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ABSTRACT In recent years, many new, effective therapies for pulmonary arterial hypertension (PAH)
have become available and are widely used, yet the long-term prognosis for patients with PAH remains
poor. In the absence of a cure, physicians’ expectations of PAH-specific therapies are to: 1) improve
patients’ symptoms and functional capacity; 2) slow disease progression; and 3) improve survival. However,
patients with PAH may prioritise other more tangible needs, such as improvements in their ability to carry
out their daily tasks and increase their quality of life. Patients with PAH have also called out for social and
emotional support from their physicians, caregivers, families and patient associations. Therefore, it is
necessary that clinical trials of PAH-specific treatments include end-points that are meaningful to both
patients and physicians, and that a multidisciplinary approach to the management of patients with PAH
takes into consideration the broader aspects of patients’ and caregivers’ needs and wishes beyond simple
physiological measurements.
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Introduction
Pulmonary arterial hypertension (PAH) is a progressive disease of the small pulmonary arteries, with
increasing mean pulmonary vascular resistance eventually leading to right ventricular failure [1, 2]. The
disease is heterogeneous and, although idiopathic PAH is the most common diagnosis in registries [3–5],
PAH can also be heritable, induced by drugs or toxins, or associated with conditions such as connective
tissue disease, congenital heart disease, portal hypertension, HIV infection or schistosomiasis [6]. Initial
diagnosis can be difficult as patients often present with non-disease-specific symptoms such as
breathlessness, fatigue, peripheral oedema, chest pain during exertion, light headedness, syncope and
abdominal distension [7, 8].
Our knowledge of the epidemiology of PAH and indicators of patient prognosis has vastly improved over
the past three decades with information coming from both observational patient registries and clinical trial
data. PAH is a rare disease with an estimated prevalence of 7–52 cases per million [3, 4, 9–12]. The annual
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incidence of idiopathic PAH in Europe and the USA is 1–2 cases per million [13]. Despite the introduction
of many PAH-specific therapies, treatment algorithms [14] and better patient screening [15], mortality
associated with PAH remains high with 1-, 3- and 5-year survival rates of 85%, 68% and 57%, respectively,
reported in the US REVEAL (Registry to Evaluate Early and Long-term Pulmonary Arterial Hypertension
Disease Management) registry [5, 16]. Similar survival rates have been reported by the French registry,
which reported survival rates of 87% and 67% at 1- and 3-years, respectively [17].
Physicians’ expectations of PAH-specific therapies are to provide clinical benefit, including improved
symptoms and functional capacity, as well as to slow disease progression and improve survival for their
patients. Most of the current PAH-specific medications have been approved on the basis of short-term
randomised controlled trials (RCTs) whose primary outcome was increased exercise capacity (as reflected
by increased 6-min walking distance (6MWD)), with various secondary outcomes (e.g. pulmonary
haemodynamics, New York Heart Association (NYHA) functional class and health-related quality of life
(HRQoL)). Clinically, important long-term outcomes (e.g. mortality, institution of parenteral prostanoid
infusion, PAH progression and/or right heart failure, and the need for lung transplantation) had not
been previously assessed in a RCT until the recent long-term, event-driven trial of macitentan, which
demonstrated a significant benefit in a composite morbidity/mortality end-point (primary outcome) of
time from initiation of treatment to the first event related to PAH (worsening of PAH, initiation of
treatment with intravenous or subcutaneous prostanoids, lung transplantation or atrial septostomy) or
death from any cause up to the end of treatment [18]. It has been suggested by many in the international
pulmonary hypertension community that all future PAH-specific therapies must show long-term efficacy in
RCTs using clinically relevant end-points of morbidity and/or mortality [19].
In clinical practice, physicians rely on specific treatment goals for the management of their patients,
based on end-points that have been shown to be associated with improved survival. These include
NYHA functional class assessment, echocardiographic assessment of right ventricle size and function,
cardiopulmonary haemodynamics, the 6MWD test, cardiopulmonary exercise testing and biomarkers.
Similarly, patients want to live and function better with PAH therapy, but an additional important aim for
patients, which should not be ignored, is that they wish to feel better. Previously, assessment of patients’
HRQoL as a measure of treatment efficacy in clinical trials or general practice has been limited. However,
due to the actions of local and international patient organisations, and more recently health authorities, the
views of patients with PAH have been sought and consequently the understanding of the impact of PAH on
patients’ lives has increased [20, 21].
In this review we explore patient expectations and how these may differ from those of their physicians. Clinical
evidence for the effect of PAH-specific therapies on outcomes of concern to patients is also discussed.

