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Survival in systemic sclerosis-associated
pulmonary arterial hypertension in the modern

management era
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ABSTRACT

Objective To assess the survival and prognostic factors
in patients with newly diagnosed incident systemic
sclerosis (SSc)—associated pulmonary arterial
hypertension (PAH) in the modern management era.
Methods Prospectively enrolled SSc patients in the
French PAH Network between January 2006 and
November 2009, with newly diagnosed PAH and no
interstitial lung disease, were analysed (85 patients,
mean age 64.9+12.2 years). Median follow-up after
PAH diagnosis was 2.32 years.

Results A majority of patients were in NYHA functional
class -V (79%). Overall survival was 90% (95% Cl 81%
10 95%), 78% (95% Cl 67% to 86%) and 56% (95% Cl
42% to 68%) at 1, 2 and 3 years from PAH diagnosis,
respectively. Age (HR: 1.05, 95% CI 1.01 to 1.09,
p=0.012) and cardiac index (HR: 0.49, 95% Cl 0.27 to
0.89, p=0.019) were significant predictors in the univariate
analysis. We also observed strong trends for gender, SSc
subtypes, New York Heart Association functional class,
pulmonary vascular resistance and capacitance to be
significant predictors in the univariate analysis. Conversely,
six-min walk distance, mean pulmonary arterial and right
atrial pressures were not significant predictors. In the
multivariate model, gender was the only independent
factor associated with survival (HR: 4.76, 95% C| 1.35 to
16.66, p=0.015 for male gender).

Conclusions Incident SSc-associated PAH remains a
devastating disease even in the modern management era.
Age, male gender and cardiac index were the main
prognosis factors in this cohort of patients. Early detection
of less severe patients should be a priority.

INTRODUCTION

Pulmonary arterial hypertension (PAH) is a severe
complication of systemic sclerosis (SSc) and one of
the leading causes of morbidity and mortality in
this disease.! 2 Although several recent studies have
suggested an improvement in the prognosis of
SSc-PAH, especially since the availability of specific
therapies, the overall survival at 3 years remains
poor (around 50%) and worse than in patients
with idiopathic PAH.>® Many studies have
addressed the survival and prognostic factors in
SSc-PAH.” ® However, there are some issues with
these studies, including the most recent ones. The
first issue is that most studies are from single
centres, and/or are retrospective, and/or include

3,4,5

prevalent patients.” °™'° To our knowledge, there
are only four available multicentre prospective
studies with incident patients.* ¢ ¢ 7 Indeed, we
have shown that including prevalent patients, that
is, patients with PAH already diagnosed at the time
of enrolment in the study, was a bias as it led to an
improved survival of the cohort.'® ¥ Therefore, to
best reflect the true prognosis of SSc-PAH, it is
mandatory to include only incident patients with a
newly and recently diagnosed disease. The second
important issue is the presence of an associated
interstitial lung disease (ILD) in patients with SSc.
We, along with others, have shown that significant
ILD was an important prognostic factor in patients
with SSc and pulmonary hypertension (PH).* * 1
SSc patients with ILD-associated PH (PH-ILD)
have a worse prognosis. However ILD, either
limited or extensive, even without PH, also has an
impact on the overall prognosis, and ILD is also
one of the leading causes of death in $Sc.® 2°
Moreover, although the definition of PH-ILD in
patients with SSc is rather homogenous between
studies and relies mainly on lung volumes with or
without the extension of the ILD on high-
resolution CT (HRCT), it must be highlighted that
this definition has not been validated in SSc and is
empirical. Indeed, there are currently no available
data on the prognosis of SSc-PAH without any ILD
at all because all previous studies mixed patients
with isolated SSc-PAH without ILD, and patients
with PAH and a limited ILD (as defined by mild
extension on HRCT and preserved lung volumes)
in the same SSc-PAH subgroup, without comparing
them. The final unmet issue is the period of recruit-
ment of patients. The most recent multicentre pro-
spective study focusing on incident new cases of
SSc-PAH has included patients between 2001 and
2006.* There are no up-to-date data available for
patients treated in the most recent modern manage-
ment era, that is, since 2006.

