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BACKGROUND: Pulmonary hypertension (PH) in COPD is a poorly investigated clinical condition.
RESEARCH QUESTION: Which factors determine the outcome of PH in COPD?

STUDY DESIGN AND METHODS: We analyzed the characteristics and outcome of patients
enrolled in the Comparative, Prospective Registry of Newly Initiated Therapies for Pulmo-
nary Hypertension (COMPERA) with moderate or severe PH in COPD as defined during the
6th PH World Symposium who received medical therapy for PH and compared them with
patients with idiopathic pulmonary arterial hypertension (IPAH).

RESULTS: The population included incident patients with moderate PH in COPD (n = 68), with
severe PH in COPD (n = 307), and with IPAH (n = 489). Patients with PH in COPD were older,
predominantly male, and treated mainly with phosphodiesterase-5 inhibitors. Despite similar he-
modynamic impairment, patients with PH in COPD achieved a worse 6-min walking distance
(6MWD) and showed a more advanced World Health Organization functional class (WHO EC).
Transplant-free survival rates at 1, 3, and 5 years were higher in the IPAH group than in the PH in
COPD group (IPAH: 94%, 75%, and 55% vs PH in COPD: 86%, 55%, and 38%; P = .004). Risk
factors for poor outcomes in PH in COPD were male sex, low 6MWD, and high pulmonary vascular
resistance (PVR). In patients with severe PH in COPD, improvements in 6MWD by = 30 m or
improvements in WHO FC after initiation of medical therapy were associated with better outcomes.

INTERPRETATION: Patients with PH in COPD were functionally more impaired and had a
poorer outcome than patients with IPAH. Predictors of death in the PH in COPD group were
sex, 6 MWD, and PVR. Our data raise the hypothesis that some patients with severe PH in
COPD may benefit from PH treatment. Randomized controlled studies are necessary to
explore this hypothesis further.
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ABBREVIATIONS: 6MWD = 6-min walking distance; BNP = brain natri-
uretic peptides COMPERA = Comparative Prospective Registry of Newly
Initiated Therapies for Pulmonary Hypertension; Drco = diffusing capacity
of the lung for carbon monoxide; IPAH = idiopathic pulmonary arterial
hypertension; mPAP = mean pulmonary artery pressure; NT-proBNP = N-
terminal fragment of pro-brain natriuretic peptide; PAH = pulmonary
arterial hypertension; PDE5-i = phosphodiesterase-5 inhibitor; PH =
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pulmonary hypertension; PVR = pulmonary vascular resistance; WHO
FC = World Health Organization functional class
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Pulmonary hypertension (PH) is a frequent finding in
advanced COPD; its prevalence in selected populations
(candidates for lung transplantation or volume reduction
surgery) is around 50%.* In these patients, PH is usually
mild to moderate, as defined by a mean pulmonary
arterial pressure (mPAP) of 21 to 34 mm Hg, but about
6% to 8% of these patients demonstrate severe PH
(mPAP = 35 mm Hg or mPAP = 25 mm Hg in the
presence of low cardiac output).” The clinical importance
of PH associated with COPD has been documented in
several studies that demonstrated the independent
prognostic role of PH in this population.™

It is unclear whether patients with PH in COPD may
benefit from treating the pulmonary vascular disease
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Take-home Points

Research Question: Which are the clinical charac-
teristics of PH in COPD patients and what are their
impacts on outcome?

Results: Compared with patients with IPAH, pa-
tients with PH in COPD have similar hemodynamic
impairment but worse effort capacity and survival.
Risk factors for death in PH in COPD are male sex,
high age, low 6MWD, and high PVR. In patients with
severe PH in COPD (mPAP = 35 mm Hg), im-
provements in 6MWD by = 30 m or improvements
in WHO FC after initiation of medical therapy are
associated with better survival.

Interpretation: Patients with PH in COPD have a
poorer prognosis than patients with IPAH. Pre-
dictors of death in patients with PH in COPD are
related to sex, age, effort capacity, and pulmonary
vascular impairment. Some patients with severe PH
in COPD may benefit from PH treatment. Ran-
domized controlled studies are necessary to explore
this hypothesis further.

component. So far, only small randomized controlled
studies have been performed using targeted therapies
approved for pulmonary arterial hypertension (PAH)
in PH in COPD, with heterogeneous results.”'* The
main limitations of most of these studies include lack
of power and poor selection of the populations studied
(ie, patients with COPD and normal or mildly
elevated pulmonary pressure). Although the role of
PH therapy in patients with PH in COPD remains
undefined, PAH therapies sometimes are used in these
patients."”

To obtain more information on the population with PH
in COPD, we analyzed data from the Comparative,
Prospective Registry of Newly Initiated Therapies for
Pulmonary Hypertension (COMPERA), an ongoing,
investigator-initiated, noninterventional, prospective
European-based registry that enrolls patients with all
forms of PH.'* The aim of the present study was to
describe the clinical characteristics and outcomes of a
large population of patients with PH in COPD treated
with targeted therapy (1) to compare the outcomes of
these patients with a population with idiopathic PAH
(IPAH), (2) to study the factors predicting survival in
patients with PH in COPD, (3) to compare patients with
moderate and severe PH in COPD based on the latest
recommendations from the 6th PH World Symposium,
and (4) to describe the response to PH-targeted therapy.
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Methods

Setting and Participants

COMPERA is a PH registry that was launched in July 2007 and
continues to enroll patients (www.clinicaltrials.gov Identifier:
NCT01347216). Currently, 62 PH centers from 12 countries
(Austria, Belgium, Germany, Greece, Hungary, Italy, Latvia,
Lithuania, The Netherlands, Slovakia, Switzerland, and the United
Kingdom) participate, with 84% of the patients coming from
German centers. Documentation is internet based and includes
demographics (age, sex), height and weight, type of PH according to
the Dana Point classification,’” date of the initial cardiac
catheterization, World Health Organization functional class (WHO
FC), 6-min walking distance (6MWD), hemodynamics, pulmonary
function and blood gases, selected laboratory variables, including
N-terminal fragment of pro-brain natriuretic peptide (NT-proBNP)
and detailed information about medications for PH. The
participating centers enter all of their eligible patients on a
consecutive basis. Data are collected at the time of diagnosis
(baseline) and at least in 6-month intervals or whenever the patient
has a predefined clinical event (death, lung transplantation, PH-
related hospitalization, ~deterioration in functional class, any
unscheduled change in PH therapy, or other serious adverse events).
Out-of-range data or missing values are queried automatically during
data entry. As of July 2020, source data had been monitored
randomly onsite in 44 of 62 participating centers (71%). The cutoff
date for the present analysis was August 1, 2020; at that time, 10,165
patients had been enrolled into the database.

