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Editor’s Memo

Introducing
Scleroderma Care and Research

‘ N 2 e welcome you to this new publication, Scleroderma Care and Research.
This is the inaugural issue of a journal developed by the Scleroderma
Clinical Trials Consortium (SCTC), and we have lofty goals.

The SCTC was organized in 1994 by a cadre of individuals dedicated to the
concept that persons with scleroderma deserved the highest standards in clinical
research. The SCTC incorporated as a tax exempt organization in 2001 and

has grown to be a dynamic international body. The mission of the SCTC is to
develop, conduct, and promote rigorous generalizable interventional research
into this most enigmatic and challenging disorder. Activities include trial
development, cohesive studies of candidate measures of outcome, and rapid
application of bench research to bedside practice. SCTC members are firmly
committed to the concept that until therapies for scleroderma are documented
to be effective, protocol participation is the treatment of choice.

Our underlying motivation is elevation of standards of care in scleroderma.

This publication is an important step forward. This issue focuses on the complex-
ities of lung involvement in scleroderma. Lung involvement has emerged to be
the leading cause of death. As with any aspect of scleroderma, pathophysiology
is complex and multifactorial. In fibrosing alveolitis, rigorous randomized
controlled trials are in progress with cyclophosphamide and with bosentan. In
pulmonary arterial hypertension, we now have three FDA-approved agents—
epoprostenol, bosentan, and treprostinil-and many more are in clinical
development.

We hope you find this journal useful in your practice. We hope that you con-
sider SCTC trials as an approach to patient management. We urge you to visit
our Web page (http://www.sctc-online.org) for updated information about trials
and how to contact participating centers.

We thank our partners in this endeavor, including the International Scleroderma
Network, the Scleroderma Research Foundation, and the Scleroderma
Foundation. Each of these patient-oriented groups stands shoulder to shoulder
with the SCTC in the quest to solve scleroderma. Visit their Web pages. Alert
your patients to the growing array of resources. Finally, we thank Actelion
Pharmaceuticals and United Therapeutics for their initial underwriting of

this venture.

James R. Seibold, MD
Editor-in-Chief



Interstitial Lung Disease in Systemic Sclerosis:
Optimizing Evaluation and Management

Richard M. Silver, MD, and Philip J. Clements, MD

Richard M. Silver, MD, is Professor and Chief, Division of
Rheumatology and Immunology, Medical University of South
Carolina, Charleston, South Carolina

Philip J. Clements, MD, is Professor of Medicine, Division of
Rheumatology, UCLA School of Medicine, Los Angeles,
California

Since angiotensin-converting-enzyme (ACE) inhibitors are saving
the lives of the majority of systemic sclerosis (SSc) patients affect-
ed by scleroderma renal crisis (SRC), most SSc deaths are now the
result of end-stage lung disease (both interstitial and pulmonary
vascular). Although ~90% of SSc patients have been found to
have pulmonary interstitial fibrotic changes at postmortem exam-
ination or on high-resolution computed tomography (HRCT) of
the chest, only ~40% develop moderate or severe restrictive pul-
monary disease on physiologic pulmonary function testing (forced
vital capacity [FVC] of <75% of predicted). Not unexpectedly,
survival is inversely related to the degree of pulmonary restriction:
the 10-year cumulative survival in one study was 87% in patients
with minimal or no restriction (%FVC >75% of predicted), 75%
in patients with moderate restriction (%FVC between 50% and
75% of predicted), and 58% in patients with severe restriction
(%FVC <50% of predicted).

The earliest interstitial changes in SSc interstitial lung disease
(ILD) occur in the subpleural areas in the posterior bases of both
lungs. In patients who later go on to develop moderate or severe
restriction, the interstitial changes appear in ever-higher levels of
the lung (ie, the upper lung fields becoming affected in the most
severe instances).

In SSc patients who do go on to develop significant interstitial-
restrictive lung disease, the greatest loss of physiologic lung func-
tion (especially the %FVC) occurs early. In one study, those
patients who went on to develop severe restrictive disease (%FVC
<50% of predicted) lost 32% of remaining FVC each year for 2
years, then 12% of remaining FVC each year for 2 years and 3%
of remaining FVC each year through years 5 and 6. This study
suggests that if physicians are going to make a difference in the
lives of these SSc patients, we must be able to identify patients
who are likely to progress to severe restrictive lung disease, and
treat them within the first few years of SSc onset. This goal of
early detection in order to initiate rapid and potent treatment is
similar to that shared by rheumatologists caring for patients with
early rheumatoid arthritis (RA) or for lupus patients at risk for dif-

fuse proliferative glomerulonephritis. Only in recent years have
the tools become available to investigate early interstitial and pul-
monary vascular disease in SSc patients.

ETIOPATHOGENESIS
Although it is clear that ILD in SSc is associated with interstitial
and alveolar inflammation, pulmonary vascular abnormalities and
interstitial fibrosis, it is not clear which, if any, are the primary
events. It may well be that there is another as yet unidentified
process which, once initiated, leads to all these downstream
events. There are strong suggestions, however, that inflammation
(seen on lung biopsy or in the bronchoalveolar lavage [BAL]
fluid) is an early process and that when present, it predicts pro-
gressive decline in physiologic lung function (measured primarily
as %FVC). The progressive loss of lung function then predicts
increasing morbidity and a progressive decline in survival.
Although long felt to be the result of a bland fibrosing process,
the “alveolitis” associated with SSc lung disease is now known to
be associated with an active, inflammatory process that culmi-
nates in fibrosis and significant alteration of the pulmonary
microarchitecture. Numerous studies have confirmed the presence
of pro-inflammatory and profibrotic cytokines in the BAL fluid
obtained from SSc patients with ILD. For example, levels of the
chemokine IL-8 are elevated, perhaps contributing to the neu-
trophilic alveolitis characteristic of SSc ILD. Tumor necrosis fac-
tor-alpha (TNF-alpha) levels are also elevated (in serum and BAL
fluid) and have been shown to correlate inversely with FVC.
Potent fibroblast mitogens (eg, platelet-derived growth factor
[PDGF] and thrombin) and profibrotic factors (eg, transforming
growth factor-beta [TGF-beta] and connective tissue growth fac-
tor [CTGF]) are elevated in SSc BAL fluid and may play a role in
the pathogenesis of ILD in SSc. The presence of such cytokines
and growth factors may one day indicate the need for aggressive
therapy to neutralize their effects, similar to the use of TNF-alpha
inhibitors in patients with RA.