We designed the following prospective study to
address these issues. We consecutively included in
the multicentre French Pulmonary Arterial
Hypertension Network SSc patients with newly
diagnosed PAH between January 2006 and
November 2009 and focused on patients without
any ILD on HRCT. We assessed the clinical, func-
tional and haemodynamic characteristics, survival
and prognostic factors in these patients.
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METHODS
The French Pulmonary Arterial Hypertension Network comprised
17 university pulmonary vascular centres and was established in
2002. All patients prospectively recruited between January 2006
and November 2009 with a diagnosis of SSc-PAH were included.
This study was compliant with requirements of the Commission
Nationale de 'Informatique et des Libertés, and all patients pro-
vided informed consent to participate. PAH was defined as mean
pulmonary arterial pressure (mPAP) >25 mm Hg at rest, and pul-
monary artery wedge pressure <15 mm Hg measured during right
heart catheterisation at rest. Three patients were therefore
excluded as their mPAP was <25 mm Hg. Of note, none of these
three patients was classified as having a former diagnosis of PAH
on exercise, and had therefore been inappropriately entered into
the Registry. SSc patients fulfilled the American College of
Rheumatology (ACR) criteria for SSc and/or the LeRoy’s classifica-
tion system (limited cutaneous or diffuse cutaneous SSc).*' *
Patients with overlap syndrome with another connective tissue
disease (lupus, rheumatoid arthritis and myositis) were excluded.
As discussed above, and to assess a homogeneous population, all
patients underwent a HRCT of the chest at PAH diagnosis in order
to look for the presence of ILD associated with SSc, as defined by
the presence of at least one usual sign of SSc-associated ILD, that
is, subpleural pure ground-glass opacity and/or interstitial reticular
pattern with or without traction bronchiectasis, and/or honeycomb
cysts. Presence of signs suggestive of pulmonary veno-occlusive
disease was not systematically reported and was not included in
the analysis. We focused on SSc patients with isolated PAH, that is,
without any signs of ILD on HRCT. Patients with isolated ground-
glass opacity on HRCT were excluded (although this can also be a
non-specific finding) in order to enable us to focus on patients
without any ILD. Patients who had received specific PAH treat-
ment before the right heart catheterisation (mainly bosentan for
digital ulcer prevention) were excluded. Among the 145 patients
initially classified as having SSc-associated PAH, we therefore
excluded 60 patients, and the final study population included 85
patients. The flow chart of the study is shown in figure 1. Incident
cases were defined as patients who received a diagnosis of PAH
confirmed by right heart catheterisation within the year before
inclusion in the registry. Date of diagnosis corresponded to date of
confirmatory right heart catheterisation.

Concerning SSc, baseline assessment gathered data on the
cutaneous extension graded according to LeRoy’s classification
system and presence of anticentromere or antitopoisomerase

Figure 1 Flowchart of the study.
HRCT, high resolution computed
tomography; ILD, interstitial lung

900 Group 1 PAH

disease; mPAP, mean pulmonary
arterial pressure; P(A)H, pulmonary

antibodies. Modified Rodnan skin score was not systematically
available and was not included in the analysis. All patients
underwent pulmonary functional tests. Forced expiratory
volume in one second (FEV,), forced vital capacity (FVC), total
lung capacity (TLC), diffusing capacity for carbon monoxide/
alveolar volume ratio (DLCO/AV or KCO) were expressed as
percentages of the predicted values. Concerning PAH, routine
evaluation at baseline included New York Heart Association
(NYHA) functional class and non-encouraged six-min walk test
(6MWT), which was performed in accordance with American
Thoracic Society recommendations.>> A right heart catheterisa-
tion was performed in each patient using a standard protocol.
Haemodynamic measurements also included stroke volume
index (SV), pulmonary artery capacitance (ratio SV/pulmonary
artery pulse pressure (PP)) and right ventricle stroke work index
(RVSWI) as previously described.’?

