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Summary 

Background The phase 2b RIociguat Safety and Efficacy in patients with diffuse cutaneous 

Systemic Sclerosis (RISE-SSc) trial (ClinicalTrials.gov, NCT02283762) investigated 

riociguat vs placebo in early diffuse cutaneous systemic sclerosis (dcSSc). The long-term 

extension (LTE) evaluated safety and exploratory treatment effects for an additional year. 

Methods Patients were enrolled between 15 January 2015 and 8 December 2016. Those who 

completed the 52-week, randomised, parallel-group, placebo-controlled, double-blind phase 

of RISE-SSc were eligible for the LTE. Patients originally randomised to riociguat continued 

therapy. Those originally randomised to placebo were switched to riociguat, adjusted up to 

2·5 mg three times daily in a 10-week, double-blind dose-adjustment phase, followed by an 

open-label phase. Treatment effects assessed included modified Rodnan skin score (mRSS). 

Statistical analyses were descriptive. Safety including adverse events and serious adverse 

events was assessed in the long-term safety analysis set. 

Findings In total, 87/121 (72%) patients in the main RISE-SSc study entered the LTE 

(riociguat→riociguat, n=42; placebo→riociguat, n=45). Overall, 82/87 patients (94%) in the 

LTE experienced an adverse event; most (n=66/87; 76%) were of mild to moderate severity, 

with no increase in pulmonary-related serious adverse events in patients with interstitial lung 

disease (ILD). Mean (95% confidence interval) mRSS scores decreased from week 52 to 112 

by –2·6 (–4·4 to –0·9) points in the riociguat→riociguat group and –4·0 (–5·5 to –2·5) in the 

riociguat→placebo group. 

Interpretation No new safety signals were observed with long-term riociguat in patients 

with dcSSc. Study limitations include the absence of a comparator group in this open-label 

extension study. 

Funding Bayer AG and Merck Sharp & Dohme LLC. 
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Research in context 

Evidence before this study 

At the time RIociguat Safety and Efficacy in patients with diffuse cutaneous Systemic 

Sclerosis (RISE-SSc) was conceived (2018), no therapy had been proven to reverse the 

vascular and fibrotic damage in patients with scleroderma. Due to the high medical need, a 

number of drugs, such as methotrexate, mycophenolate mofetil, and cyclosporine, were in use 

off-label in an attempt to slow the progression of fibrosis. Current treatment options only 

targeted specific systemic sclerosis (SSc)-related manifestations. In the European Union, only 

bosentan was approved to reduce the number of new digital ulcers in patients with SSc and 

ongoing digital ulcer disease. The soluble guanylate cyclase stimulator riociguat had shown 

antifibrotic actions in skin and other tissues in in vitro and in vivo models and had 

demonstrated benefits in patients with pulmonary arterial hypertension (PAH), including 

PAH associated with SSc. Consequently, riociguat was investigated in the phase 2b, 52-week, 

randomised, double-blind, placebo-controlled RISE-SSc study in patients with diffuse 

cutaneous systemic sclerosis (dcSSc).  

Added value of this study 

The primary endpoint of RISE-SSc (reduction in modified Rodnan skin score [mRSS]) was 

not met (mean change from baseline –2·09 with riociguat vs –0·77 with placebo, p=0·08), but 

potential efficacy signals were seen. This open-label, long-term extension (LTE) study of 

RISE-SSc was therefore performed according to the trial protocol. No new safety signals 

were observed in patients with dcSSc receiving an additional year of riociguat therapy. 

mRSS scores decreased numerically during the LTE in patients previously randomized to 

placebo and in those who continued riociguat. Digital ulcer burden was stable in patients who 
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previously received riociguat but continued to increase in those who previously received 

placebo, despite switching to riociguat. 

Implications of all the available evidence 

The LTE study results show that riociguat was well tolerated when given as long-term 

treatment. Further investigation of riociguat in larger cohorts of patients with dcSSc is 

warranted. Such studies could investigate riociguat as part of concurrent or sequential 

combinations with proven and/or commonly used therapies such as nintedanib, 

mycophenolate mofetil, or tocilizumab, in conjunction with patient profiling to select 

individualised therapy.  

 

Introduction 

Systemic sclerosis (SSc) is a severe, multiorgan autoimmune connective tissue disease 

characterised by extensive skin and internal organ fibrosis and vasculopathy.[1-3] SSc can 

seriously affect quality of life[3] and has high morbidity and mortality, particularly in patients 

with diffuse cutaneous SSc (dcSSc).[3, 4] Many drugs are used to treat organ manifestations 

of SSc,[3, 5] but the only approved therapies to modify the disease course are nintedanib[6] 

and tocilizumab[7] for interstitial lung disease (ILD) associated with SSc[8] (mycophenolate 

mofetil[9] being widely used although not approved). In addition, autologous haematopoietic 

stem cell transplantation is recommended for selected patients.[10] Several other targeted 

therapies are under development.[11] 

In preclinical in vitro and in vivo animal studies, soluble guanylate cyclase (sGC) stimulators 

exhibited consistent anti-inflammatory, antifibrotic, and antiproliferative effects mediated 

partly by reduction of transforming growth factor beta-1 signalling.[12, 13] In the placebo-

controlled, phase 3 Pulmonary Arterial Hypertension Soluble Guanylate Cyclase–Stimulator 
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Trial 1 (PATENT-1), the oral sGC stimulator riociguat improved functional capacity and 

pulmonary haemodynamics in adults with pulmonary arterial hypertension (PAH), including 

a subgroup with PAH associated with SSc, and was well tolerated.[14, 15] Additionally, 

riociguat improved digital blood flow in some patients with Raynaud’s phenomenon in a 

single-dose pilot study.[16] Based on these observations, it was hypothesised that riociguat 

may reduce tissue fibrosis in dcSSc. It was therefore evaluated in the RIociguat Safety and 

Efficacy in patients with diffuse cutaneous Systemic Sclerosis (RISE-SSc) trial in patients 

with early dcSSc.[17]  

While the study did not meet its primary endpoint of a significant decrease in modified 

Rodnan skin score (mRSS) at week 52, secondary exploratory analyses showed potential 

treatment effects of riociguat vs placebo, including a reduction in the development of digital 

ulcers.[17] To evaluate the safety and exploratory outcomes of longer-term treatment with 

riociguat, patients from RISE-SSc were eligible to enter a prespecified open-label long-term 

extension (LTE) in which all patients received riociguat. We assessed safety and outcomes in 

patients who were initially randomized to riociguat or placebo to determine if there was any 

effect of earlier riociguat initiation on these parameters. 

 

Methods 

Study design 

RISE-SSc (ClinicalTrials.gov, NCT02283762) was a randomised, 52-week, double-blind, 

placebo-controlled, parallel-group, phase 2b, international, multicentre study conducted in 60 

outpatient hospital centres in 15 countries (Australia, New Zealand, Canada, the USA, 

Belgium, the Czech Republic, France, Germany, Hungary, Italy, Switzerland, the United 

Kingdom, the Netherlands, Turkey, and Japan).[17] It ran from 15 January 2015 to 15 
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December 2017 and was completed according to protocol. Patients who completed the 

double-blind phase were eligible to enter the LTE in which patients originally randomised to 

riociguat continued therapy (the riociguat→riociguat group), while patients originally 

randomised to placebo were switched to oral riociguat (the placebo→riociguat group). The 

LTE was initially planned for up to 6 years after the end of the double-blind phase. However, 

as RISE-SSc did not meet its primary endpoint, the study was terminated early, with first 

patient first visit for the LTE on 8 February 2016 and last patient last visit on 28 March 2019.  

Each site’s institutional review board or ethics committee approved the protocol. The study 

was performed in accordance with the Declaration of Helsinki and Good Clinical Practice. 

All study data were regularly reviewed by an independent Data Monitoring Committee. 

Patients 

Eligible patients were ≥18 years of age and fulfilled American College of 

Rheumatology/European League Against Rheumatism criteria for dcSSc.[18] Patients were 

recruited by the principal investigator of each study centre. Full inclusion and exclusion 

criteria were published previously.[17] Patients with pulmonary hypertension as determined 

by right heart catheterisation were excluded from RISE-SSc to avoid depriving patients with 

PAH of the benefits of riociguat in this condition.[14, 15] All patients provided written 

informed consent. 

Intervention assignment and procedures 

Patients in the placebo→riociguat group were switched to riociguat (up to 2·5 mg three times 

daily) in the 10-week dose-adjustment phase (weeks 52–62). The riociguat→riociguat group 

continued treatment at the same dose while undergoing sham dose adjustment. Active 

riociguat and placebo tablets were identical in appearance and smell, and the packaging and 

labelling were designed to maintain blinded conditions for investigators and patients. After 



9 

 

the LTE dose-adjustment phase, riociguat treatment continued open-label until study 

termination, when patients entered the 30-day safety follow-up. Rescue medication (see 

online appendix p 2) was permitted from week 26 of the double-blind phase at investigator 

discretion, although concomitant nitrates, nitric oxide donors, and phosphodiesterase 

inhibitors (type 5 or non-specific) were not permitted. 

Safety assessments continued throughout the LTE, with adverse event (AE) recording and 

evaluation of vital signs every 2 weeks during the dose-adjustment phase and every 12 weeks 

during the open-label phase. Efficacy outcome measures were assessed every 12 weeks from 

the start of the LTE (week 52). AEs, mRSS, pulmonary function tests, and patient-reported 

outcomes (PROs) were also assessed at the discontinuation visit. Digital ulcer burden was 

also evaluated during the dose-adjustment period of the LTE. 