Inclusion criteria for the present analysis were a diagnosis of IPAH or
PH in COPD, age of = 18 years, and availability of data from right
heart catheterization at diagnosis showing mPAP of > 20 mm Hg
and mean pulmonary arterial wedge pressure of = 15 mm Hg, and,
for IPAH, pulmonary vascular resistance (PVR) of > 3 Wood units.
Patients were incident cases, that is, the PH diagnosis had been
made = 6 months before inclusion. The diagnosis of IPAH or PH in
COPD was made in each center in accordance with the European
Respiratory Society and European Society of Cardiology guidelines'
and the 6th World Symposium on Pulmonary Hypertension
recommendations.'® Patients with PH in COPD were included based
on the investigator-based diagnosis and a postbronchodilator FEV,
of = 0.7 of the predicted value.

According to the 6th World Symposium on Pulmonary Hypertension
recommendations,” the COPD population was divided in two groups
based on hemodynamics at diagnosis: (1) moderate PH in COPD,
defined as mPAP of 25 to 34 mm Hg or mPAP of 21 to 24 mm Hg
with PVR of = 3 Wood units; (2) and severe PH in COPD, defined

as mPAP of > 35 mm Hg or mPAP of = 25 mm Hg with low
cardiac index (< 2.0 L/min/m?)

The registry was approved by the institutional review boards of all
contributing centers and written informed consent was obtained
from all participating patients before start of documentation.
Guidelines on good pharmacoepidemiologic practice (GPP) and data
protection guidelines are followed. Study details may be seen at
www.COMPERA.org. COMPERA is registered at ClinicalTrials.gov
(Identifier: NCT01347216).

Definition of Therapeutic Response

To assess the impact of PH therapy, we evaluated the clinical response
from baseline to the first follow-up (after 6 = 3 months of therapy).
Clinical improvement was defined arbitrarily by an increase in
6MWD of = 30 m'’ or an improvement in WHO FC.

Statistical Analysis

Categorical data were displayed as number of patients and respective
relative frequency (percentage) and were compared with the 7 * test
or Fisher exact test, respectively. For continuous data, normally
distributed data were displayed as mean 4 SD; otherwise, median
and interquartile range were shown. Group differences for normally
distributed data were tested with a two-sided ¢ test; otherwise, a two
sided Mann-Whitney U test was used. The primary outcome was
transplant-free survival, which was compared using Kaplan-Meier
estimates and the Breslow test. Patients with more than 5 years of
follow-up were censored after 60 months. Survival was ascertained
by patient visits to the centers or—if that was not possible—by
phone calls to the patients, their relatives, or their local physicians. A
sensitivity analysis was performed with censoring patients at the
time of treatment discontinuation. Patients lost to follow-up were
censored at the time of the last visit. To identify predictors of death
or transplantation, single-variable Cox regression analyses were
followed by multivariate Cox regression analysis. Baseline variables
preselected based on clinical reasoning and previous studies were
age, BMI, sex, 6 MWD, mPAP, right atrial pressure, cardiac index,
PVR, FEV,, diffusing capacity of the lung for carbon monoxide
(Drco), NT-proBNP (logl0 transformed), and WHO FC. As a result
of left truncation, mPAP was considered only as a dichotomized
variable (< 35 mm Hg vs = 35 mm Hg). Because of a high number
of missing and imputed values, Dico and NT-proBNP were not
included in the multivariate model. Multiple imputation with 10
runs was applied to missing values at baseline, and results of both
the original data and pooled results of the imputed data are shown.
P values < .05 were considered significant; no adjustment was made
for multiple testing.

Results

After applying the inclusion and exclusion criteria, 489
patients with IPAH, 307 patients with severe PH in
COPD, and 68 patients with moderate PH in COPD
were eligible for this analysis (Fig 1). Table 1
summarizes the clinical and hemodynamic
characteristics of the populations. Overall, patients with
PH in COPD predominantly were male and older than
patients with IPAH. Compared with patients with
IPAH, patients with PH in COPD showed more severe
airflow obstruction, lower Dirco, lower Pao,, and higher
Paco,. Furthermore, patients with PH in COPD,

particularly patients with severe PH in COPD,
demonstrated worse 6MWD and more advanced
functional class. Patients with severe PH in COPD
showed hemodynamic impairment similar to that of
patients with IPAH, whereas patients with moderate PH
in COPD showed—per definition—lower mPAP, PVR,
and preserved cardiac index.

Table 2 summarizes the use of PH drugs at baseline:
most of the patients with PH in COPD initially were
treated with oral monotherapy (mainly

phosphodiesterase-5 inhibitors [PDE-5i]) whereas in

680 Original Research

[ 160#2 CHEST AUGUST 2021 ]


http://www.clinicaltrials.gov
http://www.COMPERA.org
http://ClinicalTrials.gov

6,508 excluded:
228 age < 18 years
2,282 non-IPAH PAH
66 PVOD

[ 10,165 patients enrolled

—

A

1,066 PH-LHD
811 non-COPD PH-Lung
1,762 CTEPH
293 PH with multifactorial
mechanisms

844 excluded:

3,657 patients with IPAH or |
COPD |

2,813 incident cases
(inclusion within 6 months

305 patients enrolled before
01.01.2009
539 prevalent cases

519 not eligible:

of diagnosis)

|

2,294 incident cases with
mPAP > 21 mm Hg
(and PVR > 3 WU)

246 violating hemodynamic
criteria
199 incomplete hemodynamic
values
74 no right heart catheter

!

1,323 excluded:

487 > 3 risk factors
13 risk factors n.a.

137 atrial fibrillation

251 FEV4 < 70%pred.

435 FEV4 n.a.

1,812 IPAH

107 excluded:
81 FEV, > 70%pred.
26 FEV, n.a.

482 COPD

[ 375 COPD (FEV, < 70%pred) ]

!

