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Abstract Riociguat (Adempas�), a soluble guanylate

cyclase stimulator, is a new, first-in-class drug approved for

the treatment of patients with chronic thromboembolic

pulmonary hypertension (CTEPH) [inoperable or persis-

tent/recurrent following surgery] or pulmonary arterial

hypertension (PAH). It has been designated an orphan

medicine by the European Medicines Agency and the US

FDA. This article reviews the available pharmacological

properties of oral riociguat and its clinical efficacy and

tolerability in adults with CTEPH or PAH. Riociguat is

effective and well tolerated in patients with inoperable

CTEPH or persistent/recurrent CTEPH following pul-

monary endarterectomy, and in patients with PAH. It has a

positive result on exercise capacity and pulmonary hae-

modynamics, and improves WHO functional class. Most

adverse events can be attributed to the vasodilatory

mechanism of riociguat; however, there is a potential for

serious bleeding and fetal harm, and riociguat use is con-

traindicated in pregnant patients. Pulmonary endarterec-

tomy remains the first treatment of choice for CTEPH, as it

is potentially curative. Head-to-head trials comparing rio-

ciguat with the approved phosphodiesterase type 5

inhibitors in patients with PAH would be of value for the

placement of riociguat in the management of this disease.

Riociguat is a promising addition to the treatment options

for patients with CTEPH or PAH.

Riociguat in chronic thromboembolic pulmonary

hypertension or pulmonary arterial hypertension: a

summary

First in class (soluble guanylate cyclase stimulators),

dual mechanism of action

Significantly improves exercise capacity, WHO

functional class and pulmonary haemodynamics in

patients with chronic thromboembolic pulmonary

hypertension that is inoperable or persistent/

recurrent following pulmonary endarterectomy, and

in patients with pulmonary arterial hypertension

Well tolerated; most common adverse events include

headache, dyspepsia and gastritis, dizziness, nausea

and diarrhoea

Potential for fetal harm; riociguat use is

contraindicated in pregnant patients

1 Introduction

Pulmonary hypertension, defined as a mean pulmonary

arterial pressure (mPAP) of C25 mmHg at rest [1–3], has

been further classified by the World Health Organisation

(WHO) into five different groups: pulmonary arterial

hypertension (PAH), pulmonary hypertension with left

heart disease, pulmonary hypertension associated with lung
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diseases and/or hypoxaemia, chronic thromboembolic

pulmonary hypertension (CTEPH), and pulmonary hyper-

tension with unclear and/or multifactorial mechanisms [1,

2].

The cumulative incidence of CTEPH was estimated to

be 1.0 % 6 months after an acute pulmonary embolism,

3.1 % after 1 year and 3.8 % after 2 years [1]; however,

most experts have settled on an incidence of 0.5–2 % after

acute pulmonary embolism [2]. The lowest estimated

prevalence of PAH is 5.9–15 cases per million adult pop-

ulation [1, 2] (PAH prevalence in Europe has been esti-

mated at 15–50 cases per million population [2]), and the

lowest estimated incidence is 2.4 cases per million adult

population per year [2]. PAH has a poor prognosis; patients

on modern therapy have an &15 % risk of mortality within

one year, and an estimated median survival of 2–3 years

has been reported in patients with idiopathic PAH [1].

Pulmonary endarterectomy is the first choice of treat-

ment for patients with CTEPH, as it can potentially cure

the disease; however, not all patients are candidates for this

surgery, and some may experience residual or recurrent

pulmonary hypertension following surgery [1, 2]. When

treatment guidelines for patients with CTEPH were pub-

lished, data on efficacy of medication in these patients were

limited [1, 2], but suggested that haemodynamic and clin-

ical benefits were possible with prostanoid, endothelin

receptor antagonist and phosphodiesterase type 5 (PDE5)

inhibitor treatment [2].

While CTEPH can be cured in some instances by sur-

gery [1, 2], PAH is a chronic disease with no known cure,

and ongoing therapy is necessary [2]. Aside from sup-

portive therapy, the currently recommended treatments for

PAH include calcium channel blockers, PDE5 inhibitors,

prostanoids, and endothelin receptor antagonists [1, 2].

Riociguat (Adempas�), a soluble guanylate cyclase

(sGC) stimulator, is a new, first-in-class drug approved for

the treatment of patients with CTEPH (inoperable or per-

sistent/recurrent following surgery) or PAH. It has been

designated an orphan medicine by the European Medicines

Agency [4] and the US FDA [5]. This article reviews the

available pharmacological properties of oral riociguat and

its clinical efficacy and tolerability in adults with CTEPH

or PAH.

2 Pharmacodynamic Properties

Riociguat (see Fig. 1 for its chemical structure) stimulates

sGC [the receptor for nitric oxide (NO)] via a dual mech-

anism of action; it both sensitizes sGC to endogenous NO

(via the stabilization of NO–sGC binding) and directly

stimulates sGC independently of endogenous NO [6, 7].

Once active, either by binding to NO or by direct

stimulation, sGC catalyses the synthesis of cyclic guano-

sine monophosphate (cGMP; a signalling molecule); intra-

cellular cGMP is involved with regulating processes that

influence vascular tone, proliferation, fibrosis and inflam-

mation [6, 7]. Figure 2 shows a schematic representation of

the effects of riociguat on the NO–sGC–cGMP pathway, as

well as those of PDE-5 inhibitors, which target a different

part of the same pathway.

Pulmonary hypertension is associated with impaired

synthesis of NO and insufficient stimulation of the NO–

sGC–cGMP pathway, as well as endothelial dysfunction [6,

7]. Riociguat, by stimulating the NO–sGC–cGMP pathway,

is associated with improvement of pulmonary vascular

haemodynamics [6, 7] and increased exercise ability [7].
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Fig. 1 Chemical structure of riociguat
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Fig. 2 Mechanisms of action of riociguat and PDE-5 inhibitors in the

NO-sGC-cGMP pathway. cGMP cyclic GMP, GMP guanosine

monophosphate, GTP guanosine triphosphate, NO nitric oxide,

PDE5 phosphodiesterase-5, PDE5 inhib. PDE5 inhibitor, sGC soluble

guanylate cyclase, RIO riociguat
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Riociguat plasma concentration is directly related to the

extent of changes in haemodynamic parameters [6, 7].

In vitro, riociguat at concentrations of 0.1–100 lmol/L

stimulated recombinant rat sGC, with a 2- to 73-fold

increase in activity from basal levels, and there was strong

synergistic enzyme activation when riociguat was com-

bined with NO-releasing agents [8]. In several animal

models of pulmonary hypertension, riociguat was associ-

ated with improved haemodynamic parameters, improved

cardio-renal function, improved survival, and/or protection

against cardiac and renal end-organ damage [8–17]. Sev-

eral animal trials also demonstrated that riociguat appeared

more effective than sildenafil (a PDE5 inhibitor) in these

endpoints [9, 11, 13, 14], likely due to its ability to stim-

ulate sGC independently of NO levels, whereas PDE5

inhibitors require a sufficient supply of NO to exert their

action [11].