No mandatory specific treatment algorithm was employed.
The use of specific therapies including prostacyclin derivatives,
endothelin receptor antagonists (ERAs) and phosphodiesterase
type-S inhibitors was at the discretion of treating clinicians at
each centre, according to current guidelines,”* and the availabil-
ity of these agents in France.

Survival analysis

Categorical data were described by frequency and percentages;
continuous data were summarised by their mean and SD (ie,
mean=SD). Comparisons between two groups were performed
using a Student t test or Wilcoxon’s test for continuous variables
and x> test or Fisher’s exact test for categorical variables. No
patient was lost to follow-up. All-cause mortality was used for
analyses because causes of death could not always be confidently
ascribed. One-, two- and three-year survival were assessed; date
of diagnostic catheterisation was considered the baseline from
which survival was measured. Individual analyses based on the
Cox PH model were used to examine relationships between sur-
vival and selected variables measured at diagnosis. Events were
right-censored at 36 months of follow-up. Stepwise-forward
multivariable Cox PH analysis was used to examine the inde-
pendent effect on survival of selected variables (those with
p<0.20 from individual analysis), controlling for possible con-
founders. For patients who did not have six-min walking distance
(6MWD) evaluated at diagnosis because of the severity of PAH, a
value of 0 was imputed when the prognostic effect of distances
walked was under investigation. The two-sided significance level

(arterial) hypertension; PCWP, ¥

pulmonary capillary wedge pressure;

; ! 145 patients initially
SSc, systemic sclerosis.

classified in Group 1
PAH with a
diagnosis of SSc

Exclusion of patients who did
not fulfill SSc criteria

85 SSc-related
PAH with no
ILD on HRCT

Exclusion of 60 patients:

* No data available for mPAP, PCWP or cardiac output (n=8)

¢ Misdiagnosis of PAH: mPAP <25 mmHg (n=3) and postcapillary PH (n=4)
¢ Initial assessment while on a specific PAH treatment (n=12)

¢ ILD on HRCT (n=33)
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was set at 5%. Statistical analyses were performed with SAS soft-
ware (V9.1, SAS Institute, Cary, North Carolina, USA).

RESULTS

Study population

In total, 85 consecutive adult patients with SSc-PAH were pro-
spectively enrolled and constituted the study population. All
patients had newly diagnosed PAH, mean duration between the
first right heart catheterisation, and the inclusion in the registry
was 0.2+0.22 years (range: 0.01-1.00). Characteristics of
patients are described in table 1.

Most patients had a limited cutaneous SSc (87%), and a minor-
ity had antitopoisomerase antibodies (3%0). A majority of patients
were in NYHA functional class IIT or IV (79%). Haemodynamics
showed moderate to severe PAH with an mPAP of 41+
11 mm Hg and cardiac index of 2.64+0.78 1/min/m>.

First-line specific therapies for PH

Fifty-nine patients were treated by first-line ERA monotherapy
(bosentan (n=57), sitaxentan (n=1), ambrisentan (n=1)), 14
patients first-line with the phosphodiesterase type-5 (PDES)
inhibitor sildenafil, four patients with first-line combination of
bosentan and sildenafil, and one patient with first-line epopros-
tenol. Five patients were not treated with a specific PAH drug
during the follow-up, and data were missing for two patients.
During the follow-up, 26 patients received a combination of
ERA and PDES inhibitor sildenafil. Concerning the prostacyclin
therapy, seven patients were treated with epoprostenol, two
with subcutaneous treprostinil and nine with inhaled iloprost
during the follow-up. Thirty-eight patients continued to receive
monotherapy during the follow-up.

Survival and predictors of mortality

The mean duration of follow-up after PAH diagnosis was 2.33 %
1.09 years (median: 2.32 years). Twenty-nine patients died.
Overall survival was 90% (95% CI 81% to 95%), 78% (95%
CI 67% to 86%) and 56% (95% CI 42% to 68%) at 1, 2 and
3 years from PAH diagnosis, respectively (figure 2). Two patients
underwent double lung transplantation for PAH and were still
alive at the end of follow-up (30 and 48 months, respectively).
For these two patients, pathological examination of the lung
found pulmonary veno-occlusive disease.

