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ABSTRACT: We assessed the therapeutic potential of riociguat, a novel soluble guanylate

cyclase stimulator, in adults with chronic thromboembolic pulmonary hypertension (CTEPH;

n542) or pulmonary arterial hypertension (PAH; n533) in World Health Organization (WHO)

functional class II/III.

In this 12-week, multicentre, open-label, uncontrolled phase II study, patients received oral

riociguat 1.0–2.5 mg t.i.d. titrated according to systemic systolic blood pressure (SBP). Primary

end-points were safety and tolerability; pharmacodynamic changes were secondary end-points.

Riociguat was generally well tolerated. Asymptomatic hypotension (SBP ,90 mmHg) occurred

in 11 patients, but blood pressure normalised without dose alteration in nine and after dose

reduction in two. Median 6-min walking distance increased in patients with CTEPH (55.0 m from

baseline (390 m); p,0.0001) and PAH (57.0 m from baseline (337 m); p,0.0001); patients in

functional class II or III and bosentan pre-treated patients showed similar improvements.

Pulmonary vascular resistance was significantly reduced by 215 dyn?s?cm-5 from baseline

(709 dyn?s?cm-5; p,0.0001). 42 (56%) patients were considered to have experienced drug-related

adverse events (AEs; 96% mild or moderate). Dyspepsia, headache and hypotension were the

most frequent AEs. Study discontinuation because of AEs was 4%.

These preliminary data show that riociguat has a favourable safety profile and improves

exercise capacity, symptoms and pulmonary haemodynamics in CTEPH and PAH. Randomised

controlled trials are underway.

KEYWORDS: Chronic thromboembolic pulmonary hypertension, clinical study, phase II,

pulmonary arterial hypertension, riociguat, soluble guanylyl cyclase

P
ulmonary hypertension encompasses a dis-
parate collection of disease subtypes. Pul-
monary arterial hypertension (PAH) is the

best characterised of these [1], but its aetiology is
still incompletely understood. Several mediators
are involved in the pathogenesis of PAH; bioavail-
ability of endogenous vasodilators such as nitric
oxide and prostacyclin is reduced, and production
of vasoconstrictors such as endothelin-I is increased
[2]. The introduction of phosphodiesterase-5 in-
hibitors, prostacyclins, and endothelin-receptor
antagonists to target these signalling pathways
has improved the survival of patients with PAH [3]
and, although their long-term prognosis remains
extremely poor, large-scale registries report that the
1-yr survival rate is ,90% [4] and about half now
survive 5 yrs from initial diagnosis [5].

Similar survival trends have been seen in patients
with another subtype of pulmonary hypertension,

chronic thromboembolic pulmonary hypertension
(CTEPH), most likely because of the use of
pulmonary endarterectomy in specialised centres.
CTEPH is characterised by the presence of
thrombi in the pulmonary artery. Pulmonary
endarterectomy is the treatment of choice for
proximal (major vessel) CTEPH, and improves
symptoms and survival rates [6], but a substantial
number of patients with CTEPH are not candi-
dates for pulmonary endarterectomy (those with
distal CTEPH or severe concomitant illness), or
suffer persistent or recurrent pulmonary hyper-
tension after pulmonary endarterectomy [7, 8].
Pathophysiological similarities between CTEPH
and PAH suggest that therapies targeting aberrant
signalling in PAH may also be beneficial in
CTEPH. However, although uncontrolled studies
of several PAH therapies in patients with CTEPH
have shown improvement from baseline in
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haemodynamics and exercise capacity, randomised placebo-
controlled trials have yielded inconclusive results [9, 10].