 

Outcomes 

Safety assessments included evaluation of vital signs, AEs, and serious AEs (SAEs) coded by 

Medical Directory for Regulatory Activities (MedDRA) preferred terms. Based on previous 

experience with riociguat, symptomatic hypotension and serious haemoptysis were defined as 

AEs of special interest (AESIs). All patients underwent safety follow-up 30 [+5] days after 

the last dose of study medication (see online appendix p 2–3). 

All outcome measures were exploratory in the LTE to RISE-SSc and were assessed from 

week 52 to week 112. Change in mRSS and the percentages of patients with mRSS 

worsening or improvement of ≥20%, 40%, or 60% were calculated, mRSS progression 

(worsening) being defined as an increase of either >5 units and ≥25% or >4 units and ≥20% 

from baseline,[19] and mRSS regression (improvement) as a decrease of >5 units and ≥25% 

from baseline. Pulmonary function was assessed with FVC (L), FVC %predicted, and 
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haemoglobin-corrected diffusing capacity of the lung for carbon monoxide (DLCO). 

Pulmonary function was also assessed in patients with a medical history of ILD at baseline, 

defined according to MedDRA preferred terms ‘interstitial lung disease’ and ‘pulmonary 

fibrosis’. 

Worsening of end-organ disease was assessed, including cardiac, renal pulmonary, 

gastrointestinal, and digital ischaemia. Other exploratory endpoints included digital ulcer 

burden (see online appendix p 2). Quality of life was assessed using the Short Form 36 (SF-

36), Scleroderma Health Assessment Questionnaire (S-HAQ; comprising the standard Health 

Assessment Questionnaire-Disability Index [HAQ-DI] and visual analogue scales [VASs]), 

University of California, Los Angeles, Scleroderma Clinical Trial Consortium 

Gastrointestinal Scale (UCLA SCTC GIT) 2·0,[20] and Patient-Reported Outcomes 

Measurement Information System (PROMIS)-29. 

 

Statistical analyses 

Statistical analyses were performed using SAS v9·2 software (SAS Institute Inc., Cary, 

Indiana, USA). All analyses in the LTE were conducted on the long-term safety analysis set, 

defined as all patients randomised and treated with study medication in the double-blind 

phase who continued study medication in the LTE. Data were summarised descriptively by 

treatment group. The number of data available and missing data, mean, standard deviation, 

minimum, median, quartiles (if data were clearly non-normal) and maximum were calculated 

for continuous data. Two-sided confidence intervals were also calculated for changes from 

week 52 to 112 in mRSS and pulmonary function. Frequency tables were generated for 

categorical data. mRSS and pulmonary function were evaluated every 12 weeks during open-

label therapy and at the final visit. All variables are presented as observed values with no 
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imputation for missing data. Mean changes were obtained by first calculating the individual 

change from baseline for each visit and then averaging all changes at each visit. The study 

protocol and statistical analyses plans are available at [[URL to be confirmed on 

acceptance]].  

 

Patient and public involvement 

This study did not have patient or public involvement in its design, participant recruitment, or 

conduct, although PROs were included as exploratory endpoints. 

 

Role of the funding source 

Bayer AG designed the study in collaboration with the authors. MW and FK of Bayer AG 

analysed and interpreted the study results, led post hoc analysis generation, and, along with 

all other authors, revised the manuscript and approved the final draft for publication.  

 

Results 

Of 121 patients enrolled between 15 January 2015 and 8 December 2016 and initially 

randomised in RISE-SSc (riociguat, n=60; placebo, n=61), 88 completed the double-blind 

phase (riociguat, n=42; placebo, n=46) (figure 1). One patient in the placebo arm declined to 

enter the LTE; consequently, 87 patients were included in the analysis. The LTE phase was 

completed with at least 112 weeks’ follow-up by 32 patients originally randomised to 

riociguat (riociguat→riociguat) and 31 patients originally randomised to placebo. Ten of 42 

patients in the riociguat→riociguat group (24% of those entering the LTE) and 14 of 45 in the 

Richard Murphy
Note to Bayer/Authors. The Instructions to Authors say that “All accepted Articles should include a link to the full study
protocol published on the authors’ institutional website”.
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placebo→riociguat group (31% of those entering the LTE) discontinued treatment and 

entered the safety follow-up. The most common reasons for discontinuation were patient 

withdrawal in the riociguat→riociguat group and AEs in the placebo→riociguat group 

(figure 1). 

The combined mean (SD) duration of riociguat exposure in the double-blind and LTE phases 

was 1061 (259) days in the riociguat→riociguat group and 596 (302) days in the 

placebo→riociguat group. The median (interquartile range [IQR]) duration of follow-up was 

1118.5 (890–1323) and 1037 (789–1242) days, respectively. The median (IQR) treatment 

duration was 1092 (855–1288) and 649 days, respectively. Overall cumulative riociguat 

exposure was 195·4 person-years (riociguat→riociguat, 122·0 person-years; 

placebo→riociguat, 73·4 person-years). 

Baseline characteristics of the overall population at study entry and for the 

riociguat→riociguat and placebo→riociguat groups at the start of the LTE are shown in 

table 1. Both groups included 11 patients with ILD by medical history, whereas by high-

resolution computed tomography (HRCT) performed as part of clinical care before the 

randomization, ILD was present in 12 riociguat→riociguat patients (29%) and nine 

placebo→riociguat patients (20%). Demographics and disease characteristics at the initial 

double-blind baseline in patients who entered the LTE were generally well balanced between 

treatment groups (online appendix p 3–4). 
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Figure 1: Patient disposition 

FU=follow-up. LTE=long-term extension. * In the main study, 2 patients in the riociguat group and 2 patients in 

the placebo group completed safety FU but did not complete case report forms, and therefore they are not 

counted as entering safety FU in the main study. One patient in the placebo group completing the main 

treatment phase did not enter the LTE phase and entered and completed the safety FU.  
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Double-blind baseline 

(n=121) 

Riociguat→riociguat 

(n=42) 

Placebo→riociguat  

(n=45) 

Age, years 51 (12) 52 (12) 49 (13) 

Female sex, n (%) 92 (76) 31 (74) 34 (76) 

Male sex, n (%) 29 (24) 11 (26) 11 (24) 

Race, n (%)    

White 89 (74) 28 (67) 34 (76) 

Black 5 (4) 0 (0) 1 (2) 

Asian 24 (20) 11 (26) 10 (22) 

Other or not reported 3 (2) 3 (7) 0 (0) 

Disease duration, months 9·0 (6·4) 8·9 (7·8)†  8·9 (5·8) 

 Median (IQR) 8·2 (3·7–13·4) 7·2 (0·5–44·4) 8·7 (0·7–18·4) 

mRSS  16·8 (3·7) 14·1 (5·8) 15·6 (10·1) 

ILD by medical history, n (%) 25 (21) 11 (26) 11 (24) 

FVC %predicted 93 (18) 90 (19) 93 (15)* 

    

DLCO (mmol/min/kPa)    

Overall 6.04 (1.97) 5·79 (1·92) 5·88 (1·84) 

DLCO %predicted (haemoglobin corrected) 76 (19) 77 (21) 74 (19) 

Swollen joint count 2·0 (4·7) 1·9 (4·8) 0·8 (2·8) 

Median (IQR) 0 (0–2) 0 (0–0) 0 (0–0) 

Swollen joint count ≥1, n (%) 38 (31) 8 (19) 7 (16) 

Tender joint count 3·0 (6·2) 2·8 (6·1) 1·1 (3·8) 

Median (IQR) 0·5 (0–3·5) 0 (0–1) 0 (0–0) 

Tender joint count ≥1, n (%) 51 (42) 13 (31) 8 (18) 

Tendon friction rubs  ·· ·· 

Tendon friction rubs ≥1, n (%) 35 (29) 0 (0) 0 (0) 

Digital ulcer count 0·3 (1·1) 0·0 (0·3) 0·2 (0·7) 

Median (IQR) 0 (0–0) 0 (0–0) 0 (0–0) 

Digital ulcer count ≥1, n (%) 15 (12) 1 (2) 4 (9) 

Mean HAQ-DI, units 0·8 (0·7) 0·8 (0·7) 0·8 (0·8) 

Median (range) 0.8 (0–2.4) 0·6 (0–2·4) 0·6 (0–2·8) 

Anti-Scl-70 (anti-topoisomerase I) positive, n (%) 49 (40) 17 (40) 16 (36) 

Anti-RNA polymerase III positive, n (%)‡ 26 (21) 9 (21) 11 (24) 

Anti-centromere-B positive, n (%) 10 (8) 3 (7) 3 (7)* 
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Table 1: Patient demographics and disease characteristics at the LTE baseline (week 52) and full study 

population at double-blind baseline 

All data are mean (SD), unless otherwise specified. DLCO=diffusing capacity of the lung for carbon monoxide. 

FVC=forced vital capacity. HAQ-DI=Health Assessment Questionnaire-Disability Index. ILD=interstitial lung 

disease. LTE=long-term extension. mRSS=modified Rodnan skin score. RNA=ribonucleic acid. SD=standard 

deviation. *n=44. †n=41. ‡Blood samples for autoantibody screen were only conducted at baseline to the 

randomised phase at the start of the study. 

