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BRIEF REPORT

Pulmonary Arterial Hypertension Therapy May Be Safe and Effective in Patients
With Systemic Sclerosis and Borderline Pulmonary Artery Pressure

Gabor Kovacs,! Robert Maier,' Elisabeth Aberer,! Marianne Brodmann,! Winfried Graninger,! Xhylsime Kqiku,'
Stefan Scheidl,' Natascha Troster,! Christian Hesse,! Lewis Rubin,> and Horst Olschewski'

Objective. Borderline pulmonary arterial hyper-
tension (PAH), characterized by a marked exercise-
induced increase in pulmonary artery pressure (PAP)
with normal resting values, may precede overt PAH in
systemic sclerosis (SSc). We undertook the present
study to investigate whether PAH treatment is safe in
these patients and might attenuate hemodynamic pro-
gression.

Methods. SSc patients with borderline PAH un-
derwent right heart catheterization at baseline, after a
12-month observation period, and subsequently after 6
months of bosentan therapy. Changes in mean PAP at
S0W during the observation period versus during ther-
apy were compared.

Results. Ten patients completed the study. Mean
PAP at rest, at 50W, and during maximal exercise
increased significantly during the observation period
(mean = SD increases of 2.5 = 3.0 mm Hg [P = 0.03],
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4.0 = 2.9 mm Hg [P = 0.002], and 6.8 = 4.1 mm Hg
[P 0.0005], respectively) and tended to decrease
during the treatment period (decreases of 2.5 = 3.9 mm
Hg [P = 0.07], 1.5 = 4.5 mm Hg [P = 0.32], and 1.8 *
7.0 mm Hg [P = 0.43], respectively). The changes
during the observation period versus the therapy period
were significantly different (P = 0.03 at rest, P = 0.01 at
S50W [primary end point], and P = 0.02 during maximal
exercise). The changes in resting pulmonary vascular
resistance were also significantly different during the
observation period (increase of 8 = 25 dynes - seconds *
cm~>) versus during the therapy period (decrease of
45 + 22 dynes - seconds - cm ) (P < 0.0005). Changes
in resting pulmonary arterial wedge pressure were not
significantly different between the observation period
and the treatment period, despite the significant in-
crease during the observation period (2.6 = 2.5 mm Hg
[P = 0.01]). No relevant adverse effects were reported.
Conclusion. In SSc patients with borderline ab-
normal pulmonary hemodynamics, resting and exercise
PAP may increase significantly within 1 year of obser-
vation. Bosentan might be safe and effective to attenuate
these changes. Randomized controlled trials are war-
ranted to confirm the exploratory findings of this
hypothesis-generating pilot study.

*+

Pulmonary arterial hypertension (PAH) is a pro-
gressive disease of the small pulmonary arteries which
leads to decreased exercise capacity, right ventricular
failure, and eventually, death. Resting mean pulmonary
artery pressure (PAP) of 8-20 mm Hg is considered to
be normal (1), and PAH is diagnosed when mean PAP is
=25 mm Hg and pulmonary arterial wedge pressure
(PAWP) is =15 mm Hg (2). Although exercise data are
still not standardized, results of recent studies have
suggested that a marked exercise-induced increase in
PAP may indicate early pulmonary vasculopathy and
represent an intermediate stage between normal PAP
and PAH (3,4). In a British study, 19% of patients with
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systemic sclerosis (SSc; scleroderma) with an exercise-
induced mean PAP increase of >30 mm Hg progressed
to manifest PAH within 3 years (5). In accordance with
this, our group showed that borderline elevation of
resting PAP and a marked exercise-induced increase in
PAP in SSc patients was associated with decreased
exercise capacity (6). Apart from a few promising case
reports (7), it is unclear whether scleroderma patients
without overt PAH but with borderline abnormal pul-
monary hemodynamics, characterized by a marked
exercise-induced increase in PAP, would benefit from
targeted PAH therapy.

