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BACKGROUND: Riociguat is effective in delaying the time to clinical worsening (TCW) in
patients with groups 1 and 4 pulmonary hypertension.

RESEARCH QUESTION: Is riociguat more effective than placebo in prolonging TCW in
sarcoidosis-associated pulmonary hypertension (SAPH)?

STUDY DESIGN AND METHODS: This was a double-blind placebo-controlled trial. Patients with
SAPH confirmed by right heart catheterization were randomized 1:1 to riociguat or placebo.
Patients underwent 6-min walk distance (6MWD) and spirometry testing every 8 weeks. The
primary end point was TCW, which was defined by the time to the first of the following: (1)
all-cause mortality, (2) need for hospitalization because of worsening cardiopulmonary status
attributable to progression of disease, (3) > 50 m decrease in the 6MWD test, or (4)
worsening of World Health Organization functional class.

RESULTS: A total of 16 patients were randomized to riociguat (n ¼ 8) or placebo (n ¼ 8). No
difference was found in pulmonary artery mean, pulmonary vascular resistance, initial 6MWD,
or FVC between the two groups. Five of eight patients who received placebo met TCW criteria,
whereas none of the patients who received riociguat experienced a qualifying event. By log-rank
analysis, patients who received riociguat were in the study for a significantly longer period (c 2¼
6.259; P¼ .0124). The 6MWDdecreased in the placebo group (median, –55.9m; range, –176.8 to
60m), but rose in the riociguat group (median,þ42.7m; range, –7.5 toþ91.4m;P¼ .0149), with
a placebo-corrected difference of 94 m (P < .01). Four of eight patients who received riociguat,
but only 1 of 8 patients who received placebo, showed a > 30-m improvement in 6MWD (P >

.05). No significant adverse events associated with riociguat occurred.

INTERPRETATION: Over the 1 year of the study, riociguat was effective in preventing clinical
worsening and improving exercise capacity in patients with SAPH.

TRIAL REGISTRY: ClinicalTrials.gov; No.: NCT02625558; URL: www.clinicaltrials.gov
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Take-home Points

Study Question: Is riociguat more effective than
placebo in prolonging time to clinical worsening
(TCW) in sarcoidosis-associated pulmonary hyper-
tension (SAPH)?
Results: Patients treated with placebo showed a
significantly shorter TCW and were more likely to
show worsening of the 6-min walk distance than
those treated with riociguat.
Interpretation: The use of riociguat was associated
with stabilization to improvement in 6-min walk
distance and delay in TCW in SAPH.
Sarcoidosis-associated pulmonary hypertension (SAPH)
often results in significant morbidity and mortality,1 with
up to one-half of patients with SAPH dying within 5 years
of diagnosis.2,3 Previous case series and open-label studies
have demonstrated the effectiveness of various agents to
treat precapillary pulmonary hypertension in
sarcoidosis.4,5 However, very few randomized controlled
therapy trials for SAPH have been conducted. A double-
blind placebo-controlled trial of bosentan demonstrated
significant hemodynamic improvement of SAPH, but no
change in 6-min walk distance (6MWD).6

In less robust studies of SAPH, a significant improvement
in 6MWD is uncommon.7,8 The use of the 6MWD test
result as a primary end point has fallen into disfavor in
World Health Organization (WHO) group 1 pulmonary
hypertension (PH), despite many of the available PH
chestjournal.org
medications being approved based on the results of this
test.9 The time to clinical worsening (TCW), which has
been constituted variably by a categorical decline in the
6MWD (usually of 15%), cardiopulmonary
hospitalization, lung transplantation, or death, has
emerged as a more robust end point in PH clinical trials.
In a study of inhaled treprostinil for PH resulting from
interstitial lung disease, the secondary end point of TCW,
consisting of the same four components, was met. This
underscores that TCW may be a viable end point in
studies of PH resulting from parenchymal lung disease,
such as SAPH.10 To date, no placebo-controlled trial has
evaluated treatment of SAPH using TCW as either a
primary or a secondary end point.

