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ABSTRACT  Chronic thromboembolic pulmonary hypertension (CTEPH) is a rare but life-threatening
disease resulting from unresolved thromboembolic obstructions. Pulmonary endarterectomy (PEA) surgery
is the gold-standard treatment as it is potentially curative; however, not all patients are deemed operable
and up to one-third have persistent or recurrent CTEPH after the procedure. Pulmonary arterial
hypertension (PAH) and CTEPH have similar clinical presentations and histopathological features, so
agents shown to be effective in PAH have often been prescribed to patients with CTEPH in the absence of
proven therapies. However, clinical evidence for this strategy is not compelling. A number of small
uncontrolled trials have investigated endothelin receptor antagonists, prostacyclin analogues and
phosphodiesterase type 5 inhibitors in CTEPH with mixed results, and a phase III study of the endothelin
receptor antagonist bosentan met only one of its two co-primary end-points. Recently, however, the
soluble guanylate cyclase stimulator, riociguat, was approved in the USA and Europe for the treatment of
inoperable or persistent/recurrent CTEPH following positive results from the phase III CHEST study
(Chronic Thromboembolic Pulmonary Hypertension Soluble Guanylate Cyclase-Stimulator Trial). This
article reviews the current evidence for the use of pharmacological therapies in CTEPH.
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Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH) is a rare but potentially fatal disease.
Unresolved thromboembolic obstructions can cause the formation of scar tissue, which, in turn, can
partially or completely block the pulmonary arteries. Blood flow is redistributed and high intravascular
pressures can result in vascular remodelling and hypertension [1]. CTEPH is associated with significant
morbidity and mortality, and with no intervention, prognosis is poor [2, 3]. In one study involving 76
patients, those with haemodynamic signs of right heart failure survived an average of 1.7 years after
catheterisation. Patients without right heart failure survived an average of 4.3 years. In patients with mean
pulmonary artery pressure >50 mmHg, 2-year survival was 20% [2].

All patients with CTEPH should receive life-long therapy with anticoagulants, mostly vitamin K
antagonists. This is thought to prevent in situ pulmonary artery thrombosis and recurrent venous
thromboembolism [4]; however, anticoagulation therapy has not been investigated as a treatment for
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CTEPH in randomised controlled trials (RCTs). Oxygen therapy and diuretics can also be given, yet there
are no data on how they affect survival [5].

Pulmonary endarterectomy (PEA) to remove thromboembolic material has become the gold-standard
treatment option for patients with CTEPH as it is potentially curative, is associated with a reduced
mortality rate, and leads to sustained improvements in pulmonary haemodynamics and exercise capacity
(reviewed by Jenkins [6] in this issue of the European Respiratory Review). Analysis of an international
CTEPH registry found that the mortality rate post-PEA was 5% up to 1 year after surgery [7].

However, not all patients with CTEPH are suitable for PEA. For some, the blockage is not accessible by
surgery; others may have comorbidities that make the operation a high risk, and a proportion of patients
opt not to have the procedure. Furthermore, although PEA can cure CTEPH in some patients, up to 35%
may have persistent/recurrent CTEPH following surgery. For these patients, there is a strong rationale for
the consideration of targeted therapies, and current guidelines support this [8].

More recently, balloon pulmonary angioplasty (BPA) has emerged as an alternative intervention for
patients ineligible for PEA. BPA was first described in 2001 [9], and several subsequent studies have shown
that BPA can lead to haemodynamic improvements that are comparable to those typically seen following
PEA [10-13]. However, current guidelines state that BPA requires further evaluation before it can be
recommended for patients with CTEPH, due to concerns over potential complications such as vessel
rupture and reperfusion lung injury, and a lack of data showing long-term outcomes [14].

Rationale for targeted medical therapy in CTEPH

Idiopathic pulmonary arterial hypertension (PAH) is a chronic condition resulting from a sustained
elevated pulmonary artery pressure in the absence of a family history or known risk factors [15]. As
summarised in a review by BErGER et al. [16], there are many similarities in the vascular changes and
haemodynamics observed in CTEPH and idiopathic PAH. Moreover, examination of the small pulmonary
arteries in biopsies from patients with CTEPH found changes comparable to those observed in samples
from patients with PAH, indicating that the two conditions could not be distinguished by
histopathological findings alone [17]. These findings suggested that PAH and CTEPH may share common
pathophysiological pathways [18].