Studies involving invasive followup of borderline
PAH in scleroderma patients have not been reported to
date. The goal of this exploratory pilot study was there-
fore to invasively monitor the natural course of this
disease entity and to investigate the effects of bosentan
on hemodynamics and exercise capacity in these pa-
tients. We hypothesized that pulmonary hemodynamics
would deteriorate over time and that this could be
attenuated by administration of a targeted PAH therapy
such as bosentan.

PATIENTS AND METHODS

Patients in whom SSc was the only risk factor for PAH
were enrolled in a screening program for PAH as described
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previously (6,8). All patients fulfilled the American College of
Rheumatology criteria for SSc (9). SSc was classified according
to the criteria proposed by LeRoy et al (10). Patients were
excluded if they had known manifest PAH, symptomatic
obstructive or restrictive pulmonary disease (prebronchodila-
tor forced vital capacity in 1 second <65% of predicted),
systolic or diastolic left ventricular failure (ejection fraction
<50%, diastolic failure of more than a mild degree) (11),
hemodynamically significant valvular disease, systemic arterial
hypertension, or clinically relevant arthritis or myositis that
might have substantially influenced the exercise tests. The
study design and protocol were in compliance with the Helsinki
Declaration and were approved by the local ethics committee.
All patients provided written informed consent. Patients with a
mean PAP of <25 mm Hg (and PAWP of =15 mm Hg) at rest
and >30 mm Hg during exercise (concomitant cardiopulmo-
nary exercise testing) at right-sided heart catheterization
(RHC) were eligible for this pilot study. Six-minute walk test,
pulmonary function testing, and laboratory tests including tests
for N-terminal pro-brain natriuretic peptide (NT-proBNP)
were performed within 24 hours of RHC.

After this baseline RHC there was a 12-month obser-
vation period, during which no changes in the hemodynamic
medication were allowed. After this period, a second RHC was
performed under the same conditions as the baseline assess-
ment, and the described tests were repeated.

This was followed by a 6-month treatment period, in
which patients received bosentan (62.5 mg twice daily for 1
month, then 125 mg twice daily for 5 months). After this, RHC
and all other described examinations were repeated.

The end points of the study and the statistical tests

Table 1. Comparison of hemodynamic and pulmonary function parameters and exercise capacity in the 10 systemic sclerosis patients at baseline,

after the observation period, and after the treatment period*

P
After After
observation treatment Observation Treatment Observation
Baseline period period period period vs. treatment

Mean PAP at rest, mm Hg 15532 18.0 =3.2 155 3.1 0.03 0.07 0.03
Mean PAP at 50W, mm Hg 28.1x55 32159 30.6 = 6.4 0.002 0.32 0.01
Mean PAP at maximum exercise, mm Hg 345 €37 413 x32 395+7.1 0.0005 0.43 0.02
PVR at rest, dynes - seconds - cm > 163 = 67 171 = 51 126 = 38 0.32 <0.0005 <0.0005
PVR at 50W, dynes - seconds - cm > 137 = 54 141 + 52 116 + 41 0.57 0.06 0.13
PVR at maximum exercise, dynes - seconds * cm > 127 £55 137 £ 47 102 = 38 0.35 0.003 0.02
PAWP at rest, mm Hg 6.4 +22 9.0 =27 8425 0.01 0.63 0.12
PAWP at 50W, mm Hg 12.5 =49 16.3 £ 4.9 16.3 £ 6.0 0.002 1.0 0.14
PAWP at maximum exercise, mm Hg 17.7 6.2 224 + 6.6 253 6.8 0.03 0.32 0.60
Cardiac output at rest, liters/minute 47x09 42*08 4.6 £0.7 0.04 0.15 0.05
Cardiac output at SOW, liters/minute 9.6 2.0 91+12 10.1 £ 1.7 0.36 0.09 0.16
Cardiac output at maximum exercise, liters/minute 11523 114 =21 122 £ 2.6 0.54 0.18 0.49
Peak Vo, during exercise, ml/minute/kg 20.6 £2.9 195 3.2 20.1 = 3.1 0.13 0.21 0.08
6-minute walk, meters 464 = 69 452 = 54 459 = 61 0.29 0.52 0.31
NT-proBNP, pg/ml 112 £ 73 123 = 56 132 £ 79 0.56 0.75 0.93
DLco, % predicted 789 76 = 11 76 = 13 0.33 0.97 0.69
FVC, % predicted 90 * 16 86 £ 16 85 15 0.02 0.47 0.17
Weight, kg 70 = 14 68 =11 68 =12 0.09 0.89 0.27
WHO classification, no. in class I/II/IIT 2/71 2/71 4/5/1 - - -
BDI at end of 6-minute walk 2615 24x14 23+1.6 0.63 0.82 0.74

