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Abstract

Purpose of review—Systemic sclerosis is commonly complicated by pulmonary arterial
hypertension (PAH-SSc) and is a leading cause of death in this population. We will review
existing challenges and recent advances in the treatment of this disease.

Recent findings—Traditionally employed outcome measures in pulmonary arterial
hypertension research may not be applicable in PAH-SSc. Importantly, new therapies that target
abnormal cellular proliferation in the pulmonary vasculature are currently under investigation and
may be particularly relevant to PAH-SSc.

Summary—Pulmonary arterial hypertension complicating systemic sclerosis occurs commonly
and portends a poor prognosis. However, recent advances in our understanding of the disease in
the context of systemic sclerosis may lead to novel diagnostic and therapeutic strategies that will
ultimately improve quality of life and survival in this population.
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Introduction

Pulmonary arterial hypertension (PAH), defined as a mean pulmonary artery pressure
greater than 25 mmHg, pulmonary capillary wedge pressure less than 15 mmHg, and
pulmonary vascular resistance greater than 3 Wood units, is a progressive disease of the
pulmonary vasculature that leads to right heart failure and death.1** PAH commonly
complicates systemic sclerosis (SSc) with a prevalence estimated at 8-12%.2:3 Importantly,
PAH in SSc (PAH-SSc) significantly impacts survival, and is a leading cause of mortality in
SSc.4*

Recent advances in our understanding of the pathogenesis of PAH in general have led to
development of specific therapies targeting the pulmonary vasculature. While these
therapies have shown, to varying degrees, improvements in symptoms, functional capacity,
and quality of life; few have demonstrated a survival benefit. Further, patients with PAH-
SSc have a strikingly divergent response to therapy and overall worse outcome than patients
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with idiopathic PAH (IPAH).5~7 While the reasons for these clinical differences remain
unclear, there may be several explanations ranging from inadequacy of currently employed
outcome measures for SSc-related disease to distinct structural differences in the pulmonary
vasculature and its interaction with the right ventricle. Thus, there remains significant room
for improvement in the assessment and treatment of PAH-SSc.

Assessment of Pulmonary Arterial Hypertension in Systemic Sclerosis

There is marked geographic variation in the occurrence of SSc with the prevalence in
Europe and Japan between 30-70 cases per million compared to 240 cases per million in the
United States.8~10 With a conservative estimate of PAH prevalence of 10% in SSc, the
prevalence of PAH-SSc in the United States may be as high as 24 cases per million, nearly
4-fold higher than the prevalence of IPAH.11 Despite this, recent data from a US-based
registry study suggests that IPAH is at least 2-fold more common than PAH-SSc, perhaps
reflecting under-recognition of PAH in the SSc population.12 A recently published
consensus statement from the American College of Cardiology, American College of Chest
Physicians, American Thoracic Society, and Pulmonary Hypertension Association
recommends yearly echocardiography for patients with systemic sclerosis to screen for
pulmonary hypertension.! While this practice has been employed at many specialized
centers, variations in its implementation exist, both between community-based practices and
referral centers and between specialties (i.e. rheumatologists and pulmonologists).13:14 In
addition, pulmonary function test abnormalities, such as decline in diffusing capacity for
carbon monoxide (DL¢p), alone or in combination with elevation in serum N-terminal pro-
brain natriuretic peptide, or a forced vital capacity (FVC)-to-DL g ratio less than 1.6, may
identify SSc patients with PAH, but may not be routinely performed by clinicians. 15:16**

In addition to the challenges in diagnosing PAH in patients with SSc, the outcome measures
currently utilized in the assessment of PAH may not be adequate or appropriate in PAH-SSc.
For instance, while right atrial pressure and cardiac index have been demonstrated to predict
survival in patients with various forms of PAH, we have found in a large cohort of PAH-SSc
patients from our center that neither is a significant predictor of outcome in multivariable
analysis.1” Similarly, the most commonly used outcome measure in clinical trials, the six
minute walk test (6MWT), has recently been challenged as an appropriate outcome measure
in PAH-SSc. While this test has been validated as a measure of cardiopulmonary exercise
capacity in patients with IPAH, the 6MWT has not been validated in this manner in PAH-
SSc.18 Further, the minimally important difference or MID for the 6MWT, defined as the
smallest difference in an outcome measure that identifies a clinically meaningful change in
outcome as opposed to a solely statistically significant change in outcome, has yet to be
defined in PAH-SSc. However, the MID has been recently described in a large cohort of
patients with PAH from the SUPER Study that included 62 patients with PAH related to
connective tissue diseases.19*:20 Unfortunately, less than half of the PAH patients with
connective tissue diseases had SSc, so a sub-group analysis of this cohort would be of
limited value and would be unlikely to establish a MID for PAH-SSc. Further limitations to
the utility of the 6MWT in PAH-SSc include the impact of musculoskeletal disease and
subclinical interstitial lung disease upon distance achieved. 21 Additionally, demographic
and anthropometric characteristics such as age, height, weight, and gender, are known to
influence distance achieved on 6MWT. Our experience shows that patients with SSc who
develop PAH are older than patients with IPAH, thus, the distance achieved on 6MWT may
not be comparable based upon differences in age.® This has important implications regarding
prognosis and assessment of response to therapy since prior studies have identified clinically
important BMWT distance thresholds both at baseline and after therapy.18:22:23 Thys,
adjusting the 6MWT for demographic and anthropometric characteristics to express the
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distance achieved as a percentage of predicted value might provide a more valid assessment.
24