Plasma levels of the vasoconstrictor endothelin (ET)-1 correlate with haemodynamics and clinical disease
severity in both PAH and CTEPH. Patients with PAH have raised levels of ET-1, which plays a role in the
pathobiology of the disorder, and ET-1 receptor antagonists have shown beneficial clinical effects in
patients with PAH [19]. Likewise, two clinical studies showed that ET-1 levels were higher in patients with
CTEPH compared with controls [20, 21].

NO is a key regulator of vasodilation in the lung. NO binds to soluble guanylate cyclase (sGC) [22, 23],
which catalyses the synthesis of the vasoactive mediator cyclic guanosine monophosphate (cGMP), which,
via cGMP-dependent protein kinase and myosin light chain phosphatase, causes the dephosphorylation of
contractile protein myosin in the vascular smooth muscle, resulting in relaxation of the vascular wall [24].
In pulmonary hypertension, endothelial dysfunction leads to impaired NO synthesis and insufficient
stimulation of the NO-sGC-cGMP pathway [23]. Furthermore, reduced endogenous NO levels have been
found in patients with PAH and CTEPH [23]. The sGC stimulator riociguat has shown beneficial effects
in both PAH and CTEPH indications [25, 26].

The phosphodiesterase (PDE) superfamily of enzymes inactivates and degrades cGMP. PDE-5 is expressed
abundantly in the vascular smooth muscle of the pulmonary vasculature and is also upregulated in PAH
[27]. PDE-5 inhibitors have shown efficacy in patients with PAH [28, 29].

Prostacyclin is a potent pulmonary vasodilator synthesised in the pulmonary endothelium that has
anti-thrombotic, anti-proliferative, anti-mitogenic and immunomodulatory properties [30, 31]. Prostacyclin
binding to the IP receptor triggers synthesis of cyclic adenosine monophosphate (cAMP) via adenylate
cyclase. cAMP causes dephosphorylation of myosin via protein kinase A and myosin light chain
phosphatase [32]. Prostacyclin synthase and prostacyclin metabolites are reduced in the pulmonary
vasculature and blood serum of patients with PAH [33]. Prostanoids are synthetic analogues of
prostacyclin recommended for the treatment of patients with PAH [34]. In some historical cases, they have
also been used off-label to treat patients with CTEPH [35].

As well as pathological parallels between PAH and CTEPH, clinical presentation can also be similar. The
most common presenting symptoms in patients with CTEPH include dyspnoea, oedema, fatigue and chest
pain [36]. The most common presenting symptom in patients with PAH is persistent dyspnoea when
exercising, while chest pain, fatigue, weakness, light-headedness and syncope may also occur [37].
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Based on this rationale, and prior to the recent approval of riociguat for inoperable and persistent/
recurrent CTEPH, a considerable number of patients with CTEPH have been prescribed drugs approved
for PAH off-label. An international CTEPH registry of 679 newly diagnosed patients found that 38%
initiated treatment with drugs approved for PAH at the time of diagnosis. This figure was highly country
dependent, ranging from 2.2% to 88.9% [36]. A recent retrospective study of six European countries
reported that, between 2006 and 2009, 60% of patients with CTEPH had received an endothelin receptor
antagonist, 34% a PDE-5 inhibitor and 6% a prostacyclin analogue [38].

Prescription rates for nonapproved agents in CTEPH have been increasing over time. In the USA, the
proportion of patients with CTEPH who received a targeted therapy increased from 20% in 2005 to 37%
in 2007 [39]. These therapies are generally offered to patients with CTEPH with poor haemodynamics
prior to PEA, although data suggest that they do not have a significant impact on surgical outcomes and
may even delay the potentially curative surgery [39]. A more dramatic rise was observed in the UK from
29% to 65% in patients undergoing PEA, and from 70% to 90% in patients with inoperable disease,
between 2001 and 2006 [40].

