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Abstract Vera-Lastra O, Porres-Aguilar M. Pulmonary arterial hyper-
Pulmonary arterial hypertension (PAH) represents a tension associated with systemic sclerosis: Current diagnos-
devastating vascular complication of systemic sclerosis tic approach and therapeutic strategies. World J Rheumatol
(SSc) and is found in 10%-15% of cases carrying a se- 2012; 2(2): 12-20 Available from: URL: http://www.wjgnet.
vere prognosis. PAH has a dramatic impact on the clin- com/2220-3214/full/v2/i2/12.htm DOI: http://dx.doi.
ical course and overall survival, being the single most ~ org/10.5499/wjr.v2.i2.12

common cause of death in patients with this entity.
The clinical course and aggressive progression of PAH
has led clinicians to perform annual screening for it,
since early detection and diagnosis are the cornerstone INTRODUCTION
of a prompt therapeutic intervention. The diagnosis of
PAH can be challenging to clinicians, particularly in its ]
early stages, since in the context of SSc, the multiple ly defined as a mean pulmonary arterial pressure (mPAP)
causes of dyspnea need to be assessed. Doppler echo-  greater than 25 mmHg, a mean pulmonary capillary
cardiography represents the best initial screening tool, ~ Wedge pressur < 15 mmHg, and pulmonary vascular re-
however, right heart catheterization remains the gold sistance greater than 3 Wood units, represents a progres-
standard and definitive diagnostic means. Remarkable sive syndrome of the pulmonary vasculature that leads to
advances have been achieved in elucidating the patho- progressive right ventricular failure, long-term disability

Pulmonary arterial hypertension (PAH), hemodynamical-
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and often death if left untreated within 2-2.5 years'™,

Systemic sclerosis (SSc) is defined as a heterogeneous
disorder characterized by endothelial dysfunction, dys-
regulation of fibroblasts resulting in excessive production
of collagen, and abnormalities in the immune system™,
These processes lead to progressive fibrosis of the skin
and internal organs resulting in premature organ failure
and death. Pulmonary involvement in SSc include intet-
stitial lung disease (ILD) and PAH, which are the most
common pulmonary manifestations nowadays and are
now the leading causes of death in SSc”. Typically, SSc-
associated PAH (SSc-PAH) will develop in patients with
a limited form of SSc after 10-15 years of evolution of
the disease!™”.

The frequency of SSc-PAH is about 8%-15% depen-
ding on the diagnostic method used. The following me-
thods have been recommended for its diagnosis, treat-
ment-follow-up and prognosis: Doppler transthoracic
echocardiogram (TTE), complete pulmonary function
tests (PFTs) or spirometry including carbon monoxide
diffusing capacity (DLCO), the 6 min walk test (6MWT),
and biological markers: n-terminal pro-brain natriuretic
peptide (NT-pro-BNP). The right heart catheterization
(RHC) remains the gold standard for definitive diagnosis
of PAH®™",

Remarkable advances have been achieved in elucidat-
ing the pathogenesis of PAH over the past two decades,
leading to the rapid development of disease-specific
therapies. However, despite these achievements, the re-
sponse to therapies is often divergent and suboptimal in
the subgroup of patients with SSc-PAH, since survival
remains poor, particularly when compared with idio-

pathic PAH (IPAH)"".

PATHOGENESIS AND PATHOBIOLOGY

Endothelial dysfunction plays an essential role in the
pathogenesis of SSc-PAH, which histopathologically is
characterized by intimal hyperplasia, medial hypertrophy,
and adventitial fibrosis. These changes lead to the devel-
opment of concentric obliterative arteriolar vasculopathy

with angioproliferative plexiform lesions; however, there
are fewer plexiform lesions, increased intimal fibrosis,
and more heterogeneity when compared with lesions
in IPAH". Two recent histopathological studies have
demonstrated the presence of pulmonary veno-occlusive
disease characterized by fibrotic remodeling of post-
capillary venules and preseptal veins, however, this needs
to be confirmed in larger studies!"”.

