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ABSTRACT Patients with chronic thromboembolic pulmonary hypertension (CTEPH) experience
debilitating symptoms that have a negative impact on their quality of life (QoL) in terms of physical
capability, psychological wellbeing and social relationships. The use of QoL measurement tools is
important in the assessment of treatment efficacy and in guiding treatment decisions. However, despite the
importance of QoL, particularly to the patient, it remains under-reported in clinical studies of CTEPH
therapy. CTEPH is unique in pulmonary hypertension in that it is potentially curable by surgery; however,
a proportion of patients either have residual PH following surgery or are not operable. Although some
patients with CTEPH have been treated off-label with pulmonary arterial hypertension-specific therapies,
there have been few randomised controlled trials of these therapies in patients with CTEPH. Moreover, in
these trials QoL outcomes are variably assessed, and there is little consistency in the tools used. Here we
review the assessment of QoL in patients with CTEPH and the tools that have been used. We also discuss
the effect of surgical intervention and medical therapies on QoL. We conclude that further studies of QoL
in patients with CTEPH are needed to further validate the optimal QoL tools.
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Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH) is a rare and chronic disease, characterised
by the presence of residual organised thrombi in the pulmonary vasculature [1], leading to increased
pulmonary vascular resistance (PVR), progressive pulmonary hypertension (PH) and eventually, right
ventricular failure [2, 3]. The symptoms of CTEPH include dyspnoea, fatigue, chest pain, reduced exercise
capacity, weight loss, oedema, weakness, palpitations and syncope. Historical data suggest that 5-year
survival rates are ~30% in untreated patients [4]. The physically and psychologically disabling nature of
CTEPH can severely impact patients’ relationships with family and friends, their ability to work and
exercise, and their financial security [5].

Pulmonary endarterectomy (PEA) is the gold standard for CTEPH treatment as it is potentially curative [6, 7].
However, 20-40% of patients with CTEPH have inoperable disease [8] and of those who undergo surgery,
17-35% will have residual CTEPH [9-12]. Such patients are candidates for pharmacotherapy and until
recently, were often treated off-label with pulmonary arterial hypertension (PAH)-specific therapies due to a
lack of approved alternatives [9, 13, 14]. Riociguat, a soluble guanylate cyclase stimulator, is the first drug to be
approved for the treatment of patients with inoperable or persistent/recurrent CTEPH [15-18].

Quality of life (QoL) measures are part of the broader category of health status measures collectively
referred to as patient-reported outcomes (PROs). PROs elicit information directly from the patient
regarding any aspect of their health or care. QoL tools assess, to varying degrees, the patient’s subjective
perception of the impact of their disease and its treatment on their daily life, on physical, psychological
and social functioning, and on general wellbeing. Thus, measurement of QoL in patients with CTEPH
provides an important insight into the broader impact of the disease, beyond clinical symptoms and
objectively measurable clinical end-points that do not always fully represent the impact of treatment on the
patient’s daily life. However, QoL is not routinely assessed in clinical practice and is rarely reported as an
outcome in clinical trials of CTEPH.

This article will describe the tools used to measure QoL in CTEPH. Further, we will review the QoL data
from prior clinical studies of both surgical and medical interventions in CTEPH. Recent advances in the
measurement of QoL in CTEPH will also be discussed.

QoL in patients with PH

QoL measures have been shown to correlate with clinical outcomes typically measured in CTEPH and
other forms of PH such as exercise capacity, haemodynamics, World Health Organization (WHO)
functional class (FC), clinical deterioration and survival [19-23]. Although few studies have specifically
investigated QoL in patients with CTEPH, several studies have examined QoL in mixed PH populations
that included patients with CTEPH and patients with PAH. Compared with the general population,
patients with PH have a substantially reduced QoL [22]. This is unsurprising, as patients with PH have to
manage the physical burden of the disease, unclear prognosis, high cost of treatment, unemployment and
financial uncertainty, and the impact on social relationships. Consequently, psychological disorders such as
depression and anxiety are common, and have also been shown to significantly impact QoL in patients
with PH [20, 24].

