, heart rate, pulmonary vascular re-
sistance, adverse events.
Notes DILATE-1, clinical trial identifier NCT01172756
Funding from Bayer HealthCare Pharmaceuticals (Berlin, Germany). Editorial assistance was provided
by Adelphi Communications Ltd (Bollington, England), supported by Bayer HealthCare Pharmaceuti-
cals.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "randomised"
tion (selection bias)
Comment: Probably done.
Computer generated random number process.
Allocation concealment Low risk Quote: "randomised"
(selection bias)
Comment: Probably done.
Assumed adequate.
Blinding of participants Unclear risk Quote: "double-blind"
and personnel (perfor-
mance bias) Comment: Probably done.
All outcomes
Stated to be double blind. No further information provided as to process.
Blinding of outcome as- Unclear risk Quote: "double-blind"
sessment (detection bias)
All outcomes Comment: Probably done.
Stated to be double-blind. No further information provided as to process.
Incomplete outcome data  Low risk Per-protocol analysis performed. Clearly cited rates of drop-out and withdraw-
(attrition bias) al with adequate explanation and no significant difference between groups.
All outcomes
Selective reporting (re- Low risk Primary and secondary outcomes include all those mentioned in the trial pro-
porting bias) tocol. Clinicaltrials.gov, NCT01172756
Other bias Low risk None found.
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Galie 2015

Methods

Multicentre randomised placebo-controlled, parallel, double-blind trial.

Participants

Adults (ages 18 to 75) diagnosed with PAH and on a stable treatment regimen (> 90 days) including
sildenafil 20 mg three times daily. 18 participants randomised (12 riociguat, 6 placebo). Mean age 59.3
years (standard deviation 10.3). 6 males in total.

Interventions

Intervention: Riociguat 1mg three times daily

Control: Placebo

Treatement was administered orally for 12 weeks. Doses of riociguat were started at 1 mg and titrated

in 0.5 mg increments according to systemic systolic blood pressure for a final range of 0.5 mg to 2.5 mg

three times daily.

Baseline 6MWD 426 m in placebo and 359 m in treated groups.

Outcomes Primary outcome: change from baseline in systolic blood pressure at 4 hours post dose
Secondary outcome: changes in diastolic blood pressure, heart rate, adverse events
Exploratory outcomes: 6MWD and change in WHO functional class
Notes PATENT PLUS, clinical trials identifier NCT01179334
Besides the 12-week study period, there was a longer term extension study that was terminated by
the sponsor due to increased rates of adverse events. Information on this extension is incomplete and
therefore not included in this analysis.
Funded by Bayer HealthCare Pharmaceuticals (Berlin, Germany). Editorial assistance was provided by
Adelphi Communications Ltd (Bollington, UK), sponsored by Bayer HealthCare Pharmaceuticals.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "randomised"
tion (selection bias)
Comment: Probably done.
Computer generated random number process.
Allocation concealment Low risk Quote: "randomised"
(selection bias)
Comment: Probably done.
Assumed adequate.
Blinding of participants Unclear risk Quote: "double-blind"
and personnel (perfor-
mance bias) Comment: Probably done.
All outcomes . . . .
Stated to be double-blind. No further information provided as to process.
Blinding of outcome as- Unclear risk Quote: "double-blind"
sessment (detection bias)
All outcomes Comment: Probably done.
Stated to be double-blind. No further information provided as to process.
Incomplete outcome data  Unclear risk Data is presented descriptively in a per protocol fashion.

(attrition bias)
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Galie 2015 (Continued)
All outcomes

Selective reporting (re- Low risk Primary and secondary outcomes include all those mentioned in the trial pro-
porting bias) tocol.

Clinicaltrials.gov, NCT01179334
Other bias Low risk None

Ghofrani 2013a

Methods

Multicentre randomised placebo-controlled, parallel, double-blind trial.

Participants

Adults (> 18 years) with pulmonary arterial hypertension and on a stable treatment plan (stable
prostanoids or endothelin receptor antagonists or treatment-naive).