Autoimmunity appears to play a central role in pul-
monary vascular remodeling. These include endothelial
cell apoptosis and activation with expression of cell
adhesion molecules, inflaimmatory cellular recruitment,
hypercoagulable state, and intimal proliferation and ad-
ventitial fibrotic changes leading to obliterative arterio-
lopathym’m. Several studies have demonstrated increased
circulating factors like the soluble vascular cell adhesion
molecule, consistent with endothelial cell injurym. Dys-
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regulated angiogenesis may play also an important role
in the development of SSc-PAH, reflected by increased
levels of circulating vascular endothelial growth factor
(VEGEH)".

Autoantibodies are often associated with the develop-
ment of certain phenotypes in SSc with the subsequent
development of PAH. Antifibrillarin antibodies are fre-
quently found in SSc-PAH patients and the antiendothe-
lial cell antibodies correlate with digital ischemia and in-
farcts, and could display distinct reactivity profiles against
antigens from the micro and macrovascular beds!" ™.

Given the importance of the concept of vasopro-
liferation and endothelial dysfunction described in dif-
ferent forms of PAH"?" it has also been hypothesized
in SSc-PAH: an imbalance of vasomediators leading to
vasoconstriction, endothelial damage leading to further
vascular remodeling, proliferation of the endothelium
and vascular smooth muscle cells, along with in situ
thrombosis"”*". Increased levels of endothelin type-1
(ET-1), a potent selective pulmonary vasoconstrictor
produced in the pulmonary vascular endothelium, has
been shown to play a prominent role in the pathobiol-
ogy of PAH®. Both serotonin and ET-1 are dual-action
potent pulmonary vascoconstrictors that may induce sig-
nificant pulmonary vascular remodeling change as well
as mitogenic changes in the pulmonary arterioles” . At
the same time, synthesis of vasodilators such as nitric
oxide (NO) and prostacyclin may be decreased in dif-
ferent forms of PAH, facilitating further the vascular
remodeling and the proliferative response. Importantly,
prostacyclin synthase levels have been demonstrated to
be down-regulated in patients with PAH™.

DIAGNOSTIC APPROACH

Clinical presentation

Typically, patients with SSc-PAH are predominantly wo-
men, have limited SSc, and tend to be older. Clinical
symptoms in PAH tend to be nonspecific, and dyspnea
on exertion is the most common initial complaint“‘wzz{
Other common symptoms include fatigue, generalized
weakness, light-headedness, and orthopnea. Physical
examination may show elevated jugular venous pres-
sure in the neck, an accentuated pulmonic component
of the second heart sound, a systolic murmur that could
be consistent with tricuspid regurgitation or a murmur
of pulmonic insufficiency (Graham-Steele murmur), as
well as a pulsatile liver, suggestive of hepatic congestion.
Dependent bilateral lower extremity edema may be a sign
of right ventricular dysfunction and PAH®". In addition,
since other organs could be commonly affected in SSc,
including myocardial, pericardial, or generalized vascu-
lar and musculoskeletal organs, causing also the above
mentioned myriad of symptoms, the initial diagnostic ap-
proach represents a complete challenge for the clinician.
Furthermore, patients with SSc-PAH more commonly
present with pericardial effusion when compared with
IPAH, although it remains unclear whether the effusions
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are due to progressive right ventricular (RV) dysfunction
or due to the underlying autoimmune process.

Specific screening and assessment

Patients with SSc have an advantage over IPAH patients,
since SSc patients (both limited and diffuse SSc) are
identified as a population at high risk to develop PAH
overtime. Therefore, we recommend close clinical sut-
veillance as well as annual screening by useful tools that
we will discuss in the latter section of this review, par-
ticularly screening for pulmonary complications like ILD
and/or PAH. This constitutes an annual or biannual
Doppler TTE, complete PFTs or spirometry including
DLCO and the 6MWT™. A recently published consen-
sus statement from the American College of Cardiology,
American Heart Association in conjunction with the
American College of Chest Physicians (ACCP), Ameri-
can Thoracic Society and the Pulmonary Hypertension
Association strongly recommends yearly TTE for pa-
tients with SSc to screen for PAHPY,

