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Fia. 3 Cumulative survival rates in 70 patients with PAH-CTD, stratified by treatment regimen.
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expected by a recent campaign aimed to promote the
PAH screening of asymptomatic patients with CTD but
the recent group included more referral patients than the
historical group. This may explain the differences in the
baseline characteristics of the historical and recent
groups: the haemodynamics were more severe and the
‘frequency of MCTD lower in the recent group.
Additionally, as in studies carried out in other east Asian
countries [27-30}, a small number of the patients in our
cohort may have been subject to selection Dbias.
Therefore, the subjects in our study might not reflect the
composition of the general PAH-CTD patient population
in Japan. Another limitation of this study is the lack of
male patients in the study population, since a recent
study demonstrated potential differences in baseline hae-
modynamic characteristics and outcomes between men
and women with PAH [36].

In summary, the underlying CTDs and ANA profiles in
Japanese patients with PAH-CTD were apparently differ-
ent from those in the USA and Europe. Modern PAH treat-
ment improves survival rates, but long-term outcomes are

still unsatisfactory. Early detection of PAH is important
for further improving survival rates but a screening strat-
egy specific to Japanese CTD patients needs to be
developed.

Rheumatology key messages

¢ High frequencies of MCTD/SLE and anti-U1RNP
antibody are hallimarks of PAH-CTD in Japanese
patients.

« The prognosis of Japanese patients with PAH-CTD
has improved with modern treatment.

o WHO-FC at baseline is an independent prognostic
factor in Japanese patients with PAH-CTD.
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Combined Interstitial Lung Disease and
Pulmonary Hypertension in Systemic
Sclerosis: Pathophysiology and Management

Hidekata Yasuoka, MD, PhD, and Masataka Kuwana, MD, PhD

Keio University School of Medicine, Tokyo, Japan

CML - Putmonary Hypertension 2012;3(4):105-15.
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Systemic sclerosis (SSc), also known as
scleroderma, is a connective tissue disease
(CTD) characterized by excessive fibrosis,

microvasculopathy, and  autoimmunity.
Typical histological changes are found
in multiple organs, including the skin,
gastrointestinal tract, lungs, heart, and
kidneys. Lung involvement is a major
cause of morbidity and mortality in SSc. In
fact, University of Pittsburgh (Pittsburgh,
PA, USA) database records of SSc-related
mortality show interstitial lung disease
(ILD) and pulmonary arterial hypertension
(PAH) as the two major causes of death [1].
Thus, to improve SSc patient survival, it
is imperative to suppress the progression
of ILD and PAH. Currently, treatment
for SSc-associated ILD is limited to
immunosuppressive  agents. A recent
randomized placebo-controlled trial (the
Scleroderma Lung Study) reported that oral
cyclophosphamide provides a modest but
significant benefit in terms of lung function
and health-related quality of life (QoL) in
SSc patients with active ILD [2]. Molecularly
targeted drugs for PAH can greatly

-Submit comments or questions

all

benefit patients with SSc-associated PAH,
improving symptoms, QoL, hemodynamics,
and survival in comparison with historical
controls [3]. However, it is still unclear
whether these new treatments will improve
long-term prognosis [4].

Clinically, a significant proportion of
patients with SSc¢ have co-occurring ILD and
pulmonary hypertension (PH) [5], and these
cases are the most difficult to manage. The
prognosis for these patients is worse than for
patients with ILD or PAH alone [6-8]. The
exact pathophysiology of coexisting ILD
and PH in SSc patients is uncertain; these
two conditions may interact synergistically
to deteriorate cardiopulmonary function.
In this review, we will summarize current
information on the pathophysiology and
management of SSc¢ with combined ILD
and PH.

Pathophysiology

PH is a  heterogeneous  condition
characterized by elevated PA pressure. The
clinical classifications of PH were updated
at the World PH Symposium held in 2008

519




106

[9]. All forms of PH can occur in patients
with  SSc¢, including PAH, pulmonary
veno-occlusive disease (PVOD), PH owing
to left heart disease (LHD), PH owing
to lung diseases and/or hypoxia, and
chronic thromboembolic PH. In a recent
European cohort of SSc¢ patients with PH,
the frequencies of PAH, PVOD, PH-LHD,
and PH-ILD were 51%, 2%, 20%, and 27%,
respectively [10]. Clearly, the underlying
disease processes of PH in SSc are
heterogeneous, and it is important to note
that PH owing to myocardial dysfunction
or ILD is fairly common in SSc [10,11]. In
addition, many SSc patients with PH show
mixed histological features of PAH and
PVOD at autopsy [12], and high-resolution
computed tomography (HRCT) findings
suggestive of PVOD are associated with
a worse prognosis in SSc patients with
a diagnosis of PAH [13]. Furthermore,
subclinical diastolic myocardial dysfunction,
which may contribute to passive PH, is fairly
common in SSc patients [14]. Therefore, it
is likely that many SSc patients with PH
have two or more conditions that together
contribute to elevation of PA pressure (PAP).