Total randomised n =443 (126 placebo, 317 riociguat). Included 93 males. Mean age 51.0 years (stan-
dard deviation 17).

Baseline 6MWD 368 m in placebo and 361 m in treated groups.

Interventions

Intervention groups: (1) riociguat 2.5 mg, (2) riociguat 1.5 mg three times daily
Control: placebo.

All taken orally over 12 weeks three times daily. Dose adjustments made according to systemic blood
pressure until week 8 at which point dose adjustments were stopped.

Outcomes Primary outcome: Change from baseline in 6MWD.
Secondary outcomes: Changes in pulmonary vascular resistance, brain natriuretic peptide, WHO func-
tional class, clinical worsening, Borg dyspnoea score, quality of life and adverse events including mor-
tality.
Notes PATENT 1, clinical trial identifier NCT00810693
Funded by Bayer HealthCare Pharmaceuticals (Berlin, Germany).
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Quote: "Eligible patients were randomly assigned"
tion (selection bias)
Comment: Probably done.
Computer generated random number process.
Allocation concealment Low risk Quote: "randomly assigned, in a 2:4:1 ratio, to one of three regimens"
(selection bias)
Comment: Probably done.
Assumed adequate.
Blinding of participants Unclear risk Quote: "double blind".

and personnel (perfor-
mance bias)
All outcomes

Comment: Probably done.

No further information provided as to process.
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Ghofrani 2013a (continued)

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Quote: "double blind".
Comment: Probably done.

Stated to be double-blind. No further information provided as to process.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Intention-to-treat analysis performed and reasons for patient exclusions are
clearly stated.

Selective reporting (re-
porting bias)

Low risk All expected results reported by the trial protocol NCT00810693 are detailed
within the final published study report.

Other bias

Low risk None noted

Ghofrani 2013b

Methods

Multicentre randomised placebo-controlled, parallel, double-blind trial.

Participants

Adults (> 18 years) with in-operable, persistent or recurrent CTEPH.

Total randomised n =261 (88 placebo, 173 riociguat). Included 89 males. Mean age 59 years (standard
deviation 14).

People on no other treatment for PAH, or on prostanoids or endothelin receptor antagonists.

Baseline 6MWD 356m in placebo and 342m in treated groups.

Interventions

Intervention group: riociguat 1 mg three times daily
Control: placebo.

All taken orally over 16 weeks three times daily. Riociguate started at 1 mg and then dose titrated to
systemic blood pressure until week 8 at which point dose adjustment was stopped. Final dosing range
0.5 mg to 2.5 mg three times daily.

Outcomes Primary outcome: Change from baseline in 6MWD.
Secondary outcomes: Changes in pulmonary vascular resistance, brain natriuretic peptide, WHO func-
tional class, clinical worsening, Borg dyspnoea score, quality of life and adverse events including mor-
tality.

Notes CHEST-1, NCT00855465
Funded by Bayer HealthCare Pharmaceuticals (Berlin, Germany).

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Eligible patients were randomly assigned"
Comment: Probably done.

Computer-generated random number process.

Allocation concealment
(selection bias)

Low risk Quote: "eligible patients were randomly assigned in a 1:2 ratio"

Comment: Probably done.
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Ghofrani 2013b (continued)

Assumed adequate.

Blinding of participants Unclear risk Quote: "double blind".
and personnel (perfor-
mance bias) Comment: Probably done.

All out
outcomes Stated to be double blind. No further information provided as to process.

Blinding of outcome as- Unclear risk Quote: "double blind".
sessment (detection bias)
All outcomes Comment: Probably done.

Stated to be double-blind. No further information provided as to process.

