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Abstract

Systemic sclerosis (SSc) is commonly complicated by pulmonary arterial hypertension (PAH),
which is a leading cause of death in the SSc patient population. Owing to the fact that the risk of
developing pulmonary hypertension is high, screening is important, although the optimal modality
remains to be defined. Furthermore, despite recent advances in therapy for PAH, the response to
these interventions in patients with PAH with SSc has been discouraging. The lack of clinical
response to these therapies may merely reflect the limitations of traditionally employed PAH
outcome measures in SSc-PAH patients or highlight the heterogeneity of the disease
manifestations within SSc. Importantly, since extrapulmonary involvement of the GI tract and
kidneys by SSc limit candidacy for lung transplantation, new therapies that target abnormal
cellular proliferation in the pulmonary vasculature are currently under investigation and may be
particularly relevant to SSc-PAH.
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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 three Wood units, is a progressive disorder 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 (SSc-PAH) significantly impacts survival, and is a leading cause
of mortality in SSc [4].

Despite the high prevalence of the disease in SSc and its impact on outcomes, PAH
complicating SSc remains underdiagnosed. With recent advances in our understanding of
the pathogenesis of PAH in general, therapies have been developed that target the
pulmonary vasculature and may improve symptoms, functional capacity and quality of life.
However, patients with SSc-PAH have a strikingly divergent response to therapy and overall
worse outcome than patients 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
differences in the right ventricle's response to increased afterload. Thus, there remains
significant room for improvement in the recognition, assessment and treatment of SSc-PAH.
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Epidemiology of SSc

Systemic sclerosis is a heterogeneous disorder characterized by dysfunction of the immune
system, endothelium and fibroblasts that leads to fibrosis of the skin and internal organs [8].
Vascular hyper-reactivity and obliterative micro-vascular disease are also prominent features
of the disorder. Although the etiology of the disease is unknown, genetic and environmental
factors are thought to contribute to host susceptibility [9]. Whereas the relative risk of
developing SSc for first-degree relatives and siblings has been shown to be high, twin
studies demonstrated similar concordance between monozygotic and dizygotic twin pairs,
suggesting that an acquired environmental exposure is integral to disease development
[10,11]. Several sporadic clusters of high prevalence populations have been reported, along
with clusters of SSc-like syndromes implicating exposure to silica and solvents as potential
environmental risk factors [12]. Geographic clusters, such as the one described in the
Choctaw Indians of Oklahoma, USA, by Arnett et al., where the prevalence was estimated at
4690 per million, suggest not only a genetic predisposition, but also a potential role for
environmental factors [10]. However, the relationship between exposure and risk of
development of SSc has been variable and not reproducible; therefore the impact of
environmental exposures upon the development of SSc remains to be defined [12].

Despite widely varying estimates of disease occurrence from 1940 to 1970, the incidence
and prevalence of the disease has remained relatively stable over the past 30 years,
coinciding with the introduction of a uniformly accepted classification system in 1980 [13].
Still, population-based studies suggest that SSc occurs more commonly in the USA than in
other countries. A study by Mayes et al. estimates the prevalence to be approximately 242
per million in the USA whereas studies in Europe and Japan estimate the prevalence from 30
to 70 cases per million [14-16]. These observations further support a role for environmental
exposure in the development of the disease.

Additional risk factors for the development of SSc have been studied. Ethnicity seems to
play an important role; the Black population of the USA have a higher age-specific
incidence, earlier age of disease onset, and more severe disease than the White population
[17]. Studies from France have demonstrated a higher prevalence of SSc in non-Europeans
than Europeans [18]. Overall, it appears that SSc occurs more commonly in Black, Asian
and some Native American populations in the USA (such as the Choctaws Indians) than in
individuals of European descent. Women are more likely to be affected by SSc, by a ratio of
approximately of 3:1. Hormonal factors along with gender-specific environmental exposures
have been proposed as potential explanations for this observation [19]. Age may also play a
role as SSc is rare in childhood and very elderly individuals; the peak incidence is in the
fifth decade of life [17,20].