The clinical classification of PH cases is
based on the primary causative underlying
condition, but in SSc patients it is often
difficult to idemtify which mechanism
plays the primary role. Where radiological
evidence indicates that ILD and PH coexist,
it is practically impossible to discriminate
PH-ILD from co-occurring PAH and ILD.
Previous studies evaluating SSc¢ patients with
PAH have used a variety of criteria to exclude
PH-ILD, including percent total lung capacity
(TLC) <80% [15] or <70% [16], and percent
forced vital capacity (FVC) <60% [17] or
<70% [18]. Other studies examining the
impact of coexisting ILD on the survival of
SSc patients with PH have included subjects
with PH whose HRCT results provided
radiological evidence of ILD [6,7,8,19]. Thus,
the inconsistent inclusion and exclusion
criteria used in the current literature make it
difficult to understand the pathophysiology,
prevalence, and natural history of combined
11D and PH in SSc patients.
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Two types of pathogenic process,
including PAH and PH-ILD, contribute to
increased PAP in SSc patients with 1LD
(Figure 1). PAH primarily affects the distal
PA and promotes vascular remodeling. The
pathogenic lesions are characterized by
pulmonary vascular remodeling consisting of
medial hypertrophy and intimal proliferative
and fibrotic changes [20]. In contrast, the
predominant cause of PH-ILD is alveolar
hypoxia owing to parenchymal lung disease
[21]. Hypoxia induces vasoconstriction of the
pulmonary arterioles and resultant elevation
of pulmonary vascular resistance (PVR).
This response is often reversible, but chronic
hypoxic vasoconstriction may eventually
lead to pulmonary vascular remodeling,
as observed in PAH. The loss of capillary
surface area as a result of the destruction
of lung parenchyma may also contribute
1o increased PVR. Again, this mechanism
promotes vascular remodeling of the intact
pulmonary vasculature by increasing shear
stress owing to blood overflow. These
processes together increase PVR.

Recent observational studies on nailfold
capillary changes in SSc patients suggest
that structural vascular abnormalities occur
very early in disease progression, preceding
fibrotic changes [22]. Endothelial injury and
defective vascular repair machinery have
been proposed as the primary event leading
to SSc¢, followed by an influx of circulating
inflammatory  cells and  progenitors
accompanied by the wupregulation of a
series of pro-fibrotic growth factors, such
as transforming growth factor-B (TGF-p)
and platelet-derived growth factor (PDGEF)
[23]. Therefore, it is important to be
aware that remodeling of the peripheral
vasculature, including the PAs, is found in
all patients with a clinical diagnosis of SSc.
In particular, this process occurs early in the
course of the disease, before ILD progresses
to cause hypoxia or a significant loss of
pulmonary vasculature. Taken together, SSc
patients with combined ILD and PH have
the PA pathophysiology of both PAH and
PH-ILD, but the degree to which these two
conditions contribute differs among patients.
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Figure 1. Pathogenic mechanisms contributing
to elevation of pulmonary arterial pressure in
systemic sclerosis patients with combined PH
and ILD. Two types of pathogenic process,
PAH and PH-ILD, synergistically promote
increased PVR.

PAH

ILD-PH

ILD: interstitial lung disease; PAH: pulmonary arterial
hypertension; PH: pulmonary hypertension; PVR: pulmonary
vascular resistance.

Proportion of PH in SSc

patients with ILD

Chang and coworkers examined the
frequencies of ILD and PH in 619 patients
with SSc [5]. ILD, defined as a TLC <80%,
was present in 251 patients (41%), while PH,
determined by Doppler echocardiography
estimation as a systolic PAP (PASP) >35
mmHg, was detected in 231 patients (37%). A
total of 112 patients (18%) had both ILD and
PH; thus, the proportion of PH in SSc patients
with ILD was 44%. Trad et al. reported ILD in
52 (60%) of 86 patients with diffuse cutaneous
SSc (dcSSce); 18 patients (35%) were found 10
have concomitant PH, based on Doppler echo
[19]. However, the percentages in these studies
apparently over-represent the incidence of PH
in SSc patients with ILD, because Doppler
echo can lead to overestimation of PASP [24].
To date, no study has been conducted to assess
the proportion of PH confirmed by right
heart catheterization (RHC) in patients with
SSc and ILD. Nevertheless, the prevalence of
PH in SSc patients with ILD appears to be
extremely high compared with the prevalence
of <5% in patients with primary parenchymal
lung diseases, such as chronic obstructive
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pulmonary disease (COPD) and idiopathic
pulmonary fibrosis (IPF) [25]. This supports
the theory that PH in SSc patients with ILD
results not only from PH-ILD, but also from
the primary vascular remodeling observed
in PAH.

In patients with SSc, the prevalence
of PH was reported to be in the range of
7-12% when PH was detected by Doppler
echo screening, followed by confirmatory
RHC ([10]. Several cohort studies have
evaluated the prevalence of PH-ILD in SSc
patients with RHC-confirmed pre-capillary
PH, using their own definitions based on
pulmonary function tests (PFTs) [6,7,19].
The prevalence was strikingly similar in
these reports, ranging from 18% to 21%.

