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Abstract

Rationale Demographic characteristics of pulmonary arterial hypertension (PAH) patients have changed
over time, but the effects of cardiovascular risk factors on risk status and pulmonary vascular resistance
(PVR) reduction with initial oral combination therapy are not known. Therefore, we tested the relevance of
cardiovascular comorbidities in this setting.

Methods The study enrolled 181 treatment-naive PAH patients with a 6-month (IQR 144-363 days) right
heart catheterisation and risk assessment after initial oral combination therapy.

Results Group A included 96 (53.0%) patients without cardiac comorbidities; Group B included 54
(29.8%) patients with one cardiac comorbidity; Group C included 31 (17.1%) patients with two cardiac
comorbidities or more. Group C patients were older with a balanced sex distribution. There was a
significant difference in PVR reduction moving from the absence to one or at least two cardiac
comorbidities, respectively: median —45.0%, —30.3%, —24.3%. A European Respiratory Society/European
Society of Cardiology low-risk status was present at first follow-up in 50 (52.0%) patients in Group A, 19
(35.1%) in Group B and 9 (29.0%) in Group C; a REVEAL 2.0 low-risk status was present at first follow-
up in 41 (42.0%) patients in Group A, 15 (27.7%) in Group B and 7 (22.6%) in Group C. Group A
patients were 2.3 times more likely to achieve/maintain a low-risk status compared with Group B and C
(OR 2.27, 95% CI 1.15-4.54, p=0.02). No significant difference was observed between patients with non-
cardiac comorbidities and those without comorbidities.

Conclusion Initial oral combination therapy seems associated with a less effective response for patients
with cardiovascular comorbidities compared with the others, related to the magnitude of treatment-induced
decrease in PVR.
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Introduction

It is now recognised that in Western countries the demographic characteristics of pulmonary arterial
hypertension (PAH) patients have changed over time [1-4]. Despite meeting the haemodynamic criteria
and accepted definition for PAH, patients in real-life registries have older age and an increasing number of
comorbidities, especially cardiovascular risk factors for left ventricular diastolic dysfunction
(comorbidities).

After the World Symposium of Pulmonary Hypertension held in Nice in 2018, the treatment algorithm was
updated with recommendation of initial combination of oral therapies targeting different pathways
according to European Respiratory Society/European Society of Cardiology risk assessment [5]. Although
initial oral combination therapy is recommended for the majority of PAH patients at low and intermediate
risk, some discussion still persists for those patients with cardiovascular risk factors that may potentially
overlap with Group 2 patients of the World Health Organization (WHO) pulmonary hypertension
classification [6].

There is currently no consensus on how to define PAH patients with comorbidities, but efforts have been
made to better understand their characteristics and response to PAH-targeted therapies. The AMBITION
(AMBrlsentan and Tadalafil in Patients with Pulmonary Arterial HypertensION) trial showed that a more
aggressive strategy with initial combination of the endothelin receptor antagonist (ERA) ambrisentan and
the phosphodiesterase-5 inhibitor (PDE-5i) tadalafil versus either drug alone was associated with a 50%
decreased relative risk of clinical deterioration at 6 months [7]. This study provided rationale for the
updated treatment algorithm in PAH [5, 8]. However, a pre-specified additional analysis of the
AMBITION trial showed a more attenuated treatment response and higher rates of clinical failure events
for patients with multiple risk factors for left ventricular diastolic dysfunction treated with initial
combination therapy [9].

It has been recently clarified that the efficacy of initial oral combination therapy is related to decreased
pulmonary vascular resistance (PVR), allowing right ventricular (RV) afterload reduction and patients’
shift to a low-risk status [10, 11]. The aim of the present study was to investigate the relevance of
comorbidities on the haemodynamic and clinical response to initial oral combination therapy in the same
cohort of incident PAH patients previously evaluated.

Methods

Population and study design

181 consecutive patients with idiopathic (I) PAH or PAH related to connective tissue disease (CTD) or
congenital heart disease with closed shunt, treated with initial double oral combination, were
retrospectively analysed. Patients were diagnosed between January 2013 and December 2018 in 11 centres
of the Italian Pulmonary Hpertension NETwork (iPHNET). The centres participating in the iPHNET share
a common database for the prospective follow-up of PAH patients [12]. The diagnostic workup of PAH
conformed to the European guidelines [5] with the typical haemodynamic profile of precapillary
pulmonary hypertension, defined by a mean pulmonary artery pressure (mPAP) >25 mmHg, a pulmonary
artery wedge pressure (PAWP) <15 mmHg, and a PVR>3 Wood units (WU), and the use of an algorithm
including respiratory function tests (total lung capacity >70%, forced expiratory volume in 1s (FEV;)
>70%), perfusion lung scan, computed tomography scan and echocardiography. All patients were
non-responders to acute vasodilator testing with nitric oxide at the time of diagnosis. Similar therapeutic
strategies have been evolved over the years in the same way in each centre as part of the Italian
networking. The study complied with the Declaration of Helsinki and was approved by the Institutional
Review Board for human studies of the Policlinico Umberto I — Sapienza University of Rome (Protocol
n. 42412).