CLINICAL EVALUATION OF LUNG FUNCTION

AND LUNG INVOLVEMENT

Symptoms

Dyspnea is the most common complaint of patients with ILD and
when severe is a most debilitating symptom. With mild degrees of
ILD, the dyspnea usually becomes apparent only with exertion.
By the time dyspnea is occurring at rest, it is usually a sign that the
lung disease is moderate or severe (either from ILD or from pul-
monary vascular disease). In SSc a number of comorbidities (ie,
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Fig. 1—Patient undergoing pulmonary function testing.

fatigue and musculoskeletal pain/weakness and restricted joint
motion) may occur concomitantly and prevent patients from
exerting themselves enough to know whether or not they have
dyspnea. Because patients may not be able to exert themselves, for
reasons other than dyspnea, assessment of the degree of dyspnea
in SSc may be difficult or impossible. Thus an alternative
approach is being advocated to detect progressive restrictive dis-
ease early in its course: SSc patients should be screened with pul-
monary function testing (sometimes it is adequate to order only
the %FVC [spirometry] and the diffusing capacity [%DL ] every
3 to 6 months in the first 6 years of SSc). This type of screening
will document progressive declines in FVC and/or DL, which
should be the signal to evaluate the patient further. Cough is
another common symptom of lung fibrosis. Usually, the cough is
nonproductive and made worse by exertion. A productive cough,
or hemoptysis, requires further evaluation to rule out such condi-
tions as aspiration pneumonia or neoplasm.

Pulmonary Function Testing

Physiologic pulmonary function tests (PFTs) are among the easi-
est and least invasive ways of measuring lung function and have
been used as surrogates for morbidity and survival in most lung
diseases, including SSc (Figure 1). Rarely, diminished oral aper-
ture precludes adequate PFTs. In such cases, a flexible pediatric
mouthpiece might be useful. The most frequently abnormal PFT
in SSc is the DL,. Unfortunately this test can reflect damage
from a multitude of processes, including obstructive, restrictive,
and pulmonary vascular involvement. Fortunately in SSc, obstruc-
tive disease is not all that common, and as a result, a reduced
DL, usually reflects restrictive and/or pulmonary vascular dis-
ease. FVC on the other hand is a better measure of ILD or restric-
tive lung disease, assuming confounding issues with poor patient
effort or weak respiratory muscles can be ruled out.

In SSc we tend to use %FVC and %DL, as measures of eval-
uating restrictive disease (where %FVC and %DL_ tend to
decline to the same degree) and pulmonary vascular disease
(where there is a disproportionate decline in DL, relative to
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decline in FVC). These two measures can be put into a ratio
where the %FVC is the numerator and the %DL, is the denom-
inator (%FVC + %DL). This ratio can help in thinking about
whether the patient has predominantly interstitial disease, pul-
monary vascular disease, or a mixture of both.

Three examples may help to explain. 1) If the %FVC is less
than 75% of predicted and the ratio of the %FVC divided by
%DL, is <1.4, it is likely that the patient has a predominantly
restrictive pulmonary pattern. 2) If the %FVC is >75% and the
ratio of %FVC divided by %DLCO is >1.4 (ie, a %FVC of 80%
and a %DL, of 40% would give a ratio of 2.0), it is more likely
that the patient has a primarily pulmonary vascular involvement.
3) If the %FVC is <75% and the ratio of %FVC divided by
%DL, is >1.4 (ie, a %FVC of 60% and a %DL, of 30% would
give a ratio of 2.0), it is very likely that the patient has a mixture
of restrictive and pulmonary vascular involvement.

It is important for physicians to recognize these three patterns
because appropriate recognition can help the physician focus on
the appropriate set of evaluations. This should not be taken to
mean that a patient who has findings on PFTs that look like a pri-
marily restrictive pattern should not have some attention paid to
the possibility of pulmonary vascular involvement (and vice
versa) as a cause of dyspnea. What it does mean is that the patient
with predominantly restrictive PFTs may need the most intensive
attention paid to the causes and treatment of interstitial-restrictive
lung disease.

Open Lung Biopsy

The “gold standard” for the evaluation of restrictive lung disease
is the open lung biopsy that can show the type and degree of
inflammation as well as the degree of fibrosis. It can also show the
presence of other processes that may mimic or confound SSc ILD
(ie, sarcoidosis, bronchiolitis obliterans with organizing pneumo-
nia [BOOP], aspiration from gastroesophageal reflux). The classi-
fications of the histopathologic patterns in ILD, however, contin-
ue to change, perhaps reflecting an incomplete understanding of
the pathogenesis of the various ILDs. In addition it is not clear
whether the classification really predicts outcome or response to
treatment. A recent review from Bouros et al. suggests that the
predominant lesion in SSc is nonspecific interstitial pneumonitis
(NSIP). Other studies suggest that the lesion found in one area of
lung tissue may be different from another found in another area of
the same patient with idiopathic pulmonary fibrosis (IPF), a dis-
order considered by many to be similar to ILD of SSc.

Because the test is invasive, is associated with significant mor-
bidity even if done thorascopically, can give differing results
depending on what area(s) are selected for biopsy, and may not
provide accurate prognostic or therapeutic guidance, it is not con-
sidered the test of choice.

Bronchoalveolar Lavage

When properly performed, the BAL fluid cell differential reflects
inflammatory alveolitis much as synovial fluid analysis reflects
inflammatory synovitis. The fact that histopathologic sections
from lung biopsies show weak correlations with BAL fluid find-
ings also should not be surprising. Synovial tissue biopsies in
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Bosentan Use in Interstitial Lung Disease

A double-blind, randomized, placebo-controlled, multicenter study
to assess the efficacy, safety, and tolerability of bosentan in patients
with active interstitial lung disease associated with systemic sclerosis

Oral bosentan 125 mg / placebo b.i.d.
Primary endpoint: Change from baseline to month 12 in 6-minute walk distance.
Main secondary endpoint: Time to death or worsening pulmonary function tests.

Main Inclusion Criteria

* Systemic sclerosis diffuse or limited.

* Significant interstitial lung disease on HRCT scan.
* DLco <80% of predicted.

* Dyspnea on exertion.

» Walk not limited for musculoskeletal reasons.

Main Exclusion Criteria

* Interstitial lung disease due to conditions other than systemic sclerosis.

* End-stage restrictive or obstructive lung disease.

* Severe cardiac or renal diseases.

* Significant pulmonary arterial hypertension.

* Smoker (> Scigarettes per day).

* Treatments with immunosuppressive, antifibrotic drugs, high dose corticosteroids
(within 4 weeks of randomization).