Incomplete outcome data  Low risk Intention-to-treat analysis performed and reasons for patient exclusions are
(attrition bias) clearly stated.
All outcomes

Selective reporting (re- Low risk All expected results reported by the trial protocol NCT00855465 are detailed
porting bias) within the final published study report.
Other bias Low risk None

CTEPH: chronic thromboembolic pulmonary hypertension; PAH: pulmonary arterial hypertension; PH: pulmonary hypertension; pPA:
pulmonary artery pressure; pVR: pulmonary vascular resistance; WHO: World Health Organization; 6MWD: 6-minute walk distance.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Aschauer 2015 sGC stimulator not compared with usual care or placebo
Aschauer 2015b sGC stimulator not compared with usual care or placebo
Becker 2013 sGC stimulator not compared with usual care or placebo
Denton 2015 sGC stimulator not compared with usual care or placebo
Egenlauf 2015 sGC stimulator not compared with usual care or placebo
Frey 2008 Interaction study, outcomes not as per inclusion criteria
Frey 2009 Interaction study, outcomes not as per inclusion criteria
Frey 2011 Interaction study, outcomes not as per inclusion criteria
Ghofrani 2009 sGC stimulator not compared with usual care or placebo
Ghofrani 2010 sGC stimulator not compared with usual care or placebo
Ghofrani 2011 sGC stimulator not compared with usual care or placebo
Grimminger 2009 sGC stimulator not compared with usual care or placebo
Haddad 2015 sGC stimulator not compared with usual care or placebo
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Study Reason for exclusion

Halank 2015 sGC stimulator not compared with usual care or placebo
Hoeper 2010 sGC stimulator not compared with usual care or placebo
Hoeper 2013 sGC stimulator not compared with usual care or placebo

Parsley 2013

Interaction study, outcomes not as per inclusion criteria

Sulica 2015

sGC stimulator not compared with usual care or placebo

sGC: soluble guanylate cyclase

DATA AND ANALYSES

Comparison 1. Ricociguat versus placebo

Outcome or subgroup title  No. of studies No. of partici- Statistical method Effect size
pants

1 Change in Exercise Capac- 3 659 Mean Difference (IV, Random, 95% 30.13[5.29, 54.96]

ity (6MWD) cl)

1.1 Group 1: PAH 2 398 Mean Difference (IV, Random, 95% 11.91 [-44.92, 68.75]
Cl)

1.2 Group 2: Left heart dis- 0 0 Mean Difference (IV, Random, 95% 0.0[0.0,0.0]

ease Cl)

1.3 Group 4: CTEPH 1 261 Mean Difference (IV, Random, 95% 45.0[23.87,66.13]
cn

2 Mortality 5 899 Peto Odds Ratio (Peto, Fixed, 95% 0.57[0.18, 1.80]
Cl)

2.1 Group 1: PAH 2 398 Peto Odds Ratio (Peto, Fixed, 95% 0.29[0.05, 1.91]
Cl)

2.2 Group 2: Left heart dis- 2 240 Peto Odds Ratio (Peto, Fixed, 95% 4.57[0.42,50.06]

ease Cl)

2.3 Group 4: CTEPH 1 261 Peto Odds Ratio (Peto, Fixed, 95% 0.30[0.05, 1.96]
)

3 Improvementin WHO 4 858 0Odds Ratio (M-H, Random, 95% Cl) 1.53[0.87,2.72]

Functional Class

3.1 Group 1: PAH 2 397 Odds Ratio (M-H, Random, 95% Cl) 1.53[0.87,2.71]

3.2 Group 2: Left heart dis- 1 201 0Odds Ratio (M-H, Random, 95% Cl) 0.84[0.41,1.73]

ease

3.3 Group 4: CTEPH 1 260 Odds Ratio (M-H, Random, 95% Cl) 2.80[1.43,5.46]
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Outcome or subgroup title No. of studies

No. of partici-

Statistical method

Effect size

0Odds Ratio (M-H, Random, 95% Cl)

0.45[0.17,1.14]

0Odds Ratio (M-H, Random, 95% Cl)

0.18[0.05, 0.68]

0Odds Ratio (M-H, Random, 95% Cl)

0.84[0.41,1.73]

Odds Ratio (M-H, Random, 95% Cl)

0.39[0.10, 1.50]

0Odds Ratio (M-H, Random, 95% Cl)