All the patients were followed up by outpatient clinic visits every 3-6 months or when necessary. A
complete assessment, including clinical examination, 6-min walk tests, echocardiography, right heart
catheterisation, the ERS/ESC guidelines-derived risk assessment and the REVEAL 2.0 score, was collected
from the patients’ medical records at baseline and between 3 and 12 months of follow-up.

For the study purposes the following were considered as cardiovascular comorbidities: systemic
hypertension, hyperlipidaemia, obesity (mass index >30 kg-m™), diabetes mellitus, peripheral artery
disease, coronary artery disease (myocardial infarction, previous coronary angioplasty or coronary artery
bypass grafting) not associated with left heart systolic dysfunction and previous atrial fibrillation. Of note,
in the AMBITION trial [9] risk factors for left ventricular diastolic dysfunction included body mass index
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>30 kg'm™% history of systemic hypertension, diabetes mellitus or historical evidence of significant
coronary disease.

All clinical conditions not affecting heart function were considered non-cardiac comorbidities, based on
clinical judgement.

Measurements

Right heart catheterisation was performed in accordance with the European guidelines [1], with zero
reference levelled at mid chest in the supine position and cardiac output (CO) measured by thermodilution.
PVR was calculated as (mPAP — PAWP)/CO. Baseline echocardiographic data were acquired using
commercially available equipment and standard views, in accordance with international guidelines [13], as
previously reported [10]. To avoid missing data, only a limited number of simple parameters and derived
measures were considered in the analysis: RV end-diastolic area to left ventricular end-diastolic area ratio
(RVEDA/LVEDA) in the four-chamber view (qualitative assessment), tricuspid annular plane systolic
excursion (TAPSE) and presence of pericardial effusion. Tricuspid regurgitation was semi-quantitatively
graded as mild, moderate or severe. We previously reported on interobserver variabilities of these
measurements among the Italian Pulmonary Hypertension Network [14]: RVEDA intra-observer 0.18+0.66
(95% confidence interval (CI): —1.09-1.45), interobserver 0.15+1.08 (95% CI: —2.07-2.37); LVEDA
intra-observer 0.06+0.79 (95% CI: —1.52-1.64), interobserver —0.07+0.76 (95% CI: —1.63-1.49); TAPSE
intra-observer 0.20+0.63 (95% CI: —1.03-1.43), interobserver 0.00+0.67 (95% CI: —1.06-1.06).

Risk assessment was based on a simplified version of the ERS/ESC guidelines score, with incorporation of
WHO functional class, 6-min walk distance (6MWD), right atrial pressure (RAP) and cardiac index [15],
and on the REVEAL score 2.0, which incorporates aetiology, age, sex, WHO functional class, systolic
blood pressure, heart rate, right atrial pressure, PVR, 6MWD, lung diffusing capacity for carbon monoxide,
brain natriuretic peptide levels, renal function, echocardiography of pericardial effusion and previous
hospitalisation [16].

As European guidelines recommend the achievement of a low-risk status as a treatment goal [5], we
considered as treatment failure the persistence of either ERS/ESC or REVEAL 2.0 intermediate/high risk
score after 6 months of initial combination of oral drugs.

Statistical analysis

Continuous data are expressed as meantgp, and categorical data are expressed as counts and proportions.
Two-group comparisons were done with unpaired or paired, two-tailed t-tests for means if the data were
normally distributed or with Wilcoxon’s rank-sum tests if the data were not normally distributed.
Comparisons among the disease group were made by using ANOVA for variables normally distributed. If
significant differences were found, post hoc comparisons (Duncan’s multiple range test, Scheffé test) were
used to determine the statistical significance among groups. The Kruskal-Wallis test was used for
non-parametric comparison. Chi square or Fisher’s exact tests were used to analyse the categorical data.
Chi square or Fisher’s exact tests were used to analyse the categorical data.

The proportional-hazards assumption was tested using log-minus-log plots for categorical variables and the
Schoenfeld residuals plots for continuous variables.

Linear regression analysis was performed to assess the relationship between variables and expressed as a
Pearson correlation coefficient.