Riociguat is a soluble guanylate cyclase stimulator that
has been shown to be a successful treatment for WHO
group 1 pulmonary arterial hypertension (PAH) and
WHO group 4 chronic thromboembolic pulmonary
hypertension.11,12 Unfortunately, riociguat did not meet
with success when studied in PH resulting from
interstitial lung disease, with the Riociguat for idiopathic
interstitial pneumonia-associated pulmonary
hypertension (RISE-IIP) study being stopped early
because of observed increased harm in the active
treatment arm.13 This information became available only
during the recruitment phase of a current double-blind,
placebo-controlled trial of riociguat vs placebo for SAPH.
After the RISE-IIP study results were known, a brief study
pause in the current study ensued, but given the poor
prognosis of SAPH and the exclusion of patients with
significant emphysema, the trial was resumed.
Methods
This was a multicenter trial of patients older than 18 years with a
diagnosis of sarcoidosis14 and SAPH confirmed by right heart
catheterization. For this study, the diagnosis of SAPH required a
pulmonary artery (PA) pressure mean of $ 25 mm Hg and a PA
occlusion pressure of # 15 mm Hg,15 in accordance with the reports
from the PH 5th World Symposium.16 Patients with mean PA
pressure of 21 to 24 mm Hg were not included in this study.
Patients with known postcapillary or pulmonary venoocclusive
disease were excluded from the study. Other major exclusion criteria
from the study included those patients with an FVC of <

50% predicted or an FEV1 to FVC ratio of < 50%, presence of more
emphysema than fibrosis,17 or the presence of a mycetoma.
Exclusionary medications included specific (eg, sildenafil or tadalafil)
or nonspecific phosphodiesterase inhibitors or any other
investigational drug. Patients were allowed to receive concurrent
therapy with an endothelin receptor antagonist. The protocol was
approved by the local institutional review board (IRB) for each
institution (University of Cincinnati IRB Identifier: 2014-7130;
INOVA IRB Identifier: 15-1899; Temple WIRB IRB Identifier:
1249182; and Cleveland Clinic IRB Identifier: FLA18-096), and
patients provided written informed consent. The study was registered
at ClinicalTrials.gov as NCT02625558.

e-Table 1 provides the schedule of events and variables captured during
the trial. An initial high-resolution CT scan was performed to assess for
aspergillomas and to determine the extent of fibrosis and
emphysema.17 Patients underwent a 6-min walk test (6MWT) and
spirometry every 8 weeks. Baseline lung function, including FVC,
FEV1, FEV1 to FVC ratio, and single-breath diffusing capacity for
carbon monoxide were measured, with the percent predicted
calculated, correcting for ethnicity.18,19 A standardized protocol for
the 6MWT was implemented at all institutions.20 The 6MWT
recorded variables including the distance walked in 6 min, the level
of oxygenation, and level of dyspnea using a 10-point dyspnea scale
(Borg score) before and immediately after the test. At the baseline
test, patients used the same amount of supplemental oxygen they
were using for exercise. This level of supplemental oxygen was noted
and used for all subsequent 6MWTs unless deemed clinically
unacceptable. All medications for sarcoidosis (including prednisone
and methotrexate) were kept constant through the study unless
modified by the treating physician for clinical cause, with due
reasons being noted.
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Quality of life was determined by several scores: the 36-item Short
Form Health Survey (SF-36) components for physical health, mental
health, and total score21; the disease-specific King’s Sarcoidosis
Questionnaire (KSQ), including the domains for general health and
lung disease22; and a sarcoidosis-specific Fatigue Assessment Scale
(FAS).23 The SF-36 and KSQ are total scales of 0 to 100. The higher
the value, the better the quality of life. The FAS is a score from 10
to 50, with a lower score indicating less fatigue.

Patients were block randomized at each institution to receive either
riociguat or placebo at 1:1 for the 48 weeks of the study. Patients
received the first dose of 0.5 mg riociguat or placebo in the clinic
and were monitored for hypotension. Study medication was titrated
every 2 weeks over 12 weeks to a maximum of 2.5 mg riociguat
three times daily or placebo.

The primary end point of the study was TCW, as defined by the time to
the first of the following predefined criteria: (1) all-cause mortality, (2)
need for hospitalization because of worsening cardiopulmonary status
attributable to progression of disease, (3) > 50-m decrease in the
6MWD test, or (4) worsening of WHO functional class. The > 50-m
decrease in 6MWD was not verified with a repeat 6MWT, which is
similar procedurally to the registration trials of riociguat in PAH and
chronic thromboembolic pulmonary hypertension.10-12 Patients who
met TCW or did not comply with medication underwent an end-of-
Provided w
conse
N = 1

Screen Failure
n = 1

Riociguat
n = 8

TCW
n = 0

Completed study
n = 7

Noncompliance
n = 1

Figure 1 – Consolidated Standards of Reporting Trials24 flow diagram showin
believed to be potential candidates and provided written consent for further
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study visit. Changes in 6MWD, FVC, and quality of life were
calculated by subtracting the initial value from that at the end-of-
study visit.