489 IPAH

(< 3 risk factors,
no atrial fibrillation,
FEV, > 70%pred.

307 COPD, severe PH
(mPAP > 35 mm Hg or
mPAP > 25 mm Hg and
Cl < 2 L/min/m?)

68 COPD, moderate PH
(mPAP 25-34 mm Hg or
mPAP 21-24 mm Hg and
PVR = 3 WU)

Figure 1 - Flow chart showing patient selection from the COMPERA database. CI = cardiac index; CTEPH = chronic thromboembolic pulmonary
hypertension; IPAH = idiopathic pulmonary arterial hypertension; LHD = left heart disease; mPAP = mean pulmonary arterial pressure; n.a. = not
assessed; PAH = pulmonary arterial hypertension; PH = pulmonary hypertension; PVOD = pulmonary venoocclusive disease; PVR = pulmonary

vascular resistance; WU = Wood units.

patients with IPAH, monotherapy was less common,
with a higher proportion of patients receiving
endothelin receptor antagonists.

Treatment discontinuations were more frequent in the
moderate PH in COPD group (7/64 [10.9%]) than in the
IPAH group (27/410 [6.6%]) and the severe PH in
COPD group (15/288 [5.2%]). In patients with IPAH,
63% of discontinuations were the result of lack of
tolerability and 7% were the result of efficacy failure; in
patients with severe PH in COPD, lack of tolerability
and efficacy failure accounted for 47% and 47%,
respectively, of drug discontinuations. In patients with
moderate PH in COPD, the respective numbers were
29% and 57%.

Transplant-Free Survival

At least one follow-up documentation was available for
410 patients with IPAH (84%) and 352 patients (288
with severe PH and 64 with moderate PH) with PH in
COPD (94%). During follow-up, 102 deaths (24.9%) and
six lung transplantations (1.5%) occurred in the IPAH
group and 161 deaths (45.7%) and four lung
transplantations (1.1%) occurred in the PH in COPD
group. In the severe PH in COPD group, 141 deaths
(49.0%) and four lung transplantations (1.4%) occurred.
In the moderate PH in COPD group, 20 deaths (31.3%)
and no lung transplantations occurred. Estimated
transplant-free survival probabilities at 1, 3, and 5 years
in the IPAH group were 94%, 74%, and 57%, which was
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TABLE 1 | Demographic and Baseline Characteristics of the Patients in the Study

PH in COPD
Characteristic IPAH (n = 489) COPD (n = 375) P Value Moderate (n = 68) Severe (n = 307) P Value
Female sex 308 (63) 153 (41) < .001 34 (50) 119 (39) .102
Age, ¥y 61.7 £ 17.9 68.4 +£9.2 <.001 68.5 + 8.4 68.4 £ 9.3 .96
6MWD, m 326 + 133 247 + 110 < .001 282 + 111 239 + 108 .008
BMI, kg/m? 27.1+5.9 26.2 + 6.1 .027 25.8 £ 5.6 26.2 £6.2 .62
WHO FC < .001 .002
I 1(0.2) 0 0 0
II 86 (18) 10 (3) 3(4) 7 (2)
III 331 (68) 260 (69) 57 (84) 203 (66)
v 43 (9) 87 (23) 5(7) 82 (27)
Unknown 28 (6) 18 (5) 3 (4) 15 (5)
Lung function tests
TLC, % predicted 98 + 16 107 + 24 < .001 108 + 25 106 + 24 .66
FVC, % predicted 93 + 16 67 + 21 < .001 69 + 21 67 + 21 .64
FEV,, % predicted 90 + 15 45 + 14 < .001 46 + 14 45 + 14 .60
Dico, % predicted 55 + 22 30 £ 15 < .001 31+ 15 29 +£ 15 41
Arterial blood gases (room air values only)
Pao,, mm Hg 70 + 26 55+ 10 < .001 55+9 54 + 10 .65
Paco,, mm Hg 33+6 41 +9 <.001 42 +8 41 +9 .36
Right heart catheter
RAP, mm Hg 7.2+4.3 7.7 £ 4.6 .13 5.3+ 3.6 8.3 +4.6 <.001
mPAP, mm Hg 46 + 13 40 + 10 < .001 30+ 3 43 + 10 < .001
PAWP, mm Hg 8.7+3.4 9.4 +£3.3 .001 8.4+ 3.9 9.7 +£ 3.2 .018
PVR, Wood units 10.5+ 5.4 7.7 £ 3.2 < .001 5.1+ 2.6 8.3+ 3.0 < .001
Cardiac index, L/min/m? 2.2+ 0.6 2.3+0.7 .001 2.7 £ 0.5 2.3+0.7 < .001
Sv0,, % 63+9 64 + 8 .036 68 + 6 63+9 < .001
Laboratory results
BNP, pg/mL 299 (84-578) 111 (39-311) .004 60 (26-178) 120 (44-489) .023
NT-proBNP, pg/mL 1,263 (455-3,187) 1,157 (378-2,830) .31 487 (158-1,235) 1,395 (454-3,043) < .001

[ T¢0C LSNONVY LSIHD C#09T ]

Data are presented as No (%), mean == SD, or median (interquartile range), unless otherwise indicated. BMWD = 6-min walking distance; BNP = brain natriuretic peptide; Dico = diffusing capacity of the lung for
carbon monoxide; IPAH = idiopathic pulmonary arterial hypertension; mPAP = mean pulmonary arterial pressure; NT-proBNP = N-terminal fragment of pro-brain natriuretic peptide; PAWP = pulmonary arterial
wedge pressure; PH = pulmonary hypertension; PVR = pulmonary vascular resistance; RAP = right atrial pressure; SvO, = mixed venous oxygen saturation; TLC = total lung capacity; WHO FC = World Health
Organization functional class.



