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Background

BACKGROUND: A diagnosis of idiopathic pulmonary arterial hypertension (IPAH) is frequently made in
elderly patients who present with comorbidities, especially hypertension, coronary heart disease, diabe-
tes mellitus, and obesity. It is unknown to what extent the presence of these comorbidities affects the
response to PAH therapies and whether risk stratification predicts outcome in patients with
comorbidities.

METHODS: We assessed the database of COMPERA, a European pulmonary hypertension registry, to
determine changes after initiation of PAH therapy in WHO functional class (FC), 6-minute walking
distance (6MWD), brain natriuretic peptide (BNP) or N-terminal fragment of probrain natriuretic pep-
tide (NT-pro-BNP), and mortality risk assessed by a 4-strata model in patients with IPAH and no
comorbidities, 1-2 comorbidities and 3-4 comorbidities.

RESULTS: The analysis was based on 1,120 IPAH patients (n = 208 [19%] without comorbidities,
n = 641 [57%] with 1-2 comorbidities, and n = 271 [24%] with 3-4 comorbidities). Improvements in
FC, 6MWD, BNP/NT-pro-BNP, and mortality risk from baseline to first follow-up were significantly
larger in patients with no comorbidities than in patients with comorbidities, while they were not signifi-
cantly different in patients with 1-2 and 3-4 comorbidities. The 4-strata risk tool predicted survival in
patients without comorbidities as well as in patients with 1-2 or 3-4 comorbidities.

CONCLUSIONS: Our data suggest that patients with IPAH and comorbidities benefit from PAH medica-
tion with improvements in FC, 6MWD, BNP/NT-pro-BNP, and mortality risk, albeit to a lesser extent
than patients without comorbidities. The 4-strata risk tool predicted outcome in patients with IPAH
irrespective of the presence of comorbidities.
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in 3 risk strata (low, intermediate, or high) based on their
estimated 1-year mortality risk.' Several validation studies

Idiopathic pulmonary arterial hypertension (IPAH) is a dis-
ease of the pulmonary vasculature characterized by progres-
sive pulmonary vascular remodeling, which may lead to
death from right heart failure. Various treatments have been
introduced over the past 20 years, and estimation of the
individual mortality risk has become an essential tool to
guide treatment decisions.'*” The 2015 European Society of
Cardiology (ESC) and European Respiratory Society (ERS)
joint pulmonary hypertension (PH) guidelines proposed a
multimodal risk assessment strategy categorizing patients
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have subsequently shown that risk stratification is able to
predict outcome both at the time of diagnosis and during
follow-up, that is, after the initiation of targeted therapy.”
In addition, it has been shown consistently that simplified,
noninvasive versions based on WHO functional class (FC),
6-minute walking distance (60MWD), and brain natriuretic
peptide (BNP) or the NT-terminal fragment of pro-BNP
(NT-pro-BNP), respectively, provide reliable prognostica-
tion in patients with IPAH.””

A limitation of the 3-strata risk model is that the propor-
tion of patients achieving the low-risk category is small
while the vast majority are categorized as an intermediate
risk both at diagnosis and follow-up.™* Recently, a modi-
fied risk stratification tool using a 4-strata model based on
refined cut-off levels for FC, 6MWD, and BNP/NT-pro-
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BNP has been introduced. This refined approach subdivides
the intermediate risk group into intermediate-low and inter-
mediate-high risk and is more sensitive to prognostically
relevant changes in risk than the original 3-strata model.”’

In addition to the risk assessment methodology, the abil-
ity of risk stratification to capture treatment response and
provide prognostic information is influenced by patient phe-
notypes. Registry data have shown that IPAH is frequently
diagnosed in elderly individuals, and such patients are more
likely to present with comorbidities." '’ Based on criteria
from the AMBITION study, a subclassification of PAH
patients into those with “classical PAH” and “PAH with
comorbidities” has been introduced.'' The latter group is
defined by the presence of certain comorbidities of interest
that are frequently associated with left heart disease, espe-
cially heart failure with preserved ejection fraction
(HFpEF), that is, arterial hypertension, diabetes mellitus,
coronary heart disease, and obesity (defined by a body mass
index [BMI] >30 kg/mz). Data from the Swedish Pulmo-
nary Arterial Hypertension Registry (SPAHR) demon-
strated that in contrast to younger patients, elderly patients
with comorbidities failed to show improvement of their risk
status (when using the 3-strata model) upon treatment initi-
ation, raising the question if or to what extent these patients
benefit from PAH therapies.'”