 

Overall, 82 of the 87 patients (94%) experienced an AE during the LTE; most AEs were mild 

to moderate in severity (table 2). 
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Week 52 to end of LTE Baseline to end of LTE 

 Riociguat→riociguat  

(n=42) 

Placebo→riociguat  

(n=45) 

Total (n=87) Riociguat→riociguat  

(n=42) 

Placebo→riociguat  

(n=45) 

Total (n=87) 

AEs, n (%) 40 (95) 42 (93) 82 (94) 41 (98) 42 (93) 83 (95) 

Study drug-related* AEs 17 (40) 25 (56) 42 (48) 33 (79) 30 (67) 63 (72) 

Discontinuation of study drug due to AE 2 (5) 6 (13) 8 (9) 2 (5) 7 (16) 9 (10) 

Maximum intensity for any AE, n (%)       

Mild 14 (33) 11 (24) 25 (29) 9 (21) 9 (20) 18 (21) 

Moderate 17 (40) 24 (53) 41 (47) 21 (50) 22 (49) 43 (49) 

Severe 9 (21) 7 (16) 16 (18) 11 (26) 11 (24) 22 (25) 

Maximum intensity for study drug-related* AE, n (%)       

Mild 13 (31) 11 (24) 24 (28) 24 (57) 12 (27) 36 (41) 

Moderate 3 (7) 12 (27) 15 (17) 8 (19) 13 (29) 21 (24) 

Severe 1 (2) 2 (4) 3 (3) 1 (2) 5 (11) 6 (7) 

SAEs, n (%) 10 (24) 11 (24) 21 (24) 12 (29) 17 (38) 29 (33) 

Study drug-related* SAEs 1 (2) 3 (7) 4 (5) 1 (2) 5 (11) 6 (7) 

Discontinuation of study drug due to SAE 1 (2) 3 (7) 4 (5) 1 (2) 4 (9) 5 (6) 

Most frequent AEs, n (%)†       

Nasopharyngitis 11 (26) 10 (22) 21 (24) 13 (31) 14 (31) 27 (31) 

GORD 7 (17) 8 (18) 15 (17) 19 (45) 13 (29) 32 (37) 

Upper RTI 7 (17) 6 (13) 13 (15) 9 (21) 11 (24) 20 (23) 

Vomiting 7 (17) 4 (9) 11 (13) 10 (24) 5 (11) 15 (17) 

Cough 6 (14) 3 (7) 9 (10) 9 (21) 6 (13) 15 (17) 
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Skin ulcer 6 (14) 4 (9) 10 (11) 9 (21) 9 (20) 18 (21) 

Bronchitis 5 (12) 0 (0) 5 (6) 8 (19) 1 (2) 9 (10) 

Diarrhoea 5 (12) 8 (18) 13 (15) 9 (21) 12 (27) 21 (24) 

Hypotension‡ 5 (12) 7 (16) 12 (14) 11 (26) 9 (20) 20 (23) 

Interstitial lung disease 5 (12) 5 (11) 10 (11) 7 (17) 6 (13) 13 (15) 

Arthralgia 4 (10) 6 (13) 10 (11) 10 (24) 14 (31) 24 (28) 

Constipation 4 (10) 2 (4) 6 (7) 5 (12) 6 (13) 11 (13) 

Myalgia 4 (10) 2 (4) 6 (7) 5 (12) 4 (9) 9 (10) 

Pain in extremity 4 (10) 2 (4) 6 (7) 7 (17) 3 (7) 10 (11) 

Nausea 2 (5) 6 (13) 8 (9) 4 (10) 10 (22) 14 (16) 

Dizziness 3 (7) 6 (13) 9 (10) 11 (26) 11 (24) 22 (25) 

Palpitations 3 (7) 1 (2) 4 (5) 8 (19) 4 (9) 12 (14) 

Epistaxis 3 (7) 1 (2) 4 (5) 5 (12) 3 (7) 8 (9) 

Anaemia 3 (7) 4 (9) 7 (8) 3 (7) 5 (11) 8 (9) 

Influenza 3 (7) 4 (9) 7 (8) 5 (12) 4 (9) 9 (10) 

Headache 3 (7) 4 (9) 7 (8) 9 (21) 12 (27) 21 (24) 

Gastroenteritis 3 (7) 5 (11) 8 (9) 4 (10) 5 (11) 9 (10) 

Dyspnoea 3 (7) 3 (7) 6 (7) 6 (14) 4 (9) 10 (11) 

Abdominal pain 3 (7) 1 (2) 4 (5) 5 (12) 3 (7) 8 (9) 

Raynaud’s phenomenon 2 (5) 2 (4) 4 (5) 5 (12) 4 (9) 9 (10) 

Abdominal distension 1 (2) 4 (9) 5 (6) 4 (10) 5 (11) 9 (10) 

Peripheral oedema 1 (2) 3 (7) 4 (5) 5 (12) 5 (11) 10 (11) 

Dyspepsia 1 (2) 2 (4) 3 (3) 5 (12) 3 (7) 8 (9) 
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Pruritus 1 (2) 0 1 (1) 3 (7) 5 (11) 8 (9) 

Fatigue 0 4 (9) 4 (5) 5 (12) 9 (20) 14 (16) 

Peripheral swelling 0 0 0 5 (12) 4 (9) 9 (10) 

AEs of special interest, n (%)        

Symptomatic hypotension§ 5 (12) 4 (9) 9 (10) 4 (10) 6 (13) 10 (11) 

Serious haemoptysis 0 0 0 0 0 0 

Table 2: Summary of AEs from baseline to the end of the LTE (week 112) and from week 52 to the end of the LTE (week 112) 

Data are reported for AEs that started or worsened after first administration of study drug up to 2 days after end of treatment with study drug. AE=adverse event. LTE=long-

term extension. GORD=gastro-oesophageal reflux disease. SAE=serious AE. *Analyses of drug-related AEs were based on the assessment of causal relationship to study 

medication as determined by the investigator. †Occurring in ≥10% of patients in either treatment group. ‡Refers to both symptomatic and asymptomatic hypotension. 

§Included hypotension as a preferred term in two patients (5%) in the riociguat→riociguat group and four (9%) in the placebo→riociguat group. 
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The most frequently reported AEs during the LTE were nasopharyngitis (n=21/87; 24%), 

gastro-oesophageal reflux disease (GORD) (n=15/87; 17%), upper respiratory tract infection 

(n=13/87; 15%), and diarrhoea (n=13/87; 15%) (table 2). Two of 42 patients (5%) in the 

riociguat→riociguat group and six of 45 (13%) in the placebo→riociguat group discontinued 

the study due to an AE. No AE resulting in discontinuation was reported in more than one 

patient (online appendix p 5). Symptomatic hypotension (dizziness, headache, or 

hypotension) was reported in five of 42 patients (12%) in the riociguat→riociguat group and 

four of 45 (9%) in the placebo→riociguat group (table 2 and online appendix p 5). No serious 

haemoptysis events were reported. AEs considered by the investigator to be related to 

riociguat treatment were reported in 17/42 patients (40%) in the riociguat→riociguat group 

and 25/45 patients (56%) in the placebo→riociguat group. The most frequently occurring 

treatment-related AEs were hypotension (riociguat→riociguat, 3/42 [7%]; 

placebo→riociguat, 7/45 [16%]), dizziness (3/42 [7%] and 4/45 [9%], respectively), 

diarrhoea (1/42 [2%] and 4/45 [9%]), headache (1/42 [2%] and 4/45 [9%]) and nausea (0/42 

[0%] and 5/45 [11%]), respectively (online appendix p 6).  

During the LTE, SAEs were reported in ten of 42 patients (24%) in the riociguat→riociguat 

group and 11 of  45 patients (24%) in the placebo→riociguat group. SAEs considered by the 

investigator to be related to riociguat were reported in one of 42 patients (2%) in the 

riociguat→riociguat group (osteolysis) and three of 45 patients (7%) in the 

placebo→riociguat group (one patient each with fluid overload and cardiac failure, and one 

patient with tachycardia and ileus). In the riociguat→riociguat group, one of 42 patients (2%) 

experienced serious acute respiratory distress syndrome and one patient (2%) experienced 

serious epistaxis. No respiratory SAEs were reported in the placebo→riociguat group.  

No deaths were reported during the LTE, and there were no AEs or SAEs related to 

procedures required by the study protocol during the study. 
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Rates of most AEs and SAEs from baseline to the end of LTE were higher than during the 

LTE, as expected from the longer observation period. The most common AEs were GORD 

(n=32/87; 37%), nasopharyngitis (n=27/87; 31%), arthralgia (n=24/87; 28%), and dizziness 

(n=22/87; 25%). 

Safety outcomes in male and female patients are shown in the online appendix (p 7). 

Safety in patients with ILD by medical history at baseline was generally similar to that 

observed in patients without ILD (online appendix p 8–9), and the risk of any SAEs in 

patients with ILD (n=5/22 [23%] overall) was similar to the main study population. No 

pulmonary SAEs were reported. Respiratory AEs, however, were more common in patients 

with ILD vs no ILD (online appendix p 10–11).  

I The time course of change in mRSS is shown in figure 2. From week 52 to 112 there were 

mean changes of –4·0 (95% CI –5·5 to –2·5) and –2·6 (95% CI –4·4 to –0·9) in the 

placebo→riociguat and riociguat→riociguat groups, respectively. 
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Figure 2: Mean (95% CI) change in mRSS from baseline to week 112 

CI=confidence interval. LTE=long-term extension. mRSS=modified Rodnan skin score.  