Our original plan called for studying at least 40 patients. This was
based on data from an ongoing registry for sarcoidosis for
pulmonary hypertension2 in which we found that one-quarter of
patients experienced a severe worsening event within 6 months. By
assuming that the rate of clinical worsening events would be
50% after 48 weeks for the placebo group, we calculated that we
would be able to detect a 60% reduction in the rate of clinical
worsening events with riociguat in a 1-year study (c 2 ¼ 3.857; P ¼
.0495).

Statistical Analysis

Analysis was performed using MedCalc software. Differences in
proportions between groups were calculated using Fisher exact test
for baseline characteristics. Comparisons between groups were made
with either the independent or paired Student t test, as appropriate.
The primary end point, TCW, was calculated using Kaplan-Meier
survival analysis, and comparison between survival curves was made
using log-rank analysis. A P value of less than .05 was considered
significant.
Results

A total of 17 patients from four centers provided written
consent for participation in the study. One patient was a
screening failure, and the remaining 16 patients (eight in
each arm) were randomized (Fig 1).24 All 16 patients were
receiving riociguat at a dose of 2.5 mg three times daily or
the placebo equivalent by week 12. One patient in the
riociguat arm did not comply, was withdrawn from the
study after 3 months of therapy, and completed the end-
of-study visit. Table 1 summarizes the clinical features of
the 16 patients who received at least one dose of therapy.25

No significant differences were found in the initial
features between the two groups except that the patients
who received placebo were older. Most patients
demonstrated pulmonary fibrosis on chest radiographs.
All but one patient who received the placebo were being
treated with antiinflammatory therapy for sarcoidosis
with no significant differences in the regimens between
the two groups.

Five of eight patients who received placebo met TCW
criteria, whereas none of the patients who received
riociguat experienced a qualifying event. In all cases, the
TCW was met by a > 50 m drop in 6MWD. Four of the
patients who received placebo showed a > 15% 6MWD
drop, with one patient showing a 13.5% drop. No other
criteria for clinical worsening were met by any patient
after the initial 50-m decrease in 6MWD. By log-rank
analysis, patients who received riociguat were in the
ritten
nt
7

Placebo
n = 8

TCW
n = 5

Completed study
n = 3

Noncompliance
n = 0

g patients enrolled in study. Of 27 patients considered for study, 17 were
testing. TCW ¼ time to clinical worsening.
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TABLE 1 ] Clinical Features of Patients at the Time of Enrollment

Variable Riociguat Placebo

Female to male ratio 6:2 8:0

Race or ethnicity

Black 7 6

White 0 2

Hispanic 1 0

Age, y 52 � 7.0 64 � 6.3a

Most recent RHC findings at time of study entry

PA, mm Hg

Systolic 51 � 4.8 49 � 7.6

Diastolic 24 � 4.2 19 � 4.5

Mean 35 � 5.1 31 � 5.3

Wedge 12 � 4.1 10 � 3.6

Pulmonary vascular resistance, Woods units 4.4 � 1.19 5.1 � 2.10

Pulmonary function at enrollment

FVC, L 1.98 � 0.522 1.86 � 0.422

FVC % predicted 63.8 � 13.94 72.8 � 13.80

FEV1, L 1.30 � 0.491 1.23 � 0.212

FEV1 to FVC ratio, % 65.7 � 15.30 68.8 � 16.02

DLCO, mL/min/mm Hg 10.5 � 2.73 9.1 � 3.91

DLCO % predicted 40.6 � 14.07 35.9 � 9.63

6MWD, m 271 � 95.8 332 � 66.7

Chest radiograph Scadding stage25

1 0 0

2 1 2

3 0 1

4 7 5

No. of patients receiving individual concurrent antiinflammatory therapy

Prednisone

No. 7 5

Daily dose, mg 10 (5-10) 10 (5-30)

Methotrexate 2 1

Azathioprine 2 0

Mycophenolate mofetil 1 0

Leflunomide 1 0

Hydroxychloroquine 1 2

No therapy 0 1

Data are presented as No., median (range), or mean � SD. 6MWD ¼ 6-min walk distance; DLCO ¼ diffusing capacity for carbon monoxide; PA ¼ pulmonary
artery.
aSignificantly higher than riociguat, P < .02.
study for a significantly longer period (Fig 2) (null
hypothesis rejected; c 2 ¼ 6.259; P ¼ .0124).