1.12[0.66, 1.90]

Odds Ratio (M-H, Random, 95% Cl)

0.93[0.22, 3.83]

0Odds Ratio (M-H, Random, 95% Cl)

1.56 [0.78, 3.13]

0Odds Ratio (M-H, Random, 95% Cl)

1.29 [0.65, 2.56]

Mean Difference (IV, Random, 95%
cl)

-2.77 [-4.96, -0.58]

Mean Difference (IV, Random, 95%
Cl)

-3.5[-5.54, -1.46]

Mean Difference (IV, Random, 95%
Cl)

0.05[-3.29, 3.39]

pants
4 Clinical worsening 3 842
4.1 Group 1: PAH 1 380
4.2 Group 2: Left heart dis- 1 201
ease
4.3 Group 4: CTEPH 1 261
5 Serious Adverse Events 5 818
(Participants with one or
more events)
5.1 Group 1: PAH 2 398
5.2 Group 2: Left heart dis- 2 159
ease
5.3 Group 4: CTEPH 1 261
6 Change in Mean Pul- 3 744
monary Artery Pressure
6.1 Group 1: PAH 1 344
6.2 Group 2: Left heart dis- 1 160
ease
6.3 Group 4: CTEPH 1 240

Mean Difference (IV, Random, 95%
Cl)

-4.8[-6.71,-2.89]

Analysis 1.1. Comparison 1 Ricociguat versus placebo, Outcome 1 Change in Exercise Capacity (6MWD).

Study or subgroup Riociguat Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.1.1 Group 1: PAH
Galie 2015 12 7(48) 6 30 (56) — 16.02% -23[-75.4,29.4]
Ghofrani 2013a 254 30 (66) 126 -6 (86) = 44.2% 36[18.93,53.07]
Subtotal *** 266 132 P 60.22% 11.91[-44.92,68.75]
Heterogeneity: Tau?=1345.24; Chi*=4.4, df=1(P=0.04); 1>=77.29%
Test for overall effect: Z=0.41(P=0.68)
1.1.2 Group 2: Left heart disease
Subtotal *** 0 0 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
1.1.3 Group 4: CTEPH
Ghofrani 2013b 173 39 (79) 88 -6 (84) - 39.78% 45[23.87,66.13)

Favours placebo

-200 -100 0 100 200

Favours riociguat
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Study or subgroup Riociguat Placebo Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl

Subtotal *** 173 88 L 2 39.78% 45[23.87,66.13]
Heterogeneity: Not applicable
Test for overall effect: Z=4.17(P<0.0001)
Total *** 439 220 L 4 100% 30.13(5.29,54.96]

Heterogeneity: Tau?=287.33; Chi*>=5.57, df=2(P=0.06); 1>=64.07%
Test for overall effect: Z=2.38(P=0.02)
Test for subgroup differences: Chi*=1.14, df=1 (P=0.28), 1’=12.56%

Favours placebo -200 -100 0

Analysis 1.2. Comparison 1 Ricociguat versus placebo, Outcome 2 Mortality.

Peto Odds Ratio
Peto, Fixed, 95% CI

Placebo
n/N

Study or subgroup Riociguat

n/N

100

200

Favours riociguat

Weight

Peto Odds Ratio
Peto, Fixed, 95% CI

1.2.1 Group 1: PAH

Galié 2015

Ghofrani 2013a

Subtotal (95% ClI)

Total events: 2 (Riociguat), 3 (Placebo)

0/12
2/254
266

0/6
3/126
132

Heterogeneity: Not applicable
Test for overall effect: Z=1.28(P=0.2)

1.2.2 Group 2: Left heart disease

Bonderman 2013 2/132 0/69 +

Bonderman 2014

Subtotal (95% Cl)

Total events: 3 (Riociguat), 0 (Placebo)
Heterogeneity: Tau?=0; Chi?=0, df=1(P=0.99); 1>=0%
Test for overall effect: Z=1.25(P=0.21)

