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6 months. A total of 42 subjects (all male; 68 + 7.6 years old) were randomized to
placebo (N =14) or tadalafil (N = 28). The group imbalance was related to under-
enrollment. Compared to placebo, no significant difference was observed in the
tadalafil group for change from the primary endpoint or change in mean pul-
monary artery pressure or pulmonary vascular resistance from baseline at
6 months. A clinically meaningful improvement was observed in the secondary
endpoint of shortness of breath questionnaire score in the tadalafil versus placebo
group at 6 months. There was no significant difference in major adverse events
between treatment groups, and tadalafil was well tolerated overall. For Veterans
with COPD-PH enrolled in this study, once-daily treatment with tadalafil did not
improve 6-min walk distance or cardiopulmonary hemodynamics although a de-
crease in shortness of breath was observed. Under-enrollment and imbalanced
randomization confound interpreting conclusions from this clinical trial and limit
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INTRODUCTION

Patients with chronic obstructive pulmonary disease com-
plicated by pulmonary hypertension (COPD-PH) are at ele-
vated risk for increased morbidity, including impaired
exercise tolerance and diminished lifespan compared to
COPD patients without PH." Decreased bioavailable levels of
the vasodilator, anti-mitogenic, and anti-fibrotic molecule
nitric oxide (NO) are implicated, in part, in the pathogenesis
of COPD-PH.” The phosphodiesterase type-5 inhibitor
(PDE-5i) drug class, in turn, restores NO signaling and is a
bona fide therapy to improve cardiopulmonary hemody-
namics and outcome in other forms of pulmonary hy-
pertension.” This provides a biological rationale for
considering treatment with PDE-5i pharmacotherapy in
clinical diseases defined by diminished bioavailable NO and
supports our hypothesis that the drug tadalafil is an effective
therapy to mitigate morbidity in COPD-PH.

The Veterans Health Administration is the largest in-
tegrated healthcare system in the United States and includes
a sizeable population of patients with risk factors for COPD
and PH. In the most comprehensive observational right
heart catheterization (RHC) cohort study to date, 42% of all
Veterans diagnosed with PH had COPD." Furthermore, in
line with data from non-Veterans populations,” PDE-5i
therapy use is common in Veterans with COPD-PH.*’
However, organized data on the therapeutic effect of PDE-5i
in COPD-PH Veterans per se are lacking, and a consistent
clinical benefit for this drug class across published clinical
trials in other COPD-PH populations has not been
observed.”” Collectively, these observations suggest that

the generalization of our findings.

exercise capacity, lung disease, pulmonary vascular disease

conducting a prospective randomized clinical trial to clarify
the clinical efficacy and safety of PDE-5i in COPD-PH
Veterans is timely and warranted.

METHODS

This study included patients 40-85 years of age with COPD
based on the following initial spirometry thresholds:
FEV, < 79% predicted and FEV,/FVC < 0.7. The initial he-
modynamic criteria for PH used to enroll patients in this
study were mean pulmonary artery pressure (mPAP)> 30
mmHg, pulmonary vascular resistance (PVR) > 2.5 WU, and
pulmonary artery wedge pressure (PAWP)< 18 mmHg. Pa-
tients with World Symposium Pulmonary Hypertension
Group 1, 2, 4, and 5 as the predominant clinical classification
of PH were excluded. This determination was based on
clinical, hemodynamic data, or echocardiographic data, and
was subject to case adjudication by the study team members.
Patients requiring supplemental oxygen at a rate of
>4L/min, having diffusion capacity of carbon monoxide
<30% predicted, or with baseline 6-minute walk distance
(MWD) < 50 m were excluded. An expanded summary of
the study protocol is available in the Supporting Information.

Study design

This study was a prospective, multicenter, placebo-controlled
randomized clinical trial testing the hypothesis that the
PDE-5i inhibitor tadalafil is safe and improves exercise
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tolerance in COPD-PH. The study period was March 25,
2013 (Institutional Review Board [IRB] approval)—April 10,
2019 (final patient in the trial completed study). The study
enrollment period was June 9, 2014, to February 8, 2018.

