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Background: To improve clinical outcome, patientswith inoperable and residual chronic thromboembolic pulmo-
nary hypertension (CTEPH) can be treatedwith riociguat. The aim of this study is to explore long-term outcomes
and to compare our ‘real world’ data with previous research.
Methods:We included all consecutive patients with technical inoperable and residual CTEPH, in whom riociguat
therapy was initiated from January 2014 onwards, with patients followed till January 2019. Survival, clinical
worsening (CW), functional class (FC), N-terminal pro brain natriuretic peptide (NT-proBNP) and 6-minute
walking distance (6MWD) were described yearly after riociguat initiation.
Results: Thirty-six patients (50% female, mean age 64.9± 12.1 years, 54%WHO FC III/IV and 6MWD337±138m
could be included, with a mean follow-up of 2.3 ± 1.2 years. Survival and CW-free survival three years after ini-
tiation of riociguat were 94% and 78%, respectively. The 6MWD per 10 m at baseline was a significant predictor
(HR 0.90 [0.83–0.97], p = 0.009) for CW. At three years follow-up the WHO FC and 6MWD improved and NT-
proBNP decreased compared to baseline.
Conclusion: Our study confirms that riociguat is an effective treatment in patients with technical inoperable and
residual CTEPH at long-term follow-up. Although our results are consistent with previous studies, more ‘real
world’ research is necessary to confirm long-term results.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH) is a dis-
ease of progressive pulmonary artery remodelling with high morbidity
and mortality [1–3]. Pulmonary endarterectomy (PEA) is the preferred
treatment, as it has a good prognosis and outcome in operable patients
[4,5]. Inoperable patients and patients with persistent pulmonary hy-
pertension after PEA (residual PH) are treated with PH pharmacologic
therapy to improve exercise capacity and hemodynamics, and to delay
clinical worsening (CW) [5–7].
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. This is an open access article under
The soluble guanylate cyclase (sGC) stimulator riociguat is currently
the only officially registered treatment for CTEPH. Short-term results
from the Chronic Thromboembolic Pulmonary Hypertension Soluble
Guanylate Cyclase-Stimulator Trial 1 (CHEST-1) [8] showed improve-
ment of 6-minute walking distance (6MWD) andWorld Health Organi-
zation (WHO) functional class (FC), decreased pulmonary vascular
resistance (PVR) and N-terminal pro brain natriuretic peptide (NT-
proBNP) levels. The long-term extension study (CHEST-2) [9] showed
that the use of riociguat is safe and efficacious up to one year after treat-
ment initiation. However, long-term follow-up data and experiences
from ‘real world’ data are both limited available.

In this article, we describe the long-term clinical outcome of technical
inoperable and residual CTEPH patients on riociguat therapy. Furthermore
we try to identify predictors for death and CW and we compare our ‘real
world’ data with the previous (randomized, controlled) riociguat studies.

2. Methods

2.1. Study population

We retrospectively included all consecutive technical inoperable
CTEPH and residual PH patients who started with riociguat treatment
and were discussed in our multidisciplinary CTEPH team from January
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2014 onwards andwere followed till January 2019. Our expert team con-
sists of pulmonologists, cardiologists, radiologists, cardiothoracic sur-
geons and specialised nurse practitioners. The date of the final CTEPH
multidisciplinary team meeting was used as date of diagnosis. We col-
lected patient characteristics at time of diagnosis and additional test re-
sults performed within 3 months of diagnosis. Imaging tests
(transthoracic echocardiography, ventilation/perfusion scans, chest com-
puted tomography scan and pulmonary angiography), right heart cathe-
terisation, blood tests and (cardiopulmonary) exercise testing were
performed according to the current guideline to establish CTEPH diagno-
sis and to asses operability [10]. PHwas defined as amean pulmonary ar-
tery pressure (mPAP) of ≥ 25mmHg and a wedge pressure ≤ 15mmHg.
The diagnosis of CTEPHwasmadewhena considerable amount of pulmo-
nary vessels showed evidence of chronic thromboembolisms in the pres-
ence of PH after aminimumof 3months anticoagulation treatment, using
two different imaging techniques. Patients were considered inoperable if
they had peripheral (i.e. predominantly subsegmental or more distal)
thromboembolic disease. Residual PH was defined as a persistent ele-
vated (≥ 25 mm Hg) mPAP after PEA.