For the riociguat group, a significant increase was found
in the 6MWD (39 � 34.0 m; P < .025) (Fig 3A), whereas
the placebo group showed a nonsignificant decrement in
chestjournal.org
6MWD (–55 þ 75.5 m; P > .05) (Fig 3B). The change in
6MWD was significantly different between the riociguat
and placebo groups, with a placebo-corrected difference
of 94 m (P < .01) (Table 2). In addition, four of eight
patients who received riociguat but only 1 of 8 patients
who received placebo showed a > 30-m improvement in
451
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Figure 2 – Line graph showing time to clinical worsening for riociguat
vs placebo (P < .02). The 95% CIs are shown for each curve. For rio-
ciguat, the 95% CI for the curve is no different from the calculated mean
value.
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Figure 3 – A, B, Lines graphs showing 6MWD initially and at end of
study for riociguat (A) (P < .025) and placebo (B) (P > .05). End-of-
study visit for riociguat was more than 330 days for all but one patient
who dropped out at 98 days. End-of-study visit for patients who received
placebo ranged from 145 to 365 days, with five patients at less than
330 days. 6MWD ¼ 6-min walk distance.
6MWD (P > .05). As directed by the protocol, 13 of 15
patients completing the end-of-study 6MWT
demonstrated the same supplemental oxygen needs as
they did at the initial 6MWT. Two patients who received
placebo required significantly higher rates of
supplemental oxygen by the end of the study, and it was
not believed to be clinically safe to retest them at the
initial supplemental oxygen flow rate. No significant
differences were found between the two groups
regarding the degree of desaturation from rest to the end
of the 6MWT (Fig 4). The two patients who received
placebo and received increased oxygen supplementation
at the end of study are indicated as circles rather than
triangles in the figure (unchanged oxygen flow rates).
Also, no significant difference was found in the Borg
scale or in changes in FVC between the two groups.

Initial values and changes in quality of life were assessed
(Table 3). No significant differences were found between
treatment groups for the initial values or change in these
measurements between the last completed questionnaire
vs initial questionnaire. Also, no correlation was found
between the change in these quality-of-life instruments
and the change in 6MWD (data not shown).

All 15 patients who completed the study were receiving
the target dose of 2.5 mg three times daily (or placebo).
Two patients (both receiving placebo) who were
receiving a maintenance endothelin receptor antagonist
throughout the study (one was receiving ambrisentan
and the other was receiving macitentan). No significant
changes were found in antiinflammatory therapy for any
of the patients. No significant adverse events associated
with either riociguat or placebo therapy occurred.
452 Original Research
Discussion
In this double-blind, placebo-controlled trial, we found
that 48 weeks of riociguat therapy was associated with a
significant delay in TCW compared with placebo. Our
TCW used predefined criteria, including death,
transplantation, hospitalization for progression of
disease, or decrease in 6 MWD of > 50 m. In this study,
all the TCW events were heralded by a > 50-m decrease
in 6MWD.

The approval of most medications for the treatment of
PAH have relied on surrogate markers as end points,
including pulmonary vascular hemodynamics, 6-min
walk distance, and time to clinical worsening.26,27

Although survival has not been the end point in PAH
clinical trials, it is clear that the use of pulmonary
hypertension medications has resulted in improved
survival in patients with PAH.28 For SAPH, several
open-label trials demonstrated improvement in
[ 1 6 1 # 2 CHES T F E B R U A R Y 2 0 2 2 ]



TABLE 2 ] Changes in 6MWD and Spirometry Results

Variable

Riociguat Placebo

Median 25%-75% Quartile Median 25%-75% Quartile

Change in 6MWD, ma 42.7 15.200-61.850 –55.9 –105.950 to 0.000

Change in Borg score 0 0.000-0.750 1 –1.000 to 2.500

Change in percent saturation (after walk minus
before walk saturation)

0 –7.250 to 2.000 –1 –9.000 to 2.500

Change in change of percent saturation at end
of 6MWT (absolute change in percent saturation)