Univariate analysis was performed using the first 3 years of
follow-up and is shown in table 2. Age and cardiac index were
significant predictors in the univariate analysis. We also observed
strong trends for gender, SSc subtypes, NYHA functional class,
%TLC, %KCO, pulmonary vascular resistance (PVR), SV/PP to
be significant predictors in the univariate analysis. Conversely,
6MWD, pericardial effusion, right atrial pressure (RAP), mPAR
RVSWI and brain natriuretic peptide values were not significant
predictors. The study was not designed to assess specific treat-
ment efficacy or influence on survival.

In the multivariate model including age, cardiac index, gender,
SSc subtypes, NYHA functional class, %TLC, %KCO, PVR,
SV/PE we found that gender was the only independent factor
associated with survival. Male gender carried a worse prognosis
(HR=4.76, 95% CI 1.35 to 16.66, p=0.015; figure 3).

DISCUSSION

In this prospective study, we included SSc patients with isolated
PAH without any ILD, which was newly diagnosed between
2006 and 2009, that is, in the most recent modern management
era, as confirmed by the start of a specific PAH treatment in 78/
83 patients with available data. Concerning the baseline

Table 1 Baseline characteristics of the 85 incident SSc-PAH
patients enrolled in the French PAH registry between 2006 and
2009

Parameter N Value

Demographics

Female gender 85 70 (82)

Age, years 85 64.9+12.2

Ever/never smoker 85 30 (35)/55 (65)
Disease characteristics

Limited/diffuse cutaneous SSc 85 74 (87)111 (13)

Antinuclear antibodies 83 54 (65)

ACA positive 83 33 (40)

ATA positive 83 3(4)
Functional capacity

NYHA FC, 1/n1nnv 82 0 (0)/17 (21)/55 (67)/10 (12)

6MWD, m 75 259+126
Echocardiography

Pericardial effusion present 55 14 (25)
Pulmonary function tests

FVC, % predicted 73 92+21

TLC, % predicted 73 94+15

FEV;, % predicted 72 90+22

KCO, % predicted 64 53+20
Blood gases

Pa0,, mm Hg 57 70+18

PaCO,, mm Hg 54 33+9

Sa0,, %

Before 6MWT 64 95+3
Post 6MWT 60 88+5

Blood analysis

BNP, ng/l 48 463+573
Haemodynamics

RAP, mm Hg 84 7+5

mPAP, mm Hg 85 4111

PCWP, mm Hg 85 8+4

Cardiac output, I/min 85 4.44+1.56

Cardiac index, |/min/m? 83 2.64+0.78

PVR, dyn/sec/cm™> 85 680355

SV, ml 71 57+26

SV/PP, ml/mm Hg 70 1.81+1.59

RVSWI, g.m/m? 68 14.815.22

Heart rate, bpm Al 83+15

Data are mean+SD or n (%).

6MWD/T, six-min walking distance/test; ACA, anticentromere antibody; ATA,
antitopoisomerase | antibody; BNP, brain natriuretic peptide; FVC, forced vital
capacity; FEV;, forced expiratory volume in 1 s; KCO, diffusing capacity for carbon
monoxide corrected for alveolar volume; mPAP, mean pulmonary arterial pressure;
NYHA FC, New York Heart Association functional class; PAH, pulmonary arterial
hypertension; Pa0,/PaCO, partial pressure of oxygen/carbon dioxide in arterial blood;
PCWP, pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance; RAP,
right atrial pressure; RVSWI, right ventricle stroke work index; Sa0,, oxygen saturation
measured by pulse oximetry; SSc, systemic sclerosis; SV, stroke volume; SV/PP,
pulmonary artery capacitance; TLC, total lung capacity.