In the present analysis, we assessed the Comparative,
Prospective Registry of Newly Initiated Therapies for Pul-
monary Hypertension (COMPERA) database to analyze
changes in FC, 6BMWD, NT-pro-BNP/BNP, and risk (based
on the 4-strata model) upon initiation of PAH therapies as
well as the survival of patients with IPAH with or without
comorbidities.

Methods

Database

Details of COMPERA (www.COMPERA .org; registered at Clini-
caltrials.gov under the identifier NCT01347216) have been previ-
ously reported.*”'* In brief, COMPERA is an ongoing PH
registry that prospectively collects baseline, follow-up, and out-
come data of newly diagnosed patients who receive targeted thera-
pies for any form of PH. PH centers from several European
countries participate (Austria, Belgium, Germany, Greece, Hun-
gary, Italy, Latvia, Lithuania, Netherlands, Slovakia, Switzerland,
United Kingdom), with about 80% of the enrolled patients coming
from Germany.

COMPERA has been approved by the ethics committees of all
participating centers, and all patients provided written, informed
consent before inclusion.

Patients

For the present analysis, patients were selected from the COM-
PERA database by the following criteria: (1) treatment-naive
patients aged >18 years newly diagnosed with IPAH between Jan-
uary 1, 2009, and December 31, 2021; (2) hemodynamics avail-
able on baseline showing mPAP >25 mm Hg, PAWP <15 mm
Hg, PVR > 3 WU, (3) information available on comorbidities
(arterial hypertension, diabetes mellitus, coronary heart disease,

obesity defined as BMI >30 kg/mz) at baseline, and (4) at least 2
variables of interest (FC, 6MWD, BNP or NT-pro-BNP) available
at baseline and at first follow-up (3-12 months after treatment ini-
tiation). Patients who did not fulfill these criteria and patients with
other forms of PH or PAH were excluded.

Risk stratification

Risk was assessed by the ESC/ERS 4-strata model.*” In brief, 1, 2,
3, or 4 points were assigned to FC I/II (1 point), III (3 points) and
IV (4 points), 6MWD >440 m, 320-440 m, 165-319 m, and
<165 m, and BNP <50 ng/liter, 50-199 ng/liter, 200-800 ng/liter,
and >800 ng/liter, or NT-pro-BNP <300 ng/liter, 300-649 ng/liter,
650-1100 ng/liter, and >1100 ng/liter, respectively. The points
were summed up, divided by the number of denominators, and
rounded to the next integer to determine individual risk. The pri-
mary analysis was done on all included patients. A sensitivity
analysis was performed for patients who had all variables avail-
able at baseline and first follow-up.

Statistical analyses

This was a posthoc analysis of prospectively collected data. Cate-
gorical data are presented as numbers and percentages, continuous
data as median and first and third quartile [Q1, Q3]. Data available
up to March 1, 2022, was analyzed. First, follow-up was defined
as the first follow-up visit within 3 to 12 months after treatment
initiation. Patients were classified into those without any comor-
bidity, 1-2 comorbidities, or 3-4 comorbidities at baseline out of
arterial hypertension, diabetes mellitus, coronary heart disease,
and obesity. For group comparisons, 2-sample Welch r-tests or
Wilcoxon rank sum tests were used for continuous data. Categori-
cal data were compared by Pearson’s chi-square test. Vital status
was ascertained by on-site visits or phone calls to the patients or
their caregivers. Patients who were lost to follow-up were cen-
sored at the date of the last contact. Transplant-free survival analy-
ses estimated by Kaplan-Meier analysis using the log-rank test for
comparisons were done from baseline and from first follow-up,
respectively. Cox proportional hazard analyses were performed to
determine the effects of baseline characteristics on survival. A p-
value of 0.05 or less was considered as statistically significant. No
adjustment for multiple testing was done.
All statistical analyses were performed using R version 4.1.3.