Clinical evidence for pharmacological therapy in CTEPH

Large RCTs of pharmacological therapies in CTEPH

To date, the only large RCT's that have assessed the efficacy and safety of pharmacological treatments in
patients with CTEPH are the Chronic Thromboembolic Pulmonary Hypertension Soluble Guanylate
Cyclase-Stimulator Trial (CHEST)-1 [26] and the Bosentan Effects in Inoperable Forms of Chronic
Thromboembolic Pulmonary Hypertension (BENEFiT) studies [41].

Riociguat: the CHEST study

Riociguat is the first member of a novel class of therapeutics known as the sGC stimulators. It has a dual
mode of action, increasing the sensitivity of sGC to endogenous NO, and also increasing sGC activity
independently of NO, resulting in vasodilation and other disease-modifying effects, such as anti-fibrotic,
anti-proliferative and anti-inflammatory activity [23].

An open-label phase II study demonstrated favourable efficacy and safety results in 75 patients with
inoperable CTEPH or PAH. Riociguat increased 6-min walking distance (6MWD) and reduced pulmonary
vascular resistance (PVR) in patients with CTEPH or PAH compared with baseline (p<0.0001 for all). An
improvement in World Health Organization functional class (WHO-FC) was observed in 31% of patients.
Most drug-related adverse events (AEs) were mild to moderate and three patients discontinued the study.
The most common AEs reported were dyspepsia, headache and hypotension [42].

Based on the results from this trial, the phase III CHEST study was initiated in 261 patients with inoperable
CTEPH or persistent/recurrent pulmonary hypertension after PEA [26]. Patients were randomised to
receive placebo or riociguat, individually adjusted to a maximum dose of 2.5 mg three times daily. The
primary end-point was mean change in 6MWD at week 16. The results showed that the 6 MWD increased
by 39 m in the riociguat group, versus a decrease of 6 m in the placebo group after 16 weeks of treatment
(p<0.001). The secondary end-point of changes in PVR was also met (table 1). A decrease in PVR of
226 dyn-s-cm™ was observed in the riociguat group, versus an increase of 23 dyn-s-cm™ in the placebo
group (p<0.001). Riociguat was also associated with significant improvements in N-terminal pro-brain
natriuretic peptide (NT-proBNP) levels (p<0.001) and WHO-FC (p=0.003). There was no significant
difference in the incidence of clinical worsening events between the riociguat group and the placebo group
(2% and 6%, respectively).

The improvements in primary and secondary end-points were similar in inoperable versus persistent/
recurrent disease, although the effect on 6MWD was not significant in the persistent/recurrent group [43].
In general, there was a greater numerical effect in the inoperable patients.

AEs were mainly mild to moderate in nature and the most common were headache and dizziness. The
most frequently occurring serious AEs were right ventricular failure (3% in both groups) and syncope (2%
of the riociguat group and 3% of the placebo group).

An open-label extension study (CHEST-2) was offered to the 243 patients who completed the CHEST-1
study, and 237 (98%) enrolled. At 1 year, the improvement in 6MWD seen in the CHEST-1 study had
been maintained (fig. 1), and survival was 97% (fig. 2) [44].

As of March 2014, 72% had received riociguat for >2 years. The latest analysis showed that improvements
in 6MWD and WHO-FC have been maintained for up to 2 years (meantsp 6MWD had increased from
CHEST-1 baseline by 50468 m (n=162); WHO-FC had improved/stabilised/worsened compared with
baseline by 39%/58%/3% (n=170)), with an estimated survival rate of 93%. The long-term safety profile
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TABLE 1 Change from baseline in primary and selected secondary end-points with riociguat and placebo in the Chronic
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Thromboembolic Pulmonary Hypertension Soluble Guanylate Cyclase-Stimulator Trial (CHEST)-1 study

End-point Placebo Riociguat p-value®
Patients Baseline Change Patients Baseline Change
Primary end-point
6MWD m 88 356+75 -6+84 173 342482 39179 <0.001
Selected secondary
end-points
PVR dyn-s-cm™ 82 779+401 23+274 151 791432 -226+248 <0.001
NT-proBNP pg-mL~" 73 1706+2567 761447 150 1508+2338 -291£1717 <0.001
WHO-FC 87 Class I: 0 13 (15%) 173 Class I: 3 (2%) 57 (33%) moved 0.003
Class Il: 25 (29%) moved to Class Il: 55 (32%) to lower class;
Class IlI: 60 (69%) lower class; Class Ill: 107 (62%) 107 (62%) stayed
Class IV: 2 (2%) 68 (78%) Class IV: 8 (5%) the same; 9 (5%)
stayed the moved to higher
same; 6 (7%) class
moved to

higher class

Data are presented as n or meanzsp, unless otherwise stated. 6MWD: 6-min walking distance; PVR: pulmonary vascular resistance;

NT-proBNP: N-terminal pro-brain natriuretic peptide; WHO-FC: World Health Organization functional class.