Goals of therapy in PAH: patient and physician perspectives
As PAH impacts on several aspects of patients’ lives, multiple goals are required of any treatment or care
management regimen; however, treatment goals that are important to the patient at a particular point in
their life or disease stage may not always overlap with those of their physician (fig. 1). While physicians
require treatments for PAH to reduce the severity of the disease as reflected by, for example, an
improvement in cardiopulmonary haemodynamics and markers of right ventricular dysfunction such as Nterminal pro-brain natriuretic peptide plasma levels, patients are usually just as concerned with their overall
HRQoL, treatment convenience and the more immediate need for adequate functional capacity to be able to
carry out daily activities. A large-scale, international patient and caregiver survey, conducted in late 2011,
identified that patients have other needs to address, that are perhaps less obvious to their physicians, such as
help with the practical, social and emotional aspects of living with PAH [21]. In this survey more than half
of the patients stated that PAH had a ‘‘very significant’’ impact on their daily life (fig. 2) [21, 22], and that
they require help with and information on several consequences of PAH and its treatments. These included
the impact of the disease on patients’ employment and the financial consequences of PAH, the emotional
consequences of PAH such as social isolation, the impact of the disease on personal relationships, and
consequent mental health issues such as depression, anxiety and low self-esteem.
In addition, a patient-focused meeting conducted by the US Food and Drug Administration (FDA) in May
2014 discussed the impact of PAH on daily life and gathered patient views on the current available therapies
[23]. The FDA recognises the need for a more systematic way to gather insights from patients regarding
their disease and available treatment options in order to inform decision-making in the development of
novel drugs. The meeting highlighted particular symptoms frequently mentioned by patients; for example,
within symptoms of depression and anxiety, patients specified the anxiety of not sleeping at night,
demonstrating a need to address insomnia. In addition, with regard to available treatments in general,
patients expressed a preference for more convenience with less interference with their daily lives [23].
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FIGURE 1 Physician and patient goals in the treatment of pulmonary arterial hypertension. HRQoL: health-related
quality of life; RV: right ventricular; echo: echocardiography; MRI: magnetic resonance imaging; 6MWD: 6-min walking
distance; V9O2peak: peak oxygen consumption.

Similarly, the Canadian Agency for Drugs and Technologies in Health is currently reviewing the clinical and
economic impact of newly established PAH therapies, and have requested feedback from patient groups to
ensure that the needs of patients are captured within the process [24].
To illustrate the patient’s perspective we report details of two patient cases with similar presentations but
who have differing outlooks, goals and expectations (table 1). Most physicians might find it ‘‘easier’’ to
manage patient A. Although the management of patient B might have failed in the conventional sense, the
patient has remained in control of their treatment, possibly even finding it easier to come to terms with the
need for intravenous therapy through failure of their chosen strategy. These cases highlight the need for
shared decision-making between patients and physicians to ensure that patients’ expectations are met, as
well as the clinical outcomes set by their physician. Additionally, ensuring that patients’ wishes are
incorporated when planning treatment goals may lead to greater adherence to treatment [25]. Provided that
the patient is well-informed, this may often mean deviating from gold standard treatment guidelines. For
example, some patients may find intravenous therapies too intrusive, even decreasing their quality of life
[26]. However, as in the case of patient B, patients should be closely monitored to review their goals and
ensure that they are being met [27]. Improvements in these regimens and their monitoring should improve
HRQoL for patients. In contrast, some patients may be willing to undergo more aggressive treatment
management with the use of multiple and more complex, parenteral therapies at the cost of their normal
daily routine, in the hope of achieving faster results or greater objective benefit overall. It is therefore
necessary to make individual assessments and manage the needs and expectations of both the patient and
physician in order to provide a personalised approach to patient care.