Both technical inoperable and residual CTEPH patients started with
riociguat therapy. If the patient remained symptomatic or had severe
hemodynamic impairment at baseline, pharmacologic therapy was ex-
tended to off-label pulmonary arterial hypertension (PAH) oral combi-
nation therapy. In case of disease progression under combination
therapy, triple therapy using intravenous prostanoids was initiated.

All patients, including stable disease, were systematically evaluated
for balloon pulmonary angioplasty (BPA) treatment to improve hemo-
dynamics and consequently symptoms and outcomes. Patients were ac-
cepted for BPA treatment by the multidisciplinary CTEPH team, if they
Table 1
Baseline patient characteristics and medication strategy for patients with or without CW.

All patients (n = 36)
(Mean ± SD)

Demographic characteristics
Age (years) 64.9 ± 12.1
Female gender, n (%) 18 (50.0)
Inoperable/residual CTEPH, n (%) 33 (91.7)/3 (7.3)

History taking
Smokers (ever), n (%) 21 (58.3)
COPD, n (%) 11 (30.6)
Hypertension, n (%) 9 (25.0)
Diabetes, n (%) 4 (11.1)
Hyperlipidemia, n (%) 1 (2.8)
Thyroid dysfunction, n (%) 1 (2.8)
Hematologic disease, n (%) 14 (38.9)
Cardiac device, n (%) 1 (2.8)
Venous thrombosis, n (%) 6 (16.7)
Acute pulmonary embolism, n (%) 32 (88.9)

Clinical characteristics
WHO FC I/II/III/IV (%) 0/46/51/3
NT-proBNP (pg/mL), median (IQR) 382 (186–2220)
6MWD (m) 337 ± 138

Right-sided heart catheterization
CO (L/min) 5.2 ± 1.6
RAP mean (mmHg) 7.9 ± 3.1
PAP mean (mmHg) 38.1 ± 9.3
PVR (WU) 6.1 ± 3.7

Treatment start follow-up
VKA/NOAC/LMWH (%) 89/8/3
Riociguat, n (%) 17 (47.2)
Riociguat + ERA, n (%) 19 (52.8)
Treatment last follow-up
Riociguat, n (%) 6 (16.7)
Riociguat + ERA, n (%) 26 (72.2)
Riociguat + ERA + prostanoid 1 (2.8)
Switch to PDE5 inhibitor 3 (8.3)
Concomitant BPA treatment 12 (33.3)

SD: standard deviation, CTEPH: chronic thromboembolic pulmonary hypertension, COPD: chro
NT-proBNP: N-terminal pro brain natriuretic peptide, 6MWD: 6-minwalking distance, 6MWT:
pressure, PVR: pulmonary vascular resistance, ERA; endothelin receptor antagonist, PDE5 inhibi
add up to 100% due to rounding.
had accessible thromboembolic lesions and did not have severe contra-
indications for BPA.

2.2. Outcome, events and follow-up

Patients were annually followed from initiation of riociguat treat-
ment till the last known date of riociguat use or until death, lost to
follow-up or end of study. WHO FC, 6MWD, NT-proBNP and (adverse)
events were collected at regular outpatients visits, which were sched-
uled every 3 months.

Time of death and time to clinical worsening (CW) were noted.
Deathwas defined as all-cause mortality and CWwas defined as a com-
bination of death, or non-elective hospitalisation for CTEPH or disease
progression.We defined disease progression as the initiation of intrave-
nous prostanoids or a reduction in 6MWD by 15% compared to baseline
combined with worseningWHO FC, except for patients already in func-
tional class IV. Only the first event of CW was noted in patients with
multiple events. Maximum riociguat dose and adverse events (AEs)
during treatment were noted.

2.3. Statistical analyses

All statistical analyses were performed with SPSS (IBM SPSS statis-
tics version 24). Distribution of continuous data was visually assessed
and normally distributed data were presented as mean ± standard de-
viation (SD) and not normally distributed data as median (interquartile
range (IQR)). Categorical data were presented as number and percent-
age. Change to baseline in WHO FC, NT-proBNP and 6MWD, was
assessed with a paired t-test or Wilcoxon signed rank test. Differences
No CW (n = 29)
(Mean ± SD)

CW (n = 7)
(Mean ± SD)

P-value

65.1 ± 12.2 64.3 ± 12.8 0.879
13 (44.8) 5 (71.4) 0.402
27 (93.1)/2 (6.9) 6 (85.7)/1 (14.3) 0.488