A single dose of riociguat in healthy volunteers was

associated with a significant increase versus placebo in

heart rate over 1 min (a measure of the vasodilating effect

on the cardiovascular system) at 2.5 and 5 mg (both

p \ 0.001) and significant decreases in diastolic and mean

arterial blood pressure at 1 mg (both p \ 0.05) and 5 mg

(both p \ 0.01); no significant difference in systolic blood

pressure (SBP) was evident at any dosage [18]. Riociguat

1–5 mg was also associated with significant (p \ 0.01)

increases in plasma renin activity, and riociguat 2.5 and

5 mg were associated with significant (p \ 0.01) increases

in plasma cGMP levels, compared with placebo.

A single dose of riociguat 1 mg (n = 5) or 2.5 mg

(n = 10) in patients with moderate-to-severe pulmonary

hypertension (including pulmonary arterial hypertension,

distal chronic thromboembolic pulmonary hypertension or

pulmonary hypertension with mild to moderate interstitial

lung disease) was associated with clinically relevant and

statistically significant (p \ 0.05 to p \ 0.0001) reductions

from baseline in mPAP, SBP, pulmonary vascular resis-

tance (PVR) and systemic vascular resistance (SVR), and

increases in cardiac index [19]. The single dose of riociguat

2.5 mg was, in addition, associated with a significant

(p \ 0.0001) increase in heart rate. Moreover, both doses

were associated with significantly (p \ 0.05 to p \ 0.0001)

greater changes than those observed with inhaled NO in

SBP, PVR, SVR and cardiac index, and the 2.5 mg dose

was also associated with significantly (p \ 0.05 to

p \ 0.01) greater changes than those observed with inhaled

NO in mPAP and heart rate.

See Sect. 4 for haemodynamic data from the phase II

trial in patients with CTEPH or PAH [20] and from the

phase III trials: Chronic Thromboembolic Pulmonary

Hypertension Soluble Guanylate Cyclase-Stimulator Trial

1 (CHEST-1) [in patients with CTEPH] [21] and Pul-

monary Arterial Hypertension Soluble Guanylate Cyclase-

Stimulator Trial 1 (PATENT-1) [in patients with PAH]

[22].

Data from CHEST-1 and PATENT-1 (see Sect. 4.2 for

trial details) have demonstrated that riociguat has no clin-

ically relevant effects on QT prolongation [23].

Co-administration of riociguat with warfarin [6, 7, 24]

or aspirin [6, 7, 25] had no clinically relevant pharmaco-

dynamic effects [prothrombin time (warfarin) and bleeding

time and platelet aggregation (aspirin)]. However, coad-

ministration of riociguat with nitrates or PDE5 inhibitors

(such as sildenafil [26]) led to increased lowering of blood

pressure and a higher risk of hypotension; thus, coadmin-

istration of these drugs is contraindicated [6, 7].

3 Pharmacokinetic Properties

3.1 General Properties

The pharmacokinetics of riociguat are linear and dose

proportional [6, 7, 19, 27]. Areas under the plasma rio-

ciguat concentration-time curve (AUCs), across all doses,

vary between individuals by &60 % [6, 7] and within

individuals by &30 % [6]. Riociguat undergoes rapid

absorption, with the maximum plasma concentration

(Cmax) generally reached within 1–1.5 h [6, 7]. If riociguat

is taken concomitantly with food, Cmax values decrease

minimally (by 35 %) [7, 27]; these changes are not clini-

cally relevant [6, 27]. Riociguat has a high absolute bio-

availability of &94 % [6, 7, 27]. Table 1 presents

pharmacokinetic data for patients with moderate-to-severe

pulmonary hypertension receiving a single dose of riocig-

uat 1 or 2.5 mg [19].

Riociguat binds extensively to plasma proteins

(&95 %); the main binding components are serum albu-

min and a1-acidic glycoprotein [6, 7]. The volume of

distribution at steady state is &30 L [6, 7].

The main metabolic pathway for riociguat involves N-

demethylation [catalysed by cytochrome P450 (CYP)1A1,

CYP3A4, CYP2C8 and CYP2J2], leading to its major

circulating active metabolite, M1 (catalysed by CYP1A1 in

liver and lungs) [6, 7], which has a pharmacological

activity one tenth to one third that of riociguat [7].

CYP1A1 is inducible by polycyclic aromatic hydrocar-

bons, which are present in cigarette smoke [6, 7]. M1 is

further metabolized to N-glucuronide, which is pharma-

cologically inactive [6, 7]. In patients with PAH, M1

plasma concentrations are approximately half those of

riociguat [6].

Following the administration of oral, radiolabelled rio-

ciguat in healthy volunteers, 33–45 % of the total radio-

activity was recovered in the urine and 48–59 % in the

faeces [6, 7]. Respective proportions of the administered
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dose for unchanged riociguat were &4–19 and &9–44 %

[7]; metabolites were the major components excreted in

most subjects [6]. Riociguat has a low systemic clearance

of &3–6 L/h according to the EU summary of product

characteristics (SPC) [7]; the US prescribing information

states that average systemic clearance was &1.8 L/h in

patients with PAH and &3.4 L/h in healthy volunteers [6].

The terminal elimination half-life is &12 h in patients and

&7 h in healthy volunteers [6, 7].

3.2 Potential Drug Interactions

Riociguat and M1 are both substrates of the transporter

proteins P-glycoprotein and breast cancer resistance pro-

tein (BCRP) [6, 7]. Coadministration of riociguat and

ketoconazole, a strong multi-pathway CYP and P-glyco-

protein/BCRP inhibitor, resulted in an increase in riociguat

AUC and Cmax values, as well as an increase in riociguat

terminal half-life and a decrease in total body clearance [7,

28]. Thus, the EU SPC recommends that riociguat should

not be coadministered with drugs that are strong multi-

pathway CYP and P-glycoprotein/BCRP inhibitors, such as

ketoconazole, itraconazole and ritonavir, and that caution

should be used when riociguat is coadministered with drugs

that are strong inhibitors of P-glycoprotein/BCRP, such as

cyclosporine A [7]. The US prescribing information rec-

ommends the consideration of a lower starting dosage of

riociguat (0.5 mg three times daily) in patients also

receiving strong CYP and P-glycoprotein/BCRP inhibitors

[6].

Riociguat and M1 are not strong inhibitors or inducers

of major CYP isoforms (e.g. CYP3A4) or transporters (e.g.

P-glycoprotein or BCRP), according to in vitro trials [7,

29]. However, they are strong inhibitors of CYP1A1

in vitro, implying that there is a potential for clinically

relevant drug interactions between riociguat and drugs

which are significantly metabolized by CYP1A1 (e.g. erl-

otinib, gefitinib or granisetron), particularly in smokers [7].

In patients with PAH receiving concomitant riociguat

and bosentan, a moderate inducer of CYP3A4, steady-state

plasma riociguat concentrations were decreased by a small

amount [7]; however, the US prescribing information states

that no dosage adjustment is necessary [6]. Concomitant

administration of riociguat and strong CYP3A4 inducers

such as rifampin, phenytoin, carbamazepine, phenobarbi-

tone or St. John’s Wort may lead to decreased riociguat

plasma concentrations [6, 7]; however, no data confirming

this are available [6].