Other non-invasive measures have recently been studied as potential outcome measures for
PAH and PAH-SSc in particular. Serum markers, such as uric acid and sodium, may be
useful for prognosis in IPAH, but neither the relevance in PAH-SSc nor the responsiveness
to PAH-specific therapy have been described.25:26 Serum N-terminal pro-brain natriuretic
peptide (NT-proBNP) has been demonstrated to correlate with disease severity and predict
survival in IPAH.27 Recent studies in PAH-SSc have suggested the utility of NT-proBNP to
predict the development of PAH in SSc and to predict survival in PAH-SSc.16:28 Further,
our experience suggests that NT-proBNP levels significantly differ between IPAH and
PAH-SSc despite similar hemodynamic characteristics and that NT-proBNP predicts
survival only in PAH-SSc, emphasizing the potential role of NT-proBNP in the assessment
of PAH in SSc patients. (Mathai SC et al. manuscript under review) Echocardiographic
measures, such as the tricuspid annular plane systolic excursion (TAPSE), may offer an
easily obtained, reproducible measure of PAH severity and RV function that may be useful
in both IPAH and PAH-SSc.29 Cardiac MRI is being utilized with increasing frequency in
the assessment of PAH in general and PAH-SSc in particular. Besides parameters of right
ventricular size and function, we and others are focusing on assessment of the interaction
between the pulmonary vasculature and the right ventricle in PAH-SSc compared to IPAH
in hopes of elucidating novel markers of disease.

Treatment of Pulmonary Arterial Hypertension

With improved understanding of the pathogenesis of PAH, novel therapies targeting select
pathways have been developed, with a focus on the chronically impaired endothelial
function, affecting vascular tone and remodeling.39=32 More recently, the observation of
aberrant proliferation of endothelial and smooth muscle cells in PAH, with increased
expression of secreted growth factors, has led some investigators to liken PAH to a
neoplastic process.33 As such, anti-neoplastic agents have recently been employed in
therapy of PAH.

While similarities in certain aspects of the putative pathogenesis of PAH exist in PAH-SSc,
clinical differences in response to therapy and outcomes suggest that distinct pathobiologic
mechanisms may be involved in PAH-SSc. We will first review more traditional therapies
for PAH and their relevance in PAH-SSc, then discuss novel therapies for PAH-SSc. Figure
1 depicts our treatment algorithm for PAH-SSc.

General Measures

Although limited or, in most cases, no specific data exists for either IPAH or PAH-SSc,
consensus guidelines recommend the use of 1) supplemental oxygen in patients who are
hypoxic at rest or with exercise (oxygen saturation < 90%), 2) diuretics for the management
of volume overload and in overt right heart failure, and 3) digoxin for management of
refractory right heart failure complicated by atrial arrhythmias.

Calcium Channel Blockers

Vasodilator therapy with high dose calcium channel blockers is an effective long-term
therapy only in minority of patients with IPAH (about 12%) who demonstrate acute
vasodilation during hemodynamic testing; in half of these initial responders, vasoreactivity
wanes over time.34 Importantly, the prevalence of PAH-SSc patients who demonstrate acute
vasodilation during hemodynamic testing is only about 1%, suggesting limited utility for
calcium channel blockers in this disease state.34 Thus, high-dose calcium channel blocker
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therapy is rarely indicated in PAH-SSc though many patients may receive these drugs at low
doses for Raynaud’s syndrome.