Understandably, patients with PH place great importance on their QoL. In a survey carried out by the
European Pulmonary Hypertension Association, 455 patients with PAH and their caregivers from five
European countries replied to questionnaires regarding the physical, practical, emotional and social impact
of PAH, and information needs and provision [25]. The results showed that 56% of patients reported that
PAH had a “significant” impact on their daily life; 85% said that their work was affected; 73% had a
reduced household income; and 55% reported feeling isolated, with a major reason being lack of
understanding of the disease by family and friends [25]. Furthermore, in an ethnographic study of patients
with PH, one of the principal findings was the secrecy that surrounds living with the disease, with many
patients admitting to hiding their symptoms and to feelings of isolation and insecurity [5].

QoL measurement tools

QoL is measured using multidimensional tools that require the patient to report a variety of physical,
psychological and social aspects of their daily life. Several different PRO measurement tools have been used
in studies of patients with CTEPH, including both generic QoL questionnaires and health-related QoL
(HRQoL) questionnaires tailored for patients with PH or heart failure. These are summarised in table 1.

The Medical Outcomes Study (MOS)/Rand Short Form 36 (SF-36), the shortened derivation of the SF-36
(the SF-12) and the EuroQol-5D (EQ-5D), which comprises the five-dimensional self-reported
questionnaire and a self-reported visual analogue scale (EQ-VAS), are generic QoL surveys, all of which
are widely used. In patients with CTEPH, the generic SF-36 and SF-12 have been used in clinical trials of
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TABLE 1 Patient-reported outcome (PRO) tools used in studies of patients with chronic thromboembolic pulmonary hypertension (CTEPH)

PRO tool [ref.] Type Items Domains Scoring MID# Validation Correlations Recall
period
MOS/Rand Generic 36 Physical functioning 0-100 where 50 is In patients with PAH: Validated by the IQOLA project 6MWD, NYHA FC, 4 weeks
36-item Role physical equal to the Physical in 15 countries haemodynamics
Short Form Bodily pain population norm functioning=13
(SF-36) [26] General health Role physical=25
Vitality Social functioning=21
Social functioning Vitality=15 [27]
Role emotional
Mental health
MOS 12-item Generic 12 Physical functioning 0-100 where 50 is In patients with COPD:  Validated by the IQOLA project Corresponding 4 weeks
Short Form Role physical equal to the Physical component in nine countries scores in the SF-36
(SF-12) [28] Bodily pain population norm score 3=units,
General health mental component
Vitality score=3.5 units [29]
Social functioning
Role emotional
Mental health
EuroQol-5D Generic 5 Mobility —0.59-1.00, where Utility=0.074 [31] Validated in six countries in 6MWD, NYHA FC, Day of
(EQ-5D)/ Self-care 1.00=full health VAS=7-12 [32] eight patient groups with haemodynamics data
EQ-Visual Usual activities VAS from 0 (worst chronic conditions collection
Analogue Scale Pain/discomfort possible health) to (cardiovascular disease,
(VAS) [30] Anxiety/depression 100 (best possible respiratory disease,
health) depression, diabetes, liver
disease, personality disorders,
arthritis, and stroke) and a
student cohort
Minnesota Living Heart 21 Physical Total 0-105 Total score=5-7 points Validated by the International SF-36, 6MWD and 4 weeks
With Heart failure-specific Socioeconomic Physical 0-40 [35] Health-Related Quality of Life NYHA FC
Failure (MLHF) Emotional/psychological Emotional 0-25 Outcomes Database
[33, 34] Higher scores
indicate worse
HRQoL
Living with PH-specific 21 Physical Total 0-105 Total score=7 points Validated in patients with PAH The physical 1 week
Pulmonary Emotional Physical 0-40 Subscales=3 points using blinded data from a dimension
Hypertension Emotional 0-25 double-blind phase Ill clinical correlates with
(LPH) [36] Higher scores trial Borg dyspnoea
indicate worsening score
HRQoL
Continued
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TABLE 1 Continued