characteristics, most patients (79%) were in functional class III
or IV, whereas only 21% were in functional class T or II. This
result was quite surprising, as guidelines and the recent literature
have highlighted the importance of screening in order to
capture SSc patients with less advanced PAH.'® 2* %° In our
recent report on incident SSc-PAH patients, we showed that
50% of SSc-PAH patients detected through systematic screening
were in functional class T or IT and had better haemodynamics,
whereas 87% of SSc-PAH patients diagnosed during routine
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Figure 2 Survival in incident 100
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0.00
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Patients at risk
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practice were in functional class III or IV with worse haemo-
dynamics.'® Similarly, the mPAR cardiac index and PVR values
in the present study were closer to those of the routine practice
cohort than those of the cohort detected through systematic
screening in our previous study.'® Altogether, these data suggest
that between 2006 and 2009, most French SSc-PAH patients
were diagnosed during routine practice and not through a sys-
tematic screening, leading to a delay in diagnosis. This also sug-
gests that the screening programmes should improve to be easily
applicable in multicentre daily practice. The second important
baseline characteristic to discuss is the mean age of 65 years at
PAH diagnosis. When compared with other studies on
SSc-PAH, our patients are older by 3—6 years, and are the oldest
among all the published studies except patients described by

Table 2 Prognostic value of different variables for predicting
survival in incident SSc-PAH patients

Variable Hazard ratio (95% Cl) p Value
Age, per year 1.05 (1.01 to 1.09) 0.012
Sex, female 0.46 (0.20 to 1.05) 0.064
SSc subtypes, diffuse 0.15 (0.02 to 1.13) 0.066
Anticentromere antibodies 1.65 (0.80 to 3.43) 0.177
6MWT, m 0.99 (0.99 to 1.00) 0.154
NYHA FC NIV versus I/l 3.75 (0.89 to 15.86) 0.072
FVC, % 1.00 (0.98 to 1.02) 0.760
TLC, % 0.97 (0.95 to 1.00) 0.062
KCO, % 0.96 (0.93 to 1.00) 0.051
Pericardial effusion 1.69 (0.51 to 5.58) 0.392
RAP, mm Hg 1.01 (0.82 to 1.24) 0.914
mPAP, mm Hg 1.01 (0.97 to 1.04) 0.675
PCWP, mm Hg 0.92 (0.82 to 1.02) 0.130
Cardiac index, l/min/m? 0.49 (0.27 to 0.89) 0.019
PVR, dynlsedcm_5 1.00 (1.000 to 1.002) 0.067
SV, ml 0.98 (0.96 to 1.01) 0.160
SV/PP, ml/mm Hg 0.51 (0.25 to 1.02) 0.058
RVSWI, g.m/m? 0.98 (0.89 to 1.07) 0.605
BNP, ng/l 1.02 (0.72 to 1.45) 0.892

6MWD/T, six-min walking distance/test; BNP, brain natriuretic peptide; FVC, forced
vital capacity; KCO, diffusing capacity for carbon monoxide corrected for alveolar
volume; mPAP, mean pulmonary arterial pressure; NYHA FC, New York Heart
Association functional class; PAH, pulmonary arterial hypertension; PCWP, pulmonary
capillary wedge pressure; PVR, pulmonary vascular resistance; RAP, right atrial
pressure; RVSWI, right ventricle stroke work index; Sa0,, oxygen saturation measured
by pulse oximetry; SSc, systemic sclerosis; SV, stroke volume; SV/PP, pulmonary artery
capacitance; TLC, total lung capacity.

0.5

81

1.0 1.5 2.0 25 3.0
Time (years)
74 65 54 32 21

Mukerjee et al (mean age: 66 years).)” These data are probably
important for correctly interpreting the results, as age could
also participate in the impairment of the baseline functional
class and will impact on the overall survival.