TABLE 2 | PH Drug Treatment Within 3 Months After Diagnosis

PH in COPD
IPAH PH in COPD Moderate Severe
Therapy at Inclusion (n = 489) (n = 375) P Value (n=68) (n = 307) P Value
ERA monotherapy 52 (11) 10 (3) < .001 1(2) 9 (3) .70
PDE-5i monotherapy 253 (52) 346 (92) < .001 62 (91) 284 (93) .80
PCA monotherapy 0 3 (1) .081 1(1) 2 (1) .45
Other monotherapy® 45 (9) 3(1) < .001 0 3(1) 1.00
ERA + PDE-5i 92 (18) 4 (1) < .001 0 4 (1) 1.00
Other double-combination 29 (6) 8(2) .006 3(4) 5(2) .16
therapies
Triple-combination therapy 18 (4) 1(0.3) .001 1(2) 0 .18

Data are presented as No. (%), unless otherwise indicated. ERA = endothelin-receptor antagonist; IPAH = idiopathic pulmonary arterial hypertension;
PCA = prostacyclin analog; PDE-5i = phosphodiesterase-5 inhibitor; PH = pulmonary hypertension.
Includes soluble guanylate cyclase stimulators (IPAH 2.7%, COPD 0.5%) and calcium channel blockers (IPAH 6.5%, COPD 0.3%).

significantly better than the respective transplant-free
survival rates in the PH in COPD group (86%, 55%, and
38%; P < .001). The difference in transplant-free
survival remained statistically significant when adjusted
for age and sex (P = .004). When censoring patients
who discontinued PH therapy, the results remained
similar: survival rates at 1, 3, and 5 years were 95%, 75%,
and 57% in the IPAH group and 86%, 56%, and 39% in
the PH in COPD group, respectively (P < .001) (e-Fig
1). Comparing the transplant-free survival rates between
the two PH in COPD groups, patients with severe PH in
COPD experiences worse outcomes than patients with
moderate PH in COPD, with estimated survival
probabilities at 1, 3, and 5 years of 84%, 52%, and
36% compared with 95%, 68%, and 49%, respectively
(P = .009) (Fig 2). These differences remained
statistically significant when patients were censored at
the time of treatment discontinuation: survival rates
were 94%, 68%, and 47% in the moderate PH in COPD
group and 84%, 53%, and 38% in the severe PH in
COPD group, respectively (P = .018) (e-Fig 1).

In the univariate Cox regression analysis, baseline
variables associated with transplantation or death in
those with PH in COPD were higher age, low 6MWD,
high mPAP, high PVR, and high NTpro-BNP (Table 3).
In the multivariate approach, male sex, low 6MWD, and
high PVR remained associated independently with
transplant-free survival; however, sex and PVR were
statistically significant only in the imputed multivariate
model, not in the original multivariate model, the latter
based on much smaller numbers of patients (Table 4).

Response to Therapy and Survival

At follow-up, 6MWD was available in for 209 patients
with IPAH (42.7%) and 160 patients with PH in COPD

(42.7%). WHO FC assessment was collected for 285
patients with IPAH (58.3%) and for 246 patients with
PH in COPD (65.6%). The frequency of 6MWD
improvement of = 30 m from baseline was similar in the
PH in COPD group compared with the IPAH group
(46.9% vs 52.6%; P = .294), with considerable
differences between the severe PH in COPD group and
the moderate PH in COPD group (51.6% vs 31.6%; P =
.04). WHO FC improved by = 1 class in 35.8% of
patients with IPAH and in 28.5% of patients with PH in
COPD (P = .078), with no difference based on
traditional statistical thresholds in severe PH in COPD
compared with moderate PH in COPD (30.4% vs 19.0%;
= .188).

Associated with a response to therapy in the PH in
COPD group were a low 6MWD and a high WHO FC at
baseline, whereas pulmonary function and
hemodynamics did not differ between responders and
nonresponders. In the IPAH group, younger age, higher
Drco, higher mPAP, lower PCo,, and higher WHO FC
were associated with response to therapy (e-Table 1).

Stratifying the patients with PH in COPD based on
clinical response at 6 months, we found that patients
who met the criteria of a clinical improvement
experienced a better transplant-free survival than
patients who did not meet this criterion (Fig 3A). This
observation was restricted to patients with severe PH in
COPD (Fig 3B, 3C).

Discussion

The present study describes the characteristics and
outcome of patients with PH in COPD treated with
medications approved for PAH. Our results show that
patients with PH in COPD achieved a worse clinical
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Figure 2 - A, B, Kaplan-Meier plots showing 5-year survival free from lung transplantation of patients with IPAH and PH in COPD (A) and severe and
moderate PH in COPD (B). IPAH = idiopathic pulmonary arterial hypertension; PH = pulmonary hypertension.

status and a lower transplant-free survival than patients
with IPAH, despite similar hemodynamic impairment.
The risk of transplantation or death in patients with PH
in COPD was not related to the degree of airflow
obstruction, but rather to male sex, low 6MWD, and
high PVR. Patients with severe PH in COPD achieved
worse outcomes than patients with moderate PH in
COPD, providing evidence that the distinction between
moderate and severe PH in COPD, as proposed during
the latest PH world symposium, has clinical relevance.’
In addition, our data raise the possibility that some
patients with severe PH in COPD may benefit from
treatment with PAH medications.

The COPD population in the present series consisted
mainly of patients with severe PH. The hemodynamic
profile of these patients was similar to that of patients
with IPAH. These findings suggest the presence of a
severe pulmonary arteriopathy.'®

Despite similar hemodynamic impairment, patients with
severe PH in COPD showed a worse effort tolerance and
worse prognosis than patients with IPAH, even when

adjusted for age and sex. The mortality rate was around
12% per year in patients with severe PH in COPD, that

is, about twice the observed mortality rate in the IPAH
population. These findings are in line with previous

13,19,20 .
It remains unclear whether the

observations.
survival differences between these entities result from
differences in the underlying diseases, comorbidities, or

different treatment patterns.