1/26
158

0/13 *

1.2.3 Group 4: CTEPH

Ghofrani 2013b

Subtotal (95% Cl)

Total events: 2 (Riociguat), 3 (Placebo)

2/173 3/88
173 88

Heterogeneity: Not applicable
Test for overall effect: Z=1.25(P=0.21)

Total (95% Cl)

Total events: 7 (Riociguat), 6 (Placebo)
Heterogeneity: Tau?=0; Chi*=3.83, df=3(P=0.28); 1’=21.66%

Test for overall effect: Z=0.97(P=0.33)

Test for subgroup differences: Chi?=3.83, df=1 (P=0.15), 1>=47.77%

597 302

v

38.24%
38.24%

15.64%
7.75%
23.39%

38.37%
38.37%

100%

Not estimable
0.29[0.05,1.91]
0.29[0.05,1.91]

4.62[0.25,86.19]
4.48[0.07,286.49]
4.57[0.42,50.06]

0.3[0.05,1.96]
0.3[0.05,1.96]

0.57[0.18,1.8]

Favours riociguat 001 0.1 1

10

100

Favours placebo
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Analysis 1.3. Comparison 1 Ricociguat versus placebo, Outcome 3 Improvement in WHO Functional Class.

Study or subgroup Riociguat Placebo

0dds Ratio

Weight

n/N n/N M-H, Random, 95% CI

0dds Ratio
M-H, Random, 95% Cl

1.3.1 Group 1: PAH

Galié 2015 2/12 1/6
Ghofrani 2013a 53/254 18/125
Subtotal (95% Cl) 266 131
Total events: 55 (Riociguat), 19 (Placebo)

Heterogeneity: Tau?=0; Chi?=0.11, df=1(P=0.74); 1>=0%

Test for overall effect: Z=1.47(P=0.14)

1.3.2 Group 2: Left heart disease

Bonderman 2013 25/132 15/69
Subtotal (95% Cl) 132 69
Total events: 25 (Riociguat), 15 (Placebo)

Heterogeneity: Not applicable

Test for overall effect: Z=0.47(P=0.64)

1.3.3 Group 4: CTEPH

Ghofrani 2013b 57/173 13/87
Subtotal (95% Cl) 173 87
Total events: 57 (Riociguat), 13 (Placebo)

Heterogeneity: Not applicable

Test for overall effect: Z=3.01(P=0)

Total (95% CI) 571 287
Total events: 137 (Riociguat), 47 (Placebo)

Heterogeneity: Tau?=0.15; Chi*=5.88, df=3(P=0.12); 1>=49.01%

Test for overall effect: Z=1.47(P=0.14)

Test for subgroup differences: Chi*=5.76, df=1 (P=0.06), 1°=65.29%

——
>

$1

4.35%
34.92%
39.27%

29.39%
29.39%

31.34%
31.34%

100%

1[0.07,13.87]
1.57[0.87,2.81]
1.53[0.87,2.71]

0.84[0.41,1.73]
0.84[0.41,1.73]

2.8[1.43,5.46]
2.8[1.43,5.46]

1.53[0.87,2.72]

Favours riociguat  0-01 0.1

10 100 Favours placebo

Analysis 1.4. Comparison 1 Ricociguat versus placebo, Outcome 4 Clinical worsening.

Study or subgroup Riociguat Placebo

0dds Ratio

Weight

n/N n/N M-H, Random, 95% CI

0dds Ratio
M-H, Random, 95% CI

1.4.1 Group 1: PAH

Ghofrani 2013a 3/254 8/126 —a
Subtotal (95% CI) 254 126 ~a—

Total events: 3 (Riociguat), 8 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=2.53(P=0.01)

1.4.2 Group 2: Left heart disease

Bonderman 2013 25/132 15/69
Subtotal (95% CI) 132 69
Total events: 25 (Riociguat), 15 (Placebo)

Heterogeneity: Not applicable

Test for overall effect: Z=0.47(P=0.64)

1.4.3 Group 4: CTEPH

——
>

27.32%
27.32%

45.27%
45.27%

0.18[0.05,0.68]
0.18[0.05,0.68]