M1 exposure may be increased by coadministration of

riociguat with UDP-glycosyltransferase (UGT) 1A1 and

1A9 inhibitors [7].

No clinically relevant pharmacokinetic interactions were

discovered with the coadministration of riociguat and

warfarin [6, 7, 24], aspirin [6, 25], midazolam [6, 28] or

sildenafil [6]. While riociguat bioavailability was decreased

slightly when administered after or concurrently with

omeprazole or concurrently with an antacid [6, 7, 30], this

was considered to be of minor clinical relevance [30];

however, antacids should be taken C1 h after [6, 7, 30] or

C1 [6] or C2 [7] h before riociguat administration. The

coadministration of riociguat and clarithromycin led to an

increase in riociguat AUC values but not Cmax values [28].

3.3 Special Patient Populations

Mean riociguat AUC values showed no clinically relevant

change in patients with mild (Child-Pugh class A) hepatic

impairment, but increased in those with moderate (Child-

Pugh class B) hepatic impairment, compared with healthy

volunteers [7, 31]. No data are available for patients with

severe (Child-Pugh class C) hepatic impairment or patients

with alanine aminotransferase levels greater than three

times the upper limit of normal (ULN) or bilirubin levels

[29 ULN [7].

Mean AUC values were increased by 43–104 % in

patients with mild [creatinine clearance (CLCR) 80–50 mL/

min], moderate (CLCR 49–30 mL/min) and severe (CLCR

\30 mL/min) renal impairment, compared with healthy

volunteers; however, exposure was highly variable in

patients with renal impairment, and the ranges overlapped

in all groups [32]. Values for M1 were also higher in

patients with renal impairment than in healthy volunteers

[7, 32]. Data are limited for patients with severe renal

impairment, and no data are available for patients

Table 1 Pharmacokinetic parameters of single oral doses of riociguat in patients with moderate-to-severe pulmonary hypertension [19]

Riociguat dose (mg) No. of pts AUC? (lg�h/L) Cmax (lg/L) tmax
a (h) t1/2 (h) Vd (L/kg) CL (L/h)

1 5 602 59.4 0.75 9.95 0.354 1.660

2.5 10 1411 119.4 0.50 11.65 0.378 1.771

Data are presented as means unless otherwise specified. Pts were diagnosed with pulmonary arterial hypertension, distal chronic thromboembolic

pulmonary hypertension or pulmonary hypertension with mild to moderate interstitial lung disease

AUC? area under the plasma concentration-time curve from time zero to infinity, CL total body plasma clearance, Cmax maximum plasma

concentration, pts patients, tmax time to Cmax, t1/2 terminal elimination half-life, Vd apparent volume of distribution during terminal phase
a Median
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undergoing dialysis [7]. Riociguat is not expected to be

dialyzable, as a result of its high plasma protein binding

[7].

The plasma concentration of riociguat in smokers is

50–60 % lower than that in non-smokers; dosage adjust-

ment may be required in these patients [6, 7]. Patient sex

[6, 7, 33], bodyweight [6, 7] and race [6, 7] have no clin-

ically relevant effect on the pharmacokinetics of riociguat

or M1. The US prescribing information states that age has

no clinically relevant effect [6]; the EU SPC clarifies that

elderly patients aged C65 years show higher plasma con-

centrations than those in younger patients (mean AUC

values increased by &40 %), largely due to reduced

apparent total and renal clearance, and that no studies in

paediatric patients have been undertaken [7].

4 Therapeutic Efficacy

4.1 Phase II Trial

Following an initial, proof-of-concept trial in patients with

several subtypes of pulmonary hypertension (see Sect. 2 for

further trial details and some results) [19], the efficacy of

riociguat 0.5–2.5 mg three times daily in patients with

CTEPH (inoperable disease or who had refused an opera-

tion; n = 42) or PAH (n = 33) and WHO functional class

II or III was investigated in a 12-week, noncomparative,

phase II study [20]. The primary endpoints in this study

were safety and tolerability; however, efficacy was also

investigated.

After 12 weeks, the median 6-min walking distance had

increased from baseline by 55 m in patients with CTEPH

and 57 m in patients with PAH (both p \ 0.0001; baseline

values 390 and 337 m, respectively) [20]. Median PVR

was significantly decreased from baseline in both patient

populations (-200 and -245 dyn�s/cm5, respectively; both

p \ 0.0001; baseline values 691 and 748 dyn�s/cm5). WHO

functional class improved in 31 % of patients (both groups

combined) and deteriorated in 1 %.

Patients in this study were eligible to enter a long-term

extension trial [34, 35]. A total of 68 patients entered the

extension trial; the most recent analyses available are after

a mean treatment duration of 36.5 months (treatment

duration of B4.5 years as of November 2011) [34]. Over

42 months of the extension, the mean 6-min walking dis-

tance showed a generally sustained improvement similar to

that observed in the original trial (e.g. a 78 m improvement

from baseline of the original trial to 36 months of treatment

[35]), and 54 % of patients had a WHO functional class of I

or II at 42 months (45 months overall) [from a baseline of

21 % [35]] [34]. Between months 6 and 36 of the extension

(months 9–39 overall), the percentage of patients with a

WHO functional class of I or II ranged between 63 and

70 % [34].

4.2 Phase III Trials

The efficacy of riociguat has been investigated in two

phase III trials: one in patients with CTEPH (CHEST-1)

[21], the other in patients with PAH (PATENT-1) [22].

4.2.1 In Patients with Chronic Thromboembolic

Pulmonary Hypertension

In CHEST-1, eligible patients with technically inoperable

CTEPH or persistent or recurrent pulmonary hypertension

following pulmonary endarterectomy were randomized to

16 weeks’ treatment with riociguat 0.5–2.5 mg three times

daily or placebo [21]. Riociguat recipients initially

received a starting dosage of 1 mg three times daily; this

dosage was adjusted based on efficacy and tolerability over

the first 8 weeks to the final dosage, which was stable for

the remaining 8 weeks [21]. The final dosages of riociguat

at week 16 were 0.5, 1, 1.5, 2 and 2.5 mg three times daily

in 1, 4, 6, 12 and 77 % of patients, respectively. Dosage

was decreased in 10 % of riociguat versus 3 % of placebo

recipients during the study. All patients received antico-

agulation therapy for at least 3 months before enrollment

and throughout CHEST-1 [36]. Further study details and

baseline patient characteristics are presented in Table 2.

Upon completion of CHEST-1, patients were eligible for

participation in a long-term extension study (CHEST-2)

[Sect. 4.2.1.1].

Baseline characteristics did not significantly differ

between treatment groups [21]. Most patients had a WHO

functional class of II or III. A total of 72 % of patients had

inoperable CTEPH; the remaining 28 % had postoperative

persistent or recurrent pulmonary hypertension.

