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ABSTRACT

Pulmonary hypertension (PH) associated to chronic lung disease (CLD) is relatively fre-
quent in end-stage disease but can be also present at early stage, sometimes associated
with low carbon monoxide diffusion capacity (DL,) and relatively preserved lung vol-
ume in a pulmonary vascular phenotype. PH worsens prognosis, decreases exercise capac-
ity, and impairs quality of life. Echocardiography, chest high-resolution computed tomog-
raphy (HRCT) and cardiopulmonary exercise test may help for PH screening in CLD. The
diagnostic is based on right heart catheterisation. Treatment of CLD-PH includes treatment
of the underlying condition, long-term oxygen therapy and lung transplantation. Pulmo-
nary arterial hypertension (PAH)-specific medications may be useful but due to lack of
evidences, heterogeneity of the studies and concerns regarding side effects, cannot be rec-
ommended. In this review, we summarize epidemiological data, clinical features and treat-
ments of CLD-PH, especially in chronic obstructive pulmonary disease (COPD) and idio-
pathic pulmonary fibrosis (IPF).
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INTRODUCTION

Pulmonary hypertension (PH) is currently de-
fined as a mean pulmonary artery pressure
(mPAP) of > 20 mmHg with a pulmonary vas-
cular resistance (PVR) of > 3 Wood Units (WU)
according to the 2018 World Symposium on
PH (WSPH)'. Patients can be classified into
different subgroups according to disease
mechanisms and therapeutic options®. Group
1 refers to pulmonary arterial hypertension
(PAH), typically involving different forms of
PH which were originally described as dis-
playing the histopathological hallmark of
plexiform lesions. Group 2 refers to PH asso-
ciated with cardiac diseases. Group 3, which
will be discussed in this article, refers to PH
associated with chronic lung disease (CLD)’.
Group 4 PH is associated with thromboembol-
ic and proximal pulmonary artery occlusions.

Virtually, all lung diseases, regardless of their
aetiology, may lead to PH if they evolve to end-
stage disease. However, moderate forms of
CLD may also be associated with severe PH,
similar to PAH. Therefore, group 3 PH may be
considered as a disease spectrum going from
PH associated with end-stage CLD to forms
close to PAH with mild lung disease. The most
common CLDs associated with PH are chronic
obstructive pulmonary disease (COPD) and id-
iopathic pulmonary fibrosis (IPF). The features
of COPD and IPF may be combined in one
patient, resulting in the clinical form of com-
bined pulmonary fibrosis and emphysema
(CPFE), which is frequently associated with
PH. Interestingly, patients with severe PH with-
out severe CLD frequently present with a low
carbon monoxide diffusion capacity (DLy)
and mild parenchymal abnormalities on chest
high-resolution computed tomography (HRCT).

This clinical presentation has been recently re-
ferred to as ‘pulmonary vascular phenotype
associated with underlying mild CLD*

In this review, we will discuss the various
clinical features of group 3 PH especially for
COPD (COPD-PH) and IPF (IPF-PH), and
their diagnosis and treatment, which remain
challenging.

PREVALENCE, CLINICAL FEATURES
AND PROGNOSIS OF PULMONARY
HYPERTENSION IN CHRONIC LUNG
DISEASES

The prevalence of PH in CLD has been exten-
sively studied. However, the results need to
be interpreted according to different diagnos-
tic methods (echocardiography or right heart
catheterisation [RHC]), definitions of PH, and
selection of patients (type of CLD, severity of
the underlying CLD). Indeed, an important
proportion of the studies has been conducted
in patients evaluated for lung transplantation
(LTx) and therefore present with terminal re-
spiratory disease.

Chronic obstructive pulmonary
disease

COPD is frequently associated with a mild
degree of PH>. Structural changes related to
emphysematous lungs with loss of the pul-
monary vascular bed, hypoxic vasoconstric-
tion, and inflammation due to toxic inhala-
tion may lead to PH in COPD. Genetic factors
may also play a role®. Remodelling of the pul-
monary vessels is observed with muscular-
ization of the pulmonary arterioles due to
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proliferation and hypertrophy of smooth
muscle cells”®. Intimal thickening is also seen,
but without the presence of plexiform lesions,
as encountered in PAH. Venular remodelling
with muscularization and extracellular ma-
trix deposition has also been demonstrated.

The degree of pulmonary vascular involve-
ment in COPD has been correlated with the
severity of airflow obstruction, with the high-
est prevalence of PH in advanced COPD. In
two cohorts of patients with severe COPD, the
mean mPAP was 26 mmHg?!®. The preva-
lence of an mPAP of > 20 mmHg in COPD
patients was found to be between 18% and
91% in the whole spectrum of severity of the
airway obstruction'®'?. Severe PH is not fre-
quently encountered in patients with COPD®
and in a large cohort of 998 patients with
COPD, the mean mPAP was 20.8 mmHg and
only 5.8% of the patients presented with an
mPAP of > 35 mmHg®. Interestingly, severe
PH is not frequently encountered in patients
with COPD°. In COPD patients evaluated for
LTx, the prevalence of mPAP between 26-35
mmHg, 36-45 mmHg, and > 45 mmHg were
36.7%, 9.8%, and 3.7%, respectively'. In these
patients, the prevalence of precapillary PH has
been estimated at 30.4% and post-capillary PH
at 17.2%". A recent analysis of 99 patients with
COPD and severe PH from a prospective
French multicenter cohort has shown that
these patients presented with marked dys-
pnoea (78% of the patients in New York Heart
Association [NYHA] class III or IV), a moder-
ate obstruction (mean forced expiratory vol-
ume in one second [FEV,] value of 50%), a
very low DL, (average 20%), and severe hy-
poxaemia associated with hypocapnia'®. The
mean survival was poor (15 months). Before
developing resting PH, COPD patients may