* Except where indicated otherwise, values are the mean = SD. PAP = pulmonary artery pressure; PVR = pulmonary vascular resistance; PAWP =
pulmonary arterial wedge pressure; NT-proBNP = N-terminal pro-brain natriuretic peptide; DLco = diffusing capacity for carbon monoxide;

FVC = forced vital capacity; WHO = World Health Organization; BDI = Borg Dyspnea Index.
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Figure 1. Individual changes in mean pulmonary arterial pressure (PAP) at 50W (a), resting pulmonary vascular resistance (PVR) (b), and resting
mean PAP (c¢) during the observation period and the treatment period. RHC-0, -1, and -2 = right-sided heart catheterization at baseline, at the end
of the 12-month observation period, and at the end of the 6-month bosentan treatment period, respectively. * = P = 0.03; #*x = P < 0.002.

were defined a priori and approved by the local ethics com-
mittee. The end points were based on the results of a previous
exploratory study suggesting that mean PAP values at 50W and
at rest, as well as pulmonary vascular resistance (PVR) values
at rest, may be of clinical relevance in scleroderma patients
with borderline PAP (6). The primary end point in the present
study was the change in mean PAP at 50W during the course
of the treatment period as compared to the observation period.
Secondary end points included the change in resting and
exercise PVR and the change in peak Vo, during the treat-
ment period as compared to the observation period. The
changes in these parameters were compared by 2-sided paired
t-test. For the secondary end points as well as for resting mean
PAP, PAWP, and 6-minute walk distance, the same analysis
was used in an exploratory manner. Results were expressed as
the mean = SD.

RESULTS

Ten patients with SSc (6 with limited cutaneous
SSc¢, 1 with diffuse cutaneous SSc, 3 with overlap;
mean = SD age 55.4 + 8.9 years, mean *= SD disease
duration 8.3 *= 9.8 years) were enrolled. During the
observation and treatment periods, no adverse events or
relevant side effects of bosentan were observed. No
patient discontinued participation in the study prema-
turely. There were no protocol violations.

Changes in hemodynamics and exercise capacity
during the observation and treatment periods are shown
in Table 1. Mean PAP at 50W increased significantly

during the observation period (mean * SD +4.0 = 2.9
mm Hg; P = 0.002) and was unchanged during the
treatment period (—1.5 = 4.5 mm Hg; P = 0.32). The
changes during the treatment period versus the obser-
vation period (primary end point) were statistically
different (P = 0.01) (Table 1 and Figure 1a).

Among the secondary end points, resting PVR
tended to increase during the observation period
(mean * SD +8 + 25 dynes - seconds - cm ™~ >; P = (.32)
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Figure 2. Pressure/flow diagram of mean pulmonary arterial pressure
(PAP) versus cardiac output. Values are the mean at baseline (blue),
at the end of the observation period (red), and at the end of the
treatment period (green).
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and decreased significantly during the treatment period
(—45 =+ 22 dynes - seconds - cm~%; P < 0.0005) (Table 1
and Figure 1b). The changes between the 2 periods were
highly significantly different (P < 0.0005), and PVR at
the end of the treatment period was even significantly
lower than at baseline (P = 0.01). The changes in PVR
during maximal exercise followed the same pattern
(+10 = 35 dynes - seconds - cm > versus —35 * 26 dynes
-seconds - cm~%; P = 0.02). PVR at 50W also increased
during the observation period and decreased during
the treatment period (+4 + 24 dynes * seconds - cm >
versus —25 * 38 dynes - seconds - cm_s); however, the
difference in the changes between the 2 periods did not
reach statistical significance (P = 0.13). There was a
trend toward an improvement in peak VO, during the
treatment period (+0.6 = 1.2 ml/minute/kg) as com-
pared to the observation period (—1.1 = 2.0 ml/minute/
kg), but these changes were not significantly different
(P = 0.08) (Table 1).