Clinical features of SSc

Clinically, SSc manifests as either limited cutaneous SSc with limited skin and other organ
involvement or diffuse cutaneous SSc with extensive skin fibrosis and widespread internal
organ involvement. The American College of Rheumatology classification criteria for SSc
include the major criterion of skin thickening or induration proximal to the
metacarpophalangeal or metatarsophalangeal joints, and three minor criteria of
sclerodactyly, digital pitting, or loss of finger pad substance, and bibasilar pulmonary
fibrosis not attributable to primary lung disease [21,22]. One major and at least two minor
criteria are required to establish the diagnosis. SSc in either the limited or diffuse form
results in a reduced life expectancy with an overall median survival of approximately 12
years from diagnosis [13,14]. Multiple organ systems can be affected in SSc, including the
gastrointestinal, cardiac, renal, integument and pulmonary systems.
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Pulmonary involvement in SSc is varied, but occurs frequently in both the limited and
diffuse forms of the disease. While interstitial lung disease (ILD) and PAH are the most
common manifestations of pulmonary disease in SSc, other forms of pulmonary
involvement can occur. Gastrointestinal involvement of the upper digestive tract often leads
to gastroesophageal reflux disease and aspiration of gastric contents. Chronic aspiration may
also contribute to the development of ILD, although further research is needed to establish a
causal relationship [23,24]. Patients with SSc may also have a higher risk of lung carcinoma,
particularly bronchoalveolar carcinoma, although a more recent population-based study did
not find a higher risk of lung cancer in SSc [25,26]. Other pulmonary complications that can
present with SSc include restrictive lung disease related to respiratory muscle weakness [27]
and pleural effusion, although this is rare [28]. An obstructive ventilatory defect has been
observed in nonsmoker patients with scleroderma [29]. Spontaneous pneumothorax has also
been reported, often in association with subpleural blebs in the context of ILD [30].

Interstitial lung disease is the most common pulmonary complication in SSc, with up to 40%
of patients demonstrating restrictive patterns on pulmonary function testing and more than
90% with ILD at autopsy [31]. Although ILD is more commonly associated with the diffuse
form of SSc, it also occurs in patients with limited disease and does not correlate with the
extent of skin involvement [32,33]. ILD may develop earlier in the course of the disease in
the US Black population, patients with higher skin scores and serum creatinine
phosphokinase levels, hypo thyroidism and cardiac involvement [34]. Overall, patients with
significant ILD have a much poorer prognosis than patients without significant ILD with 9-
year survival at 32 versus 72%, respectively [35]. ILD can also be complicated by the
development of pulmonary hypertension (PH), which is discussed in detail below.

Epidemiology of PAH in SSc

As discussed, PAH is defined as a mean pulmonary artery pressure greater than 25 mmHg,
with a pulmonary capillary wedge pressure of less than 15 mmHg, and a pulmonary vascular
resistance greater than three Wood units [1]. PAH commonly complicates SSc, but
establishing the incidence and prevalence of PAH in SSc has been challenging, similar to
estimating the incidence and prevalence of SSc in general. Based upon the definition of PH
and the method employed to diagnose PH (i.e., echocardiography or right heart
catheterization [RHC]), the estimates of prevalence have ranged from 5 to 60% [13,15,36—
39]. Based on strict hemodynamic criteria for the definition of PAH and with a conservative
estimate of PAH prevalence of 10% in SSc, the prevalence of SSc-PAH in the USA may be
as high as 24 cases per million, nearly fourfold higher than the prevalence of IPAH [38].
Despite this, recent data from a US-based registry study suggests that IPAH is at least
twofold more common than SSc-PAH, perhaps reflecting under-recognition of PAH in the
SSc population [40].

Autoimmunity, autoantibodies & PAH pathogenesis

The histological features of the arteriolar vasculopathy in SSc-PAH share similarity with
those of IPAH including intimal hyperplasia, medial hypertrophy and adventitial fibrosis.
Occlusion of small arteries with concentric obliterative endothelial cell lesions and
angioproliferative plexiform lesions have also been described in in SSc-PAH; however,
there are fewer plexiform lesions, increased intimal fibrosis and more heterogeneity when
compared with the lesions of IPAH [41]. Two recent histological studies have shown that
the presence of pulmonary veno-occlusive disease, characterized by fibrous remodeling of
post-capillary venules and preseptal veins, may be more common in patients with SSc-PAH
compared with IPAH [41,42]; however, this needs to be confirmed in larger studies.

Expert Rev Respir Med. Author manuscript; available in PMC 2012 February 1.
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Autoimmunity appears to play a central role in pulmonary vascular remodeling, which is the
hallmark of PAH. Characteristic vascular changes occur early after the onset of SSc [43,44].
These include endothelial cell apoptosis and activation with expression of cell adhesion
molecules, inflammatory cell recruitment, procoagulant state, and intimal proliferation and
adventitial fibrosis leading to vessel obliteration [45,46]. Several studies in SSc patients
have demonstrated increased circulating factors that are associated with each of these
pathways. For instance, increased levels of soluble VCAM-1 have been found in SSc
patients, consistent with endothelial injury [47]. Similarly, investigators have shown
increased levels of circulating VEGF and angiostatic factors in patients with SSc, suggesting
abnormal regulation of angiogenesis [48-51]. Increased VEGF, a glycoprotein with potent
angiogenic and vascular permeabilityenhancing properties, may be a consequence of
increased angiogenesis or profound disturbances in signaling in SSc. Dysregulated
angiogenesis may play an important role in the development of SSc-PAH as shown in
genomic studies [52]. Whether driven by the inflammatory process or intrinsically related to
the disease state, abnormal angiogenesis appears to be a predominant feature of the disorder
in SSc and should be the focus of future studies.