Participating Sites
Site participation depends on IRB/regulatory approval

USA Europe / Israel

e Medical Univ South Carolina, Charleston — Dr. Silver e Charité Universitétsklinikum, Berlin — Germany — Dr. Riemekasten
* UMDNJ, New Brunswick — Dr. Seibold » Hopital Saint Antoine, Paris — France — Dr. Cabane

* St Peters Hospital, Albany — Dr. Shapiro * Centre Hospitalier Universitaire, Grenoble — France — Dr. Carpentier
* Virginia Mason Medical Center, Seattle — Dr. Molitor » Hopital Avicenne, Bobigny — France — Dr. Guillevin

* University of Washington, Seattle — Dr. Raghu e Instituto di Clinica, Firenze — Italy — Dr. Matucci Cerinic

* Georgetown University, Washington, DC — Dr. Steen  Ospedale Maggiore, Milano — Italy — Dr. Scorza

* Chicago College of Medicine, Chicago — Dr. Varga ¢ Policlinico Universitario, Padova — Italy — Dr. Todesco

* Hutzel Hospital, Detroit — Dr. Chatterjee ¢ Sint Maartenskliniek, Nijmegen — Netherlands — Dr. van den Hoogen
* Denver Health Medical Center, Denver — Dr. Collier * Lund University Hospital, Lund — Sweden — Dr. Akesson

* UCLA Med School, Los Angeles — Dr. Furst  University Hospital, Ziirich — Switzerland — Dr. Brithlmann

» Jefferson Medical College, Philadelphia — Dr. Jimenez * Royal Free Hospital, London — UK — Dr. Black

* Boston Univ School of Medicine, Boston — Dr. Korn e Leeds General Infirmary, Leeds — UK — Dr. Emery

* Univ Texas Houston Medical School, Houston — Dr. Mayes * Pulmonary institute, Rabin Medical Center, Petach Tikva —

* University of Pittsburgh, Pittsburgh — Dr. Medsger Israel — Dr. Kramer

Steering Committee Chairman: Dr. Joseph H. Korn.
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Fig. 2—Bronchoalveolar lavage fluid cells stained with Wright
stain.

inflammatory synovitis often show mononuclear cell infiltration,
and these findings correlate poorly with the polymorphonuclear
cell predominance seen in inflammatory synovial fluids. The cells
in the tissue and the cells in the fluid undoubtedly reflect different
aspects of disease.

Bronchoscopy itself is widely available in the community, as
is the ability to lavage the alveolar airspace. Unfortunately, differ-
ences in the BAL technique among practitioners, coupled with the
inadequate handling, staining, and interpretation of the differential
counting of the BAL fluid cells, often lead to large sources of error
and variability and make the procedure less useful than it should
be. These problems have made it virtually impossible to use the
BAL as a clinical tool unless these sources of error can be reduced.
Several studies have suggested that the situation can be improved
and that BAL can be made a reliable technique for finding inflam-
mation. Specific training of health professionals in the preparation
and interpretation of BAL fluid cells, the need to have BAL fluid
cell differentials performed by at least two trained observers (each
counting at least 400 cells), the need to come to consensus on cell
differentials if the counts between the two observers differ by
more than 10%, and the need to culture BAL fluid to identify a
potential confounder of SSc alveolitis should improve the validi-
ty and the reliability of data derived from BAL. This should
improve the ability to trust the BAL results as a guide to diagno-
sis and therapy of ILD in SSc. It is important for the rheumatolo-
gist to work closely with a pulmonologist experienced in the tech-
niques of bronchoscopy with BAL (using American Thoracic
Society guidelines) and to assure that the laboratory personnel uti-
lize a standardized methodology for counting cells and preparing
cytospin preps for differential cell counts.

The definitions of alveolitis that best predict declines in FVC
and DL, in SSc relate primarily to increases in polymorphonu-
clear (PMN) and eosinophilic (EOS) leukocytes in BAL fluid
(Figure 2). One common definition of alveolitis includes the pres-
ence of =3% PMN and/or =2% EOS leukocytes in the BAL fluid.
Although lymphocytosis (=20% of BAL cells) may accompany
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increased %PMN and %EOS leukocytes, it is less clear what the
presence of an isolated lymphocytosis means with regard to future
lung function or therapy in SSc. Using definitions similar to the
one listed above, several studies have shown that the presence of
increased PMN and/or EOS leukocytes in BAL fluid predicts con-
tinued loss of FVC and DL, For example, a recent study by
White et al. showed that the presence of alveolitis at entry pre-
dicted a 7.1% drop in %FVC and a 9.6% drop in % DL, over the
next 13 months (median). Consensus of investigators suggests that
an increased percentage of individual cell types in the BAL fluid
are the best predictors of future course, rather than the total num-
bers of cells obtained from BAL fluids. Although smoking of cig-
arettes increases the total number of cells from BAL, the percent-
ages of the cell types are not significantly affected by smoking
alone. Thus BAL in smokers can still give valuable information
about inflammation of alveoli from SSc.

High-Resolution Computed
Tomography (HRCT) of the Chest
Chest HRCT is a tool that is much more sensitive in showing
interstitial changes than is standard chest radiography. The hope is
that it will also be a tool sensitive enough to find early inflamma-
tory changes that will predict outcome (much as BAL). Ground-
glass (GG) opacification (a hazy-appearing opacification through
which normal lung architecture can be seen) may be such a sign
of inflammation, particularly if there is little or no obvious fibrot-
ic change in the same area (Figure 3). This GG opacification
unfortunately is not specific for inflammation since the same
appearance may be observed in the presence of infection, atelec-
tasis, interstitial or alveolar fluid (ie, pulmonary edema or conges-
tive heart failure), and early fibrosis (changes that have not coa-
lesced enough to be interpreted as obvious fibrosis).
Longitudinal studies suggest that interstitial changes continue
to progress over time, but it is not yet clear that GG opacification
is a necessary precursor or predictor of future fibrosis. This is
somewhat analogous to the situation with alveolitis on BAL: its
presence predicts worsening of lung function, but it is not clear
that there is a cause and effect relationship between alveolitis and
progressive fibrosis. If HRCT studies can be shown to correlate
with BAL findings in large-scale studies, it is likely that HRCT
scans may replace BAL as a method to evaluate ILD in SSc
patients. In the meantime we use both BAL and HRCT to diag-
nose alveolitis. The advantages of HRCT scans include the nonin-
vasive nature of the study, which facilitates serial studies over
time, as well as the fact that with HRCT both lungs can be exam-
ined in their entirety.