Overall survival was 90% (95% CI 81% to 95%), 78% (95%
CI 67% to 86%) and 56% (95% CI 42% to 68%) at 1, 2 and
3 years from PAH diagnosis, respectively. The 1-year survival of
90% is the best reported survival in the literature, except the
100% for the SSc-PAH patients detected through a systematic
screening programme and the 90% reported by Williams
et al.'® 1® This result is important as the baseline characteristics
of our patients were severe and the patients were old with prob-
able comorbidities. The 1-year survival rates in the other pro-
spective multicentre studies including incident SSc patients with
PAH and no significant ILD range between 75% and
829%.% © ¢ 17 In those studies, patients were enrolled between
1998 and 2006 and haemodynamics were quite similar to our
study. The explanations for this good 1-year survival are not
known but could, in part, be that patients in the French Registry
coming from expert centres both in PAH and SSc with a multi-
disciplinary management, were included in the most recent
modern management era (only five patients did not receive any
specific PAH treatment in our multicentre study), where close
follow-up and reassessment after the initiation or the change of
specific PAH treatment is mandatory. Finally, it must be high-
lighted that we focused on patients without any ILD, whereas
all previous studies mixed patients without ILD and patients
with ‘non-significant ILD’. As the phenotype of PH in SSc is
heterogeneous and has not been fully understood, we therefore
believe that it is interesting to study a homogeneous subgroup
of patients, here, SSc patients with isolated PAH and no ILD at
all. The 2-year survival rate is 78% in our study, which again is
better than the 56—-67% described in previous multicentre pro-
spective studies.* ¢ '® 7 Conversely, the 3-year survival rate of
56% was as low as in previous studies (44-59%).* ¢ 1¢ 17 Again,
this dismal survival at 3 years is further evidence that patients
were not diagnosed during a screening programme. Indeed, in
our recent study, the 3-year survival in a detection cohort was
much better at 81%.'¢ This drop in survival, leading to a bad
overall prognosis, raises some issues for which we do not have
the exact explanations, only hypotheses. The first hypothesis is
related to the natural history of SSc-PAH after the initiation of a
specific treatment. It is possible that the specific PAH treatment
improves only transiently in SSc patients but does not pro-
foundly change the overall prognosis. It is also possible that the
PAH management of these SSc patients who are older than the
majority of other patients with PAH, and who often have a
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systemic disease, especially with myocardial involvement?® 27

with comorbidities, is less aggressive with no increase or com-
bination of treatment being administered even if the patient is
worsening. Whether more aggressive management would
improve the overall prognosis in such cases deserves further
investigation. It is interesting to note that a majority of our
patients were still on monotherapy at the end of follow-up, and
that only 18 patients received parenteral prostacyclins. It is also
possible that combinations of treatments are not as effective in
SSc patients.”?® Another explanation could be the probably
underestimated frequency of pulmonary veno-occlusive disease
in SSc. Indeed, a recent study showed that nearly two-thirds of
patients with SSc-related PAH had two or more radiological
signs of pulmonary veno-occlusive disease,”” and this was asso-
ciated with a worse prognosis. Finally, only two patients under-
went double lung transplantation. Dealing with these issues
appears of utmost important to understand why, after 1-2 years
of overall rather good prognosis, the overall long-term prognosis
becomes so dismal. The most severe patients, despite an optimal
therapy, without obvious contraindications to lung transplant-
ation, should be referred to a transplantation centre to be evalu-
ated, as their long-term prognosis is no different to the
prognosis of patients transplanted for other conditions like idio-
pathic pulmonary fibrosis.*°

Prognostic factors of SSc-PAH have been widely studied in
the literature.” ® However, there are discrepancies for para-
meters like age, gender, haemodynamics and 6MWT.” & Again,
some of these studies included prevalent patients and all mixed
patients without ILD, and patients with ‘non-significant
ILD’.° 7% In our study focusing on incident SSc-PAH patients
without ILD, we found that age and cardiac index were signifi-
cant predictors in the univariate analysis. We feel that these
results are important as age was reported as a prognostic factor
in none of the previous studies except that of Condliffe et al.*
In this latter study, patients younger than 70 years had an
overall better prognosis. Our result could be explained in part
by the fact that our patients were older at PAH diagnosis than
the patients in other studies, and this could have directly
impacted on prognosis. Interestingly, this result is similar to that
observed in idiopathic PAH where older age is associated with a
worse prognosis.'® 1 Concerning cardiac index, there are major
discrepancies in SSc as some studies found that cardiac index
was a prognostic factor,® * 31 whereas other studies found that it
was not.® 7 10 143233 Among the latter negative studies for
cardiac index, two studies focused on patients with ILD-related