These observations underscore the need for better
treatment options in patients with PH in COPD. Drugs
approved for the treatment of PAH have been explored
in patients with PH in COPD, but with inconsistent and
mostly negative results. Bosentan, an endothelin
receptor antagonist, not only failed to improve exercise
capacity, but also caused a deterioration in gas exchange
and functional status in patients with advanced COPD
and mild PH.? In a similar population, tadalafil, a PDE-
5i, showed no effect on effort capacity and quality of
life.'"" In a dose comparison study evaluating the acute
hemodynamic effects of sildenafil, another PDE-5i,
Blanco and colleagues” showed a significant reduction
in mPAP at rest and during exercise with an impairment
of gas exchange at rest, but not during exercise. In two
other studies in patients with COPD with borderline or
mild PH, sildenafil failed to demonstrate an
improvement in effort capacity.'®*>*’
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TABLE 3 | Univariate Cox Regression Model of Predictors for Death or Lung Transplantation in the PH in COPD
Cohort for the Original Data and the Multiple Imputed Dataset

Original Data Pooled Imputed Dataset (n = 351°)
Variable Risk Ratio (95% CI) P Value Risk Ratio (95% CI) P Value Imputed Values
6MWD, per 10 m 0.97 (0.96-0.99) < .001 0.97 (0.96-0.98) < .001 22.4
Age at inclusion, per 5y 1.11 (1.02-1.21) .011 1.11 (1.02-1.21) .011 0.0
BMI, per 1 kg/m? 0.97 (0.94-0.995) .022 0.98 (0.96-1.01) .165 8.5
Cardiac index, per 0.5 L/min/m? 0.89 (0.80-0.99) .040 0.91 (0.82-1.01) .075 7.4
Dico, per 10% predicted 0.88 (0.77-1.01) .073 0.88 (0.78-1.00) .055 38.9
FEV,, per 10% predicted 0.98 (0.88-1.10) 772 0.98 (0.88-1.10) 772 0.0
NT-proBNP, log10 transformed 1.50 (1.09-2.06) .012 1.37 (1.02-1.82) .035 43.2
WHO FC (reference, II) .207 4.5
111 1.84 (0.59-5.78) .296 1.94 (0.61-6.21) .262 4.5
v 2.27 (0.71-7.24) .166 2.46 (0.76-7.96) 135 4.5
PVR, per 1 Wood unit 1.07 (1.03-1.11) .001 1.07 (1.03-1.11) .001 4.5
RAP, per 3 mm Hg 1.07 (0.98-1.17) .108 1.07 (0.98-1.17) .120 5.4
mPAP = 35 mm Hg 1.39 (1.02-1.90) .038 1.39 (1.02-1.90) .038
Male sex 1.19 (0.89-1.58) .236 1.19 (0.89-1.58) .236

Data are presented as percentage, unless otherwise indicated. BMWD = 6-min walking distance; Dico = diffusing capacity of the lung for carbon monoxide;
mPAP = mean pulmonary arterial pressure; NT-proBNP = N-terminal fragment of pro-brain natriuretic peptide; PVR = pulmonary vascular resistance;
RAP = right atrial pressure; WHO FC = World Health Organization functional class.
20ne patient was censored before the first event (death).

A main drawback of these studies is that most of the
enrolled patients had mild or moderate PH. Thus, it may
not be surprising that PH-targeted therapy did not result in
improvement in hemodynamics or exercise capacity. In
fact, in a study that included only patients with severe PH in

COPD, sildenafil demonstrated significant improvements

in hemodynamics and BM]I, airflow obstruction, dyspnea,
and exercise capacity in COPD index without significant
deterioration in Pao, compared with placebo."

In the present series, most of the patients in the PH in

COPD cohort were treated with PDE5-i. After 6 months,

TABLE 4 | Multivariate Cox PH Regression Model of Predictors for Death or Lung Transplantation in the PH in COPD
Cohort for the Original Data and the Multiple Imputed Data Set

Original Data (n = 211) Pooled Imputed (n = 3517

Variable Risk Ratio (95% CI) P Value Risk Ratio (95% CI) P Value
6MWD, per 10 m 0.96 (0.94-0.98) .001 0.97 (0.95-0.98) < .001
Age at inclusion, per 5y 1.07 (0.96-1.19) .244 1.08 (0.98-1.18) .106
BMI, per 1 kg/m? 0.96 (0.92-0.99) .019 0.97 (0.94-1.00) .060
Cardiac index, per 0.5 L/min/m? 0.93 (0.79-1.10) .388 1.03 (0.91-1.17) .630
FEV;, per 10% predicted 1.02 (0.88-1.19) .754 0.97 (0.86-1.10) .669
WHO FC (reference, II)

111 0.61 (0.13-2.82) .529 1.40 (0.40-4.91) .594

v 0.44 (0.08-2.28) .327 1.33 (0.37-4.81) .666
PVR, per 1 Wood unit 1.05 (0.97-1.14) .198 1.06 (1.00-1.12) .042
RAP, per 3 mm Hg 0.99 (0.87-1.12) .852 1.06 (0.96-1.17) .275
mPAP = 35 mm Hg 1.17 (0.72-1.89) .530 1.18 (0.82-1.70) .366
Male sex 1.40 (0.95-2.05) .092 1.54 (1.12-2.11) .008

6MWD = 6-min walking distance; mPAP = mean pulmonary arterial pressure; PH = pulmonary hypertension; PVR = pulmonary vascular resistance;
RAP = right atrial pressure; WHO FC = World Health Organization functional class.

For number of imputed values, see Table 3.
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Figure 3 — A-C, Kaplan-Meier plots showing 5-year survival free from lung transplantation of patients with PH in COPD with and without treatment
response defined as improvement in WHO FC or 6MWD = 30 m at 6 months: total (A), patients with severe PH (B), and patients with moderate PH
(C). MWD = 6-min walking distance; PH = pulmonary hypertension; WHO FC = World Health Organization functional class.

46.9% of the patients showed improvement in 6MWD These numbers compared well with the present IPAH
of = 30 m, and 28.5% showed an improvement in WHO cohort and are consistent with the abovementioned data
FC (16.2% showed improvements in both criteria). from Vitulo and colleagues.'”
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Another potentially relevant finding of the present study
is the observed association of a clinical response to PH
therapy and transplant-free survival in patients with
severe PH in COPD. Our results suggest that patients
with severe PH in COPD with a clinical response to PH-
targeted therapy (herein identified arbitrarily as an
improvement in 6MWD of = 30 m or improvement in
WHO FC) achieved a better transplant-free survival
compared with patients who did not meet this responder
criterion. Of note, this observation was restricted to the
subgroup of patients with severe PH in COPD. In
addition, patients with moderate PH in COPD showed a
higher rate of PH drug discontinuations compared with
patients with severe PH in COPD or IPAH. These
aspects may be of potential relevance when designing
future trials in this patient population.