Patient Self-Assessment Questionnaires

Although the disability index of the Health Assessment
Questionnaire (HAQ-DI) has been validated as a measure of func-
tional ability in early diffuse SSc, it has only recently been shown
to correlate with the level of dyspnea and with the levels of phys-
iologic pulmonary function testing in patients with early alveolitis
(diagnosed by BAL and HRCT). Several patient-assessed meas-
ures of dyspnea (eg, the Mahler Baseline Dyspnea Index and the
pulmonary visual analogue scale [VAS] of the scleroderma modi-
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Fig. 3—High-resolution computed tomographic scan showing
ground-glass opacification.

fied HAQ) are being studied in the context of randomized con-
trolled trials (RCTs). Early experience suggests that the level of
dyspnea correlates with function (assessed by HAQ-DI) and with
health-related quality of life (HRQoL) as assessed by the SF-36
(Medical Outcomes Study Short Form-36). Several experiences
have also shown a correlation of the physical component score
(PCS), a subscale of the SF-36, with early diffuse SSc and with
early alveolitis (again diagnosed by BAL and HRCT).

How the patient assesses disease is clearly very important in
clinical management, but the role of these questionnaires in the
evaluation and management of ILD is still unclear. Since dyspnea
is the most important clinical symptom in SSc-ILD, ways to meas-
ure this most important symptom will be important. Ongoing stud-
ies will help to clarify the role of these patient self-assessments in
the clinical management of patients with ILD in SSc.

DIFFERENTIAL DIAGNOSIS

Although dyspnea and cough are the prime symptoms of ILD in
SSc, they can also be symptoms of other SSc-related processes.
Among these are pulmonary vascular involvement with pul-
monary hypertension and cardiomyopathy with diastolic dysfunc-
tion, processes that can occur in isolation or concurrently with
ILD.

Esophageal dysmotility occurs in ~90% of SSc patients, even
though symptoms that typically suggest GERD (ie, heartburn,
dysphagia, regurgitation) are reported by only 60% to 70% of
patients with SSc. Occult GERD may present with atypical symp-
toms, such as cough, asthma-like respiratory complaints, wheez-
ing, pneumonia, or hoarseness (symptoms not usually associated
with GERD). Because occult GERD is so common, it must always
be considered to be part of the problem in patients with respirato-
ry complaints and should be treated aggressively with antireflux
measures.

Pulmonary infection (often the result of occult or overt reflux
with mini-aspirations) may also confound the evaluation and man-
agement of ILD and should be considered in all SSc patients who
report increased dyspnea and cough, especially if the cough is pro-
ductive.

TREATMENT

Immunosuppressives

No treatment yet has been proven to alter the course of ILD in
SSc, although a number of treatments have been studied and
reported in case series to be possibly effective. Although a cause
and effect relationship between early lung inflammation and pro-
gressive lung fibrosis has not been proven, the hypothesis under-
lies a number of treatment strategies. Case series and a small num-
ber of RCTs have lent support (although considered lukewarm by
most authorities) for the use of cyclophosphamide and azathio-
prine in treating idiopathic pulmonary fibrosis (IPF), a condition
with many similarities to the ILD of SSc. In SSc, several case
series and one open controlled study (using nonrandomized con-
trol subjects as the comparator group) have suggested that
cyclophosphamide (given orally or intravenously) might alter the
course of ILD for the better. The question of efficacy of immuno-
suppressive therapy remains open, however. Two RCTs (one of
intravenous cyclophosphamide in the United Kingdom and one of
oral cyclophosphamide in the United States) comparing
cyclophosphamide to placebo are currently under way. The results
of these trials will not be known for ~2 years, and until then the
use of immunosuppressive therapy must be considered empirical
for patients with ILD in SSc.

Antifibrotic Therapy

ILD in SSc is characterized by low levels of interferon-gamma
(IFN-y), both in serum and in the BAL fluid. Because IFN-y has
antifibrotic properties, there has been, and continues to be, inter-
est in using it as a pharmacologic agent. One group reported the
results of a randomized (but open) trial in which 9 subjects with
IPF were randomized to receive IFN-y plus small doses of corti-
costeroids and 9 subjects with IPF were randomized to higher
doses of corticosteroids but no IFN-y. After one year, the group
treated with IFN-y showed significant improvements in total lung
capacity and in arterial oxygen pressures at rest and with exercise.
In addition there was normalization of BAL levels of mRNA for a
profibrotic cytokine, transforming growth factor-p (TGF-f), and
for an antifibrotic cytokine, IFN-y. A recent company-sponsored
trial of IFN-y in IPF reportedly failed to demonstrate clinical or
physiologic benefit. Additional study of IFN-y is needed.

Antiendothelin Therapy

Bosentan, a dual inhibitor of the A and B receptors for endothelin-
1 (ET-1), has shown antifibrotic activity in the laboratory, pre-
sumably through blockade of the B receptor. Bosentan (Tracleer)
already has been approved for oral use in the management of SSc-
related pulmonary hypertension. An international RCT of bosen-
tan versus placebo in early pulmonary fibrosis in SSc is under
way.

Anticytokine Therapy

TGF-B and connective tissue growth factor (CTGF) are both

thought to play pivotal roles in fibrosis (in the skin and lung in

particular). Several proprietary compounds that trap TGF-f,

block its interaction with TGF-P receptors on cells, or block the
(continued on page 11)
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Clinical Algorithm

Evaluation of
Interstitial
Lung Disease
in Systemic
Sclerosis

Richard M. Silver, MD
Professor and Chief
Division of Rheumatology
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¢ Periodic history and
physical examination

* No ground-glass =3 | ¢ Rule out myositis

with CK, aldolase
and myositis specific
autoantibodies

* PFTs every 3 to 6
months for first 6
yearts

 Evaluate other causes
of dypsnea and/or
declining FVC

(continues on page 11) J



(continued from page 9)

intracellular signal generated by the TGF-f receptor after it has
interacted with TGF-B are in various stages of development.
Because the treatments were derived from good molecular sci-
ence, they are particularly intriguing. Whatever we learn during
the investigation of these compounds will help us learn more
about ILD in SSc and possibly how to treat it.

PLAN FOR EVALUATING AND MANAGING ILD IN SSc

The time in the course of SSc when the greatest loss of lung func-
tion occurs from ILD is the first 4 to 6 years after SSc onset (dated
from the onset of the first sign or symptom characteristic of SSc
other than the Raynaud phenomenon). Moderate to severe ILD
occurs only slightly more commonly in diffuse cutaneous SSc
(SSc with widespread skin thickening, often involving the torso)
than in limited cutaneous SSc. Thus, all SSc patients (whether
they have limited or diffuse distribution of skin thickening) are at
risk of ILD.