#. calculated with the use of

stratified Wilcoxon test for the change from baseline to last visit. Reproduced and modified from [26] with permission from the publisher.
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FIGURE 1 Mean change from baseline in 6-min walking distance (6MWD) in the Chronic Thromboembolic
Pulmonary Hypertension Soluble Guanylate Cyclase-Stimulator Trial (CHEST)-1 and CHEST-2 studies. Data are

observed values; error bars represent sem. Reproduced from [44] with permission from the publisher.

was good, with only 5% of patients withdrawing due to AEs. Syncope was observed in seven (3%) patients.
In the CHEST-1 study, seven patients in the riociguat group had haemoptysis or pulmonary haemorrhage,
compared with zero in the placebo group. In the CHEST-2 study, there were eight additional events of
haemoptysis or pulmonary haemorrhage [45]. A causal relationship between haemoptysis/pulmonary
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FIGURE 2 Kaplan-Meier plots for a) clinical worsening and b) survival in the overall population during the Chronic Thromboembolic Pulmonary
Hypertension Soluble Guanylate Cyclase-Stimulator Trial (CHEST)-2 study. At 1 year, the estimated rate of clinical worsening-free survival was 88% and the
estimated rate of survival was 97%. Reproduced from [44] with permission from the publisher.

haemorrhage and riociguat has not been established, but the potentially increased risk of these events with
riociguat is reflected by a warning on the label.

The findings from the CHEST study led to the approval of riociguat for the treatment of patients with
inoperable CTEPH and persistent/recurrent CTEPH after PEA in the USA [46], Europe and several other
countries [47]. Riociguat is currently the only therapeutic agent approved for the pharmacological
treatment of CTEPH.

Bosentan: the BENEFIT study

The BENEFIT study compared bosentan, an orally active dual endothelin receptor antagonist, with placebo
in 157 patients with inoperable or persistent/recurrent CTEPH over 16 weeks [41]. The study had
independent co-primary end-points: change from baseline in PVR and change from baseline in 6MWD
after 16 weeks of therapy. Secondary end-points included WHO-FC and time to clinical worsening.
NT-proBNP was evaluated as an exploratory end-point.

Results demonstrated a significant decrease in PVR (p<0.0001) and an increase in cardiac index
(p=0.0007) for bosentan-treated patients versus placebo. There was also a significant decrease in
NT-proBNP levels (p=0.0034). However, bosentan therapy did not significantly improve 6MWD,
WHO-FC or time to clinical worsening (table 2). Bosentan had similar effects on 6MWD and PVR in
patients with inoperable versus persistent/recurrent CTEPH.

Generally, bosentan was well tolerated. The three most common side-effects were peripheral oedema,
abnormal liver function and headache. Hepatic events are known to occur with bosentan and, in this
study, elevated levels of liver function enzymes (>3x upper limit of normal) were observed in 14.5% of
bosentan-treated patients versus 3.8% of placebo.

Based on the absence of demonstrable clinical benefits, bosentan is not currently approved for use in
patients with CTEPH.

Ongoing RCT with macitentan in CTEPH

MERIT-1 (NCT02021292) is a phase II, placebo-controlled study investigating macitentan in 78 patients
with inoperable CTEPH over 24 weeks. The primary end-point is change in PVR. An open-label extension
study is planned (MERIT-2; NCT02060721).

