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The impact of riociguat on clinical parameters and quality of life in patients with
chronic thromboembolic pulmonary hypertension - results of a retrospective
clinical registry

Pavel Jansa?, David Ambroz?, Jan Kuchar®, Vladimir Dytrych?, Jaroslav Lindner, Ales Linhart®

Aims. The primary objective of the registry was to assess the impact of riociguat on clinical parameters and quality of
life in patients with chronic thromboembolic pulmonary hypertension (CTEPH) that was inoperable or persistent/recur-
rent after pulmonary endarterectomy (PEA). In contrast to randomized pivotal trials, this non-interventional registry
evaluated the effectiveness and safety of riociguat in a real-world setting.

Methods. Retrospective data were collected from patients’ charts as recorded in routine clinical practice from the
initiation of riociguat therapy up to approximately 5 months and 1 year after this initiation.

Results. In total, 51 patients from a single site were enrolled. After 5 months (mean duration) of riociguat treatment, the
following improvements from baseline were observed: change of distance in the 6-minute walking distance (6MWD)
(P=0.066); change of score from the quality of life questionnaire (EQ5D-5L) (P=0.020), and overall self-assessment of
health status (P=0.001). New York Heart Association (NYHA) class improved in 24.3% of patients. After 11.2 months
(mean duration) of riociguat treatment, the following improvements from baseline were observed: change of distance
in the 6MWD test (P=0.006), and overall self-assessment of health status (P=0.009). NYHA class improved in 46.4% of
patients. Riociguat was well tolerated. In total, 4 patients reported side effects, with hospitalization required in one
case and 2 patients who had to discontinue the treatment. Annual survival rate was 89.1%.

Conclusion. Riociguat improves functional NYHA class, distance in the 6MWD test and quality of life in a real-world
patient population.
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INTRODUCTION

Chronic thromboembolic pulmonary hypertension
(CTEPH) is a chronic complication of acute pulmonary
embolism, where persistent thrombotic obstructions
formed in pulmonary vessels and concurrent peripheral
vascular remodelling with abnormal angiogenesis, dis-
ordered fibrinolysis and endothelial dysfunction cause
precapillary pulmonary hypertension and increased right
ventricular strain, leading to right heart failure and pre-
mature death!. CTEPH develops in approximately 2-4% of
patients who survive acute pulmonary embolism?.

Surgical pulmonary endarterectomy (PEA) is the
treatment modality that is indicated for 60-70% of pa-
tients with confirmed CTEPH. The remaining patients
are considered inoperable, most frequently due to surgi-
cally inaccessible lesions or due to comorbidities. After

PEA, up to 20-30% of patients develop persistent/recur-
rent CTEPH (ref?).

Patients with persistent/recurrent CTEPH and patients
who are considered inoperable for peripheral involvement
have the option of either undergoing balloon pulmonary
angioplasty (BPA) and/or specific pharmacotherapy with
the only commercially marketed drug called riociguat.
Riociguat is an oral stimulator of soluble guanylate cyclase
(sGC) that increases the sensitivity of sSGC to nitric oxide
(NO), resulting in increased cyclic guanosine monophos-
phate (cGMP) levels*®. Riociguat also elevates cGMP
production independently of NO. Riociguat efficacy and
safety in CTEPH has been demonstrated in the random-
ized clinical trial CHEST-1 (Chronic Thromboembolic
Pulmonary Hypertension sGC-Stimulator Trial) with a
population of 261 patients with inoperable CTEPH or
residual pulmonary hypertension after PEA (ref.?).
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Here we present the results of a registry collecting
retrospective data of patients with inoperable CTEPH or
persistent/recurrent CTEPH receiving riociguat therapy
in a real-world setting.

METHODS

Retrospective data was collected from patients
with CTEPH diagnosed and treated at the Pulmonary
Hypertension Centre in General University Hospital in
Prague, Czech Republic. Data collection was conducted
in accordance with the principles laid down in the 18th
World Medical Assembly (Helsinki, 1964), including all
subsequent amendments, and in compliance with all laws
and regulations of the Czech Republic. The approval of
retrospective data collection was provided by the ethics
committee of the General University Hospital in Prague
(ID 1208/18 S-1V).

Eligible participants were patients with inoperable
CTEPH or persistent/recurrent CTEPH after PEA who
had started a new riociguat therapy about 1 year before
enrolment to the registry. CTEPH diagnosis was based on
clinical, laboratory and imaging assessments in conformi-
ty with standard guidelines. Inoperability status had been
established by an interdisciplinary team consisting of a
PEA surgeon, a cardiac anesthesiologist, and a pulmonary
hypertension specialist experienced in pharmacotherapy
and the BPA procedure. Persistent/recurrent CTEPH

was defined as increased pulmonary artery mean pres-
sure (PAMP) > 25 mmHg concurrently with increased
pulmonary vascular resistance (PVR) > 3 Wood units
(WU) evaluated during right heart catheterization at least
6 months after PEA. Riociguat indication and administra-
tion complied with applicable guidelines and the approved
Adempas® Summary of Product Characteristics (SPC)
with an initial dose of 1 mg three times daily (tid) gradu-
ally titrated up to a maximum tolerated dose of 2.5 mg
tid. Continuation of dose up-titration was limited by the
manifestation of side effects (most frequently symptom-
atic hypotension and dyspepsia) as required by SPC and
standard of care.