Further progress in the management of CTEPH and PAH is
likely to be driven by the availability of drugs with a novel
mode of action. One new class of drug currently in develop-
ment directly targets the nitric oxide receptor, soluble
guanylate cyclase (sGC). Such sGC stimulators show a dual
mode of action: they increase the sensitivity of sGC to
endogenous bioavailable nitric oxide, and mimic those effects
when nitric oxide is absent or scarce [11, 12]. Riociguat (BAY
63-2521) is the first member of this class to enter clinical
development. Orally administered riociguat has been shown to
have beneficial effects on pulmonary haemodynamics, right
heart hypertrophy, and remodelling of the pulmonary vascu-
lature in rat and mouse models of pulmonary hypertension
[11]. A phase I study of 58 healthy, white male volunteers (18–
45 yrs of age) showed that single oral doses (0.25–5 mg) of
riociguat were readily absorbed and well tolerated [13].
Adverse events (AEs) were reported by 50% of the subjects,
all of which were mild or moderate. No serious or life-
threatening events were reported and all but one case was
resolved by study completion. A subsequent proof-of-concept
study was carried out in 19 patients with CTEPH or PAH. A
pilot dose titration study determined the dose of riociguat that
gave the maximum clinical effect without compromising safety
and tolerability. Patients then received a single, oral dose (1 or
2.5 mg) following an overnight fasting period (o8 h).
Pharmacodynamic parameters were evaluated at baseline,
and during and after a 10-min nitric oxide inhalation period.
Riociguat was administered when the haemodynamic para-
meters returned to baseline. Results from the proof-of-concept
study showed that riociguat had a favourable safety profile,
and significantly improved pulmonary haemodynamic para-
meters and cardiac index in patients with pulmonary
hypertension, in a dose-dependent manner, and to a greater
extent than nitric oxide. Mean pulmonary arterial pressure
(P̄pa) was reduced by f40% [14]. Results of the proof-of-
concept study indicated that, as is the case for a number of
currently available PAH therapies, individualised dose titra-
tion may be the most appropriate way to utilise the potential
benefits of riociguat.

We present the results of a phase II study designed to assess
the therapeutic potential of 12 weeks of oral riociguat treat-
ment titrated according to systolic blood pressure (SBP) in
patients with CTEPH or PAH in terms of functional as well as
haemodynamic improvement, and to characterise further the
safety and tolerability of this novel therapy.

METHODS
Study design and patients
This prospective, open-label, dose-titration phase II study was
conducted at 15 specialist centres for the management of
pulmonary hypertension in Germany; patients were enrolled
and treated from February 12, 2007 to April 23, 2008. Ambu-
latory patients aged 18–75 yrs, who were diagnosed with
CTEPH or PAH in World Health Organization (WHO)
functional class II or III, were enrolled if, ,4 weeks before
the start of the study, diagnostic right heart catheterisation
[15] indicated that they had P̄pa .25 mmHg and mean
pulmonary vascular resistance (PVR) .300 dyn?s?cm-5.

Patients with CTEPH were eligible for inclusion if they had
technically inoperable (i.e. distal) CTEPH, were deemed
inoperable owing to concomitant diseases or had refused an
operation. In addition, their diagnosis was established by at
least two of the following: perfusion–ventilation scan, spiral
computed tomography, magnetic resonance angiography or
invasive pulmonary angiography (contrast medium injected
into pulmonary arteries via catheter). Patients with severe
systemic arterial hypertension (SBP .200 mmHg or diastolic
blood pressure .120 mmHg), systemic SBP ,100 mmHg,
acute or chronic left heart failure, significant renal insuffi-
ciency (creatinine .2 mg?dL-1 (177 mM) or proteinuria
.1 g?day-1) or hepatic insufficiency (bilirubin .2.5 mg?dL-1

(43 mM)) were excluded. Patients taking endothelin-receptor
antagonists were allowed to continue this treatment, but those
taking phosphodiesterase-5 inhibitors or prostacyclin deri-
vates were excluded. Diuretics, oral anticoagulants, digitalis,
calcium channel blockers and oxygen supplementation were
permitted.

Local institutional review boards and independent ethics
committees approved the study protocol, and written
informed consent was obtained from all patients.