Riociguat was significantly more effective than placebo

with regard to increasing 6-min walking distance from

baseline (primary endpoint) in patients with CTEPH

(Table 3), with a mean treatment difference in change from

baseline of 46 m [95 % confidence interval (CI) 25–67;

p \ 0.001] at 16 weeks [21]. Patient subgroups (disease

classification, baseline WHO functional class, baseline

6-min walking distance, sex, age) had no significant effect

on the treatment effect.

At 16 weeks, riociguat was also significantly more

effective than placebo (Table 3) at decreasing PVR [mean

difference in change from baseline -246 dyn�s/cm5 (95 %

CI -303 to -190; p \ 0.001)], N-terminal pro-brain

natriuretic peptide levels [mean difference -444 pg/mL

(95 % CI -843 to -45; p \ 0.001)], and Borg dyspnoea

score (p = 0.004; considered to be exploratory on the basis

of the prespecified hierarchical testing procedure), and was

Riociguat: A Review 2069



associated with significant improvements in WHO func-

tional class (Fig. 3a; p = 0.003) [21].

In general, haemodynamic exploratory parameters were

also improved with riociguat versus placebo [21]. There

was a significant relative decrease in mPAP [Table 3; mean

difference in change from baseline -5 mmHg (95 % CI

-7 to -3; p \ 0.001)] and mean arterial pressure [- 9 vs.

-0.3 mmHg (baseline values both 95 mmHg); mean dif-

ference -9 mmHg (95 % CI -12 to -6); p \ 0.001] and a

significant relative increase in cardiac output [Table 3;

mean difference 0.9 L/min (95 % CI 0.6–1.1); p \ 0.001]

in riociguat recipients.

No significant difference between riociguat and placebo

was found in change from baseline in right atrial pressure

[- 1 vs. -0.6 mmHg (baseline values both 9 mmHg);

mean difference -0.6 mmHg (95 % CI -1.7 to 0.6)] or

pulmonary-capillary wedge pressure [0.6 vs 0.2 mmHg

(baseline values both 9 mmHg); mean difference

0.6 mmHg (95 % CI -0.4 to 1.5)] [21]. Changes in arterial

oxygen saturation, heart rate and partial pressure of oxygen

in the blood were similar between treatment groups.

Health-related quality of life (HR-QOL) was signifi-

cantly improved with riociguat versus placebo treatment

with regard to score on the EuroQol Group 5-Dimension

Self-Report Questionnaire [EQ-5D; scores range from

-0.6 to 1.0 (higher score indicates better quality of life)]

and the EuroQol Visual Analogue Scale [EQ-VAS; scores

range from 0 to 100 (higher score indicates better quality of

life)], but not on the Living with Pulmonary Hypertension

questionnaire [LPH; scores range from 0 to 105 (higher

score indicates worse quality of life)] [21, 37]. Scores on

the EQ-5D increased to a significantly greater extent in

riociguat recipients than in placebo recipients [0.06 vs.

-0.08 (baseline values 0.64 and 0.66); mean difference 0.13

(95 % CI 0.06–0.21); p \ 0.0001] [21, 37], as did scores

on the EQ-VAS [treatment difference in change from

baseline 10.0 (95 % CI 5.4–14.7); p \ 0.0001] [37]. LPH

scores changed by -6.7 in riociguat recipients and -2.1 in

Table 2 Baseline patient characteristics and key study design details of the phase III trials discussed in this section

CHEST-1 [6, 21] (n = 261a) PATENT-1 [6, 22] (n = 443a)

Shared study design Randomized, double-blind, placebo-controlled, multicentre

Shared primary endpoint Change from baseline in distance walked in 6 min in the mITT population, with LOCF imputationb

Shared inclusion criteria 6-min walking distance of 150–450 m, pulmonary vascular resistance [300 dyn�s/cm5, mean pulmonary-

artery pressure C25 mmHg

Study-specific inclusion criteria Technically inoperable chronic thromboembolic

pulmonary hypertensionc or persistent/recurrent

pulmonary hypertension following pulmonary

endarterectomy, aged 18–80 years

Symptomatic pulmonary arterial hypertension

(idiopathic; familial; or associated with

connective-tissue disease, congenital heart disease,

portal hypertension with liver cirrhosis, or

anorexigen or amphetamine use)

Exclusion criteria Use of endothelin-receptor antagonists, prostacyclin

analogues, phosphodiesterase type 5 inhibitors or a

nitric oxide donor within the past 3 months; SBP

\95 mmHg

Use of endothelin-receptor antagonists or

prostanoids at dosages that were unstable or had

been stable for\90 days, use of phosphodiesterase

type 5 inhibitors, SBP \95 mmHg

Baseline patient characteristics

Female (%) 66 79

Mean age (years) 59 51

Mean body-mass index (kg/m2) 27 26

WHO functional class (%)

I 1 3

II 31 42

III 64 53

IV 4 1

6-min walking distance (m) 347 363

LOCF last observation carried forward, mITT modified intent-to-treat, SBP systolic blood pressure, WHO World Health Organisation
a mITT population
b Some missing values were alternatively provided using either the worst possible outcome or the baseline data, depending on the patient and the

reason for the missing data
c Diagnosed using at least two of ventilation-perfusion scanning, pulmonary angiography, spiral computed tomography or magnetic resonance

angiography
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placebo recipients [baseline values 41 and 46; mean dif-

ference -5.8 (95 % CI -10.5 to -1.1)] [21, 37].

Riociguat and placebo recipients did not significantly

differ with regard to the incidence of clinical worsening (2

vs. 6 %; p = 0.17) or the time to clinical worsening

(p = 0.1724) [21]. A total of 1 % of patients in both

treatment groups withdrew from the study as a result of

lack of efficacy.

4.2.1.1 Long-Term Extension A total of 237 patients

from CHEST-1 entered CHEST-2; 2-year data (cut-off

March 2014; final analysis before most patients switched

to the commercial drug) from this extension trial are

available as an abstract [38]. Patients received their

optimal dosage (B2.5 mg three times daily). At the time

of analysis, 172 patients were still receiving treatment

and 171 patients had received C2 year of treatment. A

total of 8 % had switched to treatment with the com-

mercial drug.

After 2 years in CHEST-2, riociguat treatment was

associated with an increase of 50 m in 6-min walking

distance from CHEST-1 baseline [38]. Proportions of

patients with improved, stable or worsened WHO func-

tional class were 39, 58 and 3 %, respectively, versus

CHEST-1 baseline. A total of 10 % of patients received

additional medication for pulmonary hypertension, as a

result of worsened disease. In this analysis, 2-year survival

was 93 %.