The primary objective of the registry was to assess
the impact of riociguat on the clinical parameters and
quality of life in patients with inoperable CTEPH and
patients with persistent/recurrent CTEPH after PEA in
real-life settings.

Data were collected from patients’ charts where in-
formation from routinely performed procedures and vis-
its were recorded. For the purpose of the registry, the
following data was collected: baseline characteristics in-
cluding hemodynamic parameters at the time of riociguat
initiation, riociguat dose, riociguat side effects, riociguat
discontinuation if applicable, survival status, functional
status by New York Heart Association (NYHA) class, a
6-minute walking distance (6MWD) test, Borg dyspnoea
scale, and the EQ5D-5L questionnaire score filled in by
each patient to evaluate their quality of life including

Table 1. Population Characteristics®.

Sex
Males/ 23 (45.1%)
Females 28 (54.9%)
CTEPH type
Inoperable 42 (82.4%)
Residual after PEA 9 (17.6%)
History of pulmonary embolism
1 episode 36 (70.6%)
Repeated 7 (13.7%)
NYHA functional class
11 2(3.9%)
111 49 (96.1%)

Age at riociguat therapy initiation (years)

Body mass index - BMI (kg/m?)

Distance in 6MWD test (m)

Pulmonary artery mean pressure - PAMP (mmHg)
Pulmonary capillary wedge pressure - PCWP (mmHg)
Cardiac index - CI (L/min/m?)

Pulmonary arteriolar resistance - PAR (WU)
Systemic blood pressure - systolic (mmHg)
Systemic blood pressure - diastolic (mmHg)

Heart rate (beats per minute)

Brain natriuretic peptide - BNP (pg/mL)

67.7 (64.4; 71.1) [ 70.6 (35.4; 87.1)

28.0 (26.4; 29.6) / 28.3 (17.8; 46.1)
328.6 (296.5: 360.7) / 315.0 (83.0; 520.0)
44.1 (40.7; 47.6) | 42.0 (21.0; 75.0)

9.2 (8.3; 10.0) / 9.0 (3.0; 17.0)
2.4(2.3;2.5)/2.3(1.2;4.1)
8.1(7.2:9.1)/ 7.8 (3.2; 16.0)

143.9 (138.2; 149.6) / 145.0 (97.0; 192.0)
75.9 (73.1; 78.6) / 76.0 (53.0; 95.0)

75.3 (71.2; 79.3) / 76.0 (51.0; 119.0)
367.4 (231.2; 503.7) / 188.0 (12.0; 2544)

*Number (%) are presented for categorical variables, mean (95% confidence interval)/ median (minimum; maximum) are presented for continu-

ous variables.

CTEPH, thromboembolic pulmonary hypertension; PEA, pulmonary endarterectomy; NYHA, New York Heart Association; 6MWD, 6-minute

walking distance; WU, Wood unit.
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Table 2. Change in endpoints from baseline to 5 months (mean 5.0 months; median 5.3 months) of riociguat treatment.

Parameter Change from baseline to Month 5* P
Change of NYHA functional class, n=37

No change 28 (75.7%) -

Improvement by at least one class 9(24.3%) -
Change of distance in 6MWD test (m), n=22 35.3(-2.6; 73.3) /28.5 (-200.0; 220.0) 0.066
Borg dyspnoea scale, n=22 0.3 (-1.0; 0.4) /0.5 (-3.0; 4.0) 0.366
Change of EQ5D-5L score, n=22 0.124 (0.021; 0.226) / 0.101 (-0.257; 0.866) 0.020
Change of overall health status assessment (%), n=22 12.4 (5.6; 19.2) / 10.0 (-20.0; 55.0) 0.001

“ Number (%) are presented for categorical variables, mean (95% confidence interval)/median (minimum; maximum) are presented for continu-

ous variables.

" P-value was calculated with the use of paired t-test comparing values from baseline and from the assessed time-point. Significant results are bold.
NYHA, New York Heart Association; n, number of patients with data available for both assessed time-points; 6MWD, 6-minute walking distance.

Table 3. Change in endpoints from baseline to 1 year (mean

11.2 months; median 11.8 months) of riociguat treatment.