Multivariate regression analysis was performed to assess the relationship between age, sex, cardiovascular
comorbidities and PVR reduction.

Logistic regression analysis was used to measure the likelihood of achieving a low-risk status.
All statistical analyses were performed using SPSS software (version 25.0, IBM).

Results

Patient population

Overall patients’ characteristics have been previously reported [10]. There were 120 women and 61 men,
aged 5316 years, time from onset of symptoms to diagnosis 11+13 months, 146 idiopathic PAH (IPAH),
28 CTD PAH and seven corrected cardiac shunt-PAH, most of them in WHO class III with reduced
exercise capacity (table 1). Patients’ comorbidities were: systemic hypertension (24, 13.2%), depression
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TABLE 1 Clinical, haemodynamic and echocardiographic characteristics of the study population based on the number of cardiovascular comorbidities

Group A Group B Group C Baseline 6 months FU
Baseline 6 months A p-value Baseline 6 months A p-value Baseline 6 months A p-value 1versus2 1versus3 2versus3 1versus2 1versus3 2 versus3
FU FU FU
p-value p-value p-value p-value p-value p-value
Age years 49.7+15 59.9+14 61.8+13 0.000 0.000 NS
Sex, female, n (%) 65 (67.7) 37 (68.5) 18 (58.0) NS <0.01 <0.01
Dy co % pred 54+11 53+13 51+3 NS NS NS
NYHA 2.8+0.4 2.2+0.6  —0.5+0.6 0.0001 2.9+0.3 2.4+0.6 —0.4£06 0.0001 2.6+0.5 2.5¢0.6  —0.1+0.4 NS NS NS 0.02 NS NS NS
Class I-11, n (%) 20 (20.8) 65 (67.7) 9(16.7) 31 (57.4) 8(25.8) 11 (35.5)
Class Ill, n (%) 67 (69.8) 31 (32.3) 40 (74.0) 21 (38.9) 20 (64.5) 13 (41.9)
Class IV, n (%) 9 (9.4) 0 (0) 5(93) 2(3.7) 3(97) 7(226)
6MWT m 337496  392+103 +55+71 0.0001 313+108 352+129 +39+104 0.005 321+103 343+109 +22+88 0.04 NS NS NS NS NS NS
Heart rate, 78+17 7313 —5+16 0.001  79+19 76+12 —3+20 NS 78+13 71425 —T+24 NS NS NS NS NS NS NS
beats:min~*
NT-proBNP pg~mL_1 944+708 4654359 —478+517 0.0001 8244574 391+198 —433+521 0.003 1268+846 5794501 —689+839 0.01 NS NS 0.009 NS NS NS
Haemodynamics
RAP mmHg 9.0+4.4 6.843.8 —2.1+4.3 0.0001 8.3+4.9 7.6+4.2 —0.744.5 NS 8.0+5.5 5.9+4.9 —2.243.2 0.02 NS NS NS NS NS NS
mPAP mmHg 51+12 43+16 —7.5¢13 0.0001 49+12 4319 —6.5£10 0.0001  49+11 44+13 —4.949 NS NS NS NS NS NS NS
WP mmHg 9.7£3.2 8.8+3.8 10.9£3.2 10.2+3.5 10£3.5 10£3.3 NS NS NS NS NS NS
Cl L'min-m™2 2.3+0.9 3.1+0.9 +0.8+¢0.9 0.0001 2.3+0.6 2.840.6 +0.5£0.6 0.0001 2.3+0.6 2.840.9 +0.5£0.6  0.002 NS NS NS NS NS NS
PVR WU 12.4+6.5 T7.4+42 —4.8%5.6 0.0001 10.3+4.4 7.2+2.8 —3.1¥+3.4 0.0001 10.6x49 8.7¥39 -2.0x26 0.01 NS NS NS NS NS NS
Echocardiography
RV/LV ratio <0.01 <0.01 <0.01 NS NS NS <0.01 <0.01 NS
<1, n (%) 3(3.1) 22(22.9) 3(5.6) 8(14.8) 0(0) 4(12.9)
=1, n (%) 15 (15.6) 18 (18.7) 7(13) 9(16.7) 5(16.1) 4 (12.9)
>1, n (%) 78 (81.3) 56 (58.2) 44 (81.5) 37 (68.5) 26 (83.9) 23 (74.2)
TAPSE, mm 16.8+4 19.5+4 +2.7+3  0.0001 16.2+4  17.6+4.7 +1.4+4 0.01 16.7+3 18.2+4 SIND 8 0.01 NS NS NS 0.04 NS NS
TR, grade <0.01 <0.01 <0.01 NS <0.01 NS NS <0.01 <0.01
Mild, n (%) 48 (50.0) 59 (61.5) 25 (46.3) 28 (51.8) 12 (38.7) 12 (38.7)
Moderate, n (%) 33 (34.3) 29 (30.2) 18 (33.3) 21 (38.9) 10 (32.3) 15 (48.3)
Severe, n (%) 15 (15.7) 8 (8.3) 11 (20.3)  5(9.3) 9(29.0) 4 (13.0)
Pericardial 20 (20.8) 9 (9.3) 12 (22.2)  5(9.2) 6 (19.3) 5(16.1)

effusion, n (%)