Anticoagulation

While pulmonary thromboembolic arterial disease and thrombosis in situ has been found in
pathologic studies of patients with IPAH, there are few reports in the literature of similar
findings in PAH-SSc.3° Similarly, there are no data on the role of anticoagulation in the
treatment of PAH-SSc. Several retrospective studies and one non-randomized prospective
study have suggested improved outcomes in IPAH, while two retrospective studies
suggested no clinical benefit.36 Still, despite a lack of randomized, controlled trials,
consensus guidelines recommend anticoagulation for all IPAH patients and for patients with
PAH related to connective tissue diseases who have “advanced” disease.> While we
encourage all of our PAH-SSc patients to begin oral anticoagulation, our experience in over
100 PAH-SSc patients suggests that less than 50% remain on long-term anticoagulation
therapy. Most often, patients develop occult lower gastrointestinal bleeding that necessitates
cessation of anticoagulation.

Prostaglandins

Prostacyclin (epoprostenol) has proven effective in the management of PAH, demonstrating
improvements in exercise capacity, cardiopulmonary hemodynamics, functional
classification (New York Heart Association classification) and symptoms in patients with
IPAH.37:38 In fact, epoprostenol remains the only PAH-specific therapy to demonstrate a
survival benefit in a randomized clinical trial.37 In PAH-SSc, continuous intravenous
epoprostenol improved exercise capacity and hemodynamics compared to conventional
therapy, but failed to improve survival.39 Similar, albeit modest, responses to the
prostacyclin analogue treprostinil, delivered through continuous subcutaneous infusion,
were noted between IPAH and PAH related to connective tissue diseases.40:41 However,
while functional capacity, exercise capacity, and hemodynamics improved in both IPAH and
PAH-CTD, only half of the PAH-CTD group had SSc. Further, the efficacy of treprostinil
appears to be dose-related and the subcutaneous route of administration can be limited by
infusion site pain. Recently, the intravenous form of treprostinil has been approved by
regulatory agencies for the treatment of PAH, including PAH-SSc. Several investigators
have reported the safety and efficacy of this formulation of treprostinil.42:43 Although
required maintenance doses are usually twice as high as compared to epoprostenol (affecting
the cost of administration), the safety profile and drug stability offers potentially significant
advantages in PAH-SSc.** For example, the lack of requirement for ice packing may be
particularly important for SSc patients who suffer from Raynaud’s phenomenon. Still,
despite the potential efficacy of prostacyclin agents, the need for continuous infusion,
meticulous catheter care, and daily preparation of the medication can be challenging in
patients whose manual dexterity may be impaired by significant Raynaud’s phenomenon,
sclerodactyly, and digital ulcerations. At our center, many PAH-SSc patients are unable to
receive parenteral therapy as a result of these physical limitations.

Although inhaled prostacyclin analogues have been developed for the treatment of PAH, no
studies or specific sub-group analyses on efficacy of inhaled iloprost in PAH-SSc have been
reported. However, in our practice, we often will use inhaled iloprost in combination with
oral therapies, especially in patients in whom parenteral or subcutaneous infusions are not
practical due to physical limitations. The utility of inhaled iloprost is limited by the
frequency with which the medication must be dosed; many patients are unable or unwilling
to take the medication 6-9 times a day as prescribed.
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Endothelin Receptor Antagonists

Bosentan, the first oral therapy approved for therapy of PAH, has been shown to improve
NYHA functional class, 6BMWD, time-to-clinical worsening, and hemodynamics in a short-
term trial of patients with PAH.45 In a sub-group analysis of patients with PAH-SSc
included in this initial study, there was a non-significant trend towards improvement in
6MWD in patients treated with bosentan compared to placebo. A recent 48-week, open-label
study of patients with various forms of CTD, the majority of whom had SSc, demonstrated
functional improvements in over 25% of these patients while the one-year survival was
92%.46 However, no BMWT were reported and quality of life, as assessed by the Short
Form-36 and Health Assessment Questionnaire modified for SSc, did not improve. Our
experience suggests that long-term outcome of PAH-SSc patients receiving bosentan as
initial therapy is inferior compared to IPAH patients, with no improvement in functional
class and poorer survival.#’ Still, recent guidelines from the European League against
Rheumatism (EULAR) recommend bosentan as initial therapy for PAH-SSc based upon the
quantity and quality of available data.48**