0.84[0.41,1.73]
0.84[0.41,1.73]
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Study or subgroup Riociguat Placebo 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Ghofrani 2013b 4/173 5/88 e —— 27.41% 0.39[0.1,1.5]
Subtotal (95% Cl) 173 88 —~l— 27.41% 0.39[0.1,1.5]
Total events: 4 (Riociguat), 5 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=1.37(P=0.17)
Total (95% Cl) 559 283 P 100% 0.45[0.17,1.14]
Total events: 32 (Riociguat), 28 (Placebo)
Heterogeneity: Tau?=0.38; Chi*=4.34, df=2(P=0.11); 1>=53.89%
Test for overall effect: Z=1.68(P=0.09)
Test for subgroup differences: Chi*=4.33, df=1 (P=0.11), 1>=53.84% ‘ ‘ ‘ ‘
Favours riociguat  0-01 0.1 1 10 100 Favours placebo
Analysis 1.5. Comparison 1 Ricociguat versus placebo, Outcome
5 Serious Adverse Events (Participants with one or more events).
Study or subgroup Riociguat Placebo 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.5.1 Group 1: PAH
Galié 2015 7/12 2/6 > 5.94% 2.8[0.36,21.73]
Ghofrani2013a 29/254 23/126 —— 32.56% 0.58[0.32,1.05]
Subtotal (95% Cl) 266 132 e — 38.5% 0.93[0.22,3.83]
Total events: 36 (Riociguat), 25 (Placebo)
Heterogeneity: Tau?=0.66; Chi*=2.11, df=1(P=0.15); 1>=52.57%
Test for overall effect: Z=0.11(P=0.92)
1.5.2 Group 2: Left heart disease
Bonderman 2013 23/67 18/69 —T 26.67% 1.48[0.71,3.09]
Bonderman 2014 3/10 2/13 > 6.06% 2.36[0.31,17.85]
Subtotal (95% Cl) 77 82 —~~i— 32.74% 1.56[0.78,3.13]
Total events: 26 (Riociguat), 20 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.18, df=1(P=0.67); 1>=0%
Test for overall effect: Z=1.27(P=0.21)
1.5.3 Group 4: CTEPH
Ghofrani 2013b 34/173 14/88 e E— 28.77% 1.29[0.65,2.56]
Subtotal (95% CI) 173 88 —~l— 28.77% 1.29[0.65,2.56]
Total events: 34 (Riociguat), 14 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=0.74(P=0.46)
Total (95% Cl) 516 302 R 100% 1.12[0.66,1.9]
Total events: 96 (Riociguat), 59 (Placebo)
Heterogeneity: Tau?=0.13; Chi*=6.56, df=4(P=0.16); 1>=39.03%
Test for overall effect: Z=0.42(P=0.68)
Test for subgroup differences: Chi*=0.46, df=1 (P=0.8), I*=0%
‘0.2 015 1 2‘ 5;
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Analysis 1.6. Comparison 1 Ricociguat versus placebo, Outcome 6 Change in Mean Pulmonary Artery Pressure.

Study or subgroup Riociguat Placebo Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
1.6.1 Group 1: PAH
Ghofrani 2013a 235 -4(8) 109 -0.5(9.4) —&— 33.08% -3.5[-5.54,-1.46]
Subtotal *** 235 109 - 33.08% -3.5[-5.54,-1.46]

Heterogeneity: Not applicable
Test for overall effect: Z=3.36(P=0)

1.6.2 Group 2: Left heart disease

Bonderman 2013 28 -0.7 (10.6) 18 -4(9.7) B — 10.44% 3.3[-2.66,9.26]
Bonderman 2013 22 -4.5(10.8) 19 -4(9.7) —_— 9.62% -0.5[-6.78,5.78]
Bonderman 2013 54 -6.1(11) 19 -4(9.7) — e m— 12.57% -2.1[-7.37,3.17]
Subtotal *** 104 56 - 32.62% 0.05[-3.29,3.39]