PRO tool [ref.] Type Items Domains Scoring MID# Validation Correlations Recall
period
Cambridge PH-specific 65 Symptoms Symptoms 0-25 Not available Validated in patients with PAH, EQ-5D, SF-3¢, At the
Pulmonary Functioning Functioning 0-30 However, the CTEPH and PH associated with 6MWD moment
Hypertension QoL QoL 0-25 CAMPHOR Utility connective tissue disease and
Outcome Higher scores Index, a tool derived heart failure
Review indicate worsening from CAMPHOR to Developed from interviews
(CAMPHOR) HRQoL enable cost utility with patients with PH
[37-40] analyses has a MID of Validated in the UK, USA,
0.09 Austria, Sweden, France,
Germany, Switzerland,
Australia, New Zealand and
Canada
Mahler Respiratory 3 Dyspnoea Baseline dyspnoea 1 unit Validated in PAH, CTEPH, Dyspnoea diary During the
dyspnoea disease Magnitude of task index: 5 grades per COPD and interstitial lung score; symptom past
index [41, 42] Magnitude of effort domain, 4 (no disease and activity 2 weeks
impairment) to 0 domains of SGRQ
(very severe
impairment)
Transitional
dyspnoea index: 6
grades per domain,
-3 [major
deterioration) to +3
(major improvement)
Borg CR10 Respiratory 1 Dyspnoea 12-unit scale from 0 1 unit Validated in PAH, CTEPH, heart The physical The past
dyspnoea disease (nothing at all) to 10 failure, COPD and other dimension of the 24 h

score [43, 44]

(maximal] or 10 plus
maximal

respiratory diseases

LPH questionnaire

MOS: Medical Outcomes Study; MID: minimally important difference; PAH: pulmonary arterial hypertension; IQOLA: International Quality of Life Assessment; 6MWD: 6-min walking
distance; NYHA: New York Heart Association; FC: functional class; COPD: chronic obstructive pulmonary disease; HRQoL: health-related quality of life; PH: pulmonary hypertension; QoL:
quality of life; SGRQ: St George's Respiratory Questionnaire. #: MID is the smallest change or improvement that would justify an alteration in a patient’s management and/or indicate a
clinically significant improvement.
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medical therapies [45, 46], and in QoL studies of patients undergoing surgery or exercise training [47-50].
The EQ-5D/EQ-VAS has been used in randomised controlled trials in patients with CTEPH [51].

The HRQoL instrument Minnesota Living with Heart Failure (MLHF) survey was developed and validated
in a large cohort of patients with heart failure and has been used in one open-label CTEPH study [52].
The Living with Pulmonary Hypertension (LPH) survey is an adaptation of the MLHF survey that was
validated in patients with PAH [36]. It has also been used in two studies of patients with CTEPH [46, 51].
The Cambridge Pulmonary Hypertension Outcome Review (CAMPHOR) was specifically developed for
patients with PH, and when used has demonstrated sensitivity to changes in HRQoL in studies of patients
with CTEPH or PAH [21, 53-56]. CAMPHOR may also have use as a prognostic tool. In a retrospective
analysis of CAMPHOR scores collected over 8 years in 112 patients with CTEPH and 87 with idiopathic
PAH, CAMPHOR total score and subscale scores at baseline were independent predictors of clinical
deterioration [21]. This is the first time that this additional utility has been shown for a HRQoL measure
in patients with PH.

The emPHasis-10 short questionnaire has been developed for assessing HRQoL in patients with PAH and
CTEPH. When tested in 226 patients with PH, of whom 82% had PAH and 16% had CTEPH, it showed
excellent measurement properties and construct validity, and was sensitive to differences in clinical
parameters [57].

In addition to QoL tools that cover multiple aspects of the patient’s life, specific unidimensional PRO tools
that measure dyspnoea, such as the Mahler dyspnoea index and the Borg CR10 dyspnoea score, are often
used alongside other QoL/HRQoL tools. As breathlessness directly impacts on HRQoL, measures of
dyspnoea are essential in PH. The Borg dyspnoea score, which measures shortness of breath on a 12-point
scale, has been used in parallel with other QoL/HRQoL tools in several clinical trials [45, 51, 52, 58]. By
contrast, the Mahler dyspnoea index has a stronger HRQoL component when compared with the Borg
score and has been validated in several lung disease studies, but it has only been used in one trial in
CTEPH [59].

An important aspect of the use of QoL tools is to establish the minimally important difference (MID). The
MID is defined as the smallest difference in score for the outcome of interest that informed patients
perceive as important, either beneficial or harmful, and which would lead the patient or clinician to
consider a change in the patient’s management [60]. MIDs are calculated statistically for individual tools,
and can be used to determine if a patient has experienced an important change to their QoL as a result of
treatment. The MID can also be important for calculating sample size for clinical trials [61].