Group A: patients without cardiovascular comorbidities; Group B: patients with one cardiovascular comorbidity; Group C: patients with at least two cardiovascular comorbidities. Results are
expressed as meantsp unless indicated otherwise. FU: follow-up; ns: nonsignificant; D co: diffusing capacity of the lung for carbon monoxide; NYHA: New York Heart Association; 6MWT:
non-encouraged 6-min walk test; RAP: mean right atrial pressure; mPAP: mean pulmonary arterial pressure; WP: wedge pressure; Cl: cardiac index; PVR: pulmonary vascular resistance; RV: right
ventricular end-diastolic area; LV: left ventricular end-diastolic area; TAPSE: tricupid anular plane systolic excursion; TR: tricuspid regurgitation.
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(21, 11.6%), hyperlipidaemia (21, 11.6%), thyroid diseases (14, 7.7%), obesity (17, 9.3%), diabetes
mellitus (15, 8.2%), previous coronary angioplasty not associated with left heart systolic dysfunction (11,
6.0%), peripheral artery disease (8, 4.4%), previous atrial fibrillation (6, 3.3%) and other non-cardiac
comorbidities (25, 13.8%).

According to the number of cardiovascular comorbidities, patients were divided into three groups: Group
A, 96 (53.0%) patients without cardiac comorbidities; Group B, 54 (29.8%) patients with one cardiac
comorbidity; Group C, 31 (17.2%) patients with at least two cardiac comorbidities.

The clinical characteristics of the three groups are shown in table 1. Patients with at least two
comorbidities (Group C) were older and showed a trend for a more balanced sex distribution. Despite
similar clinical and haemodynamic characteristics between the three groups, patients with at least two
comorbidities (Group C) had higher N-terminal pro-brain natriuretic peptide (NT-proBNP) values
compared with the others. A trend for lower values of PVR was also present in the two groups with
comorbidities compared with patients without comorbidities. The echocardiography at baseline showed
similar RV dilation, decreased TAPSE, severe tricuspid regurgitation and pericardial effusion rates among
the three groups of patients.

Patients’ risk distribution is shown in figure 1 and table 2. According to the ERS/ESC risk assessment, at
the time of diagnosis a low-risk status was present in 15 (15.6%) patients in Group A, 6 (11.1%) patients
in Group B and 6 (19.3%) patients in Group C (Group A versus Group B, p=ys; Group A versus Group C,
p= ns; Group B versus Group C, p= ns). According to the REVEAL 2.0 score a low-risk status was
present in 9 (9.3%) patients in Group A, 7 (12.9%) patients in Group B and 3 (9.6%) patients in Group C
(Group A versus Group B, p= ns; Group A versus Group C, p= ns; Group B versus Group C, p= ns). The
majority of patients were at intermediate risk whether considering the ERS/ESC or the REVEAL 2.0 score.

The majority of patients were started on ambrisentan—tadalafil combination therapy (62%). All but 11 out
of 113 patients reached the full dose of ambrisentan and tadalafil (10 and 40 mg daily, respectively) within
2 months. Other initial PDE-5i and ERA combinations were previously described [10]. Drug-related
adverse events occurred with similar frequency between groups with most frequent side-effects reported as
peripheral oedema (Group A, 27 patients — 28%; Group B, 16 patients — 30%; Group C, 10 patients —
32%; p= ns), headache (Group A, 37 patients — 38%; Group B, 19 patients — 35%; Group C, 11 patients —
35%; p=ns) and nasal congestion (Group A, 20 patients — 21%; Group B, 12 patients — 22%; Group C, 6
patients — 19%; p=ns). None of the patients discontinued dual oral combination therapy due to severe
side-effects.

Changes in pulmonary vascular resistance according to the presence of comorbidities

All the patients survived after a median of 180 days follow-up (IQR 144-363; minimum 79; maximum
394). The median PVR reduction obtained with double oral initial therapy was —40.4% (IQR
—25.8— —45.3) (-2.9 WU, IQR —4.8— —1.7 WU).