Our findings are in line with previous observations by
Hurdman and colleagues'” in a series of 43 patients with
severe PH in COPD. In that study, a decline in PVR of
> 20% or improvement in WHO FC after initiation of
PH drugs identified patients with a better survival
compared with patients who did not respond. Taken
together, these observational experiences suggest that
some patients with severe PH in COPD may benefit
from drug therapy targeting PH and support the need
for randomized controlled trials in this area.

Study Limitations

The main limitations of the present study are related to
the intrinsic nature of a registry and include lack of

standardized assessment of the lung disease, missing
values for some variables, and lack of systematic
assessment of hemodynamics and blood gases during
follow-up. Only a limited number of PFT data were
captured in the electronic database, and data on imaging
were not available, so we cannot exclude the possibility
that some patients were misclassified. In addition, none
of the patients with PH in COPD received no medical
therapy targeting PH. Hence, the study had no control
group and selection bias cannot be excluded. In terms of
efficacy of medical interventions, registry data have to be
viewed as hypothesis generating. As such, our data do
not provide evidence that PH drugs are beneficial in
patients with PH in COPD, and they are not intended to
encourage physicians to use these drugs outside the
setting of clinical trials.

Interpretation

In the present series, patients with PH in COPD had a
poorer prognosis than patients with IPAH. The risk of
death in patients with PH in COPD was predicted by
male sex, a low 6MWD, and high PVR. Our data suggest
that PH-targeted drug therapy in patients with COPD
and severe PH may improve exercise tolerance and
WHO FC in a subgroup of patients and that patients
with COPD and PH who respond to therapy may have a
better prognosis than patients who do not show clinical
improvement. These findings need to be explored
further in prospective, randomized controlled clinical
studies.

chestjournal.org

687



http://chestjournal.org

Acknowledgments

Author contributions: C. D. V., M. M. H,,
and E. G. are the guarantors of the content of
the manuscript, including the data and
analysis. C. D. V., M. Held,, E. G., D. P, and
D. H. contributed to the conception of the
work, had full access to all of the data in the
study, and take responsibility for the integrity
of the data and the accuracy of the data
analysis, including and especially any adverse
effects. N. B,, K. M. O,, H. A. G., M. Held., H.
K, T.L,S.R, D.D, R. B, M. C, M. Halank.,
A.V-N,D.S,R E,].S.R.G, M. D, A.S,
G.C,S. U, C. O,H K, and O. D.
contributed substantially to the study design,
data acquisition, analysis and interpretation.
All authors contributed substantially to the
writing of the manuscript, have read and
approve the manuscript, and agree to be
accountable for all aspects of the work in
ensuring that questions related to the
accuracy or integrity of any part of the work
are investigated appropriately and resolved.

Financial/nonfinancial disclosures: The
authors have reported to CHEST the
following: C. D. V. has received fees for
serving as a speaker, consultant, and an
advisory board member from the following
companies: Acceleron, Actelion, Bayer,
Dompe, GSK, Janssen, MSD, Pfizer, and
United Therapeutics. M. M. H. has received
speaker fees, honoraria, or both for
consultations from Acceleron, Actelion,
Bayer, Janssen, MSD, and Pfizer. D. H. has
received travel compensation from Actelion,
Boehringer-Ingelheim, and Shire. D. P. has
received fees for consultations from Actelion,
Aspen, Biogen, Bayer, Boehringer Ingelheim,
Johnson & Johnson, Novartis, Daiichi
Sankyo, Sanofi, and Pfizer. N. B. received
speaker fees from Bayer/MSD and Actelion/
Janssen. K. M. O. has received speaker fees
from Actelion, Bayer, and Lilly. H. A. G. has
received honorariums for consultations,
speaking at conferences, or both from Bayer
HealthCare AG, Actelion, Encysive, Pfizer,
Ergonex, Lilly, and Novartis. He is member of
advisory boards for Bayer HealthCare AG,
Pfizer, GSK, Actelion, Lilly, Merck, Encysive,
and Ergonex. He also has received
governmental grants from the German
Research Foundation (DFG), Excellence
Cluster Cardiopulmonary Research (ECCPS),
State Government of Hessen (LOEWE), and
the German Ministry for Education and
Research (BMBF). M. Held has received
speaker fees and honoraria for consultations
from Actelion, Bayer, Boehringer Ingelheim
Pharma, Encysive, Glaxo Smith Kline, Lilly,
Janssen, Novartis, Pfizer, Nycomed, Roche,
and Servier. H. K. has received speaker fees
and honoraria for consultations from
Actelion, Bayer, GSK, Lilly, Novartis, Pfizer,
and United Therapeutics and research grants
from Actelion. T. J. L. has received speaker
fees, honoraria for consultations, and
research funding from Actelion, Acceleron
Pharma, Bayer, GSK, Janssen-Cilag, MSD,
and Pfizer. S. R. has received honoraria for
lectures, consultancy, or both from Actavis,
Actelion, Bayer, GSK, Lilly, Novartis, Pfizer,
and United Therapeutics. D. D. declares