As CTEPH is a globally occurring disease that remains underdiagnosed, it is important that any PRO is
appropriately validated for the intended population. Most PROs are developed in English-speaking
countries, and have to be accurately translated linguistically and culturally before use in other countries or
populations that do not have English as their first language. Cultural adaptation ensures that the questions
asked are equivalent in conceptual and semantic terms as well as linguistically [62]. One of the major
challenges of validation and cultural adaptation is cost. Although the original tool may be freely available,
translated and adapted versions may incur a licence fee. Therefore proprietary tools, such as CAMPHOR,
may have limited applications outside large trials due to costs related to validation of new language
translations and cultural adaptation.

Effects of treatment on QoL in patients with CTEPH

Surgery

The recommendations for the treatment of CTEPH from the CTEPH Working Group at the Fifth World
Symposium on Pulmonary Hypertension emphasise that, in patients who are eligible for surgery, PEA is
the definitive treatment for CTEPH as it is potentially curative [7]. Indeed, results from the international
CTEPH registry show that PEA is associated with markedly better long-term survival than medical
treatment alone, with 3-year survival rates of 89% for operated patients versus 71% for non-operated
patients [63].

In addition to improved survival, several studies have shown that patients undergoing PEA have improved
QoL following surgery. In a prospective study of QoL in 13 patients with CTEPH both before and
8 months after PEA, statistically and clinically significant improvements were seen in all domains of the
generic MOS SF-36 questionnaire except the mental health domain (figure 1) [48]. Similarly, in a
retrospective study comparing the QoL scores of 308 patients with post-operative CTEPH with those of 39
patients with pre-operative CTEPH, significant improvements were observed in all domains (physical,
limits physical, limits emotional, social, energy and general health p<0.0001; and pain p<0.01) of the SF-36
questionnaire except emotional [47]. In the PEACOG study, which compared the impact of deep
hypothermic circulatory arrest versus antegrade cerebral perfusion during PEA on cognitive function in
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FIGURE 1 Change in domain scores of the Medical Outcomes Study (MOS) 36-item Short-Form Health Survey
(SF-36) prior to and 8 months post-pulmonary endarterectomy (n=13). *: p<0.05. Information from [48].

74 patients with CTEPH, HRQoL scores (measured with CAMPHOR) were improved in all patients, with
no difference between the deep hypothermic circulatory arrest and antegrade cerebral perfusion groups at
either 12 or 52 weeks [64].

A retrospective comparison of 82 surgically and medically treated patients with CTEPH found that those
receiving PAH-targeted therapies not licenced for CTEPH and patients with persistent/recurrent PH after
PEA did not have significantly improved HRQoL (measured with CAMPHOR), despite improved exercise
capacity, WHO FC and Borg dyspnoea score [56]. However, patients who had undergone PEA and were
left with no residual PH had significantly improved HRQoL scores in all three CAMPHOR domains
(p<0.001). In another retrospective analysis, comparing medical and surgical treatment of 83 patients with
CTEPH and distal disease, those undergoing PEA showed significant improvements in the physical
functioning (p<0.01), role function (physical) (p<0.05), vitality (p<0.05), social function (p<0.05) and
mental health (p<0.01) domains of the MOS SF-36 questionnaire following surgery, despite residual
CTEPH after PEA due to distal occlusions [50]. By comparison, non-operated, medically treated patients
showed significant improvement in only two domains: role function (physical) and vitality (p<0.05).
Furthermore, surgically treated patients had statistically and clinically significantly greater improvements
compared with medically treated patients in physical functioning (27.0+24.9 versus 2.7+18.0, respectively;
p<0.01), role function (physical) (60.0+44.4 versus 20.8+32.4, respectively; p<0.05) and general health
perception (20.2+26.0 versus —3.6%13.3, respectively; p<0.01) [50]. At follow-up, there were significant
correlations between the physical functioning domain (r=—0.88; p<0.01) and general health perception
domain (r=—0.75; p<0.01) of the SF-36 questionnaire and post-operative PVR, and six of the SF-36 scores
significantly correlated with a percentage decrease in PVR [50].

PEA has also been shown to improve the HRQoL of patients with chronic thromboembolic disease, which
is characterised by persistent pulmonary thromboembolic occlusions without PH. A small, retrospective
study of symptoms and HRQoL in 16 patients who underwent PEA showed significant improvement in
the symptoms, activity and QoL domains of the PH-specific CAMPHOR questionnaire at 6 months
post-PEA (median total score decreased from 40 at baseline to 11 at 6 months, symptoms score from 15 to
four, activity score from 10 to five and QoL score from 14 to two; p<0.05). At 12 months, the scores were
11, five, four and one, respectively. These improvements were accompanied by significant improvements in
exercise capacity and haemodynamics [65].

