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Background: Pulmonary arterial hypertension (PAH), defined as the presence of a mean pulmonary artery pressure >
20 mmHg, pulmonary artery wedge pressure <15 mmHg, and pulmonary vascular resistance (PVR) > 2 Wood units
based on expert consensus, is characterized by a progressive and sustained increase in PVR, which may lead to right
heart failure and death. PAH is a well-known complication of connective tissue diseases (CTDs), such as systemic
sclerosis, systemic lupus erythematosus, Sjogren’s syndrome, and other autoimmune conditions. In the past few
years, tremendous progress in the understanding of PAH pathogenesis has been made, with various novel diagnostic
and screening methods for the early detection of PAH proposed worldwide.
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Objectives: This study aimed to obtain a comprehensive understanding and provide recommendations for the
management of CTD-PAH in Taiwan, focusing on its clinical importance, prognosis, risk stratification, diagnostic
and screening algorithm, and pharmacological treatment.
Methods: The members of the Taiwan Society of Cardiology (TSOC) and Taiwan College of Rheumatology (TCR)
reviewed the related literature thoroughly and integrated clinical trial evidence and real-world clinical experience
for the development of this consensus.
Conclusions: Early detection by regularly screening at-risk patients with incorporations of relevant autoantibodies
and biomarkers may lead to better outcomes of CTD-PAH. This consensus proposed specific screening flowcharts
for different types of CTDs, the risk assessment tools applicable to the clinical scenario in Taiwan, and a recommendation
of medications in the management of CTD-PAH.
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1. THE IMPORTANCE OF CONNECTIVE TISSUE
DISEASES IN PULMONARY ARTERIAL
HYPERTENSION

1.1. Systemic lupus erythematosus

Introduction

Systemic lupus erythematous (SLE) is an autoim-
mune disease with a variety of clinical manifestations
such as fever, arthritis, dermatitis, nephritis and pulmo-

nary arterial hypertension (PAH). Among patients with
connective tissue disease (CTD)-associated PAH (CTD-
PAH) in Western countries, SLE is the second most pre-
valent CTD after systemic sclerosis (SSc).1 In contrast,
SLE is more prevalent than SSc among patients with
CTD-PAH in China, Korea, or Japan.z'4 Similar to the dis-
tribution of autoimmune causes of CTD-PAH in East Asian
countries, SLE accounts for 57% and SSc accounts for
30% of CTD-PAH cases in Taiwan.’

Tremendous progress has been made in understand-
ing the pathogenesis of and developing therapeutic ap-
proaches for PAH in the past few years. The proposed
mechanisms for the pathogenesis of PAH include endo-
thelial dysfunction, genetic aberrations, refractory vaso-
constriction, and excess proliferation accompanied by im-
paired apoptosis of vascular cells, all of which can be-
come targets of future therapeutic designs.

According to the World Symposium on Pulmonary
Hypertension (WSPH) classification,® there are 5 groups
of pulmonary hypertension (PH): (1) PAH, (2) PH due to
left heart diseases, (3) PH due to lung diseases and/or
hypoxia, (4) PH due to pulmonary artery obstructions,
and (5) PH with unclear and/or multifactorial mecha-
nisms. SLE-PAH is classified as group | PH.” According
to the experts’ consensus, PAH is defined as the pre-
sence of a mean pulmonary artery pressure (mPAP) >
20 mmHg, pulmonary artery wedge pressure < 15 mmHg,
and pulmonary vascular resistance (PVR) > 2 Wood
units.’

Risk factors and screening recommendations for SLE-PAH

Various diagnostic and screening recommendations
have been proposed for the early detection of PAH.””
On the other hand, numerous important independent
predictors for SLE-PAH have been identified, and these
predictors include the presence of Raynaud’s phenome-
non, pleuritis, lupus nephritis and its disease activity,
thrombocytopenia, acute/chronic cutaneous lupus, sys-
temic hypertension, and mild interstitial lung disease
(ILD).*'*? immunological variables such as anti-U1-
ribonuclear protein (RNP), anti-Sjogren’s syndrome re-
lated antigen A (SSA), anti-Sjogren’s syndrome related
antigen B (SSB) and anti-cardiolipin antibodies are also

associated with an increased risk of SLE-PAH."*"™* H

ow-
ever, early detection of SLE-PAH continues to be diffi-

cult.
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Outcome and prognosis of SLE-PAH

Although advances in therapies for PAH have been
made in recent decades, delays in diagnosis remain com-
mon. Therefore, early detection of SLE-PAH is of great
importance. The mean duration between symptom on-
set and diagnosis was shown to be 2.8 years,** and de-
lays in diagnosis have been associated with poor out-
comes." CTD-PAH has a worse prognosis than idiopathic
PAH (IPAH), with SSc-PAH having the worst prognosis
among all CTD-PAH.? Various prognostic factors, includ-
ing a low diffusion capacity of carbon monoxide (DLCO),
pleural effusion, diabetes mellitus, a high mPAP, a high
PVR, elevated brain natriuretic peptide (BNP), and a low
6-minute walk distance (6MWD), were shown to be re-
lated to poor survival.'®" In contrast, anti-U1-RNP anti-
body was demonstrated to be a protective factor.'® Al-
though anti-U1-RNP antibody-positive patients were
found to be more prone to PAH development than anti-
U1-RNP antibody-negative patients, antibody-positive
patients were found to be functionally less impaired;
thus, the presence of anti-U1-RNP antibody was nega-
tively associated with mortality.

Recommendations

1. Early screening for PAH with different modalities should
be considered for SLE patients who present with Ray-
naud’s phenomenon, pleuritis, high disease activity,
thrombocytopenia, acute/chronic cutaneous lupus,
systemic hypertension, and ILD, as well as for those
with anti-U1-RNP, anti-SSA, anti-SSB, and anti-cardio-
lipin antibodies.

2. Early referral to specialty PAH centers should be con-
sidered for SLE-PAH patients with poor prognostic
factors, i.e., anti-U1-RNP antibody negativity and
anti-SSA, anti-SSB or anti-cardiolipin antibody posi-
tivity.

1.2. Systemic sclerosis

Rationale for screening in SSc patients

SSc is an autoimmune disease characterized by wide-
spread vasculopathy and fibrosis. Of specific note, PAH
is @ major cause of morbidity and mortality in patients
with SSc. The prevalence of PAH in patients with SSc is
approximately 10%, with a range of 7% to 19%."® The es-
timated incidence of SSc-PAH was noted to be 0.61 per
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100 patient-years in a French study after a 3-year fol-
Iow-up,19 while the incidence was higher (1.6 per 100
person-years) in a Taiwanese national cohort study.” The
cumulative incidence of PAH rises with longer SSc dis-
ease duration, resulting in 18% of patients with diffuse
cutaneous SSc (dcSSc) and 24% of patients with limited
cutaneous SSc (IcSSc) developing PAH over a period of
15 years."® However, half of patients with either IcSSc or
dcSSc have early-onset PAH, arising within the first five
years after disease onset.” Various risk factors for PAH
in patients with SSc have been described, including ch-
ronic persistent disease, older age, late onset of disease,
postmenopausal status, severe Raynaud’s phenomenon,
severe digital ischemia, cutaneous telangiectasias, iso-
lated DLCO < 50%, DLCO/alveolar volume < 70%, forced
vital capacity/DLCO < 1.6 and an increase in right ven-
tricular systolic pressure > 2 mmHg/year.”* Therefore,
patients with SSc are a high PAH risk group in whom scre-
ening can be justified.

Early detection of PAH should be of paramount im-
portance since this condition accounts for approximately
30% of deaths among SSc patients.”> At PAH diagnosis,
most patients present with advanced symptoms and
right heart dysfunction, which predicts a worse survival.”*
A study from the French PH registry reported transplant-
free survival rates of 87%, 55%, and 35% at 1, 3, and 5
years, respectively, in SSc-PAH patients.”* These results
were similar to the results of the Registry to Evaluate
Early and Long-Term Pulmonary Arterial Hypertension
Disease Management (REVEAL) study in the USA, where
the 3-year survival was 51.2% among newly diagnosed
and 61.4% among previously diagnosed SSc-PAH pati-
ents.” The 1-, 3-, and 5-year survival rates for patients
with SSc-PAH in a Taiwanese national cohort study were
88.3%, 72.1% and 61.9%, respectively.” The prospective
PHAROS study reported better SSc-PAH survival rates of
95%, 75% and 63% at the 1-, 3-, and 5-year follow-ups,
respectively, which may have been attributable to more
widespread screening resulting in earlier detection and
less severe symptoms at diagnosis.”® The long-term sur-
vival of patients with SSc-PAH was also significantly bet-
ter in the early detection cohort than in those in the rou-
tine practice cohort, whose 8-year survival rates were
64% and 17%, respectively.27 This finding suggests that
earlier diagnosis and treatment could lead to better long-
term outcomes.
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Recommendations

SSc-PAH is a rare but life-threatening disease for
which early detection with systematic and regular scre-
ening for PAH in all patients can lead to earlier diagno-
ses and better subsequent outcomes in at-risk patients
with SSc.

1.3. Sjogren’s syndrome

Introduction

Primary Sjogren’s syndrome (pSS) is characterized
by the lymphocytic infiltration of exocrine glands and
extraglandular tissues and the presence of autoanti-
bodies directed against the Ro/SSA and La/SSB anti-
gens.”® Nevertheless, Sjogren’s syndrome (SS) can pre-
sent as a primary disease or in association with other
CTDs, such as rheumatoid arthritis (RA) or SLE, and pre-
dominantly affects women.