Autoantibodies are often associated with the development of certain phenotypes in SSc and
with the subsequent development of PAH. For instance, antifibrillarin antibodies (anti-U3-
RNP) are commonly found in patients with SSc-PAH [53]. However, the relationship of
these autoantibodies to pathogenesis remains to be fully elucidated. Progress in this area is
limited by current techniques for identification of autoantibodies that utilize transformed
epithelial cell lines that fail to detect phenotype-specific autoantigens uniquely expressed in
target tissues, such as the endothelial cell [54]. Despite this, there is a growing body of
evidence supporting a pathogenic role of certain autoantibodies in SSc and potentially, SSc-
PAH. IgG antibodies directed against endothelial cells and obtained from patients with
IPAH and SSc-PAH display distinct reactivity profiles against antigens form the micro- and
macro-vascular beds [55]. Antibodies to fibrin-bound tissue plasminogen activator in
patients with limited SSc and anti-topoisomerase Il-a antibodies, particularly in association
with HLA-B35 antigen, have been reported in SSc-PAH [56]. Anti-endothelial cell
antibodies, which have been shown to correlate clinically with the presence of digital
infarcts, may play a role in the pathogenesis of PAH; and aECA can activate endothelial
cells and induce the expression of adhesion molecules and trigger apoptosis [57,58].

Fibroblasts are essential components of the pulmonary vascular wall remodeling in PAH and
can be found in the remodeled neointimal layer in both SSc-PAH and IPAH [59]. The
detection of antifibroblast antibodies in the serum of SSc and IPAH patients has significant
pathogenic importance because these antibodies can activate fibroblasts and induce collagen
synthesis, thus potentially contributing directly to the remodeling process. Antibodies from
sera of patients with SSc can induce a pro-adhesive and proinflammatory response in normal
fibroblasts [60]. 1gG antifibroblast antigens recognized by serum IgG from IPAH and SSc-
PAH patients that have been identified include proteins involved in regulation of
cytoskeletal function, cell contraction, cell and oxidative stress, and other key cellular
pathways [61]. It is thought that these fibroblast autoantibodies mediate the release of
cytokines and growth factors, which in turn contribute to the pathogenesis of vascular
remodeling in PAH.

Very recently, Riemekasten et al. demonstrated that functional immunity directed at
angiotensin 11 type 1 receptor and endothelin-1 type A receptor were commonly found in
patients with SSc, particularly in patients with diffuse SSc [62]. In addition, these antibodies
were associated with more severe disease manifestations and late complications, including
pulmonary hypertension, lung fibrosis and digital ulcers. Of particular interest is that both
angiotensin Il type 1 receptor and endothelin-1 type A anti bodies stimulate phosphorylation
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of ERK1/2 and increase TGF-f transcripts in cultured microvascular endothelial cells,
effects which could be blocked with specific receptor antagonists. Thus, the authors
speculate that these antibodies could contribute to disease pathogenesis and may serve as
potential biomarkers. These studies also highlight the potential benefit of specifically
targeting the rennin—angiotensin and endothelin systems in SSc.

In aggregate, these data suggest a prominent role of inflammation and autoimmunity in the
pathogenesis of PAH, particularly in SSc, although this field of research needs to be further
investigated in terms of direct causality (with disease manifestation such as PAH), potential
value for biomarker use and possibility of targeted therapy. With regards to the latter, it is
important to note that, in contrast to PAH associated with other autoimmune diseases, such
as systemic lupus erythematosus and mixed connective tissue disease, the lack of clinical
response to immunosuppressive agents in SSc-PAH clearly highlights our limited
understanding of these factors in the development and progression of pulmonary vascular
disease in SSc [63,64].

Genetic factors in scleroderma-related PAH

While recent research in the role of genetics in PAH has identified relevant polymorphisms
that contribute to the development of the disease, there is a paucity of data regarding the
genetic basis for the development of PAH in SSc. For example, polymorphisms in the bone
morphogenic protein receptor-11 gene (BMPRII) are present in 80% of familial PAH and
approximately 20% of sporadic cases of PAH [65]. Further, polymorphisms in other genes
related to TGF-P, such as activin-receptor-like kinase-1, which encodes for the TGF-p
receptor, have been found in patients with PAH and hereditary hemorrhagic telangiectasia
[66]. Further, the presence of these polymorphisms may affect outcomes. A recent study by
Girerd et al. found the presence of an activin-receptor-like kinase-1 polymorphism to be
associated with a poorer outcome when compared with BMPRII mutation carriers and
noncarriers [67].