16 (55.2) 5 (71.4) 0.674
9 (31) 2 (28.6) 1.000
7 (24.1) 2 (28.6) 1.000
3 (10.3) 1 (14.3) 1.000
1 (3.4) 0 1.000
0 1 (14.3) 0.194
11 (37.9) 3 (42.9) 1.000
0 1 (14.3) 0.189
5 (17.2) 1 (14.3) 1.000
26 (89.7) 6 (85.7) 1.000

0/46/50/4 0/43/57/0 1.000
364 (178–2188) 1345 (189–2418) 0.983
363 ± 130 237 ± 128 0.027

5.2 ± 1.6 4.9 ± 1.7 0.693
7.8 ± 3.3 8.0 ± 2.5 0.897
38.6 ± 10.0 36.2 ± 5.4 0.391
6.1 ± 4.0 5.9 ± 2.8 0.881

90/7/3 86/14/0 0.733
13 (44.8) 4 (57.1) 0.684
16 (55.2) 3 (42.9) 0.684

6 (20.7) 0 0.317
20 (69.0) 6 (85.7) 0.645
0 1 (14.3) 0.194
3 (10.3) 0 1.000
9 (31.0) 3 (42.9) 0.664

nic obstructive pulmonary disease, WHO FC: World Health Organization functional class,
6-min walking test, CO: cardiac output, RAP: right atrial pressure, PAP: pulmonary arterial
tor: phosphodiesterase type 5 inhibitor; BPA: balloon pulmonary angioplasty. #Data do not
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between riociguat patients with andwithout events were assessedwith
student t-tests, Mann-Whitney U test, Pearson Chi-Square and Fisher
exact tests. Kaplan-Meier curves were used for assessment of survival
and CW-free survival in the overall population and to assess (CW-
free) survival with patients censored at start of BPA treatment. Cox pro-
portional hazards regression analyses were used to identify predictors.
All tests were 2-tailed and were considered statistically significant if
the p-value was below 0.05. The time between diagnosis and the start
of riociguat was corrected with a time-dependent covariate. The study
was approved by the local ethical commission (number W17.132).

3. Results

3.1. Study population

We included 36 consecutive inoperable and residual CTEPH patients
(50% female, mean age 64.9±12.1 years) on riociguat therapy. Baseline
characteristics are presented in Table 1.

The majority of patients had inoperable disease (92%), only 3
patients had residual CTEPH.Most patients had a history of thromboem-
bolic event (89%) and at least one concomitant comorbidity (69%).
There were no patients with a history of chronic osteomyelitis,
ventriculoatrial shunt or inflammatory bowel disease. At the time of di-
agnosis patients were predominantly in WHO FC III/IV (54%). Patients
had a mean pulmonary arterial pressure of 38.1 ± 9.3 mm Hg and a
Fig. 1. Kaplan-Meier overall survival and CW-free survival curves andnumbers at risk for riocigu
censored are shown with dashed lines.
PVR of 6.1 ± 3.7WU. At baseline 17 patients (47%) started combination
therapy. At the end of the follow up period, however, 27 patients (75%)
received combination or triple therapy. During follow-up twelve pa-
tients (33%) underwent concomitant balloon pulmonary angioplasty
(BPA).

3.2. Safety and adverse events

Weachieved themaximumriociguat dose (2.5mg three times daily)
in 30 (83%) patients, a dose of 2.0mg three times daily in 3 (8%) patients
and a dose of 1.5mg three times daily in 3 (8%) patients. These last 3 pa-
tients got other PAHmedication prescribed, as they received suboptimal
riociguat dose and had adverse events. Mean riociguat treatment dura-
tion was 2.3 ± 1.2 years.

Twenty-four (67%) patients experienced at least one AE during
treatment. Serious AEs of hypotension and severe dyspnoea occurred
in respectively 6 (17%) and 1 (3%) of the patients, of which 2 (6%)
discontinued riociguat treatment for these reasons. One patient
discontinued treatment due to upper respiratory tract infection after
riociguat initiation. Common AEs were dyspepsia (25%), headache
(22%), diarrhoea (19%), upper respiratory tract symptoms (17%),
dizziness (14%) and anaemia (11%). Individual patients could experi-
ence multiple (adverse) events. None of the patients experienced
syncope, haemoptysis, acute renal or acute right ventricular failure
(see supplemental table 1).
at patients after therapy initiation. Overall survival and CW-free survivalwith BPA patients

Image of Fig. 1
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3.3. Survival and freedom from clinical worsening

In total 7 (19%) patients experienced CW during follow-up. Two
(5%) patients died, both experienced CW prior to death. Five (14%) pa-
tients alive experienced CW, three (8%) of them needed intravenous
prostanoids. The 3 patients with CW and BPA treatment had experi-
enced CW before the start of BPA treatment.