Clinical characteristics
Risk factors for developing PAH in SSc
include limited cutaneous SSc, long disease
duration from the onset of Raynaud’s
phenomenon (>8 years), anticentromere
antibodies (ACA), anti-nuclear antibodies, and
extensive telangiectasia [26]. In contrast, ILD
is associated with dcSSc, anti-topoisomerase
I antibodies, and the absence of ACA [15].
Characteristics of coexisting ILD and PH
include male gender with a history of smoking,
dcSSc, and a low percentage of ACA [8], which
are consistent with ILD risk factors and
apparently different from PAH risk factors.
Combined pulmonary [ibrosis and
emphysema (CPFE) syndrome has been
proposed as a distinct subset of ILD, with
imaging features including centrilobular
and/or paraseptal emphysema, and diffuse
infiltrative opacities suggestive of pulmonary
fibrosis predominating in the lower lobes
[27]. CPFE has distinct clinical features
characterized by a history of smoking, severe
dyspnea, and unexpectedly subnormal
spirometry measurements contrasting with
severely impaired gas exchange; it carries
an increased risk of developing PH [28,29].
Recently, Cottin et al. reported that CPFE
occurs in patients with CTDs, including
SSc, and is present in 7% of the entire ILD
population [30]. Of particular interest,
RHC-confirmed PH was detected in half of
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the SSc¢ patients with CPFE, indicating a
strong correlation between CPFE and PH.

Hemodynamics

Patients with PH and advanced parenchymal
disease such as COPD or IPF often have only
mildly impaired hemodynamic parameters.
Cardiac  output is wusually still within
the normal range, and PVR is slightly or
moderately increased [31]. The increase in
mean PAP (mPAP) is also generally modest,
ranging 25-35 mmHg [32]. However, some
patients have prominently elevated PAP of
>35 mmllg. These patients, particularly
those with relatively mild pulmonary function
impairment or ILD extent on chest HRCT,
are considered to have “out of proportion”
PH, which is supposed to indicate additional
conditions contributing to increased PAP,
such as pulmonary vascular remodeling.
The prevalence of out-of-proportion PH in
SSc patients with ILD should be higher than
in patients with COPD or IPF, but there
are few data on this issue because different
definitions have been used to select patients
with combined ILD and PH in the studies
published to date [33]. Interestingly, survival
rates in SSc patients with combined ILD
and PH are similar among those with mild
and moderate-to-severe increases in PADP,
suggesting that PAP is not prognostically
significant [8].

Prognosis

The median life expectancy of SSc patients
with PAH is approximately 1 year if PAH
remains untreated [34]. Treatment has evolved
considerably with the recent development
of PAH drugs [35]. In contrast, the median
survival of $Sc patients with ILD is 5-8 years
when not treated with cyclophosphamide [36].
Table 1 summarizes the short-term survival
rates of SSc patients with combined ILD and
PH, although the definition of ILD differed
among these studies. The majority of subjects
were treated with one or more PAH drugs.
These studies consistently showed worse
survival rates for patients with combined ILD
and PH than for those with PAH alone. The
3-year survival rates were disappointingly
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low, ranging from 28% to 47%. A multivariate
analysis of all patients with PH found ILD
to be the independent parameter associated
with the worst survival rate [6]. The risk of
death increased five-fold for SSc patients with
combined ILD and PH compared with those
with PAH alone.

Prognostic factors determined in a
multivariate analysis in SSc patients with
combined ILD and PH are listed in Table 2.
Launay et al. found that pericardial effusion
and lowered diffusing capacity of the
lung for carbon monoxide (DLCO) were
independent factors predictive of poor
survival in SSc patients with combined
ILD and PH [8]. Another study found
deterioration of oxygenation during follow-
up and reduced glomerular filtration rate to
be independent predictors of mortality [37].
Interestingly, none of the hemodynamic
parameters was found to be a prognostic
parameter in this group of patients.

Screening and diagnosis
The general recommendation for SSc patients
is to be screened annually for PAH, even in
the absence of symptoms [26], since PAH is a
typical late complication of SSc [26]. On the
other hand, Hachulla et al. recently reported
that approximately half of their SSc patients
who developed PAH had an early onset of
the complication [38]. Current guidelines
recommend that patients with a high risk of
developing PH, such as those with SSc, be
screened with transthoracic echo irrespective
of the presence or absence of ILD {39]
Patients with echo findings suggestive of PH,
such as right ventricle enlargement, abnormal
intraventricular  septum  configuration,
and increased tricuspid regurgitation peak
velocity, should undergo RHC, the gold
standard for confirming a PH diagnosis.
Echo, the most commonly used screening
tool, is often unreliable, especially in the
presence of parenchymal lung diseases such
as COPD [24]. In such patients, the chest
wall configuration — especially if there is air
trapping or a deviated cardiac orientation —
may affect the results of the echo. In addition,
increased tricuspid regurgitation velocity was
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Table 1. Short-term survival rates in systemic sclerosis patients with RHC-confirmed PH in the
presence or absence of ILD. Definition of PH is based on RHC (mean PA pressure 225 mmHg, PA
occlusion pressure <15 mmHg).
Study [Ref] Participants (n) Definition of ILD Survival rates
Total  Without LD  With ILD Without LD (%)  With ILD (%)
Mathai et al,, 59 39 20 TLC <60% or TLC 1 year: 87 1year: 82
2009 [6] 60-70% plus “"severe” 2 years: 79 2 years: 46
ILD on HRCT 3 years: 64 3 years: 39
Condliffe et 315 259 56 Predicted forced vital 1 year: 78 1 year: NA
al., 2008 [7] capacity <60% 2 years: 58 2 years: NA
3 years: 47 3 years: 28
Launay et al,, 97 50 47 ILD on HRCT 3 years: 71 3 years: 47
2011 [8]
HRCT: high-resolution computed tomography; ILD: interstitial lung disease; NA: data not available; PA: pulmonary artery; PH: pulmonary
hypertension; RHC: right heart catheterization; TLC: predicted total lung capacity.