Delaying disease progression
A common goal for patients is to live longer, therefore, the assessment of the effect of PAH therapies on
mortality should be an important end-point for clinical studies. However, conducting such trials on
mortality alone has limitations as they would require the inclusion of a large number of patients in order to
achieve sufficient statistical power. As PAH is a rare disease, the coordination and conduct of such large
trials would be very difficult to organise. Instead, in many clinical trials for PAH the assessment of efficacy
in terms of clinical worsening has been linked to a combination of disease-related events, including death,
hospitalisations for PAH, interventional procedures such as lung transplantation or atrial septostomy,
escalation of therapy or any evidence of clinical deterioration based on the patient’s functional assessments
[19]. Previously, the efficacy of PAH therapies to impact on these outcomes has been consigned to
secondary end-points over relatively short duration trials (3–6 months) [28]. However, since the 4th World
Symposium on Pulmonary Hypertension [19], several studies on PAH therapies have been designed to
evaluate disease progression with combined primary end-points of morbidity and mortality, similar to those
seen in other cardiovascular disease trials [28]. Several PAH treatments are associated with their own
complications or can otherwise affect patients’ HRQoL. For example, hospital stays are feared by patients, as
they are uncomfortable and inconvenient. In addition, hospitalisations for PAH are associated with a worse
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"I would describe PAH as being
like going in a car which won’t
go over 10 kph"
Patient

"She manages to cook at
times, but right now she
can’t really manage that at all"
Caregiver

"What made me feel depressed
was when they told me I had to
stay in hospital, I had never been
in hospital before"
Patient

FIGURE 2 Patient and caregiver quotes. PAH: pulmonary arterial hypertension. Reproduced from [22] with kind
permission from PHA Europe (www.phaeurope.org).

prognosis [29] and constitute an additional economic burden on both patients and the healthcare system
[30, 31]. Escalation of therapy to i.v. or subcutaneous prostanoid infusion (e.g. epoprostenol or treprostinil)
represents an inconvenient development in treatment for patients when compared with oral treatments
[32]. In addition, lung transplantation, although curative for PAH, represents a complex surgical procedure
that incurs risks associated with the multiple medications used and their cumulative associated side-effects
and consequent intensive follow-up [29].
There is limited direct evidence from RCTs of PAH therapies that they lead to a reduction in the risk of
mortality. To date, i.v. epoprostenol is the only PAH treatment to have demonstrated a significant reduction
in all-cause mortality after 12 weeks of treatment in severe PAH patients (World Health Organization
functional class III/IV) in such an RCT [33, 34]. Short-term (3–6 months) improvements in time to clinical
worsening, though the definition of this secondary end-point varies between studies, were observed with
bosentan (BREATHE (Bosentan Randomized trial of Endothelin Antagonist Therapy)-1) [35], ambrisentan
(ARIES (Ambrisentan in Pulmonary Arterial Hypertension, Randomized, Double-Blind, PlaceboControlled, Multicenter, Efficacy Studies)-1 and -2) [36], tadalafil (PHIRST (Pulmonary Arterial
Hypertension and Response to Tadalafil)) [37], inhaled iloprost (AIR (Aerosolized Iloprost Randomized
Study)) [38] and subcutaneous treprostinil [39]. Combining these trials and others in meta-analyses has
shown a reduction in all-cause mortality [40, 41]. Moreover, several individual studies have now been
completed that assess the long-term disease progression of PAH patients. The SERAPHIN (Study with an
Endothelin Receptor Antagonist in Pulmonary Arterial Hypertension to Improve Clinical Outcome) trial
was the first to demonstrate, over a median treatment duration of 115 weeks, that macitentan at a dose of
10 mg resulted in a 45% risk reduction (p,0.001) in the combined primary end-point of morbidity and