Systemic autoimmune diseases in general can affect
any organ system, and PH associated with systemic au-
toimmune diseases can be in any of the five World He-
alth Organization (WHO) PH classification groups.”® Ex-
traglandular involvement of the lungs is common in pSS,
typically manifesting as ILD and including lymphocytic
interstitial pneumonia, nonspecific interstitial pneumo-
nitis, usual interstitial pneumonitis, and organizing pneu-
monia.’® Therefore, patients with pSS frequently pre-
sent with PAH (group 1 PH) and/or PH secondary to lung
diseases (group 3 PH).”*? However, PH resulting from
chronic thromboembolism (group 4 PH) has also been
reported in pSS.33 Therefore, a systematic evaluation of
PH associated with pSS should be performed to achieve
the correct diagnosis. A histological examination case
report demonstrated the presence of immune complex
deposition in the pulmonary vessel walls, implicating an
immunological etiology in the pathogenesis of pSS-PAH.>*

As described previously, although SSc-PAH accounts
for the most commonly observed CTD-PAH in Western
countries,?’5 SLE is the most prevalent autoimmune con-
dition in CTD-PAH in Asian countries.”****® pSS-PAH has
been reported to be the second most common CTD-
PAH in Chinese individuals.’””*® In a national cohort
study in Taiwan, pSS-PAH was the third most common
type of CTD-PAH among affected patients.” Therefore,
the clinical significance of pSS-PAH cannot be ignored
in Taiwan.

Risk factors and prognosis

PAH is a severe complication of pSS, although its ex-
act prevalence is unknown.? In a Turkish study, the pre-
sence of PAH, according to echocardiographic evidence,
was reported to be up to 22% among pSS patients.39
Compared with pSS patients without PAH, patients with
pSS-PAH are more frequently found to exhibit Raynaud'’s
phenomenon, the presence of anti-Ro/SSA and anti-
nuclear ribonucleoprotein (anti-RNP) autoantibodies,
the presence of rheumatoid factor, hypergammaglobul-
inemia, cutaneous vasculitis, and ILD.***! |n a case-con-
trol study, a younger onset of pSS and the presence of
anti-SSB or anti-U1-RNP antibodies were associated with
the occurrence of PAH.*®

The 1-, 3-, and 5-year survival rates of patients with
pSS-PAH have been reported to be 73.0-94.0%, 66.0-
88.8% and 64.8-80.6%, respectively.‘r"7'38’42 Elevated PVR,
high serological alkaline phosphatase levels, a low car-
diac index, and an increased SS disease damage index
were identified as potential predictors of poorer outcomes
in patients with pSS-PAH.>"®

The main symptom of pSS-PAH is exertional dys-
pnea, which usually requires differentiation from ILD.*°
Right heart catheterization (RHC) remains the gold stan-
dard for diagnosis.” One study showed that patients
with pSS-PAH had worse hemodynamic profiles on diag-
nostic RHC than patients with SLE-PAH and patients with
SSc-PAH at the time of PAH diagnosis, probably because
the diagnoses were performed in a more advanced stage
of the illness in pSS-PAH patients.>**!
cians must be keenly aware of the possibility of PAH in
patients with pSS.

Therefore, clini-

Recommendations

1. PAH should be evaluated as one of the etiologies for
patient-reported dyspnea in pSS patients.

2. Routine screening for PAH may be necessary for pSS
patients, especially for those with a younger disease
onset, Raynaud’s phenomenon, anti-SSA or anti-SSB
autoantibodies, anti-U1-RNP autoantibodies, rheuma-
toid factor, hypergammaglobulinemia, cutaneous vas-
culitis, and ILD.

1.4. Other autoimmune conditions with a high risk of
pulmonary arterial hypertension

In addition to progressive pSS, SLE, and SS, patients

Acta Cardiol Sin 2023;39:213-241



Wei-Chun Huang et al.

with other autoimmune diseases, including RA, mixed
connective tissue disease (MCTD), and antiphospholipid
syndrome (APS), may also have a propensity for devel-
oping PAH. RA involves progressive erosion of multiple
small joints, pain, and joint motion limitations. In com-
parison with ankylosing spondyloarthritis, RA tends to
affect peripheral joints, especially those of the hands,
leading to a profound decline in quality of life and a
large disease burden, as indicated in a recent census.”
According to a recent registry study in Taiwan, approxi-
mately 3% of RA patients suffer from PAH.” RA-PAH tends
to be diagnosed at an older age than other autoimmune
diseases.” The demographics and severity of RA with or
without PAH do not differ greatly, nor do the corre-
sponding treatments.* MCTD is characterized by the pre-
sentations of increased digital thickness, Raynaud’s phe-
nomenon, joint inflammation with hand swelling, and
myositis, and the diagnosis should be confirmed by test-
ing for the presence of anti-U1-RNP antibody. It should
be noted that anti-U1-RNP antibody positivity may also
be an independent protective factor against PAH in pSS
patients.*”> APS, which often accompanies SLE and RA,
may lead to thrombosis and frequent premature pre-
gnancy loss. In patients with SLE, the presence of auto-
antibodies associated with APS is a risk factor for PAH,
which can be found in 46.6% of SLE patients.*® Although
the incidence of PAH in RA, MTCD, and APS may not be
as high as that in pSS, clinicians should pay more atten-
tion to this comorbidity to prevent severe complica-
tions.

For PAH screening for suspected autoimmune dis-
eases, some noninvasive modalities have been sug-
gested in systematic reviews published previously. Trans-
thoracic echocardiography (TTE) plays an important
role in the detection of PAH and has a sensitivity and
specificity of over 90%.*” TTE can be performed when
patients suffer from symptoms of PAH, such as walking
dyspnea, constant cough, or chest tightness. Together
with TTE, serum N-terminal pro-BNP (NT-proBNP) level
measurements have been shown to further enhance
the specificity and sensitivity of detecting PAH.*® A multi-
disciplinary care team, including cardiologists, could
consider performing examinations to measure the DLCO
and 6MWD in addition to serological marker assays or
TTE to diagnose PAH in patients in whom it is sus-
pected.*

Acta Cardiol Sin 2023;39:213-241

Recommendations

1. Patients with autoimmune diseases, including RA,
MCTD, and APS, may also suffer from PAH, and a care-
ful evaluation for PAH is suggested for these patients.

2. A multidisciplinary care team, including cardiologists,
could perform noninvasive evaluations, including TTE,
NT-proBNP level measurements, and pulmonary func-
tion tests (DLCO and 6MWD), to facilitate the diagno-
sis of PAH among patients with autoimmune diseases
in whom it is suspected.

2. SCREENING AND DIAGNOSTIC ALGORITHM FOR
CONNECTIVE TISSUE DISEASE-ASSOCIATED
PULMONARY ARTERIAL HYPERTENSION

2.1. Interpretation of serum markers for connective
tissue disease-associated pulmonary arterial
hypertension
In Western countries, SSc is the most common un-

derlying CTD in patients with CTD-PAH, where 62.3-74%

of patients have S5¢.°%>" SLE is the most common under-

lying disease of CTD-PAH and can be found in 29-49% of
patients with CTD-PAH in Asia.>®” Other CTDs, including
pSS, MCTD, RA, and myositis, may also be associated
with PAH, although less frequently.>”** According to an
epidemiological study based on the Taiwan National He-
alth Insurance Research Database, the most common

CTD among all CTD-PAH patients was SLE (57%), fol-

lowed by SSc (30%), pSS (9%), RA (3%), and myositis (1%).”
SLE is a clinical diagnosis supported by immunologi-

cal findings including the presence of antinuclear anti-

bodies (ANAs) (1:80 and above), anti-double stranded

DNA (dsDNA), anti-Smith antigen (Sm), and antiphos-

pholipid (APL) antibodies in addition to hypocomple-

mentemia. Newer classification criteria have been de-
veloped to enable the earlier diagnosis of SLE. Among
them, the European Alliance Association for Rheuma-
tology (EULAR)/American College of Rheumatology (ACR)

2019 guideline lists ANA positivity as the diagnostic cri-

terion with the best sensitivity and specificity for detect-

ing SLE.>® Predictive biomarkers of PAH in SLE, such as
anti-U1-RNP, anti-Ro, and APL antibodies, have been re-
cognized.1

The ACR-EULAR criteria for the classification of SSc
include the presence of specific serum autoantibodies
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such as anti-topoisomerase |, anti-centromere, and anti-
RNA polymerase 2% 1n particular, anti-centromere auto-
antibodies are more specifically associated with PAH
and have been emphasized in the DETECT algorithm. In
addition, SSc-PAH patients have higher BNP/NT-proBNP
levels than patients with SSc without PAH.>>>®

pSS typically presents with chronic dry eyes and dry
mouth. In addition to evidence of lacrimal and salivary
gland dysfunction, either histopathological evidence of
focal sialadenitis with lymphocytic infiltrates in minor
salivary gland biopsy samples or positive serological
findings of anti-Ro/La antibodies is required for the di-
agnosis of pSS.>”*® A multicenter cohort study involving
pSS patients in China showed that the presence of anti-
La and anti-U1-RNP antibodies and the age of disease
onset were independent risk factors for PAH.*®

MCTD is a syndrome with phenotypes that overlap
with those of SSc, SLE, RA, and inflammatory myositis
associated with anti-U1-RNP antibody. Clinical features
include Raynaud’s phenomenon, sclerodactyly, arthritis,
polymyositis and ILD.>® Although rarely seen in the po-
pulation of patients with CTD-PAH in Taiwan, MCTD-
associated PAH was reported to represent 43% and 9%
of CTD-PAH cases in Japan and China, respectively.”?’ A
high prevalence of PH was reported in MTCD patients,
with 20-30% of the patients presenting the condition;
thus, screening for PAH in patients with MCTD is war-
ranted.®

Recommendations

1. Patients with PAH may need to be screened for SLE,
SSc, pSS, and MTCD, as these immunological condi-

Table 1. Recommended screening blood tests for CTD-PAH

tions are common in the CTD-PAH population in Asia.
Screening methods may include blood tests for ANA,
anti-dsDNA, anti-Sm/U1-RNP, APL, anti-topoisomer-
ase | (SCL-70), anti-RNA polymerase lll, anti-Ro/La
antibodies, and C3/C4/CH50 (Table 1).

Baseline and sequential BNP/NT-proBNP levels could
be measured as predictors of clinical outcomes in pa-
tients with PAH secondary to SSc and other CTDs.