Table 3 Efficacy of riociguat versus placebo in patients with chronic thromboembolic pulmonary hypertension [21] or pulmonary arterial

hypertension [22] in phase III trials

Treatmenta (mg tid) No. of ptsb Change from baseline [baseline]

6MWDc

(m)

PVR

(dyn�s/cm5)

NT-proBNP

level (pg/mL)

Borg dyspnoea

scored
mPAP

(mmHg)

Cardiac output

(L/min)

In pts with chronic thromboembolic pulmonary hypertension (CHEST-1)

RIO 0.5–2.5 173 ?39** [342] -226** [791] -291** [1508] -0.8* [4] -4** [45] ?0.8** [4]

PL 88 -6 [356] ?23 [779] ?76 [1706] ?0.2 [4] ?0.8 [44] -0.03 [4]

In pts with pulmonary arterial hypertension (PATENT-1)

RIO 0.5–2.5 254 ?30** [361] -223** [791] -198** [1027] -0.4* [4] -4** [47] ?1** [4]

RIO 0.5–1.5e 63 ?31 [363] -168 [848] -472 [1190] -0.3 [3] -4 [52] ?0.4 [5]

PL 126 -6 [368] -9 [834] ?232 [1228] ?0.1 [3.9] -0.5 [49] -0.01 [4]

6MWD 6-min walking distance, NT-proBNP N-terminal pro-brain natriuretic peptide, mPAP mean pulmonary arterial pressure, PL placebo, pts

patients, PVR pulmonary vascular resistance, RIO riociguat, tid three times daily, *p \ 0.01, **p \ 0.001 vs. PL
a Treatment lasted 16 [21] or 12 [22] weeks
b Modified intent-to-treat population
c Primary endpoint
d Ranges from 0 (no dyspnoea) to 10 (maximal dyspnoea)
e The RIO 0.5–1.5 mg tid group was included for exploratory purposes; data from this group did not undergo statistical analysis
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a bFig. 3 Changes in WHO

functional class following

treatment with riociguat

0.5–2.5 mg three times daily or

placebo in patients with

a chronic thromboembolic

pulmonary hypertension [21]

and b pulmonary arterial

hypertension [22]. *p = 0.003

versus placebo
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Subgroup analyses at 1 year demonstrated that there was

a similar change from baseline in 6-min walking distance,

regardless of baseline functional class (?51 vs. ?52 m in

patients with baseline WHO functional class I/II vs. III/IV)

[39]. At 1 year, proportions of patients with improved,

stable or worsened WHO functional class were 25, 67 and

8 % in patients with baseline WHO functional classes of I

or II and 58, 40 and 1 % in patients with baseline WHO

functional classes of III or IV [39].

According to the EU SPC, at 1, 2 and 3 years, the

probability of survival was 97, 94 and 88 %, respectively

[7]. In patients with WHO functional class II and III at

baseline, the respective probabilities of survival were 97

and 97 % at 1 year, 94 and 94 % at 2 years, and 88 and

87 % at 3 years [7].

4.2.2 In Patients with Pulmonary Arterial Hypertension

In PATENT-1, eligible patients with PAH were random-

ized to 12 weeks’ treatment with riociguat 0.5–1.5 or

0.5–2.5 mg three times daily or placebo [22]. The riociguat

0.5–1.5 mg group was included for exploratory purposes

only; data from that group did not undergo statistical

analyses, and are not discussed in detail. Riociguat

0.5–2.5 mg recipients initially received a starting dosage of

1 mg three times daily, which was adjusted based on effi-

cacy and tolerability over the first 8 weeks to the final

dosage, which was stable for the final 4 weeks. Riociguat

0.5–1.5 mg recipients followed the same dosage adjust-

ment regimen as riociguat 0.5–2.5 mg recipients, but

received sham adjustment once a dosage of 1.5 mg was

reached. A total of 96 % of patients in the riociguat

0.5–1.5 mg group were receiving 1.5 mg three times daily

as their final dosage at week 12; the final dosages in the

riociguat 0.5–2.5 mg group were 0.5, 1, 1.5, 2 and 2.5 mg

three times daily in 2, 3, 6, 15 and 75 % of patients,

respectively. Dosage was decreased in 12 % of riociguat

0.5–2.5 mg versus 9 % of placebo recipients during the

study. Further study details and baseline patient charac-

teristics are presented in Table 2. Upon completion of

PATENT-1, patients were eligible for participation in a

long-term extension study (PATENT-2) [Sect. 4.2.2.1].

Baseline characteristics did not significantly differ

between treatment groups [22]. Most patients had a WHO

functional class of II or III. PAH classifications included

idiopathic (61 % of patients), associated with connective-

tissue disease (25 %), associated with congenital heart

disease (8 %), associated with portopulmonary hyperten-

sion (3 %), familial (2 %) and associated with anorexigen

or amphetamine use (1 %). A total of 50 % of patients

received additional treatment for PAH [endothelin-receptor

antagonists (mainly bosentan) 44 % or prostanoids (mainly

inhaled iloprost) 6 %].

Riociguat 0.5–2.5 mg three times daily was significantly

more effective than placebo with regard to increasing

6-min walking distance from baseline (primary endpoint)

in patients with PAH (Table 3), with a mean treatment

difference in change from baseline of 36 m (95 % CI

20–52; p \ 0.001) at 12 weeks [22]. Most patient sub-

groups (baseline therapy, disease classification, baseline

6-min walking distance, sex, age) had no significant effect

on the treatment effect; however, riociguat had signifi-

cantly greater efficacy versus placebo in patients with a

WHO functional class of III or IV than in those with a

WHO functional class of I or II (mean treatment difference

59 vs. 14 m; p = 0.005).

After 12 weeks’ treatment, riociguat 0.5–2.5 mg three

times daily was also significantly more effective than pla-

cebo (Table 3) at decreasing PVR [mean difference in

change from baseline -226 dyn�s/cm5 (95 % CI -281 to

-170; p \ 0.001)], N-terminal pro-brain natriuretic peptide

levels [mean difference -432 pg/mL (95 % CI -782 to

-82; p \ 0.001)], and Borg dyspnoea score (p = 0.002),

and was associated with significant improvements in WHO

functional class (Fig. 3b; p = 0.003) [22].

As in patients with CTEPH, haemodynamic exploratory

parameters were also improved with riociguat 0.5–2.5 mg

three times daily versus placebo in patients with PAH [22].

There was a significant relative decrease in mPAP

[Table 3; mean difference in change from baseline

-4 mmHg (95 % CI -6 to -2; p \ 0.001)] and mean

arterial pressure [- 9 vs. -1 mmHg (baseline values 90

and 91 mmHg); mean difference -7 mmHg (95 % CI -10

to -5); p \ 0.001] and a significant relative increase in

cardiac output [Table 3; mean difference 0.9 L/min (95 %

CI 0.7–1.2); p \ 0.001] in riociguat recipients.

No significant difference between riociguat and placebo

was found in change from baseline in right atrial pressure

[- 0.2 vs. 1 mmHg (baseline values 8 and 7 mmHg); mean

difference -1.0 mmHg (95 % CI -2.2 to 0.1)] or pul-

monary-capillary wedge pressure [1 vs 0.5 mmHg (base-

line values both 9 mmHg); mean difference 0.4 mmHg

(-0.4 to 1.2)] [22]. Mixed venous oxygen saturation

increased to a significantly greater extent in riociguat than

in placebo recipients [3 vs. -2 % (baseline values 65 and

66 %); mean difference 5 % (95 % CI 3–7); p \ 0.001].

Changes in heart rate were similar between treatment

groups.