Smaller studies of pharmacological therapies in CTEPH

Smaller trials of various pharmacological therapies for CTEPH are summarised in table 3. Their divergent
results are likely to be due to the different drugs and populations, their uncontrolled nature and small
sample sizes.
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TABLE 2 Change from baseline in primary and selected secondary end-points with bosentan and placebo in the Bosentan
Effects in Inoperable Forms of Chronic Thromboembolic Pulmonary Hypertension (BENEFiT) study

End-point Placebo Bosentan p-value®

Patients Baseline Change Patients Baseline Change

Co-primary end-points

6MWD m 73 344.5(325.2-363.8) 0.8 (-18.1-19.7) 67 340.0 (319.2-360.8) 2.9 (-12.9-18.8) 0.5449
PVR dyn-s-cm™ 71 787 (708-866) 30 (-25-85) 66 778 (698-857) -146 (-207--85) <0.0001
Selected secondary

end-points
NT-proBNP ng-L™" 76 1405 72 1481 -622 (-1018--225)1 0.0034
WHO-FC II/11/IV 80 22/56/2 11.3% moved to 76 22/51/3 14.5% moved to NS

lower class; lower class;

8.8% moved to 2.6% moved to
higher class higher class

Data are presented as n or mean (95% confidence interval], unless otherwise stated. SMWD: 6-min walking distance; PVR: pulmonary vascular
resistance; NT-proBNP: N-terminal pro-brain natriuretic peptide; WHO-FC: World Health Organization functional class; Ns: nonsignificant.
#. calculated with the use of stratified Wilcoxon test for the change from baseline and the Wilcoxon rank sum test for treatment effect; 1. data
for treatment effect, not change from baseline. Data from [41].

Endothelin receptor antagonists

An open-label multicentre trial involving 19 patients with inoperable CTEPH reported significant
decreases in PVR, increases in 6MWD but no change in WHO-FC at 3 months [48]. Two other studies
(16 and 47 patients, respectively) found improvements in New York Heart Association functional class
(NYHA-FC)/WHO-FC and an increase in mean 6 MWD with bosentan [49, 50].

SEYFARTH et al. [51] reported that improvements in 6MWD recorded at 6 months were maintained over
24 months. In a second study, 77 patients treated with bosentan for >2 years in Japan experienced
significant decreases in PVR [53]. In a third study, in the Netherlands, >2 years of bosentan treatment led
to stable NYHA-FC levels, but 6MWD had decreased slightly from the improved short-term value
(although not to baseline levels) [52]. Finally, a report from a single centre in Japan demonstrated better
long-term survival in patients with CTEPH receiving bosentan, or other “modern treatment” (bosentan,
sildenafil and new oral drugs being trialled), than those taking conventional therapy for CTEPH (5-year
survival 89% versus 60%, p=0.047) [63].

Prostacyclin analogues
Several studies have investigated prostacyclin analogues in patients with CTEPH, but most of the analyses
have been performed retrospectively and the patient numbers were small [54-59].

Two studies with epoprostenol found an increase in exercise capacity [54, 55]; one also demonstrated an
improvement in NYHA-FC [54], while the other showed enhanced haemodynamic measurements [55].
Moreover, an open-label study of beraprost and conventional therapy versus conventional therapy found a
significant decrease in PVR, and half the patients saw an improvement in NYHA-FC. Fewer deaths were
recorded in the beraprost-treated group, resulting in improved survival rates at 1, 3 and 5 years [57].
Additionally, a long-term study of treprostinil in patients with PAH and CTEPH showed improvements in
NYHA-FC, exercise capacity and survival when compared with historical data for untreated patients [58].

While some of these results with prostacyclin analogues are promising, large RCTs with epoprostenol,
beraprost and treprostinil are lacking. However, a European multicentre RCT of inhaled iloprost versus
placebo in a mixed population of patients with PAH or CTEPH has been published. A total of 203
patients were enrolled, 57 of whom were diagnosed with CTEPH. The primary end-points were
improvements in 6MWD and NYHA-FC at 12 weeks, and significant increases were observed in the
overall population (p=0.004 and p=0.03, respectively) [56]. In the group with CTEPH, there was no
significant difference for treatment response to the combined study end-point of a 10% increase from
baseline in 6MWD and an improvement of one functional class (iloprost group 12.5%, placebo 8.3%) [64].