Kaplan-Meier curves for overall survival and CW-free survival are
shown in Fig. 1. Survival was 100%, 94%, and 80% at two, three and
four years after riociguat initiation, respectively. One patient died in
the third year and 1 in the fourth year after therapy initiation. If patients
were censored at start of BPA treatment, survival at three and four years
decreased to 92% and 79% respectively. Cox proportional hazards re-
gression for survival showed no significant hazard ratios (HR) for base-
line characteristics.

Most CW occurred in the first year, with a CW-free survival of 88%,
78% and 63% at two, three and four years after riociguat initiation.
These numbers decreased to 87%, 75% and 56% respectively if patients
were censored at the start of BPA treatment. A significant baseline
predictor for CW was 6MWD per 10 m with HR 0.90 [0.83–0.97] (see
supplemental table 2).

A comparison of baseline values between patients with or without
CW showed a significant lower 6MWD in the CW group. Furthermore,
all patients who experienced CW received combination therapy at the
last follow-up compared to only 75% of the patients without CW.

3.4. Follow-up

Overall, WHO FC improved during the first year compared to base-
line and stabilised afterwards in our study population. Most patients
were in WHO FC I and II during follow-up. Results are shown in Fig. 2.

Median NT-proBNP decreased significantly in the overall population
with−67 pg/mL (-1355-49) at one year (p=0.04) and stabilised after-
wards. A comparison between patients with and without CW showed
no significant difference between changes to baseline in NT-proBNP
(see supplemental fig. 1).
Fig. 2.WHO FC at baseline and follow-up. Number and percentage of patients at risk for each tim
who died between time points were not noted at the next time point. #Data do not add up to
During follow-up the mean 6MWD significantly increased for the
overall population with 55 ± 72 m at year 1 (p = 0.0003), with 60 ±
65 m at year 2 (p = 0.0002) and with 89 ± 61 m at year 3 (p =
0.001) compared to baseline (see supplemental fig. 2).

4. Discussion

In this article we report an effective and safe clinical outcome up to
three years after the initiation of riociguat, in inoperable and residual
CTEPH patients.

Previous (randomized) research showed safe and effective short-
term results of riociguat treatment for CTEPH [6,11–13]. Riociguat stim-
ulates and sensitizes sGCwith a subsequent increase in cyclic guanosine
monophosphate, leading to vasodilatation, altered pulmonary vascular
tone and eventually to improved clinical functioning. Riociguat is cur-
rently the only registered CTEPH therapy for patients with inoperable
or residual PH after PEA [10].

Although these controlled trials provide excellent evidence about
treatment effectivity, generalizability may be low for patients seen in
daily practice where treatment adherence and comorbidities differ
[14]. Our ‘real-world’ data from our clinical care settings may add
value to overcome this disadvantage, but should be used with care, as
findings may be confounded [14].

We achieved the recommended riociguat dose in 83% of our pa-
tients, which is consistent with results reported in the CHEST studies
[8,9,15] or a multicentre, non-randomized observational study by
Halank et al. [16], including 41 inoperable CTEPH patients. We did not
identify new safety issues nor any haemoptysis or pulmonary haemor-
rhage in our study population. In general, adverse events were limited
in our cohort and were in line with results from the CHEST studies [15].

Patients in the CHEST-1 were excluded if they had received other
PAH medications within 3 months before study entry [8]. In our cohort
we also included patients with a longer CTEPH disease history or who
were already on other PAH medication, as patients in daily practice
often switch between therapies to achieve maximal treatment effect
or due to adverse events. In addition, a recent study reported improved
e point and change of patients between time points. Patients who got lost to follow-up or
100% due to rounding.

Image of Fig. 2
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WHOFC and pulmonary hemodynamics after a switch from sildenafil to
riociguat [17], although another research showed that a switchmay not
be as effective as direct initiation of riociguat [18]. However, the patients
in this transition group were older and had more severe CTEPH disease
[18]. It is possible that patients in our cohort with a longer disease dura-
tion or who switched to riociguat had worse results compared to those
inwhom riociguatwas immediate initiated, but thiswas not the focus of
our current research.