Heterogeneity: Tau?=0; Chi*=1.81, df=2(P=0.4); I>=0%
Test for overall effect: Z=0.03(P=0.98)

1.6.3 Group 4: CTEPH
Ghofrani 2013b 156 -4(7) 84 0.8(7.3) —— 34.3% -4.8[-6.71,-2.89]
Subtotal *** 156 84 - 34.3% -4.8[-6.71,-2.89]
Heterogeneity: Not applicable

Test for overall effect: Z=4.93(P<0.0001)

Total *** 495 249 - 100% -2.77[-4.96,-0.58]
Heterogeneity: Tau?=2.68; Chi*=7.91, df=4(P=0.09); 1>=49.46%
Test for overall effect: Z=2.48(P=0.01)

Test for subgroup differences: Chi*=6.1, df=1 (P=0.05), 1*=67.24%

Favours riociguat 00 S 0 5 10 Favours placebo

ADDITIONAL TABLES
Table 1. Glossary of Terms

Term Explanation

Cyanosis A blue discolouration of the skin secondary to poor circulation or blood oxygenation

Dyspnoea Difficulty in breathing

Syncope Transient loss of consciousness and posture due to inadequate perfusion of the brain
Guanylate cyclase stimulators for pulmonary hypertension (Review) 31
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Table 2. Characteristics of included studies summary

Study PH Type Number of Num- Number Intervention Group PH Treat- Control Group PH Duration Trial Phase
Countries ber Ran- Completed ment Treatment
domised

Bonderman  Group 2: left 18 202 172 Riociguat, dose titratedupto2mg  Placebo 16 weeks IIb
2013 heart disease three times daily.
Bonderman  Group 2: left 3 39 37 Riociguat 0.5 mg, 1 mg, or 2 mg. Placebo Single dose  lla
2014 heart disease
Galie 2015 Group 1: PAH 5 18 17 Riociguat, dose titrated upto2 mg  Placebo with sham 12 weeks Il

three times daily. People on stable titrations. People on

sildenafil therapy at point of selec-  stable sildenafil ther-

tion. apy at point of selec-

tion.

Ghofrani Group 1: PAH 30 445 405 Riociguat, dose titrated up to 2.5 Placebo with sham 12 weeks 1l
2013a mg three times daily. titrations.
Ghofrani Group 4: 26 262 243 Riociguat, dose titrated up to 2.5 Placebo with sham 16 weeks 1
2013b CTEPH mg three times daily. titrations.

CTEPH: Chronic Thromboembolic Pulmonary Hypertension; PAH: Pulmonary arterial hypertension
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Table 3. Parameters relevant to protocol studied

Study Change in Mortality Improvement in Clinical Serious Changein
6MWD WHO functional Worsening  Adverse mean PA
class Events pressure
Bonderman 2013 3 3 3 3 3 1
Bonderman 2014 - 3 - - 2 3
Galie 2015 3 3 3 - 3 3
Ghofrani 2013a 1 3 2 2 3 3
Ghofrani 2013b 1 3 2 2 3 3

"1" = Primary outcome measure of study. "2" = Secondary outcome measure of study. "3" = Parameter measured but not explicitly as a

primary or secondary outcome. "-" = measure not included in study.

APPENDICES

Appendix 1. Database search strategies
Airways Register (via Cochrane Register of Studies)

#1 PULM:MISC1

#2 MeSH DESCRIPTOR Hypertension, Pulmonary Explode All
#3 MeSH DESCRIPTOR Pulmonary Heart Disease

#4 "pulmonary vascular disease":TI,AB
#5#1or#2or#3or#4

#6 MeSH DESCRIPTOR Guanylate Cyclase Explode All
#7 guanylate NEAR3 stimulator*

#8 riociguat™®

#9 BAY63-2521

#10 Adempas

#11 #6 OR #7 OR #8 OR #9 OR #10

#12 #5 AND #11

CENTRAL (the Cochrane Library)