 

From week 52 to week 112, 24% of patients in both LTE groups (nine of 38 in the 

riociguat→riociguat group and eight of 34 in the placebo→riociguat group) experienced an 

improvement in mRSS score (>5 units and ≥25% decrease) and no patients in either group 

showed worsening (>5 units and ≥25% increase). This was different from the double-blind 

phase in which, from week 0 to week 52, 23/42 patients (55%) in the riociguat→riociguat 

group and 15/45 patients (33%) in the placebo→riociguat group experienced improvement in 

mRSS score and 7/42 (17%) and 13/45 (29%), respectively, experienced worsening. The 

proportions of patients with an increase or decrease of ≥20%, ≥40%, or ≥60% in mRSS score 

are shown in online appendix p 13. As assessment of the mRSS is partly subjective,[1] these 

results should be viewed with caution. Also, given the low baseline mRSS, a small absolute 

change would represent a relatively large percentage value.    

The time course of change in FVC %predicted is shown in figure 3. In placebo→riociguat 

and riociguat→riociguat patients, the mean (95% CI) change in FVC %predicted from week 
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52 to 112 was –1·6 (–8.5 to –0.8) and –3·0 (–7.2 to –1.4), respectively. Changes in FVC and 

DLCO in overall and in patients with ILD are described in the online appendix, p 14–15. 

 

 

Figure 3: Mean (95% CI) change in FVC %predicted from baseline to week 112 in the long-term 

safety analysis set 

CI=confidence interval. FVC=forced vital capacity. LTE=long-term extension. 

PROs were assessed throughout the LTE. Changes in PRO scores from baseline to week 52 

and from week 52 to 112 were generally small, with large variations between patients (online 

appendix p 16–22). Changes in UCLA SCTC GIT scores from week 52 to week 112 were 

mean (SD) 0.05 (0.29) (median, 0.00; range –0.56 to 1.123 for riociguat→riociguat (n=37) 

and mean (SD) 0.05 (0.17) (median, 0.01; range –0.21 to 0.56 for placebo→riociguat (n=34). 

Worsening of end-organ disease from week 52 to week 112 was observed in one of 

42 patients (2%) in the riociguat→riociguat group (arrhythmias and/or conduction defects 
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requiring treatment) and two of 45 patients (4%) in the placebo→riociguat treatment group 

(arrhythmias and/or conduction defects requiring treatment [n=1] and worsening of 

gastrointestinal disease requiring hospitalisation [n=1]). From week 52 to week 112, three of 

42 riociguat→riociguat patients (7%) required new rescue therapy with methotrexate, and 

three (7%) required mycophenolate mofetil. Two of 42 placebo→riociguat patients (5%) 

required rescue therapy with mycophenolate mofetil. Concomitant medications from week 52 

to the end of the study are shown in online appendix p 23. Apart from one patient in the 

riociguat→riociguat group who received tadalafil due to Raynaud’s disease and two patients 

who received glycerol nitrate due to subcutaneous calcification of the right thumb and arterial 

hypertension, patients received vasodilators after the last dose of riociguat and so these were 

not considered protocol-prohibited medications. 

In the riociguat→riociguat group, four of 42 patients (10%) developed new digital ulcers 

during the double-blind phase, and a further five (12%) developed new digital ulcers in the 

LTE (figure 4A). In the placebo→riociguat group, 9/45 patients (20%) developed new digital 

ulcers in the double-blind phase and 2/45 (4%) did so in the LTE (figure 4A). In the 

riociguat→riociguat group, there were nine new digital ulcers at week 52 and 17 at week 112, 

respectively, while in the placebo→riociguat group there were 64 and 129 new digital ulcers, 

respectively (figure 4B).  

The change in digital ulcer net burden from week 52 to last visit was –0·024 in the 

riociguat→riociguat group and +0·222 in the placebo→riociguat group. Within this time 

frame, five of 42 patients (12%) in the riociguat→riociguat group and 11/45 patients (24%) 

in the placebo→riociguat group received dermatological agents for the treatment of wounds 

and ulcers. Between week 52 and study end, calcium channel blockers were used in 
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12/42 patients (29%) in the riociguat→riociguat group and eight of 45 patients (18%) in the 

placebo→riociguat group. 

 

 

 

Figure 4: Cumulative numbers of patients with new digital ulcers (A) and cumulative numbers of new 

digital ulcers (B) from baseline to week 112 
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Discussion 

This open-label LTE of the randomised, placebo-controlled, double-blind RISE-SSc study of 

riociguat in patients with dcSSc[17] revealed no new safety signals during long-term use of 

riociguat overall or in patients with ILD at baseline. Safety was consistent with the RISE-SSc 

double-blind phase,[17] the PATENT-1 and -2 studies in PAH,[15, 21] and the Chronic 

Thromboembolic Pulmonary Hypertension Soluble Guanylate Cyclase–Stimulator Trial 

(CHEST)-1 and -2 studies in chronic thromboembolic pulmonary hypertension.[22, 23] In 

general, observed AEs were either common adverse reactions for riociguat in its approved 

indications or known symptoms of dcSSc. AEs considered by the investigator to be related to 

riociguat occurred in more patients in the placebo→riociguat group than the 

riociguat→riociguat group, which is not unexpected, as patients who experienced riociguat-

related AEs in the double-blind study were more likely to have discontinued before entering 

the LTE. 

Lung function continued to decline in both groups during the study, although the rate of 

decline in FVC %predicted became slower in patients with ILD who switched to riociguat 

after receiving placebo. These results may suggest a beneficial role for riociguat in patients 

with ILD that warrants further investigation, although the sample size was small. No patient 

with ILD experienced pulmonary SAEs, in contrast with the Riociguat in Patients with 

Symptomatic Pulmonary Hypertension Associated with Idiopathic Interstitial Pneumonias 

(RISE-IIP) study of riociguat in pulmonary hypertension associated with idiopathic 

interstitial pneumonias, in which SAEs including worsening of ILD were reported.[24, 25] In 

patients with SSc-related ILD, mycophenolate mofetil and stem-cell transplantation [26] have 

been reported to improve FVC %predicted vs baseline,[9] nintedanib slows the decline in 

FVC,[6] and tocilizumab appears to stabilise this parameter compared to more rapid 
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progression under placebo,[7] although profiles of the patients enrolled in those trials were 

different from those in RISE-SSc, in terms of inclusion of limited cutaneous SSc, SSc 

duration, severity of ILD, and elevation of inflammatory markers. However, riociguat 

monotherapy is not adequate for treatment of ILD, and there remains a significant unmet 

clinical need for improved treatments for SSc.  

 

From week 52 to week 112 the net burden of digital ulcers was stable in the 

riociguat→riociguat group but worsened in the placebo→riociguat group, and the cumulative 

number of new digital ulcers increased markedly in the latter group. These observations are 

inconsistent with the signal seen during the double-blind phase, in which riociguat was 

associated with fewer patients developing new digital ulcers and a lower cumulative number 

of new digital ulcers compared with placebo. A history of digital ulcers is a risk factor for the 

development of subsequent ulcers,[27] and patients in the placebo→riociguat group had 

developed more ulcers during the placebo-controlled period. This may partly explain why 

patients who switched to riociguat after 52 weeks of placebo did not see the same benefit as 

those who received riociguat from the start of the double-blind phase. The increase in the 

cumulative number of new digital ulcers in the placebo→riociguat group was particularly 

steep during the riociguat dose-adjustment phase (weeks 52–64). This may partly have been 

related to more vigilant assessment during this time. Digital ulcer burden includes other 

variables in addition to the number of ulcers and so it may not correlate closely with ulcer 

numbers. 

 

The need for a long treatment duration was observed in a randomised study in patients with 

SSc-related digital ulcers where riociguat did not reduce the digital ulcer net burden relative 

Richard Murphy
Note to Authors. Please give us your advice on possible explanations for the DU results; thank you.
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to placebo at 16 weeks but patients had complete healing of digital ulcers in the 16-week 

extension phase.[28] This highlights the importance of early treatment of vasculopathy and 

ulcer prevention in patients with dcSSc. Digital ulcers can also be considered as a safety 

concern during trials in patients with SSc, but safety analyses in the LTE showed no signal 

for excess DU with riociguat. Ulcers can also be assessed in terms of concomitant medication 

required to treat them. During the LTE, except for the contraindicated nitrates or nitric oxide 

donors and phosphodiesterase type 5 inhibitors, the addition of any other concomitant 

medication was at the discretion of the investigator, and more patients in the 

placebo→riociguat group received dermatological agents for the treatment of wounds and 

ulcers. RISE-SSc was not, however, designed to assess impact of riociguat treatment on ulcer 

evolution. 