Parameter Change from baseline to Year 1* P*
Change of NYHA functional class, n=28

No change 15 (53.6%) -

Improvement by at least one class 13 (46.4%) -
Change of distance in 6MWD test (m), n=17 57.2(19.1;95.2) /55.0 (-57.0; 242.0) 0.006
Borg dyspnoea scale, n=17 0.5 (-1.2; 0.2) /-1.0 (-2.0; 3.0) 0.177
Change of EQ5D-5L score, n=18 0.088 (-0.063; 0.239) /-0.010 (-0.375; 0.817) 0.237
Change of overall health status assessment (%), n=18 12.6 (3.7; 21.6) /12.5 (-30.0; 44.0) 0.009

* Number (%) are presented for categorical variables, mean (95% confidence interval)/ median (minimum; maximum) are presented for continu-

ous variables.

** Pvalue was calculated with the use of paired t-test comparing values from baseline and from the assessed time-point. Significant results are bold.
NYHA, New York Heart Association; n, number of patients with data available for both assessed time-points; 6MWD, 6-minute walking distance.

visual analogue scale (EQ-VAS) for a self-assessment of
overall health status. The following time-points were con-
sidered for the final analysis: baseline data from the time
of riociguat initiation, and from approximately 5 months
and 1 year after the initiation of riociguat therapy.

The statistical analysis was performed in IBM SPSS
Statistics 24. Continuous parameters in the analysis were
described using the number of observations, mean, stan-
dard deviation, median, minimum, maximum and 95%
confidence intervals (CI); discrete category parameters
were described using absolute and relative frequency. To
analyse registry objectives, the null hypothesis that there
would be no difference in the values from baseline and
the values from the selected time-point (5 or 12 months)
for a particular clinical parameter was tested using the
paired t-test at the 5% significance level.

RESULTS

In total, 51 patients (23 males and 28 females) of
a median age of 70.6 years with inoperable CTEPH or
with persistent/recurrent CTEPH after PEA on riociguat
therapy were enrolled for the retrospective collection of
clinical parameters and quality of life data. Population
characteristics are summarized in Table 1.

All patients used long-term anticoagulant therapy
(warfarin in 45 patients, new oral anticoagulants in 6
patients). Before riociguat, 7 patients had received long-
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term therapy with subcutaneous treprostinil, 3 patients
had received bosentan. For both previous treatments, pa-
tients had used stable doses more than 6 months before
riociguat initiation.

The analysis of data collected at 5 months (mean 5.0
months; median 5.3 months) after riociguat initiation
showed that 81.1% of patients received a maximal rioci-
ugat dose (2 mg and 2.5 mg tid). Data from the start of
therapy as well as from the 5-month visit were available in
37 patients for NYHA class, and in 22 patients for both
the 6MWD test and the EQS5D-5L score. As described
in Table 2, improvements from baseline to month 5 were
observed in changes of distance measured in the 6 MWD
test (mean 35.3 m, 95% CI: 2.6; 73.3; P=0.066), changes
of EQ5D-5L score (mean 0.124; 95% CI: 0.021; 0.226;
P=0.020), and self-assessments of overall health status
(mean 12.4%; 95% CI: 5.6; 19.2; P=0.001). NYHA class
improved by at least one degree in 24.3% of patients.
No change was observed using the Borg dyspnoea scale
(mean -0.3; 95% CI:-1.0; 0.4; P=0.366).

The analysis of data collected approximately 1 year
(mean 11.2 months; median 11.8 months) after riociguat
initiation found that 85.8% of patients received a maxi-
mal riociguat dose (2 mg and 2.5 mg tid). Data from the
start of therapy as well as from the I-year visit were avail-
able in 28 patients for NYHA class, in 17 patients for the
6MWD test, and in 18 patients for the EQS5D-5L score.
As described in Table 3, improvements from baseline to
year 1 were observed in changes of distance measured in
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the 6MWD test (mean 57.2; 95% CI: 19.1; 95.2; P=0.006),
and self-assessments of overall health status (mean 12.6;
95% CI: 3.7; 21.6; P=0.009). NYHA class improved by at
least one degree in 46.4% of patients. No changes were
observed using the Borg dyspnoea scale (mean -0.5; 95%
CI:-1.2; 0.2; P=0.177) or EQ5D-5L score (mean 0.088,
95% CI:-0.063; 0.239; P=0.237).

Riociguat was well tolerated. In total, 4 patients re-
ported side effects of riociguat treatment (gastrointesti-
nal disorders, vomiting, symptomatic hypotension), and
hospitalization was required in one case. Two patients
discontinued treatment due to side effects.

The annual survival rate was 89.1% with 95% CI:
70.0%; 96.4%.

DISCUSSION

Observational real-life studies in patients with inop-
erable CTEPH or persistent/recurrent pulmonary hy-
pertension after PEA are important sources of data to
complement randomized clinical trials, especially when
enrolling patients with different clinical profiles.