While these genetic polymorphisms have been demonstrated to be associated with familial
and idiopathic forms of PAH, to date, no studies have identified the presence of BMPRI|I
mutations in SSc-PAH [68,69]. Polymorphisms in a gene encoding endoglin, a homodimeric
membrane glycoprotein primarily present on human vascular endothelium, which is part of
the TGF-p receptor complex, have recently been shown to be associated with SSc-PAH [70].
Wipff et al. studied a six-base intron insertion in the endoglin gene and found significantly
different frequencies of this polymorphism between SSc patients with and without PAH and
between SSc-PAH patients and controls. However, this finding has yet to be validated in
other cohorts. Further, the functional significance of endoglin in SSc-PAH has yet to be
described. Other genetic studies have identified associations with polymorphisms in
inflammatory genes, such as IL-1p, IL-2, and TNF-a-induced protein 3, and SSc subtypes
[71,72]. However, the studies were either underpowered to demonstrate a convincing
relationship with SSc-PAH or have yet to be replicated in other cohorts.

Clinical features
Definition of PAH

As discussed previously, the diagnosis of SSc-PAH is based on a hemodynamic profile
obtained by RHC and exclusion of other entities such as thromboembolic disease, left
ventricular dysfunction, valvular disease and significant lung parenchymal disease [1]. It is
important to emphasize that despite advances in noninvasive imaging techniques, a RHC is
required to establish the diagnosis. Exclusion of significant ILD is especially important for
the proper classification of SSc patients with suspected PH given the high prevalence of ILD

Expert Rev Respir Med. Author manuscript; available in PMC 2012 February 1.
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in SSc. However, no standard definition of significant ILD exists in the literature. Most
clinical studies of cohorts of SSc-PAH patients [3,73,74] have defined significant ILD as a
total lung capacity of <60% of predicted or a total lung capacity between 60 and 70% of
predicted combined with moderate-to-severe fibrosis (grade 3—4) evident on high-resolution
CT scan using the criteria proposed by MacDonald et al. [75]. We and others have shown
poorer survival for SSc patients with PH related to significant ILD compared with patients
with PAH, and currently available vasodilator therapy is only US FDA-approved for PAH
[76,77].

As discussed in the section on epidemiology of SSc-PAH, patients with SSc are at high risk
of developing PAH. Certain clinical characteristics have been associated with the
development of PAH in this population. First, patients with the limited form of the disease
are more likely to develop PAH, although approximately 13-25% of patients with PAH
have the diffuse form of SSc [2,78]. Typically, SSc-PAH will develop after 10-15 years of
evolution of the disease in the limited form [79]. Second, patients who develop SSc later in
life are at higher risk of developing PAH [80]. Third, pulmonary function abnormalities,
such as an isolated reduction of diffusing capacity for carbon monoxide (DL¢p), a ratio of
percentage forced vital capacity (FVC%) to percentage DL ratio greater than 1.6, or a
combined decrease in DL¢cp/alveolar volume (V) with elevated serum N-terminal pro-
brain natriuretic peptide (NT-proBNP) levels have been associated with the development of
PAH in cohorts of patients with SSc [79,81,82]. Additionally, certain autoantibody profiles
have been associated with increased risk of PAH, particularly in limited SSc. Approximately
20% of patients with anticentromere antibodies will develop SSc-PAH, whereas over 30%
of SSc patients with anti-Th/To antibodies can develop PAH [83]. However, since anti-Th/
To patients will not be identified by ELISA antinuclear antibody testing methods (leading to
a negative antinuclear antibody), identification of this high-risk subset is challenging.
Patients with anti-U1-RNP or anti-U3-RNP (which tends to be associated with diffuse SSc)
antibodies also have a higher risk of developing PAH.