Procedures
The primary end-points of the study were the safety,
tolerability and feasibility of individual titration of riociguat
according to peripheral SBP. Patients received an immediate-
release tablet of riociguat (Bayer Schering Pharma AG,
Wuppertal, Germany) t.i.d. for 12 weeks, titrated in 0.5-mg
increments at 2-week intervals from a starting dose of 1 mg to
a maximum of 2.5 mg t.i.d. Trough SBP was measured 1 h
before administration of the morning dose of riociguat. As
specified by the protocol, BP measurements were taken
using a noninvasive method after a resting period of 20 min.
The methods used to take BP measurements were at the
discretion of the physician and were not standardised
(consistent between the study centres). The dose of riociguat
was increased if trough peripheral SBP was .100 mmHg,
maintained if SBP was 90–100 mmHg and reduced if SBP was
,90 mmHg without symptoms of hypotension (such as
dizziness or syncope); if SBP was ,90 mmHg with symptoms
of hypotension, treatment was temporarily discontinued
for 24 h and restarted at a 0.5-mg lower dose. At the end of
the study, patients had the option to enter a long-term
extension phase.

Hypotension (SBP ,90 mmHg) was recorded as measured by
the investigator and other AEs were recorded if reported by
patients spontaneously or in response to open, nondirected
questioning. All treatment-emergent AEs were graded by the
investigator with respect to intensity (mild, moderate or
severe) and likely relationship to study medication. Any event
that was fatal or life-threatening, required hospitalisation or
prolongation of existing hospitalisation, resulted in persistent
or significant disability or incapacity, or constituted a
congenital anomaly or birth defect, was considered a serious
AE. Vital signs, ECG findings and laboratory parameters were
evaluated every 2 weeks. Laboratory parameters included
blood gases, haematology, clinical chemistry and spontaneous
urine composition.
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Secondary end-points of the study (assessed in the per-
protocol population) were change from baseline (week 0) in
exercise capacity (6-min walk distance (6MWD)), modified
Borg dyspnoea score and WHO functional class (assessed after
12 weeks). Change in cardiopulmonary haemodynamics was
also assessed after 12 weeks in patients who agreed to a second
procedure; results of the diagnostic right catheterisation
performed in the 4 weeks before study entry were taken as
the baseline. Direct measurements included P̄pa, right atrial
pressure, pulmonary capillary wedge pressure, mean arterial
pressure and cardiac output (averaged from three measure-
ments performed and calculated using a thermodilution
device). Calculated measurements included body surface area,
pulmonary vascular resistance, systemic vascular resistance
and cardiac index.

Statistical methods
No formal statistical sample size estimation was performed in
this exploratory study. Safety analyses were based on all
patients who received at least one dose of study medication.
Efficacy analyses were performed in patients who completed
the study (per-protocol population). SAS1 version 9.1 statis-
tical software (SAS Institute, Cary, NC, USA) was used for data
analysis. Changes from baseline in continuous pharmaco-
dynamic variables were calculated from paired data and are
presented as median (interquartile range). A Wilcoxon signed-
rank test was performed on these changes and a p-value of
,0.05 was accepted as statistically significant.

RESULTS
Patient demographics and drug dosing
In total, 75 patients (42 with CTEPH and 33 with PAH) received
at least one dose of riociguat and were valid for safety analysis.
Subject age was 63.0 (50–70) yrs, 41 (55%) were female, and all
were white. Six (8%) patients were stable on treatment with the
endothelin-receptor antagonist bosentan before the study; there
was no ongoing or prior exposure to other classes of drug for
PAH. The 12-week study was completed by 72 patients (96%; 41
CTEPH and 31 PAH); their baseline demographics and clinical
characteristics are shown in table 1. As could be expected, the
patients with PAH appeared to have worse baseline haemody-
namics and exercise capacity than those with CTEPH. This has
also been shown in registry data [16] and is unlikely to affect the
interpretation of the study results. The use of concomitant
medications, such as calcium channel blockers, diuretics and
oxygen, at baseline was largely similar between the CTEPH and
PAH subgroups (table 2). The incidence of oral anticoagulant
use was slightly higher in the CTEPH group (92.7%) than in the
PAH group (71.0%).