Correlation analyses found that an improvement in

6-min walking distance was significantly (but weakly)

correlated with improvements in PVR (r = -0.21;

p \ 0.001) and cardiac index (r = 0.16; p = 0.002) [40].

HR-QOL was significantly improved with riociguat

0.5–2.5 mg three times daily versus placebo with regard to

score on the LPH, but not on the EQ-5D [22]. Scores on the

LPH decreased to a significantly greater extent in riociguat
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recipients than in placebo recipients [- 6 vs. 0.4 (baseline

values both 42); mean difference -6 (95 % CI -10 to -3);

p = 0.002]. EQ-5D scores changed by 0.03 in riociguat

recipients and -0.03 in placebo recipients [baseline values

both 0.7; mean difference 0.06 (95 % CI 0.01 to 0.11)].

Riociguat 0.5–2.5 mg three times daily recipients had a

significantly lower incidence of clinical worsening than

placebo recipients (1 vs. 6 %; p = 0.0285), and there was a

significantly longer time to clinical worsening with rio-

ciguat recipients (p = 0.0046) [22]. A total of 1 % of

placebo recipients withdrew from the study as a result of

lack of efficacy; no patients in the riociguat 0.5–2.5 mg

group withdrew for this reason.

4.2.2.1 Long-Term Extension A total of 396 patients

from PATENT-1 entered PATENT-2; 2-year data (cut-off

March 2014; final analysis before most patients switched to

the commercial drug) from this extension trial are available

as an abstract [41]. Patients received riociguat 0.5–2.5 mg

three times daily. At the time of analysis, 275 patients were

still receiving treatment and 307 patients had received

C2 year of treatment. A total of 3 % had switched to

commercial drug.

After 2 years in PATENT-2, riociguat treatment was

associated with an increase of 47 m in 6-min walking

distance from PATENT-1 baseline [41]. Proportions of

patients with improved, stable or worsened WHO func-

tional class were 33, 58 and 9 %, respectively, versus

PATENT-1 baseline. Among those patients who were

formerly not receiving additional medication for pulmon-

ary hypertension, 17 % had changed to receive additional

medication at 2 years, as a result of worsened disease. In

this analysis, 2-year survival was 93 %.

Subgroup analyses showed a change from baseline in

6-min walking distance at 1 year of ?59 vs. ?45 m in

patients with baseline WHO functional class I/II vs. III/IV

[42]. At 1 year, proportions of patients with improved,

stable or worsened WHO functional class were 10, 80 and

10 % in patients with baseline WHO functional classes of I

or II and 51, 45 and 4 % in patients with baseline WHO

functional classes of III or IV [42].

According to the EU SPC, at 1, 2 and 3 years, the

probability of survival was 97, 93 and 91 %, respectively

[7]. In patients with WHO functional class II and III at

baseline, the probabilities of survival were 98 and 96 % at

1 year, 96 and 91 % at 2 years, and 96 and 87 % at 3 years

[7].

5 Tolerability

Riociguat is generally well tolerated in patients with

CTEPH [6, 7, 21] or PAH [6, 7, 22]. In the phase III trials,

adverse events occurred in 92 and 86 % of riociguat

0.5–2.5 mg and placebo recipients with CTEPH [21] and

89, 92 and 86 % of riociguat 0.5–2.5 mg, riociguat

0.5–1.5 mg and placebo recipients with PAH [22],

respectively. The most common adverse events in these

trials are presented (as pooled data; the safety profile of

riociguat appeared to be similar in patients with CTEPH to

those with PAH [6, 7]) in Fig. 4; most can be attributed to

the vasodilatory mechanism of riociguat [6, 7].

In patients with CTEPH, serious adverse events con-

sidered by the investigators to be drug related included

syncope in 2 % of patients and gastritis, acute renal failure

and hypotension each in 1 % of patients in the riociguat
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Fig. 4 Tolerability of riociguat

0.5–2.5 mg three times daily

versus placebo in patients with

chronic thromboembolic

pulmonary hypertension or

pulmonary arterial hypertension

(pooled analysis of the 16-week

CHEST-1 and 12-week

PATENT-1 trials) [6]. Adverse

events that occurred in C5 % of

riociguat recipients and in

C3 % more riociguat than

placebo recipients
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treatment group and syncope and trauma each in 1 % of

patients in the placebo group [21].

Of the 3 and 2 % of riociguat and placebo recipients,

respectively, with CTEPH who discontinued treatment as a

result of adverse events, one patient in the riociguat group

discontinued as a result of drug-related adverse events

(diarrhoea, heartburn, nausea, vomiting and headache), and

four and two patients in the riociguat and placebo groups

discontinued as a result of serious adverse events [right

heart decompensation, vaginal bleeding, study drug over-

dose as attempted suicide and worsening of general con-

dition (riociguat recipients), and right heart failure and

cardiocirculatory arrest (placebo recipients); these were not

considered to be drug-related] [21].

A total of 1 and 3 % of patients with CTEPH in the

riociguat and placebo groups died as a result of adverse

events; one of these deaths (acute renal failure in a rio-

ciguat recipient) was considered to be treatment related

[21].

In patients with PAH, drug-related serious adverse

events included three cases of syncope (in 1 % of patients)

and one case each of increased hepatic enzyme levels,

dizziness, presyncope, acute renal failure and hypotension

[in a total of 0.4 % of patients (some patients experienced

more than one event)] in the riociguat 0.5–2.5 mg treat-

ment group and one case each of diarrhoea, presyncope,

syncope, dyspnoea and worsening pulmonary hypertension

[in a total of 1 % of patients (some patients experienced

more than one event)] in the placebo group [22].

A total of 3 and 7 % of riociguat 0.5–2.5 mg and pla-

cebo recipients, respectively, with PAH discontinued

treatment as a result of adverse events [22]. Of the adverse

events leading to discontinuation in the riociguat group,

increased hepatic enzyme levels, acute renal failure and

syncope were serious, and oesophageal pain/swelling,

supraventricular tachycardia, hypotension, generalized

oedema and neck pain were considered to be drug related;

of those in the placebo group, syncope, hypoxaemia and

worsening of pulmonary hypertension were serious, and

diarrhoea and dyspnoea were considered to be drug related.

Adverse event-related death occurred in 1 and 2 % of

riociguat 0.5–2.5 mg and placebo recipients, respectively,

with PAH; none were considered to be related to treatment

[22].

Syncope, as an adverse event of special interest (as

riociguat is a vasodilator), occurred in 2 and 3 % of

patients with CTEPH [21] and 1 and 4 % of patients with

PAH [22] receiving riociguat 0.5–2.5 mg and placebo,

respectively.

In placebo-controlled trials, serious bleeding occurred in

2.4 and 0 % of riociguat and placebo recipients and serious

haemoptysis occurred in 1 and 0 % (one event was fatal)

[6, 7]. Serious haemorrhagic events included vaginal

haemorrhage (2 patients), catheter-site haemorrhage (2

patients) and subdural haematoma, haematemesis, and

intra-abdominal haemorrhage (1 patient each) [6, 7]. There

is an increased risk of respiratory tract bleeding in patients

with PAH (particularly those receiving anticoagulation

treatment); this risk may be increased with riociguat use,

particularly in patients with risk factors such as recent

serious haemoptysis, and the EU SPC states that riociguat

treatment should be avoided in these patients [7].