Results

Patients and treatments

Out of 3,437 patients with IPAH, 1,120 patients (n = 208
[19%] without comorbidities; n = 641 [57%] with 1-2
comorbidities [328 patients with 1 comorbidity and 313
patients with 2 comorbidities], and n = 271 [24%] with 3-4
comorbidities [214 patients with 3 comorbidities and 57
patients with 4 comorbidities]) met the eligibility criteria
and were included (Figure 1). The patient characteristics
are shown in Table 1. The PAH medications used initially
(within 3 months after diagnosis) and 1 year (9-15 months)
after diagnosis are shown in Table 2. A comparison of
included and excluded patients with IPAH is shown in
Table S1 of the appendix.
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Patients in the COMPERA registry
n=11,131

A 4

' :

Incident, adult IPAH patients
diagnosed in 2009 to 2021

Excluded*:

n=7,694 patients with diagnosis other than IPAH
n=2,351 patients not diagnosed in 2009 to 2021
n=1,956 not incident patients

n=997 patients not fulfilling mPAP > 25 mmHg
n=2,665 patients not fulfilling PAWP < 15 mmHg
n=2,069 patients not fulfilling PVR > 3 WU
n=228 patients <18 years at baseline

with mPAP > 25 mmHg,

PAWP < 15 mmHg and

n=2,079

A 4

A 4 .

Eligible patients
n=1,120 .

PVR >3 WU Excluded*:

n=328 with no comorbidity information at baseline
n=190 not having at least two of the variables of
interest (FC, 6MWD, BNP or NT-proBNP) at baseline
n=683 not having at least two of the variables of
interest (FC, 6MWD, BNP or NT-proBNP) at first
follow-up

n=38 patients died before the first follow-up visit**

Figure 1 STROBE diagram showing patient selection for this analysis *more than 1 reason for exclusion could apply. ~~Of these 38
patients, 6 patients had no comorbidities, 16 patients had 1 or 2 comorbidities, and 11 patients had 3 or 4 comorbidities at baseline (5 of
these patients had no comorbidity information at baseline). First follow-up is the first assessment > 12 weeks after treatment initiation, up

to 12 months.

Discontinuation rates of PAH treatments and reasons for dis-
continuations are depicted in Table 3. The drug discontinuation
rate of PDESi within the first year after diagnosis ranged from
7% to 11% with no significant differences between patients
with no, 1-2, or 3-4 comorbidities. In contrast, the discontinua-
tion rate of ERA increased from 4% in patients with no comor-
bidities to 13% in patients with 1-2 comorbidities and 17%
with 3-4 comorbidities.

FC, 6MWD, BNP/NT-proBNP, and risk at baseline
and first follow-up

The first follow-up visit took place 4.1 [3.3, 5.6] months
after baseline. FC improved from baseline to first follow-up
by at least 1 class in 51% of the patients without comorbid-
ities and in 33% and 28% of the patients with 1-2 and 3-4
comorbidities, respectively. 6MWD improved by 43
[-3, 100] m, 30 [-10, 71] m, and 30 [0, 68] m. BNP/NT-pro-
BNP changed from baseline to first follow-up by -45
[-77, 0] %, -26 [-59, 18] % and -20 [-56, 38] %, respec-
tively. Changes in FC, 6MWD, and NT-pro-BNP contrib-
uted in a similar manner to changes in risk (Table S2). For
all variables, improvements from baseline to first follow-up
were significantly larger in the cohort of patients with no
comorbidities than in the 2 cohorts of patients with comor-
bidities, while they were not significantly different in
patients with 1-2 or 3-4 comorbidities (Figures 2A-C).