detected by echo in only 24-77% of patients
in whom a pressure gradient was detected
by RHC [40-42]. A recent study evaluating
the relationship between echo and RHC data
in COPD patients found the positive and
negative predictive values of echo results 10
be 68% and 67%, respectively [43]. Therefore,
it is important to understand the diagnostic
limitations of echo.

The PFT is also useful for screening SSc
patients for PAH. Steen et al. reported that
11% of 815 patients with SSc had “isolated”
DL.CO reduction — that is, reduced DLCO
in spite of normal FVC, without radiological
evidence of ILD - and that this finding was
associated with PAH [44]. In the presence
of advanced ILD, a disproportionate decline
in DLCO, which is expressed by a ratio of
FVC to DL.CO >14, is useful for identifying
patients with combined ILD and PH.
Another study reported that the sensitivity
and specificity of the FVC/DLCO ratio for
detecting PH in SSc patients were 71% and
72%, respectively, when the cutoff was set at
2.0 [45]. However, the FVC/DLCO ratio was
relatively low in SSc patients with combined
ILD and PH compared with those with
PAH alone [6]. This finding was confirmed
by Launay et al., indicating limited utility
of the FVC/DLCO ratio for PH screening
in SSc patients with ILD [8]. Instead, this
group of investigators found reduced partial
pressure of oxygen in the arterial blood to
be an independent indicator of concomitant
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ILD and PH, whereas severe dyspnea was a
unique indicator for PAH without ILD [46].

The plasma level of B-type natriuretic
peptide (BNP) or its precursor, N-terminal
pro-BNP (NT-proBNP), is a useful marker
for detecting PAH in patients with SSc
[47,48]. In patients with parenchymal lung
disease, elevated BNP concentrations have
been found to have a sensitivity of 85% and a
specificity of 88% in identifying significant
PH and predicting mortality [49]. BNP
is a risk factor for death, independent of
lung function impairment or hypoxemia.
However, left ventricular end-systolic wall
stress appears to be the key mechanical
stimulus for releasing NT-proBNP [50],
indicating that BNP is not always reliable,
especially in the presence of LHD.

RHC is the gold standard for diagnosing
PH. RHC can be used in SSc patients with
ILD to achieve the following:

To confirm or exclude a diagnosis of PH.
To classify “out of proportion” PH.

To assess severity by examining such
hemodynamics as cardiac output

and PVR.

To evaluate concomitant myocardial
involvement by measuring pulmonary
capillary wedge pressure.

Therefore, SSc patients with ILD who have
dyspnea and hypoxemia disproportionate to
PIFT and HRCT findings, or who have signs of
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by multivariate analysis.

Table 2. Prognostic factors in patients with combined interstitial lung disease and PH, determined

Study [Ref]

Statistically significant prognostic factors

Factors not associated with prognosis

DLCO
Pericardial effusion

Launay et al,
2011 (8]

Le Pavec et
al, 2011 [37]

Reduced glomerular filtration rate
Worsening oxygenation

Sex

Age

Age at SSc diagnosis

SSc duration at PH diagnosis

Anticentromere antibody

Anti-topoisomerase | antibody

Partial pressure of oxygen in arterial blood

WHO functional class

6MWD

RHC parameters (RAP, mPAP, T, PVR, stroke
volume, stroke volume index, right ventricle
stroke work index)

Heart rate

PFT parameters (TLC, FVC, FEV1, FV(/DLCO)

Age

Sex

SSc duration prior to pulmonary arterial
hypertension diagnosis

Limited or diffuse

Oxygen usage at baseline

WHO functional class

BMWD

Heart rate

Mean systolic blood pressure

RHC parameters (RAP, mPAP, Ci, PVR)

PFT parameters (FEV1, FVC, TLC, DLCO)

capacity; WHO: World Health Organization.

6MWD: 6-min walk distance; Ch: cardiac index; DLCO: diffusing capacity of the lung for carbon monoxide; FEV1: forced expiratory volume
in 1's; FVC forced vital capacity; mPAP: mean pulmonary arterial pressure; PFT: pulmonary function test; PH: pulmonary hypertension;
PVR: pulmonary vascular resistance; RAP: right atrial pressure; RHC: right heart catheterization; SS¢: systemic sclerosis; TLC: total lung

right-sided heart failure, should undergo RHC
irrespective of PH screening results.