At the end of the study, 52 (72%) patients were receiving at
least the maximum dose of riociguat (o2.5 mg t.i.d.) and four
(5%) were at the starting dose (1 mg t.i.d.); only one patient
(1%) ended the study on 0.5 mg t.i.d. The riociguat dose was
reduced by 0.5 mg because of asymptomatic hypotension in
two patients. Dose titration was associated with only a slight
decrease in median SBP, from 120.0 (110.0–130.0) mmHg at
baseline to 110.5 (106.0–126.0) mmHg at week 12 (p50.0067),

TABLE 1 Baseline demographic and clinical characteristics of patients completing 12 weeks of riociguat treatment

CTEPH PAH Total

Subjects 41 31 72

Demographic data

Age yrs 63.0 (56.0–70.0) 62.0 (49.0–69.0) 63.0 (50.0–70.0)

Ethnic origin white % 41 (100) 31 (100) 72 (100)

Females % 18 (44) 21 (68) 39 (54)

Weight kg 75.0 (66.0–85.0) 72.0 (63.0–86.0) 74.0 (63.5–85.0)

Height cm 170.0 (165.0–174.0) 166.0 (160.0–172.0) 169.5 (163.5–174.0)

Body mass index kg?m-2 24.7 (23.3–28.1) 25.8 (23.4–30.5) 24.8 (23.4–29.3)

Functional status

WHO functional class

I 0 (0) 0 (0) 0 (0)

II 10 (24) 5 (16) 15 (21)

III 31 (76) 25 (81) 56 (78)

IV 0 (0) 1 (3) 1 (1)

6-min walk distance m 390.0 (330.0–441.0) 337.0 (215.0–406.0) 359.0 (300.0–420.0)

Right heart catheterisation

Mean pulmonary arterial pressure mmHg 44.0 (38.0–51.0) 48.0 (36.0–55.0) 45.5 (38.0–53.0)

Pulmonary vascular resistance dyn?s?cm-5 686 (516–859) 836 (511–1173) 727 (513–996)

Pulmonary capillary wedge pressure mmHg 8.0 (5.0–12.0) 8.0 (5.0–10.0) 8.0 (5.0–11.0)

Systemic vascular resistance# dyn?s?cm-5 1721 (1346–2067) 1744 (1456–2275) 1730 (1368–2143)

Cardiac index L?min-1?m-2 2.31 (1.94–2.68) 2.13 (1.84–2.50) 2.19 (1.92–2.54)

Pulmonary/systemic vascular resistance# % 44.1 (34.3–50.2) 48.0 (32.2–58.7) 45.7 (33.3–52.4)

Data are presented as n, n (%) or median (interquartile range). CTEPH: chronic thromboembolic pulmonary hypertension; PAH: pulmonary arterial hypertension; WHO:

World Health Organization. #: measurements required to calculate baseline systemic vascular resistance were available for 66 patients (CTEPH n540; PAH n526).
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and this was accompanied by a minute increase in median
heart rate, from 76.0 (68.0–84.0) beats?min-1 at baseline to 76.5
(70.5–84.4) beats?min-1 at week 12 (p50.0406).

Safety
Three (4%) patients discontinued the study because of AEs
(one had pulmonary oedema due to drug-related unmasking
of pulmonary venous occlusive disease; one had progressive
right heart failure unrelated to the study drug; one with a
history of multiple allergies had drug-related exanthema). AEs
were reported by 65 (87%) of the 75 patients who received at
least one dose of riociguat (table 3); these were judged to be
drug-related in 42 patients (56%). The incidence of AEs was not
related to the dose of riociguat. Most drug-related AEs (96%)
were mild or moderate in severity and resulted in discontinua-
tion in only two cases. None of the 11 reported hypotensive
episodes was accompanied by symptoms leading to a
permanent discontinuation of study drug; nine normalised
without dose alteration and in the remaining two cases, a