Among further parameters of interest, resting
mean PAP increased during the observation period
(mean = SD +2.5 + 3.0 mm Hg; P = 0.03), and this was
reversed during the treatment period (—2.5 £ 3.9 mm
Hg; P = 0.07). The changes were significantly different
between the 2 periods (P = 0.03) (Table 1 and Figure
1c). Similarly, mean PAP at maximal exercise level
increased during the observation period (+6.8 * 4.1 mm
Hg; P = 0.0005) and was unchanged during the treat-
ment period (—1.8 = 7.0 mm Hg; P = 0.43), and the
changes during the 2 periods were significantly different
(P = 0.02).

All patients had normal resting PAWP (defined
as =15 mm Hg) at all 3 RHC examinations. During the
observation period, PAWP increased significantly, both
at rest and during exercise, and resting PAWP decreased
slightly during the treatment period (Table 1). Six-
minute walk distance showed a slight deterioration
during the observation period (mean * SD —12 * 33m)
and a slight increase during the treatment period (+7 *
31m); however, the difference in these changes was not
significant (P = 0.31). Changes in pulmonary function
test results, diffusing capacity for carbon monoxide, or
NT-proBNP levels were not significantly different be-
tween the treatment and observation periods. The Borg
Dyspnea Index at the end of the 6-minute walk test was
stable throughout the study.

During the 12-month observation period, as
mean PAP increased, cardiac output decreased (by ~0.5
liters/minute). After “correction” for the decrease in
cardiac output, mean PAP values would have increased
by 3-5 mm Hg instead of 2.5 mm Hg. After the 6-month

KOVACS ET AL

treatment period, the mean PAP/cardiac output slope
almost completely returned to baseline (Figure 2).

DISCUSSION

In this exploratory pilot study, we hypothesized
that targeted PAH treatment might attenuate hemody-
namic progression in SSc patients without manifest PAH
but with borderline abnormal pulmonary hemodynam-
ics. As a marker we used the previously accepted defi-
nition of exercise-induced PAH, indicated by an increase
in PAP to >30 mm Hg. Based on published reports, such
hemodynamic changes may be relatively common among
SSc patients (4). To our knowledge, this is the first study
to assess hemodynamic changes and to investigate the
safety and potential effects of targeted PAH therapy in
this group of patients, using invasive hemodynamic
monitoring. The results suggested that at this early stage,
the progression in resting and exercise hemodynamics
toward PAH was attenuated and partially reversed by
bosentan treatment. The clinical significance of the
observed small absolute changes in hemodynamic para-
meters needs to be validated by long-term followup and
with a prospective randomized approach in a sufficiently
powered study.

The observation period results in our study
showed that significant increases in mean PAP at rest
and during exercise were observed within just 1 year.
Four of the 10 patients had mean PAP values of 20-25
mm Hg at the end of the observation period, whereas
the value was in this range in only 1 of the 10 at baseline.
Our data suggest that, assuming a linear change over
time, certain patients may experience relatively rapid
progression from normal mean PAP values and develop
PAH within a short period of time. These findings are
supported by data from the French Scleroderma Regis-
try, showing that ~55% of patients with scleroderma-
associated PAH had developed PAH within 5 years after
the diagnosis of SSc (after the first non-Raynaud’s
phenomenon symptom) (12). Data from a British sclero-
derma registry suggest that patients with a PAP of 20-25
mm Hg and those with a marked increase in exercise-
induced PAP may be especially prone to rapid develop-
ment of overt, and ultimately fatal, PAH (5).