The full rationale, study design, and method for
screening subjects have been reported previously,'” and
specific inclusion and exclusion criteria are reproduced
in Table S1. Briefly, eligible patients at the following
Veterans Affairs (VA) institutions were enrolled in the
study: VA Boston Healthcare System, VA Medical Center
Providence, RI, Greater Los Angeles VA Healthcare
System, Atlanta VA Medical Center, and Denver VA
Medical Center. The enrollment, randomization, and
treatment assignment for each patient in each center are
reported in Table S2.

Potential study patients were screened through a
search of the VA echocardiography database, chart re-
view via the electronic medical record (computerized
patient record system), and in-clinic referral from pul-
monary and cardiology ambulatory programs. Patients
with COPD assessed by clinically indicated pulmonary
function test (PFT) within 12 months of randomization
and PH diagnosed by clinically indicated RHC within 6
months of randomization were considered for enroll-
ment. Patients without a recent nuclear ventilation/per-
fusion scan or sleep study were referred for those tests
before randomization, although completion of these
studies was not an enrollment requirement.

Study enrollment and enrollment criteria
modifications

The initial PFT inclusion criteria included forced expiratory
volume in 1s (FEV;)/forced vital capacity ratio <70% and
FEV; <79% predicted. Since PH may accompany mild
COPD, the FEV; < 79% predicted criterion was subsequently
eliminated to expand enrollment. For similar reasons, the
mPAP threshold of >30 mmHg was adjusted to >25 mmHg,
as new empiric information supported a change in the he-
modynamic definition of PH." These changes were approved
by the IRB and the national VA Data and Safety Monitoring
Board (DSMB). The study was discontinued based on the
expiration of funding, as designated by the charter for the
trial by the sponsor.

Randomization

Patients were randomized using a computer-generated al-
gorithm in a 1:1 ratio to treatment with once-daily oral
placebo or tadalafil 40 mg. To accomplish this end, our re-
search pharmacy generated N=5 blocks of medication
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sufficient to treat N = 30 subjects. In this design, each block
was assigned to a specific study site. Patients presenting for
randomization were assigned a number that was determined
chronologically. For example, the first patient within a block
was assigned the number “1,” the second patient presenting
for randomization within a block was assigned the number
“2,” and so forth. Each patient randomization number was
pre-assigned a randomization code (ie., three-digit phrase
consisting of number and letter characters). We observed an
imbalance in placebo versus tadalafil enrollment (14:28, re-
spectively) that was not due to a change in our randomiza-
tion strategy, which remained 1:1 throughout the duration
of the study. The randomization scheme is presented in
Table S3, which demonstrates that under-enrollment was the
primary driver of randomization imbalance.

Study procedures

The study protocol was approved by the IRB at each
participating VA location and the DSMB, both of which
oversaw the trial. Informed consent was obtained from
each patient before any study procedures were performed.
After randomization, but before initiation of the study
drug, subjects were administered a test dose of the study
medication (20 mg of tadalafil or placebo) and observed
for 4h to ensure that blood pressure and oxyhemoglobin
saturation (Sa0,) levels were not affected adversely by the
medication. Patients were evaluated regularly following
the test dose. Medication adherence assessment, clinical
status update, and review of potential adverse events and
side effects were completed in-person or by telephone on
protocol day 3 and months 1, 3, 6, 9, and 12. Safety as-
sessments were designed to monitor a wide range of po-
tential cardiopulmonary, vascular, ocular, and other off-
target effects. However, based on empiric data in prior
studies suggesting that in COPD, pulmonary vasodilation
may promote shunt via increased V/Q mismatch'"'” as
well as the established effect of tadalafil on systemic blood
pressure lowering,"” we focused in particular on the po-
tential for systemic hypotension or worsening hypoxemia
in follow-up encounters. Additional information on safety
monitoring is detailed in Ref. 10.