PFTs abnormalities, such as progressive decline in
DLCQO, alone or in combination of a forced vital capac-
ity (FVC)%/DLCO% ratio > 1.4 may identify SSc pa-
tients that could be developing PAH, however, this strat-
egy may not be routinely performed by clinicians'**>*",
Hormonal and humoral dysfunction is also common in
PAH, as evidenced by signs of neurohormonal activation
by elevated levels of NT-pro-BNP, a neuropeptide re-
leased in response to right ventricular stretch and stress,
is frequently elevated in SSc-PAH and appears signifi-
cantly higher than in patients with IPAH despite similar
hemodynamic alterations””. Simultaneously, hyponatre-
mia, a marker of neurohormonal activation, is also very
common in SSc-PAH, and portends a poor prognosis[zs‘.

The 6MWT is employed as a simple, reproducible,
and valid measure of submaximal cardiopulmonary ex-
ercise capacity. The utility of the test as a predictor of
prognosis, and measure of response to pharmacological
therapy has been well studied and validated. The test
has also been used as a surrogate to predict survival and
utilized as a primary outcome in pharmacological PAH
clinical trials and has also been well studied and prospec-
tively validated in the IPAH subgroupm]. However, its
value in the evaluation of submaximal exercise capacity
in SSc-PAH has become a great matter of debate, since
in this subset of patients their functional status is not
only affected by the cardiorespiratory status, but also
arthropathy, myopathy, musculoskeletal dysfunction or
lower extremity digital ischemia associated with $Sct,
Hence, the 6MWT does not always represent a reliable
tool when evaluating the cardiopulmonary capacity in
SSc-PAH patients, limiting its utility™.

NT-pro-BNP represents an acceptable serum marker
for severity, prognosis, and response to therapy in pa-
tients with different forms of PAH". However, in SSc,
subclinical myocardial involvement is common and NT-
pro-BNP can be elevated in patients with early myocar-
dial involvement, as well as in SSc-PAH"; moreover,
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elevated NT-pro-BNP does not help differentiate left
heart disease from right ventricular systolic or diastolic
dysfunction in the setting of SSc, especially when both
pathophysiological entities coexist™ .

TTE represents an essential, probably the best non-
invasive method of choice for the initial assessment and
screening tools in the diagnostic approach for diverse
forms of PAH"*"? In a large multicenter French study,
patients with SSc and non severely depressed FVC by
PEFTs, were screened using Doppler TTE; those with a
tricuspid regurgitation velocity (TRV) jet > 3 m/s, or 2.5-3
m/s accompanied by unexplained dyspnea, underwent
RHC to confirm PAH". This study supported the idea
that proper screening may help identify patients at an
early stage of their disease. TTE is useful because it can
help in the differential diagnosis of pulmonary hyperten-
sion, identifying elevated pulmonary arterial pressures
due to systolic and diastolic left ventricular dysfunction.
Several indices of right ventricular function, such as the
tricuspid annular plane systolic excursion (TAPSE) and
the right ventricular systolic performance index (Tei
index), can also be determined by this technique[34’35].
Acknowledging the limitations of TTE for the definitive
diagnosis of PAH, the echocardiographic estimation of
the likelihood of PAH is among the key elements in the
decision-making process, related to the need and timing
of RHC in patients with suspected PAH. A retrospective
analysis assessed 137 SSc patients regardless of the pres-
ence or absence of ILD. The cut off from the estimated
right ventricular systolic pressure (RVSP) of 35 mmHg
and the TRV jet of 2.75 m/s had an 88% sensitivity and
42% specificity for the diagnosis of PAH". A cut off
of RVSP > 50 mmHg and TRV jet > 3.3 m/s had 97%
specificity but only 47% of sensitivity for the diagnosis
of PAH™,