At first follow-up the cumulative effect of cardiovascular comorbidities on PVR reduction with double oral
initial therapy is shown in figure 2. There was a significant difference in treatment effect moving from the
absence to one or at least two cardiac comorbidities, respectively, median —45.0% (IQR —26— —55%;
mean —38.7%), —30.3% (IQR —15- —45%; mean —30.2%), —24.3% (IQR +2— —32%; mean —19.2%)
(Group A versus Group B, p=ys; Group A versus Group C, p=0.003). No significant difference was
observed between the presence of one or at least two comorbidities (Group B versus Group C, p=ys).

Multivariate regression analysis including age, sex and the presence of cardiovascular comorbidities
showed male sex and the presence of cardiovascular comorbidities as independently associated with PVR
reduction (age: B 0.12, 95% CI -0.13-0.18, p=ys; male sex: B 1.32, 95% CI 0.10-2.21, p=0.009;
cardiovascular comorbidities: B 2.47, 95% CI 0.79-4.15, p=0.004).

For those patients with one comorbidity figure 3 shows the median reduction in PVR based on different
kind of comorbidities. Patients with hypercholesterolaemia, systemic hypertension, obesity, previous
coronary angioplasty, peripheral artery disease, previous atrial fibrillation and diabetes mellitus had a lower
decrease in PVR compared with those patients without comorbidities, respectively, —27.4% (IQR
—18—- —30%; mean —25.0%), —19.5% (IQR +3— —42%; mean —22.1%), —30.2% (IQR —8- —51%; mean —
29.6%), —25.6% (IQR +12— —38%; mean —17.6%), —13.7 (IQR +15- —39%; mean —12.4%), —25.4 (IQR
+1- —40%; mean —21.1%) and —19.8% (IQR 0— —33%; mean —17.9%) versus —45.0% median reduction
at follow-up (respectively, p=0.05, p=0.02, p=ys, p=0.02, p=0.01, p=0.02, p=0.04). No significant
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a) ESC/ERS risk score
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FIGURE 1 a) Histogram reporting per cent changes in ESC/ERS score from diagnosis to last observation,
according to groups based on the number of cardiovascular comorbidities. b) Histogram reporting per cent
changes in REVEAL 2.0 score from diagnosis to last observation, according to groups based on the number of
cardiovascular comorbidities. Group A: patients without cardiovascular comorbidities; Group B: patients with
one cardiovascular comorbidity; Group C: patients with at least two cardiovascular comorbidities. Low risk:
green; intermediate risk: yellow; high risk: red. ESC: European Society of Cardiology; ERS: European Respiratory
Society, REVEAL: United States Registry to Evaluate Early and Long-Term PAH Disease Management registry.

difference was observed between patients with thyroid diseases, depression, other non-cardiac
comorbidities and those without comorbidities in terms of PVR reduction, respectively, —33.1% (IQR
—29- —40%; mean —34.3%), —30.3% (IQR —18- —46%; mean —30.8%) and —35.8% (IQR —1- —52%;
mean —30.2%) versus —45.0% (respectively, p=ns, P=ns, P=Ns)-

Changes in risk scores according to the presence of comorbidities

As shown in table 1, all patients had significant improvements in WHO functional class, 6MWD,
NT-proBNP and invasive haemodynamics. However, in patients with more than one cardiovascular
comorbidity (Group C) clinical improvement was not associated with significant changes in
echo-determined RV systolic function, with patients showing a higher proportion of RV dilation and severe
tricuspid regurgitation compared with the others.
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TABLE 2 Patients’ risk distribution at the time of diagnosis

Overall Group A Group B Group C p-value
Patients n 181 96 54 31
ERS/ESC score, n (%)
Low 27 (14.9) 15 (15.6) 6(11.1) 6 (19.3) NS
Intermediate 130 (71.8) 70 (72.9) 41 (75.9) 19 (61.4)
High 24 (13.3) 11 (11.5) 7 (13.0) 6 (19.3)
REVEAL 2.0, n (%)
Low (<7) 19 (10.5) 9 (9.4) 7 (13.0) 3(9.7) NS
Intermediate (7-8) 100 (55.2) 56 (58.3) 27 (50.0) 17 (54.8)
High (>8) 62 (34.3) 31 (32.3) 20 (37.0) 11 (35.5)

Group A: patients without cardiovascular comorbidities; Group B: patients with one cardiovascular comorbidity;
Group C: patients with at least two cardiovascular comorbidities. Results are expressed as n (%). ERS/ESC:
European Respiratory Society/European Society of Cardiology; ns: nonsignificant.