TABLE 1 Case studies: shared decision-making
Patient A
46-year-old female with IPAH
WHO-FC III, 6MWD 320 m, mRAP 8 mmHg, mPAP 56 mmHg and cardiac index 2.6 L?min-1?m-2
Rapidly progressive illness
Patient goals: survival at any cost
This patient received rapid sequential subcutaneous treprostinil and PDE5 inhibitor
Patient B
38-year-old female with scleroderma PAH
WHO-FC III, 6MWD 350 m, mRAP 12 mmHg, mPAP 54 mmHg and cardiac index 2.2 L?min-1?m-2
Severe right ventricular dilation with severe systolic impairment
Patient goals: to increase exercise capacity and improve symptoms
This patient did not wish to undergo i.v. therapy; she began oral treatment with combined PDE5 inhibitor
and ERA. She subsequently deteriorated and was started on i.v. epoprostenol
IPAH: idiopathic pulmonary arterial hypertension (PAH); WHO: World Health Organization; FC: functional class;
6MWD: 6-min walking distance; mRAP: mean right atrial pressure; mPAP: mean pulmonary artery pressure;
PDE5: phosphodiesterase type-5; ERA: endothelin receptor antagonist.
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mortality compared with patients taking placebo, of whom 64% received background PAH therapy and
were receiving phosphodiesterase type-5 inhibitors [18]. A similar reduction was observed in a secondary
composite end-point of death due to PAH or hospitalisation for PAH [18]. The COMPASS (Effects of
Combination of Bosentan and Sildenafil versus Sildenafil Monotherapy on Morbidity and Mortality in
Symptomatic Patients with Pulmonary Arterial Hypertension)-2 study evaluated the effect of bosentan in
patients with symptomatic PAH already receiving sildenafil therapy [42]. This study was powered to
demonstrate a relative risk reduction of 43% with bosentan versus placebo in the primary end-point of time
to the first confirmed morbidity/mortality event. However according to an early release of data, this was not
met [43]. More recently, oral selexipag, a selective prostacyclin receptor agonist, has been evaluated in a
large phase III trial that aimed to evaluate the time to first morbidity/mortality event, and the primary
results have also been released suggesting a positive outcome [44, 45]. With both of these studies, further
scrutiny of the data will be required before the licencing agencies and the pulmonary hypertension
community can reach any meaningful conclusions. The AMBITION (A Study of First-Line Ambrisentan
and Tadalafil Combination Therapy in Subjects with Pulmonary Arterial Hypertension) trial set out to
inform on the effect of first-line combination therapy with ambrisentan and tadalafil versus first-line
monotherapy with either ambrisentan or tadalafil in patients with PAH using a similar composite endpoint, but which also included an inadequate clinical response as part of the composite end-point [46]. The
results have recently been presented at the European Respiratory Society Congress [47] suggesting benefit of
upfront combination therapy but, as with the previous studies, full publication is awaited.
By designing studies that have combined morbidity/mortality end-points, the efficacy of the treatment is
aligned to treatment outcomes that are important to both patients and physicians. However, the patients’
first priority may be that their PAH therapy improves their physical capabilities and HRQoL.

Improving physical functioning
Functional class assessments
Attainment of modified NYHA/World Health Organization functional class I/II has been deemed to be one
of the most important treatment goals [48]. Assessment of NYHA functional class enables patients to be
graded by their physicians according to their self-reported limitations on daily physical activities, ranging
from no physical impairment (I) to the inability to perform physical activities at rest (IV) [49]. Advanced
NYHA functional class in patients with PAH is associated with reduced HRQoL [50], reduced 6MWD [4],
and a greater prevalence of anxiety and major depression [51] together with poorer survival [52]. Certain
questionnaires have been shown to reflect functional class better; all domains of the Minnesota Living with
Heart Failure Questionnaire (MLHFQ), most domains of the Short Form-36 and some components of the
Australian Quality of Life tool have been shown to correlate with NYHA functional class [53]. A number of
available PAH treatments have shown short-term improvements in NYHA functional class, but typically
only in a minority of treated subjects [34–36, 38, 54–57], which have consequently been associated with
better long-term outcomes [58].
Exercise capacity
As a low baseline 6MWD has been linked to a poor long-term prognosis [59], reaching a certain level of
exercise capacity is an important goal for the treatment of patients with PAH. Following the 5th World
Symposium on Pulmonary Hypertension, it was proposed that a reasonable treatment goal was to increase
patients’ 6MWD up to 380–440 m, and even higher in young patients, with the rationale that this is
associated with better survival. Currently, all available PAH therapies have been shown to improve exercise
capacity in the short term (3–6 months) [18, 34–39, 54, 55, 57, 60–63]. Notably, rehabilitation and exercise
training, when supervised and coordinated with physiotherapists and other healthcare providers, can also
improve exercise capacity [14, 64] and endurance capacity [65] in patients with PAH. Although
improvement in exercise capacity has been shown to correlate with improvements in haemodynamics [66]
and HRQoL [67], the magnitude of change observed in the short-term may not be associated with better
long-term outcomes [68, 69].