With the ESC/ERS 4-strata model, risk improved in 52%
of the patients without comorbidities and in 33% and 34%
of the patients with 1-2 and 3-4 comorbidities, respectively.
In patients with comorbidities improvements in risk were
largely driven by improvements from the intermediate-
high-risk category to the intermediate-low-risk category
(Figure 3A). WHO FC, 6MWD, and NT-pro-BNP at

baseline and first follow-up by number of comorbidities in
relation to risk categories are schematically shown in
Figure 3B.

Comparable findings were obtained by a sensitivity analy-
sis including only patients for whom all variables were avail-
able at baseline and first follow-up (n = 498) (Figure S1).

Survival

The median observation time was 3.6 [1.9, 6.0] years for
patients with no comorbidities, 3.0 [1.5, 5.3] years for
patients with 1-2 comorbidities, and 2.6 [1.5, 4.7] years for
patients with 3-4 comorbidities. In the cohort of 208
patients with no comorbidities, 54 (26%) patients died, 9
(4%) underwent lung transplantation, and 15 (7%) were lost
to follow-up. The corresponding numbers for the 641
patients with 1-2 comorbidities were 234 (37%), 3 (0%),
and 27 (4%). Among the 271 patients with 3-4 comorbid-
ities, 123 (45%) died, 0 (0%) underwent lung transplanta-
tion, and 12 (4%) were lost to follow-up. The Kaplan-Meier
estimated transplant-free survival rates at 1, 3, and 5 years
for patients with no comorbidities were 99%, 81%, and
73%, respectively. In patients with 1-2 comorbidities, the
corresponding numbers were 96%, 75%, and 60%. In
patients with 3-4 comorbidities, the respective survival
rates were 95%, 67%, and 46%. Pulmonary hypertension
and/or right heart failure were attributed by the investiga-
tors as the main cause of death in 36 (67%) patients with no
comorbidities and in 140 (60%) and 66 (54%) patients with
1-2 and 3-4 comorbidities (p = 0.247), respectively.

Cox proportional hazard analysis showed that higher
age, male sex, high risk at baseline, number of comorbid-
ities, and a low lung diffusion capacity for carbon monox-
ide (DLCO) were associated with an increased mortality
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Table 1