Limitations of this LTE include its open-label design, meaning that there was no placebo 

comparator. Its primary purpose was to assess the safety of riociguat, and all other endpoints 

were exploratory. Our analyses include relatively small numbers of patients, particularly in 

the ILD subgroups, and lack longer-term data. Consequently, no conclusions regarding the 

efficacy of riociguat can be made. In addition, the high rate of withdrawal (63 patients of the 

original trial cohort of 121 completed the LTE) may have biased the results in favour of 

patients with a good response to riociguat. Per-protocol assessments could lead to selection 

bias because of exclusion of patients with a poor response or who discontinue treatment as a 

result of AEs. Our use of MedDRA preferred terms to identify ILD is not as accurate as 

performing HRCT, which is the central diagnostic technique for ILD.[29, 30] Additionally, 

the results might not be generalisable to patients outside the study population (eg, advanced 

dcSSc or limited cutaneous SSc). Also, Raynaud’s attacks were not evaluated during the 

LTE. 
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In summary, no new safety signals were observed in this long-term study of patients with 

dcSSc receiving riociguat. Future trials of riociguat or similar agents should explore if 

targeting vasculopathy and fibrosis by this mechanism of action, in combination with 

immunomodulatory agents, will have beneficial effects in SSc.   
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Supplementary methods 

Rescue therapy 

From week 26 onwards, patients with the following had the opportunity to add rescue therapy to their 

randomised study medication. Rescue therapy was defined as treatment with an immunosuppressant drug, 

under the following situations: 

• Worsening of skin disease (defined as >5 units and ≥25% increase in modified Rodnan skin score 

[mRSS]), or 

• Relative decline in forced vital capacity (FVC) %predicted by ≥10%, or relative decline in FVC 

%predicted between ≥5% and <10% with associated relative decline in diffusing capacity of the lung 

for carbon monoxide %predicted by ≥15%, provided that the decline in FVC results in FVC <75% of 

predicted (confirmed by repeat pulmonary function testing within 1 month). 

The decision to initiate rescue therapy was based on investigator discretion in eligible patients. Rescue therapy 

included any of the following four agents: methotrexate, mycophenolate mofetil, cyclophosphamide, or 

azathioprine. 

Assessment of digital ulcer burden 

Digital ulcers were defined as a full-thickness skin lesion with loss of epithelium, including lesions covered by 

eschar. Ulcers were to be >3 mm in maximal diameter. Healing was defined by re-epithelialisation with loss of 

pain and exudate. Pitting scars and hyperkeratotic lesions were always excluded. Digital ulcer net burden was 

assessed by the following methods: 

• Ulcer count – ideally performed by the same healthcare professional at every visit: 

o Total ulcer counts 

o Distal counts: distal (fingertip) – any ulcer including skin area distal to proximal interphalangeal 

joint 

• Ulcer burden: 

o Number of ulcers at time point minus baseline number of ulcers 
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• Visual analogue score for patient-reported severity of digital ulcers as part of the Scleroderma Health 

Assessment Questionnaire. 

Safety follow-up assessment 

The safety follow-up visit, 30 [+5] days after the last dose of study medication, evaluated: 

• Height and weight 

• Physical examination 

• Oximetry 

• Vital signs 

• Blood sampling for safety 

• Pregnancy test (if applicable) 

• 12-lead electrocardiogram 

• Adverse event (AE) recording 

• Prior and concomitant therapy 

• Survival status 

 

Supplementary results 

 

 
 

Riociguat→riociguat (n=42) Placebo→riociguat (n=45) 

Age, years 52 (12) 49 (13) 

 Median (IQR) 51 (44–62) 50 (40–58) 

Female, n (%) 31 (74) 34 (76) 

Race, n (%)   

White 28 (67) 34 (76) 

Black 0 (0) 1 (2) 

Asian 11 (26) 10 (22) 

Other or not reported 3 (7) 0 (0) 
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Disease duration, months  8·9 (7·8)* 8·9 (5·8) 

Median (IQR) 7·2 (3·3–12·1) 8·7 (3·7–13·3) 

mRSS  16·4 (3·2) 16·3 (4·2) 

Median (IQR) 17·0 (14–19) 16·0 (12–21) 

FVC %predicted 92 (21) 95 (17) 

DLCO %predicted (haemoglobin corrected)  78 (21) 78 (17) 

Swollen joint count 2·0 (4·8) 0·9 (2·4) 

Median (IQR) 0 (0–2) 0 (0–0) 

Swollen joint count ≥1, n (%) 13 (31) 8 (18) 

Tender joint count 3·5 (6·8) 1·5 (3·7) 

Median (IQR) 0 (0–2) 0 (0–2) 

Tender joint count ≥1, n (%) 20 (48) 14 (31) 

Tendon friction rubs 2·3 (1·0) 4·1 (2·9) 

Median (IQR) 2 (2–2) 3 (2–8) 

Tendon friction rubs ≥1, n (%) 13 (31) 15 (33) 

Digital ulcer count 0·1 (0·5) 0·1 (0·6) 

Median (IQR) 0 (0–0) 0 (0–0) 

Digital ulcer count ≥1, n (%) 4 (10) 2 (4) 

Mean HAQ-DI, units 0·8 (0·6) 0·7 (0·7) 

Median (range) 0·9 (0·0–2·0) 0·5 (0·0–2·4) 

ILD by medical history, n (%) 11 (26) 11 (24) 

Anti-RNA polymerase III positive, n (%) 9 (21) 11 (24) 

Anti-Scl-70 (anti-topoisomerase I) positive, n (%) 17 (40) 16 (36) 

Anti-centromere-B positive, n (%) 3 (7) 3 (7) 
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Supplementary Table 1: Patient demographics and disease characteristics at the double-blind phase 

baseline (week 0) for patients who subsequently entered the open-label LTE 

Data are mean (SD), unless otherwise specified. DLCO=diffusing capacity of the lung for carbon monoxide. 

FVC=forced vital capacity. HAQ-DI=Health Assessment Questionnaire-Disability Index. ILD=interstitial lung 

disease. IQR=interquartile range. LTE=long-term extension. mRSS=modified Rodnan skin score. 

RNA=ribonucleic acid. SD=standard deviation. *n=41. 

Discontinuations due to AEs 

Discontinuations in the riociguat→riociguat group were due to one case of malignant-stage tongue neoplasm 

and one case of skin ulcer. The latter was considered study drug related by the investigator. 

Discontinuations in the placebo→riociguat group were due to one case each of abdominal distension, 

gastrointestinal angiodysplasia, intestinal obstruction, nausea, vomiting, diarrhoea, dysphagia, haematochezia, 

intestinal pseudo-obstruction, antineutrophil cytoplasmic antibody-positive vasculitis, systemic scleroderma, 

acute kidney injury, and skin hypertrophy. The AEs of abdominal distension, nausea, and vomiting were 

considered study drug related by the investigator. 

AEs of special interest 

Of the two patients in the riociguat→riociguat group who reported symptomatic hypotension, both reported 

mild hypotension that resolved during the study. In one patient, the event lasted 61 days, required a riociguat 

dose reduction, and was considered to be related to study treatment. In the other patient, the event lasted for 1 

day, did not require riociguat dose adjustment, and was not considered to be related to study treatment. 

Four patients in the placebo→riociguat group reported five events of symptomatic hypotension, all of which 

were considered to be related to study treatment. Three patients each had one episode of moderate hypotension 

that required riociguat dose reduction. Two episodes were not resolved during the study (duration unknown) 

and one episode resolved after 30 days. One patient had two episodes of mild hypotension, both of which 

lasted for 1 day, and recovered with no dose adjustment. 

No serious events of haemoptysis were reported in the long-term extension. Non-serious haemoptysis (not 

considered to be an AE of special interest) was reported in one patient in each treatment group. 
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Adverse event Riociguat→riociguat (n=42) Placebo→riociguat (n=45) Total (n=87) 

Hypotension 3 (7) 7 (16) 10 (11) 

Dizziness 3 (7) 4 (9) 7 (8) 

Diarrhoea 1 (2) 4 (9) 5 (6) 

Headache 1 (2) 4 (9) 5 (6) 

Nausea 0 5 (11) 5 (6) 

Peripheral oedema 1 (2) 3 (7) 4 (5) 

Abdominal distension 0 3 (7) 3 (3) 

Vomiting 0 3 (7) 3 (3) 

Hyperhidrosis 2 (5) 0 2 (2) 

Gastritis 1 (2) 1 (2) 2 (2) 

Gastroenteritis 1 (2) 1 (2) 2 (2) 

Palpitations 1 (2) 1 (2) 2 (2) 

Amnesia 0 2 (4) 2 (2) 

Anaemia 0 2 (4) 2 (2) 

Arthralgia 0 2 (4) 2 (2) 

Cough 0 2 (4) 2 (2) 

Fatigue 0 2 (4) 2 (2) 

Gastric ulcer 0 2 (4) 2 (2) 

Gastro-oesophageal reflux disease 0 2 (4) 2 (2) 

 

Supplementary Table 2: Adverse events considered by the investigator to be related to riociguat 

treatment reported in >1 patient from week 52 to end of LTE 
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Event, n (%) Female Male 

Riociguat→riociguat  

(n=31) 

Placebo→riociguat  

(n=34) 

Total (n=65) Riociguat→riociguat  

(n=11) 

Placebo→riociguat  

(n=11) 

Total (n=22) 

AEs, n (%) 30 (97) 31 (91) 61 (94) 11 (100) 11 (100) 22 (100) 

 Study drug-related* AEs 25 (81) 21 (62) 46 (71) 8 (73) 9 (82) 17 (77) 

 Discontinuation of study drug due to AE 1 (3) 5 (15) 6 (9) 1 (9) 2 (18) 3 (14) 

Maximum intensity for any AE, n (%)       

 Mild  7 (23) 8 (24) 15 (23) 2 (18) 1 (9) 3 (14) 

Moderate 16 (52) 15 (44) 31 (48) 5 (45) 7 (64) 12 (55) 

Severe 7 (23) 8 (24) 15 (23) 4 (36) 3 (27) 7 (32) 

Maximum intensity for study drug-related* AE, n (%)       

Mild 18 (58) 9 (26) 27 (42) 6 (55) 3 (27) 9 (41) 

Moderate 6 (19) 8 (24) 14 (22) 2 (18) 5 (45) 7 (32) 

Severe 1 (3) 4 (12) 5 (8) 0 1 (9) 1 (5) 