PH where cardiac index was not associated at all with the
overall prognosis.'* ** We feel that by selecting isolated
SSc-PAH we clearly demonstrate that baseline cardiac index is a
strong prognostic factor in this selected population with a pure
pulmonary vascular disease. Interestingly again, cardiac index is
also an important prognostic factor in idiopathic PAH.'® 1
Other parameters slightly missed the statistical significance in
univariate analysis: gender (p=0.064), NYHA functional class
(p=0.072), PVR (p=0.067) and SV/PP (p=0.058), %KCO
(p=0.051), %TLC (p=0.062) and SSc subtypes (p=0.066).

In our study, male gender tended to be associated with a
worse prognosis in univariate analysis and was independently
associated with a worse prognosis in multivariate analysis
(figure 3). This has been reported only once in SSc-PAH,'"
whereas the majority of studies did not find any significant asso-
ciation between gender and prognosis.” Of note, male gender is
often reported as a bad prognostic factor in SSc without PAH.**
In the French Registry, male gender is also associated with a
worse prognosis in patients with idiopathic PAH in univariate
and multivariate analysis, although the explanation underlying
this observation is not known.'® ' It is interesting to highlight
again that by selecting patients with isolated PAH we have
found some common strong prognostic factors with idiopathic
PAH, such as age, gender and cardiac index. NYHA functional
class III/IV is quite consistently reported as a strong prognostic
factor in SSc-PAH.” This was not as clear in our study. Again,
one explanation could be the older age of our patients which
could have increased the functional impairment independently
from the true severity of PAH.

KCO is rarely reported as a prognostic factor in SSc-PAH
without a significant ILD. Only Mathai et al also found that the
lower the DLCO the worse the prognosis,’” whereas other
studies have not found any association. A low DLCO or KCO
reflects the importance of the pulmonary vascular bed involve-
ment. Finally, exercise tolerance as measured by the 6MWT is a
strong prognostic factor in idiopathic PAH.'® ¥ The majority of
studies, including ours, do not support the clear association of
6MWT with the prognosis of patients with SSc-PAH.” The lim-
itations of 6MWT in SSc are well established.® It is highly
probable that 6MWT reflects a lot of parameters which are not
all directly associated with PAH, such as musculoskeletal impair-
ment or depression.>®

Our study has some limitations. As it was a multicentre inves-
tigation, HRCT was performed using different equipment
between centres, and images were not read by a single
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radiologist. In the same way, 6MWT and right heart catheterisa-
tion were also performed by different physicians. However, all
centres were members of the French Pulmonary Arterial
Hypertension Network, which comprises expert university pul-
monary vascular centres that are familiar with these tests, and
all followed standardised protocols,?® thereby limiting variability
among centres.

In conclusion, we report the prognosis of a prospectively con-
stituted cohort of newly diagnosed incident SSc-PAH without
ILD in the modern era of treatment. Our patients were older
than in the literature, and had severe PAH at baseline with a
majority in functional class III/IV, and with impaired haemo-
dynamics. The overall prognosis is satisfying at 1 and 2 years
despite severe PAH at baseline, but the 3-year survival remains
poor. Prognostic factors mainly include age, gender and right
ventricular haemodynamic function which are similar to prog-
nostic factors observed in idiopathic PAH. These results show
that we have still to improve the long-term prognosis of SSc-PAH
which remains poor at 3 years even in the most modern manage-
ment era. Early detection of less severe patients through easily
applicable screening programmes should be a priority.
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