–4 –8.500 to 1.250 –2.5 –6.500 to 0.500

Change in FVC, mL –0.17 –0.190 to 0.0275 –0.005 –0.0900 to 0.140

Change in FVC, % predicted –6 –6.750 to 0.750 0 –2.000 to 6.000

6MWD ¼ 6-min walk distance; 6MWT ¼ 6-min walk test.
aDiffers from Rio, P < .01.
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Figure 4 – Graph showing the level of desaturation at the end of the
6MWT at the end-of-study visit. Only two patients did not receive same
level of supplemental oxygen at end of the study visit compared with the
initial visit. Both were receiving placebo, and their values are indicated
as circles, rather than the triangles used for all others. No significant
difference was found in the desaturation between the riociguat and
placebo groups. 6MWT ¼ 6-min walk test.
pulmonary hemodynamics after 3 months or more of
therapy.3,4,29 A few SAPH trials have demonstrated an
improvement in 6MWD,4,30 whereas several other
studies have not.3,6,8,29 In this study, we were able to
demonstrate a substantial difference in the 6MWD
between the two groups favoring treatment with
riociguat. In general, the prior studies failing to
demonstrate improvement in 6MWD evaluated the
patient after fewer than 6 months of therapy, whereas in
the current study, patients were studied for 1 year. In
addition, prior studies have been inclusive of patients
with more severe fibrosis, whereas in this study, those
patients with an FVC of less than 50% predicted were
excluded, based on a prior study of SAPH.4

One prior randomized controlled trial of bosentan in
SAPHdid demonstrate a significant improvement inmean
PA pressure and pulmonary vascular resistance for
bosentan-treated patients vs those who received a placebo.6

However, no significant change was found in the 6MWD
for either group during the 16 weeks of the study. The
conundrum about the best clinical outcome measure has
led to the adoption of time to clinical worsening as the
major end point in several pivotal trials for treating WHO
group 1 pulmonary hypertension.31–33 In WHO group 1
studies, the placebo treated patients reached a TCW in
more than one-third of cases by 1 year.31,32 For SAPH, we
and others observed a 10% mortality or need for
transplantation by 1 year.2,3 In addition, other components
of a composite end point, such as decrease in 6MWD and
need for hospitalization, often are seen.

The current study was designed to determine whether
riociguat was associated with a significant delay in TCW
worsening in SAPH. None of the patients receiving
riociguat reached the predefined TCW, whereas five of
eight patients receiving placebo met TCW during the
chestjournal.org
48 weeks of the study (Fig 2). In all five patients, the
TCW was result of a > 50-m decrease in the 6MWD.

The choice of 50-m fall in 6MWD as a significant

worsening of disease was based on prior literature.34–36

Others have used a 15% or more decrease in 6MWD as
criteria for TCW.10,11 This threshold was met in four

patients; the fifth patient showed a 13% decrease in

6MWD. Why none of the other components of this end

point were not met in our study is a little uncertain.
Because the decrease in 6MWD was first of these four

possible outcomes, it is conceivable that other events will

occur later. However, none of these occurred in the time

frame of this study. Another important finding was that
many of the patients receiving riociguat therapy showed

a significant improvement in 6MWD, which raises the

possibility that for future SAPH trials, a composite of
453
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TABLE 3 ] Initial Quality-of-Life Findings and Changes in Quality-of-Life Findings

Variable

Riociguat Placebo

Median 25%-75% Quartile Median 25%-75% Quartile

Initial

KSQ GH 54 45-62 61 56-66

KSQ lung 45 41-49 49 47-51

SF-36 PH 58 20-65 52 33-59

SF-36 MH 61 30-81 70 36-78

SF-36 total 67 26-76 66 31-74

FAS 26 16-35 24 20-28

Change

KSQ GH –8 –14 to –7 –1 –6 to 4

KSQ lung 2 –2 to 4 –1 –4 to 1

SF-36 PH –1 –6 to 4 8 –6 to 14

SF-36 MH 0 –2 to 4 3 –12 to 10

SF-36 total –1 –2 to 3 4 –8 to 7

FAS 0 –4 to 2 0 –2 to 5

FAS ¼ fatigue assessment scale; GH ¼ general health; KSQ ¼ King’s Sarcoidosis Questionnaire; MH ¼ mental health; PH ¼ physical health; SF-36 ¼ 36-
item Short Form Health Survey.
time to clinical change perhaps should be used, because
this encompasses both deterioration and improvement.