Long term, the safety profile of riociguat is similar to

that in shorter-term trials [6]. A total of 5 % of patients

with CTEPH [38] and 10 % of patients with PAH [41]

withdrew from treatment as a result of adverse events in

analyses where patients had received at least 2 years of

treatment. The most common drug-related adverse events

were dizziness (11 %), dyspepsia (8 %) and hypotension

(5 %) in patients with CTEPH [38] and dizziness (10 %),

dyspepsia (9 %) and headache (8 %) in patients with PAH

[41]. In patients with CTEPH, 7 drug-related serious syn-

cope events occurred [38]; in patients with PAH, 13 drug-

related serious syncope events and 4 drug-related serious

pulmonary bleeding events occurred [41].

Inadvertent riociguat overdosages of 9–25 mg/day have

been reported, and resulted in adverse events similar to

those at therapeutic dosages [7].

6 Dosage and Administration

Riociguat is indicated in adult patients with CTEPH

(inoperable disease or persistent/recurring disease follow-

ing surgery) for the improvement of exercise capacity [6,

7] and WHO functional class [6], and (as monotherapy or

in combination with endothelin receptor antagonists) in

adult patients with PAH for the improvement of exercise

capacity [6, 7] and WHO functional class and to delay

clinical worsening [6].

As the forms of PAH in which riociguat has been

investigated mainly include idiopathic or heritable PAH

and PAH associated with connective tissue disease, the EU

SPC states that the use of riociguat in other forms of PAH

is not recommended [7]. In addition, the EU SPC states that

expert assessment of operability should be undertaken

before treatment with riociguat in patients with CTEPH, as

pulmonary endarterectomy remains the treatment of choice

[7].

The recommended dosage of riociguat is 0.5–2.5 mg

three times daily (with or without food [7]), with a rec-

ommended starting dosage of 1 mg three times daily (or

0.5 mg three times daily in patients who may not tolerate

the hypotensive effect [6]) and subsequent up-titration (in

0.5 mg increments every two weeks if the SBP remains

[95 mmHg and the patient has no signs or symptoms of
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hypotension) to an established individual dosage to be

maintained [6, 7]. Dosage can be decreased if hypotension

occurs at any time [6, 7].

Patients who smoke may require dosages of riociguat

that exceed 2.5 mg three times daily [6, 7], although

smokers should be advised to stop smoking during treat-

ment [7]. Patients receiving concurrent strong CYP or

P-glycoprotein/BCRP inhibitors may require a starting

riociguat dosage of 0.5 mg three times daily [6].

No data are available regarding the use of riociguat in

patients with severe hepatic impairment [6, 7], and rio-

ciguat use is contraindicated in these patients in the EU [7].

The EU SPC states that care should be taken when

administering riociguat to patients with moderate hepatic

impairment [7]. Data are limited for the use of riociguat in

patients with severe renal impairment, and there are no data

in patients on dialysis [6, 7]; use of riociguat is not rec-

ommended by the EU SPC in these patients [7]. There is a

higher risk of hypotension in patients with renal impair-

ment; the EU SPC recommends care during individual

dosage titration in patients with moderate and mild renal

impairment [7].

The US prescribing information contains a boxed

warning regarding the potential for fetal harm if riociguat is

administered to pregnant women [6], and treatment with

riociguat is contraindicated in these patients in both the

USA and the EU [6, 7]. Riociguat was associated with

teratogenic and embryotoxic effects and placental transfer

in animal studies [6, 7]. Further contraindications include

concomitant treatment with nitrates or nitric oxide donors

and concomitant treatment with specific and nonspecific

phosphodiesterase inhibitors (in both the USA and the EU)

[6, 7]. Moreover, riociguat should not be administered in

paediatric patients, due to a lack of data in these patients [7].

As riociguat reduces blood pressure, there is a potential

for symptomatic hypotension or ischaemia in patients with

certain underlying conditions, such as hypovolaemia,

severe left ventricular outflow obstruction, resting hypo-

tension, autonomic dysfunction, or concomitant treatment

with antihypertensives or strong CYP or P-glycoprotein/

BCRP inhibitors [6, 7]. The EU SPC states that riociguat

must not be used in patients with an SBP less than

95 mmHg, and that patients older than 65 years are at an

increased risk of hypotension (and thus caution should be

exercised if riociguat is administered in these patients) [7].

In addition, the cardiovascular status of patients with pul-

monary veno-occlusive disease may worsen with pulmon-

ary vasodilator treatment; thus, riociguat use in these

patients is not recommended [6, 7].

Local prescribing information should be consulted for

further, detailed information, including contraindications,

precautions, drug interactions, and use in special patient

populations.

7 Place of Riociguat in the Management of Chronic

Thromboembolic Pulmonary Hypertension

or Pulmonary Arterial Hypertension

While the introduction of treatments such as PDE5 inhib-

itors, prostanoids, and endothelin receptor antagonists has

advanced the treatment of pulmonary hypertension, addi-

tional therapeutic interventions remain necessary to fill the

gaps in current treatment options. For example, treatments

that directly elevate NO levels (either inhaled NO or NO-

donor drugs) have short-lived effects, and there is a risk

that patients will develop tolerance to them; moreover, NO

is associated with nonspecific interactions with various

other biomolecules [43]. PDE5 inhibitors, such as silde-

nafil, are one solution to this issue, as they augment the

effects of endogenous NO (rather than relying directly on

NO levels), thus increasing cGMP levels by preventing its

degradation. However, a significant number of patients

with pulmonary hypertension do not respond to sildenafil;

this may be a result of the endogenous NO levels having

decreased to the extent that sildenafil has no significant

effect on cGMP levels [43].

The development of the first-in-class sGC stimulator

riociguat, a drug which can directly stimulate sGC (inde-

pendent of NO activity) as well as augment the effects of

NO (Sect. 2), is a promising theoretical solution to these

problems.

Riociguat 0.5–2.5 mg three times daily is effective in

improving 6-min walking distance (a measure of exercise

capacity) in patients with inoperable CTEPH, CTEPH that

persisted or recurred following pulmonary endarterectomy

(Sect. 4.2.1), or PAH (Sect. 4.2.2). Riociguat recipients

also exhibited improvements versus placebo recipients in

most secondary endpoints, including haemodynamic out-

comes (such as PVR) and WHO functional class.

Improvement in WHO functional class has historically

been correlated with survival; long-term survival data in

patients receiving riociguat are not yet available outside of

clinical trials and their extensions, but would be of interest.

Data from the extension studies showed a 3-year survival of

[87 % with riociguat treatment in both CTEPH and PAH

patients (Sects. 4.2.1.1, 4.2.2.1). Overall, the positive

effects on 6-min walking distance and WHO functional

class continued with longer-term treatment in patients with

CTEPH and PAH (Sects. 4.2.1.1, 4.2.2.1).