Clinical features of SSc-PAH

Typically, patients with SSc-PAH are predominantly women, have limited SSc, and tend to
be older. Clinical symptoms of PAH tend to be nonspecific, including dyspnea and
functional limitations that may be related in part to concomitant musculoskeletal disease. In
addition, other organ systems are commonly affected in SSc. Renal disease is prevalent, and
may be more common than in IPAH [84]. Direct cardiac involvement can also occur,
affecting the myocardium, pericardium and/or small intramyocardial vessels by vascular,
fibrotic and inflammatory changes [85]. These processes may lead to left ventricular
dysfunction; we have found a higher prevalence of nonsystolic left ventricle dysfunction as
assessed by echocardiography in SSc-PAH compared with IPAH [6]. Furthermore, SSc-
PAH patients more commonly present with pericardial effusion than IPAH, although it
remains unknown whether the effusions are related to progressive right ventricle (RV)
dysfunction or to the underlying autoimmune process. Hormonal and metabolic dysfunction
is also common, as evidenced by signs of neurohormonal activation. NT-proBNP, a neuro
peptide released in response to ventricular stretch, is frequently elevated in SSc-PAH and
appears to be significantly higher than in IPAH patients despite similar hemodynamic
perturbations [86]. Similarly, hyponatremia, a marker of neurohormonal activation, is
common in SSc-PAH and portends a poor prognosis [87]. Whether these neurohormonal
abnormalities are related to the underlying SSc or to progressive pulmonary vascular disease
remains to be determined.

Expert Rev Respir Med. Author manuscript; available in PMC 2012 February 1.
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When compared with IPAH, SSc-PAH patients demonstrate seemingly less severe
hemodynamic impairment [6]. However, traditional hemodynamic measures of disease
severity, such as cardiac index (CI) and right atrial pressure (RAP), which have previously
been demonstrated to strongly predict survival in IPAH, are inconsistently associated with
outcomes in SSc-PAH [6,77,78]. The ability of the RV to adapt to the increased cardiac load
attendant with PAH is the main determinant of outcome in PAH [88]. Recent studies
utilizing pressure—volume relationships have demonstrated differential responses to cardiac
loads between IPAH and SSc-PAH, with decreased mean ventricular pressure at any given
afterload in SSc-PAH [89]. Our group has demonstrated that measures of RV afterload, both
proximal and distal vascular resistance (pulmonary arterial capacitance as estimated by
stroke volume divided by pulmonary artery pulse pressure and pulmonary vascular
resistance, respectively) independently predict survival in SSc-PAH [78]. Furthermore,
stroke volume index, a measure of RV function, was also strongly predictive of outcome in
this cohort; neither CI nor RAP independently predicted survival. Taken together, these data
suggest that the RV response to cardiac load differs between IPAH and SSc-PAH and may
be contributing to poorer outcomes in SSc-PAH.

Screening & assessment

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 SSc to
screen for PH [1]. 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) [90-92]. In
addition, pulmonary function test abnormalities, such as decline in DL, alone or in
combination with elevation in serum NT-proBNP, or a FVC%-DL % ratio greater than
1.6, may identify SSc patients with PAH, but may not be routinely performed by clinicians
[79,82]. A proposed algorithm for detection of PAH in patients with SSc, utilizing a
combination of symptoms and objective findings, is presented in Figure 1. Given that a
population at risk for PAH such as SSc theoretically allows the establishment of measures
for early detection, this algorithmic approach may be helpful as evidenced by a large French
registry [3]. In this registry, SSc patients underwent RHC if there was echocardiographic
evidence of PH, defined by a tricuspid regurgitant jet velocity greater than 3 m/sec, or a
tricuspid regurgitation velocity between 2.5 and 3.0 m/sec if accompanied by unexplained
dyspnea. Investigators were able to detect incident cases of SSc-PAH with less severe
disease (by hemodynamic measures) compared with patients with known disease. Thus,
unexplained dyspnea should prompt an evaluation for PAH in these patients, particularly if
other risk factors, such as low DL¢g, FVC:DL¢cg >1.6, or low DLco/V A with high NT-
proBNP, are present.

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 SSc-PAH.
For instance, as noted previously, right atrial pressure and CI are not predictive of survival
in SSc-PAH despite being strongly associated with outcome in IPAH. Similarly, the most
commonly used outcome measure in clinical trials, the 6-min walk test (6MWT), may not be
an appropriate outcome measure in SSc-PAH. 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 SSc-PAH [93,94]. Furthermore, the minimally important
difference (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 SSc-PAH. While the MID has been
recently described in a large cohort of patients with PAH from the Sildenafil Use in
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Pulmonary Arterial Hypertension (SUPER) Study, the small number of SSc-PAH patients
included in the study prevent the determination of the MID for this subset [95,96]. Further
limitations to the utility of the 6BMWT in SSc-PAH include the impact of musculoskeletal
disease and subclinical ILD upon distance achieved [94,97]. These factors affecting the total
distance achieved have important implications regarding prognosis and assessment of
response to therapy since prior studies in IPAH patients have identified clinically important
6MWT distance thresholds both at baseline and after therapy [93,98,99].