After PH is confirmed by RHC, it is
necessary to classify patients with combined
ILD and PH into at least three groups based
on the degree of functional impairment.
In the case of mild ILD without restrictive
respiratory impairment, PH is likely to be
due to primary PA remodeling, consistent
with PAH. On the other hand, it is difficult
to discriminate the co-occurrence of ILD and
PAH from PH-ILD alone in the presence of
clinically relevant ILD, which may correspond
1o extensive disease, as proposed by Goh et
al. [51]. There is no consensus on criteria for
discriminating patients with and without
concomitant PAH. In these circumstances,
subgrouping of out-of-proportion PH is
potentially useful for selecting patients with
coexistent PH-ILD and PAH. Definition
of out-of-proportion PH is still a matter of
debate, but preliminary criteria were proposed
at the Cologne Consensus Conference in
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2011 [31]. Specifically, classification into
out-of-proportion PH requires at least two
of three criteria: mPAP >35 mmHg, mPAP
>25 mmHg with limited cardiac output
(cardiac index <2.0 l/min/m?), and PVR
>6 WU. These tentative criteria may be
used as a guide for classification of SSc
patients with combined ILD and PH, but
the clinical decision should be made on a
case-by-case basis.

Management

Currently, there is no treatment proven
to improve survival in SSc patients with
combined ILD and PH. Since this group of
patients has the worst prognosis of all patients
with SSc, all potentially effective treatment
options available must be considered.

Treatment for ILD

Oral cyclophosphamide is widely accepted
for the treatment of SSc-associated ILD,
based on the results of a randomized
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placebo-controlled trial {2}; however, that
study excluded patients with apparent PH.
Oral cyclophosphamide has a beneficial
but modest effect on lung function, and in
one study this small effect was no longer
apparent 1 vear after cyclophosphamide

treatment ended [52]. Two independent
meta-analyses failed to demonstrate any
clinically  significant  improvement in

pulmonary function in SSc patients treated
with cyclophosphamide [53,54]. On the
other hand, another study found a clinical
response to cyclophosphamide in a subset
of ILD patients, with the predictors of
clinical benefit including FVC <70%
and moderate pulmonary fibrosis on
HRCT [55]. Therefore, the indication for
cyclophosphamide should be restricted to
patients with these potential predictors.
Alternative regimens for treating SSc-
associated ILD include endothelin receptor
antagonists (ERAs), such as bosentan. A
randomized, placebo-controlled trial was
conducted to investigate the potential
efficacy of bosentan for SSc-associated ILD
-~ BUILD-2 (Bosentan in ILD in SSc 2) -
but failed to show improvements in lung
function or 6-min walk distance (6MWD)
with bosentan [56]. In addition, new onset
of PH during bosentan therapy has been
reported in SSc patients with advanced LD
[57]. Recently, the Commirttee for Medical
Products for Human Use of the European
Medicines Agency added IPF with or
without PH 1o a list of contraindications for
ambrisentan, based on the results of clinical
trials [58]. Detailed information has yet
to be provided, but, meanwhile, caution is
warranted when considering ambrisentan in
SSc patients with clinically relevant ILD.

Oxygen supplementation

In general, long-term oxygenation therapy is
beneficial for patients who have both ILD and
PH [59]. The rationale for providing oxygen
is that alveolar hypoxia is the predominant
mechanism for the development of PH in
patients with ILD, but there is no evidence
showing that oxygen therapy stabilizes
structural PA remodeling [60]. In PAH
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treatment algorithms, patients are advised
to maintain an oxygen saturation >92%
using long-term oxygenation therapy [60].
In addition, European Society of Cardiology
(ESC) and FEuropean Respiratory Society
guidelines advise patients to use low-dose
oxygen therapy to achieve an arterial blood
oxygen pressure of >8 kPa (60 mmllg) for
=15 h/day [61]. Non-invasive positive pressure
ventilation is a potential option for patients
with combined ILD and PH and with severely
impaired gas exchange [62].

PAH drugs

The current drug treatment options for PAH
include prostanoids, phosphodiesterase-5
(PDE-5) inhibitors, and ERAs. These
drugs are of clinical benetit for SSc¢ patients
with PAH [35,63], but the effects in SSc
patients with combined ILD and PH remain
controversial [35,64-66]. In a retrospective
observational study of 19 patients with PH
and moderate or severe 1LD, epoprostenol
or bosentan produced short-term functional
benefits that had disappeared at 1 year of
follow-up [66]. Le Pavec and colleagues
retrospectively examined clinical responses
to PAH drugs in 70 patients with SSc and
combined ILD and PH [37]. Most patients
were initially treated with an ERA or a
PDE-S inhibitor, and many ultimately
received a second or third PAH agent. In
this patient population, no significant
change was observed in World Health
Organization functional class, 6MWD, or
any hemodynamic parameter after PAH
drug therapy. The multivariate model did
not select the use of any PAH drug as a factor
associated with improved survival.