Improving quality of life
The symptoms of PAH contribute to a reduced overall HRQoL for patients in a similar manner and extent
to chronic obstructive pulmonary disease and renal failure [50, 70, 71]. Guidelines resulting from the 4th
and 5th World Symposia on Pulmonary Hypertension stressed the importance of including patientreported outcomes as secondary outcomes in clinical trials of PAH-specific therapies [19, 72]. However, the
assessment of results from the use of HRQoL questionnaires is complex, as patient questionnaires cover a
broad range of factors, all of which are subjective in nature due to the patient’s individual perceptions of
their disease and treatment, and due to their physical and mental wellbeing. PAH therapies have shown
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contrasting results in terms of improvements in HRQoL (table 2). These results mostly come from short-term
studies with questionnaires that were either developed for use in patient populations with diseases other than
PAH, such as the MLHFQ [80], or in mixed patient populations, such as that used to develop the Cambridge
Pulmonary Hypertension Outcome Review (CAMPHOR) that included patients with PAH, chronic
thromboembolic pulmonary hypertension and other types of pulmonary hypertension [81]. Therefore, care
must be taken when interpreting results where such generic questionnaires have been used, given that they lack
the specificity needed to address the HRQoL issues that are of importance to patients with PAH [82, 83].
In order to develop questionnaires that are specific to a disease, in this case PAH, the 2009 FDA guidance
stated that a patient-reported outcome (PRO) assessment should report on the status of a patient’s health
condition as directly reported by the patient, without interpretation of the patient’s response by a clinician
or anyone else [84]. A few questionnaires have been developed in accordance with the requirements from
this guidance; however, the PAH-SYMPACT tool has been developed with the FDA PRO guidance in mind
and this PAH-specific tool is currently the subject of psychometric validation studies [85–88].
Using appropriate PRO tools should allow for a more robust assessment of PAH therapies in terms of their
potential to improve HRQoL and issues of considerable importance to patients with PAH. Improving
HRQoL for patients with PAH can, in some way, also be addressed by optimising PAH therapeutic
regimens; however, other specialties addressing the physical, mental and social consequences of symptoms
in patient care contribute as well. Therefore, it is necessary to combine resources to achieve a comprehensive
approach to treatment for this disease.

Multidisciplinary strategies for PAH management
Living with PAH clearly impacts several areas of patients’ lives. Management of patients with PAH would be
better served by a multidisciplinary approach that ideally includes healthcare experts to address their needs
regarding physical support, as well as mental and social care. This represents a similar multidisciplinary
approach to care as required for patients with other chronic diseases such as cystic fibrosis, asthma, heart
failure or cancer [89–92]. Moreover, a similar multidisciplinary approach is often the standard of care for
patients with PAH being considered for, or undergoing, lung transplantation. Ideally, patient support teams
would be accessed according to the needs of the individual and could include nursing support,
physiotherapists, occupational therapists, patient support organisations and social workers to improve
patient care greatly. To this end, patient associations provide valuable additional resources for care and
support for both patient and caregiver and play a key role in helping patients cope with the financial, social
and emotional aspects of PAH (i.e. Pulmonary Hypertension Association of Canada, Pulmonary
Hypertension Association UK, Pulmonary Hypertension Association USA and the European Pulmonary
Hypertension Association (PHA Europe)).
To deliver this, designated experts would be best placed to provide coordinated clinical practice and care for
patients with PAH, while providing advice for physicians who are not specialists in pulmonary hypertension
[93, 94]. In addition, the needs of those who care for patients with PAH are currently underestimated and
frequently overlooked. Caregivers are often relatives of the patient and, as such, have their own need for
information concerning the care of their loved one, together with a need for emotional support to enable
them to cope with the consequences of caring for someone with PAH on their own lives, in terms of
restrictions on their ability to travel, to maintain full-time employment, and the impact on their social and
emotional well-being. Therefore, the needs of the caregiver should be assessed as part of the patient’s
multidisciplinary package of care.

Conclusion
Key clinical goals for the treatment and management of PAH include delaying disease progression in the long
term and achieving treatment goals that improve HRQoL for patients in the short term. However, within this
framework, the expectations of physicians and patients are not always aligned in terms of priorities. Physicians
need to draw on their clinical expertise and available research in order to provide individualised therapeutic
strategies and treatment goals for their patients. Although it may be that patients’ wishes cannot always be met,
shared decision-making is key to aligning patient and physician expectations. Multidisciplinary healthcare
strategies that combine primary pharmacological care from physicians together with care, information and
support from a range of sources, including patient associations, physiotherapists and social workers, are vital
in order to provide a fully comprehensive approach to caring for patients with PAH.
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Galiè N, Rubin L, Hoeper M, et al. Treatment of patients with mildly symptomatic pulmonary arterial hypertension
with bosentan (EARLY study): a double-blind, randomised controlled trial. Lancet 2008; 371: 2093–2100.
McLaughlin VV, Benza RL, Rubin LJ, et al. Addition of inhaled treprostinil to oral therapy for pulmonary arterial
hypertension: a randomized controlled clinical trial. J Am Coll Cardiol 2010; 55: 1915–1922.
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