Baseline Characteristics

No vs 1-2 comorb

1-2 vs 3-4 comorb

No vs 3-4 comorb

No comorb n =208 (p-value) 1-2 comorb n = 641 (p-value) 3-4 comorb n =271 (p-value) Alln=1120
Age (years) 51 [36, 70] <0.0001 73 [63, 79] 0.0003 74 (67, 79] <0.0001 72 [59, 78]
Female 141 (67.8%) 0.2145 402 (62.7%) 0.0206 147 (54.2%) 0.0037 690 (61.6%)
BMI (kg/m?) 24 [22, 27] <0.0001 28 [25, 32] <0.0001 33 [29, 36] <0.0001 28 [25, 33]
WHO FC, N = 1,100 3 (1.5%) 41 0.0034 2 (0.3%) 71 0.2173 0 (0%) 19 (7.2%) <0.0001 5 (0.5%) 131
(98.2%) I, n (%) (19.9%) 135 (11.3%) 462 206 (77.7%) 40 (11.9%) 803
1T, n (%) I1L, n (65.5%) 27 (73.4%) 94 (15.1%) (73.0%) 161
(%) IV, n (%) (13.1%) (14.9%) (14.6%)
6MWD (m), N =937 373 [250, 458] <0.0001 300 [210, 380] <0.0001 240 [170, 310] <0.0001 300 [200, 378]
(83.7%)
NT-pro-BNP (ng/ 1162 [354, 2236] 0.0001 1668 [638, 3842] 0.2619 1596 [539, 3293] 0.0187 1560 [563, 3452]
liter), N =878
(78.4%)
BNP (ng/liter) 286 [108, 451] 0.7478 249 [81, 514] 0.4194 156 [106, 346] 0.2030 223 [90, 406]
N =166 (14.8%)
RAP (mm Hg) 6 [4, 9] 0.0056 8 [5, 11] 0.3566 8 [6, 11] 0.0018 7[5, 11]
N=1,062
(94.8%)
PAPm (mm Hg) 45 [37, 54] <0.0001 41 [34, 49] 0.8016 41 [35, 49] <0.0001 42 [34, 50]
N = 1,120 (100%)
PAWP (mm Hg) 8 [6, 11] <0.0001 10 [7, 12] 0.4465 10 [7, 13] <0.0001 10 [7, 12]
N = 1,120 (100%)
CI (I/min/m?) 2.1[1.6, 2.7] 0.2604 2.0[1.6, 2.5] 0.3146 2.1[1.7, 2.6] 0.8326 2.0[1.6, 2.6]
N =1,047
(93.5%)
PVR (WU N = 1,120 9.9 [6.9, 14.2] <0.0001 8.2 [6.0, 11.5] 0.0060 7.5 [5.7, 10.3] <0.0001 8.4 [6.0, 11,7]
(100%)
Sv0, (%) N =988 64 [59, 70] 0.1836 64 [58, 67] 0.9875 63 [58, 67] 0.2346 64 [58, 68]
(88.2%)
Atrial fibrillation 16 (8.2%) <0.0001 167 (27.0%) 0.4036 63 (24.0%) <0.0001 246 (22.9%)
N=1,075
(96.0%)
DLCO (% pred) 59 [39, 74] 0.1795 51 [36, 71] 0.2093 49 [34, 67] 0.0319 52 [35, 71]
N = 881 (78.7%)
DLCO <45% pred 54 (34.8%) 0.2937 201 (40.0%) 0.4167 97 (43.5%) 0.1132 352 (40.0%)
Smoking history 66 (43.7%) 0.9610 232 (44.4%) 0.2225 110 (49.5%) 0.3156 408 (45.5%)
N = 896 (80%)
Pack years (ever 20 [10, 48] 0.3088 30 [15, 40] 0.3402 30 [15, 50] 0.0948 30 [15, 40]
smokers only)
0 (0%) <0.0001 478 (74.6%) <0.0001 268 (98.9%) <0.0001 746 (66.6%)

(continued on next page)
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Table 2 PAH Therapies at Baseline and 1 Year After Diagnosis
No comorb  Novs 1-2 comorb  1-2 comorb  1-2 vs 3-4 comorb  3-4 comorb  No vs 3-4 comorb Al

n=208 (p-value) n=641 (p-value) n=271 (p-value) n=1,120
Initial treatment (Up to 3 months after diagnosis), N = 1,068 (95.4%)
CCB, 1 (%) 29 (14.8%) <0.0001 24 (3.9%)  0.3083 6(2.3%)  <0.0001 59 (5.5%)
ERA, 11 (%) 72 (36.7%)  0.0008 147 (24.1%)  0.0409 46 (17.6%) <0.0001 265 (24.8%)
PDE5i, n (%) 142 (72.4%)  0.0006 511 (83.8%) 0.7987 222 (84.7%)  0.0019 875 (81.9%)
sGCs, 1 (%) 9 (4.6%) 0.8439 24 (3.9%)  0.7997 12 (4.6%) 1.0000 45 (4.2%)
PCA/PRA, n (%) 10 (5.1%) 0.0365 12 (2.0%)  0.9620 6 (2.3%) 0.1724 28 (2.6%)
Combination therapy 55 (28.1%)  0.0002 97 (15.9%) 0.0791 29 (11.1%)  <0.0001 181 (16.9%)
ERA + PDE5i/sGSc 41(20.9%)  0.0109 80 (13.1%) 0.0171 19 (7.3%)  <0.0001 140 (13.1%)
ERA + PDE5i/sGSc + PCA/PRA 9 (4.6%) 0.0067 7 (1.1%)  0.4839 1 (0.4%) 0.0064 17 (1.6%)
At 1 year (9-15 months) after diagnosis, N = 929 (82.9%)
CCB, n (%) 27 (15.1%)  <0.0001 17 (3.2%)  0.8864 6 (2.7%)  <0.0001 50 (5.4%)
ERA, 11 (%) 113 (63.1%)  <0.0001 220 (41.7%) 0.2610 82 (36.9%) <0.0001 415 (44.7%)
PDES51, n (%) 136 (76.0%)  0.0585 437 (82.8%) 0.9243 185 (83.3%)  0.0879 758 (81.6%)
sGCs, 1 (%) 13 (7.3%) 0.8439 27 (5.1%)  0.8674 10 (4.5%) 0.3347 50 (5.4%)
PCA/PRA, n (%) 23 (12.8%)  0.1426 46 (8.7%)  0.4545 15 (6.8%) 0.0575 84 (9.0%)
Combination therapy 112 (62.6%) <0.0001 197 (37.3%) 0.7727 77 (34.7%)  <0.0001 386 (41.6%)
ERA + PDE5i/sGSc + PCA/PRA 75 (41.9%)  0.0005 146 (27.7%) 0.5528 56 (25.2%)  0.0006 277 (29.8%)
ERA + PDE5i/sGSc + PCA/PRA 22 (12.3%)  0.0247 35(6.6%)  0.0862 7 (3.2%) 0.0009 64 (6.9%)