In the presence of advanced parenchymal
lung disease such as IL.D, PAH drugs
can potentially increase the ventilation/
perfusion mismatch, thereby worsening
oxygenation [67]. Theoretically, blood flow
in the pulmonary circulation is directed to
well-ventilated areas to ensure optimized gas
exchange, with minimal blood flow being
directed through areas with little or no
ventilation owing to hypoxic vasoconstriction.
When non-selective vasodilators are used in
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the setting of advanced ILD, vasodilation
is induced in poorly ventilated areas of
the lung, resulting in venous admixture
and deterioration of gas exchange. In
particular, intravenous prostanoids often
cause this unfavorable effect [68]. As a
result, intravenous epoprosienol is not
recommended for patients with advanced
ILD. By contrast, inhaled prostanoids have
been shown to reduce PAP and increase
cardiac output in patients with combined PH
and [LD, without causing a significant drop
in systemic artery pressure or increase in
ventilation/perfusion mismatch [69]. PDE-5
inhibitors may preferentially improve blood
flow to well-ventilated regions of the lung in
patients with advanced ILD, and therefore
should not exacerbate and may even improve
the ventilation/circulation mismatch. This
favorable effect of sildenafil was confirmed
in a randomized, controlled, open-label trial
involving 16 patients with combined ILD
and PH in which patients were assigned
to treatment with either epoprostenol or
sildenafil [68]. In a recent double-blind,
randomized, placebo-controlled trial in
patients with IPF, sildenafil failed to increase
the 6MWD but significantly improved
secondary outcomes, including arterial
oxygenation, DLCO, degree of dyspnea,
and QoL [70].

Again, there is no clear evidence
showing the effectiveness of PAH drugs
for SSc patients with combined ILD and
PH. PAH drugs may be used with great
caution when PAH pathophysiology is
likely to be contributing to increased PVR,
such as PH with mild or subtle ILD and
out-of-proportion PH. In this case, PDE-5
inhibitors and inhaled prostanoids, which
are unlikely to increase ventilation/perfusion
mismatch, are reasonable options. Bosentan
may be used, but the use of ambrisentan
should be avoided.

Tyrosine kinase inhibitors

Another option for treating combined
ILD and PH is the use of tyrosine kinase
inhibitors (TKIs) such as imatinib or
nilotinib, since this class of drugs is
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potentially effective for both 1I.D and PH.
TKIs suppress intracellular signals involved
in vascular remodeling and excessive fibrosis,
such as TGF-B, PDGF, and c-kit [71]. In
animal models, imatinib has been found to
be effective for preventing monocrotaline-
induced PH [72] and bleomycin-induced
lung fibrosis [73]. Imatinib also has potent
pulmonary vasodilatory activity, mediated
through vascular smooth muscle relaxation
[74]. In patients with severe idiopathic PAH
(IPAH), adding imatinib to PAH drug
therapy improves pulmonary hemodynamics
and functional capacity [75-77]. A recent
clinical trial evaluating the efficacy of
imatinib in patients with PAH failed to meet
the primary endpoint of improvement in
6MWD; however, many secondary endpoints,
including pulmonary hemodynamics such
as PVR and cardiac output, improved
significantly [78]. On the other hand, another
clinical trial found that imatinib treatment
of patients with IPF did not significantly
improve survival or lung function compared
with placebo, but imatinib-treated patients
showed significantly improved oxygenation
at 48 weeks, and these positive effects were
sustained for 96 weeks [79]. Current evidence
does not support imatinib as an effective
treatment for SSc patients with combined
ILD and PH, but TKIs may offer a potential
treatment strategy for this serious condition.

At least three clinical trials of imatinib
have been conducted in patients with early
deSSc. Two pilot open-label studies showed a
trend toward improvement of skin thickening
and FVC [80,81], but no efficacy was found
in a randomized double-blinded placebo-
controlled trial [82]. Patients with PAH or
advanced ILD were excluded from these
trials, but it should be noted that many
patients dropped out because of adverse
events, including gastrointestinal symptoms
and peripheral edema, and one trial was
even terminated because of safety concerns.
The dosage of imatinib is one of the factors
associated with the occurrence of adverse
events, but in general safety precludes
clinicians from using imatinib for SSc patients
who have multiple organ involvement.
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Lung transplantation

Lung transplantation is a viable and
potentially  life-saving  approach  for
managing SSc patients with end-stage 11D,
PAH, or both, and is still a mainstay of
treatment for these devastating conditions.
However, SSc is considered a poor candidate
for  transplantation  because  multiple
comorbidities, including gastroesophageal
reflux, renal impairment, and skin fibrosis,
increase the risk of procedure-related death
[83]. Despite strict inclusion and exclusion
criteria being used to select SSc patients
without those risk factors in one study,
the cumulative survival rate at 6 months
post-transplantation was still 69% in the
SSc group, compared with 80% in the IPF
group and 79% in the TPAH group [84]. In a
recent single-center study that evaluated the
prognosis of bilateral lung transplantation,
the l-year all-cause mortality rate was 6.6%
in patients with SSc and 13.6% in those with
IPF [85].

Conclusions

Among SSc patients, those with combined
ILD and PH have the worst survival rates,
and progress remains poor despite recent
therapeutic advances. Furthermore, the
underlying pathophysiology of combined
ILD and PH in SSc patients remains
unclear, although it is likely that multiple
mechanisms are involved. The limited
effectiveness of current treatments and
the devastating nature of this condition
continue to drive the search for novel
therapeutic targets.
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I &1 IR 1 &S fEE (pulmonary arterial hypertension : PAH) E FETROBAMERETH
3. BE, BOBEEREAZETI9FENEIEATHh, BROFEERK, OiTHED
WEHFBOSATWLEY, REFEORERIVELFTITLHL. BMREEPAH T, L1
J—HREHRLS PAHEMETI0OELUEZET I LS, EHNER -T2
$AREER, NALPUETHD. £, FARFORLIENEYE,LSHBTANET
H3. 2HUIVFTI—FRICHES PAH T, KEFHEEZEL TETORPVES
& PAH BBRBECBALGKREDHEEEHAADEDS. ChoOHBENERYBLIZLY
BRHBEEPAH OELIEGTFHEOUENIEENS.