Percutaneous balloon pulmonary angioplasty (BPA) is an emerging technique that has shown
improvements in pulmonary haemodynamics in patients with inoperable CTEPH or residual PH after
PEA [66, 67]. No studies have examined the effect of BPA on QoL, to date, although one study speculated
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that as patients who receive BPA could be tapered off intravenous epoprostenol, an improvement in their
QoL could be expected [68].

Exercise training

There is some evidence that exercise training can improve the QoL of patients with PH [49, 69]. A prospective
study of 183 patients with mixed types of PH, including CTEPH (n=31), showed that 3 weeks of in-hospital
exercise training followed by 15 weeks of continued training at home led to significant improvements, even in
those with severe disease, in the physical functioning (p<0.001), role physical (p=0.001), role emotional
(p=0.005), social functioning (p=0.037), mental health (p=0.006) and vitality (p=0.002) subscales of the SF-36
questionnaire. These improvements were accompanied by significant improvements in exercise capacity,
WHO FC, peak oxygen consumption, oxygen pulse, heart rate and systolic pulmonary artery pressure. Borg
dyspnoea scores remained unchanged, despite patients achieving significantly higher workloads and heart rates
during exercise [49].

Medical therapy

Although PEA is the gold standard treatment for patients with CTEPH, some patients are either
inoperable or have residual CTEPH after PEA. These patients are potential candidates for medical therapy,
but results have been inconsistent regarding the influence of pharmacotherapy on HRQoL. There have
been very few placebo-controlled randomised phase IIT trials undertaken in CTEPH, to date. Generally
they have been underpowered to assess QoL, which is usually measured as a secondary or exploratory
end-point, with no consistency in the tools used and detailed data rarely published. Short-term trial data
are limited by the fact that the benefits and side effects associated with therapy may change over time,
therefore a sustained response in QoL is an important aspect of overall response to therapy. Furthermore,
patient satisfaction with PH-specific therapies may vary by treatment type and may also influence QoL
[70]. To date, CHEST-2 (described later in this review) represents the only phase III clinical trial gathering
long-term QoL/HRQoL data in patients with CTEPH. All of the QoL/HRQoL data published so far from
clinical trials of patients with CTEPH or from trials with a mixed cohort of patients with PH including
CTEPH are summarised in the following section and in table 2.

TABLE 2 Chronic thromboembolic pulmonary hypertension (CTEPH)-specific randomised controlled trials of medical therapies

that include quality of life (QoL) measurement

Trial name Treatment Trial design Number/type Primary Primary QoL/HRQoL QoL/HRQoL Correlation
(acronym) [ref.] of patients end-point end-point met?  tools used results with other
end-points
Bosentan effects in Bosentan Multicentre, 157/CTEPH Change in PVRor  PVR end-point SF-36 No significant None
inoperable forms 62.5 mg twice randomised, 6MWD after met, but not difference performed
of CTEPH daily up to double-blind, 16 weeks of 6MWD between
(BENEFiT) [45] 125 mg twice  placebo-controlled treatment bosentan and
daily compared with placebo groups
placebo
Long-term use of Sildenafil 40 mg Randomised, 19/CTEPH Change in 6MWD No CAMPHOR Significant None
sildenafil in three times daily double-blind, after 12 weeks of improvement  performed
inoperable placebo-controlled treatment in the activity
CTEPH [58] compared with component
placebo
CTEPH soluble Riociguat 2.5 mg Multicentre, 261/CTEPH Change in 6MWD Yes EQ-5D, LPH Significant 6MWD at
guanylate three times daily randomised, after 16 weeks of improvement  baseline and
cyclase- double-blind, treatment compared with 16 weeks,
stimulator trial placebo-controlled compared with baseline and change in
(CHEST-1) [51] placebo compared with ~ 6MWD at
placebo in baseline and
EQ-5D 16 weeks for
Change in EQ-5D and
LPH score did LPH

not reach level
of significance

HRQoL: health-related quality of life; PVR: pulmonary vascular resistance; 6MWD: 6-min walking distance; SF-36: 36-item Short-Form Health
Survey; CAMPHOR: Cambridge Pulmonary Hypertension Outcome Review; EQ-5D: EuroQol-5D; LPH: Living with Pulmonary Hypertension.
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Pivotal trials in CTEPH