These at-risk patients should be seen every 3 to 6 months for
a history and physical examination as well as PFTs (especially
FVC and DLCO, as percent of predicted) every 6 months for the
first 5 to 6 years of SSc. The examinations should look specifical-
ly for signs/symptoms and PFT abnormalities that suggest ongo-
ing, progressive loss of lung function (especially declining
%FVC). As long as patients deny dyspnea and have stable, normal
PFTs, they can continue to be followed by periodic history and
physical examinations and PFTs every 6 months.

Overt and occult GERD are very frequent in SSc, even if
patients do not complain of signs/symptoms considered typical of
GERD. Patients with GERD should be aggressively managed
even if they do not have respiratory symptoms. In patients with
symptomatic dyspnea, cough, and/or declining PFTs, it is espe-
cially important to treat GERD aggressively: elevate the torso dur-
ing the night, avoid eating late (after 6 PM), and take proton pump
inhibitors and promotility agents.

If patients report dyspnea (and particularly if the dyspnea is
worsening) or their %FVC is falling, they should be promptly
evaluated. Although a number of tests can be performed, the ones
we feel are most likely to uncover inflammation (which we think
is a precursor to fibrosis) are the HRCT and BAL. If the BAL is
inflammatory and/or ground glass is seen on the HRCT, we con-
sider the patient to have alveolitis. Since alveolitis-positive
patients are at risk for progressive loss of FVC, we suggest dis-
cussing the various treatment options outlined earlier. Because we
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feel that there is no therapy proven to be effective, we encourage
our alveolitis-positive patients to consider an RCT, either at our
institution or at another institution, if the circumstances are better.
If this is not an option, then consideration of one of the available
but unproven interventions would be appropriate.

If the HRCT and BAL are negative for alveolitis, a major com-
ponent of alveolitis is unlikely. We would then entertain alterna-
tive reasons for increasing dyspnea and/or declining lung func-
tion, including GERD-related respiratory problems, infection, pul-
monary vascular disease (especially pulmonary hypertension),
occult heart disease (especially diastolic dysfunction secondary to
SSc cardiomyopathy), myositis/myopathy with weak muscles
(especially the respiratory muscles) and deconditioning.
Echocardiography should be performed annually 1) in all diffuse
cutaneous SSc patients for the first 5 to 6 years and 2) in all dys-
pneic patients, to monitor for cardiac and pulmonary vascular
involvement. Patients should continue to be monitored by period-
ic history and physical examination and by PFTs every 6 months
for the first 5 to 6 years after SSc onset. If PFTs show decline or
patients develop increasing dyspnea, further evaluation is neces-
sary.

If patients make it through the first 5 to 6 years of SSc without
significant ILD, it is unlikely that significant ILD will appear in
the future. Patients who have already developed significant ILD in
the first years of their SSc are likely to continue to have dyspnea
and may have slowly progressive loss of %FVC. This continued
loss may not be related to active alveolitis, and the management of
such patients can be frustrating. [ |
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Pulmonary arterial hypertension (PAH) is the leading cause of
death in patients with systemic sclerosis (SSc) with limited scle-
roderma and increasingly recognized as a cause of pulmonary
morbidity in diffuse scleroderma as well. PAH can occur in the
absence of interstitial lung disease, most typically in patients with
SSc with limited scleroderma, or as a reflection of both vascular
and microvascular injury in the setting of diffuse scleroderma.
Overall, regardless of its etiology, PAH is now an important cause
of significant morbidity and mortality in SSc.

While any consideration of scleroderma lung involvement
forces a consideration of the relative contributions of alveolitis,
fibrosis, aspiration, and vascular injury, recent advances in thera-
py have been accompanied by a recognition that the vascular com-
ponent is both under-recognized and undertreated.

PAH is a progressive disease characterized by increased pul-
monary artery pressure (PAP) and pulmonary vascular resistance
(PVR), ultimately producing right heart failure and death. Treat-
ments aim to improve PAH symptoms and increase survival.
Although current treatments for PAH are efficacious, the diagno-
sis is often made late in the course of the disease. Diagnosis of
PAH related to SSc requires a thorough and specific evaluation.
The objectives of this review are to increase the awareness of PAH
related to SSc and to suggest a diagnostic algorithm as well as
treatment guidelines. In addition to idiopathic pulmonary hyper-
tension (IPAH), previously designated as primary pulmonary
hypertension, PAH is related to a variety of conditions, including
connective tissue disorders (CTDs), congenital heart disease, HIV
infection, portal hypertension, and exposure to appetite suppres-
sants.

Of all CTDs, PAH is most often seen in SSc. Although it
occurs in both limited cutaneous SSc (1cSSc) and diffuse cuta-
neous SSc (deSSc), the etiology and progression of the PAH dif-
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fers between these two variants. In 1cSSc, isolated PAH develops
slowly, typically presenting 10 years after the initial diagnosis of
SSc and in the absence of lung complications. In one series
describing this patient subset, survival rarely extends beyond 12
months after diagnosis. In contrast, PAH appears early in the nat-
ural history of dcSSc in the context of interstitial lung disease
(ILD). Furthermore, although the severity of ILD is an indicator
of survival, the development of fibrotic parenchymal lesions may
stabilize over time, whereas PAH pulmonary vascular abnormali-
ties are thought to progressively worsen.

Early recognition of PAH is paramount as recent years have
witnessed the development of several highly effective therapies.
Epoprostenol, administered via continuous intravenous infusion,
improves exercise capacity and hemodynamics in patients with
PAH related to SSc. Epoprostenol is a synthetic prostacyclin and
potent vasodilator. Treprostinil is a prostacyclin analogue
amenable to delivery by continuous subcutaneous infusion. These
prostacyclin analogues have been shown to slow disease progres-
sion, with some data speculating that reverse remodeling may
occur. Endothelin receptor antagonists (ERAs) may be efficacious
in blocking pathogenic abnormalities in PAH, eg, vasoprolifera-
tion, vasoconstriction, and vascular fibrosis. Bosentan, an oral,
nonpeptide dual ERA, also improves symptoms and functional
status in PAH related to SSc (Rubin 2002). Selective endothelin
A receptor antagonists (sitaxsentan, ambrisentan) are in later
stages of drug development.

Definition and Functional Assessment of PAH

PAH is defined as a mean pulmonary artery pressure (PAP) of >25
mm Hg at rest, or >30 mm Hg during exercise, the absence of an
elevated pulmonary capillary wedge pressure or left ventricular
end diastolic pressure (ie, <15 mm Hg) and a pulmonary vascular
resistance >3 U » M2. To assess functional class, a modification of
the NYHA functional classification (Table) is useful with PAH
patients. Both functional classification and hemodynamics corre-
late with survival.

