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ABSTRACT Riociguat is a soluble guanylate cyclase stimulator approved for the treatment of inoperable

and persistent/recurrent chronic thromboembolic pulmonary hypertension (CTEPH). In the 16-week

CHEST-1 study, riociguat showed a favourable benefit–risk profile and improved several clinically relevant

end-points in patients with CTEPH. The CHEST-2 open-label extension evaluated the long-term safety and

efficacy of riociguat.

Eligible patients from CHEST-1 received riociguat individually adjusted up to a maximum dose of

2.5 mg three-times daily. The primary objective was the safety and tolerability of riociguat; exploratory

efficacy end-points included 6-min walking distance (6MWD) and World Health Organization (WHO)

functional class (FC).

Overall, 237 patients entered CHEST-2 and 211 (89%) were ongoing at this interim analysis (March

2013). The safety profile of riociguat in CHEST-2 was similar to CHEST-1, with no new safety signals.

Improvements in 6MWD and WHO FC observed in CHEST-1 persisted for up to 1 year in CHEST-2. In

the observed population at 1 year, mean¡SD 6MWD had changed by +51¡62 m (n5172) versus CHEST-1

baseline (n5237), and WHO FC had improved/stabilised/worsened in 47/50/3% of patients (n5176) versus

CHEST-1 baseline (n5236).

Long-term riociguat had a favourable benefit–risk profile and apparently showed sustained benefits in

exercise and functional capacity for up to 1 year.
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Introduction
Chronic thromboembolic pulmonary hypertension (CTEPH) is a form of pulmonary hypertension (PH)

caused by obstruction of the pulmonary vasculature by organised fibrotic thromboembolic material, leading

to increased pulmonary vascular resistance (PVR), progressive PH and right ventricular failure [1–3].

Pulmonary endarterectomy (PEA) is the recommended treatment for CTEPH as it is potentially curative

[4]. However, up to 40% of patients are considered technically inoperable and 17–31% of patients develop

persistent or recurrent PH after undergoing PEA [5–8]. Until recently, no pharmacological therapies were

approved for these patients.

PH is associated with endothelial dysfunction, impaired synthesis of nitric oxide (NO) and insufficient

stimulation of the NO–soluble guanylate cyclase (sGC)–cyclic GMP (cGMP) pathway [9–11]. Riociguat, the

first member of a new class of compounds called sGC stimulators, has a dual mode of action, sensitising

sGC to endogenous NO by stabilising NO–sGC binding, and directly stimulating sGC via a different

binding site, independently of NO. This leads to increased generation of cGMP [10–13].

Based on the results of the pivotal phase III CHEST-1 and PATENT-1 studies [14, 15], riociguat is the first

drug to be approved for two separate PH indications: pulmonary arterial hypertension and inoperable or

persistent/recurrent CTEPH [4, 16]. In the CHEST-1 study, riociguat significantly improved 6-min walking

distance (6MWD) (primary end-point) with a least-squares mean difference of +46 m (95% CI 25–67 m;

p,0.0001) compared with placebo at week 16. A number of secondary end-points were also significantly

improved compared with placebo, including PVR (p,0.0001), N-terminal prohormone of brain natriuretic

peptide (NT-proBNP) (p,0.0001) and World Health Organization (WHO) functional class (FC)

(p50.003) [15]. In CHEST-1, there was a higher number of clinical worsening events in the placebo group

versus the riociguat group (6% versus 2%, respectively), although this was not statistically significant.

Riociguat showed a favourable benefit–risk profile, with the most frequently occurring serious adverse

events (SAEs) in CHEST-1 being right ventricular failure (3% of patients in each group), syncope (2% in

the riociguat group and 3% in the placebo group) and haemoptysis (2% of the riociguat group) [15].

Patients completing CHEST-1 were eligible to enter the CHEST-2 long-term extension study, in which all

patients received open-label riociguat, for the assessment of the long-term safety and efficacy of riociguat in

patients with CTEPH. Here we report the results from an interim analysis of CHEST-2 where the majority

(76%) of patients had received o1 year of treatment.