Selective endothelin receptor antagonists, such as sitaxsentan and ambrisentan, have
recently been approved for treatment of PAH, although sitaxsentan is only approved in
Europe. These agents differ from bosentan in their selectivity for the endothelin-A receptor
that allows for preservation of the vasodilatory action of the endothelin-B receptor while
antagonizing the vasoconstrictive effect of the endothelin-A receptor. Sitaxsentan has been
shown to improve exercise capacity, as assessed by change in peak VO, over 12 weeks, in
PAH subjects who received 300mg daily.4® However, ten-percent of these subjects
experienced elevation in liver enzymes greater than 3-fold above the upper limit of normal.
While 6MWT, functional class, cardiac index, and pulmonary vascular resistance improved
significantly in the 100mg daily group, subjects on this dose did not achieve a significant
increase in peak VO,. Additionally, there were no improvements in quality of life overall.
However, there were significant improvements in the sub-group analysis of 42 patients with
CTD, including 19 SSc patients, in 6MWD, functional class, hemodynamics, and in the
physical functioning as assessed by the SF-36.%0 In a sub-group analysis of the one year
follow up of patients included in a prospective, open-label study that included 84 PAH
patients on bosentan therapy, suggested a possible differential response to sitaxsentan
compared to bosentan in post-hoc analysis.>1 PAH-CTD patients were more than twice as
likely to fail monotherapy and experience clinical worsening with bosentan compared to
sitaxsentan. Further, there was a non-significant trend towards poorer survival in the
bosentan monotherapy group, with 1-year survival at 88% compared to 96% in the
sitaxsentan group. While the proportion of CTD patients included in the study who had SSc
was not reported, these data suggest that sitaxsentan may be an appropriate initial therapy in
PAH-SSc.

Ambrisentan has recently been approved by the Food and Drug Administration for use in
PAH, based upon the results of a large, placebo-controlled, randomized clinical trial.>2 In
this study, statistically significant improvements in 6MWD were noted, but the effect of
therapy differed between IPAH and PAH-CTD,; the range of placebo-corrected improvement
in 6MWD was 50-60 meters versus 15-23 meters respectively. No other outcome measures
(time to clinical worsening, change in functional class, quality of life, change in brain
natriuretic peptide level, or safety) were reported by PAH-type. Further, the proportion of
CTD patients with SSc was not reported. While ambrisentan is generally well tolerated,
peripheral edema is common and congestive heart failure has been reported.
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Phosphodiesterase Inhibitors

Sildenafil, a phosphodiesterase type V inhibitor that reduces the catabolism of cGMP,
leading to enhanced effects of nitric oxide, has been widely employed in the treatment of
PAH. A large clinical trial demonstrated improvement in 6MWD in subjects with various
forms of PAH, including CTD-related disease.2? A post-hoc analysis of the PAH-CTD
subjects in the larger study found improvements in 6MWD, functional class, and
hemodynamics after 12 weeks of therapy with 20 mg TID. No further improvements were
noted in subjects who received either 40 mg TID or 80 mg TID doses. Importantly, less than
50% of the CTD patients in this study had SSc, thereby limiting the generalizability to PAH-
SSc. Still, given the favorable safety profile, sildenafil is an attractive agent for initial
therapy in PAH-SSc.

The results of a large, randomized study of tadalafil, a once-daily phosphodiesterase
inhibitor, have been recently reported.>3 The treatment effect upon 6MWD, time to clinical
worsening, and quality of life was significant in subjects who received 40 mg daily.
Statistically significant improvements in 6MWD were noted in the PAH-CTD group, though
the proportion of patients with SSc was not reported. Importantly, over half of the
participants were on therapy with bosentan 125 mg BID at enrollment, which may have
impacted the magnitude of response to additional therapy with tadalafil. Thus, tadalafil may
be a useful alternative to sildenafil in the treatment of PAH-SSc given its safety profile and
ease of administration.

Regardless of the oral therapy selected as initial therapy, the effect upon exercise capacity
may not be significant. As demonstrated in a recent systematic review of all randomized
controlled trials evaluating the efficacy of bosentan, sitaxsentan, and sildenafil, the effect
size, defined as the ratio of the treatment effect (mean differences in 6MWD between
treatment and placebo groups) to the pooled standard deviation of the differences, was small
to moderate at best and not statistically significant for any drug studied.>** While this study
highlights the limited response in 6MWD to oral therapies in PAH-SSc, it also emphasizes
the need for appropriate outcome measures in PAH-SSc as discussed previously.