Interestingly, WHO functional class at baseline had an

effect on the efficacy (6-min walking distance) of riociguat

in patients with PAH (Sect. 4.2.2) but not CTEPH (Sect.

4.2.1), implying that patients with PAH and a higher WHO

functional class may be more likely to experience a clini-

cally relevant effect.

Riociguat is generally well tolerated, in both the shorter

and the longer term, in patients with inoperable CTEPH,
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CTEPH that persisted or recurred following pulmonary

endarterectomy, or PAH (Sect. 5). Most adverse events can

be attributed to the vasodilatory mechanism of riociguat;

the most common adverse events include headache, dys-

pepsia and gastritis, dizziness, nausea and diarrhoea. Rio-

ciguat has been associated with teratogenic and

embryotoxic effects in animals, and is contraindicated in

pregnant women as a result (Sect. 6). Riociguat has been

associated with serious bleeding events; however, these

may also be related to the underlying disease or anticoag-

ulant use. There is also a risk of hypotension or ischaemia

in patients with certain underlying disorders or receiving

certain medication already associated with these symptoms

(Sect. 5).

As riociguat is an orphan drug and first-in-class, toler-

ability data are limited, and only the most common adverse

events are well characterized. More information on the

tolerability of the drug will appear over time, including the

overall risk of more serious adverse events, such as

haemoptysis and bleeding; a pharmacovigilance plan is

being implemented in the EU [44].

These trials used 6-min walking distance as the primary

endpoint; this has historically been the gold standard effi-

cacy endpoint for assessing potential drugs for pulmonary

hypertension, and on this basis riociguat achieved approval

for the improvement of exercise capacity in patients with

CTEPH or PAH. According to the most recent trial-design

guidelines [45], the 6-min walking distance remains an

acceptable primary endpoint for assessing new drugs for

PAH, especially if the indication is restricted to improving

exercise capacity.

These guidelines also indicate that a composite primary

endpoint that reflects time to clinical worsening and mor-

tality may now be the most clinically relevant endpoint to

use [45]. Of interest, in CHEST-1 and PATENT-1, time to

clinical worsening was significantly longer and the inci-

dence of clinical worsening was significantly lower with

riociguat than with placebo in patients with PAH (Sect.

4.2.2) but not in those with CTEPH (Sect. 4.2.1) (both

secondary endpoints). Further studies with riociguat eval-

uating this composite endpoint, both in clinical trials and in

the real-world setting, would be of interest.

Previous trials of bosentan and sildenafil have not shown

significant improvement in the primary endpoint in patients

with CTEPH [44]; riociguat is the only drug so far to show

an improvement in patients with CTEPH in 6-min walking

distance as well as in pulmonary haemodynamics, N-ter-

minal pro-brain natriuretic peptide levels and WHO func-

tional class. However, any comparisons between data from

trials involving other drugs and those seen in the trial of

riociguat should be interpreted with caution.

As pulmonary endarterectomy is potentially curative, it is

important that this remains the first treatment of choice for

patients with CTEPH; current guidelines strongly recom-

mend that patients with CTEPH be assessed by a multidis-

ciplinary team, including experienced surgeons, for the best

course of treatment, to ensure that all who are able to undergo

surgery do [2]. Thus, riociguat should only be used in

patients with CTEPH that is inoperable (approximately one-

third of patients [21]) or persistent/recurrent following sur-

gery (5–35 % of post-surgical patients [21]). Most centres do

not perform pulmonary endarterectomy [46]; there is,

therefore, a risk that patients may undergo alternative treat-

ment instead of the potentially curative surgery, as the easier

option. Riociguat should, ideally, not be used in patients who

are eligible for the operation, as this may unnecessarily delay

surgery and ultimately make removal of the thrombus more

difficult. However, it would be of definite interest to deter-

mine the efficacy of riociguat in affecting the post-operative

course following pulmonary endarterectomy, by improving

preoperative haemodynamics and the physical condition of

patients eligible for surgery.

A head-to-head trial with an approved PDE5 inhibitor, such

as sildenafil, would be of great interest in patients with PAH, to

determine whether the dual mechanism of action of riociguat

conveys an advantage over the single action of the PDE5

inhibitors; they both use endogenous NO to increase cGMP

levels, but riociguat alone can also stimulate sGC without NO.

An ongoing, noncomparative trial is currently investigating

the effects of riociguat in patients with PAH and an insuffi-

cient response to PDE-5 inhibitors [47]. In addition, further

studies involving patients with subtypes of PAH other than

idiopathic or heritable PAH or PAH associated with connec-

tive tissue disease are required to determine the efficacy of

riociguat in these patients; currently, the use of riociguat in

other forms of PAH is not recommended in the EU [4]. Well

designed cost effectiveness trials would also be of great use in

the placement of this drug in the management of PAH.

Further information on riociguat in patients with CTEPH

will soon be available; a noncomparative study of riociguat

0.5–2.5 mg three times daily in patients with CTEPH that is

inoperable or persistent/recurrent following surgery, who are

not satisfactorily treated and are unable to participate in other

CTEPH trials, is currently ongoing [48].

Data from preliminary trials of riociguat in patients with

pulmonary hypertension associated with systolic [49] or

diastolic [50] left ventricular dysfunction, chronic

obstructive pulmonary disease [51], and interstitial lung

disease [52] have recently become available, showing

improvements in several haemodynamic parameters. Fur-

ther investigation into the efficacy of riociguat in these and

other forms of pulmonary hypertension would be of great

interest, to discover whether riociguat is a viable and safe

option for patients with these diseases.

In conclusion, riociguat is effective and well tolerated in

patients with CTEPH that is inoperable or persistent/
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recurrent following pulmonary endarterectomy, and in

patients with PAH. It has a positive result on exercise

capacity and pulmonary haemodynamics, and improves

WHO functional capacity. Most adverse events can be

attributed to the vasodilatory mechanism of riociguat;

however, there is a potential for serious bleeding and fetal

harm, and riociguat use is contraindicated in pregnant

patients. Pulmonary endarterectomy remains the first

treatment of choice for CTEPH, as it is potentially curative.

Head-to-head trials comparing riociguat with the approved

PDE5 inhibitors in patients with PAH would be of value

for the placement of riociguat in the management of this

disease. Riociguat is a promising addition to the treatment

options for patients with CTEPH or PAH.

Data selection sources: Relevant medical literature (including

published and unpublished data) on riociguat was identified by

searching databases including MEDLINE (from 1946) and EM-

BASE (from 1996) [searches last updated 10 October 2014],

bibliographies from published literature, clinical trial registries/

databases and websites. Additional information was also reques-

ted from the company developing the drug.

Search terms: Riociguat, Adempas, pulmonary arterial hyper-

tension, pulmonary hypertension, chronic thromboembolic pul-

monary hypertension, PAH.

Study selection: Studies in patients with pulmonary arterial

hypertension who received riociguat. When available, large, well

designed, comparative trials with appropriate statistical method-

ology were preferred. Relevant pharmacodynamic and pharma-

cokinetic data are also included.
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