BLBHIC

iy ®h AR 14 i %5 1L JE JE (pulmonary arterial hy-

pertension : PAH) IZBBBEURITHE & /- HER TR
BO1D2ThHE. &k, MBIRFEHEEHE L
72 PAH % #IDE & § 5 %3 (LLF, PAH A%
L IR)POEDEITEKR SN, BEHE PAH
DELHWIZEAN SN, PAH BEEOMHICLY

% { DIEHITHERERL MATHROLEI A LN,

k= FRETREA R L EHOETFERIERR
RAVREINTWE, BbLrAZ, bhbhOak—
FTid, PAH WBHENEA S NIRRT 34
TEF %55 8% T THELTVS"., BEK

*KuwaNA Masataka/ BB AERER Y 7 < FH

64.(504)

B PAH L LT—HEN5 I LB, i
RBRPHERBIELOTEM/THS. T4, H
BB L 3 "D PAH BB (Fa R 74
A7) VEER TR UREAERE, K
ARV I AT I —E(PDE)5 HHEH) ITMA, A
TUA FRRENHELR ESBIChE. L
Mo T, flHrDEFOWE, BEREEZLIELZS
ZCRIMLER L LB T2 ULENDHD. AR TI,
BERY PAH O 425 FHREZEOLDITbID
NOER L TWBI) MAEHEA LIz,

1. BRE&E PAH OFFH

PAH i3 & £ &5 2 BEIR ¢ 2T FIES 2 25,
HAN TR AR A MW (mixed connective
tissue disease : MCTD), &&=z 7= h—7
A (systemic lupus erythematosus : SLE), & &
58 B JiE (systemic sclerosis : SSc) %3 KEATH
%V, HEEERBICE ) PAHRRBIIRE (R 528
SLE & SSc @ 2 DI ¥ 5 L H LR v (R
D". PAH OB SSc FivsE <, BRI LD
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SR T /I Bh AR ML V85 ML FEE 0 TR 3R D 7 R B

% 1. SLE-PAH & SSc-PAH OEKF#E

SSc—-PAH SLE-PAH
S8R <10% <2%
FERICEDDES 20~30% <10%
EaTH xE a7
(PAH A REEEFIT) (3 #4775 50%) (3 SEAETFEE 90%)
PAH SSHFES S 60 BLLE 20~30 it
PAH B £ T OB 10 ELLE <1 EpER
RN
BEIC ER
PAH ISR/ % 55 % B fi72isHE DR ﬁmﬁizéﬁ*
(435 - ILHRREES)
AR 3 B RS () B a7
LHEIEDLRE W, SSc-PAH XEGTEEART, WU THAH.

A7a < &b 2HIL LD PAH RS HEIC
%o 72 2005 EELAFE D R — FTH JELEFERIT
40~60% T& 5”Y. SLE-PAH & 20~30 @A D
FEEHENS L, SLE ORIEL S PAHZH E TO
MBS L ERBOBIF LR ELEDZ. £
SLE Wk ISR 0 2 E 2 #4172 v PAH &
BTSN TnAb. —F, SScTiELA /—HED
HIE2S PAHOBKHE CIOEULZET 4]
MWEEALT, 20U EEALTHEHH 4744
. F07:, PAH ZHIEICIE 60 UL LOE
BENKETHAH. SSc-PAH TIxHIEEM KA
(interstitial lung disease : ILD) %0/ i B E (Y158 -
WHEREDIRT) 2 BFET 52 0% <, Thbfk
FRENFHARERE 2 5. SLE-PAH Tidf
FEHPHRIERIC L ) BRERS MATEE O EL &
B3 5 %%, SSc-PAH Tl eIl :idm % i
MTHB. ZOXHIZSLE-PAH & SSc-PAH &
HOPIRLLIBREXETHZ N0, BER
HPAH L LT—HTAIZ L @Y TRV, i
BZ b, SLE-PAH XA % @ 94 (ML %), SSc-
PAH il ) 5 ¥ 725 & HEH 5
5. 73, MCTD & SSc, SLE JERASBEFT %
7%, PAH OFEA LD HLICEET 5 » TR

PAE & 9% vol. 20 no.5 2012

2. SSc-PAH O R EARZHER

SSc C i PR Bz AE AL B! SSc (limited cutane-
ous SSc : 1cSSe) A% 10 FE Y LD i AsBHRHH o
BICPAH L BB SN BB RETH L. L1
BoT, EBHWGEAZ) -2V 7%3H2LT
PAH # RHIICERT5Z L2 WRETHA. PAH
DOMIFER I F R BN TH 5%, SSc T
ILD, 0%, B aEyiiae, BIEaME, MU
ETZESFSELERVPBUNOERE 20 5.
Z07:», HEEROFEI»,HHTELED
TR A7)~V TRERTHZEDVEFL
W, A==y 7 ELTOACHWLRTRS
BREZ 755280 BBBELTI—-ThHb.
FibEREMAS, WP b ) v AFIRATF F (brain
natriuretic peptide : BNP) # A& hHE 5 Z & T,
EOICE R S IEARE L 5. BRI IChhibh
DOWEHRTERBLTVDLAZ Y —=V T RIRT.
SSc TIZILD, DLFEEEZHEIZEHHNT Lh
5, PAH 7227 T/ {LMHRE O SRERIFEE A2
ZTH5.