While the number of cardiovascular comorbidities increases, patients were less likely to achieve or
maintain a low-risk status at second evaluation, especially when considering the ERS/ESC scoring system.

According to the ERS/ESC score, a low-risk status was present at second assessment in 50 (52.0%)
patients in Group A, 19 (35.1%) patients in Group B and 9 (29.0%) patients in Group C (Group A versus
Group B, p<0.05; Group A versus Group C, p<0.05; Group B versus Group C, p=ys) (figure 1). On the
other hand, according to the REVEAL 2.0 score a low-risk status was present in 41 (42.0%) patients in
Group A, 15 (27.7%) patients in Group B and 7 (22.6%) patients in Group C (Group A versus Group B,
p<0.05; Group A versus Group C, p<0.05; Group B versus Group C, p=ys) (figure 1).

Patients without cardiovascular comorbidities were 2.3 times more likely to achieve or maintain a low-risk
status compared with those with cardiovascular comorbidities (OR 2.27, 95% CI 1.15-4.54, p=0.02),
corresponding to a 66.6% reduction in risk of treatment failure (OR 0.44, 95% CI 0.22-0.88, p=0.02). On
the other hand, the presence of at least two cardiac comorbidities (Group C) was associated with a 3.8-fold
increased likelihood of treatment failure compared with the absence of comorbidities (OR 3.76, 95% CI
1.14-12.3, p=0.02). There was no significant increased risk of treatment failure for patients with one
cardiac comorbidity compared with those patients without cardiac comorbidity (OR 1.96, 95% CI 0.94—
3.98, p=0.07).

Considering patients with one comorbidity (Group B) a significant difference was observed between the 54
patients with cardiac comorbidities and the 46 patients with non-cardiac comorbidities. Indeed, at second
evaluation a similar rate of low-risk status was observed among patients without comorbidities and with
non-cardiac comorbidities, while a lower rate was observed among patients with cardiac comorbidities,
respectively 28 (56.0%), 22 (47.8%), and 19 (35.1%) patients, according to the ERS/ESC score (without
comorbidities versus with non-cardiac comorbidities, p=ys; without comorbidities versus with cardiac
comorbidities, p<0.05; with non-cardiac comorbidity versus with cardiac comorbidity, p<0.05), and
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FIGURE 2 Boxplots of PVR reduction (%) with double oral initial therapy according to the number of
cardiovascular comorbidities. PVR: pulmonary vascular resistance.
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FIGURE 3 Boxplots of PVR reduction (%) with double oral initial therapy in patients with one comorbidity. Patients with a) hypercholesterolaemia,
b) systemic hypertension, c) obesity, d) diabetes mellitus, e) previous coronary angioplasty, f) thyroid diseases, g) depression and h) other
non-cardiac comorbidities. PVR: pulmonary vascular resistance.

respectively, 22 (44.0%), 19 (41.3%) and 15 (27.7%) patients, according to the REVEAL 2.0 score
(without comorbidities versus with non-cardiac comorbidities, p=ns; without comorbidities versus with
cardiac comorbidities, p<0.05; with non-cardiac comorbidities versus with cardiac comorbidities, p<0.05)
(figure 4).
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FIGURE 4 a) Histogram reporting per cent changes in ESC/ERS score from diagnosis to last observation,
according to groups based on the presence of comorbidities. b) Histogram reporting per cent changes in
REVEAL 2.0 score from diagnosis to last observation, according to groups based on the presence of
comorbidities. Group A: patients without cardiovascular comorbidities; No-co: patients without comorbidities.
Non-cardiac-co: patients with non-cardiac comorbidities. Cardiac-co: patients with cardiac comorbidities. Low
risk: green; intermediate risk: yellow; high risk: red. ESC: European Society of Cardiology; ERS: European
Respiratory Society, REVEAL: United States Registry to Evaluate Early and Long-Term PAH Disease Management

registry.

The tight relationship between PVR reduction under initial oral therapy and the presence of a low-risk
status at last observation is confirmed in the presence of comorbidities (figure 5). Indeed, the achievement
of a low-risk status is clearly a function of PVR reduction, with a more heterogeneous response in the
presence of at least one cardiac comorbidity (Group B and Group C) compared with the absence of cardiac
comorbidities (Group A).

Discussion

The present results show that an initial combination of ERA and PDE-5i drugs in PAH improves
functional class, exercise capacity and NT-proBNP at 6 months assessment with a more attenuate response
to treatment for patients with cardiovascular risk factors for left ventricular diastolic dysfunction compared
with the others, in agreement with the results of the AMBITION trial [9]. These favourable effects seem
accompanied by a lower rate of low-risk status at 6 months while the number of cardiovascular risk factors
increases, by either the ERS/ESC or the REVEAL 2.0 score. The presence of non-cardiac comorbidities is
not associated with reduced treatment effect after initial oral combination therapy.