EPIDEMIOLOGY

Most cases of PAH are not IPAH. IPAH occurs in 1 to 2 persons

per million each year, whereas 24 to 30 persons per million pres-
(continued on page 15)
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should be considered. Simvastatin and Other Statins: Co-administration of bosentan decreased the plasma
of simvastatin (a CYP3A4 substrate), and its active B-hydroxy acid metabolite, by approximately 50%. The plasma
concentrations of bosentan were not affected. Bosentan is also expected to reduce plasma concentrations of other
statins that have significant metabolism by CYP3A4, such as lovastatin and atorvastatin. The possibility of reduced statin
efficacy should be considered. Patients using CYP3A4 metabolized statins should have cholesterol levels monitored after
TRACLEER® is initiated to see whether the statin dose needs adjustment. Warfarin: Co-administration of bosentan 500
mg b.i.d. for 6 days decreased the plasma concentrations of both S-warfarin (a CYP2C9 substrate) and R-warfarin (a
CYP3A4 substrate) by 29 and 38%, respectively. Clinical experience with concomitant administration of bosentan and
warfarin in patients with pulmonary arterial hypertension did not show clinically relevant changes in INR or warfarin
dose (baseline vs. end of the clinical studies), and the need to change the warfarin dose during the trials due to
changes in INR or due to adverse events was similar among bosentan- and placebo-treated patients. Digoxin,
Nimodipine and Losartan: Bosentan has been shown to have no pharmacokinetic interactions with digoxin and
nimodipine, and losartan has no effect on plasma levels of bosentan.
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Table—WHO Functional Assessment of Pulmonary Arterial
Hypertension*

A. Class 1

Patients with pulmonary hypertension but without resulting limi-
tation of physical activity. Ordinary physical activity does not
cause undue dyspnea or fatigue, chest pain, or near syncope.

B. Class II

Patients with pulmonary hypertension resulting in slight limita-
tion of physical activity. They are comfortable at rest. Ordinary
physical activity causes undue dyspnea or fatigue, chest pain or
near syncope.

C. Class III

Patients with pulmonary hypertension resulting in marked limi-
tation of physical activity. They are comfortable at rest. Less
than ordinary activity causes undue dyspnea or fatigue, chest
pain, or near syncope.

D. Class IV

Patients with pulmonary hypertension with inability to carry

out any physical activity without symptoms. These patients
manifest signs of right heart failure. Dyspnea and/or fatigue may
be present even at rest. Discomfort is increased by any physical
activity.

*Modified after New York Heart Association Functional Classification

(continued from page 12)

ent with PAH related to CTDs, HIV infection, congenital heart dis-
ease, portal hypertension, and anorexigens. PAH occurs in 23% to
53% of patients with mixed connective tissue diseases, 0.5% to
14% of patients with systemic lupus erythematosus and much more
rarely in patients with rheumatoid arthritis, Sjogren syndrome and
dermatomyositis. The incidence of PAH related to SSc ranges from
4% to 35%, with slightly more PAH cases associated with 1cSSc
than with deSSc. In some series, 50% to 90% of SSc patients with
PAH had 1cSSc, whereas 8% to 50% had dcSSc. Others have
reported 13% to 50% of 1cSSc patients develop PAH. The preva-
lence of PAH related to SSc correlates with the underlying sys-
temic disease, ie, more often in women 35 to 55 years of age.

PATHOPHYSIOLOGY AND NATURAL HISTORY
Regardless of etiology, PAH is characterized by pulmonary vas-
cular smooth muscle hypertrophy, intimal fibrosis, and in situ
thrombosis. Recent evidence suggests endothelial dysfunction is
important in its pathobiology. A schematic representation of the
pathobiology of PAH is shown in Figure 1. A genetic predisposi-
tion combined with vascular injury may lead to an imbalance of
mediators favoring vasoconstriction, vascular proliferation and
platelet aggregation. These pathways ultimately result in plexo-
genic and thrombotic pulmonary arteriopathy.

Endothelin-1 (ET-1), a peptide produced primarily by vascular

endothelial cells, increases vascular tone through receptor-mediat-
ed signaling mechanisms that induce profibrotic, proinflammato-
ry, proliferative, and vasoconstrictive pathways. In PAH, ET-1 sig-
naling activity is enhanced as a result of increased circulating ET-
1 and increased expression of ET, receptors that mediate pul-
monary vasoconstriction. In addition to sustained vasoconstrictive
signaling, vasodilator mediators such as prostacyclin and nitric
oxide are decreased. Hence, vasoconstrictive signaling is
increased due to increased activity in the absence of vasodilator
mediators. In addition to vasoconstriction, vascular remodeling
occurs, which until recently has been considered irreversible. ET-
1 and its receptors have been implicated in the proliferation of pul-
monary artery smooth muscle cells, consistent with the medial
hypertrophy and intimal hyperplasia observed in PAH.
Additionally, ET-1 induces platelet aggregation, which may con-
tribute to the PAH.

Survival times in SSc patients with organ involvement are
decreased compared to patients without organ involvement. Renal
complications were previously the leading cause of death; deaths
from renal impairment have been reduced with hemodialysis and
angiotensin-converting enzyme inhibitors. Mortality rates are now
the highest in patients with pulmonary involvement. PAH is a very
significant pulmonary complication in SSc. One series reported
that 33% to 63% of pulmonary-related deaths in patients with SSc
were due to PAH. Others have observed that patients with isolated
PAH had a 2-year survival rate of 40% compared with 88% of SSc
patients without PAH. Patients with 1cSSc and PAH have a medi-
an survival of 12 months. Although survival for patients with PAH
related to SSc is very poor if untreated, recent therapeutic advances
can significantly improve a patient’s overall quality of life.