Methods
Patients
Patients aged 18–80 years with technically inoperable CTEPH or persistent/recurrent PH following PEA

were included in the CHEST study. Additional inclusion and exclusion criteria have been published

previously [15], and included 6MWD 150–450 m, PVR o300 dyn?s?cm-5 and mean pulmonary artery

pressure o25 mmHg. Patients were invited to participate in CHEST-2 after completing CHEST-1 without

ongoing study drug-related SAEs. Patients who withdrew from CHEST-1 due to clinical worsening were not

allowed to participate in CHEST-2. Patients were allowed to receive endothelin receptor antagonists (ERAs)

and prostanoids as add-on combination therapy during the open-label study phase of CHEST-2, if the

investigator considered it to be necessary, but NO donors and specific or non-specific phosphodiesterase

inhibitors were not allowed.

The study was carried out in accordance with Good Clinical Practice Guidelines and the Declaration of

Helsinki. The study protocol was approved by the ethics committees of all participating centres and all

patients gave their written informed consent. The CHEST-1 and CHEST-2 studies are registered at

ClinicalTrials.gov (identifiers NCT00855465 and NCT00910429, respectively).
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Study design
CHEST-2 was a multicentre, open-label, single-group study conducted at 71 out of the 89 centres (across 25

out of the 26 countries) that participated in CHEST-1. The study consisted of an 8-week double-blind dose-

adjustment phase, followed by the open-label study phase that will run until riociguat receives official

approval and is commercially available. Following the approval of riociguat for the treatment of inoperable

or persistent/recurrent CTEPH in the USA, Canada, Europe and Japan, some patients are now transitioning

to commercially available riociguat.

Patients in CHEST-1 were randomised to receive either placebo or riociguat adjusted from a starting dose of

1 mg three-times daily up to a maximum of 2.5 mg three-times daily for 16 weeks [15]. Patients in the

former riociguat group started CHEST-2 at the riociguat dose they received at the end of CHEST-1, while

former placebo patients started CHEST-2 at 1 mg three-times daily. During the 8-week double-blind dose-

adjustment phase of CHEST-2, patients in the former placebo group were individually adjusted up to a

maximum of 2.5 mg three-times daily according to systolic blood pressure (SBP) and symptoms of

hypotension, and patients in the former riociguat group continued on the dose they were receiving at the

end of CHEST-1 while receiving sham titration. During the open-label study phase, investigators could

adjust the riociguat dose (up to a maximum dose of 2.5 mg three-times daily) according to the patient’s

need, considering SBP, side-effects and progression of underlying CTEPH.

Assessment
The primary objective of the study was to assess the safety and tolerability of long-term riociguat treatment.

Safety parameters included adverse events (AEs) and laboratory variables. Exploratory efficacy end-points

included 6MWD, NT-proBNP, WHO FC, time to clinical worsening, Borg dyspnoea score, EuroQol 5

Dimensions (EQ-5D) questionnaire and the Living with Pulmonary Hypertension (LPH) questionnaire.

Assessments took place at entry to CHEST-2, at 2, 4, 6, 8 and 12 weeks, and every 3 months thereafter.

Patients who stopped study medication had a safety follow-up visit 30 days after discontinuation.

Analysis
All variables were analysed descriptively in this open-label, non-comparative study. Baseline refers to the

start of CHEST-1.

At week 12 of CHEST-2, missing data were imputed according to last observation carried forward (LOCF),

except in cases of death or clinical worsening without subsequent visit, where the following rules were used:

6MWD, worst possible value (0 m); WHO FC, worst possible score (IV) for cases of clinical worsening

without subsequent visit and worst possible value plus one (V) for cases of death; Borg dyspnoea score,

worst possible value (10); EQ-5D and LPH questionnaires, worst possible score. Worst possible values were

not imputed for NT-proBNP.

In addition, the following exploratory missing data sensitivity analyses were performed at 1 year: LOCF,

without worst case value imputation, for 6MWD; LOCF, with worst case plus one (V) imputation for cases

of death, for WHO FC; and mixed model for repeated measures (MMRM) analysis for 6MWD. The

MMRM was applied with baseline value, visit, former treatment group, the interaction of visit and baseline,

and the interaction of visit and former treatment group as fixed effects and an unstructured covariance

matrix for the observations of one patient.

Rates of survival and clinical worsening at 1 year were estimated using a Kaplan–Meier analysis, in which

patients were censored if they had not reached 1 year of treatment or if they had withdrawn without

experiencing an event. In addition, worst-case analyses were performed at 1 year for clinical worsening

(assuming that a patient dropping out experienced clinical worsening immediately after drop-out); and

survival (assuming that a patient dropping out died immediately after drop-out).