2.2. Connective tissue disease-pulmonary arterial
hypertension high-risk population screening and
diagnostic flowchart

Systematic screening for patients with different CTDs,
even asymptomatic patients, plays an important part in
the detection and subsequent early management of PAH
to achieve better long-term outcomes.®’ Due to the pre-
sence of an underlying CTD, CTD-PAH patients may have
better chances of PAH detection in the early stages than

patients with IPAH. Existing evidence demonstrates a

survival benefit attributable to a structured screening

protocol rather than the protocol routinely utilized in
clinical practice.®

Although some screening and diagnostic modalities

have been successful in Europe and North America, a

timely diagnosis of CTD-PAH remains challenging in Tai-

wan for a number of reasons. The most important rea-
son is the type of underlying CTD in Taiwanese patients
with CTD-PAH. Quite different from Western countries,
investigations revealed that SLE, rather than sclero-
derma, was the leading underlying CTD in Taiwan and
most East Asian countries.”®® The prevalent CTD will
greatly affect the accuracy of screening.®’ However, there

é)_ll'_\;erlymg CTD diagnostic markers PAH risk markers

SLE ANA (> 1:80), anti-dsDNA, anti-Sm, antiphospholipid antibodies, and Anti-U1-RNP, anti-Ro, and anti-
C3/C4/CH50 phospholipid antibodies

SSc Anti-topoisomerase | (SCL-70), anti-centromere and anti-RNA polymerase Ill  Anti-centromere antibodies
antibodies

pSS Anti-Ro/La antibodies Anti-La and anti-U1-RNP antibodies

MCTD Anti-U1-RNP antibody

Anti-phospholipid antibodies include lupus anticoagulants, anticardiolipin IgG/M, and anti-beta-2-glycoprotein | IgG/M.

ANA, antinuclear antibody; CTD, connective tissue disease; Ig, immunoglobulin; MCTD, mixed connective tissue disease; PAH,

pulmonary arterial hypertension; pSS, primary Sjogren’s syndrome; RNP, ribonuclear protein; SLE, systemic lupus erythematosus;

SSc, systemic sclerosis.
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is no universally accepted protocol for PAH screening in
lupus patients that has a good balance of cost, benefit
and screening capacity.

For these reasons, we decided to propose specific
screening protocols for different types of CTDs. SSc or
scleroderma spectrum diseases (sSScs) include MCTD
and other CTDs with prominent scleroderma features
(e.g., sclerodactyly, nail fold capillary abnormalities and
SSc-specific autoantibodies). We recommend following
the international recommendations>***®” with some mi-
nor modifications that are more applicable to the Tai-
wanese setting.

For SSc and sSSc patients in Taiwan, we suggest re-
gular routine screening for all SSc and sSSc patients.
Yearly screening should be suitable for most SSc and
sSSc patients, as recommended by the 2009 American
College of Cardiology (ACC)/American Heart Association
(AHA)® and 2015 European Society of Cardiology (ESC)/
European Respiratory Society (ERS) guidelines.®* How-
ever, it is difficult to apply the current screening proto-
cols, particularly when patients are unable to undergo
pulmonary function tests or their access to such tests is
limited, such as during the coronavirus disease 2019
(COVID-19) pandemic. Therefore, we suggest modifica-
tions of indications for screening. Patients who met at
least two of the three indications were deemed suitable

The Entry Criteria for
SSc-PAH Screening

for SSc-PAH screening. The indications have three com-
ponents: the pulmonary function, imaging, and sero-
logical components (Figure 1). This modification justi-
fied further evaluation for high-risk patients even when
pulmonary function testing was unavailable.

A patient is considered positive for component A,
the pulmonary function component, if their uncorrected
DLCO is < 80% of the predicted value.’®®* A patient is
considered positive for component B, the imaging com-
ponent, if at least one of the following three imaging
findings is identified: 1) the presence of any sign sug-
gesting PH in an advanced image evaluation, such as
magnetic resonance imaging (MRI) or computer tomo-
graphy (CT);**® 2) the presence of a decreased capil-
lary density or active/late scleroderma pattern on nail-
fold capillaromicroscopy;*®’® and 3) the presence of
right axis deviation (RAD) or sign(s) of right ventricle
(RV) strain on electrocardiography (EKG).>® A patient is
considered positive for component C, the serological
component, if they have > 1 of the following findings: an
unexplained NT-proBNP elevation > 300 pg/mL>® or the
presence of anti-centromere antibodies, anti-U3 RNP
antibodies, anti-Th/To antibodies or APL antibody (Fig-
ure 1).”%72

For SSc or sSSc patients with indications for screen-
ing, we suggested the DETECT algorithm (evidence-based

If Component A/B/C
> 2 of 3 components

N

g Pulmonary function test: )
uncorrected D, <80% of predicted A/
/+ any sign suggesting PAH by CT or MRI L
* Nailfold capillaromicroscopy B
Decreased capillary densities or active/late scleroderma pattern
e EKG: RAD or other sign(s) of RV strain )
/* Elevated serum NT-proBNP k
* anti-centromere Ab, anti-U3 RNP Ab, or anti-Th/To Ab C
\* Antiphospholipid Abs )

Figure 1.

The entry criteria for SSc-PAH screening. CT, computer tomography; EKG, electrocardiography; MRI, magnetic resonance imaging; NT-

proBNP, N-terminal pro-brain natriuretic peptide; PAH, pulmonary arterial hypertension; RAD, right axis deviation; RNP, ribonuclear protein; RV, right

ventricle; SSc, systemic sclerosis.
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detection of PAH in SSc, Figure 2) as the second step of
SSc-PAH screening.56 This suggestion is based on the fact
that the DETECT algorithm has been widely validated in
different SSc cohorts’*”* and is generally recommended
in almost all guidelines.s“'s‘r"67

In contrast, an easier approach proposed by the

recommended as an alternative screening protocol for
SSc and sSSc patients, as it has an accuracy that is simi-
lar to that of the DETECT algorithm.®® The ASIG screen-
ing algorithm has two components: pulmonary function
(component A) and serum NT-proBNP (component B)
(Figure 3).%¢

Australian Scleroderma Interest Group (ASIG) could be Patients with SSc and sSSc disease with positive re-

SSc-PAH Screening by the DETECT Algorithm

STEP 1: Non-echocardiographic variables: Total Risk points >300
FVC/DLCO, telangiectasis, anti-centromere Ab, serum NTproBNP,
serum urate, Right axis deviation on EKG.

STEP 2: Echo- & Non-echo variables: Total Risk Score >35

Echocardiographic variables: Right atrium area, TR velocity
+ total risk points from step 1

'

Following 2018 TSOC guideline algorithm
for WHO grouping of PAH &

Referral for Right Heart Catheterization

Search for other cause of exertional dyspnea &
Repeat Screening in 6-12 months

Figure 2.  SSc-PAH screening by the DETECT algorithm. DLCO, diffusion capacity of carbon monoxide; EKG, electrocardiography; NT-proBNP, N-ter-
minal pro-brain natriuretic peptide; PAH, pulmonary arterial hypertension; SSc, systemic sclerosis; TSOC, Taiwan Society of Cardiology; WHO, World
Health Organization.

SSc-PAH Screening by the ASIG Algorithm

NT-proBNP = 300 pg/mL

DLCO <70% predicted and
FVC/DLCO =1.8

l

Following 2018 TSOC guideline algorithm j

!

Search for other cause of exertional dyspnea &
Repeat Screening in 6-12 months

for WHO grouping of PAH &
Referral for Right Heart Catheterization

Figure 3. SSc-PAH screening by the ASIG algorithm. ASIG, Australian Scleroderma Interest Group; DLCO, diffusion capacity of carbon monoxide;
FVC, forced vital capacity; NT-proBNP, N-terminal pro-brain natriuretic peptide; PAH, pulmonary arterial hypertension; SSc, systemic sclerosis; TSOC,
Taiwan Society of Cardiology; WHO, World Health Organization.
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sults in the DETECT or ASIG algorithm should be consid-
ered high-risk patients for SSc-PAH. As CTD-PAH patients
might have multiple pathogenic modalities, the 2018
Taiwan Society of Cardiology (TSOC) guideline algorithm
for WHO grouping of PAH should be followed for the
best management.’ Despite this, RHC remains the gold
standard for the confirmation of SSc-PAH.>*>*’

For nonscleroderma CTDs, especially SLE, which is
the most common autoimmune disease among CTD-
PAH patients in Taiwan, we propose a 2-step screening
that is based on the capacities of key screening instru-
ments (e.g., echocardiography, ventilation/perfusion
lung scan, etc.).

Based on prior research on independent predictors
of PAH in lupus patients, we divided the screening pro-
tocol into two parts. The first step is the evaluation of
at-risk patients,’ which includes three components (Fig-
ure 4), while the second step is the evaluation of PAH
(Figure 5).

Component A is the clinical component. CTD pa-
tients with a history of active Raynaud’s phenomenon
(confirmed by a physician by direct observation or the
medical record), active arthritis, or serositis (including
pericarditis or pleuritis disease) are considered to be
positive for component A
eral laboratory component. CTD patients with NT-pro-
BNP/BNP levels more than 2-fold above normal limits,
RAD or sign(s) of RV strain on EKG**"°

Component B is the gen-

not due to an al-

ternative cause are considered to be positive for compo-
nent B. Component C is the autoantibody component.
Some CTD patients have a history of a confirmed pres-
ence of anti-RNP antibody or APL antibodies.”® The pre-
sence of APL antibodies should meet the classification
criteria for definite APS in the updated international
consensus statement.”®”’

Non-SSc CTD patients positive for at least two of
three components (components A, B and C) in the first
screening step should be considered for further evalua-
tion in the next step. The second part of screening (Fig-
ure 5) was inspired by the ItinérAIR-Sclérodermie Study,”®
which used Doppler echocardiography and serum NT-
proBNP/BNP level analysis to evaluate the necessity of
invasive heart catheterization.