Patients with significant diastolic dysfunction
were excluded from enrollment in our study, and accord-
ingly all patients had normal resting PAWP values (=15
mm Hg) during all RHC investigations. During the
observation period, PAWP increased slightly but signif-
icantly both at rest and during exercise, which may have
contributed to the observed increase in mean PAP. This
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increase in PAWP explains why the calculated PVR
increase was minor and did not reach statistical signifi-
cance, although cardiac output decreased significantly. It
also suggests that both left ventricular diastolic function
and pulmonary vasculopathy may have contributed to
the increase in PAP. This notion is supported by previ-
ous studies showing that both mechanisms are common
in SSc (13). However, the technical limitations of PAWP
measurement during exercise and the absence of an
international consensus on well-defined normal ranges
of PAWP at given exercise levels make the analysis and
interpretation of these data difficult. Therefore, given
the small patient cohort in our study, interpretation of
the role of PAWP remains speculative. Future investi-
gation of the potential relevance of longitudinal changes
in PAWP during rest and exercise in scleroderma pa-
tients may yield important information.

During the treatment period, exercise and resting
mean PAP values were stabilized and PVR decreased.
The number of patients with resting mean PAP between
20 and 25 mm Hg decreased: after 6 months of therapy,
mean PAP remained in this range in only 1 of the 10
patients. The hemodynamic improvement may represent
a reversal of pulmonary vessel wall proliferation and/or
constriction. Both factors (proliferation and constric-
tion) contribute to pulmonary vasculopathy. Long-term
observation is warranted to determine whether bosentan
reverses or just attenuates and delays early pulmonary
vasculopathy in scleroderma.The bosentan treatment
regimen in the study patients appeared to be safe, with
no significant adverse effects.

Throughout the treatment period, transaminase
levels were not significantly elevated (>3 times the
upper limit of normal) in any of the patients. Eight of the
10 patients continued treatment after the end of the
study (for a mean = SD of 22 * 5 months), without
relevant side effects. Three patients had transitional
peripheral edema during the first weeks of therapy. One
patient developed low leukocyte counts during the study
treatment period, but this was probably due to ongoing
azathioprine therapy, and it improved after reduction of
the azathioprine dosage. There were no signs of any
drug interactions or significant changes in hemoglobin
level during the study.

Exercise capacity, as assessed by peak Vo, and
6-minute walk distance, did not change significantly
during the observation period or the treatment period.
The reason may be that the study was not sufficiently
powered for this purpose. Furthermore, the absence of
change in exercise capacity may reflect the minimal
baseline impairment of the patients.

Some potential limitations of the present study
must be considered. It is important to emphasize that
the study was performed in patients with SSc, and the
results may not apply to other subjects with exercise-
induced PAH. The small number of study patients also
precludes general conclusions. We performed a sequen-
tial comparison rather than a parallel-group comparison
and used different lengths of time for the observation
and the treatment periods, which may have introduced
bias. This design was employed due to the limited
number of patients and the time restrictions in this pilot
trial. The advantage was the complete data set without
any need for data imputation. Medication was given on
an open-label basis, which also might have biased some
results. However, while this may have occurred for
exercise capacity measurements, it is unlikely to have
influenced invasively measured hemodynamics. It is
possible that vasodilatory properties of bosentan, rather
than antiproliferative properties, contributed to the he-
modynamic effects. However, this is a general issue with
drugs that have vasodilatory properties. PAWP mea-
surements during exercise may be inaccurate for techni-
cal reasons, which is a general limitation of studies
assessing exercise hemodynamics.

In conclusion, resting and exercise PAP increased
significantly within 1 year of followup in scleroderma
patients without overt PAH but with borderline abnor-
mal pulmonary hemodynamics. This increase was signif-
icantly attenuated by bosentan therapy. Randomized
controlled trials, including assessment of potential
changes in left ventricular function, are warranted to
confirm the findings of this hypothesis-generating study.
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