reduced dose was well tolerated. Syncope was reported in four
patients but was not considered to be drug-related because
independent causes could be identified, such as episodes of
coughing or exertion after the end of the 6-min walk test. None
of these cases required lowering of the dose of riociguat, and
the up-titration process was continued in all four patients. No
syncope occurred at the highest dose of 2.5 mg riociguat t.i.d.
11 patients experienced serious AEs, two of whom discon-
tinued the study (one with pulmonary oedema related to
pulmonary venous occlusive disease and one with progressive
right heart failure). The patient with progressive right heart
failure died 50 days after stopping the study medication. None
of the subjects experienced treatment-emergent elevations in
serum aspartate aminotransferase or alanine aminotransferase
levels to more than three times the upper limit of normal, and
there were no indications of drug-induced abnormalities in
other laboratory parameters. There were no specific safety or
tolerability concerns in patients treated with bosentan. Median
changes in correct QT interval calculated using Bazett’s or
Fridericia’s formulae (QTc Bazett and Fridericia) from baseline
to any of the visits during the initial 12-week study period
were clinically insignificant: the medians of DQTc Bazett and
DQTc Fridericia were 2.4 ms and 3.0 ms, respectively, at the
end of the study (i.e. following titration of riociguat to the
optimal dose in each patient).

Exercise capacity
Exercise capacity increased during riociguat treatment.
Significant increases in 6MWD were observed in the whole
population as well as in the CTEPH and PAH subgroups
(fig. 1). By the end of the study, 6MWD had improved in 86%
of patients (by .50 m in 54% and by .100 m in 29%).

TABLE 2 Concomitant medication use at baseline in
patients completing 12 weeks of riociguat
treatment

CTEPH PAH Total

Subjects 41 31 72

Any medication 41 (100.0) 30 (96.8) 71 (98.6)

PAH-specific medication

Any medication 4 (9.8) 2 (6.5) 6 (8.3)

Bosentan 4 (9.8) 2 (6.5) 6 (8.3)

Calcium channel blockers

Any medication 6 (14.6) 8 (25.8) 14 (19.4)

Amlodipine 4 (9.8) 3 (9.7) 7 (9.7)

Diltiazem 0 (0.0) 1 (3.2) 1 (1.4)

Felodipine 0 (0.0) 1 (3.2) 1 (1.4)

Lercanidipine 0 (0.0) 1 (3.2) 1 (1.4)

Nifedipine 1 (2.4) 0 (0.0) 1 (1.4)

Nitrendipine 1 (2.4) 0 (0.0) 1 (1.4)

Verapamil 0 (0.0) 2 (6.5) 2 (2.8)

Diuretics

Any medication 31 (75.6) 26 (83.9) 57 (79.2)

Furosemide 7 (17.1) 4 (12.9) 11 (15.3)

Furosemide plus spironolac-

tone

1 (2.4) 1 (3.2) 2 (2.8)

Hydrochlorothiazide 6 (14.6) 11 (35.5) 17 (23.6)

Piretanide 1 (2.4) 0 (0.0) 1 (1.4)

Spironolactone 15 (36.6) 10 (32.3) 25 (34.7)

Torasemide 16 (39.0) 16 (51.6) 32 (44.4)

Xipamide 3 (7.3) 4 (12.9) 7 (9.7)

Oral anticoagulants

Any medication 38 (92.7) 22 (71.0) 60 (83.3)

Phenprocoumone 38 (92.7) 22 (71.0) 60 (83.3)

Oxygen

Any medication 12 (29.3) 7 (22.6) 19 (26.4)

Oxygen 12 (29.3) 7 (22.6) 19 (26.4)

Data are presented as n or n (%). CTEPH: chronic thromboembolic pulmonary

hypertension; PAH: pulmonary arterial hypertension.