Frea et al’” prospectively studied 38 patients with
SSc without PAH during a 12 mo period including TTE
evaluation, calculating RV function and morphology,
TRV jets, RVSP, TAPSE, Tei index, and pulmonary flow
acceleration time (AcT), as well as RV outflow tract time-
velocity integral (TVI), and found that four patients
developed PAH. Only TRV/AcT and TRV/TVI ratios
significantly predicted the development of PAH, show-
ing good diagnostic power (TRV/TVI ratio with 75%
sensitivity and 95% specificity and TRV/AcT ratio with
75% sensitivity and 71% specificity). The multicenter
pulmonary hypertension assessment and recognition of
outcomes in scleroderma registry prospectively follows
patients with SSc at high risk or with incidental PAH.
Analyses of this multinational registry will allow iden-
tification of risk factors for the development of PAH
among SSc patients and enhance understanding of the
course of SSc-PAHP.

The ongoing detecting early tumors enables cancer
therapy study in SSc patients is currently evaluating pro-
spectively the role of TTE against RHC for sensitivity,
specificity, predictive value in identifying patients with
PAH™
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RHC assessing cardiopulmonary hemodynamics re-
presents the gold standard and is necessary for the de-
finitive diagnosis of PAH"*Y. Mean right atrial pressure,
dectreased cardiac index (CI), and increased mPAP are
predictors of death or need for lung transplantation in
IPAH™. However, although these data have been pro-
spectively validated in the IPAH subgroup of patients,
they remain of unclear usefulness in SSc-associated PAH
patients. In a retrospective analysis comparing baseline
hemodynamic parameters between IPAH and SSc-PAH
patients, patients with SSc had significantly lower mPAP
and pulmonary vascular resistance by RHC and equally
depressed CI compared with IPAH patients; however,
follow-up demonstrated that SSc patients were four
times more likely to die when compared with IPAH pa-
tients despite comparable therapym. These paradoxical
findings suggest that the RV may have a reduced ability
to adapt to increased mPAP, perhaps related in part due
to myocardial involvement in SSc.

The Johns Hopkins Pulmonary Hypertension Center
of Excellence has recently developed and proposed a
diagnostic algorithm for routine clinical tests and tools
in patients with SSc, which may allow early detection of
PAH, as well as other potential causes of dyspnea such as
myocardial involvement (left ventricular dysfunction), as
well as diffuse parenchymal lung disease such as TLD™

(Figure 1).

TREATMENT

A better understanding of the pathophysiologic mecha-
nisms in PAH, has allowed clinicians to develop new
and effective therapeutic targets for this devastating dis-

ase!"™. Currently, three main classes of drugs for the
treatment of PAH exist: prostacyclin analogues, endo-
thelin receptor antagonists (ETRA) and phosphodiester-

ase type 5 inhibitors (PDEI-5)"Y.

Prostacyclin analogues

Prostacyclin and its analogues are metabolites of the ara-
chidonic acid that are produced by the vascular endothe-
lium. They exhibit potent vasodilatory, antithrombotic,
antiproliferative and anti-inflammatory properties. The
vasoconstriction, thrombosis, proliferation and the lack
of endogenous prostaglandin I-2 (PGI-2) associated with
PAH may contribute substantially to this condition'*.
PAH shows low levels of PGI-2 thus, several analogues
have been developed for its management.

Intravenous epoprostenol was the first approved drug
for the treatment of PAH, especially for patients with
functional class IV and advanced right ventricular failure.
Treatment with epoprostenol was associated with im-
provement in exercise capacity, hemodynamic measures
and quality of life not only in patients with IPAH, but
also in patients with PAH-SSc"***". Tntravenous epopros-
tenol has been approved by the Food and Drug Admin-
istration for the treatment of severe IPAH, supported by
the results of randomized controlled trials (RCT) which
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Routine testing
Echocardiography every 6 mo/yr
Pulmonary function tests every 6 mo/yr

Clinical suspicion based on any of the following:
Dyspnea
Physical findings
DLCO or DLCO/alveolar volume
FVC/DLCO < 1.6

J

Transthoracic echocardiography

No evidence of PH TRV jet > 2.5 m/seg with unexplained
RV size/ normal function dyspnea or TRV > 3 m/seg

l l

Perform RHC
(with or without exercise)