Results
Patients
Of the 243 patients who completed CHEST-1, 237 (98%) entered CHEST-2 (fig. 1). Patient characteristics

were well balanced across the groups at CHEST-1 baseline (table 1); 73% of patients had inoperable CTEPH

and 27% had persistent/recurrent PH following PEA. At the March 2013 data cut-off, 211 patients (89%)

were receiving ongoing treatment and 179 (76%) had received .1 year of treatment. Mean treatment

duration was 83 weeks (median 75 weeks) and cumulative treatment exposure was 378 patient-years.

At the end of the 8-week double-blinded dose-adjustment phase, most patients in the former riociguat and

placebo groups were receiving riociguat 2.5 mg three-times daily (82% and 90%, respectively) (online

supplementary fig. S1). This was sustained for up to 1 year, when 90% of patients were receiving riociguat
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2.5 mg three-times daily. During the open-label study phase of CHEST-2, 23 patients received at least one

up-titration of riociguat dose and 13 patients received at least one down-titration.

At the start of CHEST-2, all patients were receiving riociguat monotherapy. Of patients treated for 1 year in

CHEST-2, 145 (92%) out of 157 were continuing to receive monotherapy and 12 (8%) patients were

receiving additional PH-specific medication (eight (5%) were receiving ERAs and four (3%) were receiving

prostanoids). No patient required additional treatment with both an ERA and prostanoid at 1 year.

Safety
The most common AEs in CHEST-2 are shown in table 2. Hypotension was reported in 6% of patients and

syncope in 7%. Compared with the initial 16-week CHEST-1 study, lower exposure-adjusted rates per

100 patient-years were seen in the long-term extension phase for the most frequent AEs and AEs of special

CHEST-1 randomised and treated n=261

n=173

Riociguat
n=160 (92%)

Former riociguat
n=155 (97%)

Discontinued
n=16
(10%)

Discontinued
n=10
(12%)

Former placebo
n=82 (99%)

1 death during follow-up

Ongoing at cut-off
n=139 (90%)

Ongoing at cut-off
n=72 (88%)

Patients completing
CHEST-1

n=243 (93%)

Patients entering
CHEST-2

n=237 (98%)

Placebo
n=83 (94%)

n=88

Adverse event 4 (5%)
Death 3 (4%)
Lack of efficacy 1 (1%)
Withdrawal by patient 2 (2%)

Adverse event 3 (2%)
Death 9 (6%)
Lack of efficacy 2 (1%)
Withdrawal by patient 2 (1%)

Months in CHEST-2 at cut-off ≥42≥39≥36≥33≥30≥27≥24≥21≥18≥15≥12≥9≥6≥30
Patients n 518334153698598121155179220227229237

FIGURE 1 Patient disposition and numbers of patients at selected time points during the study. The numbers of patients
at each time point were based on the number of visits performed.

TABLE 1 Patient characteristics at CHEST-1 baseline

Former riociguat Former placebo Total

Subjects n 155 82 237
Age years 59¡14 59¡12 59¡13
Female 104 (67) 49 (60) 153 (65)
CTEPH classification

Inoperable 110 (71) 62 (76) 172 (73)
Persistent/recurrent 45 (29) 20 (24) 65 (27)

6MWD m 345¡82 360¡71 351¡78
WHO FC I/II/III/IV 2/31/65/3# 0/31/67/2" 1/31/65/3+

Data are presented as mean¡ SD, n (%) or %, unless otherwise stated. CTEPH: chronic thromboembolic
pulmonary hypertension; 6MWD: 6-min walking distance; WHO: World Health Organization; FC: functional
class. #: data do not add up to 100% due to rounding; ": n581; +: n5236.
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interest (online supplementary table S1). Drug-related AEs were reported in 46% of patients; the most

common were dizziness (10%), dyspepsia (8%) and hypotension (5%).

SAEs were reported in 42% of patients and drug-related SAEs in 5%. The most common drug-related SAEs

were syncope (2%) and hypotension (1%), which were resolved in all cases. Four (2%) AEs and three (2%)

SAEs of haemoptysis/pulmonary haemorrhage were reported in the riociguat group during CHEST-1.