encounter abnormal circulation during exer-
cise. Indeed, in a cohort of 131 patients with
COPD without PH at rest, Kessler et al.l”
demonstrated that 25% developed mild PH
over a period of six years, mainly observed in
patients presenting with higher mPAP during
exercise. Interestingly, the patients who devel-
oped PH also presented with more gas ex-
change impairment at baseline. PH in COPD
is also associated with a worse prognosis!®2..
COPD patients with an mPAP of > 25 mmHg
have a five-year survival of 33%, whereas the
survival is 66% in patients with an mPAP of
< 25 mmHg"®. Low DL has also been found
to be a predictor of poor survival in patients
with COPD-PH??. Besides survival, PH in
COPD is also associated with symptoms and
exercise intolerance®.

Idiopathic pulmonary fibrosis

PH is frequently associated with IPF. Patholog-
ical studies of IPF-PH have shown that the en-
tire microvasculature can be affected by the
disease process, with changes in the arteries,
arterioles, capillary bed, and venules®. These
changes are caused by the fibrotic process, as
well as by the remodelling effect of hypoxia.
The different structures of the pulmonary ar-
tery wall may be affected by adventitial thick-
ening due to extracellular matrix deposition
and increased presence of fibroblasts and my-
ofibroblasts. The media is enlarged due to
smooth muscle cell hypertrophy and hyperpla-
sia, as well as accumulation of collagen and
elastin. Finally, the intima is also thickened due
to fibrosis. Interestingly, these changes have
been found in areas of dense parenchyma
tibrosis, but signs of vascular remodeling
may also be present in fibrotic-spared areas
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of the lung, suggesting that processes other
than fibrosis and hypoxia could play a role in
the vascular remodelling observed in IPF.
The post-capillary compartment is also in-
volved showing intimal proliferation and fi-
brosis in the pulmonary venules. Finally, cap-
illary bed destruction is observed. In contrast,
other areas of the fibrotic lung show vascular
proliferation and neo-angiogenesis.

The prevalence of PH in IPF has been non-in-
vasively evaluated between 20% and 84%*+>°.
The prevalence of precapillary PH in IPF as-
sessed with RHC is lower, evaluated between
28% and 41% in a cohort of candidates for
LTx?6%8. In a large cohort of 2525 patients with
IPF awaiting LTx, the incidence of an mPAP
> 25 mmHg was 46%, and severe PH with an
mPAP > 40 mmHg was 9%%. In a large ran-
domised control study evaluating the effect
of ambrisentan on progression-free survival
in IPE, including less severe patients, the
prevalence of pre- and post-capillary PH in
IPF was 14% and 5%, respectively®’. PH asso-
ciated with IPF can progress rapidly. A study
of 45 patients with IPF on the LTx waiting list
showed an mPAP increase of 3.8 mmHg/
month®. Interestingly, a low DL, and the
use of supplemental oxygen therapy were as-
sociated with a higher probability of PH,
whereas lung volumes were not**?”. Higher
systolic pulmonary artery pressures (sPAP) in
IPF have been associated with a higher de-
gree of hypoxaemia, a lower functional capac-
ity, higher brain natriuretic peptide (BNP)
levels, and increased dyspnoea®.

In IPE PH is associated with the risk of
death?**33, increasing from 5.5% to 28.8% at
one year if PH is present®. Moreover, each 5
mmHg increase in mPAP has been associated

with a 50% increase in the risk of death®. Many
other factors are also associated with worse
outcomes in IPF-PH such as right ventricle
(RV) dysfunction, RV chamber enlargement™,
tricuspid annular plane systolic excursion, RV
fractional area change®, and low DL_*.

Combined pulmonary fibrosis
and emphysema

CPFE is characterised by extensive parenchy-
mal destruction due to the association of lung
tibrosis, mainly in the lower lobes, and emphy-
sema, predominantly in the upper lobes®¢%,
However, the lung volumes are often pre-
served. The syndrome is frequently associated
with very low DL_., hypoxaemia, and PH¥.
The reason for this particular phenotype is not
well understood but is probably due to the
combination of alveolocapillary membrane
thickening due to fibrosis along with extensive
destruction of the parenchyma due to emphy-
sema®. In an echocardiographic study, the
prevalence of PH in CPFE was evaluated to be
50%%®. In a study using RHC, the mean mPAP
in patients with CPFE was 40 mmHg*. Pa-
tients also present a severely reduced func-
tional capacity with a mean six-minute walk
distance (6MWD) of only 244 m and a poor
prognosis, with a one-year survival estimated
at 60%*! and a two-year survival of only 23%*2.