Abbreviations: CCB, calcium channel blocker; ERA, endothelin receptor antagonists; PDE5i,

analoges; PRA, prostacyclin receptor agonists; sGCs, stimulator of soluble guanylate cyclase.

Data are shown as n (%) of the respective population.

phosphodiesterase-5 inhibitors; PCA, prostacyclin

Table 3  Discontinuations of PAH Therapies Initiated Within the First Year After Diagnosis
No comorb No vs 1-2 comorb 1-2 comorb 1-2 vs 3-4 comorb 3-4 comorb No vs 3-4 comorb All patients
(n=208) (p-value) (n=0641) (p-value) (n=271) (p-value) (n=1,120)
PDE5i /sGCs 181 (87%) 594 (92.7%) 253 (93.4%) 1028 (91.8%)
Discontinuations 13 (7.2%) 0.516 54 (9.1%) 0.556 27 (10.7%) 0.284 94 (9.1%)
- Lack of tolerability® 3 (23.1%) 18 (33.3%) 12 (44.4%) 33 (35.1%)
Edema 1 (33.3%) 3 (16.7%) 2 (16.7%) 6 (18.2%)
Gastrointestinal 0 (0%) 4 (22.2%) 2 (16.7%) 6 (18.2%)
Liver abnormalities 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Other 3 (100.0%) 17 (94.4%) 9 (75.0%) 29 (87.9%)
- Efficacy failure 2 (15.4%) 14 (25.9%) 5 (18.5%) 21 (22.3%)
- Other” 8 (61.5%) 22 (40.7%) 10 (37.0%) 40 (42.6%)
ERA 133 (63.9%) 299 (46.6%) 110 (40.6%) 542 (48.4%)
Discontinuations 5 (3.8%) 0.007 38 (12.7%) 0.307 19 (17.3%) <0.001 62 (11.4%)
- Lack of tolerability® 2 (40.0%) 22 (57.9%) 13 (68.4%) 37 (59.7%)
Edema 2 (100.0%) 13 (59.1%) 5 (38.5%) 20 (54.1%)
Gastrointestinal 0 (0%) 1 (4.5%) 5 (38.5%) 6 (16.2%)
Liver abnormalities 0 (0%) 1 (4.5%) 0 (0%) 1(2.7%)
Other 2 (100.0%) 18 (81.8%) 11 (84.6%) 31 (83.8%)
- Efficacy failure 1 (20.0%) 3 (7.9%) 2 (10.5%) 6 (9.7%)
- Other 2 (40.0%) 13 (34.2%) 4 (21.1%) 19 (30.6%)
PCA/PRA 28 (13.5%) 58 (9.0%) 19 (7.0%) 105 (9.4%)
Discontinuations 2 (7.1%) 1.000 5 (8.6%) 1.000 2 (10.5%) 1.000 9 (8.6%)
- Lack of tolerability® 1 (50%) 3 (60%) 1 (50.0%) 5 (55.6%)
Edema 0 (0%) 1 (33.3%) 0 (0%) 1 (20.0%)
Gastrointestinal 0 (0%) 1 (33.3%) 0 (0%) 1 (20.0%)
Liver abnormalities 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Other 1 (100.0%) 2 (66.7%) 1 (100.0%) 4 (80.0%)
- Efficacy failure 0 (0%) 0 (0%) 0 (0%) 0 (0%)
- Other 1 (50%) 2 (40%) 1 (50%) 4 (44.4%)