PDE-5 inhibitors

Sildenafil, a PDE-5 inhibitor, is licensed for the treatment of PAH and is often prescribed off-label for
patients with CTEPH. In a small randomised, placebo-controlled trial with sildenafil in 19 patients with
CTEPH, significant decreases in PVR and improvements in WHO-FC were recorded, but no difference
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TABLE 3 Findings from smaller clinical studies of pharmacological therapies in patients with chronic thromboembolic pulmonary hypertension (CTEPH)

Agent First author [ref.] Year Study type Duration Patients Meantsp age years Outcomes versus baseline
Bosentan (oral) Hoeper [48] 2005 Open-label 3 months Inoperable CTEPH (n=19) 608 Increase in 6MWD (p=0.009); decrease in PVR
(p<0.001); no change in WHO-FC
BonperMAN [49] 2005 Open-label 6 months Inoperable CTEPH (n=16) 70£3 Increase in 6MWD (p=0.01]); decrease in NT-proBNP
(p=0.01); NYHA-FC improved for 69% of patients
Huetes [50] 2006 Retrospective 12 months Inoperable and persistent 60 (27-82)* Increase in 6MWD (p<0.001); no change in PVR
CTEPH (n=47) (p=0.171); WHO-FC improved for 24% of patients
SevFARTH [51] 2007 Open-label 24 months Inoperable and persistent 57£15 Increase in MWD (p<0.005) at 6 months, maintained
CTEPH (n=12) over 24 months; decrease in Tei index (p<0.005) at
6 months, maintained over 24 months; WHO-FC
improved for 50% of patients over 18 months
Post [52] 2009 Retrospective >24 months Inoperable CTEPH (n=18) 63+14 Increase in 6MWD (p=0.01) at 12-24 months but this
decreased with longer treatment; nonsignificant
decrease in NT-proBNP (p=0.31) at 12-24 months
that increased with longer treatment; NYHA-FC
improved (p=0.03) with long-term treatment
(>24 months)
NisHikawa-TakaHASHI [53] 2014 Retrospective >24 months Inoperable CTEPH (n=7) 63+7 No change in 6MWD (p=0.11); decrease in PVR
(p<0.05) and NT-proBNP (p<0.05); WHO-FC improved
in all patients (p=0.005)
Epoprostenol (i.v.) SceLsl [54] 2004 Retrospective 12 months Inoperable CTEPH (n=11) 50+11 (CTEPH only) Increase in exercise tolerance (p=0.0006); increase in
clinical status; NYHA-FC improvement (p=0.0001)
CasroL [55] 2007 Retrospective Mean Inoperable CTEPH (n=27) 51+13 Decrease in mPAP (p=0.001) and TPR (p<0.0001) at
20 months 3 months, maintained over 20 months; NYHA-FC
improved for 48% of patients (p<0.0001) at 3 months
and for 50% at 20 months; sustained improvement in
6MWD (p=0.03] at 20 months
lloprost (inhaled) OtscHewski [56] 2002 RCT versus 12 weeks PAH and CTEPH (101 5113 (iloprost) Increase in 6MWD (p=0.004); no difference in
placebo iloprost, 102 placebo) 53412 (placebo) haemodynamics between iloprost and placebo;
NYHA-FC improvement (p=0.03)
Beraprost (oral) Ono [57] 2003 Retrospective, Mean Inoperable CTEPH (20 56410 (beraprost) Decrease in TPR (p<0.05) at 2 months with beraprost;
beraprost+CT 36 months beraprost+CT, 23 CT) 52+14 (CT) NYHA-FC improved for 50% of patients at 2 months
versus CT with beraprost; improved 1-, 3- and 5-year survival
alone rates with beraprost (100%, 85% and 76%,
respectively) versus CT alone (87%, 60% and 46%,
respectively)
Treprostinil Lane [58] 2006 Retrospective 36 months PAH (n=99) and CTEPH 49 (12-81)* Increase in 6MWD (p=0.0001); NYHA-FC improvement
(subcutaneous) (n=23) (p=0.0001); results consistent across all types of PH
Skoro-SaJER [59] 2007 Open-label Mean Inoperable CTEPH (n=25) 59+13 (treprostinil) Increase in 6MWD (p=0.01); decrease in PVR (p=0.01)
versus 24 months 6215 (control) and NT-proBNP (p=0.02); WHO-FC improvement
historical (p=0.001)
control