SAE, n (%) 7 (23) 13 (38) 20 (31) 5 (45) 4 (36) 9 (41) 

Study drug-related* SAEs 0 5 (15) 5 (8) 1 (9) 0 1 (5) 

 Discontinuation of study drug due to SAE 0 3 (9) 3 (5) 1 (9) 1 (9) 2 (9) 

Supplementary Table 3: Summary of AEs in male and female patients from week 52 to end of LTE 

Data are reported for AEs that started or worsened after first administration of study drug up to 2 days after end of treatment with study drug. AE=adverse event. LTE=long-

term extension. SAE=serious AE. *Analyses of drug-related AEs were based on the assessment of causal relationship to study medication as determined by the investigator.  
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Event, n (%) Riociguat→riociguat (n=42) Placebo→riociguat (n=45) 

No ILD at BL (n=31) ILD at BL (n=11) No ILD at BL (n=34) ILD at BL (n=11) 

Any AE 30 (97) 10 (91) 31 (91) 11 (100) 

Nasopharyngitis 7 (23) 4 (36) 7 (21) 3 (27) 

Gastro-oesophageal reflux disease 5 (16) 2 (18) 7 (21) 1 (9) 

Skin ulcer 5 (16) 1 (9) 3 (9) 1 (9) 

Arthralgia 4 (13) 0 5 (15) 1 (9) 

Constipation 4 (13) 0 2 (6) 0 

Diarrhoea 4 (13) 1 (9) 8 (24) 0 

Pain in extremity 4 (13) 0 2 (6) 0 

Vomiting 4 (13) 3 (27) 4 (12) 0 

Bronchitis 3 (10) 2 (18) 0 0 

Cough 3 (10) 3 (27) 3 (9) 0 

Gastroenteritis 3 (10) 0 4 (12) 1 (9) 
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Headache 3 (10) 0 2 (6) 2 (18) 

Hypotension 3 (10) 2 (18) 5 (15) 2 (18) 

Upper respiratory tract infection 3 (10) 4 (36) 4 (12) 2 (18) 

Contusion 2 (6) 0 1 (3) 2 (18) 

Dizziness 2 (6) 1 (9) 5 (15) 1 (9) 

Dyspnoea 1 (3) 2 (18) 1 (3) 2 (18) 

Interstitial lung disease 2 (6) 3 (27) 2 (6) 3 (27) 

Nausea 1 (3) 1 (9) 6 (18) 0 

Influenza 1 (3) 2 (18) 2 (6) 2 (18) 

Palpitations 1 (3) 2 (18) 1 (3) 0 

Hypokalaemia 0 0 1 (3) 2 (18) 

Supplementary Table 4: Summary of AEs in patients with and without ILD from week 52 to end of LTE 

Table shows AEs reported in ≥10% of patients in any treatment group, where AEs started or worsened after first administration of study drug up to 2 days after end of 

treatment with study drug. AE=adverse event. BL=baseline. ILD=interstitial lung disease. 
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Event, n (%) Riociguat→riociguat (n=42) Placebo→riociguat (n=45) 

No ILD at BL (n=31) ILD at BL (n=11) No ILD at BL (n=34) ILD at BL (n=11) 

Any respiratory AE 8 (26) 7 (64) 11 (32) 6 (55) 

Acute respiratory distress syndrome 1 (3) 0 0 0 

Alveolitis 0 0 1 (3) 0 

Asthma 0 0 1 (3) 0 

Cough 3 (10) 3 (27) 3 (9) 0 

Dyspnoea 1 (3) 2 (18) 1 (3) 2 (18) 

Epistaxis 2 (6) 1 (9) 0 1 (9) 

Haemoptysis 0 1 (9) 0 1 (9) 

Hypoxia 0 0 0 1 (9) 

ILD 2 (6) 3 (27) 2 (6) 3 (27) 

Nasal ulcer 0 0 0 1 (9) 

Oropharyngeal pain 0 0 1 (3) 0 

Productive cough 1 (3) 0 0 0 

Pulmonary fibrosis 0 0 1 (3) 0 
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Pulmonary hypertension 0 0 0 1 (9)* 

Pulmonary mass 1 (3) 0 0 0 

Rales 0 0 2 (6) 0 

Respiratory tract congestion 1 (3) 0 0 0 

Sinus congestion 0 1 (9) 0 0 

Upper respiratory tract inflammation 0 0 1 (3) 0 

Supplementary Table 5: Respiratory AEs in patients with and without ILD from week 52 to end of LTE  

Table shows respiratory, thoracic, and mediastinal disorders which started or worsened after first administration of study drug up to 2 days after end of treatment with study 

drug. AE=adverse event. BL=baseline. ILD=interstitial lung disease. LTE=long-term extension. *Assessed as mild. 
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Supplementary Figure 1: Proportion of patients with (A) improvement (decrease) and (B) worsening 

(increase) in mRSS of ≥20, ≥40, and ≥60% from week 52 to week 112  

mRSS=modified Rodnan skin score. 
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Score (units) Riociguat→riociguat Placebo→riociguat 

 W0 

 

W52 Change  

W0→52 

Change W52→112 W0 

 

W52  Change  

W0→52 

Change W52→112  

Long-term safety analysis set n=42 n=42 n=42 n=36 n=45 n=44 n=44 n=34 

FVC, %predicted 91·63 (20·67) 90·10 (19·07) –1·54 (6·05) –2·96 (6·18) 94·97 (16·99) 92·96 (15·23) –2·47 (9·96) –1·57 (6·85) 

 Median (range) 92·05  

(45·00 to 123·50) 

91·72 

(44·00 to 121·0) 

–1·40 

(–18.00 to 11·00) 

–4·05 

(–21.1 to 12·00) 

95·00 

(65·40 to 144·0) 

95·60 

(48·1 to 133·5) 

–1·00 

(–35·00 to 17·00) 

–2·40 

(–17.00 to 16.00) 

FVC (L) 3·11 (1·04) 3·02 (0·94) –0·09 (0·20) -0·11 (0·20) 3·30 (0·90) 3·22 (0·86) –0·11 (0·32) –0·08 (0·37) 

 Median (range) 2·94 

(1·37 to 5·99) 

2·88 

(1·33 to 5·69) 

–0·05 

(–0·82 to 0·40) 

–0·13 

(–0·63 to 0·47) 

3·15 

(1·80 to 6.22) 

3·05 

(1·84 to 5·70) 

–0·07 

(–1·01 to 0·5) 

–0·09 

(–1·83 to 0·53) 

DLCO (mmol/min/kPa) 6·11 (2·30) 5·79 (1·92) –0·32 (0·88) –0·18 (0·66) 6·26 (1·94) 5·88 (1·84)* –0·38 (0·90)* –0·05 (0·92) 

 Median (range) 5·71 

(3·52 to 17·21) 

5·42 

(3·30 to 13·70) 

–0·33 

(–3·51 to 1·81) 

–0·08 

(–1·84 to 1·75) 

5·93 

(3·13 to 12·49) 

5·88 

(2·67 to 11·75) 

–0·30 

(–3·52 to 1·14) 

–0·25 

(–2·65 to 2·01) 

DLCO, predicted (mmol/min/kPa) 7·89 (1·76) 7·77 (1·76) –0·12 (0·23) –0·07 (0·12) 8·21 (1·64) 8·20 (1·71)* –0·01 (0·40)* –0·08 (0·33) 

 Median (range) 7·66 

(4·85 to 13·53) 

7·40 

(4·71 to 13·46) 

–0·05 

(–0·94 to 0·33) 

–0·05 

(–0·43 to 0·29) 

8·27 

(4·18 to 11·77) 

8·24 

(3·93 to 11·75) 

–0.05 

(–0·74 to 1·91) 

–0·05 

(–1·47 to 0·71) 
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ILD by medical history n=11 n=11 n=11 n=10 n=11 n=10 n=10 n=9 

FVC, %predicted 83·54 (24·05) 80·89 (23·59) –2·66 (3·81) –2·92 (4·04) 90·81 (23·97) 83·67 (21·65) –8·72 (13·31)  –2·40 (8·06) 

 Median (range) 80·00 

(45·00 to 123·5) 

78·30 

(44·00 to 119·5) 

–2·00 

(–8·00 to 4.50) 

–4.05 

(–7.00 to 5.00) 

78·90 

(65·40 to 144·0) 

84·0 

(48·1 to 114·5) 

–5·65 

(–35·0 to 5·00) 

–2·80 

(–17·00 to 11·20) 

FVC (L) 2·71 (0·80) 2·62 (0·80) –0·10 (0·11) –0·14 (0·12) 2·95 (1.28) 2.78 (1.21) –0.27 (0·35)† –0·20 (0·66) 

 Median (range) 2·82 

(1·37 to 3·96) 

2·70 

(1·33 to 3·81) 

0·11 

(–0·26 to 0·12) 

–0.19 

(–0.26 to –0.02) 

2·59 

(1·80 to 6·22) 

2·33 

(1·84 to 5·70) 

–0·20 

(–1·01 to 0·14) 

–0.13 

(–1.83 to 0.53) 

DLCO (mmol/min/kPa) 5·20 (1·75) 4·77 (1·36) –0·43 (0·52) –0·33 (0·74) 5·24 (1·78) 4·72 (1·57)† –0·52 (0·84) –0·47 (0·87) 

 Median (range) 5·04 

(3·52 to 9·63) 

4·45 

(3·45 to 8·22) 

–0·31 

(–1·41 to 0·53) 

–0.33 

(–1.84 to 1.00) 

4·91 

(3·13 to 9·04) 

4·26 

(2·67 to 8·44) 

–0·46 

(–1·51 to 1·14) 

–0.28 

(–2.65 to 0.44) 

DLCO, predicted (mmol/min/kPa) 6·83 (1·02) 6·73 (1·06) –0·10 (0·21) –0·12 (0·16) 7·45 (1·61) 7·65 (1·98) 0·20 (0·70) –0·16 (0·52) 

 Median (range) 7·10 

(4·85 to 8·47) 

7·06 

(4·71 to 8.42) 

–0·05 

(–0·47 to 0·33) 

–0.07 

(–0.43 to 0.14) 

7·37 

(4·18 to 10·55) 

7·15 

(3·93 to 11·75) 

–0·05 

(–0·29 to 1·91) 

–0.01 

(–1.47 to 0.19) 

Supplementary Table 6: Changes in pulmonary function parameters from baseline to week 52 and week 52 to week 112 in the long-term safety analysis set and in 

patients with ILD by medical history 

All data are mean (SD). DLCO=diffusing capacity of the lung for carbon monoxide. FVC=forced vital capacity. ILD=interstitial lung disease. SD=standard deviation. W=week. 