Study end points

The primary study endpoint was between-group change
in 6-MWD distance from baseline at 12 months. The
secondary endpoints included change from baseline at
6 months for 6-MWD, mPAP, PVR, dyspnea assessed by
the University of California San Diego Shortness of
Breath Questionnaire (UCSD SOBQ), and health-related
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quality of life assessed by the St. George's Respiratory
Questionnaire (SGRQ). The responses to the SGRQ can
be aggregated into a total score and three subscores for
symptoms, activity, and impact domains. Safety para-
meters were measured frequently, as described above.
Each participating site was responsible for recording
serious adverse events, which were tracked through the
common VA electronic health record or by contacting
patients directly.

Statistical methods

A detailed description of the original power calculation
and changes in the power calculations related to adjust-
ments in the study protocol are detailed on pp. 16-17 of
the Supporting Information. Briefly, a sample size of 60
subjects in each treatment condition was anticipated to
result in a general effect size of 0.60 standard deviation
(SD) units corresponding to a change in 6-MWD of
51 m." The study protocol was revised with the goal of
improving trial enrollment, which included a decrease in
the mPAP threshold from >30 to >25mmHg and ex-
panding the clinical profile of Group 3 PH (i.e., the target
clinical phenotype of this study) to include eliminating
the original FEV; <79% enrollment criteria. We also
considered alternative clinical trial data with which to
base our anticipated change in 6-MWD."” Taken
together, these changes led to a predicted enrollment of
25 patients in each group to detect a difference in
6-MWD mean of 69 m using a two-group t-test with a
0.050 two-sided significance level with 80% power.

All data are presented as mean + SD if distributed
normally or median (interquartile range [IQR]) if non-
normally distributed. Comparison between two groups
inclusive of only normally distributed data was per-
formed using the Student's unpaired two-tailed ¢ test; if
data were non-normally distributed, the exact Wilcoxon
nonparametric test was used. For analyses illustrating
the change in 6-MWD for individual patients at different
study timepoints, the signed-rank pair test was used for
comparisons between baseline and 6 months, and the
Kruska-Wallis analysis of variance (ANOVA) was used
for comparisons between baseline, 6 and 12 months. The
Pearson r coefficient is reported for correlation analyses.
Differences between treatment groups for categorical
variables were analyzed using Fisher's exact test. For all
analyses, p <0.05 was considered significant. All avail-
able data were included in the analysis. No imputation or
other statistical strategy was used to account for missing
data, and no adjustments were made for multiple com-
parisons. All statistical analyses were performed using
SAS 9.4 and Origin 9.1.

RESULTS
Clinical profile of the study population

There were N = 3471 patients screened for consideration
in this study (Supporting Information for screening de-
tails), and the overall enrollment rate was 1.4% (N =42)
(Tables S4 and S5). Among the N =42 patients rando-
mized to treatment, there were N =9 and N = 15 patients
in the placebo and tadalafil groups, respectively, with
6-MWD results for analysis at 12 months (Figure 1). The
baseline demographic, clinical and hemodynamic pro-
files of subjects included in analyses at the 12 mo time-
point are presented in Tables 1 and 2. Compared to
placebo, no significant difference was observed among
patients randomized to tadalafil for FEV-1 (1.5+ 0.8 vs.
1.7+ 0.5L, p=0.70), mPAP (33 [27-35] vs. 30 [27-34]
mmHg, p = 0.47), PVR (4.5 [2.8-5.9] vs. 3.9 [3.1-5.5] WU,
p =0.41), or echocardiographic parameters including left
ventricular ejection fraction (60 [55-65] vs. 60 [55-61] %,
p = 0.49), tricuspid annular plan of systolic excursion (2.2
[1.8-2.5] vs. 2.0 [1.6-2.2] cm, p=0.23), and left atrial
diameter (3.4 [3.2-3.8] vs. 4.2 [3.3-4.7] cm, p =0.14).