The other challenge of screening implementation is
that CTD might lead to PAH by several mechanisms, in-
cluding thromboembolism, left heart disease, and ILD,
or by a combination of mechanisms. Therefore, different
optimal management strategies should be employed. In
summary, we propose that the 2018 TSOC guideline al-
gorithm (Figure 6) should be followed in identifying PH
in patients with intermediate to high probability of PH
for potentially coexisting left heart disease, thromboem-
bolism and ILD.? The significance of the results in direct-
ing further management should be addressed by discus-
sion among the members of a multidisciplinary care
team. Patient management, aiming to achieve optimal

At-Risk Group Screening + If Component A/B/C
non-SSc CTD-PAH . > 2 of 3 components
g Raynaud’s phenomenon R
* Arthritis A
\* Serositis )
g N

* Elevated serum NT-proBNP

L EKG: RAD or other sign(s) of RV strain B/
o i
* Anti-RNP Ab

* Antiphospholipid Abs C
b of

Figure 4. At-risk group screening for non-SSc CTD-PAH. CTD, connective tissue disease; EKG, electrocardiography; NT-proBNP, N-terminal pro-brain
natriuretic peptide; PAH, pulmonary arterial hypertension; RAD, right axis deviation; RNP, ribonuclear protein; RV, right ventricle; SSc, systemic sclerosis.
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2022 TSOC-TCR CTD-PAH Screening Algorithm
2"d step for non-SSc CTD-PAH

Candidates for Pulmonary Arterial Hypertension Screening
high risk SLE patients ( = 2 of 3 risk component), or symptomatic patients of other non-SSc CTDs

Doppler Echocardiography

e ==
SPAP: <35 mmHg, TRV 2.8 m/sec SPAP: 35-50 mmHg, TRV: 2.8-3.4m/sec or SPAP > 50 mmHg
Normal RV size sPAP: <35 mmHg, TRV <2.8m/sec but RV dilatation TRV > 3.4 m/sec
PH unlikely PH possible PH likely

|

‘ Serum NT-pro BNP = 300 pg/mL
No ,Yes v
V/Q scan

Pulmonary Function Test: might be performed
Yes

Right heart catheterization
mPAP220 mmHg, PCWP <15 mmHg nNoleftheart disease

Ongoing CTD-PAH can not be excluded
Follow up every 3 to 6 months

F
3
w

No
Search for other causes of exertional dyspnea < — confirmed CTD-PAH

Figure 5. 2™ step of screening for non-SSc CTD-PAH. CTD, connective tissue disease; NT-proBNP, N-terminal pro-brain natriuretic peptide; PAH, pul-
monary arterial hypertension; PCWP, pulmonary capillary wedge pressure; PH, pulmonary hypertension; RV, right ventricle; SLE, systemic lupus
erythematous; sPAP, systolic artery pressure; SSc, systemic sclerosis; TCR, Taiwan College of Rheumatology; TRV, tricuspid regurgitation velocity;
TSOC, Taiwan Society of Cardiology; V/Q, ventilation/perfusion.

Screening recommendations for CTD-PAH in Taiwan

2018 TSOC guideline algorithm to identify PH when echocardiographic findings are
suggestive of high or intermediate probability of PH

Echocardiography is suggestive of PH

PFT+DLc
HRCT

for left rtor | di
Survey for le hea or lung diseases Artectal Bioos) gus

! No left heart or lung diseases Nocturnal oximetry, polysomnogram

V/Q lung scan No | RHC to confirm PAH
to evaluate mismatched perfusion defects mPAP225mmHg, PAWP<15mmHg, PVR>3 Wood units

D t CHD

Drugs/Toxins - + e Portopulmonary

HIV : > Schistosomiasis

CT pulmonary angiography RHC + Pulmonary ¥
angiogram Idiopathic/hereditary PAH/PVOD

Huang WC, et al.J Formos Med Assoc 2019;118:1584-1609.
Figure 6. Screening recommendations for CTD-PAH in Taiwan. CHD, congenital heart disease; CT, computed tomography,; CTD, connective tissue
disease; CTEPH, chronic thromboembolic pulmonary hypertension; DLCO, diffusing capacity of carbon monoxide; HIV, human immunodeficiency virus;
HRCT, high-resolution computed tomography; PAH, pulmonary arterial hypertension; PAWP, pulmonary artery wedge pressure; PFT, pulmonary func-
tion test; PH, pulmonary hypertension; RHC, right heart catheterization; PVOD, pulmonary veno-occlusive disease; TSOC, Taiwan Society of Cardiol-
ogy; V/Q, ventilation/perfusion.
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long-term outcomes, should also be monitored by a mul-
tidisciplinary care team.

2.3. Screening for connective tissue disease-
associated pulmonary arterial hypertension by
echocardiography
TTE is a noninvasive examination that can be used

to estimate PAP and the effects of PH on the right heart.

The estimation of systolic PAP is based on the tricuspid

regurgitation pressure gradient and right atrium (RA)

pressure. The RA pressure is estimated by echocardio-
graphy according to the diameter and respiratory varia-
tion of the inferior vena cava (IVC): an IVC diameter <

2.1 cm with suggestions of > 50% collapse suggest a nor-

mal RA pressure of 3 mmHg (range 0-5 mmHg), whereas

an IVC diameter > 2.1 cm with suggestions of < 50% col-

lapse or < 20% collapse on quiet inspiration suggest a

high RA pressure of 15 mmHg (range 10-20 mmHg). In

the scenario that the IVC diameter and collapse do not
fit this paradigm, an intermediate value of 8 mmHg

(range 5-10 mmHg) may be presumed.””’

In addition, echocardiographic examination can be
used to indicate the probability of PH. Doppler-derived
pressure estimation may be inaccurate under specific
circumstances, such as a significantly underestimated or
overestimated tricuspid regurgitation velocity (TRV) in
some patients or conditions.”” The ESC Guideline sug-
gests grading the probability of PH as high, intermediate
or low according to the TRV at rest and the presence of
prespecified echocardiographic variables suggestive of
PH, and these variables include the right ventricle (RV
size, signs of pressure overload, the pattern of blood
flow velocity at the RV outflow tract, the diameter of

the pulmonary artery and the estimated RA pressure
(Table 2).80’81 In summary, an unevaluable TRV or a peak
TRV < 2.8 m/second indicates a low probability of PH in
the absence of echocardiographic PH signs or an inter-
mediate probability of PH in the presence of echocar-
diographic PH signs. A peak TRV of 2.9 to 3.4 m/second
indicates an intermediate probability of PH in the ab-
sence of echocardiographic PH signs or a high probabil-
ity of PH in the presence of echocardiographic PH signs.
Finally, a peak TRV of > 3.4 m/second indicates a high
probability of PH regardless of the presence or absence
of echocardiographic PH signs (Table 3).

PAH is a serious complication of CTD. Patients with
CTD-PAH have shorter survival times than those with
IPAH. In the REVEAL, the 1-year survival was worse in
CTD-PAH patients than in IPAH patients. Of note, SSc
was independently associated with the worst prognosis
among the subtypes of CTD-PAH, and limited sclerosis is
the most common CTD associated with PAH in Europe
and the USA.** Early diagnosis and management are im-
portant in this group of patients. Annual echocardio-
graphy is recommended as a screening test for asymp-
tomatic SSc patients.®* Compared to symptom-based

Table 3. Echocardiographic probability of PH in symptomatic
patients with a suspicion of PH

Presence of other
echo ‘PH signs’

Peak tricuspid regurgitation
velocity (m/s)

2.8 or not measurable No Low

2.8 or not measurable Yes Intermediate
2.9-3.4 No

2.9-3.4 Yes .

>3.4 No High

PH, pulmonary hypertension.

Table 2. Echocardiographic signs suggestive of PH and used to assess the probability of PH

A: The ventricles*

B: Pulmonary artery*

C: Inferior vena cava and right atrium*

Right ventricles/left ventricle basal dia-
meter ratio > 1.0

Flattening of the interventricular sep-
tum (left ventricular eccentricity index >
1.1 in systole and/or diastole)

Right ventricular outflow Doppler ac-
celeration time < 105 msec and/or mid-
systolic notching

Early diastolic pulmonary regurgitation
velocity > 2.2 m/sec

PA diameter > 25 mm

Inferior cava diameter > 21 mm with
decreased inspiratory collapse (< 50%
with a sniff or < 20% with quiet in-
spiration)

Right atrial area (end-systole) > 18 cm’

* Echocardiographic signs of at least two different categories (A/B/C) should be present to grade the probability of PH.
PA, pulmonary artery; PH, pulmonary hypertension.
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detection, the cost-effectiveness of echocardiography as
a screening tool has not been investigated extensively.
Echocardiography is also recommended in patients with
CTDs other than SSc who show symptoms of PAH.

Recommendations

1. Echocardiography is recommended as a screening test
for asymptomatic SSc patients and should be repeated
annually.

2. Echocardiography is recommended for patients with
symptoms PAH who have CTDs other than SSc.

3. The aim of echocardiography in these patients is to
determine the grade of the probability of PH. The
grading of the probability of PH should be based on
the TRV and the presence of prespecified echocardio-
graphic signs suggestive of PH.

2.4. Screening for connective tissue disease-
associated pulmonary arterial hypertension by
right heart catheterization
RHC plays a central role in the diagnosis and man-

agement of PAH, where the test is used to evaluate he-
modynamics, stratify risk, measure vasoreactivity, and
unmask intracardiac shunts. Despite widespread accep-
tance, significant interhospital or interphysician discrep-
ancies remain in the practice of performing RHC. There-
fore, RHC procedures should be standardized to ensure
the accuracy of the hemodynamic parameters obtained
from the test.

Pulmonary arterial wedge pressure

To measure the pulmonary arterial wedge pressure
(PAWP), it is recommended to inflate a balloon in the RA
and advance a catheter until it reaches the wedge posi-
tion. The accuracy of PAWP measurements is susceptible
to over- or underwedging, which can lead to false results.
Moreover, repeated inflations and deflations in the wedge
position should be avoided to prevent pulmonary artery
rupture. The measurement of PAWP should be conducted
at the end-expiratory phase, when the intra- and extra-
thoracic pressures are equal. Averaging PAWP over sev-
eral respiratory cycles is an acceptable compromise to
compensate for respiratory fluctuation.

Cardiac output
In addition to the measurement of pulmonary pres-

sures, RHC enables the measurement of cardiac output
using the widely acknowledged thermodilution method,
which is a preferred method for cardiac output monitor-
ing even among patients with very low cardiac output
and/or severe tricuspid regurgitation. The indirect Fick
technique that estimates the amount of oxygen uptake
is less reliable than the other techniques. The cardiac
index should be calculated thereafter.