honoraria for lectures, consultancy, or both
from Actelion, Bayer, GSK, Novartis, Pfizer,
and Servier; participation in clinical trials for
Actelion, Bayer, GSK, and Novartis; and
research support to his institution from
Actelion. R. B. has received fees from GSK,
UT, Dompe, Bayer, Ferrer, MSD, and AOP
Orphan Pharmaceuticals. M. C. has received
fees for consulting from GSK and speaker
fees from Bayer and Pfizer. M. Halank has
received speaker fees and/or honoraria for
consultations from Acceleron, Actelion,
AstraZeneca, Bayer, BayerChemie, GSK,
Janssen, MSD and Novartis. A. V.-N. reports
receiving lecture fees from Actelion, Bayer,
GlaxoSmithKline, Lilly, and Pfizer; serves on
the advisory board of Actelion and Bayer;
and serves on steering committees for
Actelion, Bayer, GlaxoSmithKline, and Pfizer.
D. S. received fees for lectures, consulting,
research support, or a combination thereof to
his institution from Actelion, Bayer, GSK,
and Pfizer. R. E. has received speaker fees and
honoraria for consultations from Actelion,
Bayer, GSK, Lilly, Novartis, Pfizer, and
United Therapeutics. J. S. R. G. has received
speaker fees and honoraria for consultations
from Acceleron, Actelion, Bayer, Complexa,
GSK, MSD, Pfizer, and United Therapeutics.
M. D. has received investigator, speaker,
consultant, or steering committee member
fees from Actelion, Aventis Pharmaceuticals,
Bayer, Eli Lilly, Encysive, Gilead (Myogen),
GlaxoSmithKline, Nippon Shyniaku,
Novartis, Pfizer, Schering, and United
Therapeutics; educational grants from
Actelion, GlaxoSmithKline, Pfizer, and
Therabel; and research grants from Actelion,
Pfizer, and GlaxoSmithKline. She is holder of
the Actelion Chair for Pulmonary
Hypertension and of the GSK chair for
research and education in pulmonary
vascular pathology at the Catholic University
of Leuven. J. C. has received fees for
consultancies and lectures from Actelion,
Bayer, GSK, United Therapeutics, and Pfizer
as well as equipment and educational grants
from Actelion. C. O. has received speaker fees
and honoraria for consultations from
Actelion, Bayer, GSK, Lilly, Novartis, and
Pfizer. H. K. has received honoraria for
lectures, consultancy, or both from Actelion-
Janssen, Amicus Therapeutics, and Bristol
Meyers Squibb. O. D. has or had consultancy
relationships, has received research funding
(last 3 years), or both from AbbVie, Actelion,
Acceleron Pharma, Amgen, AnaMar, Baecon
Discovery, Blade Therapeutics, Bayer,
Boehringer Ingelheim, Catenion, Competitive
Corpus, Drug Development International
Ltd, CSL Behring, ChemomAb, Ergonex,
Galapagos NV, Glenmark Pharmaceuticals,
GSK, Horizon (Curzion) Pharmaceuticals,
Inventiva, Italfarmaco, iQone, iQvia, Kymera
Therapeutics, Lilly, medac, Medscape,
Mitsubishi Tanabe Pharma, MSD, Novartis,
Pfizer, Roche, Sanofi, Target Bio Science, and
UCB in the area of potential treatments of
scleroderma and its complications including
PH. In addition, he has a patent mir-29 for
the treatment of systemic sclerosis issued
(US8247389, EP2331143). E. G. has received
honoraria for consultations, speaking at

conferences, or both from Bayer/MSD,
Actelion/Janssen, GWT-TUD, and OMT/
United Therapeutics. None declared (A. S.).

Role of sponsors: The sponsor had no role in
the design of the study, the collection or
analysis of the data, or the preparation of the
manuscript.

Other contributions: H. J. Seyfarth, MD,
Abteilung Pneumologie, Department
Innere Medizin, Neurologie und
Dermatologie, Universitatsklinikum Leipzig
AG6R; H. Wirtz, MD, Abteilung
Pneumologie, Department Innere Medizin,
Neurologie und Dermatologie,
Universitdtsklinikum Leipzig A6R; A.
Weiss, MD, Universities of Giessen and
Marburg Lung Center (UGMLC), member
of the German Center for Lung Research
(DZL), Giessen, Germany; H. Wilkens,
MD, Universititsklinikum des Saarlandes,
Innere Medizin V, Homburg, Germany; R.
Ochiel, MD, Department of Cardiology,
Royal Free London NHS Foundation Trust,
London, UK; S. Konstantinides, MD,
Center for Thrombosis and Hemostasis
(CTH), University Medical Center Mainz,
Mainz, Germany; I. Tsagkaris, MD,
Attikon University Hospital, 2nd Critical
Care Department, Chaidari, Athens,
Greece; T. Kohler, MD,
Universitdtsklinikum Freiburg,
Medizinische Klinik, Abteilung
Pneumologie, Freiburg, Germany; H.
Kabitz, MD, Gemeinniitzige
Krankenhausbetriebsgesellschaft Konstanz
mbH, Medizinische Klinik II, Konstanz,
Germany; C. Neurohr, MD, Medizinische
Klinik und Poliklinik V, Klinikum
Groflhadern der LMU, Miinchen; L. Bruch,
MD, Unfallkrankenhaus Berlin, Klinik fiir
Innere Medizin, Berlin, Germany; C. Opitz,
MD, Department of Cardiology, DRK
Kliniken Berlin Westend, Berlin, Germany;
L. Scelsi, MD, Fondazione IRCCS
Policlinico San Matteo University of Pavia,
Pavia, Italy; E. Jureviciene, MD, Faculty of
Medicine of Vilnius University, Referal
Centre of Pulmonary Hypertension,
Vilnius University Hospital Santaros
Klinikos, Vilnius, Lithuania; and I. Michel-
Behnke, MD, Department of Pediatrics and
Adolescent Medicine, Division of Pediatric
Cardiology, Pediatric Heart Center,
Medical University of Vienna, Vienna,
Austria.

Additional information: The e-Figure and e-
Table can be found in the Supplemental
Materials section of the online article.

References

1. Vizza CD, Lynch JP, Ochoa LL,
Richardson G, Trulock EP. Right and left
ventricular dysfunction in patients with
severe pulmonary disease. Chest.
1998;113(3):576-583.

2. Scharf SM, Igbal M, Keller C, Criner G,
Lee S, Fessler HE. Hemodynamic
characterization of patients with severe
emphysema. Am ] Respir Crit Care Med.
2002;166(3):314-322.

688 Original Research

[ 160#2 CHEST AUGUST 2021 ]


http://refhub.elsevier.com/S0012-3692(21)00272-5/sref1
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref1
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref1
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref1
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref1
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref2
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref2
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref2
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref2
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref2

10.

11.

. Chaouat A, Bugnet AS, Kadaoui N, et al.

Severe pulmonary hypertension and
chronic obstructive pulmonary disease.
Am ] Respir Crit Care Med. 2005;172(2):
189-194.

. Thabut G, Dauriat G, Stern JB, et al.

Pulmonary hemodynamics in advanced
COPD candidates for lung volume
reduction surgery or lung transplantation.
Chest. 2005;127(5):1531-1536.

. Nathan SD, Barbera JA, Gaine SP, et al.

Pulmonary hypertension in chronic lung
disease and hypoxia. Eur Respir J.
2019;53(1):1801914.

. Weitzenblum E, Hirth C, Ducolone A,

Mirhom R, Rasaholinjanahary J,

Ehrhart M. Prognostic value of pulmonary
artery pressure in chronic obstructive
pulmonary disease. Thorax. 1981;36(10):
752-758.