Abbreviations: Comorb, comorbidities; ERA endothelin receptor antagonists; PCA, prostacyclin analoges; PDE5i, phosphodiesterase-5 inhibitors; PRA,

prostacyclin receptor agonists; sGCs, soluble guanylate stimulators.
Data represent n (%).
“multiple reasons were possible
Pincludes switch from PDE5i to riociguat (n = 16)
“includes withdrawal of sitaxentan (n = 1)
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Figure 2 WHO functional class at baseline and first follow-up
(A), and changes from baseline to first follow-up in 6-minute
walking distance (B), and BNP/NT-pro-BNP (C) according to the
number of comorbidities. First follow-up was defined as the first
follow-up at least 3 months after the start of therapy. For improve-
ment by at least 1 functional class, the p-value of the chi-square
test for no vs 1-2 comorbidities considering improvement by at
least 1 FC was <0.0001; for 1-2 vs 3-4 comorbidities, the p-value
was 0.1469, and for no vs 3-4 comorbidities, the p-value was
<0.0001.

It is important to note that in our series, the majority of
the patients with comorbidities were treated with PDES5i
monotherapy, while only about 33% of the patients
received combination therapy within 1 year after diagnosis.
Prostacyclin pathway agents were used in less than 10%.
It is unknown if these patients would have had a better treat-
ment response with a broader use of combination therapies.

Besides efficacy, safety and tolerability of PAH medica-
tions may also be a matter of concern in patients with IPAH
and comorbidities. In the present analysis, drug discontinu-
ation rates ranged from 7% to 11% for PDES5 inhibitors,
with no statistically significant differences between patients
with or without comorbidities. In contrast, the drug

discontinuation rate of ERAs increased with the number of
comorbidities from 4% in patients without comorbidities to
17% in patients with 3-4 comorbidities, along with a
remarkably higher proportion of patients who discontinued
due to side effects (40% and 68%, respectively). A high
rate of PAH drug discontinuation due to adverse events,
mainly edema, was also found in the abovementioned anal-
ysis from the AMBITION study where discontinuation rates
in patients receiving initial combination therapy were 33%
in patients who had >3 comorbidities compared to 14% in
patients who had fewer or no comorbidities. The corre-
sponding numbers were 38% vs 19% for ERA monotherapy
and 23% vs 15% for PDES5 inhibitor monotherapy.'” In the
GRIPHON study, there was an increased risk of selexipag
discontinuation due to adverse events in patients with >3
comorbidities compared to patients with fewer or no comor-
bidities (21% vs 13%).'” Overall, these findings suggest
that PDES inhibitors may be better tolerated than ERA and
prostacyclin receptor agonists by patients with PAH and
comorbidities, which might be one of the reasons why most
patients with comorbidities in the present series were
treated with PDES inhibitor monotherapy rather than com-
bination therapy.

Risk stratification has become an important tool to guide
treatment decisions in patients with PAH, but the role of
risk stratification in patients with IPAH and comorbidities
is unclear. The predictive value of the ESC/ERS risk
3-strata model in patients with IPAH and comorbidities has
been questioned.'® In a recent cluster analysis from COM-
PERA, risk assessed by the ESC/ERS 3-strata model did
not improve after initiation of PAH therapy in patients with
a left heart phenotype.'” These observations were in line
with an earlier analysis from the Swedish PAH registry,
where Hjalmarsson and coworkers showed that patients
with IPAH >65 years of age did not improve risk assessed
by the ESC/ERS 3-strata model after initiation of PAH
medications.'”