Riociguat has been shown to exert significant positive
effects on pulmonary hemodynamics and 6MWD and to
reduce TCW for WHO groups 1 and 4 patients.11,12

Continued response to riociguat has been documented
in long-term follow-up studies.37 Perhaps the closest
population to the present SAPH cohort in whom
riociguat was studied are patients with PH resulting
from interstitial lung disease who were studied in a large
trial (RISE-IIP). Unfortunately, riociguat was found to
be associated with increased serious adverse events
including mortality, which resulted in the study being
stopped early.13 A post hoc analysis found that the
unfavorable response to riociguat was associated
strongly with significant emphysematous changes on
high-resolution CT scan.17 The phenotype of pulmonary
hypertension in combined pulmonary fibrosis and
emphysema has been found to have a worse prognosis
than pulmonary hypertension with pulmonary fibrosis
alone.38,39 It is noteworthy that in the current trial, we
excluded patients with significant emphysema. Although
the combination of severe emphysema and fibrosis can
occur in sarcoidosis,40 it is relatively rare.41 This is in
part because most sarcoidosis patients are lifetime
nonsmokers.42

Pulmonary vasodilators in patients with any form of
parenchymal lung disease may worsen hypoxia, leading
454 Original Research
to worsening of outcomes.13,43 In SAPH, desaturation
often worsens over time.6 In the current study, we found
that worsening desaturation with exercise occurred for
both groups. However, only two patients required
significant increases in the rate of supplemental oxygen
during the course of the study, both of whom were
receiving the placebo.

The study has some limitations, most notably the small
sample size. Study enrollment was hindered by
concerns regarding use of riociguat in fibrotic lung
disease.10 Other factors included the exclusion of
patients receiving a phosphodiesterate-5 inhibitor and
as well as those with FVC of < 50% predicted. In
addition, study enrollment was halted during the
COVID-19 pandemic. Therefore, we performed an
interim analysis and found that we had reached the
primary end point. The fact that the study met its end
point despite not fulfilling the initial recruitment goal
could be explained by it being the longest duration
placebo-controlled for SAPH with an event rate that
was higher than anticipated. Although we did find a
significant difference in the TCW end point, this was
exclusively through one component of the four-
component composite. In addition, this was not
accompanied by any change in the patient-reported
outcomes (PROs) from the SF-36, KSQ, or FAS quality-
of-life measurements. The initial values for the KSQ,
SF-36, and FAS are similar to that have been reported
[ 1 6 1 # 2 CHES T F E B R U A R Y 2 0 2 2 ]



previously in other patient populations with
sarcoidosis.44,45 All three of these instruments have
been shown to be useful in assessing changes in the
quality of life for other aspects of sarcoidosis.44–47

However, prior studies of SAPH also have failed to
demonstrate improvement in PROs.6,7 In PAH clinical
trials, PROs have not been demonstrated to improve in
most patients, barring one recent large clinical trial.32,48

General PROs may not be useful in demonstrating
improved quality of life for patients with PH, and
although a pulmonary hypertension-specific PRO has
been developed,49 it was not available for this study.50

Indeed, a SAPH-specific PRO tool may be an area for
future research. We did not perform repeat right heart
catheterizations in the patients as part of the study. We
believed that it was more important to retain patients
in this longer-term study to detect a change in clinical
outcome and that repeat hemodynamic studies would
limit patient participation. In addition, the vasodilatory
effects of riociguat have been well documented. It is
noteworthy, too, that repeat right heart catheterizations
were not implemented in the studies that resulted in
chestjournal.org
riociguat being approved for PAH and chronic
thromboembolic pulmonary hypertension. The patients
were randomized in a blinded fashion, but in this small
study, the patients who received placebo were
significantly older. Although this might have influenced
baseline walk distances, it is unlikely to have played a
significant role in the change in the 6MWD.
Nonetheless, we can not rule out that this may have
influenced our results, although considerable overlap in
ages was present between the two groups.
Interpretation
In conclusion, this small 1-year double-blind placebo-
controlled randomized controlled trial of riociguat in
SAPH demonstrated significant improvement in 6MWD
and a prolonged TCW for riociguat compared with
placebo. This supports the implementation of a larger
phase 3 clinical trial of riociguat for this specific
indication with a number of lessons to be learned from
this small study in the design of any such future
program.
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