. Cuttica MJ, Kalhan R, Shlobin OA, et al.

Categorization and impact of pulmonary
hypertension in patients with advanced
COPD. Respir Med. 2010;104(12):1877-
1882.

. Andersen KH, Iversen M, Kjaergaard J,

et al. Prevalence, predictors, and survival
in pulmonary hypertension related to
end-stage chronic obstructive pulmonary
disease. ] Heart Lung Transplant.
2012;31(4):373-380.

. Stolz D, Rasch H, Linka A, et al.

A randomised, controlled trial of bosentan
in severe COPD. Eur Respir J. 2008;32(3):
619-628.

Lederer DJ, Bartels MN, Schluger NW,
et al. Sildenafil for chronic obstructive
pulmonary disease: a randomized
crossover trial. COPD. 2012;9(3):268-275.

Goudie AR, Lipworth BJ, Hopkinson PJ,
Wei L, Struthers AD. Tadalafil in patients

12.

13.

14.

15.

16.

with chronic obstructive pulmonary
disease: a randomised, double-blind,
parallel-group, placebo-controlled trial.
Lancet Respir Med. 2014;2(4):293-300.

Vitulo P, Stanziola A, Confalonieri M,
et al. Sildenafil in severe pulmonary
hypertension associated with chronic
obstructive pulmonary disease: a
randomized controlled multicenter
clinical trial. ] Heart Lung Transplant.
2017;36(2):166-174.

Gall H, Felix JF, Schneck FK, et al. The
Giessen Pulmonary Hypertension
Registry: survival in pulmonary
hypertension subgroups. J Heart Lung
Transplant. 2017;36(9):957-967.

Hoeper MM, Huscher D, Ghofrani HA,
et al. Elderly patients diagnosed with
idiopathic pulmonary arterial
hypertension: results from the COMPERA
registry. Int ] Cardiol. 2013;168(2):871-
880.

Galie N, Humbert M, Vachiery JL, et al.
2015 ESC/ERS Guidelines for the
diagnosis and treatment of pulmonary
hypertension: the Joint Task Force for the
Diagnosis and Treatment of Pulmonary
Hypertension of the European Society of
Cardiology (ESC) and the European
Respiratory Society (ERS): Endorsed by:
Association for European Paediatric and
Congenital Cardiology (AEPC),
International Society for Heart and Lung
Transplantation (ISHLT). Eur Heart J.
2016;37(1):67-119.

Simonneau G, Montani D, Celermajer DS,
et al. Haemodynamic definitions and
updated clinical classification of
pulmonary hypertension. Eur Respir J.
2019;53(1):1801913.

17.

18.

20.

21.

22.

Mathai SC, Puhan MA, Lam D, Wise RA.
The minimal important difference in the
6-minute walk test for patients with
pulmonary arterial hypertension. Am |
Respir Crit Care Med. 2012;186(5):428-
433.

Carlsen J, Hasseriis Andersen K,
Boesgaard S, Iversen M, Steinbriichel D,
Bogelund Andersen C. Pulmonary arterial
lesions in explanted lungs after
transplantation correlate with severity of
pulmonary hypertension in chronic
obstructive pulmonary disease. ] Heart
Lung Transplant. 2013;32(3):347-354.

. Hurdman J, Condliffe R, Elliot CA, et al.

Pulmonary hypertension in COPD: results
from the ASPIRE registry. Eur Respir J.
2013;41(6):1292-1301.

Balasubramanian A, Kolb TM,

Damico RL, Hassoun PM,

McCormack MC, Mathai SC. Diffusing
capacity is an independent predictor of
outcomes in pulmonary hypertension
associated with COPD. Chest.
2020;158(2):722-734.

Blanco I, Gimeno E, Munoz PA, et al.
Hemodynamic and gas exchange effects of
sildenafil in patients with chronic
obstructive pulmonary disease and
pulmonary hypertension. Am | Respir Crit
Care Med. 2010;181(3):270-278.

Rietema H, Holverda S, Bogaard H]J, et al.
Sildenafil treatment in COPD does not
affect stroke volume or exercise capacity.
Eur Respir J. 2008;31(4):759-764.

. Blanco I, Santos S, Gea J, et al. Sildenafil to

improve respiratory rehabilitation
outcomes in COPD: a controlled trial. Eur
Respir J. 2013;42(4):982-992.

chestjournal.org

689



http://refhub.elsevier.com/S0012-3692(21)00272-5/sref3
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref3
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref3
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref3
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref3
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref4
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref4
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref4
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref4
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref4
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref5
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref5
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref5
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref5
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref6
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref6
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref6
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref6
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref6
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref6
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref7
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref7
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref7
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref7
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref7
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref8
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref8
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref8
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref8
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref8
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref8
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref9
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref9
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref9
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref9
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref10
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref10
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref10
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref10
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref11
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref11
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref11
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref11
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref11
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref11
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref12
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref12
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref12
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref12
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref12
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref12
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref12
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref13
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref13
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref13
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref13
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref13
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref14
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref14
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref14
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref14
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref14
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref14
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref15
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref15
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref15
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref15
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref15
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref15
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref15
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref15
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref15
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref15
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref15
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref15
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref15
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref16
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref16
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref16
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref16
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref16
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref17
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref17
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref17
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref17
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref17
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref17
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref18
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref18
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref18
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref18
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref18
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref18
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref18
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref18
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref19
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref19
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref19
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref19
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref20
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref20
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref20
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref20
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref20
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref20
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref20
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref21
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref21
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref21
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref21
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref21
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref21
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref22
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref22
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref22
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref22
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref23
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref23
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref23
http://refhub.elsevier.com/S0012-3692(21)00272-5/sref23
http://chestjournal.org

	Pulmonary Hypertension in Patients With COPD
	Take-home Points
	Methods
	Setting and Participants
	Definition of Therapeutic Response
	Statistical Analysis

	Results
	Transplant-Free Survival
	Response to Therapy and Survival

	Discussion
	Study Limitations

	Interpretation
	Acknowledgments
	References