*n=45; †n=11. 
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Score (units) Riociguat→riociguat Placebo→riociguat 

 W0 (n=16) W52 (n=16) Change  

W0→52 (n=16) 

Change  

W52→112 (n=13) 

W0 (n=15) W52 (n=15) Change  

W0→52 (n=15) 

Change  

W52→112 (n=12) 

Physical function 41·28 (5·69) 41·23 (6·92) –0·06 (4·42) –0·55 (7·37) 43·07 (7·38) 41·38 (7·97) –1·69 (5·67) 1·23 (7·27) 

 Median (range) 41·10 

(32·10 to 56·90) 

39·75 

(32·10 to 56·90) 

0·00 

(–7·40 to 11·60) 

1·20 

(–15·10 to 11·60) 

43·40 

(33·30 to 56·90) 

43·40 

(26·90 to 56·90) 

0·00 

(–8·90 to 8·90) 

0·00 

(–9·70 to 13·50) 

Anxiety  49·45 (9·21) 48·56 (8·20) –1·87 (9·18)* 0·47 (7·49) 52·19 (10·26) 51·21 (11·06) –0·97 (5·02) 2·09 (6·63) 

 Median (range) 48·00 

(40·30 to 65·30) 

51·20 

(40·30 to 63·40) 

0·00 

(–14·10 to 13·40)* 

0·00 

(–13·40 to 13·40) 

53·70 

(40·30 to 69·30) 

53·70 

(40·3 to 67·30) 

0·00 

(–10·90 to 9·70) 

0·00 

(–5·60 to 19·20) 

Depression 48·43 (7·71)* 46·54 (7·41) –2·50 (7·26)* 1·70 (4·61) 46·11 (8·68) 49·83 (9·12) 3·73 (6·97) –3·25 (4·76) 

 Median (range) 49·00 

(41·00 to 62.20)* 

41·00 

(41·00 to 63·90) 

0·00 

(–14·70 to 16·30)* 

0·00 

(–8·00 to 8·30) 

41·00 

(41·00 to 67·50) 

51·80 

(41·00 to 62·20) 

0·00 

(–5·30 to 21·20) 

–1·40 

(–14·70 to 0·00) 

Fatigue 55·01 (10·23)* 53·71 (10·43) –2·33 (7·63)* 3·03 (6·62) 52·63 (12·27) 54·52 (11·42) 1·89 (10·78) –0·56 (8·29) 

 Median (range) 57·00 

(39·70 to 69·00) 

52·05 

(39·70 to 75·80) 

–1·9 

(–13·9 to 13·1) 

2·60 

(–6·00 to 13·10) 

55·10 

(33·70 to 66·70) 

51·00 

(33·7 to 75·8) 

0·00 

(–18·10 to 24·80) 

–0·95 

(–12·30 to 13·60) 
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Sleep disturbance 51·52 (5·63) 52·34 (5·51) 0·83 (3·07)  –2·78 (4·99) 51·52 (4·62) 53·01 (5·49) 1·49 (5·34) –1·28 (4·36) 

 Median (range) 51·45 

(41·10 to 61·70) 

53·35 

(41·10 to 59·80) 

0·90 

(–5·10 to 6·70) 

–2·10 

(–12·30 to 3·80) 

50·50 

(46·20 to 63·80) 

50·50 

(46·20 to 61·70) 

0·00 

(–4·30 to 11·70) 

0·0 

(–11·7 to 5·90) 

Social role 

satisfaction  

42·56 (9·76) 45·99 (9·25) 3·43 (10·42) –1·27 (7·77) 44·05 (12·75) 43·67 (8·99) –0·38 (7·51) 0·42 (6·62) 

 Median (range) 42·55 

(29·00 to 64·10) 

44·80 

(29·00 to 64·10) 

0·00 

(–8·40 to 35·10) 

0·00 

(–14·10 to 12·80) 

44·8 

(29·00 to 64·1) 

38·80 

(29·00 to 64·10) 

0·00 

(–12·80 to 9·80) 

0·00 

(–8·4. To 12·80) 

Pain interference 57·29 (9·23) 58·73 (11·07) 1·44 (9·27) 0·08 (8·57) 55·70 (8·59) 54·55 (8·55) –1·15 (7·04) –0·23 (5·68) 

 Median (range) 58·40 

(41·60 to 71·60) 

59·15 

(41·60 to 75·60) 

0·00 

(–14·00 to 25·00) 

0·00 

(–11·00 to 14·00) 

55·60 

(41·60 to 66·60) 

55·60 

(41·60 to 68·00) 

–2·70 

(–11·80 to 14·00) 

0·00 

(–10·40 to 10·40) 

Supplementary Table 7: Change in PROMIS-29 scores from baseline to week 52 and week 52 to week 112 

All data are mean (SD) unless stated otherwise. PROMIS-29=Patient-Reported Outcomes Measurement Information System. SD=standard deviation. W=week. *n=15. 
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Score (units) Riociguat→riociguat Placebo→riociguat 

 W0 (n=42) W52 (n=42) Change  

W0→52 (n=42) 

Change  

W52→112 (n=38) 

W0 (n=45) W52 (n=45) Change  

W0→52 (n=45) 

Change  

W52→112 (n=34) 

Bodily pain 57·33 (27·57) 54·76 (27·75) –2·57 (24·52) 0·13 (22·05) 57·96 (24·31) 64·11 (22·58) 6·16 (20·86) –1·09 (23·29) 

 Median (range) 57·00 

(12·00 to 100·0) 

62·00 

(10·00 to 100·0) 

0·00 

(–78·00 to 52·00) 

0·00 

(–43·00 to 53·00) 

62·0 

(10·00 to 100·0) 

62·00 

(10·00 to 100·0) 

9·00 

(–39·00 to 59·00) 

0·00 

(–59·00 to 38·00) 

General health 47·38 (21·44) 45·67 (20·75) –1·71 (18·05) –1·58 (10·04) 54·71 (21·16) 50·82 (19·95) –3·89 (18·23) 3·68 (12·42) 

 Median (range) 45·00 

(12·00 to 97·00) 

46·00 

(10·00 to 97·00) 

–3.50 

(–45·00 to 50·00) 

0·00 

(–27·00 to 22·00) 

52·00 

(5·00 to 100·0) 

52·00 

(5·00 to 87·00) 

–5·00 

(–45·00 to 47·00) 

2·50 

(–22·00 to 40·00) 

Mental health 68·21 (20·71) 71·43 (18·88) 3·21 (17·63) 0·26 (11·74) 69·11 (19·26) 68·89 (18·21) –0·22 (18·06) 3·09 (14·04) 

 Median (range) 70·00 

(15·00 to 100·0) 

75·00 

(35·00 to 100·0) 

0·00 

(–30·00 to 40·00) 

0·00 

(–30·00 to 25·00) 

75·00 

(20·00 to 100·0) 

75·00 

(30·00 to 100·00) 

0·00 

(–40·00 to 50·00) 

2·50 

(–35·00 to 30·00) 

Physical functioning 63·57 (24·53) 64·29 (24·85) 0·71 (15·52) –1·97 (10·10) 67·00 (26·23) 69·59 (25·73) 2·59 (17·97) –0·97 (16·33) 

 Median (range) 65·01 

(15·00 to 100·0) 

65·01 

(15·00 to 100·0) 

0·00 

(–35·01 to 30·00) 

0·00 

(–24·99 to 15·00) 

75·00 

(0·00 to 100·0) 

75·00 

(10·00 to 100·0) 

0·00 

(–29·99 to 50·00) 

0·00 

(–45·00 to 29·99) 

Role emotional 76·59 (29·00) 75·79 (28·97) –0·79 (30·01) –3·07 (24·23) 75·18 (25·03) 75·74 (25·05) 0·56 (25·52) 2·45 (18·64) 
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 Median (range) 87·50 

(8·33 to 100·0) 

87·50 

(0·00 to 100·0) 

0·00 

(–75·00 to 75·00) 

0·00 

(–66.67 to 50·00) 

75·00 

(8·33 to 100·0) 

75·00 

(16·67 to 100·0) 

0·00 

(–58·33 to 66·67) 

0·00 

(–33·33 to 50·00) 

Role physical 64·88 (29·15) 58·93 (30·25) –5·95 (23·95) –0·16 (20·21) 66·39 (28·46) 65·14 (29·48) –1·25 (22·56) 6·43 (21·95) 