Chronic thromboembolic pulmonary hypertension soluble guanylate cyclase-stimulator trial 1
[CHEST-1)

CHEST-1 was a 16-week, multicentre, double-blind, randomised, placebo-controlled phase III trial
designed to investigate the efficacy and safety of riociguat, a soluble guanylate cyclase stimulator, in 261
patients with inoperable CTEPH or persistent/recurrent PH after PEA [51]. The primary end-point of
CHEST-1 was the change from baseline to the end of week 16 in 6-min walking distance (6MWD);
secondary outcomes included changes in PVR, N-terminal pro-brain natriuretic peptide (NT-proBNP),
WHO EC, time to clinical worsening, Borg dyspnoea score and QoL scores (the generic EQ-5D survey and
the PAH-specific LPH questionnaire). In CHEST-1, a hierarchical testing procedure was performed for the
secondary efficacy variables, in strict order. If, for a given variable, significance was not reached, the
variables that followed were to be considered exploratory only. As EQ-5D score, Borg dyspnoea score and
LPH score came after time to clinical worsening (which did not reach statistical significance) in the
hierarchy these analyses can only be considered exploratory and nominally significant.

Treatment with riociguat significantly improved 6MWD compared with placebo at week 16. Significant
improvements were also seen in PVR, NT-proBNP and WHO FC. In addition to these improvements,
treatment with riociguat led to a placebo-corrected change in EQ-5D score by a least-squares mean
difference of 0.13 (95% CI 0.06-0.21; p<0.0001; n=259) and the EQ-VAS score by an least-squares mean
difference of 10.0 (95% CI 5.4-14.7; p<0.0001; n=260) [51], both changes exceeding the MID for the
measure [71]. Although the improvement in LPH total score (the sum of all 21 items in the questionnaire)
was numerically greater in the riociguat group, there was no significant difference compared with placebo
(least-squares mean difference of —6 (95% CI —10-—1); p=0.1; n=256) [51]. A responder analysis of the
LPH data, based on the MID, showed that the proportion of patients with improved/stabilised/worsened
LPH at week 16 was 55/29/16% in the riociguat group versus 51/27/22% in the placebo group (p=0.4997;
n=238) [71]. However, as LPH was primarily validated in patients with PAH, it is possible that further
adaptation and validation may be required for use in patients with CTEPH. Borg dyspnoea score
decreased in the riociguat group and increased in the placebo group (—0.8+2 versus 0.2+2.4; stratified
Wilcoxon test p=0.004, nominal significance; n=261), suggesting reduction in dyspnoea in the treatment
arm [51].

CHEST-2 long-term extension study

Patients who completed CHEST-1 without any ongoing study drug-related serious adverse events were
eligible to enter the long-term, open-label extension study, CHEST-2 [72]. The EQ-5D and EQ-VAS were
assessed at week 8 of CHEST-2, at week 12 and every 3 months thereafter. LPH was assessed at week 8 of
CHEST-2.

Improvements in 6MWD and WHO FC observed in CHEST-1 persisted up to year 1 in CHEST-2.
At week 12 of CHEST-2, the EQ-5D scores had improved compared with CHEST-1 baseline by 0.13+0.24
in the former riociguat group (n=146) and by 0.07+£0.23 in the former placebo group (n=75). The
improvement in LPH score at week 8 was —13.2+16.7 in former riociguat patients (n=138) and
—10.8+18.9 in former placebo patients (n=67). At year 1, the EQ-5D score compared with CHEST-1
baseline was 0.12+0.29 in former riociguat patients (n=113), a greater improvement than that seen in
former placebo patients (0.01+0.30; n=58) [72]. At year 2, patients who showed an improvement of at least
40 m in 6MWD saw an increase in the EQ-5D score of 0.1 (95% CI 0.037-0.164) [73].

Observed improvements in Borg dyspnoea score for the former riociguat patients during CHEST-1 were
maintained in CHEST-2 at week 12 and year 1. Upon switching to riociguat, former placebo patients
showed improved Borg dyspnoea score at week 12 and year 1. The change from CHEST-1 baseline for all
patients (n=171) at year 1 for Borg dyspnoea score was —0.72+2.27 [72].