TABLE 3 Adverse events (AEs) experienced by patients
receiving at least one dose of riociguat (n575)

AE Treatment-emergent events in

o4 patients

Dyspepsia 18 (24)

Headache 12 (16)

Hypotension 11 (15)

Peripheral oedema 9 (12)

Tachycardia 9 (12)

Fatigue 7 (9)

Upper abdominal pain 7 (9)

Dizziness 6 (8)

Vertigo 6 (8)

Vomiting 6 (8)

Constipation 5 (7)

Diarrhoea 4 (5)

Epistaxis 4 (5)

Gastrointestinal infection 4 (5)

Nasopharyngitis 4 (5)

Respiratory tract infection 4 (5)

Syncope 4 (5)

Total reporting any AE 65 (87)

Data are presented as n (%).
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In the total population, 6MWD was 359.0 (300.0–420.0) m at
baseline. Following 12 weeks of treatment, a significant
median improvement of 55 (20.0–107.0) m was observed
(p,0.0001). Significant increases were also seen in the total
population with WHO functional class II at baseline: an
improvement from 423.5 (396.0–511.0) m at baseline by 71.5
(40.0–133.0) m (p50.0001). The improvement in patients in
WHO functional class III was not as great: a significant
increase of 50.0 (17.0–105.0) m from 350.0 (283.0–409.0) m at
baseline (p,0.0001). The improvement in 6MWD seen in
patients taking riociguat with bosentan (57.5 (6.0–142.0) m;
p50.0938) was similar to that observed in the population
taking riociguat alone (55.0 m (22.5–106.5) m; p,0.0001).

CTEPH subgroup
In the CTEPH group, 6MWD was 390.0 (330.0–441.0) m at
baseline. Following 12 weeks of treatment, a significant
improvement of 55 (17.0–105.0) m was observed (p,0.0001).
An increase was also seen in patients with CTEPH who were
WHO functional class II at baseline: an improvement from
450.0 (410.0–511.0) m at baseline by 55.0 (26.0–97.0) m
(p50.0039). The improvement in patients in WHO functional
class III was similar: a significant increase of 55.0 (17.0–
105.0) m from 354.5 (321.0–410.0) m at baseline (p,0.0001).
The improvement in 6MWD seen in patients taking riociguat
with bosentan (43.0 m (-1.5–111.0) m; p50.3750) was slightly
less than in the population taking riociguat alone (55.0 (20.0–
105.0) m; p,0.0001).

PAH subgroup
Compared with patients with CTEPH, marginally greater
improvements in 6MWD were observed in patients with PAH.
In the PAH group, 6MWD was 337.0 (215.0–406.0) m at

baseline. Following 12 weeks of treatment, a significant im-
provement of 57.0 (25.0–117.0) m was observed (p,0.0001). An
increase was also seen in patients with PAH who were WHO
functional class II at baseline: an improvement from 393.0
(305.0–407.0) m at baseline by 117.0 (63.0–150.0) m (p50.0625).
The improvement in patients in WHO functional class III was
not as great: a significant increase of 50.0 m (20.0–79.0 m) from
337.0 (215.0–400.0) m at baseline (p50.0002). The improvement
in 6MWD seen in patients taking riociguat with bosentan (90.0
(35.0–145.0) m; p50.5000) was greater than in the population
taking riociguat alone (57.0 (25.0–115.0) m; p,0.0001).

Other exploratory outcomes
During the 12-week study, the median modified Borg dyspnoea
score improved by one point on a 10-point scale. In total, 22 out
of 72 patients (31%) showed an improvement in WHO
functional class, and only one patient deteriorated (fig. 2).

In the subgroup of patients who underwent right heart
catheterisation twice (n550), P̄pa had decreased significantly.
We observed an improvement of -4.5 (-8.0–1.0) mmHg from
baseline (45.0 (37.0–53.0) mmHg; p,0.0001). The decrease in
P̄pa was also significant in patients with CTEPH (n530). In this
subgroup there was a median improvement of -4.5 (-7.0–
1.0) mmHg (p,0.0001) from baseline (42.5 (37.0–52.0) mmHg).
In patients with PAH (n520), there was a median improve-
ment of -4.0 (-15.5–1.0) mmHg from baseline (47.5 (39.0–
55.5) mmHg). PVR, systemic vascular resistance and the ratio
of PVR to systemic vascular resistance also decreased, while
cardiac index increased (table 4). The decrease in PVR was
accompanied by an increase in 6MWD in the majority of
patients (fig. 3).