Our results also show that the treatment response appears related to the magnitude of treatment-induced
decrease in PVR.
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FIGURE 5 a) Boxplots of PVR reduction (%) versus number of cardiovascular comorbidities, based on the presence of an ERS/ESC low-risk status at
last observation (Il obs.). b) Boxplots of PVR reduction (%) versus number of cardiovascular comorbidities, based on the presence of a REVEAL 2.0
low-risk status at last observation. Box edges represent the 25th (Q1) and 75th (Q3) quantiles, respectively. Outliers are defined as values >1.5
times the interquartile range above Q3 or below Q1. Therefore, the upper whisker is drawn at the greatest value smaller than 1.5 IQR above the
third quartile, while the lower whisker is drawn at the smallest value >1.5 IQR below the first quartile. ESC: European Society of Cardiology; ERS:
European Respiratory Society, PVR: pulmonary vascular resistance, REVEAL: United States Registry to Evaluate Early and Long-Term PAH Disease
Management registry.

The AMBITION trial demonstrated that the ex-primary analysis set patients, characterised by the inclusion
of patients in spite of the presence of cardiovascular risk factors for left ventricular diastolic dysfunction,
experienced a higher rate of clinical failure events compared with those without cardiovascular risk factors
(primary analysis set patients cohort). Specifically, the latter cohort was associated with 50% reduction in
risk of clinical failure compared with pooled monotherapy, either ERA or PDE-5i. On the other hand, the
ex-primary analysis cohort was associated with a 30% reduction in risk of clinical failure, considered in the
same direction but statistically not significant compared with the primary analysis set. The present study
expands these results showing, independently of the number of cardiovascular comorbidities, that patients
without comorbidities are associated with up to 66.6% reduction in risk of treatment failure compared with
the former, considering a definition close to the updated guidelines treatment goal [5, 8, 17, 18], as the
persistence of either ERS/ESC or REVEAL 2.0 intermediate/high risk score after 6 months of initial
combination of oral drugs.

Our results bring also further insights on the chance of achieving or maintaining a low-risk status for
patients with cardiovascular risk factors receiving initial combination therapy. While in the AMBITION
trial [9] patients without cardiovascular risk factors had a higher rate of satisfactory clinical response
compared with those receiving pooled monotherapy, defined as a >10% increase from baseline in 6MWD
with a reduction or maintenance of WHO functional class I/II, we found patients without cardiovascular
comorbidities to be 2.3 times more likely to achieve or maintain a low-risk status compared with those
with cardiovascular comorbidities. The different behaviour of patients with and without cardiovascular
comorbidities supports the attempt to distinguish the former population, potentially close to a heart failure
with preserved ejection fraction phenotype, from the “classical” PAH vasculopathy. Indeed, a
comprehensive cluster analysis of the Comparative, Prospective Registry of Newly Initiated Therapies for
Pulmonary Hypertension (COMPERA) identified three distinct phenotypes of IPAH patients, two of them
characterised by the presence of cardiovascular risk factors with potential reduced treatment response to
targeted therapy compared with patients without cardiovascular comorbidities [19]. Our findings expand
these results showing different haemodynamic response and rates of low-risk status achievement for
different phenotypes of PAH patients based on the presence of cardiovascular comorbidities, treated with
the updated standard of care recommended by guidelines. We also confirmed the analysis of the
COMPERA registry showing that the presence of at least one cardiac comorbidity is sufficient to
significantly affect treatment response, reducing the likelihood of achieving a low-risk status, and
questioning the AMBITION strategy to arbitrarily introduce three cardiovascular risk factors as the best fit
to identify a clean PAH population (i.e. “classical” PAH vasculopathy) with enhanced treatment response.
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Indeed, when considering the impact of add-on Selexipag in the GRIPHON trial in patients with
cardiovascular comorbidities, the treatment effect was confirmed irrespective of patient comorbidity status
for the morbi/mortality end-point, while the partition of patients based on the presence of at least three
cardiac comorbidities was not able to show a consistent effect across subgroups for improvement in
6MWD and WHO functional class, with improvement limited in NT-proBNP for patients with less than
three comorbidities [20].