DIAGNOSIS
Recognition of PAH and initiation of treatment as early as possible
may improve its overall prognosis (Figure 2). The key to the diag-
nosis, however, is to maintain a high index of suspicion because
the first manifestations of PAH are often subtle and nonspecific.
Slowly progressive exertional dyspnea is the most common symp-
tom of PAH. Recognizing exertional dyspnea is a challenge in
patients with CTDs such as SSc because these individuals often
already have restricted their physical activity as a result of pain or
fatigue. Such patients should be carefully questioned about the
presence of dyspnea. The Baseline (BDI) and Transition Dyspnea
Index (TDI) are two questionnaires that may be useful in deter-
mining the tasks and efforts that produce dyspnea. The diagnosis
of PAH is a process of exclusion. In the absence of other causes,
dyspnea should prompt evaluation for PAH in SSc patients, partic-
ularly those with 1cSSc. It is currently recommended that all
patients with SSc be screened annually, and that patients with other
CTDs be screened if they develop symptoms suggestive of PAH.
Diagnostic testing of patients suspected of having PAH should
begin with noninvasive tests to identify potential underlying dis-
eases and rule out alternative diagnoses. These tests include elec-
trocardiography, echocardiography, pulmonary function tests,
chest radiography, ventilation-perfusion lung scan, and high reso-
lution CT. In patients in whom noninvasive tests suggest PAH,
right heart catheterization is necessary to confirm the diagnosis.
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Fig. 1—Pathobiology of pulmonary arterial hypertension.

Pulmonary Function Testing

As noted, dyspnea is commonly the first sign of PAH. Dyspnea
occurs in many conditions, but if PAH is suspected, pulmonary
function tests (PFTs) should be performed. Spirometry defines
respiratory function by variables including forced expiratory vol-
ume in 1 second (FEV,), forced vital capacity (FVC), and diffus-
ing capacity (DL,). Values are expressed as a percentage of the
predicted normal values. Abnormal values not only indicate the
existence of pulmonary dysfunction, but may also suggest specif-
ic abnormalities. In general, FEV, values are low, ie, FEV, < 1L,
in obstructive lung disease, whereas patients with pulmonary
hypertension secondary to restrictive lung disease typically have a
FVC and /or DL, < 50% of predicted. A retrospective analysis of
106 patients with SSc identified reduced DL, an average of 4.5
years prior to their diagnosis of PAH. Serial evaluations are rec-
ommended for dcSSc patients presenting with signs of lung dis-
ease, as manifestations of PAH often appear within 3 years after
detecting lung disease.

An isolated drop in DL, suggests PAH and decreases in
DL, antedate PAH. Several groups reported reduced DL, for all
patients with PAH/SSc. One study showed that 11% of SSc
patients with isolated decreases in DL, developed isolated PAH.
PAH is strongly associated with a DL, <55% of predicted, and a
FVC (% of predicted) / DL, (% of predicted) >1.4. This value
holds true for PAH due to PPH and PAH-associated SSc, includ-
ing dcSSc and 1cSSc. Normal PFT values do not, however, rule
out PAH. The importance of conducting both PFTs and echocar-
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history of systemic hypertension,
since age and systemic hyperten-
sion are both risk factors for left
ventricular diastolic dysfunction. Cardiac catheterization is
needed to rule this out. Echocardiography can reveal typical fea-
tures observed in patients with PAH: enlarged right heart cham-
bers, right ventricular hypertrophy, abnormal interventricular sep-
tal position, and a normal to small left ventricle. With Doppler
interrogation, the right ventricular systolic pressure, which is
equal to the pulmonary arterial systolic pressure in the absence of
pulmonary stenosis, can be estimated by the velocity of the tri-
cuspid regurgitation jet. Although PAP estimated by Doppler
echocardiogram is often accurate, ie, the same as measured during
right heart catheterization, false positives and false negatives do
occur.

Thin-Section, High-Resolution CT

High-resolution computed tomography (HRCT) is often helpful in
patients with suspected PAH. In patients with abnormal PFTs indi-
cating interstitial lung disease (ILD), thin-section HRCT without
contrast is recommended to help identify whether pulmonary
hypertension is secondary to the underlying pulmonary disorder.
HRCT images correlate with the macroscopic appearances of
pathological specimens and thus HRCT is often more sensitive
than chest radiography. Several features are suggestive of PAH in
patients with ILD, eg, enlarged central pulmonary arteries and a
mosaic pattern of dark and light patches; typically, sections of the
lung with small vessels are seen as dark patches and conversely,
the lighter patches show vessels with larger diameters. Whether
due to airway or vascular disease, differences in perfusion result
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in dark areas of decreased alveolar blood flow and lighter areas of
normal or increased alveolar blood flow. At end expiration, if both
the dark and light patches become lighter, pulmonary vascular dis-
ease is suspected; if the dark patches stay dark at the end of the
expiration, then airway disease is suspect. In patients with PAH,
vessels in ground-glass attenuation areas are often enlarged
whereas changes in vessel size in patients with infiltrative lung
disease are nonexistent.

Ventilation-Perfusion Lung Scan

For patients suspected of having isolated PAH, chronic throm-
boembolic disease must be ruled out. If a ventilation-perfusion
(V/Q) lung scan is read as high probability or indeterminate prob-
ability, pulmonary angiography is needed to rule out chronic
thromboembolic disease. In patients with PAH, ventilation-perfu-
sion lung scans are most often normal or show small diffuse
patchy defects. In patients with suspected chronic thromboembol-
ic disease, multiple larger perfusion defects occur.

Right Heart Catheterization

Right heart catheterization is necessary to confirm the diagnosis of
PAH. The importance of right heart catheterization, when echocar-
diography suggests PAH, is that pulmonary artery pressure meas-
urements obtained by right heart catheterization are not estima-
tions as they are with echocardiography. Furthermore, left sided
heart disease, a frequent cause of elevated pulmonary artery pres-

sure ie, PCWP or LVED,, > 15 mm Hg, can be ruled out only by
right heart catheterization. In addition, during the right heart
catheterization, acute vasodilator testing (with inhaled nitric
oxide, IV epoprostenol or IV adenosine) can be performed to
determine the most appropriate treatment for a given patient.

Exercise Capacity

Cardiopulmonary exercise testing (CPET) is often useful in eval-
uating the etiology of decreased exercise capacity as well as in
assessing the response to treatment. In addition, the 6-minute walk
test has been shown to correlate with outcome, particularly during
long-term therapy.

MANAGEMENT

Goals of Therapy

The goals of treatment are to improve overall quality of life and
outcome. Guidelines for a treatment algorithm are shown in
Figure 3. The primary efficacy endpoint of most clinical trials for
the treatment of PAH has been exercise capacity assessed by the
6-minute walk test. The 6-minute walk test, a brief, easily con-
ducted measurement of exercise capacity, has been shown to be a
reliable predictor of outcome in PPH patients. Additional efficacy
measures have included the Borg dyspnea index, which reflects
the severity of dyspnea during the 6-minute walk test, clinical
worsening, hemodynamic parameters, and functional class.
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10 mm Hg to < 40 mm Hg with an
increased or unchanged cardiac
output (European Society of
Cardiology IPAH Guidelines,
Venice Symposium 2003, Ameri-
can College of Chest Physicians
Consensus Statement, 2003). Al-
though the efficacy of calcium
channel blockers in patients with
PAH related to SSc is much lower
than for IPAH patients, long-term
oral calcium channel blockers have
been effective in some patients.
Nevertheless, it must be empha-
sized that empiric treatment with
calcium channel blockade is con-
traindicated, and can result in fatal-
ities.