Combination Therapy

Given the possible synergistic effects of the available PAH therapies that target separate
pathways involved in the pathogenesis of the disease, combination therapy has become
common practice in pulmonary hypertension centers. Several multi-center trials are now
exploring the efficacy of various combinations of oral drugs, oral and inhaled drugs, and
oral and intravenous drugs. The recently completed PACES trial demonstrated that adding
sildenafil at 80 mg TID to intravenous epoprostenol improved exercise capacity, time to
clinical worsening, quality of life, and hemodynamics in patients with PAH.%5 However,
while no sub-group analyses were reported, the improvement noted was mainly in IPAH
subjects and in those whose exercise capacity was better at baseline. Further, only 11% of
the cohort had PAH-SSc. Therefore, it remains to be seen if addition of sildenafil to
epoprostenol is efficacious in PAH-SSc.

We have found poorer response to a combination of oral therapies in PAH-SSc compared to
IPAH.56 While the addition of sildenafil to bosentan monotherapy improved 6MWD and
functional class in IPAH subjects, PAH-SSc subjects did not experience significant
improvement. However, clinical deterioration may have been slowed in these patients.
Importantly, there were significantly more side-effects in PAH-SSc subjects compared to
IPAH, including hepatotoxicity. Clinically important interactions between sildenafil and
bosentan, including decreasing serum concentrations of sildenafil and increasing serum
levels of bosentan, can occur when co-administered.>” Whether these interactions are the
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same in PAH-SSc remains unknown, but underlying gastrointestinal disorders such as
esophageal dysmotility, gastroparesis, small bowel malabsorption, and pancreatic
insufficiency may interfere with drug absorption and metabolism.

Novel Therapies

Recent discoveries that highlight the aberrant proliferation of endothelial and smooth muscle
cells in PAH have prompted the study of anti-neoplastic drugs initially in experimental
models, and now in clinical trials.%8 Two strategies are currently under investigation in
randomized controlled trials: disruption of the platelet-derived growth factor (PDGF)
pathway and the vascular-endothelial growth factor (VEGF) pathway. STI-571/imatinib
(Gleevec®/Glivec®), which was originally developed to inhibit the Ber-Abl kinase in the
treatment of chronic myelogenous leukemia, is a dual PDGF and VEGF inhibitor that is
currently under investigation for the treatment of PAH. Several case reports have suggested
its utility, including one in a patient with PAH-SSc and in a patient with pulmonary veno-
occlusive disease (PVOD).5%763 Since PVOD is thought to be common in PAH-SSc and a
potential reason for poorer response to PAH-specific therapy, imatinib offers a potentially
attractive alternative therapy.64 A phase Il study to evaluate the safety, tolerability, and
efficacy of imatinib in PAH has been completed, but the results are pending. Interestingly,
based upon its mechanism of action, this agent is also being studied for the treatment of SSc-
related interstitial lung disease and SSc-related skin disease as dysregulated proliferation and
increased VEGF have been demonstrated in SSc and may be involved in the pathogenesis of
SSc.65

Lung Transplantation

Despite the advances in medical therapy for PAH, lung transplantation remains the only
cure. Although CTD is not an absolute contraindication to lung transplantation, SSc patients
tend to have multi-organ disease that increases peri- and post-operative risk. In particular,
esophageal dysmotility, common in SSc, may increase the risk of aspiration and post-
transplant dysfunction. Clinical and subclinical renal disease may also increase the
likelihood of complications related to the prolonged use of potentially nephrotoxic
immunosuppressive agents. For these reasons, PAH-SSc patients are often denied lung
transplantation. However, our experience shows that with proper screening, patients with
SSc have similar rates of survival after lung transplantation compared to patients with
pulmonary fibrosis or IPAH.56*

Conclusion

PAH commonly complicates systemic sclerosis and is likely under-recognized.
Unfortunately, despite advances in therapy for PAH in general, patients with PAH-related to
SSc have a poorer response to therapy and poorer survival. Similarly, currently employed
markers of disease severity and outcome measures are inadequate. Therefore, there is an
urgent need to identify biomarkers of disease severity and outcome measures relevant to
PAH-SSc along. Further, increased understanding of the pathogenesis of PAH in SSc is
imperative to develop therapies that target pathways specific to this disease.
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Figure 1. Proposed Treatment Algorithm for PAH-SSc

Treatment algorithm utilized by the Johns Hopkins Pulmonary Hypertension Program. This
algorithm is based on a combination of available evidence from clinical trials and clinical
experience.

Clinical treatment algorithm for PAH-SSc employed by Johns Hopkins Pulmonary
Hypertension Program. Note that this algorithm reflects our current practice patterns and
includes aspects that have not been studied in clinical trials.
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