Seek other etiologies
of dyspnea

Figure 1 Algorithm for detection of pulmonary arterial hypertension in pa-
tients with systemic sclerosis. Proposed algorithm for performance of routine
clinical tests in patients with systemic sclerosis, which may allow early detection
of pulmonary arterial hypertension or other causes of cardiac dysfunction (e.g.
left ventricular diastolic or systolic dysfunction). DLCO: Diffusing capacity of
carbon monoxide; FVC: Forced vital capacity; PH: Pulmonary hypertension;
RHC: Right heart catheterization; RV: Right ventricle; TRV: Tricuspid regurgita-

tion velocity. Reproduced with permission from Hassoun!*”.

have documented significant improvement in the survival
of these parjentsl48’49]. Therefore, it is recommended for
the treatment of IPAH as well as for severe SSc-PAH".
Treprostinil (subcutaneous, intravenous or inhalation),
loprost (intravenous or inhaled) and beraprost (oral) are
other PGI-2 analogues with longer half-life which were
developed later, and can be administered by different
routes and have also proved effective in the treatment of
PAH. Subcutaneous treprostenil has been studied in a
large RCT of 470 patients with PAH, which included pa-
tients with connective tissue disease (CTD-PAH), where
it was found to improve exercise capacity 6WMT, hemo-
dynamics and clinical events”'l A post-hoc analysis of
data from 90 patients with CTD-PAH including SSc-PAH
demonstrated that continuous subcutaneous infusion of
treprostenil improved exercise capacity, symptoms of
PAH and pulmonary hemodynamic parameters™.
Studies suggested that inhaled iloprost, a stable PA,
promotes selective pulmonary vasodilatation, improves
hemodynamics and exercise capacity in patients with
PAH. This medication was investigated in 203 patients, 17
of whom had CTD-PAH and it was concluded that there
was an improvement in 6WMT in patients who received
inhaled iloprost »s deterioration in those who received
placebom]. Inhaled iloprost is an effective therapy for
patients with severe PAH. An uncontrolled study in SSc-
PAH patients treated with aerosolized iloprost showed it

1s potentially useful as a treatment for these patients[w
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ETRA

ETRA have proven useful in patients with IPAH and
with CTD-PAH, especially SSc. PAH is characterized
by excess production of endothelin-1 (ET-1), therefore
blocking the effects of ET-1 »iz antagonism of the ETa
and ETs receptors is an important therapeutic strategy™'.
Three molecules are currently available for the treatment
of PAH. Bosentan, which non-selectively blocks both
ETa and ETs receptors, sitaxsentan and ambrisentan,
which selectively blocks the ETa receptor[41’55]. Two RCTs
demonstrated that bosentan improves exercise capacity,
functional class and some hemodynamic measures in
PAHP.

Denton ¢t al™ published a subgroup analysis on the
use of bosentan in the treatment of severe CTD-PAH
including SSc-PAH. This study found that short-term
treatment with bosentan seemed to have a favorable ef-
fect compared with placebo.

The long-term follow-up of these patients suggests
that bosentan, plus other PAH treatments, if required, is
safe for long-term treatment and may have a positive ef-
fect on patient outcome. The 92% estimate for survival
at 48 wk is a significant achievement in this patient popu-
lation™. A retrospective study showed that bosentan in
patients with SSc-PAH and IPAH with a follow up of at
least 6 mo was associated with long term improvement in
functional class and good survival in patients with func-
tional class Il IPAH. However, most SSc-PAH patients
experienced stability and some showed impairment in
functional class who tended to have a higher mortality®”.
Analysis of the two RTC and their long-term extension
studies suggested that bosentan may improve survival in
SSc-PAH in comparison with historic controls”**”. Based
on the results of RCT, bosentan was recommended in
the current guidelines of the ACCP™.