During CHEST-2, eight (3%) AEs and four (2%) SAEs of haemoptysis/pulmonary haemorrhage were

reported. The exposure-adjusted rate of haemoptysis/pulmonary haemorrhage AEs was 2.9 per 100 patient-

years in CHEST-2 versus 7.8 per 100 patient-years in the riociguat group of CHEST-1. The exposure-

adjusted rate of haemoptysis/pulmonary haemorrhage SAEs was 1.1 cases per 100 patient-years in CHEST-2

compared with 5.9 cases per 100 patient-years in the riociguat group of CHEST-1. No AEs or SAEs of

haemoptysis/pulmonary haemorrhage were reported in the placebo group of CHEST-1. Two of the SAEs

were graded as severe, but none were considered study drug-related by the investigators. Of the patients

who experienced an SAE in CHEST-2, one had a previous history of pulmonary bleeding prior to the

CHEST study (requiring bronchial artery embolisation to be carried out twice) and one had an episode of

haemoptysis during CHEST-1. One (0.4%) case was fatal and, of the remaining cases, none led to riociguat

discontinuation and all were resolved or resolving at cut-off. All patients with haemoptysis/pulmonary

haemorrhage were receiving anticoagulants. Warfarin was discontinued in one patient and one patient

underwent bronchial artery embolisation.

There were 13 deaths during CHEST-2, none of which were considered to be study drug-related by the

investigators.

Exploratory analyses
6MWD
The reported differences in 6MWD relate to different numbers of patients and should therefore be

considered as exploratory. Improvements in 6MWD in the riociguat group of CHEST-1 were sustained at

week 12 and year 1 of CHEST-2 (fig. 2). In the former riociguat group, mean¡SD 6MWD had changed

from CHEST-1 baseline by +50¡59 m at week 16 of CHEST-1 (n5154) and by +61¡59 m at week 12 of

CHEST-2 (n5145; total 28 weeks). In the former placebo group, little change in 6MWD was observed at

week 16 of CHEST-1 (+8¡63 m; n581); however, a change of +51¡64 m (n575) was observed at week 12

of CHEST-2 following transition to riociguat, which is comparable to the former riociguat group (fig. 2).

At 1 year of CHEST-2, 6MWD had changed by +59¡58 m for the former riociguat group (n5114),

+37¡69 m in the former placebo group (n558) and +51¡62 m in the overall population (n5172) (fig. 2).

TABLE 2 Adverse events (AEs) in the CHEST-2 study

Former riociguat Former placebo Total

Subjects n 155 82 237
Any AE 150 (97) 78 (95) 228 (96)
Individual AEs in .10% of patients

Nasopharyngitis 37 (24) 18 (22) 55 (23)
Dizziness 29 (19) 16 (20) 45 (19)
Peripheral oedema 24 (15) 19 (23) 43 (18)
Diarrhoea 21 (14) 12 (15) 33 (14)
Cough 20 (13) 12 (15) 32 (14)
Dyspnoea 18 (12) 9 (11) 27 (11)
Upper respiratory tract infection 18 (12) 8 (10) 26 (11)

Drug-related AE 70 (45) 39 (48) 109 (46)
Discontinuation due to AE 3 (2) 5 (6) 8 (3)
Serious AEs 63 (41) 37 (45) 100 (42)
Discontinuation due to serious AE 3 (2) 4 (5) 7 (3)
AEs of special interest in .5% of patients

Syncope 10 (6) 7 (9) 17 (7)
Hypotension 9 (6) 6 (7) 15 (6)

Other AEs of interest
Haemoptysis/pulmonary haemorrhage 5 (3) 3 (4) 8 (3)

Data are presented as n (%), unless otherwise stated. The mean treatment duration was 83 weeks.
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In the overall population, mean¡SD 6MWD was 409¡96 m (n5172) at 1 year, compared with 351¡78 m

(n5237) at baseline.

Missing data sensitivity analyses, using different imputation methods, showed slightly lower improvements

in 6MWD compared with observed values (online supplementary table S2). This was due to patients who

dropped out tending to have a lower 6MWD. However, the overall interpretation of the study results was

not affected.