Pulmonary vascular phenotype

A specific phenotype of patients with mild-
to-moderate COPD and severe PH has been
recently proposed*®. Some studies have found
a strong association between PH in COPD,

mild lung disease, low DL, pronounced

A€ X BARCELONA
—d_ -+ RESPIRATORY
S NETWORK

Collaborative research



L. Godinas et al.: Treatment and Diagnosis of PH in CLD

hypoxaemia associated with hypocapnia, and
cardiovascular limitation during exercise? 444,
This frequent association has led to the defi-
nition of a specific phenotype associated with
COPD, referred to as pulmonary vascular
phenotype®. The distinction between PAH
and pulmonary vascular phenotype is often
difficult*4¢. This entity, which may constitute
a continuum spectrum with PAH, is more fre-
quently encountered in older male patients
with a history of smoking or other toxic expo-
sures and mild HRCT impairment?. Interest-
ingly, these patients present common features
in terms of poor prognosis, lung function, and
demographic characteristics with CPFE pa-
tients, with the exception of radiological in-
volvement®®. A recent cluster analysis from
841 patients with idiopathic PAH identified a
specific cluster of patients presenting low
DL, older age (mean age of 72 yrs), male
predominance, history of smoking, poor re-
sponse to PAH specific therapies and poor
survival (five-year survival of 42%)*. Similar
features have also been observed in post-cap-
illary PH in a subgroup of patients with low
DL, old age, male sex, hypoxaemia, cigarette
smoking status, and HRCT abnormalities™.
The histopathological process underlying pul-
monary vascular phenotype is not well un-
derstood. This could be due to a rarefaction of
the lung capillary bed (also referred to as van-
ishing capillaries), disturbance of the alveolo-
capillary membrane, venular involvement, or
a combination of multiple factors™3.

SCREENING, DIAGNOSIS,
AND EVALUATION OF PH IN CLD

The diagnosis of PH in patients with CLD re-
mains challenging (Fig. 1). Clinical, radiological,

and electrocardiographic signs of RV failure
may be present. However, due to the non-spec-
ificity of these signs and the high frequency
of mild PH not necessarily leading to clinical-
ly overt RV dysfunction, these elements are
insufficient in diagnosing PH in CLD?. More-
over, the presence of PH in CLD, and notably
in COPD, should be evaluated outside of ex-
acerbation periods®.

Echocardiography

Echocardiography is a good screening tool
for PH. However, it has been found to be in-
accurate in determining pulmonary pres-
sure®. Moreover, pulmonary pressure evalu-
ation in CLD may be challenging because of
a lack of echogenicity, especially in severe
emphysema™. In a large cohort of LTx candi-
dates, sPAPs measured by echocardiography
were significantly correlated with pressures
invasively measured during RHC®®. However,
52% of the estimated pressures were found to
be inaccurate, and 48% of patients were mis-
classified as having PH by echocardiography,
leading to a low specificity and a low positive
predictive value. RV systolic pressures have
also been proven to be inaccurate in estimat-
ing the presence of PH and its magnitude in
IPF”. Furthermore, echocardiography cannot
reliably distinguish between post- or pre-cap-
illary PH. Besides pulmonary pressures, oth-
er echocardiographic parameters have been
investigated and found useful for the screen-
ing and evaluation of PH in CLD. Echocardi-
ography provided additional information on
RV function®* and other underlying cardiac
conditions. However, in a cohort of patients
with IPF, patients with normal RV showed a
PH prevalence of more than 25%, suggesting
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CLD

Favouring pulmonary vascular Favouring CLD-PH without

Y phenotype pulmonary vascular phenotype
—|  Suspicion of PH |
Clinical deterioration, - N Severe hypoxaemia, <->] Hyvoercapnia |
RV failure signs P hypocapnia yp p

Severely impaired lung
<-» volumes with proportionately
decreased DL,

Preserved lung volumes with
disproportionately low DL,

[ DecreasedDLco  |«-»{ PFT <>

Moderate to severe

l<->| Mild radiological impairment |«-» radiological anomalies

| PA enlargment |<- >| HRCT

| Exercise limitation |«<-»] CPET

[ Screeningiest |

l<-» Cardiovascular limitation  |<-»{ Ventilatory limitation

Increased sPAP,
signs of RV <-» Echocardiography
dysfunction
> Disgnostic test |« RHC l<-»  Moderate-to-Severe PH  |<-»{ Mild-to-moderate PH

Phenotyping
A

mPAP < 21 mmHg or mPAP
21-24 mmHg with PVR) < 3 WU

mPAP < 21-24 mmHg with PVR = 3 WU
or mPAP 25-34 mmHg

mPAP > 35 mmHg mPAP > 25 mmHg —’:
>| with CI < 2.0 L'min"-m? CLD-severe PH

Ficure 1. Algorithm for the suspicion, the screening and the diagnosis of PH in CLD.

Cl: cardiac index; CLD: chronic lung disease; CPET. cardiopulmonary exercise test, DL.: diffusing capacity of the lungs for carbon
monoxide; HRCT: high-resolution computed tomography; mPAP: mean pulmonary artery pressure; PA: pulmonary artery; PFT: pulmonary
function test; PH: pulmonary hypertension; PVR: pulmonary vascular resistance; RHC: right heart catheterization; RV: right ventricle;
sPAP: systolic pulmonary artery pressure; WU: Wood unit.

that normal RV does not exclude PH>. Re-
cently, the ratio tricuspid annular plane sys-
tolic excursion (TAPSE)/systolic pulmonary
artery pressure (PASP), considered as a sur-
rogate marker of the RV-PA coupling, has
been demonstrated to be able to discriminate
between severe and non-severe PH associated

Chest high-resolution computed
tomography

Chest HRCT is an important tool for the as-
sessment of group 3 PH. First, it provides in-
formation concerning the extent of lung dis-
ease, such as the degree of fibrosis, emphysema,

with CLD?8. Moreover, a value less than 0.26
mm-mmHg™ was also found as a predictive
marker of worse survival.

or a combination of both. Furthermore, it eval-
uates the pulmonary vasculature. Diameter
enlargement of the pulmonary artery (PA) has

A€ X BARCELONA
4+ RESPIRATORY
UL NETWORK

Collaborative research



L. Godinas et al.: Treatment and Diagnosis of PH in CLD

been found to be a risk factor for PH and a
prognostic marker of worse outcomes in var-
ious CLDs. In COPD, PA enlargement™ and
vascular pruning assessed with the cross-sec-
tional area of small pulmonary vessels less
than five mm? has been correlated with
PH®06L In IPF, PA enlargement is also associ-
ated with poor prognosis®.