Continued
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TABLE 3 Continued

Agent First author [ref.] Year Study type Duration Patients Meanzsp age years Outcomes versus baseline
Sildenafil (oral) GHorrani [60] 2003 Open-label 6 months Inoperable CTEPH (n=12) NA Increase in 6MWD (p=0.02); decrease in PVR
(p=0.004)
REICHENBERGER [61] 2007 Open-label 12 months Inoperable CTEPH (n=104) 62111 Increase in 6MWD at 3 months (p=0.0001) and
12 months (p=0.0005); decrease in PVR at 3 months
[p=0.0002); WHO-FC improvement at 3 months
(p=0.01) and 12 months (p=0.001)
SUNTHARALINGAM [62] 2008 RCT versus 12 weeks Inoperable CTEPH 50413 (sildenafil) No difference in 6MWD between two groups;
placebo (9 sildenafil, 10 placebo) 60+14 (placebo) decrease in PVR (p=0.044); WHO-FC improvement
(p=0.025)
Open-label 12 months Inoperable CTEPH (n=17) NA Increase in 6MWD (p=0.014); decrease in PVR
extension (p=0.001) and NT-proBNP (p=0.004)
Riociguat (oral) GHorrani [26] 2013 RCT versus 16 weeks Inoperable and persistent 59+14 (riociguat) Increase in 6MWD (p<0.001); decrease in PVR
placebo CTEPH (173 riociguat, 59413 (placebo) (p<0.001) and NT-proBNP (p<0.001); WHO-FC
88 placebo) improvement (p=0.003)
“Modern NisHiMURA [63] 2013 Retrospective, Inoperable CTEPH (n=95) 55+14 Significantly improved survival in group 3 compared
treatment”: single-centre with groups 1 and 2
bosentan, cohort; group 1
sildenafil, diagnosed
clinical trial 1986-1998,
drugs group 2
diagnosed
1999-2004,
group 3
diagnosed
2005-2010

6MWD: 6-min walking distance; PVR: pulmonary vascular resistance; WHO-FC: World Health Organization functional class; NT-proBNP: N-terminal pro-brain natriuretic peptide;
NYHA-FC: New York Heart Association functional class; mPAP: mean pulmonary artery pressure; TPR: total pulmonary resistance; RCT: randomised controlled trial; PAH: pulmonary

arterial hypertension; CT: conventional therapy; PH: pulmonary hypertension; NA: not available. #: data presented as mean (range).
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was seen in the primary end-point, 6SMWD at 12 weeks [62]. An open-label extension to this study found
no significant increase in 6MWD after 12 months of treatment [62]. In two further open-label studies,
sildenafil has been reported to improve exercise capacity and haemodynamics [60, 61], with one reporting
persistence of benefit at 12 months [61]. To date, large long-term controlled trials with sildenafil or other
PDE-5 inhibitors in CTEPH are lacking.

Conclusions

PEA is the first choice of treatment for patients with CTEPH and is potentially curative; therefore, all
patients should be examined and assessed for operability at an expert centre. For those patients not suitable
for PEA, pharmacological therapy should be considered. Although BPA has shown promise as an
alternative to PEA in a limited number of patients, further evaluation is required before this procedure can
be recommended in patients with CTEPH. To date, riociguat is the only pharmacological agent approved in
CTEPH, and the only one that has demonstrated robust clinical efficacy in terms of both exercise capacity
and haemodynamics in a large, well-designed RCT. Furthermore, these benefits have been sustained for up
to 2 years in the long-term extension study. However, more controlled long-term data are required.

Given the availability and approval of riociguat, several new questions have now arisen in the management
of CTEPH. First, will regulators accept placebo-controlled trials in the future, or will RCTs of
investigational medical therapies versus riociguat (noninferiority trials) be expected? To date, there are no
registered trials using riociguat as a comparator. Second, will combination studies be performed in patients
with CTEPH? Combination therapies have been used successfully in PAH, as reviewed by MonTant et al.
[37]. However, the limited data available and lack of long-term studies mean there is no consensus on the
use of combination strategies for CTEPH. Moreover, care is needed to avoid events such as hypotension,
and for this reason PDE-5 inhibitors are contraindicated with the use of riociguat [46, 47]. Further
research and long-term data are needed.
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