Other noninvasive measures have recently been studied as potential outcome measures for
PAH and SSc-PAH in particular [100]. Serum markers, such as uric acid, may be useful for
prognosis in IPAH, but neither the relevance in SSc-PAH or the responsiveness to PAH-
specific therapy have been described [101]. Serum NT-proBNP has been demonstrated to
correlate with disease severity and predict survival in IPAH [102]. Recent studies in SSc-
PAH have suggested the utility of NT-proBNP to predict the development of PAH in SSc
and to predict survival in SSc-PAH [82,103]. Furthermore, our experience suggests that NT-
proBNP levels significantly differ between IPAH and SSc-PAH despite similar
hemodynamic characteristics and that NT-proBNP predicts survival only in SSc-PAH,
emphasizing the potential role of NT-proBNP in the assessment of PAH in SSc patients
[86]. Echocardiographic measures, such as the tricuspid annular plane systolic excursion,
may offer an easily obtained, reproducible measure of PAH severity and RV function that
may be useful in both IPAH and SSc-PAH [104]. Cardiac MRI is being utilized with
increasing frequency in the assessment of PAH in general and SSc-PAH in particular.
Besides parameters of RV size and function, we and others are focusing on assessment of
the interaction between the pulmonary vasculature and the right ventricle in SSc-PAH
compared with IPAH in hopes of elucidating novel markers of disease.

Treatment of PAH

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 [105-107]. 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 [108]. As such, antineoplastic agents have recently been employed in
therapy of PAH.

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

General measures

Although limited data exist for either IPAH or SSc-PAH, consensus guidelines recommend
the use of:

»  Supplemental oxygen in patients who are hypoxic at rest or with exercise (oxygen
saturation <90%);

»  Diuretics for the management of volume overload and in overt right heart failure;

»  Digoxin for management of refractory right heart failure complicated by atrial
arrhythmias.

Expert Rev Respir Med. Author manuscript; available in PMC 2012 February 1.
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Calcium channel blockers

Although commonly used in patients with SSc for treatment of Raynaud's phenomenon,
there is little role for calcium channel blockers in the treatment of SSc-PAH. Vasoreactivity
is defined as a decrease in mean pulmonary arterial pressure by at least 20% and to less than
40 mmHg without a decline in ClI or an increase in pulmonary capillary wedge pressure in
response to a short-acting vasodilator such as inhaled nitric oxide. It is present in only a
minority of patients with IPAH (~12%) and in approximately 1% of SSc-PAH patients
[109]. While presence of vasoreactivity suggests potential response to high-dose calcium
channel blocker therapy and, in general, portends a better prognosis, approximately half of
the initial responders will have diminution of the vasoreactivity over time. Thus, high-dose
calcium channel blocker therapy for treatment of PAH is rarely indicated in SSc-PAH.

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 SSc-PAH [110]. Similarly, there are no data on the role of anticoagulation in the
treatment of SSc-PAH. Several retrospective studies and one nonrandomized prospective
study have suggested improved outcomes in IPAH, while two retrospective studies
suggested no clinical benefit [111]. Still, despite a lack of randomized controlled trials,
consensus guidelines recommend anti coagulation for all IPAH patients and for patients with
PAH related to connective tissue diseases who have ‘advanced’ disease [1]. While we
encourage all of our SSc-PAH patients to begin oral anti coagulation, our experience in over
100 SSc-PAH 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 [112,113]. In fact, epoprostenol remains the only PAH-specific therapy to
demonstrate a survival benefit in a randomized clinical trial [112]. In SSc-PAH, continuous
intravenous epoprostenol improved exercise capacity and hemodynamics compared with
conventional therapy, but failed to improve survival [114]. 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 [73,115].
However, while functional capacity, exercise capacity, and hemodynamics improved in both
IPAH and PAH associated with connective tissue disease (PAH-CTD), only half of the
PAH-CTD group had SSc. Furthermore, 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 SSc-PAH. Although required maintenance doses are
usually twice as high when compared with epoprostenol (affecting the cost of
administration), the safety profile and drug stability offers potentially significant advantages
in SSc-PAH [116]. 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 SSc-PAH patients are unable to receive parenteral
therapy as a result of these physical limitations.
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Although inhaled prostacyclin analogues have been developed for the treatment of PAH, no
studies or specific subgroup analyses on efficacy of inhaled iloprost in SSc-PAH have been
reported. 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 six-
to nine-times daily as prescribed. Inhaled treprostinil is currently available and requires less
frequent dosing (four- to six-times daily). While demonstrating efficacy as add-on therapy
with oral agents in a mixed cohort of PAH patients (including 40 with collagen vascular
disease), subgroup analyses have not been reported [117]. However, these medications may
be a useful adjunct therapy in patients who are physically unable to maintain parenteral
prostacyclin therapy.