DISCUSSION
Both CTEPH and PAH are debilitating diseases associated
with low survival rates. Although several approved pharma-
cological treatments now exist for PAH, survival rates and
health-related quality of life remain poor [3, 17]. Importantly,
no approved pharmacological therapy is yet available for
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patients with CTEPH [9]. Riociguat is the first sGC stimulator
to enter clinical development. In this 12-week, multicentre,
phase II trial of 75 patients with CTEPH and PAH, riociguat
was well tolerated, showed a favourable safety profile, and
caused strong and clinically meaningful improvements in
exercise capacity and pulmonary haemodynamics in both
patient subgroups.

Oral riociguat administered t.i.d. was successfully titrated from
a starting dose of 1 mg to a maximum target dose of 2.5 mg in
a majority of patients. Individualised dosing of riociguat was
shown to be practicable and straightforward. SBP was
measured as scheduled and it was seen that systemic
vasodilation was compensated by increased cardiac output.
Even though a decrease in systemic blood pressure was
observed in patients as a drug-related treatment-emergent AE,
it was not clinically relevant in most cases and necessitated
dose adjustment in only two patients. It is unknown if the

slight increase in heart rate will become clinically relevant.
According to the judgment of the investigators, syncopal
events were not drug-related, but careful evaluation is
required to assess syncope as a potential AE in patients with
CTEPH or PAH.

Riociguat did not cause increases in aspartate aminotransferase
or alanine aminotransferase levels to more than three times the
upper limit of normal in the current study. These results
require confirmation in larger, longer term trials. Results from
a randomised, double-blind, placebo-controlled, crossover,
interaction study in 30 healthy male volunteers have pre-
viously shown that the combination of riociguat with the
anticoagulant warfarin does not affect warfarin pharmaco-
kinetics and pharmacodynamics [18]. Riociguat (2.5 mg t.i.d.)
did not affect factor VII clotting activity or prothrombin time
and had a favourable safety profile. The concomitant use of
riociguat with existing anticoagulant therapies is therefore not
expected to represent a risk.

Haemodynamics provide objective and robust direct informa-
tion about the status of the pulmonary circulation. The
decreases in P̄pa (CTEPH 11%; PAH 8%) and PVR (CTEPH
29%; PAH 33%), and the increase in cardiac index (CTEPH
19%; PAH 20%) seen in the present study are clinically
meaningful in view of those observed in previous studies of
PAH therapies. The haemodynamic effects of riociguat
warrant further investigation in randomised controlled trials.

By the end of the study, 6MWD had improved in the majority
of patients and, importantly, a substantial and significant
improvement in 6MWD was shown in patients with CTEPH
(55 m) as well as in patients with PAH (57 m). Again, these
data must be confirmed in randomised, controlled studies.
Interestingly, patients in WHO functional classes II and III
showed similar improvements in 6MWD, suggesting that
riociguat could provide marked functional improvement even
in patients who have relatively mild symptoms. PAH therapies
have been investigated primarily in patients who are in
functional class III or IV, but observational studies indicate
that there may be a clinical advantage to starting PAH
treatment at an earlier stage of the disease [19, 20].
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FIGURE 3. Change in 6-min walk distance (6MWD) and pulmonary vascular

resistance (PVR) in individual patients after 12 weeks of treatment with riociguat

(n548). Improvement in PVR was accompanied by an increase in 6MWD in the

majority of patients. Paired baseline (#) and week 12 ($) values are shown for

each patient.