The randomized, multi-centre, placebo-controlled
clinical study CHEST-1 included patients with inoperable
CTEPH and residual pulmonary hypertension after PEA:
In patients receiving riociguat (nearly 90% of patients
tolerated maximal doses of 2.0 and 2.5 mg tid), signifi-
cant improvements of distance in 6MWD was observed
by 16 weeks. Distance lengthened by 39 m in the rio-
ciguat group and shortened by 6 m in the placebo group.
Furthermore, pulmonary vascular resistance significantly
decreased, levels of N-terminal pro b-type natriuretic pep-
tide (NP-proBNP) also decreased, and functional NYHA
class improved in patients with riociguat. In an extension
with open-label riociguat treatment for all participants,
CHEST-2, improvement continued as assessed by the
6MWD test, and patients originally assigned to the pla-
cebo group achieved similar improvements as observed in
the originally active group’.

The clinical profile of our study population was dif-
ferent from subjects of the pivotal CHEST-1 trial. Our
patients were at higher risk: they were older (mean age of
67.7 years in comparison to 59 years in CHEST-1), with a
higher proportion of males (45.1% vs. 34% in CHEST-1)
and with more severe disease by functional class (3.9%
NYHA II and 96.1% NYHA III vs. 32% NYHA II and
64% NYHA III in CHEST-1).

Despite the higher-risk population in our registry,
treatment was well tolerated and we observed signifi-
cant favourable impacts on clinical parameters. A high
proportion of patients tolerated the two highest doses of
riociguat (2 mg and 2.5 mg tid) on follow-up at (means)
5 and 11.2 months.

Mean changes of distance in 6MWD from base-
line to months 5 and 11.2 in our study (+35.3 m and
+57.2 m) were similar to results obtained in the CHEST-1
and CHEST-2 studies. The Borg dyspnoea scale did not
change significantly, but NYHA class improved in 24.3%
of patients at month 5 and in 46.4% of patients at month
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11.2. In comparison to CHEST-1, NYHA class had im-
proved by at least one degree in 33% of patients and
worsened in 5% of patients after 16 weeks of riociguat
treatment.

Our results correspond with outcomes in the large
EXPERT (EXPosurE Registry RiociguaT in patients
with pulmonary hypertension) database of 956 patients
with CTEPH receiving riociguat, of whom 419 patients
were newly-treated patients. In one year, the mean change
of distance in the 6MWD test was +29 m and improve-
ment by at least one NYHA class was observed in 26.2%
of patients®. Similar results have been found in smaller
comparable registries of patients with CTEPH receiving
riociguat therapy®'°. Of note, NYHA class and 6MWD
are important prognostic markers in CTEPH, and their
improvement corresponds with the amelioration of sur-
vival in populations of treated patients!'’.

Quality of life in patients with untreated chronic pul-
monary hypertension is poor, and is usually similar to
quality of life in patients with advanced stages of pulmo-
nary, cardiac or renal disorders'?. Using the EQ5D-5L
questionnaire for quality of life evaluation, we observed
significant improvements both in EQ5D-5L score and
overall self-assessed health status in comparison to val-
ues at therapy initiation after 5 months of riociguat treat-
ment. At the follow-up at 11.2 months, improvements of
overall self-assessed health status prevailed in comparison
to the level reported at the time of treatment initiation.
Amelioration of the EQ5D-5L score was also observed in
the active group compared to the placebo in the CHEST-
1 study. In CHEST-2, improvements in quality of life were
associated with improvements in the capacity to exercise'.

Annual survival rate 89.1% in our registry was lower
than in the open-label follow-up of patients originally en-
rolled in CHEST-1 (97%). However, it is important to
stress the generally higher risk profile of patients in real-
life settings.

One limitation of our registry is the small number of
enrolled patients and especially the limited number of
patients with data available for all time-points analysed.
Another limitation is the absence of full range hemody-
namic data as in the standard of care, it is not regularly
assessed in all patients with stable disease. However, an
assessment of clinical parameters clearly associated with
patient prognosis (NYHA class, 6t MWD test) is sufficient
to evaluate the impacts of riociguat therapy in target popu-
lations.

CONCLUSION

Clinical registries enable data to be gained that is
complementary to results of randomized clinical trials
on the effectiveness and safety of treatment in real-life
settings. This is also applicable to patients with inoperable
CTEPH and persistent/recurrent pulmonary hypertension
after PEA receiving riociguat. The available data on such
patients shows, and the results of this non-interventional
registry confirms, that riociguat therapy even in the real-
world significantly improves functional NYHA class, dis-
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tance in the 6MWD test and quality of life. Treatment is
well tolerated, and no new safety signal was identified in
this retrospective analysis of data from a real-world patient
population.
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