#1 MESH DESCRIPTOR Hypertension, Pulmonary EXPLODE ALL TREES
#2 MESH DESCRIPTOR pulmonary heart disease EXPLODE ALL TREES
#3 (pulmonary NEAR3 hypertensi*):TI,AB,KY

#4 (pulmonary NEAR3 embolism*):TI,AB,KY

#5#1 OR#2 OR#3 OR #4

#6 MESH DESCRIPTOR Guanylate Cyclase EXPLODE ALL TREES

#7 (guanylate NEAR3 stimulator*):TI,AB,KY

#8 riociguat™:TI,AB,KY

#9 BAY63-2521:TI,AB,KY

#10 Adempas:TI,AB,KY

#11 #6 OR#7 OR #8 OR#9 OR #10

#12 #5 AND #11

MEDLINE (Ovid)

1. exp Hypertension, Pulmonary/

2. Pulmonary Heart Disease/

3. (pulmonary adj3 hypertensi$).tw.
4. (pulmonary$ adj3 embolismS$).tw.
5.0r/1-4
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6. exp Guanylate Cyclase/m

7. (guanylate ad;j3 stimulator$).tw.

8. riociguatS.tw.

9. BAY63-2521.tw.

10. Adempas.tw.

11.0r/6-10

12.5and 11

13. (controlled clinical trial or randomised controlled trial).pt.
14. (randomised or randomised).ab;ti.
15. placebo.ab,ti.

16. dt.fs.

17. randomly.abti.

18. trial.ab,ti.

19. groups.abiti.

20.0r/13-19

21. Animals/

22. Humans/

23.21 not (21 and 22)

24.20 not 23

25.12 and 24

EMBASE (Ovid)

1. exp pulmonary hypertension/

2. (pulmonary adj3 hypertensi$).tw.

3. (pulmonar$ adj3 embolism$).tw.

4. 0r/1-3

5. exp guanylate cyclase/

6. (guanylate adj3 stimulator$).tw.

7. riociguat$.tw.

8. BAY63-2521.tw.

9. Adempas.tw.

10. or/5-9

11.4and 10

12. Randomized Controlled Trial/

13. randomization/

14. controlled clinical trial/

15. Double Blind Procedure/

16. Single Blind Procedure/

17. Crossover Procedure/

18. (clinica$ adj3 trial$).tw.

19. ((singl$ or doubl$ or trebl$ or tripl$) adj3 (masks or blind$ or method$)).tw.
20. exp Placebo/

21. placebo$.ti,ab.

22. randomS.ti,ab.

23. ((control$ or prospectiv$) adj3 (trial$ or method$ or stud$)).tw.
24. (crossover$ or cross-over$).ti,ab.
25.0r/12-24

26. exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or nonhuman/
27. human/ or normal human/ or human cell/
28.26 and 27

29.26 not 28

30.25not 29

31.11and 30
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Due to the variable reporting format of what constitutes an adverse event and the limited ability to access complete raw data, the
second primary outcome measure stated in the protocol 'Serious adverse events including mortality' was replaced with a measures of
'Mortality' (Analysis 1.2) and 'Serious Adverse Events' (Analysis 1.5). Adverse events that were not serious or did not lead to a death are not
reported on here due to insufficient data granularity despite contacting author groups. Furthermore, due to the distinct pathologies of the
varying forms of PH and the heterogeneity this causes in pooled analysis, data in this work has been presented as subgroups according to
PH diagnostic class throughout the Results and Discussion sections. Subsequently, data on pulmonary artery pressure changes and time
to clinical worsening were excluded from the 'Summary of findings' table for reasons of clarity and their lacking significant data to bring
together in meta-analysis.

INDEX TERMS

Medical Subject Headings (MeSH)

*Guanylate Cyclase; Hypertension, Pulmonary [*drug therapy]; Pyrazoles [*therapeutic use]; Pyrimidines [*therapeutic use];
Randomized Controlled Trials as Topic; Time Factors; Walking

MeSH check words

Adult; Female; Humans; Male
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