Bosentan effects in inoperable forms of chronic thromboembolic pulmonary hypertension
[BENEFIT)

The BENEFT study was a 16-week, double-blind, randomised, placebo-controlled phase III study of the
effect of bosentan, a dual endothelin receptor antagonist, in 157 patients with either inoperable CTEPH or
persistent/recurrent CTEPH after PEA [45]. The independent co-primary end-points were change from
baseline at week 16 in PVR and 6MWD. Secondary end-points included change from baseline to week 16
in WHO FC, cardiac index, total pulmonary resistance, mean right atrial pressure, mean pulmonary
arterial pressure, mixed venous oxygen saturation at rest and time to clinical worsening. PROs measured at
week 16 using the SF-36 and Borg dyspnoea score were exploratory end-points.

At week 16, bosentan significantly improved PVR, total pulmonary resistance and cardiac index compared
with placebo. However, there was no significant improvement in 6MWD, and the trial did not meet its
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primary end-point. There was no significant difference between the bosentan group and the placebo group
QoL scores measured using the SF-36 questionnaire, although Borg dyspnoea score was significantly
improved with bosentan (placebo-corrected treatment effect: —0.6 (95% CI: —1.2-0.0); p=0.0386).

Pivotal trials: studies including PAH and CTEPH subgroups

The Aerosolized Iloprost Randomized (AIR) study [46] was a 12-week, phase III, randomised, blinded,
placebo-controlled trial of the prostanoid iloprost, in an aerosolised format for inhalation, in 203 patients
with severe PH of mixed classification, including 33 patients with CTEPH. The primary end-point
consisted of an increase of >10% in 6MWD and an improvement in the New York Heart Association
(NYHA) EC in the absence of a clinical deterioration or death at week 12. Secondary end-points included
changes in 6MWD, NYHA FC, Mahler dyspnoea index, haemodynamic variables and QoL scores (EQ-5D
and SF-12).

There was a significant effect in favour of iloprost, with 16% of patients who received iloprost meeting the
primary combined end-point at week 12, compared with 5% of patients who received placebo (p=0.007).
Although QoL was significantly improved on the EQ-VAS in the iloprost group (from 46.9+15.9 at
baseline to 52.8+19.1 at week 12) compared with that of the placebo group (from 48.6+16.9 at baseline to
47.4+21.1 at week 12; p=0.026 by ANCOVA), the change did not exceed the MID for EQ-VAS [32]. There
were also no significant changes in EQ-5D health state, despite it being part of the same QoL instrument
as the EQ-VAS, or SF-12 score. Dyspnoea at week 12, as measured using the Mahler dyspnoea index, was
significantly improved in the iloprost group compared with the placebo group (change 1.42+2.59 versus
0.30%2.45; p=0.015).

Smaller pilot studies

The BOCTEPH open-label study [52] investigated the efficacy of bosentan in 15 patients either awaiting
PEA or with inoperable CTEPH, six (40%) of whom were also receiving inhaled iloprost. The primary
end-point was change in PVR at month 6. Secondary end-points included change in WHO FC, 6MWD,
Borg dyspnoea score, MLHF score and haemodynamics. At month 6, significant improvements were seen
in PVR and 6MWD. These improvements were accompanied by significant improvements in the MLHF
physical and emotional subscores (from 25+5 to 177 (p=0.005) and from 1146 to 65 (p=0.011),
respectively) and a clinically relevant reduction in the MLHF total score (from 48+14 to 35+17; p=0.003).
Borg dyspnoea scores remained unchanged at the end of the study.