Currently, cyclophosphamide is
used to treat declining lung func-
tion in patients with SSc, although
reliable data to support this are
lacking. At present, there is little
rationale for the use of immuno-
suppressive therapy in the manage-
ment of PAH without ILD.

Interventional/surgical options
for the treatment of PAH include
atrial septostomy, which can pro-
vide palliative therapy, and lung or
heart-lung transplantation. Aside
from the limited supply of donor
organs and the general problems

associated with transplantation,
additional concerns in patients with

Fig. 2—Algorithm for evaluating patients with suspected pulmonary arterial hypertension.

Treatment

Despite similarities in the pathobiology of IPAH and PAH related
to CTDs, treatment is not always identical. Previous studies have
demonstrated that anticoagulant therapy increases survival in
IPAH patients. Although this approach has not been evaluated in
patients with PAH-associated SSc, most patients with PAH relat-
ed to SSc are currently treated with anticoagulants. However, risk-
benefit considerations may preclude anticoagulation therapy for
certain patients, eg, patients with significant esophagitis who have
an increased risk for gastrointestinal bleeding; or on the other
hand, if patients are hypercoaguable (eg, positive lupus anticoag-
ulant or positive anticardiolipin antibodies), they may require a
higher level of anticoagulation.

Calcium channel blockers at relatively high doses have also
been demonstrated to be effective in patients who respond with
acute vasodilator drug testing; this occurs in approximately 10%
to 20% of IPAH patients. The definition of a positive acute
vasodilator response in a PAH patient is a fall in PAPm of at least
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PAH related to CTD include the
risk of aspiration from chronic gas-
troesophageal reflux, as well as the
increased risk overall in patients with renal impairment.

Advances in Pharmacologic Treatment Options
Recent advances in the understanding of the pathobiology of PAH
have shifted the focus of management from agents that are non-
specific vasodilators, eg, calcium channel blockers, to agents that
may also reverse the vasoproliferative changes. Currently, three
drugs are approved in the United States for the treatment of PAH:
continuous intravenous epoprostenol infusion; the prostacyclin
analogue treprostinil administered via continuous subcutaneous
infusion; and the orally active, nonpeptide dual ERA bosentan.
Prostacyclin Analogues. Epoprostenol, a synthetic prostacy-
clin, is a potent vasodilator with antiproliferative and antiplatelet
effects, as well as possibly positive inotropic effects. Continuous
intravenous infusion of epoprostenol, using a portable infusion
pump, improves exercise capacity, functional class, hemodynam-
ics and survival in IPAH patients. It also improves exercise capac-
ity in patients with PAH related to SSc. Epoprostenol is widely
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used for patients who do not respond to calcium channel blockers.
Epoprostenol is FDA approved for class III/IV IPAH and PAH
associated with SSc.

Despite its efficacy, epoprostenol’s delivery system—ie, con-
tinuous intravenous infusion through a permanent central venous
catheter, can result in serious adverse effects, including sepsis and
thromboembolic events. In addition, because of its short half-life
in the circulation (2 to 3 minutes), temporary infusion interrup-
tions can lead to life-threatening pulmonary hypertensive crises.
In an effort to overcome these limitations, alternative delivery
routes have been investigated. Treprostinil, a prostacyclin ana-
logue administered by continuous subcutaneous infusion, is FDA
approved for Class II-IV PAH including PAH associated with SSc.
Pain and local inflammation at the site of infusion may limit its
use. Beraprost, an oral prostacyclin analogue, is available in Japan
and iloprost, an aerosolized prostacyclin analogue, is available in
Europe.

Endothelin Receptor Antagonists. Both dual ET ,/ET} recep-
tor antagonists and selective ET , receptor antagonists have been,
and continue to be, investigated. Bosentan, an orally active dual
ERA, improves exercise capacity, functional class, and quality of
life in IPAH as well as in PAH related to SSc. Bosentan is FDA
approved for Class III/IV PAH, including PAH associated with

SSc. Having an oral agent available for the treatment of PAH (as
opposed to a drug that requires continuous intravenous infusion,
ie, epoprostenol, or continuous subcutaneous infusion, ie, trepros-
tinil), may significantly improve the overall risk-benefit profile
for treating PAH patients. The safety concern with bosentan is
liver toxicity. However, with close monitoring, ie, at least once a
month, to date, hepatotoxicity with bosentan has been completely
reversible in all patients. In addition to hepatotoxicity, ERAs are
teratogenic and may cause irreversible male infertility.
Furthermore, oral contraceptives cannot be considered adequate
birth control in the presence of ERA treatment. The use of selec-
tive ET, receptor antagonists, eg, sitaxsentan and ambrisentan,
may benefit patients with PAH by blocking the vasoconstrictor
effects of ET, while maintaining the vasodilator and clearance
functions of ET} receptors. Sitaxsentan has recently been shown
to improve exercise capacity and functional class in PAH patients,
including PAH related to SSc. Additional clinical trials are in
progress with both sitaxsentan and ambrisentan. Finally, short-
term studies suggest vasodilatory benefit with sildenafil, an oral
phosphodiesterase type 5 inhibitor, and a possible synergistic
effect in the setting of prostacyclin therapy; clinical investigation
is ongoing with sildenafil. Combination therapies will doubtless
be studied in the future.
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SUMMARY

PAH is a life-threatening condition that can occur in patients with
various CTDs including SSc, and in particular patients with limit-
ed SSc. Because of their role in the management of SSc and other
CTDs, rheumatologists are uniquely positioned to identify CTD
patients with PAH who may benefit from PAH therapy.

Of the currently available approaches for treating PAH, the
synthetic prostacyclin epoprostenol, the prostacyclin analogue tre-
prostinil, and bosentan, an oral endothelin receptor antagonist,
have all shown improvement in functional class, exercise capaci-
ty and overall quality of life. Despite epoprostenol’s known effi-
cacy, it has serious limitations due to the need for continuous
intravenous delivery. Some of these limitations may be overcome
by using the subcutaneously delivered prostacyclin analogue tre-
prostinil. Bosentan, an oral agent, offers another approach to the
treatment of PAH. In addition, whether combining an ERA with
epoprostenol or a prostacyclin analogue will improve the overall
risk-benefit profile for PAH patients will require further investi-
gation.
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