NT-proBNP
The decreases in NT-proBNP in the riociguat groups of CHEST-1 were sustained for up to 1 year in

CHEST-2 (table 3). Patients in the placebo group of CHEST-1 showed a similar decrease in NT-proBNP

following transition to riociguat in CHEST-2. At 1 year in the overall population, NT-proBNP changed by

-416¡1321 pg?mL-1 (n5149) versus baseline (n5204).

WHO FC
At 1 year, WHO FC had improved/stabilised/worsened in 50/45/4%, respectively, of patients in the former

riociguat group (n5117), 39/59/2% of patients in the former placebo group (n559) and 47/50/3% of

patients in the overall population (n5176) (fig. 3). The proportion of patients in the overall population in

WHO FC I/II/III/IV at 1 year was 14/54/31/1% (n5177), respectively, compared with 1/31/65/3% (n5236)

at baseline.

Similar to 6MWD, missing data sensitivity analyses showed slightly reduced improvements in WHO FC

compared with observed values (online supplementary table 2), but the overall interpretation of study

results was not affected.

Survival and clinical worsening
Overall, 16% of patients experienced a clinical worsening event during CHEST-2 (table 4). The estimated

rate of clinical worsening-free survival at 1 year was 88% (95% CI 83–92%) (fig. 4a). Using a worst-case

analysis, in which patients who dropped out were assumed to have experienced clinical worsening, the rate

of clinical worsening-free survival at 1 year was 86% (95% CI 80–90%).
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The estimated overall survival rate at 1 year of CHEST-2 was 97% (95% CI 93–98%) (fig. 4b). Using a

worst-case analysis, where patients who dropped out were assumed to have died, the rate of survival at

1 year was 93% (95% CI 88–96%).

Quality of life
The improvement in Borg dyspnoea score seen in the former riociguat group at the end of CHEST-1

(n5154) was maintained in CHEST-2 at week 12 (n5145) and year 1 (n5113), while patients in the former

placebo group showed minimal change at the end of CHEST-1 (n581), with improved scores after the

switch to riociguat in CHEST-2 at week 12 (n575) and year 1 (n558) (table 3). Likewise, improvement in

EQ-5D questionnaire score seen in the former riociguat group at the end of CHEST-1 (n5153) was

maintained in CHEST-2 at week 12 (n5147) and year 1 (n5114), while patients in the former placebo

group showed no improvement during CHEST-1 (n580), but showed moderate improvement after the

switch to riociguat in CHEST-2 at week 12 (n576) and year 1 (n559). A similar trend was observed for

LPH, although this end-point was not measured beyond week 8 of CHEST-2 (table 3).

Discussion
The results of CHEST-2 support the findings from CHEST-1 and suggest that riociguat is an effective

treatment for improving exercise capacity and functional capacity in patients with inoperable or
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worsened in CHEST-1 and CHEST-2. Data are observed values. Percentages may not add up to 100% due to rounding.
The reported differences in WHO functional class relate to different numbers of patients at each time point and should
therefore be considered exploratory.

TABLE 4 Clinical worsening events during CHEST-2

Former
riociguat

Former
placebo

Total

Subjects n 155 82 237
Patients with clinical worsening# 26 (17) 12 (15) 38 (16)

PEA 1 (1) 1 (1) 2 (1)
Hospitalisation due to PH 5 (3) 1 (1) 6 (3)
Start of new PH treatment 12 (8) 7 (9) 19 (8)
Decrease in 6MWD due to PH 2 (1) 1 (1) 3 (1)
Persistent worsening of WHO FC due to PH 5 (3) 1 (1) 6 (3)
Death 9 (6) 4 (5) 13 (5)

Data are presented as n (%), unless otherwise stated. The mean treatment duration was 83 weeks. PEA:
pulmonary endarterectomy; PH: pulmonary hypertension; 6MWD: 6-min walking distance; WHO: World Health
Organization; FC: functional class. #: one patient can experience more than one type of event.
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persistent/recurrent PH. The AE profile of riociguat in CHEST-2 was similar to that seen in CHEST-1 [15],

including episodes of haemoptysis. The majority of patients were receiving the maximum 2.5 mg three-

times daily dose of riociguat at 1 year and changes in dose were infrequent during the open-label phase of

the study, further supporting the long-term tolerability of this treatment. Furthermore, improvements in

6MWD, WHO FC and other exploratory efficacy end-points seen at the end of CHEST-1 [15] were

apparently sustained for up to 1 year in CHEST-2.