Endothelin receptor antagonists

Bosentan, the first approved oral therapy for PAH, has been shown to improve New York
Heart Association functional class, 6-min walking distance (6MWD), time to clinical
worsening and hemodynamics in a short-term trial of patients with PAH [118]. In a
subgroup ana lysis of patients with SSc-PAH included in this initial study, there was a
nonsignificant trend towards improvement in 6MWD in patients treated with bosentan
compared with placebo. A 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 1-year survival was 92% [119]. However, no 6MWTs 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 SSc-PAH patients receiving bosentan as initial therapy is inferior compared with
IPAH patients, with no improvement in functional class and poorer survival [120]. Still,
guidelines from the European League against Rheumatism recommend bosentan as initial
therapy for SSc-PAH based upon the quantity and quality of available data [121].

In an effort to target the vasoconstrictive effects of endothelin while preserving its
vasodilatory action, selective endothelin-A receptor antagonists have been developed.
Sitaxsentan, which had been approved in Europe for treatment of PAH, demonstrated
exercise capacity, quality of life and hemodynamics in a post-hoc ana lysis of a randomized
controlled trial that included 42 patients with PAH-CTD [74]. However, recently, this drug
was removed from the market owing to significant hepatotoxicity and death. A large
placebo-controlled, randomized trial of ambrisentan, the only currently FDA-approved
selective endothelin receptor antagonist, improved 6MWD in PAH patients at week 12 of
treatment; however, the effect was larger in patients with IPAH compared with patients with
PAH-CTD (range: 50-60 vs 15-23 m, respectively) [122]. 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. Furthermore, the proportion
of CTD patients with SSc was not reported. Ambrisentan is generally well tolerated
although peripheral edema (in up to 20% of patients) and congestive heart failure have been
reported.

Phosphodiesterase inhibitors

Sildenafil, a phosphodiesterase type 5 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 [96]. A post-hoc ana lysis of the PAH-CTD
subjects in the larger study found improvements in 6MWD, functional class and hemo
dynamics after 12 weeks of therapy with 20 mg three-times daily. No further improvements
were noted in subjects who received either 40 mg three-times-daily or 80 mg three-times-
daily doses. Importantly, less than 50% of the CTD patients in this study had SSc, thereby
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limiting the generalizability to SSc-PAH. Still, given the favorable safety profile, sildenafil
is an attractive agent for initial therapy in SSc-PAH.

The results of a large, randomized study of tadalafil, a once-daily phosphodiesterase
inhibitor, have been recently reported [123]. 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,
although the proportion of patients with SSc was not reported. Importantly, over half of the
participants were on therapy with bosentan 125 mg twice daily 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 SSc-PAH 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 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 [124]. While this study highlights
the limited response in 6MWD to oral therapies in SSc-PAH, it also emphasizes the need for
appropriate outcome measures in SSc-PAH 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 multicenter trials are now
exploring the efficacy of various combinations of oral drugs, oral and inhaled drugs, and
oral and intravenous drugs. The Pulmonary Arterial Hypertension Combination Study of
Epoprostenol and Sildenafil (PACES) trial demonstrated that adding sildenafil at 80 mg
three-times daily to intravenous epoprostenol improved exercise capacity, time to clinical
worsening, quality of life and hemodynamics in patients with PAH [125]. However, while
no subgroup analyses were reported, the improvement noted was mainly in IPAH subjects
and in those whose exercise capacity was better at baseline. Furthermore, only 11% of the
cohort had SSc-PAH. Therefore, it remains to be seen if addition of sildenafil to
epoprostenol is efficacious in SSc-PAH.

As mentioned previously, a recent study of inhaled treprostinil as add-on therapy for PAH
has demonstrated improvements in functional capacity and quality of life in a mixed cohort
of PAH [117]. While over 30% of the study participants were designated as having collagen
vascular disease, the proportion of patients with SSc was not reported. Furthermore, to date,
no subgroup analyses have been published.