Vasoreactivity test

The vasoreactivity test is recommended only for pa-
tients with IPAH or hereditary or drug-related PAH, since
more than half of these patients may experience truly
clinical responses to calcium channel blockers (CCBs)
when the result of the vasoreactivity test is positive.65

Detection of intracardiac shunts

A high pulmonary arterial O, saturation of > 75%
may indicate a cardiac left to right shunt.” In the event
of an intracardiac shunt, measurements of O, saturation
in the superior vena cava, IV, RA and pulmonary artery
should be obtained to identify the severity of the condi-
tion.

Recommendations
Given that RHC is essential for the diagnosis of PAH,

as well as its disease severity evaluation and clinical in-

tervention selection, we make the following recommen-
dations regarding RHC:

1. RHCshould be performed at the diagnosis of PAH.

2. RHC might be considered annually in PAH patients
whose condition is stable.

3. RHC could be conducted in PAH patients whose condi-
tions are deteriorating have indications for therapy
escalations or even lung transplantation.

4. The vasoreactivity test is not recommended during
RHC for CTD-PAH patients.

2.5. Risk stratification in patients with connective
tissue disease-associated pulmonary arterial
hypertension
Risk assessment is a crucial step after diagnosis con-

firmation or treatment initiation. Several published guide-

lines recommend the tailoring of treatment after risk as-
sessment,g’65 which, together with the various treatment
strategies available, has resulted in better survival among
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patients with IPAH in the modern era.* Different risk as-
sessment tools have been proposed and reviewed thor-
oughly.® In this section, we aim to provide a focused
update on the risk assessment tools applicable to pati-
ents with CTD-PAH.

Derived from the traffic light risk table recommended
in the ESC/ERS guidelines,”® three major simplified risk
assessment scores have been studied in CTD-PAH. Pati-
ents with either SSc-associated PAH or other CTD-PAH
were evaluated in the Comparative, Prospective Registry
of Newly Initiated Therapies for Pulmonary Hypertension
(COMPERA)®*®® and the Swedish PAH Registry (SPAHR).®"®®
Initially, the COMPERA risk score categorized risk into
low, intermediate, or high based on the variable cutoffs
proposed by the ESC/ERS,®® but this 3-strata model was
less effective in differentiating CTD-PAH patients with an
intermediate risk from those with a low risk.*® The COM-
PERA 2.0 system comprises three parameters, namely,
the WHO Functional Class (FC), BNP/NT-proBNP level,
and 6MWD, and classifies the risks into low, intermedi-
ate-low, intermediate-high, or high based on the grades
in t 4-strata model (Table 4). The 4-strata version signifi-
cantly differentiates the survival among groups and sen-
sitively reflects the treatment response according to va-
lidation in the French PH registry.?*® The 3-strata SPAHR
equation showed limited efficacy in accurately identify-
ing the intermediate-risk group in patients with CTD-
PAH;87’88 therefore, the 4-strata SPAHR equation was
proposed to categorize the risk in a different way (Table
5). With the same risk definition for each variable as the
3-strata SPAHR equation, the intermediate-risk group
was further divided into those with intermediate-low

Table 4. The 4-strata COMPERA risk assessment

Grade 1 2 3 4
WHO FC lorll - 11 v
6MWD (m) > 440 440-320 319-165 <165
NT-proBNP (ng/l) <300 300-649 650-1100 > 1100
BNP (ng/l) <50 50-199 200-800 > 800

Low risk: < 1.5;
intermediate-low risk: 1.5-2.49;
intermediate-high risk: 2.5-3.49;
high risk: > 3.5

Average grades

BNP, brain natriuretic peptide; COMPERA, Comparative,
Prospective Registry of Newly Initiated Therapies for
Pulmonary Hypertension; NT-proBNP, N-terminal pro-brain
natriuretic peptide; WHO FC, World Health Organization
functional class; 6MWD, 6-minute walking distance.
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and intermediate-high risk in the 4-strata SPAHR equa-
tion. A significantly higher risk was reported in the inter-
mediate-high risk group than in the intermediate-low
risk group.90 On the other hand, the initial French crite-
ria, including the WHO FC, 6MWD, right atrial pressure,
cardiac index, and BNP/NT-proBNP level, were developed
without data from CTD-PAH patients®' but were later
validated in patients with SSc-PAH.**** In addition, the
newer 4-strata COMPERA model comprising the same
variables as the French criteria showed better survival
discrimination.®® In their 2022 guidelines, the ESC/ERS93
suggested using a 3-strata model at the time of diagno-
sis and emphasized the importance of hemodynamics in
patients with PAH, including CTD-PAH. Better discrimin-
ability was demonstrated by the abovementioned 4-
strata risk assessment tools, and hemodynamics in fol-
low-up but not at baseline showed a significant correla-
tion with transplant-free SSc-PAH.”* Thus, the 4-strata
risk assessment tools may be considered either at base-
line or in follow-up.

In addition to the ESC/ERS guideline-based risk as-
sessment tools, another risk score developed according
to the REVEAL has provided a good risk discriminative
ability in the registry’s CTD-PAH subgroup.®® Although
fair prognostic discrimination was validated in SSc-PAH
and SLE-PAH patients,”? the accuracy of the predicted

Table 5. The 4-strata SPAHR-equation

Grade 1 2 3
WHO FC lorll 11l \
6MWD (m) > 440 165-440 <165
NT-proBNP (ng/l) <300 300-1400 > 1400
BNP (ng/l) <50 50-300 > 300
RA area (cm?) <18 18-26 >26
Pericardial effusion No Minimal Yes
RAP (mmHg) <8 8-14 > 14
Cl (L/min/m?) >2.5 2.0-2.4 <2.0
S0, (%) > 65 60-65 <60

Low risk: < 1.5;
intermediate-low risk: 1.5-1.99;
intermediate-high risk: 2.0-2.4;
high risk: > 2.5

Average grades

BNP, brain natriuretic peptide; Cl, cardiac index; NT-proBNP, N-
terminal pro-brain natriuretic peptide; RA, right atrium; RAP,
right atrial pressure; SPAHR, Swedish PAH Registry; S,0,, mixed
venous oxygen saturation; WHO FC, World Health Organization
functional class; 6MWD, 6-minute walking distance.
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survival was questionable in the high- or very high-risk
groups of these patients. Renal insufficiency and WHO
FC lll may have a greater impact on the survival of CTD-
PAH patients, while heart rate, the BNP/NT-proBNP le-
vel, and the 6MWD may have less impact in CTD-PAH
patients.”>*® With few external validations for the more
recently developed REVEAL 2.0 risk score and REVEAL
Lite 2,97 REVEAL-based risk assessment tools should be
utilized with caution in CTD-PAH patients.

The intermediate-high risk group has a significantly
higher risk than the intermediate-low risk group; hence,
a more aggressive treatment strategy is suggested for
the intermediate-high risk group. Furthermore, risk sta-
tus demonstrated a better correlation with survival dur-
ing follow-up than at baseline. Thus, a risk-directed ap-
proach throughout clinical management is recommended
(Figure 7).

Recommendations

1. The ESC/ERS guideline-based 4-strata risk assessment
tools are recommended for risk evaluation in CTD-
PAH patients at baseline and during follow-up.

2. When applying REVEAL-based risk assessment tools
for CTD-PAH patients, the accuracy of the predictions

should be further confirmed for the high- or very high-
risk group.

3. A risk-directed approach throughout clinical manage-
ment is recommended.

3. PHARMACOLOGICAL TREATMENTS IN
CONNECTIVE TISSUE DISEASE-ASSOCIATED
PULMONARY ARTERIAL HYPERTENSION

3.1. Pulmonary arterial hypertension medications

targeting the nitric oxide pathway

Impaired nitric oxide (NO) synthesis and signaling
through the NO-soluble guanylate cyclase (sGC)—cyclic
guanosine monophosphate (cGMP) pathway are involved
in the pathogenesis of endothelial dysfunction and PAH.*®
Treatments targeting the NO pathway include phospho-
diesterase type 5 (PDE-5) inhibitors and sGC stimulators,
which can increase the level of cGMP and in turn facili-
tate antiproliferation, anticoagulation and vasodilata-
tion.”

In the current ESC and TSOC guidelines, PDE-5 inhib-
itors, including sildenafil and tadalafil, and the sGC sti-
mulator riociguat are class | recommended medications

COMPERA or SPAHR 4-strata tools

I 1
Gk bty phall
Low risk Intermediate-low risk Intermefllate. i
High risk
| ;
L Combination therapy
Monotherapy Combination therapy +]- Brostacyelin
> After 3-6 months of treatment
! Intermedialte-high risk
Low risk Intermediate-low risk i —
High risk
l Switch/ Ad:
Maintain therapy Add-on another pathway/ oy on —_—
Add-on oral prostanoids parenteral prostacylin

Figure 7.

Transplantation -«

Risk stratification tools for CTD-PAH. COMPERA, Comparative, Prospective Registry of Newly Initiated Therapies for Pulmonary Hyperten-

sion; CTD, connective tissue disease; PAH, pulmonary arterial hypertension SPAHR, Swedish PAH Registry.
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for PAH patients with WHO FC II-Ill and class Ilb recom-
mended medications for PAH patients with WHO FC
IV.% In this section, the clinical trials investigating these
medications in the management of CTD-PAH are sum-
marized.

Sildenafil

Sildenafil is an orally active, potent, and selective
PDE-5 inhibitor. The results of the Sildenafil Use in Pul-
monary Arterial Hypertension (SUPER) 1 trial, a large
double-blind, randomized controlled trial, were reported
in 2005, with 278 symptomatic PAH patients enrolled
and allocated to receive either placebo or sildenafil (20,
40, 80 mg).”” The patients who received sildenafil de-
monstrated an improved exercise capacity and WHO FC
along with favorable hemodynamic parameters. Hemo-
dynamic data, including the mPAP, cardiac index, and
PVR index, appeared to improve in a dose-dependent
manner under sildenafil treatment, while patients treated
with sildenafil 20 mg three times daily (tid) reached a
maximum 6MWD at the plateau of the dose-response
curve.”” A further open-label uncontrolled extension
study (SUPER 2) confirmed the long-term tolerability and
WHO FC maintenance or improvement with sildenafil
treatment.’® Patients with a diagnosis of CTD-PAH ac-
counted for approximately 30% of the SUPER-1 study
population, with scleroderma (45%) as the most com-
mon diagnosis, followed by SLE (23%). In a post hoc an-
alysis of 84 CTD-PAH patients in the SUPER-1 trial, pa-
tients receiving sildenafil 20 mg tid exhibited a better
exercise capacity, WHO FC and hemodynamic measure-
ments than patients receiving placebo after 12 weeks of
treatment.”