The new selective ETRA sitaxsentan and ambrisentan
have also shown to be efficacious in the treatment of
PAH, resulting in small gains in 6MWT and other clini-
cal markers®, Studies with these agents which included
patients wich SSc-PAH, revealed their efficacy in the
treatment of PAH"". Sitaxsentan has been studied in
two RCT of which STRIDE-2 is the most important. In
this study which included 74 patients with CTD-PAH,
treatment with sitaxsentan led to improvement in 6WMT
over the 18 wk treatment periodm, with a low incidence
of hepatic toxicity. Supported by two RCT studies, results
indicate that sitaxentan improved exercise capacity, func-
tional class and some hemodynamic measures in PAH.
At present, sitaxentan may also be considered in the
treatment of SSc-PAH™** Ambrisentan was evaluated
in two double-blind studies in 64 patients with IPAH or
CTD-PAH, during 12 wk. Their results appeared to im-
prove exercise capacity, symptoms, and hemodynamics in
patients with PAH and the incidence and severity of liver

. 66
enzyme abnormalities was also low!™’.

Phosphodiesterase-5 inhibitors
NO works via the cyclic guanosine monophosphate (cG-
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MP) pathway to mediate vasodilation and antiprolifera-
tion. In PAH there is impaired NO production. Sildenafil
inhibits phosphodiesterase type 5 (an enzyme that me-
tabolizes cGMP), thereby enhancing the cGMP mediated
relaxation and growth inhibition of vascular smooth-
muscle cells, including those in the lung. In a post-hoc
subgroup analysis of 84 patients with CTD-PAH in silde-
nafil use in pulmonary arterial hypertension-1 (45% of
the patients had SSc), sildenafil revealed improvement in
exercise capacity, hemodynamic and functional class after
12 wk of treatment. Side effects of sildenafil included
headache, flushing and heartburn, among the most com-
mon'"*, Tadalafil is another PDEI-5 that should be used
in the treatment of PAH. In patients with PAH, tadalafil
40 mg was given orally and was well tolerated and im-
proved exercise capacity and quality of life measures and
reduced clinical Worsening[41’69] although further studies
are necessary for the treatment of SSc-PAH.

Combination therapy

Based on current knowledge regarding the complex
pathobiology involved in the development of PAH, it has
been proposed that combined therapy (CT) can provide
synergistic effects on the pulmonary vasculature. Present-
ly, CT has been used in treating patients whose response
to monotherapy was very poor. The best results can be
achieved by either the simultaneous administration of
two or more agents or either by the sequential addition
of one or more agents to ongoing therapym. Despite
the encouraging results in the treatment of IPAH, there
is scant information about its use in patients with SSc-
PAH",

Adding inhaled iloprost to patients receiving bosentan
has shown to be beneficial in a small RCT study. In this
study, CT was well tolerated and led to an improvement
in New York Heart Association (NYHA) functional class,
functional class, mPAP and delayed time to clinical wors-
eningm.

Another study showed that the addition of oral sil-
denafil to intravenous epoprostenol improved exercise
capacity, hemodynamic measurements, time to clinical
worsening, and quality of life, but not Borg dyspnea
score. Increased rates of headache and dyspepsia oc-
curred in the add-on arm. However, this study excluded
patients with SSc-PAH™. These results have been more
encouraging in the treatment of IPAH than SSc-PAH.

On the other hand, the addition of sildenafil after
bosentan monotherapy failed to improve NYHA func-
tional class and 6MWT in IPAH and SSc-PAH. Further
studies are necessary to evaluate the tolerability, efficacy
and safety CT in patients with SSc-PAH™,

CT of PDEI with ETRA is currently being evalu-
ated. Therapy of PAH is usually started with oral mono-
therapy, frequently using an ETRA. When the first line
therapy is not tolerated, ETRA is substituted by a PDEL
If treatment goals are not achieved with monotherapy,
CT could be used. Treatment of SSc-PAH follows the
same algorithms as in IPAH™,
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Table 1 Recommendations for the treatment of systemic sclerosis