Of note, whether considering the presence of cardiovascular comorbidities or the “classical PAH”
phenotype without comorbidities, the achievement/maintenance of a low-risk status at second evaluation is
clearly a function of treatment-induced PVR reduction with initial oral combination, on average —45%
without cardiovascular comorbidities, —30% with one comorbidity and —24% with at least two
comorbidities (figure 2). The reason for such a different treatment effect in the presence of cardiovascular
comorbidities is not clear but might be related to a potentially less responsive pulmonary vasculature in
patients with cardiovascular comorbidities. The relationship between treatment response and the magnitude
of treatment-induced decrease in PVR reinforces the concept that the major driven mechanism of the
disease is represented by RV afterload mismatch, even in the presence of cardiovascular comorbidities, and
brings in favour of a common effort to correctly identify those patients with greater decrease in PVR
among patients with cardiovascular comorbidities, which would benefit from an initial oral combination
therapy. Although some discussion still persists on the opportunity of an initial combination therapy for
those patients with cardiovascular risk factors [21], we observed that a not negligible proportion of patients
with one comorbidity showed a considerable haemodynamic and clinical response to therapy, as 25% of
patients had >51% reduction in PVR and up to 35% of patients achieved a low-risk status.

The importance of PVR reduction has been recently recognised by increasing evidence showing that a
significant decrease in PVR is needed to induce RV reverse remodelling and functional recovery [14, 22-28].
Patients with more than one cardiovascular comorbidity showed a less important reduction in PVR
associated with a higher proportion of RV dilation and severe tricuspid regurgitation compared with the
others. Since the association between PVR reduction and RV reverse remodelling follows a sigmoid
relationship, the likelihood of RV recovery is high for >50% decrease in PVR [22, 29]. We have recently
clarified that the efficacy of initial oral combination in an unselected real-life population of consecutive
PAH patients is related to decreased PVR, allowing RV unloading and increased rates of low-risk status
achievement [10]. This argues in favour of PVR- and/or imaging-directed therapeutic strategies for a
significant proportion of patients with one cardiovascular comorbidity. This issue will become of particular
clinical meaning in the near future as the picture of PAH has changed over the past two decades, at least in
developed countries, showing a change in demographic and epidemiology in favour of patients with
advanced age and cardiovascular comorbidities [1-4].

For patients with multiple cardiovascular comorbidities a safer approach might be desirable considering
monotherapy as a first step for sequential combination, as the present results show a poor haemodynamic
response in terms of PVR reduction, on average —24%, very close to the 25+ 8% mean decrease that
emerged from a pooled metanalysis of 16 randomised controlled trials of mostly monotherapies, including
a total of 2353 PAH patients [30]. Similar results of oral monotherapies on PVR have been observed in
real-life observational studies [14, 26]. Although none of the patients in our study needed to withdraw
combination therapy because of severe side-effects, the randomised controlled AMBITION trial identified
an increased proportion of patients with adverse events leading to treatment discontinuation in patients
with a higher number of cardiac comorbidities [9]. The higher rate of treatment-related side-effects in spite
of very few patients (no more than 15% according to our findings) with >40% reduction in PVR would
definitely be in favour of a less aggressive approach at the time of diagnosis in case of multiple cardiac
comorbidities. Further studies are needed to explore whether an initial monotherapy with a rapid escalation
would be preferable to a double oral initial approach in PAH patients with multiple cardiovascular
comorbidities.

Limitations

This study has limitations as being retrospective and with a relatively small number of patients with
cardiovascular comorbidities. The prevalence of comorbidities in the present cohort is relatively low
compared with other European and US registries potentially related to the younger age of our cohort and a
higher proportion of idiopathic PAH compared with the others. The majority of patients of the Italian
network was still started on initial oral monotherapy in the study period, in accordance with all
international registries, representing a potential selection bias. However, we believe that our findings are
convincing as the study was multicentric with original haemodynamic data and updated risk scores. Data
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were collected with robust methodology [12] and analysed with rigorous statistics, in line with current
literature, showing patients’ risk distribution similar to the multinational AMBITION study [31].

Conclusions

Initial combination of ERA and PDE-5i drugs in PAH improves functional class, exercise capacity and
NT-proBNP at 6 months assessment with a less effective response to treatment for patients with
cardiovascular comorbidities compared with the others. These favourable effects seem to be accompanied
by a lower rate of low-risk status at 6 months while the number of cardiovascular comorbidities increases.
Our findings also show that the treatment response appears related to the magnitude of decrease in PVR.

Finally, the presence of non-cardiac comorbidities is not associated with reduced treatment effect after
initial oral combination therapy.

Further data are still needed to expand the growing body of evidence on the treatment effect of
PAH-targeted therapies in PAH patients with cardiovascular comorbidities. Until further evidence-based
data become available, the overall profile of the patient should be considered to identify the best fit for
patient’s phenotyping.
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