Right heart catheterisation

RHC remains the gold standard for confirm-
ing a diagnosis of PH and for discriminating
pre- from post-capillary PH. Indeed, the inci-
dence of post-capillary PH increases with age
and cardiovascular comorbidities, which are
also associated with pulmonary diseases, es-
pecially COPD. Moreover, the chosen cut-off
value of mPAP may affect the diagnosis. In
addition to diagnostic, RHC is also important
for assessing the severity of the disease and an
accurate prognosis. Due to respiratory exag-
gerated variation of pulmonary pressures
during the breathing cycle, the measurement
and interpretation of the pressure may be
challenging. Most authors recommend calcu-
lating the average pressure over several breaths
instead of relying on a specific time point (that
is, end expiratory pressure) for pulmonary
pressure measurements®. The definition of PH
in CLD has also recently been adapted®. The
proceedings of the 2018 WSPH proposed a
definition of CLD-PH based on an mPAP > 24
mmHg or within the range of 21 and 24 mmHg
with a PVR of > 3 WU. Severe PH was defined
as an mPAP > 35 mmHg or > 25 mmHg with
a reduced cardiac index < 2.0 1/min.

Few studies have evaluated the pulmonary
haemodynamics during exercise in patients

with CLD. In IPF, patients with an mPAP <
25 mmHg frequently encountered an mPAP
at peak exercise > 45 mmHg, suggesting an
abnormal response of the pulmonary circula-
tion to exercise®. In COPD, patients without
PH at rest but higher pulmonary pressures
during exercise have a higher risk of develop-
ing PH at six years"”. Moreover, COPD pa-
tients with exercise-induced PH displayed a
higher cost of exercise in terms of oxygen
uptake, ventilation, respiratory frequency,
heart rate, and lactate for a given increase in
workload compared to COPD with haemody-
namics considered normal during exercise®
due to an increased RV afterload and a failure

to increase stroke volume®.

Functional evaluation

A cardiopulmonary exercise test (CPET) may
provide some information concerning the re-
percussions of PH on dyspnoea, regarding
cardiac or respiratory limitations. Patients
with interstitial lung disease (ILD) may fre-
quently experience circulatory impairment
and an exercise profile response compatible
with pulmonary vascular disease, contribut-
ing to symptoms and disease severity®.
Moreover, PH in IPF has been correlated with
lower oxygen consumption, ventilatory inef-
ficiency, and gas exchange impairment®. In
COPD, PH has also been associated with low-
er oxygen uptake, poor exercise tolerance,
ventilatory inefficiency, and desaturation
during exercise®®®. CPET could potentially
be useful as an adjunct to echocardiography
for the screening and diagnosis of PH in CLD,
determining the profile of dyspnoea with in-
volvement of a respiratory or a cardiac lim-
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The 6MWD is widely used for the assess-
ment of patients with PH. A lower 6 MWD
has been associated with moderate to se-
vere PH in IPF?¢2%70 and with death in
COPD-PH".

Pulmonary function test

A pulmonary function test (PFT) may be
used to evaluate the severity of CLD. How-
ever, the correlation between lung volumes
(i.e., FEV, for obstructive lung diseases, total
lung capacity [TLC] and/or forced vitaly ca-
pacity [FVC] for restrictive lung diseases)
and PH severity is poor. Moreover, the vol-
ume may be normal or only slightly de-
creased in CPFE due to the combination of
emphysema and pulmonary fibrosis. Patients
with pulmonary vascular phenotype fre-
quently present with mild lung volume im-
pairment and severe PH.

DL, is a robust marker of PH and may sug-
gest pulmonary vascular involvement®. A
DL, < 30% in IPF has been associated with
a doubled risk of PH¥. A low DL, has been
frequently associated with CLD-PH?>?¢. De-
creased DL, in CLD-PH reflects the com-
bined effects of alveolar membrane abnor-
mality (due to emphysema or fibrosis) and
capillary blood volume reduction®. The mi-
crovasculopathy associated with PH could
turther reduce the capillary blood volume,
decreasing more strongly the diffusion capac-
ity”2. The association of low DL, poor sur-
vival and PH has been recognized in COPD,
IPF and CPFE suggesting a common associa-
tion in the spectrum of CLD which may re-
flect common pathophysiological process in
these diseases!3?%%,

Biomarkers

Biomarkers such as BNP have been found to be
useful in the diagnosis and assessment of CLD-
PH. An elevated BNP > 33.3 pg/mL may dis-
criminate between moderate-severe and no or
mild PH in patients with IPF with a sensitivity
of 100% and a specificity of 89%"°. High BNP
levels have also been associated with a worse
prognosis in IPF-PH*73. However, a high BNP
level may be encountered in various cardiac
diseases, and a normal BNDP level does not ex-
clude a mild PH without RV failure, limiting
the use of BNP in the diagnosis of CLD-PH.

TREATMENT

General treatment of the underlying lung dis-
ease remains important, although: it is limited
in severe COPD and IPF. Pharmacological
treatment of respiratory condition, respiratory
rehabilitation, and prevention of exacerbations
are important. In addition to these general
interventions, different treatments targeting
pulmonary vasculature include long-term ox-
ygen therapy (LTOT), PAH-specific medica-
tions, and LTx.