 Median (range) 65·63 

(6·25 to 100·0) 

56·25 

(0·00 to 100·0) 

0·00 

(–75·00 to 37·50) 

0·00 

(–62.50 to 50·00) 

68·75 

(12·50 to 100·0) 

75·00 

(6·25 to 100·0) 

0·00 

(–68·75 to 50·0) 

0·00 

(–75·00 to 62·50) 

Social functioning 71·43 (25·94) 74·11 (26·96) 2·68 (23·84) –0·99 (27·17) 71·67 (25·34) 74·44 (26·11) 2·78 (24·70) 1·10 (24·69) 

 Median (range) 75·00 

(12·50 to 100·0) 

81·25 

(25·00 to 100·0) 

0·00 

(–50·00 to 50·00) 

0·00 

(–75·00 to 37·50) 

75·00 

(25·00 to 100·0) 

75·00 

(12·50 to 100·0) 

0·00 

(–50·00 to 75·00) 

0·00 

(–75·00 to 50·00) 

Vitality 50·45 (19·83) 51·79 (20·3) 1·34 (14·11) –4·77 (13·43) 52·36 (22·82) 53·47 (23·75) 1·11 (18·43) –1·65 (14·21) 

 Median (range) 50·00 

(12·50 to 87·50) 

53·13 

(6·25 to 87·50) 

0·00 

(–31·25 to 31·25) 

–3·13 

(–50·00 to 18·75) 

50·00 

(0·00 to 100·0) 

56·25 

(0·00 to 87·50) 

0·00 

(–50·00 to 37·50) 

0·00 

(–31·25 to 31·25) 

Mental component 

score 

48·07 (11·29) 49·50 (10·49) 1·43 (10·46) –0·94 (8·18) 47·84 (10·42) 47·92 (10·22) 0·08 (10·44) 0·98 (6·34) 

 Median (range) 49·51 

(25·68 to 64·38) 

51·01 

(25·40 to 65·76) 

1·14 

(–17·51 to 25·14) 

–1·12 

(–22·96 to 14·82) 

49·83 

(17·56 to 65·92) 

49·72 

(22·36 to 61·84) 

–1.15 

(–18·89 to 27·91) 

0·63 

(–13·82 to 13·92) 

Physical component 

score 

42·81 (9·66) 41·35 (10·22) –1·46 (6·10) –0·36 (5·09) 44·55 (9·68) 45·12 (8·48) 0·58 (6·24) 0·37 (6·73) 
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 Median (range) 41·73 

(22·92 to 65·96) 

40·92 

(22·58 to 59·18) 

–1·58 

(–14·79 to 12·58) 

–0·22 

(–10·28 to 11·33) 

44·33 

(24·63 to 61·90) 

45·97 

(25·69 to 58·24) 

–0·76 

(–10·77 to 14·71) 

0·96 

(–20·84 to 10·72) 

Mental health 

enhanced score 

9·33 (7·25) 8·14 (6·30) –1·19 (5·96) 0·01 (4·22) 8·96 (6·65) 8·94 (6·18) –0·02 (6·39) –0·88 (5·03) 

 Median (range) 8·35 

(0·00 to 31·12) 

6·74  

(0·00 to 21·02) 

0·00 

(–13·24 to 9·76) 

0·00 

(–8·97 to 11·05) 

6·74 

(0·00 to 28·25) 

6·74 

(0·00 to 23·25) 

0·00 

(–17·54 to 14·90) 

–0.67 

(–9.76 to 14·90) 

Health utility index 0·66 (0·12) 0·67 (0·12) 0·00 (0·10) –0·01 (0·08)* 0·67 (0·12) 0·68 (0·12)† 0·01 (0·10) 0·01 (0·09) 

 Median (range) 0·64 

(0·42 to 0·93) 

0·64 

(0·49 to 0·93) 

–0.01 

(–0·17 to 0·29) 

0·01 

(–0.20 to 0·17) 

0·66 

(0·49 to 1·00) 

0·64 

(0·46 to 0·93) 

0·00 

(–0·28 to 0·21) 

0·01 

(–0·23 to 0·22) 

 

Supplementary Table 8: Change in SF-36 scores from baseline to week 52 and week 52 to week 112 

All data are mean (SD) unless stated otherwise. SD=standard deviation. SF-36=Short Form 36. W=week. *n=36; †n=44. 
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Score (units) Riociguat→riociguat Placebo→riociguat 

 W0 (n=42) W52 (n=42) Change  

W0→52 (n=42) 

Change  

W52→112 (n=38) 

W0 (n=45) W52 (n=45) Change  

W0→52 (n=45) 

Change  

W52→112 (n=34) 

Pain in past week 0·92 (0·90) 0·91 (0·84) –0·02 (0·75) –0·14 (0·68) 0·80 (0·78) 0·78 (0·76) –0·02 (0·69) –0·20 (0·66) 

 Median (range) 0·69 

(0·00 to 3·00) 

0·56 

(0·00 to 2·70) 

0·00 

(–2·10 to 1·98) 

0·00 

(–1·92  to 1·89) 

0·42 

(0·00 to 2·70) 

0·60 

(0·00 to 2·70) 

0·00 

(–1·68 to 1·17) 

–0·05 

(–2·2 to 1·05) 

Intestinal problems in 

past week 

0·57 (0·81)* 0·65 (0·85) 0·09 (0·63)* 0·01 (0·76) 0·34 (0·59) 0·44 (0·71) 0·10 (0·68) –0·05 (0·61) 

 Median (range) 0·06 

(0·00 to 2·58)* 

0·20 

(0·00 to 2·88) 

0·00 

(–1·80 to 1·95)* 

0·00 

(–1·59 to 2·61) 

0·03 

(0·00 to 2·19) 

0·03 

(0·00 to 2·37) 

0·00 

(–1·26 to 1·86) 

0·00 

(–1·83 to 1·17) 

Breathing problems in 

past week 

0·50 (0·76) 0·52 (0·79) 0·02 (0·38) –0·01 (0·54) 0·30 (0·54) 0·45 (0·68) 0·16 (0·52) –0·08 (0·43) 

 Median (range) 0·06 

(0·00 to 2·67) 

0·14 

(0·00 to 2·82) 

0·00 

(–1·29 to 0·75) 

0·00 

(–1.62 to 1·20) 

0·06 

(0·00 to 2·25) 

0·09 

(0·00 to 2·40) 

0·00 

(–0·75 to 1·65) 

0·00 

(–1·95 to 0·78) 

Raynaud’s in past 

week 

0·68 (0·83)* 0·62 (0·79) –0·06 (0·74)* 0·16 (0·67) 0·63 (0·79) 0·55 (0·71) –0·08 (0·68) –0·11 (0·51) 

 Median (range) 0·24 

(0·00 to 2·40)* 

0·21 

(0·00 to 2·64) 

–0·06 

(–1·83 to 2·37)* 

0·00 

(–1·23 to 2·04) 

0·15 

(0·00 to 2·67) 

0·24 

(0·00 to 2·28) 

0·00 

(–1·98 to 1·02) 

0·00 

(–1·86 to 1·02) 
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Finger ulcers in past 

week 

0·25 (0·55) 0·27 (0·59) 0·02 (0·68) –0·02 (0·57) 0·26 (0·60) 0·35 (0·70) 0·09 (0·77) –0·05 (0·50) 

 Median (range) 0·00 

(0·00 to 2·10) 

0·00 

(0·00 to 2·55) 

0·00 

(–2·10 to 2·10) 

0·00 

(–1·35 to 2·85) 

0·00 

(0·00 to 2·28) 

0·00 

(0·00 to 2·70) 

0·00 

(–2·19 to 2·37) 

0·00 

(–2·04 to 1·05) 

Overall disease rating 0·86 (0·76) 1·01 (0·87) 0·15 (0·75) –0·02 (0·61) 1·05 (0·85) 0·87 (0·81) –0·18 (0·84) –0·13 (0·59) 

 Median (range) 0·63 

(0·00 to 3·00) 

0·74 

(0·00 to 3·00) 

0·00 

(–1·32 to 2·49) 

–0·02 

(–1·38 to 1·56) 

0·99 

(0·00 to 3·00) 

0·57 

(0·00 to 2·88) 

–0·03 

(–2·88 to 1·56) 

–0·11 

(–1·83 to 1·47) 

 

Supplementary Table 9: Change in S-HAQ scores from baseline to week 52 and week 52 to week 112 

All data are mean (SD) unless stated otherwise. SD=standard deviation. S-HAQ=Scleroderma Health Assessment Questionnaire. W=week. *n=41. 
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Riociguat→riociguat 

(n=42) 

Placebo→riociguat 

(n=45) 

Any 32 (76) 32 (71) 

Corticosteroids 23 (55) 17 (38) 

Calcium channel blockers 12 (29) 8 (18) 

Biological DMARDs  3 (7) 0 

Non-biological DMARDs 12 (29) 14 (31) 

NSAIDs 20 (48) 19 (42) 

Glyceryl trinitrate  2 (5) 0 

Pentoxifylline 0 1 (2) 

PDE5is 3 (7) 2 (4) 

Prostacyclins 3 (7) 3 (7) 

Supplementary Table 10: Concomitant medication from week 52 to the end of the study 

Data are n (%). DMARD=disease-modifying antirheumatic drug. NSAID=non-steroidal anti-

inflammatory drug. PDE5i=phosphodiesterase type 5 inhibitor. 
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