Compared to the ESC/ERS 3-strata model, the ESC/ERS
4-strata model has been found to be more sensitive to
changes in risk and more predictive for consecutive
mortality.”” In the present study, the 4-strata model pre-
dicted outcomes in patients with or without comorbidities.
The dispersion of survival curves in patients with comor-
bidities was not as large as in patients without comorbid-
ities. This finding is not surprising as our analyses were
based on all-cause mortality, while PAH was considered
the leading cause of death in 67% of the patients without
comorbidities compared to 60% and 54% in patients with
1-2 or 3-4 comorbidities, respectively. Nevertheless, PH
was the leading cause of death in all 3 cohorts, even in
patients with 3-4 comorbidities.

As in previous studie:s,l2’13 few patients with comorbid-
ities from the present series reached a low-risk profile with
PAH therapies. However, the survival of patients with
comorbidities and a low-risk profile was similar to the sur-
vival of patients with comorbidities who reached an inter-
mediate-low-risk profile after initiation of PAH therapies.
In contrast, patients without comorbidities had a better
long-term survival when they reached a low-risk profile
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rather than an intermediate-low-risk profile with PAH ther-
apies. Hence, reaching a low or intermediate-low-risk pro-
file might be a reasonable treatment goal in patients with
PAH and comorbidities while a low-risk profile should
remain the goal of PAH therapy in patients with PAH and
no comorbidities.

Our study has several limitations. Information on key
variables which were used as inclusion or exclusion criteria
was complete but there were missing values for other varia-
bles, including those required for risk stratification, which is
important to note as the ESC/ERS 4-strata model has not
been validated for missing values. Furthermore, a small but
nonnegligible number of patients were lost to follow-up. A
small number (1.8%) of the patients potentially eligible for
this analysis died within 3 months of treatment initiation,
which may have introduced an immortal time bias as the
study included only patients for whom follow-up informa-
tion on risk variables was available. In addition, the diagnos-
tic classification of IPAH was made by the investigators
based on current guidelines. While all patients had a PAWP
<15 mm Hg at inclusion, misclassification of some patients
cannot be excluded, and it should be noted that, despite hav-
ing precapillary PH, many of the patients with comorbidities
had a left heart phenotype. Finally, we focused on a set of
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Figure 3

comorbidities that have gained interest in the PAH commu-
nity because they characterize a distinct patient phenotype.
Still, we acknowledge that many other comorbid conditions
and frailty, which are not captured in our database, may
have affected treatment response and survival as well.

In conclusion, we found that in patients with IPAH and
comorbidities, PAH treatments resulted in improvements in
FC, 6MWD, BNP/NT-pro-BNP, and mortality risk assessed
by the ESC/ERS 4-strata model, albeit to a lesser extent
than in patients with IPAH who had no comorbidities. The
ESC/ERS 4-strata model predicted outcomes in patients
with IPAH irrespective of the absence or presence of
comorbidities. Few patients with IPAH and comorbidities
reached a low-risk profile with PAH therapy, but the
survival of these patients was similar to the survival of
patients with IPAH and comorbidities who reached an inter-
mediate-low risk profile. Hence, reaching an intermediate-
low-risk profile might be a reasonable treatment goal in
patients with IPAH and comorbidities.
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Mortality risk assessed by the ESC/ERS 4-strata model at baseline and first follow-up and consecutive survival patients with

idiopathic pulmonary arterial hypertension with (A) no comorbidities, (B) 1-2 comorbidities, and (C) 3-4 comorbidities. First follow-up
was defined as the first follow-up at least 3 months after start of therapy. In the cohort of patients with 3-4 comorbidities, a single patient

met low-risk criteria at baseline; this patient died at 3 years (not shown).
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