We have found poorer response to a combination of oral therapies in SSc-PAH compared
with IPAH [126]. While the addition of sildenafil to bosentan monotherapy improved
6MWD and functional class in IPAH subjects, SSc-PAH subjects did not experience
significant improvement. However, clinical deterioration may have been slowed in these
patients. Importantly, there were significantly more side effects in SSc-PAH subjects
compared with 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 coadministered [127]. Whether these
interactions are the same in SSc-PAH remains unknown; however, underlying
gastrointestinal disorders such as esophageal dysmotility, gastroparesis, small bowel
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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 antineoplastic drugs initially in experimental
models, and now in clinical trials. Two strategies are currently under investigation in
randomized controlled trials: disruption of the PDGF and the VEGF pathways. 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 SSc-PAH and in a patient with
pulmonary veno-occlusive disease [128-132]. Since pulmonary veno-occlusive disease-like
changes in the pulmonary veins and venules may be common in SSc-PAH and a potential
reason for poorer response to PAH-specific therapy, imatinib offers a potentially attractive
alternative therapy [42]. A Phase Il study to evaluate the safety, tolerability and efficacy of
imatinib in PAH has been completed. While the study failed to demonstrate improvement in
6MWD in an intention-to-treat ana lysis, there were statistically significant improvements in
hemodynamic measurements [133]. Post-hoc analyses suggested improvements in patients
with more significant hemodynamic impairment. As such, a trial investigating the efficacy
of this agent in patients with severe disease is currently ongoing. Given the potential role of
autoimmunity in the pathogenesis of SSc-PAH, therapies targeting B cells are also being
studied. Currently, a randomized clinical trial of rituximab, an anti-CD20 therapy that
depletes B-cell lineages, is specifically and exclusively enrolling SSc-PAH patients who are
already on concomitant PAH-specific therapy to assess hemodynamic response.

Recently, the transcription factor Fos-related antigen-2 (Fra-2), a member of the activator
protein 1 (AP-1) family implicated in TGF-$ and PDGF signaling has been found to be
highly expressed in patients with SSc [134]. Since transgenic overexpression of Fra-2 causes
fibrosis and vascular disease (e.g., severe peripheral microangiopathy) [135], this factor may
serve as a potential therapeutic target.

Lung transplantation

Despite the advances in medical therapy for PAH, lung transplantation remains the final
therapeutic option. Although CTD is not an absolute contraindication to lung
transplantation, SSc patients tend to have multiorgan 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, SSc-PAH 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 with
patients with pulmonary fibrosis or IPAH [136].

Outcomes

Survival in SSc-PAH remains poor, despite the implementation of PAH-specific therapy
that, in general, has improved quality of life and functional capacity in patients with IPAH.
When compared with IPAH, SSc-PAH patients have at least a threefold increased risk of
death [5,6]. The reasons for a diminished response to therapy and poorer survival remain
unclear, but are probably related to the underlying effect of SSc on the heart, vasculature and
other organs such as the kidney and Gl tract. A better understanding of the complex
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pathogenic alterations in the way the RV adapts to increased afterload in SSc-PAH is
necessary to improve targeted therapy. Whether specific anti-inflammatory agents or drugs
targeting tyrosine kinase activity hold any promise of enhanced response is unknown at this
time.

Conclusion

Pulmonary arterial hypertension commonly complicates SSc and is probably 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 SSc-PAH. Furthermore, increased understanding of the pathogenesis of
PAH in SSc is imperative to develop therapies that target pathways specific to this disease.

Expert commentary

Scleroderma-related PAH, a syndrome with unacceptably high morbidity and mortality,
remains difficult to treat with current medical therapy. The reasons for a generally poorer
outcome compared with other forms of PAH may be related to the fact that scleroderma is a
multi system disease impacting, in addition to the lung parenchyma and pulmonary vessels,
the heart, kidneys and Gl tract. Thus, current use of end points to judge the potential efficacy
of modern treatment appears inadequate compared with other forms of PAH. A better
understanding of the patho physiology of the pulmonary vascular remodeling in this
syndrome, and its impact on the heart and other vital organs (such as the heart and kidney)
will likely provide clues to more effective therapy and better outcome.

Five-year view

Improved survival for patients with SSc-PAH will result from a better understanding of the
genetics and the factors (such as inflammatory processes) involved in the pathogenesis of
this disease. This should lead to targeted therapy which may include anti-inflammatory and
antiproliferative drugs in the future.
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Figure 1. Proposed diagnostic algorithm for pulmonary arterial hypertension in patients with
systemic sclerosis employed by the Johns Hopkins Pulmonary Hypertension Program
tElevated jugular venous pressure, increased second heart sound, RV tap or heave,
peripheral edema.

DLco: Diffusing capacity for carbon monoxide; FVC: Forced vital capacity; NT-proBNP:
N-terminal pro-brain natriuretic peptide; PH: Pulmonary hypertension; RHC: Right heart
catheterization; RV: Right ventricle; TAPSE: Tricuspid annular plane systolic excursion;
Va: Alveolar volume.

Adapted from [137].
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Figure 2. Clinical treatment algorithm for pulmonary arterial hypertension associated with
systemic sclerosis employed by the Johns Hopkins Pulmonary Hypertension Program
6MWD: 6-min walk distance; 6BMWT: 6-min walk test; AS: Atrial septostomy; ERA:
Endothelin receptor antagonist; iv.: Intravenous; NYHA: New York Heart Association;
PDE-5-I: Phosphodiesterase type-5 inhibitor; sc.: Subcutaneous.

Reproduced from [138].
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