The effect of treatment with the phosphodiesterase-5 inhibitor sildenafil on 19 patients with inoperable
CTEPH was investigated in a 12-week, double-blind, placebo-controlled pilot study [58]. The primary
end-point was change in 6MWD from baseline at week 12. Secondary end-points included changes in
WHO FC, haemodynamics, NT-proBNP and CAMPHOR score. Treatment with sildenafil at week 12 led
to improved haemodynamics, WHO FC and NT-proBNP levels; however, there was no significant
improvement in 6MWD. At week 12, one domain of CAMPHOR, the activity domain, had improved by
—2.9 (from a baseline score of 13.4 (95% CI —4.7-—1.0); p=0.008; n=9), but there was no significant
change from baseline in the other two domains. Moreover, there was no significant difference in change
from baseline between the sildenafil and placebo groups at week 12. Borg dyspnoea scores also did not
change significantly. Patients were transferred to open-label sildenafil at week 12, and at year 1, the
symptoms domain had improved by —2.6 (from a baseline score of 66 (95% CI —4.7-—0.5); p=0.019) and
the activity domain had improved by —3.3 (95% CI —6.0-—0.6; p=0.02) (n=17). However, as noted in
table 1, the clinical relevance of these changes remains unknown as the MIDs for individual domains of
the CAMPHOR have yet to be reported. However, the CAMPHOR utility index, a tool derived from
CAMPHOR to enable cost utility analyses, has a MID of 0.09 [37]. Regardless, these improvements were
accompanied by significant improvements in 6MWD, cardiac index, PVR and NT-proBNP compared with
baseline, but there was no significant change in Borg dyspnoea score [58].

Future QoL tools for use in patients with CTEPH

The currently available QoL tools still need to be adequately validated in patients with CTEPH and further
developments are required to produce the optimum tool for clinical practice, but ideally an appropriate
tool will fulfil the following criteria: 1) addresses all disease-relevant concepts; 2) addresses all issues of
importance to patients; 3) sufficiently sensitive/precise to detect changes in QoL; 4) relevant across
different patient groups/stratifications; 5) produces reproducible results; and 6) demonstrates unique utility
in the overall assessment of patients.

More recently, new tools have been developed to measure HRQoL that may be useful in CTEPH, but these
tools require further validation. The National Institutes of Health Patient-Reported Outcomes Measurement
Information System (PROMIS) tool [74] is a generic QoL measure as yet untested in patients with PH. It
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aims to offer the potential for a PRO measurement that is efficient, flexible and precise. The first wave of
testing, conducted in the US general population and clinical groups, has shown promising results [74]. The
emPHasis-10 HRQoL measure has been specifically developed for patients with PH, and validated in
patients with PAH; however, it is not currently recommended for use in CTEPH, as it has not been
validated in this patient population [57]. Ethnography has also proved to be a valuable tool to study the
QoL of patients with PH, providing qualitative data that highlight aspects of a patient’s everyday life that
existing scoring questionnaires may not identify [5]; however, it would be impractical as a tool to be used
regularly as part of a clinical trial or in daily practice.

Conclusions

QoL is substantially reduced in patients with CTEPH compared with the healthy population. Improvement
in QoL is an outcome that can be very important to patients, rather than the change in clinical variables
measured in trials such as haemodynamic parameters, which are mostly invisible to them. The advent of
new treatments for inoperable or persistent/recurrent CTEPH, coupled with the increasing life expectancy
of such patients means that clinicians are starting to place a greater emphasis on QoL assessment in their
patients. Furthermore, among clinicians and policy makers, there is an increasing awareness of the
importance of QoL data to inform decisions on patient management and policies such as drug approval
and provision [75]. As a consequence, QoL questionnaires are now often used as a secondary end-point
measure in clinical trials, offering another valuable indicator of the efficacy of a therapy. Indeed, several
different QoL measures are available and have been used in clinical trials in patients with CTEPH. Generic
tools are widely used and have an advantage over disease-specific tools, in that physicians are more
familiar with generic measures and are better able to interpret results. Moreover, comparisons across
disease states in which generic measures are used can facilitate understanding of the similarities and
differences between disease groups [76]. The limitation of this, however, is that trials are often
underpowered for the use of generic tools, and this can cause problems with the assessment of QoL. The
optimal tool for assessing QoL has not been identified and aside from CAMPHOR, many of the tools
currently used have not been validated in patients with CTEPH, making it difficult to draw comparisons
between the currently available QoL data from CTEPH clinical trials.

PEA, the recommended surgical treatment for CTEPH, significantly improves QoL. Riociguat, the only
approved medical therapy for inoperable CTEPH or persistent/recurrent PH after PEA, shows nominally
significant improvements in EQ-5D and EQ-VAS scores, and CHEST remains the largest study
programme to investigate QoL in patients with CTEPH over the long term. Nevertheless, QoL tools are
still relatively under-used in clinical trials of patients with CTEPH and in clinical practice, and existing
QoL tools require further validation in CTEPH. The ongoing development of new tools may go some way
to addressing the unmet needs of QoL assessment in this disease.
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