The Pulmonary Arterial Hypertension Combination
Study of Epoprostenol and Sildenafil (PACES-1) trial is a
randomized, double-blind, placebo-controlled study in
which the efficacy of add-on oral sildenafil was evalu-
ated in PAH patients under stable epoprostenol ther
apy.’® In the PACES-1 trial, patients with CTD-PAH ac-
counted for approximately 20% of the total PAH cohort
(n = 276), where scleroderma (n = 31) and SLE (n = 14)
were the most common CTDs. The dose of sildenafil was
titrated from 20 mg tid during the first 4 weeks to 40 mg
tid at week 4 and then to 80 mg tid at week 8 when tol-
erated. Patients receiving add-on sildenafil showed im-
proved 6MWD, hemodynamic parameters, and WHO FC
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and delayed time to clinical worsening compared to pa-
tients receiving placebo. The open-label extension (PACES-
2) trial also confirmed the long-term 3-year safety and
efficacy of sildenafil as an add-on to the background in-
travenous epoprostenol therapy.101

Tadalafil

Tadalafil is a selective PDE-5 inhibitor that is dis-
pensed once daily. The efficacy of tadalafil was evalu-
ated in the Pulmonary Arterial Hypertension and Re-
sponse to Tadalafil (PHIRST) study.'%* For this study, a to-
tal of 405 PAH patients who were treatment naive or un-
der background bosentan therapy were enrolled and
randomized to receive either placebo or tadalafil (2.5,
10, 20, or 40 mg orally once daily). After the 16-week
treatment, patients receiving tadalafil 40 mg once daily
demonstrated improved exercise capacity (6MWD), with
statistical significance, as well as delayed clinical wors-
ening, reduced incidence of clinical worsening and bet-
ter quality of life. However, the WHO FC of these pati-
ents was not improved significantly in this trial. The sub-
group analysis of CTD-PAH patients, accounting for 23%
of the study population, also showed an increased 6MWD
when treated with 20 mg and 40 mg tadalafil once daily.
The long-term safety and efficacy durability (up to 52
additional weeks) of tadalafil were confirmed in the
PHIRST-2 trial.'® In a separate post hoc analysis of the
PHRIST-2 trial, both the CTD-PAH and IPAH/heritable
PAH groups showed a maintained improvement in the
6MWD, while the CTD-PAH group showed worse out-
comes in either safety or efficacy durability than the
IPAH/heritable PAH group.'®

The Ambrisentan and Tadalafil in Patients with Pul-
monary Arterial Hypertension (AMBITION) trial was de-
signed to determine the benefit of initial therapy with a
combination of ambrisentan and tadalafil in treatment-
naive PAH patients.’® A total of 500 PAH patients were
enrolled and assigned to the combination therapy, am-
brisentan monotherapy or tadalafil monotherapy groups
in a 2:1:1 ratio. The combination therapy group showed
a significantly lower risk of clinical failure events than
the two monotherapy groups. The etiology of PAH in ap-
proximately 37% of patients in the AMBITION trial was
attributed to CTD-PAH. Two post hoc analyses of the
AMBITION trial confirmed the benefit of combination

therapy over monotherapy in PAH-CTD patients.***'%’
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Riociguat

Riociguat is an oral sGC stimulator approved for the
treatment of PAH and chronic thromboembolic PH. The
Pulmonary Arterial Hypertension Soluble Guanylate Cy-
clase=Stimulator Trial 1 (PATENT-1) study was the land-
mark trial to demonstrate the efficacy of riociguat.'®® A to-
tal of 443 PAH patients were assigned to receive placebo,
riociguat 1.5 mg tid (1.5 mg-maximum group for explor-
atory purposes), or riociguat 2.5 mg tid (2.5 mg-maximum
group). After 12 weeks of treatment, patients receiving
riociguat showed improved exercise capacity and other
secondary efficacy endpoints, including PVR, NT-proBNP
levels, WHO FC, time to clinical worsening, Borg dyspnea
scale score, and quality-of-life variables, compared to those
receiving placebo. In the subgroup analysis of 111 CTD-
PAH patients, who represented 25% of the study popula-
tion, a positive trend in the 6MWD was still observed. The
PATENT-2 trial further demonstrated sustained improve-
ments in exercise and functional capacity for up to 1 year
in PAH patients receiving riociguat, the dosage of which
was adjusted up to 2.5 mg tid.'” Another post hoc analysis
of CTD-PAH patients from the PATENT-1 and PATENT-2 tri-
als also revealed a greater PVR and cardiac index improve-
ment in patients receiving riociguat than in those receiving
placebo at up to 1 year and a sustained positive trend in
the 6MWD and WHO FC at 2 years."™

The Riociguat Replacing PDE5i Therapy Evaluated
Against Continued PDES5i Therapy (REPLACE) trial is a re-
cently completed randomized controlled trial that as-
sessed the effect of switching to riociguat compared to
maintenance on stable PDE-5 inhibitors with or without
an endothelin receptor antagonist in PAH patients with
intermediate risk.""* Two hundred ninety-three PAH pa-
tients were enrolled, and clinical improvement, which
was defined as an absence of clinical worsening and pre-
specified improvements in at least two of three vari-
ables (i.e., 6MWD, WHO FC, and NT-proBNP), was evalu-
ated at 24 weeks. The results showed that the propor-
tion of patients who achieved the primary endpoint was
significantly greater in the riociguat group than in the
PDE-5 inhibitor group. In the subgroup analysis of CTD-
PAH patients in the REPLACE trial, the trend in patients
achieving the primary endpoint remained positive.

Recommendations
1. PDE-5 inhibitors such as sildenafil and tadalafil are

recommended as monotherapies or components of
combined therapy for CTD-PAH patients.

2. An oral sGC stimulator (riociguat) is recommended as
a monotherapy or a component of a combined ther-
apy for CTD-PAH patients.

3.2. Pulmonary arterial hypertension medications

targeting the endothelial pathway

The overexpression of endothelial 1 (ET-1), a vaso-
constrictive peptide, as a result of endothelial cell dys-
function plays a prominent role in the pathogenesis of
PAH.''? Serum plasma concentrations of ET-1 correlate
with markers of SSc disease severity, and the expression
of ET-1 inversely correlates with survival in patients with
PAH.™ ET-1 exerts its vascular effects by binding to two
distinct receptor isoforms in pulmonary vascular smooth
muscle cells, endothelin-A (ETA) and endothelin-B (ETB)
receptors. Dual ETA and ETB antagonists and selective
endothelin receptor antagonists (ERAs) have been de-
veloped for the treatment of PAH."**™*® Three Food and
Drug Administration (FDA)-approved ERAs are currently
available: bosentan, ambrisentan, and macitentan.

Bosentan

Bosentan is an orally active dual ETA/ETB ERA that
received FDA approval in 2001. In the 351 and BREATHE-
1 studies,****” the efficacy of bosentan versus placebo
was evaluated with a primary endpoint of a change in
exercise capacity (6MWD) from baseline to week 16.
The subanalysis performed in patients with CTD-PAH (n
= 66) showed that at the end of the study, the exercise
capacity of the 44 patients treated with bosentan (125
mg twice daily) increased by an average of 19.5 [95%
confidence interval (Cl): -3.2 to 42.2] meters, whereas
that of patients treated with placebo deteriorated by 2.6
(95% ClI: -54.0 to 48.7) meters.'*® In contrast to the over-
all study population, the difference was not significant
in the CTD-PAH subgroup. The lack of improvement in
6MWD with bosentan in the specific patient group may
be attributable to the intrinsic MWD impairment caused
by musculoskeletal involvement and deconditioning, as
observed in CTD. Sixty-four of these patients were fol-
lowed up in the open-label extension trial with a mean
follow-up duration of 1.8 years. In marked contrast to
previously published studies, the 1-year and 2-year sur-
vival rates were 86% and 73%, respectively.'*’
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Ambrisentan

Ambrisentan is a selective ETA ERA that received
FDA approval in 2007 for patients with PAH with a New
York Heart Association (NYHA) FC of II-111.

Two large randomized controlled trials (ARIES 1 and
2) assessed the efficacy and safety of ambrisentan (2.5,
5, and 10 mg daily) in PAH. Ambrisentan was well toler-
ated and induced a significant improvement in the 6MWD
and time to clinical worsening relative to placebo."*®
Fischer et al. performed a subanalysis in patients with
CTD-PAH (n = 124) based on a pooled analysis of the
ARIES 1 and 2 trials (ARIES-C) and their open-label ex-
tensions (ARIES-E)."?* At 1, 2, and 3 years, 62.6%, 57.3%,
and 58.2% of CTD-PAH patients treated with ambrisen-
tan exhibited an increase in the 6MWD. At three years,
64% of patients were free from clinical worsening, and
76% of patients were still alive.

The AMBITION trial was the first study to evaluate
the effect of an initial combination therapy on long-term
outcomes in patients with PAH.'® Five hundred PAH pa-
tients were randomized to receive placebo, an upfront
combination of ambrisentan and tadalafil (10 mg and 40
mg daily, respectively), or monotherapy with either am-
brisentan or tadalafil. In the CTD-PAH subgroup, upfront
combination therapy was able to reduce the risk of clini-
cal failure events, including death, hospitalization, and
PAH progression [hazard ratio: 0.43 (95% Cl: 0.24 to 0.77)],
compared to either monotherapy.106

Macitentan

Macitentan is the newest dual ERA and was ap-
proved by the FDA in 2013 for PAH patients with FC Il
and Ill symptoms. Macitentan has been evaluated in a
long-term, event-driven randomized controlled trial (SE-
RAPHIN).*® Macitentan administered once daily de-
creased the risk of the morbidity/mortality endpoint by
45% versus placebo. Moreover, improvements in func-
tional status and cardiac hemodynamics were observed.
Importantly, the effect of macitentan was also main-
tained in patients on background-specific therapy (mainly
sildenafil). The subgroup analysis showed likely clinical
benefits in patients with CTD-PAH (n = 224). The SE-
RAPHIN study revealed no liver toxicity, although ane-
mia was observed in approximately 13% of patients tak-
ing the 10 mg dose, probably due to fluid retention and
hemodilution.
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Recommendations

1. ERAs, including bosentan, ambrisentan, and maciten-
tan, are recommended as monotherapy or a part of a
combined therapy for CTD-PAH.