F7I LT3k ) RDLZRPHHRY = v
MREDSEE L 2R UREREEEIC, #
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"EIURRREIIRE (SBE%E 5SmmHg &HEE)

BOATF—F)

1. SScic&IFB3PAHRX Y- T

EHEE GEHEIE bmmHg) = B L 723 2 IUE
Jifi B IR £ (estimated systolic pulmonary arterial
pressure : esPAP)BARH I LTS, LaL,
esPAP L H.UH 7 —F VTHIE L B IR EE
WEOMHBEELT LML, L CTERBT
RS LIELIEAL N DY, 20w, HED
B THO0H T —TF VREZERTRETH
5. SSc Tl #E B ILD I£E 9 Ml i E A
BELTHAYHHT LAY, PAH OBHICE
FNODOBRNPLETHS.

3. SSc-PAH Diak

SSc-PAH T3 D PAH IGHRE DM 25
BEIZ 7% o TORMIOEGTFROWERNRIIHRET
%<, PAH ZW 3 EHIITPHE S AT LT
wz" ZOEEE LT SSc-PAH OMi# kT
I E TR A REE & D PR L S R TH B T
&R, BHIMAE LHEIRRE 2 BRI 4 S

66(506)

EREBROBHRERS T ONEY. F, B
5 ILD R HREAMATEN R MEIR ) £ 5
VT uREASES 26T, BEILD M F
T 554, PAH BEEORS IRAME I A~ v
FEBAASELIENHD. LI, BbEHL
BEMERIEEZ2ET 522 R7T Q25 ) — Vo fE
HAHBR I N, Z LI PAHBERO KX EEL
5.

% Z T, SSc-PAH Sehk® 7= 12 56 1T B8 2 5
ke UCTRBIER - BRAAL, B2 oK
Wi 7% PAH GREOHAIHTONS. BiRD
WET VT XL TIRIARBLE 3~6» A TlfT
BT SO LEEMmC L D IEESREHEL, &
+ATHNITELR D RROREH % 5§ 5 BBy
(sequential) fFRIBEA MR STV E". L
L, SSc-PAH Tt D= —RH 2R RH»
BONTD, KRPICHHRVWRIGL, BAMITIL3
Azl L ChbmTeREELLEZHIETE 2w —
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AEELREBLCEL. ZT07-0, &iElE, PAH
LW LR RS 2 R Lo PAH tEEHE %
RS LIy ANWICHEBT 5 F 8 (up-
front) PFREEZ EBL T 5. BELZDOHE
MTREA AR ARENEG TR UET
HIET Y AZ VY, SHOBELHFLW

4. SLE-PAH D&%

SLE-PAH O —3B-CREMHIFEEZIZES L, M
IFERENEELTAZLAEHLS P SAMONT VA,
I E CREE L RE LRI & BaRER I 2 v
75, RIEIIHIEE I RUR T HIER O E LT,
QO#MEHEHE L LTSLE 7213 MCTD®, @PAH
BWiDH 5 VITEERICRE, 3, TR A
£% DNA Pufksfl, (RmiE wamz &5 Bim e
ZPEv, QOPAH METHE, LS Tn3.
INLDEGEMmA-THTIIREAT O, FER
FEMHEZ AT 5. BRPITIIHERY T AR
WCHEERSCMITEEAWET 5. SLE DRE
BELEREL LB RPELDRELEEZS
N5, 200, BERICY 4 Iy L %
HHBEELEATLEMBRENSEEE 2D
PAHOBEMIE OIS, L L, REinsls:
HICTPAH OEMEA L ZOEMBOMER %%
B AZLZEELL, bhbho®sTd REm
HREOFECTCRMOAGFHRIZEIZVY. i
MERPBES S L MENEEECRFTOYV A b
KAV rENAL CREFHNE ) T TR
RAET %723, BEREREREIHImE 4% it s
2 ENKYT, BERLVAEY AT PR
BEEHERBMI7ORAT 7 I NEHEREZERL
TW5h, SEEREORRIZ Y EFY v A5
AT IS L THIFTE Lz ehd, Bl
WCHEBRESPEELMLZVWEAEITARLIC
PAH RHRELHHTRETH 5.
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PAH GRENERKRICEA SNZIZ b hhb b
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BEE

PAHZW & 0 BREA R

HEE PR A

I 1% 2& 3%
Mathai (2009) ® * 39 SSc(ILD7% L) 87% 79% 64%
Mathai (2009) ® KE 20 SSc(ILD#& 1Y) 82% 46% 39%
Hachulla (2009) ” VAADS 47 SSe 5% 68% 56%
Condliffe (2009) ¥ o 259 SSc 78% 58% 47%
Hesselstrand (2011) AT =T 30 SSc 86% 59% 39%
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