The percentage of patients with combination therapy was low (7–
10%) in the CHEST-1 [9,15] and was not separately specified for CTEPH
patients by Halank et al. [16]. Research in PAH patients showed that
combination therapy, e.g. with endothelin receptor antagonists, may
delay CW and improve exercise capacity [19,20]. In our cohort we fre-
quently treated patients with combination therapy, up to 75% at latest
follow-up. Our hospital is a tertiary care centre for CTEPH, therefore
we are able to start off-label PAH specific combination therapy in
CTEPH patients. We initiate combination therapy if the patient remains
symptomatic or has severe hemodynamic impairment at baseline, de-
spite being clinically stable. The same applies for BPA treatment, as we
try to improve hemodynamics and eventually outcome. However, as
the guidelines recommend extension to combination therapy in symp-
tomatic patients and BPA treatment in inoperable patients, we expect
that our cohort is a good reflection of the current clinical (treatment)
course in inoperable and residual CTEPH patients.

We found a survival of 100%during thefirst two years,with a decrease
to 80% four years after initiation of riociguat. For CW-free survival thiswas
89% at two and 63% at four years respectively. Our values correspondwith
results reported in the CHEST [9,15] and were better than reported by
Halank et al. [16]. However, definitions for CWdiffered between the stud-
ies; the CHEST combined PEA, hospitalisation due to PH, start of new PH
treatment, decreased 6MWD, persistent worsening of WHO FC and
death. Whereas Halank et al. combined PEA, the use of other PHmedica-
tion and death in their observational study. In our study, we combined
death, rescue intravenous prostanoid treatment, hospitalisation due to
PH, or a decreased 6MWD combinedwithworsenedWHO FC. As our def-
inition of CW was stricter, our percentages of CW-free survival may be
slightly different. However, there were no patients who underwent PEA
after riociguat initiation in our cohort and the number of patients who
hadCWdue to decreased 6MWDorWHOFCwas low in the other studies.
We decided to only note (rescue) prostanoid treatment as CW, as we ex-
tended treatment to combination therapy in accordance to the guideline
[10]. Our patientswere also systematically evaluated for BPA treatment to
optimise treatment and disease control. As BPA improves outcome, it
consequently may prevent or delay CW in our cohort and may result in
a slightly overestimated treatment effect of riociguat [21]. However,
censoring of BPA patients at their first BPA did not change outcomes sig-
nificantly, probably because some of these patients had already experi-
enced CW before the start of their BPA treatment.

An updated and uniform definition for (time to) CW in CTEPH is
needed to improve the ability to compare (future) study results.

Fortunately, due to the low number of deaths, we were unable to
identify predictors for survival. We did find that baseline 6MWDwas a
significant predictor for CW, what is consistent with previous publica-
tions of a worse prognosis and CW-free survival in CTEPH patients
with low 6MWD [15,22–24]. However, as baseline 6MWD was already
significant lower in patients with CW, less improvement and a shorter
time to CW may be expected.

Overall, WHO FC improved and eventually stabilised in most of our
patients. However, our results are less profound compared to the
other studies [15,16]. A worseWHO FC at baseline and a longer disease
duration in our cohort might explain this finding. The decrease in NT-
proBNP one year after initiation of riociguat was consistent with results
from the CHEST-2 [9]. The decrease in NT-proBNP persisted up to
3 years, although the decrease became less profound during follow-up.

Mean 6MWD increased with riociguat therapy during follow-up. As
we also initiated riociguat treatment in patients with a 6MWD below
150 m, which were excluded in the CHEST-trial [9], a less profound in-
crease in 6MWD may be expected. However, our overall results were
comparable and during follow-up slightly better than results from the
other studies [9,15,16].

4.1. Limitations

As our population was small, the mean follow-up time was limited
and numbers of patients at risk differed at each time point, results
should be interpret with caution. Nevertheless our results were largely
consistent with previous studies. We performed a cohort study, what
predisposes for bias and confounds result interpretation. Although we
included all consecutive patients, patients who died prior to riociguat
treatment are not included and this selection bias may result in an
overestimated (CW-free) survival. Unfortunately we do not have data
of quality-of-life measurements.

5. Conclusion

Long-term follow-up of riociguat therapy in our ‘real world’ CTEPH
patients showed an effective long-term treatment effect, with a reason-
able (CW-free) survival and significantly improved clinical parameters.
The baseline 6MWD is a significant predictor for CW. AlthoughWHO FC
improvement was less profound, our results are largely consistent with
other studies. More ‘real world’ research is necessary to establish more
clinical long-term results.

Take home message

Riociguat is an effective treatment in technical inoperable and resid-
ual CTEPH up to three years after initiation.
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