2. An ERAin addition to PDES5 inhibitors is recommended
as a drug combination therapy for patients with WHO
FC Il and Il CTD-PAH.

3.3. Pulmonary arterial hypertension medications

targeting the prostacyclin pathway

Prostacyclin analogs bind to the prostacyclin recep-
tor, leading to an increase in cyclic adenosine mono-
phosphate and corresponding vasodilative, antiprolifer-
ative, and antithrombotic effects. Medications that work
through the prostacyclin pathway include synthetic pro-
stacyclin (epoprostenol), prostacyclin analogs (treprosti-
nil and iloprost), and selective prostacyclin IP receptor
agonists (selexipag). At present, epoprostenol (intrave-
nous), treprostinil (intravenous, subcutaneous, inhaled,
and oral), iloprost (inhaled), and selexipag (oral) have
been approved by the FDA and European Medicines
Agency for the treatment of PAH.>® Current treatment
recommendations for patients with PAH, including CTD-
PAH, depend on the results of risk assessment. Epopro-
stenol monotherapy was the first for which a decrease
in mortality was observed in an IPAH clinical trial and
improved exercise capacity and cardiopulmonary hemo-
dynamics was observed in patients with PAH-associated
scleroderma spectrum disease.’® Guidelines recommend
the use of epoprostenol in high-risk PAH patients. How-
ever, analyses of American and European registries have
demonstrated an underuse of this drug in clinical prac-
tice.”® A fear of common side effects and the administra-
tion route could be related to this finding.”* Continuous
subcutaneous infusion of treprostinil in CTD-PAH pa-
tients is associated with improved exercise capacity, PAH
symptoms, and hemodynamics according to the results
of a randomized controlled trial subgroup analysis. Clini-
cal trials with subcutaneous treprostinil, inhaled ilo-
prost, and treprostinil versus placebo in a wide variety
of patients have been conducted, but these trials failed
to demonstrate a difference in survival in contrast to
epoprostenol under similar conditions.>* Compared to
the overall GRIPHON study population, the CTD-PAH
subgroup was slightly older and had more female pa-
tients and a shorter time since diagnosis.’?* Selexipag
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reduced the risk of the composite morbidity/mortality
endpoint in CTD-PAH patients by 41%, and the efficacy
was consistent irrespective of baseline PAH therapy and
CTD-PAH subtype.*” Selexipag treatment was well toler-
ated and delayed the progression of PAH, and the use of
multiple PAH therapies could yield benefits in patients
with CTD-PAH.

The main drawbacks of epoprostenol are the admin-
istration route and associated side effects. However, ca-
theter-associated infections or thromboses that require
intravenous line removal are uncommon. Jaw pain, head-
ache, nausea, or diarrhea are more frequent, although
they rarely cause drug discontinuation. These symptoms
can be easily treated with common analgesic, antiem-
etic or antidiarrheal agents. New drugs that act on the
prostacyclin pathway have been developed to overcome
such problems, but the results have been suboptimal.
Infusion-site pain with subcutaneous treprostinil may be
the reason for premature treatment discontinuation. The
gastrointestinal side effects of selexipag are similar to
those of epoprostenol.

Recommendations

1. Epoprostenol is still the best treatment option for
high-risk PAH patients. The safety and efficacy of epo-
prostenol, both as a monotherapy and as part of a
combination therapy, are supported by clinical trial
results and experience. Epoprostenol should be con-
sidered a destination treatment in high-risk patients
and not only as a bridge to lung transplantation.

2. Continuous subcutaneous infusion of treprostinil in
CTD-PAH patients is associated with improved exer-
cise capacity, symptoms of PAH, and hemodynamics.

3. Selexipag reduced the risk of composite morbidity/
mortality events and delayed disease progression in
CTD-PAH patients.

3.4. Other pulmonary arterial hypertension
medications

Oral anticoagulants

The potential benefit of oral anticoagulants in CTD-
PH patients is unclear; thus, the routine use of oral anti-
coagulants is not recommended. In patients with higher
thromboembolic risk, such as continuous intravenous
prostaglandin users or APS patients, oral anticoagulants

may be considered after a careful evaluation of their
bleeding risks.

Diuretics

CTD-PH patents may encounter right ventricular fail-
ure with fluid overload, as in other PAH patients. With-
out evidence from randomized controlled trials but ba-
sed on clinical experiences, diuretics are widely used to
relieve symptoms. The monitoring of renal function and
electrolytes is important, especially in patients who use
a higher diuretic dose or multiple diuretics.

Digoxin

An early report showed that in patients with IPAH
and RV failure, acute intravenous digoxin administration
improved carbon monoxide levels. However, the efficacy
of chronic digoxin use is unknown. Digoxin may be ad-
ministered to slow the ventricular rate in CTD-PAH pa-
tients with atrial arrhythmia.

CCBs

CCBs were widely used to treat PAH before the ap-
plication of PAH-directed therapy.'***?** However, CCBs
are now recommended only for patients with IPAH, he-
reditary PAH, or drug-induced PAH with positive vaso-
reactivity test results. CCBs should be considered only
for patients with conditions other than PH (e.g., Ray-
naud’s phenomenon, systemic hypertension, etc.).

Recommendations

1. Oral anticoagulants can be considered in patients with
higher thromboembolic risks, such as those with APS
or intravenous prostaglandin users.

2. Diuretics may be helpful in relieving right heart failure
and fluid overload.

3. Acute use of digoxin may increase cardiac output.
CCBs should be considered only in patients with con-
ditions other than PH, such as Raynaud’s phenome-
non.

3.5. Medical treatments for autoimmune diseases

PAH can be associated with CTDs, especially in pati-
ents with SLE, pSS, SSc, and MCTD. The specific pulmo-
nary vasodilator therapy in the setting of CTDs has been
discussed above. This section focuses on medical treat-
ments for underlying CTDs in the context of PAH.
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Immunosuppressants and conventional disease-

modifying antirheumatic drugs

1. Cyclophosphamide

Numerous observational studies have reported that
cyclophosphamide, especially combined with glucocor-
ticoids, significantly improved the NYHA functional sta-
tus and 6MWD in CTD-PAH patients,"**'** including
those Wlth SLE'46,125—129 MCTD,126,127,129 pss’40,41,129,130
and ssc."”

The recommended dose of cyclophosphamide for
Asian people is 200 to 500 mg/m”. The dosing frequency
may follow either one of the following protocols:

A. The National Institutes of Health protocol, which indi-
cates 6 monthly doses and then maintenance doses
every 3 months until 1 year after remission.*' The
cyclophosphamide dose suggested in the original guide-
lines is 500 to 750 mg/m’, but for Asian people, we
suggest 200 to 500 mg/mz. The usual dose used in Tai-
wan is approximately 10 mg/kg.

B. The Euro-lupus protocol is a high-dose protocol, which
indicates 6 monthly doses, followed by a dose 1.5
times the previous dose (according to the leukocyte
count), with 2 more doses every 3 months."*! The sug-
gestion from the original article is 500 mg/m? monthly
for 6 months (the usual dose used in Taiwan is 500
mg), with the addition of a dose of 250 mg or more
cyclophosphamide (according to the leukocyte count,
maximal 1500 mg) for 2 more courses every 3 months.

2. Other disease-modifying antirheumatic drugs
Several retrospective cohort studies investigated

disease-modifying antirheumatic drugs (DMARDs) and

immunosuppressants other than cyclophosphamide. A

number of case reports have shown that mycophenolate

mofetil effectively improves outcomes in SLE patients
with PH.%'3 Other retrospective cohort studies have

shown hydroxychloroquine and chloroquine,**%*3% 1%’

methotrexate,‘”’130 Ieflunomide,130 and tacrolimus

to be effective in CTD-PAH patients.

3. Early initiation of combination immunosuppressant

therapy has also been highly suggested in several
46,126,127

130,138

studies.

Glucocorticoids

Glucocorticoids are usually prescribed in combina-
tion with immunosuppressants and DMARDs,>>#1/46129.139
Glucocorticoid therapy, by itself or in conjunction with
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standard vasodilators, has been shown to be effective in
small studies of CTD-PAH patients,m‘141 with doses rang-
ing from 1 mg/kg prednisolone to pulse therapy. At pre-
sent, there is no consensus on the dosage and duration
of glucocorticoids in treating CTD-PAH, and physicians
should weigh the efficacy and side effects of glucocor-
ticoids and patients’ tolerance in their decision-making.

Biological DMARDs

The role of emerging biological therapies has been
evaluated in recent studies. A randomized controlled
double-blind trial in patients with SSc-PAH showed that
two infusions of rituximab at 1,000 mg administered 2
weeks apart improved the estimated change in 6MWD
compared to placebo through 48 weeks.™*? B-cell deple-
tion therapy is a potentially effective and safe adjuvant
treatment for SSc-PAH.

In an open-label phase Il study of intravenous tocili-
zumab (8 mg/kg) over 6 months in Group 1 PAH pati-
ents, both intention-to-treat and modified intention-to-
treat analyses demonstrated no change in the mPVR.">**
There were no deaths, and the adverse events were con-
sistent with the known safety profile of tocilizumab.

Future studies are required to confirm disease re-
sponsiveness to emerging biological therapies.

Drug-drug interactions

In addition to the medications mentioned above, a
literature search on other DMARDs, such as azathio-
prine and cyclosporin, that are often used in the treat-
ment of autoimmune diseases was performed, but lim-
ited evidence was found in the context of PH treatment.