TABLE 4 Change in haemodynamic parameters between baseline and week 12 for patients with week 12 measurements

Haemodynamic

measurement

CTEPH" PAH+ All patients1

Baseline Change at week 12 Baseline Change at week 12 Baseline Change at week 12

P̄pa mmHg 42.5 (37.0–52.0) -4.5 (-7.0–1.0)# 47.5 (39.0–55.5) -4.0 (-15.5–1.0)* 45.0 (37.0–53.0) -4.5 (-8.0–1.0)#

PVRe dyn?s?cm-5 691 (533–854) -200 (-288– -115)# 748 (448–1342) -245 (-560– -142)# 709 (521–970) -215 (-327–117)#

PCWP mmHg 7.0 (5.0–11.0) 1.0 (-3.0–3.0) 7.5 (5.5–10.5) 2.0 (-2.0–6.0) 7.0 (5.0–11.0) 1.0 (-3.0–4.0)

SVR## dyn?s?cm-5 1767 (1397–2101) -433 (-733– -68)** 1676 (1354–2465) -536 (-748– -270)** 1752 (1397–2177) -441 (-748– -148)#

Cardiac indexe L?min-1?m-2 2.28 (1.94–2.53) 0.44 (0.23–0.76)# 1.99 (1.84–2.51) 0.40 (0.17–0.76)** 2.15 (1.89–2.52) 0.43 (0.19–0.76)#

PVR/SVR## % 42.3 (34.7–48.8) -2.9 (-11.5–5.9) 47.1 (33.7–53.6) -5.3 (-10.4–0.0)* 44.8 (34.2–51.9) -3.9 (-11.0–2.3)**

Data are presented as median (interquartile range). CTEPH: chronic thromboembolic pulmonary hypertension; PAH: pulmonary arterial hypertension; P̄pa: mean

pulmonary arterial pressure; PVR: pulmonary vascular resistance; PCWP: pulmonary capillary wedge pressure; SVR: systemic vascular resistance. ": n530; +: n520;
1: n550; e: data available for 48 patients (CTEPH n529; PAH n519); ##: data available for 44 patients (CTEPH n528; PAH n516). *: p,0.05; **: p,0.01; #: p,0.0001.

H.A. GHOFRANI ET AL. PULMONARY VASCULAR DISEASE

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 36 NUMBER 4 797



The present study is the first to assess the therapeutic potential
of sGC stimulation in pulmonary hypertension. Limitations in
the design of this phase II study include its size, lack of
blinding and absence of a placebo control. The relatively small
proportion of patients electing to undergo a second right heart
catheterisation procedure at the end of the study (67%) should
be taken into account in future studies. In addition, patients
with persistent or recurrent pulmonary hypertension post-
pulmonary endarterectomy were not included in the current
study. These patients should be considered for inclusion
alongside patients with inoperable CTEPH in future studies
of riociguat. Blood pressure was recorded using a noninvasive
device after a resting period of 20 min. The exact methodology
was decided by the study investigator. A standardised
protocol will be used for phase III studies to ensure consistency
between study centres. A larger trial size and grouping of
specific PAH aetiologies in future studies may permit useful
comparisons of efficacy between PAH subtypes. Finally, this
study, which received approval from independent ethics
committees in Germany, involved newly diagnosed patients
foregoing treatment with approved PAH therapies in order to
be treated with an investigational drug. The ethics of such
studies must always be carefully considered when designing
the protocol, bearing in mind the potential risks in relation to
the research value of the study. The delaying of treatment with
approved PAH therapies is the subject of ongoing debate,
particularly in the context of placebo-controlled studies [21].

Despite these limitations, the magnitude of the median
improvements from baseline in 6MWD and haemodynamic
parameters makes the findings promising. The favourable
tolerability of riociguat and its positive effects on haemo-
dynamics, 6MWD, WHO functional class and dyspnoea scores
could potentially translate into improvements in health-related
quality of life for patients, and further randomised, controlled
study of riociguat in CTEPH and PAH is warranted. Data from
the small number of patients taking bosentan provide the first
hint that combination therapy with endothelin-receptor
antagonists and riociguat may be feasible. The use of riociguat
in combination with existing PAH therapies should also be
investigated in future clinical studies.

The results of this phase II study suggest that 1.0–2.5 mg t.i.d.
riociguat may have a favourable safety profile and may improve
the exercise capacity, symptoms and haemodynamics of
patients with CTEPH and PAH. Two global, phase III clinical
studies in CTEPH and PAH have recently been initiated, and
clinical studies to evaluate the effect of riociguat in several other
pulmonary and cardiovascular indications are underway.
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