Long-term oxygen therapy (LTOT)

LTOT addresses the hypoxic pulmonary va-
soconstriction component which worsens PH.
LTOT can improve prognosis in COPD if ad-
ministered for at least 16 h per day and can
reverse the progression of PH in COPD™. Ev-
idence in IPF is limited. A recent review
showed no effects of LTOT on symptoms and
quality of life (QoL) in patients with ILD, al-
though exercise capacity was increased”.
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PAH-specific therapy

PAH-specific medications have been evaluat-
ed in group 3 PH, with various study designs,
outcomes, and patient populations. Until now,
no PAH-specific medication has been ap-
proved for the treatment of group 3 PH due
to lack of efficacy and safety concerns. How-
ever, compassionate treatment of well-select-
ed patients with severe CLD-PH in experi-
enced centres has led to encouraging results
but may not be widely generalised and rec-
ommended.

In COPD, endothelial dysfunction has been
largely studied with findings suggesting a
reduction in the expression of endothelial ni-
tric oxide (NO) synthase and prostacyclin
synthase and increased expression of endo-
thelin-1 in PA of patients with COPD”*7®. En-
dothelin-1 has also been found to correlate
with sPAP in COPD”.

Sildenafil is the most frequently studied drug
in group 3 PH. It was found to reduce hypox-
ia-induced PH and pulmonary vascular re-
modelling in animal models®#! and to reduce
hypoxia-induced PH in healthy volunteers®.
However, by inhibition of the hypoxic pulmo-
nary vasoconstriction, pulmonary vasodila-
tors may increase the ventilation perfusion
mismatch, creating functional shunting and
worsening hypoxaemia®.

Sildenafil was found to improve mPAP at rest
and during exercise®*®® but had no effect on
cardiac function®. However, the use of this
vasodilating agent was accompanied by a loss
of hypoxic vasoconstriction, an increase in
ventilation-perfusion mismatch, and a degra-
dation of gas exchange®?. In a double-blind,

randomised controlled trial of 63 COPD pa-
tients with moderate PH, sildenafil adminis-
tered in association with rehabilitation for
12 weeks failed to improve exercise capacity
or QoL®. Interestingly, there was no increase
in hypoxaemia. A recent meta-analysis of nine
randomised control trials of sildenafil use in
COPD-PH involving 579 patients showed that
sildenafil was able to significantly improve
6MWD in these patients®®. However, there
was no significant improvement in the QoL or
symptoms. In a multicentre randomised con-
trol study including 28 patients with severe
COPD-PH (mean mPAP 39 mmHg), sildenafil
improved PVR, body-mass index (BODE)
score, and QoL without deleterious effects on
gas exchange after 16 weeks¥. Altogether,
these results suggest a hemodynamic im-
provement with limited effect on QoL and a
relatively safe profile, especially regarding the
effect on gas exchange. The results variability
could be due to the variability of inclusion
criteria (i.e., severe or non-severe PH) and
study designs (duration, outcomes studies,
number of patients enrolled).

Other medications targeting the NO pathway
have been investigated in COPD-PH. In a ran-
domised control trial of 120 patients with
mild COPD, tadalafil did not demonstrate im-
provement in exercise capacity or QoL8. Rio-
ciguat, a soluble guanylate cyclase stimulator,
was also investigated in animal models of
COPD-PH and in patients. In a mouse model
of smoke-induced PH and emphysema, rio-
ciguat was found to reduce PH and emphy-
sema®. A single dose of riociguat decreased
PVR and mPAP in a dose-dependent manner
in patients with COPD exhibiting mild PH,
without deleterious effects on gas exchange™.
Riociguat was also retrospectively evaluated
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in seven patients with COPD-PH, showing
that it was able to reduce PVR and airway
resistance®. These results are relatively limit-
ed and further studies are requested to eval-
uate the effect and the safety profile of riocig-
uat in COPD-PH.

Endothelin pathways has also been studied
in COPD-PH, mainly with bosentan, a dual
endothelin receptor antagonist. Bosentan has
been assessed in a 12-week randomized con-
trol trial including 30 patients with COPD
exhibiting moderate PH*!. There was no im-
provement in the 6BMWD, and the authors no-
ticed increased hypoxaemia in patients treat-
ed with bosentan. However, in another
18-month randomized open study of 40 pa-
tients with COPD, the authors found an im-
provement in exercise tolerance, haemody-
namics, and BODE index??. Ambrisentan, a
selective type A endothelin antagonist recep-
tor, was evaluated in a large cohort of patients
with diverse types of PH, of whom 24 had
COPD-PH and 21 had ILD-PH. There was a
trend towards a decreased 6MWD and BNP,
suggesting a progression of the pulmonary
lung disease rather than the pulmonary vas-
cular disease®. Gas exchange was not studied,
and the study design precludes firm conclu-
sions in group 3 PH. Due to lack of evidence,
absence of effect in randomized control trials
and safety concern regarding gas exchange,
endothelin receptor antagonists are not rec-
ommended to treat COPD-PH.

Drugs targeting the prostacyclin pathway
have also been tested in COPD-PH. Some of
them have the particularity to be available for
inhalation, which could be particularly rele-
vant in COPD-PH. Indeed, their deposition
will occur preferentially in the well-ventilated

areas of the lungs, reducing the potential neg-
ative effect of vasodilatory drugs on gas ex-
change. Inhaled iloprost was found to acutely
improve haemodynamics in COPD-PH, with
a more pronounced effect in severe PH, with-
out a relevant effect on gas exchange®. In a
small study of nine mild COPD-PH patients,
inhaled treprostinil after 16 weeks seemed to
have no relevant impact on arterial oxygen-
ation, but the authors noticed a decline in
lung function®. However, the very small
number of patients precluded firm conclu-
sions. Another three-month retrospective
study with inhaled treprostinil, including
22 patients with COPD with moderate PH,
demonstrated an improvement in functional
class and exercise tolerance without deleteri-
ous effects on gas exchange®. Until now, due
to lack of evidence, there is no indication for
medication targeting the prostacyclin path-
way. However, due to these encouraging re-
sults, these medications should be considered
for future clinical trials.