Strength of

Type of drugs Drugs and doses Study Results recommendation Ref.
Endothelin Bosentan, 62.5 mg twice daily for 4 wk, followed 125 twice 2 RCT Improves exercise capacity, A/B [56,57]
receptor daily for 12 wk functional class and some
antagonists hemodynamic measures
Sitaxentan, 100 mg/d for 18 wk STRIDE-2 study Improves exercise capacity, A/B [64,66]
group STRIDE-1 functional class and some
study group hemodynamic measures
PDEI-5 Sildenafil, 20, 40, 80 mg three times daily for 12 wk SUPER study Improves exercise capacity, A/B [67]
group functional class and some
hemodynamic measures
Prostacyclin  Intravenous epoprostenol at the start usually <2 ng/kgof RCT Improves exercise capacity, A/B [46]
analogues body weight per minute (infused continuously by infusion functional class and

pump); during 12 wk study, doses were adjusted with
mean epoprostenol infusion rate of 11 ng/kg per minute

hemodynamic measures

RCT: Randomized controlled trials; SUPER: Sildenafil use in pulmonary arterial hypertension; STRIDE: Sitaxsentan to relieve impaired exercise; A/B: Based
on studies with high levels of recommendation; PDEI-5: Phosphodiesterase type 5 inhibitor.

New therapies: Tyrosine kinase inhibitors

The PAH is characterized by an aberrant proliferation of
endothelial, smooth muscle cell, and increased expres-
sion of secreted growth factors such as the VEGF and
the platelet derived grow factor (PDGF). These pivotal
discoveries have changed the views in the treatment of
PAH. Two strategies that are presently tested: disruption
of PDGF and VEGTF signaling pathways Imatinib whose
mechanism is to inhibit the Ber-Abl kinase is the proto-
typical PDGF receptor signaling inhibitor currently under
clinical investigation. Sorafenib is the other drug currently
being tested. Their efficacy is due to their dual inhibition
of VEGF and PDGF signaling pathways. In experimen-
tal models of PAH, imatinib has been tested and shown
to be effective™™™, Some reports have indicated its util-
ity including one in patients with SSc-PAH""™. A Phase
II study evaluating safety, tolerability and efficacy of
imatinib in PAH has been completed. Although the study
failed to demonstrate improvement in 6MWD there were
statistically significant improvements in hemodynamic
measurements. Post hoc subgroup analyses indicate that
patients with more hemodynamic impairment may re-
spond better than patients with less impairment™’, If
these new antineoplastic drugs with anti-tyrosine kinase
activity can play a role in SSc-HAP or in IPAH remains
to be proven"",

Based on the potential role of autoimmunity in SSc-
PAH, other therapeutic strategies are being studied such
as rituximab, an anti CD 20 therapy that depletes B cell
lineages. Lately the transcription factor Fos-related anti-
gen-2 (Fra-2), a member of the activator protein 1 family
implicated in transforming growth factor-f and PDGF
signaling has been found to be up-regulated in patients
with SSc. Due to the fact that Fra-2 causes fibrosis and
vascular disease, this factor can be a potential therapeutic

target”'.

Lung transplantation
Lung transplantation (LT) is the last option for patients
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with PAH who fail to respond to medical management.
Although, SSc is not an absolute contraindication to LT,
these patients often have associated comorbidities and
multiorgan involvement, placing them at a high risk for
LT with a two-year survival rates in cases of SSc patients
adequately screened and detected to have PAH compa-
rable to IPAH patientsmjs’gz’%].

Recommendations for the treatment of SSc
The European league against theumatism and sclero-
derma trial and research group has recently published

the following recommendations for the management of
SSc-PAH (Table 1).

CONCLUSION

The SSc-PAH is a devastating complication of SSc, de-
serving adequate periodic screening and prompt diagno-
sis that will lead to an eatly treatment. Currently, despite
the advances in the knowledge of the pathophysiologic
mechanisms of PAH, treatment with PA, ETRA and
PDEI have not been as successful as with IPAH. A bet-
ter understanding of the pathophysiologic mechanisms
of the pulmonary vascular remodeling and its impact on
the heart and other vital organs in SSc is of paramount
importance and cornerstone in order to develop novel
therapies.
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