PEA remains the recommended treatment for CTEPH as it is potentially curative in the majority of patients.

Despite being an invasive procedure, the mortality rates of PEA are low: 7% and 9% at 1 and 2 years post-

surgery, respectively [7, 17]. However, there is a significant unmet medical need for effective therapies in

patients who are considered technically inoperable or who develop persistent/recurrent PH after undergoing

PEA [5, 7, 8]. Riociguat is the only approved pharmacological therapy for such patients [4] and is the first

to show significant and sustained improvements in exercise capacity.

Haemoptysis and pulmonary haemorrhage are known complications of CTEPH. A previous single-centre

survey found that five (6%) out of 79 patients with CTEPH had experienced moderate-to-severe

haemoptysis requiring medical intervention [18], while a recent case–control study using data from the

international CTEPH registry found that 5% of 436 consecutive patients with CTEPH had a history of

haemoptysis [19]. The rate of haemoptysis/pulmonary haemorrhage SAEs in CHEST-2 was 1.1 cases per

100 patient-years compared with 5.9 cases per 100 patient-years in the riociguat group of CHEST-1 (no

cases were reported in the placebo group of CHEST-1). The potentially increased risk of pulmonary

bleeding with riociguat in some patients is reflected as a warning in the local prescribing information

(summary of product characteristics) and prescribers should regularly assess the individual patient’s risk

of pulmonary bleeding while on riociguat treatment. However, the risk of haemoptysis/pulmonary

haemorrhage may be influenced by other factors, such as age, severity of disease, deterioration in pulmonary

haemodynamics and concomitant treatment with anticoagulants [20, 21]. The mechanism of how riociguat

could cause haemoptysis/pulmonary haemorrhage is unclear. One hypothesis is that the observation may be

related to the vasodilatory effects of riociguat on the bronchial arterial circulation (which is hypertrophied

and associated with angiogenesis in the systemic circulation, i.e. bronchial arteries, in PH [22, 23]), which

increases the flow and favours haemoptysis.

Improvements in exercise capacity and clinical condition with riociguat during CHEST-1, as measured by

6MWD and WHO FC, were apparently sustained for up to 1 year in CHEST-2, and were consistent using a

variety of imputation methods for missing data. In patients who received placebo during CHEST-1,

although the incidence of clinical worsening events was similar compared with former riociguat patients,

improvements in 6MWD and WHO FC after transitioning to riociguat treatment did not fully catch up to
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(95% CI 88–96%).

PULMONARY VASCULAR DISEASES | G. SIMONNEAU ET AL.

DOI: 10.1183/09031936.00087114 9



the former riociguat group by the 1-year cut-off. This highlights the importance of initiating the

appropriate treatment as early as possible.

Long-term extension studies provide vital information regarding the long-term safety and tolerability of a

drug; however, their lack of a control group and open-label nature in combination with patient withdrawals

and the different lengths of time patients have been treated do not allow evidence-based messages regarding

efficacy to be derived. In CHEST-2, patients were also allowed to receive concomitant PH medication

during the open-label phase. Although the use of concomitant therapies at 1 year was low (8%), this may

have affected the AE profile and contributed to the improvement in efficacy parameters. Pulmonary

haemodynamics were not assessed in the CHEST-2 study, and so it is unclear whether the improvements

in PVR and other haemodynamic parameters persisted beyond the 16-week CHEST-1 study. However,

improvements in NT-proBNP, a marker of right ventricular function, apparently persisted for up to 1 year.

In conclusion, long-term treatment with riociguat showed a favourable benefit–risk profile in patients with

inoperable CTEPH or persistent/recurrent PH after PEA. As in CHEST-1, cases of haemoptysis/pulmonary

haemorrhage were observed in the CHEST-2 long-term extension. Although caution is required when

interpreting open-label long-term extension studies, improvements in 6MWD and WHO FC were

maintained for up to 1 year of treatment, with a survival rate of 97% (worst-case analysis: 93%) and a rate

of clinical worsening-free survival of 88% at 1 year (worst-case analysis: 86%). These results support the use

of riociguat as a long-term treatment for patients with inoperable or persistent/recurrent CTEPH.
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