Combination therapies have also been as-
sessed in COPD-PH. Two retrospective stud-
ies of patients with COPD exhibiting severe
PH, assessed with serial RHC, and receiving
various medications including combination
therapies, showed a significant improvement
in haemodynamics (mPAP, cardiac output
[CO], PVR) but no difference in exercise ca-
pacity, symptoms, oxygenation, or NT-proB-
NP levels®.

Despite some encouraging results, the prog-
nosis of medically treated patients with
COPD-PH remains poor and inferior to that
of patients with PAH, with one-, three-, and
five-year survivals of only 86%, 55%, and
38%, respectively’!. Table 1 gives an overview
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TaBLE 1. Results of the main randomized control trials of PAH-specific medications in COPD

Therapy Subjects | Diagnostic Primary outcome Other outcomes Effect on drug

on hypoxaemia

included

()]

Blanco | et Sildenafil 63 COPD with sPAP Negative. No significant No difference in No worsening
al. 2013% 20 mg tid > 34 mmHg or mPAP change in cycle endurance incremental exercise of hypoxaemia
> 25 mmHg time in the constant test, BMWD, QoL
work-rate exercise test
Goudie AR Tadalafil 120 COPD with pulmonary  Negative. No significant No improvement in QoL No worsening
et al. 10 mg/d acceleration time difference in 6MWD of hypoxaemia
20148 <120 ms or RVSP at 12 weeks
> 30 mmHg
Vitulo P et Sildenafil 28 COPD with mPAP Positive. Significant Improvement in QoL, No worsening
al. 2017% 20 mg tid > 30 mmHg decrease in PVR. DLCO, BODE index of hypoxaemia
Stolz D et Bosentan 30 Severe COPD Negative. No significant No effect on dyspnoea Worsening
al. 2008 125 mg bid (FEV, < 50%) improvement in 6MWD or BNP; decrease in of hypoxaemia

at 12 weeks. QoL in patients with bosentan

treated with bosentan

6MWD: six-minute walk distance; BNP: brain natriuretic peptide; BODE: body-mass index, airflow obstruction, dyspnoea, and exercise; COPD: chronic obstructive pulmonary
disease; DLCO: diffusing capacity of the Lung for Carbon monoxide; FEV1: forced expiratory volume in 1 second; mPAP: mean pulmonary artery pressure; PVR: pulmonary

vascular resistance; QoL: quality of life; RVSP: right ventricle systolic pressure; sPAP: systolic pulmonary artery pressure.

of the main randomized clinical trials re-
garding treatment with PH-specific medica-
tions in COPD. These results have also been
pooled in meta-analyses to investigate the
global effect of medical treatment. The re-
sults of two meta-analyses were discordant.
In a recent meta-analysis of PAH-specific
medication in COPD-PH, the authors anal-
ysed five randomised controlled studies in-
cluding 257 patients with COPD-PH. The
study found a non-significant increase in the
6MWD (+ 43 m) without worsening of hypox-
aemia®”. In another meta-analysis involving
nine clinical trials and 365 patients with
COPD-PH, the authors found a significant
improvement in exercise capacity with a
66 m improvement in 6MWD!%. There was
no significant impact on oxygenation, QoL,
or symptoms. Due to conflicting but encour-
aging results, further well-designed studies
with specific attention to the type of patients
enrolled are required.

PH-specific medications have also been eval-
uated in patients with ILD. Due to potential
effects on the fibrotic process, some of them
have also been assessed independently of the
presence of PH, directly to target the pulmo-
nary fibrosis. In IPF, treatments targeting the
NO pathway have been extensively studied.
At the cellular level, sildenafil was found to
reduce pulmonary endothelial dysfunction
and decrease PA smooth cell proliferation in
human cells!®V192, In animal models, sildena-
fil has been found to decrease RV hypertro-
phy and fibrosis and decrease pulmonary
vascular remodelling!®. In an ex vivo study,
sildenafil showed an inhibitory effect on
5-HT-induced contraction to be significantly
higher in arterial rings of patients with IPF-PH
than in arterial rings of patients with IPF with-
out PH'%. Due to promising results in preclin-
ical studies, sildenafil was also evaluated in
clinical trials. In patients with IPF without
overt PH, sildenafil was demonstrated to be
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ineffective in improving exercise capacity!®>1%
but had a positive effect on oxygenation,
DL., and QoL!¢. Studies with a limited
number of patients have shown that sildenafil
was effective in improving haemodynamics
in IPF, with a substantial reduction in PVR!Y”
and improved exercise capacity!?1%. A ran-
domised controlled, open-label trial in 16 pa-
tients with IPF demonstrated that sildenafil
was able to reduce PVR by 32.5% without
deleterious effects on gas exchange, in com-
parison with epoprostenol'®”. In a randomised
placebo-controlled study, sildenafil was found
to improve 6MWD and QoL in patients with
IPF and RV dysfunction'®. A recent dou-
ble-blind, randomised, placebo-controlled tri-
al consisting of the addition of sildenafil to
pirfenidone in patients with IPF and echocar-
diographic suspicion of PH or an mPAP > 20
mmHg did not demonstrate a benefit with a
negative primary outcome consisting of a dis-
ease progression composite endpoint!'l. An-
other trial including 274 patients with IPF and
associating nintedanib and sildenafil was
also negative regarding the primary outcome
(improvement of QoL)!'?. As found for COPD-
PH, the effect of sildenafil in IPF-PH seems
to be relatively safe and could be favourable
in some subsets of patients. Further studies
are required with a specific attention to de-
sign, methods of evaluation of PH and selec-
tion of patients.