No definitive report on drug-drug interactions be-
tween PH medications and cyclophosphamide, rituxi-
mab, mycophenolate mofetil, hydroxychloroquine or ch-
loroquine, methotrexate, glucocorticoids, or azathio-
prine was found. However, some reports on drug-drug
interactions among bosentan, leflunomide, and tacroli-
mus have been published.

Bosentan is a substrate of organic anion transport-
ing polypeptide 1B1 (OATP1B1) and 1B3 transporters.
Teriflunomide, the active metabolite of leflunomide, in-
hibits the activity of OATP1B1/1B3. The concurrent use
of leflunomide and OATP1B1/1B3 substrates may result
in increased exposure to OATP1B1/1B3 substrates, and a
bosentan dose reduction is suggested when bosentan is
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used in conjunction with leflunomide."*?

Bosentan is a cytochrome p450 (CYP) 3A4 and 2C9
inducer. Concurrent use of tacrolimus or cyclosporin
with CYP3A inducers may result in decreased tacrolimus
trough concentrations and an increased risk of organ re-

. . 143,144
jection.”™

Recommendations

1. Immunosuppressant therapy should be administered
to CTD-PAH patients.

2. Early initiation of immunosuppressant therapy is sug-
gested.

3. Immunosuppressant agents such as cyclophosphamide
should benefit CTD-PAH patients.

4. Other immunosuppressants/DMARDs/biological agents,
including rituximab, mycophenolate mofetil, metho-
trexate, leflunomide, antimalarial agents, and tacro-
limus, may be helpful to CTD-PAH patients, especially
those who cannot tolerate or are unresponsive to cy-
clophosphamide.

5. A combination therapy of cyclophosphamide and glu-
cocorticoids may be useful, and emerging biological
therapies may be considered in patients with severe
or refractory disease.

6. Patients receiving bosentan and leflunomide or bo-
sentan and tacrolimus and/or cyclosporin should be
carefully monitored for drug-drug interactions.

3.6. Pulmonary artery hypertension-specific
treatment for connective tissue disease-
associated pulmonary artery hypertension
patients with comorbidities
The presence of comorbidities in patients with CTD-

PAH negatively affects the clinical outcomes. Nearly 75%

of PAH patients have at least one comorbidity, and co-

morbidities increase the complexity of PAH manage-
ment."*>*® The presence of comorbidities may lead to
difficulties in distinguishing between Group 1 (PAH) and

Groups 2-5 (PH due to left heart diseases, lung diseases

and/or hypoxia, pulmonary artery obstructions, and un-

clear and/or multifactorial mechanisms). In the REVEAL
study, the most common comorbidities upon PH diagno-
sis were hypertension, diabetes mellitus, chronic obst-
ructive pulmonary disease (COPD), thyroid disease, and
heart failure."* During the treatment for CTD-PAH, ch-
ronic kidney disease or chronic liver disease may de-

velop and require multiple pharmacological manage-
ment. The dose of PAH-specific medications should be
adjusted according to patients’ renal and liver function.
Monitoring CTD-PAH patients for drug-drug interactions
is also an important issue, as multiple medications for
CTD and PAH may be used concomitantly. For example,
serum levels of bosentan, a CYP3A4 substrate, may be
increased 4-fold in the presence of cyclosporine, and
their combined use is contraindicated. Bosentan is also
a CYP2C9 inducer, which may increase warfarin metabo-
lism, and the dose of warfarin should be adjusted when
it is used concomitantly with bosentan. Clinicians are
advised to check the potential drug-drug interactions
and to select an appropriate dosage according to the pa-
tient’s renal and liver function when prescribing PAH-
specific medications.

Hypertension is a common comorbidity in CTD-PAH
patients, especially in the elderly population. The risk of
hypotension should be assessed when antihypertensive
and PAH-specific medications are used concomitantly.
Beta-blockers benefit patients with hypertension and is-
chemic heart disease but are not suggested as a first-
line antihypertensive drug for PAH patients due to the
possibility of right heart failure worsening.” The preva-
lence of left heart disease or ILD is high in CTD patients;
thus, it is important to distinguish which of the condi-
tions of Group 1-3 PH is the primary condition. Although
some clinical trials showed that PAH-specific medica-
tions benefitted Group 3 patients with severe PH (mPAP
> 35 mmHg), PAH-specific therapies are not currently re-
commended in patients with Group 2 or 3 PH. If CTD-
PAH is the primary condition, PAH-specific medications
could be used for patients with COPD or heart failure
(combined pre- and postcapillary PH).*****° In the pre-
sence of these coexisting conditions, physicians should
be aware of the possible treatment side effects, espe-
cially hypoxia, hypotension, and a worsening of heart
failure. An incorrect diagnosis could result in inappropri-
ate treatment choices and a deterioration of a patient’s
disease status.

In the current ESC/ERS PAH guidelines, it is sug-
gested that patients with low or intermediate risk upon
diagnosis should be treated with dual oral combination
therapy if possible, and parenteral prostanoids should
be included for high-risk patients. Monotherapies are
less considered as a first-line therapy. However, for el-
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derly patients and patients with multiple comorbidities,
the treatment strategy of initial monotherapy with indi-
vidualized sequential combination therapy is preferred
because of potential drug-drug interactions and adverse
events associated with polypharmacy (Figure 8)."*° The
current evidence for PAH therapy in pediatric patients is
limited, and the specific treatment recommendations
are mainly applicable to adult patients. A number of ran-
domized controlled studies involving pediatric PAH pa-
tients are currently underway. Sildenafil and bosentan
were approved for the treatment of pediatric PAH in Eu-
rope, and the doses of both should be adjusted accord-
ing to body weight and low upon initiation. Higher doses
may be associated with increased mortality and thus
should be avoided. The treatment of pediatric PAH was
suggested to be offered by expert centers only.

In summary, comorbidities could mask the symp-
toms, delay the diagnosis, and worsen the outcomes of
PAH. The diagnosis of PAH in CTD patients should be
carefully conducted, distinguishing Group 1 from other

CTD-PAH confirmed by
expert center

17 Risk stratification

Stable (low/intermediate-low

risk, WHO FC I-1ll)

| |

Elderly, multiple comorbidities

|

PH groups, and PAH-specific medication should be pre-
scribed only to CTD-PAH patients. In the management of
patients with PAH and comorbidities, drug interactions,
compliance, adverse events, and evidence-based strate-
gies should be considered. Initial PAH-specific oral mono-
agent therapy is favored for elderly patients or patients
with multiple comorbidities.

Recommendations

1. Clinicians are advised to check the potential drug-drug
interactions and to select an appropriate dosage ac-
cording to the patient’s renal and liver function when
prescribing PAH-specific medication(s).

Clinicians should monitor patients for hypotension
when antihypertensive and PAH-specific medications
are used concomitantly. Beta-blockers are not sug-
gested to be used in first-line antihypertensive ther-
apy for PAH patients, and hemodynamics and heart
failure symptoms should be monitored during treat-
ment.

—> General measures

Supportive therapy
CTD specific therapy

l

Unstable and deteriorating
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Figure 8.

Treatment strategy according to CTD-PAH risk stratification. CTD, connective tissue disease; PAH, pulmonary arterial hypertension; PCA,

prostacyclin analogues; WHO FC, World Health Organization Functional Class.
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3. Itis important to distinguish the type of PH (i.e., Group
1, 2, or 3) in CTD patients. PAH-specific therapies are
not recommended for patients with Group 2 or 3 PH
but can be used for Group 1 patients with concomi-
tant COPD or heart failure.

For elderly PAH patients and PAH patients with multi-
ple comorbidities, initial monotherapy with individual-

ized sequential combination therapy is suggested.

4. CONCLUSIONS

PAH is a severe complication of CTDs, especially SSc,
SLE, pSS and MCTD. Patients with CTD-PAH have a worse
prognosis than patients with IPAH, and for at-risk pati-
ents early detection of PAH through regular screening
incorporating testing for several relevant autoantibodies
and biomarkers may lead to better subsequent outcomes.
In the present Taiwan Consensus on CTD-PAH, developed
through the collaboration of the TSOC and TCR, specific
screening flowcharts for different types of CTDs as well
as risk assessment tools applicable to the clinical scenar-
ios in Taiwan were proposed. Furthermore, a broad spec-
trum of medications targeting different pathways used
in the management of CTD-PAH were reviewed compre-
hensively to form the recommendations. This consensus

is not mandatory. Individualized treatment strategies
based on clinicians’ judgment are still needed in daily
practice.

5. NEW KNOWLEDGE GAINED

CTDs needs to be screened in suspected PAH pa-
tients as these immunological conditions are common in
CTD-PAH population in Asia. Screening methods may in-
clude blood tests for ANA, anti-dsDNA, anti-Sm/U1-RNP,
APL, anti-topoisomerase | (SCL-70), anti-RNA polymer-
ase |ll, anti-Ro/La antibodies, and C3/C4/CH50. Echo-
cardiography is recommended for the screen of asymp-
tomatic SSc patients annually and of other subtypes of
CTDs with symptoms. The ESC/ERS guideline-based 4-
strata risk assessment tools are recommended for the
risk evaluation in CTD-PAH patients at baseline and fol-
low-up (Central lllustration).
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Recommended screening blood tests for CTD-PAH

pSS MTCD

Anti-Ro/La

Anti-U1-RNP
antibodies

antibody

SLE SSc
ANA (>1:80), anti- Anti-topoisomerase
CTD dsDNA, anti-Sm, I (SCL-70), anti-
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marker antibodies, RNA polymerase IlI
C3/C4/CH50 antibodies
PTH Anti-U1-RNP, anti-
fisk Ro, and Anti-centromere
antiphospholipid antibodies
marker antibodies
Central lllustration.

Anti-La and anti-
U1-RNP antibodies

Recommended screening blood tests for CTD-PAH. CTD, connective tissue disease; MCTD, Mixed connective tissue disease;

PAH, pulmonary arterial hypertension,; pSS, primary Sjogren’s syndrome; RNP, ribonuclear protein; SLE, systemic lupus erythematous; SSc, systemic

sclerosis.
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