Riociguat has also been evaluated for the
treatment of ILD-associated PH in a ran-
domised control trial"®. Due to the higher
proportion of adverse events and death in the
treated group, the study was stopped earlier
and according to this results riociguat is now
contra-indicated for the treatment of ILD-as-
sociated PH.

Endothelin pathway is also a relevant target
for PH associated to fibrotic respiratory dis-
eases. Endothelin-1 has been associated with
PH development, but is also a profibrotic
agent'™. In an IPF-PH bleomycin rat model,
macitentan, a second generation dual endo-
thelin receptor antagonist, was found to pre-
vent pulmonary vascular remodelling, RV
hypertrophy, and cardiomyocyte diameter
increase, whereas bosentan did not'®. In a
small retrospective monocentric study, bosen-
tan and IV epropostenol were found to be
efficacious in improving WHO functional
class and 6MWD in a heterogeneous popula-
tion of patients with ILD-PH". A small ran-
domised control trial of 24 patients with IPF
and mild PH showed a significant increase in
survival in the treated group compared to the
non-treated group'”. However, in larger ran-
domised trials, bosentan was not able to im-
prove 6MWD!8, QoL, symptoms!?, or IPF
progression free survival'®. In a randomised
controlled trial of 60 patients with IPF or non-
specific interstitial pneumonia and RHC-prov-
en PH, bosentan was not able to reduce in-
dexed PVR, exercise capacity, or symptoms!?..
Altogether, these results seem to indicate that
bosentan is probably not effective in most of
the patients with IPF-PH. Macitentan was
evaluated in a randomised control trial for
the treatment of IPF!?2. Although well tolerat-
ed, macitentan was not able to demonstrate a
positive effect on the decrease in FVC in
178 patients. However, the study did not eval-
uate the potential pulmonary vascular effects.
Ambrisentan has been evaluated in a large
randomised control trial in 492 IPF patients
to for its ability to decrease disease progres-
sion'?®. However, the study was negative, with
an increased risk of disease progression and
hospitalisations in the ambrisentan-treated
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group. Most of the patients had mild PH, with
only 4% having an mPAP > 35 mmHg. There
was no difference in the rate of development
of PH in subjects without PH at baseline, sug-
gesting that ambrisentan was not able to pre-
vent PH development in IPF-PH. However, in
patients with PH who received ambrisentan
and who were repeatedly assessed by RHC,
an mPAP decrease of 5 mmHg was observed
in comparison with an mPAP decrease of 1
mmHg for patients without PH. However,
due to the increased risk of serious adverse
events in the treated group, ambrisentan is
contra-indicated in IPF patients.

To avoid the deleterious effect of vasodilata-
tion of the area of the lung subjected to hy-
poxic vasoconstriction and to maintain an
optimal ventilation-perfusion ratio, inhaled
vasodilatory therapies have been assessed in
IPF. The effects of intravenous prostacyclin
and inhaled NO and aerosolised prostacyclin
were compared in a clinical study'*. Inhaled
prostacyclin significantly decreased mPAP
and PVR without increasing shunting and
without systemic vasodilatory effect, whereas
shunting was significantly increased during
perfusion with intravenous prostacyclin, and
the decrease in mPAP was significantly less
pronounced with systemic vasodilatory ef-
fect, suggesting a beneficial effect of inhaled
medication targeting the prostacyclin path-
way. The Safety and Efficacy of Inhaled Tre-
prostinil in Adult PH With ILD Including
CPFE (INCREASE) study, a 16-week random-
ized control trial of inhaled treprostinil in
patients with ILD-PH, recently demonstrated
a benefit in ILD-PH, with an improvement in
6 MWD, NT-proBNP, and a reduction in the
risk of clinical worsening!®. Interestingly, a
post-hoc analysis demonstrated a significant

increase in FVC, especially in the patient sub-
group with IPF!?,

Finally, a recent meta-analysis of PAH-specif-
ic medication involving 2124 patients, of
whom 1274 received PH-specific medications,
was not able to demonstrate a benefit in terms
of survival, lung function, dyspnoea, or exer-
cise capacity, but showed a small but signifi-
cant improvement in QoL!%. Table 2 gives an
overview of the main randomized clinical
trials regarding treatment with PH-specific
medications in IPF/ILD.

In CPFE, the recent clinical trial INCREASE
evaluating inhaled treprostinil in patients
with ILD has enrolled 25% of patients with
CPFE!?. The positive results of the study sug-
gest that inhaled treprostinil could be also
efficient for patients with CPFE. Due to the
severity and the dramatic prognosis of CPFE,
these patients should be promptly referred
for LTx.

Lung transplantation

LTx is the definitive treatment for various
forms of CLD with respiratory failure. Pulmo-
nary fibrosis and COPD are the most frequent
indications. Patients with severe disease with-
out relevant comorbidities and young age may
be potential candidates for LTx. Severe PH
associated with CLD is an indication for LTx
due to its poor prognosis. However, in some
studies, severe PH in CLD has been associated
with a higher risk of primary graft dysfunc-
tion and postoperative bleeding, and with a
poorer 90 day survival after LTx!?%. Moreover,
the presence of PH is a contraindication for
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TaBLE 2. Results of the main randomized control trials of PAH-specific medications in IPF/ILD

Primary outcome Other outcomes Effect on drug

on hypoxaemia

Therapy Patients | Diagnostic

included

(n)

BUILD-1'® Bosentan 125 mg bid 158 IPF Negative (no difference in 6MWD up A trend in favor of bosentan No effect
to 12 months) in the time to death or disease
progression; possible positive
effect on QoL and dyspnoea
BUILD-3'2 Bosentan 125 mg bid 616 IPF of less than three years duration, Negative (no effect on time to IPF No effect on QoL or dyspnoea; Not reported
confirmed by surgical biopsy worsening or death) possible positive effect on the
decline rate of FVC and DLCO
MUSIC'% Macitentan 10 mg/d 178 IPF of less than three years duration, Negative (no difference in FVC decline No effect on time to first Not reported
confirmed by surgical lung biopsy at 12 months) occurrence of IPF worsening
or death; no significant effect
on DLCO or dyspnoea
ARTEMIS-IPF'2 Ambrisentan 10 mg/d 492 IPF < 5% honey combing on HRCT Negative. Stopped earlier due to Not reported
increased risk for disease progression
in the ambrisentan-treated group
STEP-IPF'% Sildenafil 20 mg tid 180 IPF (DLCO < 35%) Negative (no improvement in 6MWD Positive effect on DLCO and Qol;  Positive effect of
at 12 weeks) no effect on dyspnoea sildenafil on Pa0,
INSTAGE'? Nintedanib 150 mg bid 274 IPF (DLCO < 35%) Negative (no significant difference Lower risk of an absolute decline  No effect on saturation
plus sildenafil 20 mg in the SGRAQ total score at 12 weeks) in the FVC in the treated group; at 12 weeks
tid no effect on dyspnoea
or exacerbations rate
Behr et al. 2021 Sildenafil 20mg tid 177 IPF with DLCO < 40% and precapillary  Negative (no difference in progression- No effect on QoL, FVC, 6MWD, Not reported
added to pirfenidone PH (mPAP > 20 mmHg) or intermedi- free survival at 52 weeks) NT-proBNP
(1602-2403mg/d) ate/high probability of PH on
echocardiography
RISE-1IP"3 Riociguat 0-5 mg up 229 Idiopathic interstitial pneumonia with Negative. Stopped earlier due to No negative effect
to 2:5 mg three FVC > 45%, precapillary PH increased in serious adverse events and of riociguat on gas
times daily confirmed by RHC mortality in patients receiving riociguat exchange
INCREASE'? Inhaled Treprostinil 326 ILD with precapillary PH assessed Positive (significant difference 6MWD Positive effect on NT-proBNP No negative effect of

72 ug qid (maximum
dose)

by RHC (PVR > 3 WU, mPAP
>25 mmHg)

at 16 weeks in the Treprostinil group)

and risk of clinical worsening;
no effect on QoL

inhaled treprostinil
on gas exchange

6MWD: Six-minute walk distance; DLCO: diffusing capacity of the lung for carbon monoxide; FVC: forced vital capacity; HRCT: High-resolution computed tomography; ILD : interstitial lung disease; IPF: idiopathic pulmonary fibrosis; mPAP: mean
pulmonary artery pressure; NT-proBNP: N-terminal prohormone of Brain natriuretic peptide; Pa02: partial pressure of oxygen in arterial blood; PH: pulmonary hypertension; PVR: pulmonary vascular resistance; QoL: quality of life; RHC: right
heart catheterisation; SGQR: St George's Respiratory Questionnaire; WU: Wood units.
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CONCLUSION AND PERSPECTIVES

As presented in this review, adequate diag-
nosis, evaluation, and treatment of group 3
PH remain challenging owing to the hetero-
geneity of this entity.

RHC remains the definitive gold standard for
diagnosis. However, it is an invasive tech-
nique, and due to the lack of recommended
drugs in group 3 PH, the decision to perform
RHC should be based on the perspective of a
relevant clinical decision: compassionate use
of specific PAH medication, unexplained clin-
ical degradation, enrolment in a clinical trial
or referral for LTx. The decision of which pa-
tients should be referred for RHC and when,
remains difficult. Echocardiography has been
considered as the best screening test for PH.
However, assessment of pulmonary pres-
sures, RV function, and morphology with
echocardiography in CLD remains particular-
ly difficult and frequently inaccurate. There-
fore, there is a crucial need to develop screen-
ing algorithms, including HRCT, CPET, PFT,
and biomarkers.

Clinical trials are also highly heterogeneous
in terms of patient selection, PH diagnosis,
type and administration of treatments, pre-
cluding firm conclusions regarding medical
treatment. Due to the lack of evidence and
risk of clinical degradation, medical treat-
ment of CLD-PH may not be systematically
recommended and should be reserved only
at experienced centres. Some studies point to
a higher benefit of sildenafil in CLD-PH*2.
Due to its relatively low cost, the possibility
of titration and studies suggesting improve-
ment without gas exchange deterioration, it
could be considered as the first choice in

CLD-PH. Moreover, the emerging role of in-
haled Treprostinil in PH associated with ILD
has to be underlined. Indeed, it is the first
therapy that has proved efficacy in a multi-
center randomized, double-blind, placebo-con-
trolled trial. However, there is still a crucial
need for well-designed studies for patients
with CLD-PH for whom the PH phenotype
has been precisely determined, especially for
patients with severe PH and patients with
pulmonary vascular phenotype.
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