The effect of treatment on the outcome
measures

Compared to placebo, no significant difference was observed
among patients randomized to tadalafil for the primary
endpoint of change in 6-MWD from baseline at 12 months
(21 [-9 to 40] vs. 17 [—1.7 to 49] m, p =0.65). Failure to
demonstrate a significant benefit by tadalafil on 6-MWD was
likely hindered by insufficient statistical power but did not
appear to be the consequence of individual patient outliers or
a specific subgroup associated with attenuated treatment
response (Figure 2). Additionally, no significant difference
was observed between the placebo and tadalafil treatment
groups for the functional or hemodynamic secondary end-
points of change from baseline at 6 months in 6-MWD (16
[—12 to — 42] vs. 49 [—23 to 45] m, p=0.64), mPAP (0.0
[-3.0 to 5.0] vs. —1.0 [-2.0 to 0.0], p = 0.65), cardiac output
(—0.3 [0.8 - 0.8] vs. 0.4 [—0.7 to 0.5] L/min, p = 0.68), PVR
(—0.3[-0.7 to 0.2] vs. —0.5 [—2.1 to 0.4] WU, or PAWP (—0.5
[-40 to 2.5] vs. 1.0 [-10 to 4.0lmmHg, p=0.15)
(Tables 3, S6, and S7).

Compared to baseline, patients randomized to tadalafil
had within-patient improvement in health-related quality of
life assessed by the SGRQ total score (—8.7 [—17 to 2.8],
p=0.049) and the SGRQ impact score (—11.2 [-22.4
to 4.89], p=0.029) at 6 months, whereas parallel findings
were not observed in patients randomized to the
placebo (SGRQ total score: —1.3 [-9.2 to 7.0], p=0.791;
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FIGURE 1
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Excluded from Trial (N=5)

+ Test dose not completed (N=2)
* Could not perform 6MWD (N=1)
» Medication interaction (N=1)

« Study withdraw (N=1)

| Received Tadalafil (N=23) |

4’| - Study withdraw (N=4)

| 3 Month Visit (N=19) |

| 6 Month Visit (N=19) |

l—.

« Study withdraw (N=1)
« Expired (N=1)

| 9 Month Visit (N=17) |

————————>

« Did not perform
6MWD (N=1)
« Expired (N=1)
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Enrollment, randomization, and follow up. Veterans with chronic obstructive pulmonary disease and pulmonary

hypertension diagnosed by right heart catheterization were considered for enrollment in this study randomizing patients to daily treatment
with placebo or the phosphodiesterase type 5 inhibitor therapy tadalafil (40 mg daily). The primary endpoint was changed in 6-min walk
distance (6-MWD) from baseline at 12 months. Secondary endpoints included change in mean pulmonary artery pressure, pulmonary
vascular resistance, 6-MWD, and dyspnea burden from baseline at 6 months

SGRQ impact score: 4.00 [-9.2 to 10.7], p=0.910).
A similar pattern was observed for dyspnea assessed by the
UCSD SOBQ, which improved significantly at 6 months
compared to baseline in the tadalafil group compared to the
placebo group (—4 [—14 to 7] vs. 12 [-2.0 to 17], p=0.02)
(Table 3). There were no significant changes in SGRQ
symptom or activity score in either group at 6 months.
Based on prior reports suggesting that the salutary
effect of therapies that aim to increase NO bioactivity on
pulmonary artery tone may affect the relationship be-
tween mPAP and PAWP,'* we next explored a potential
pathophysiological basis by which to explain our find-
ings. A post-hoc analysis restricted to the tadalafil group
showed a positive association between change in mPAP
versus the change in PAWP from baseline at 6 months
(r=0.48, p =0.049), which was not observed in patients
randomized to placebo (r=0.06, p = 0.85) (Figure 3).

Study attrition

No significant difference was observed between the tadalafil
(N=19) and placebo (IN=12) groups for time duration be-
tween RHC and day of first study dose (4.6 + 3.8 vs. 3.5+ 4.0
months, p=0.22) and time from first study dose to the

6-month visit (6.3 + 0.5 vs. 6.9 + 0.9 months, p = 0.08) or the
12-month visit (12.3+ 0.6 vs. 124+ 0.6 months, p =0.32)
(Table S8).

At 6 months, N=2 and N =9 patients were excluded or
withdrew from the study in the placebo and tadalafil groups,
respectively, representing 26% of the original study cohort.
Between the 6- and 12-month timepoint, an additional N =2
and N = 4 patients were excluded, withdrew from the study,
or did not have 6-MWD results available for analysis in the
placebo and tadalafil conditions, respectively, representing
38% of the original study cohort in aggregate. An in-
dividualized listing of study withdrawal circumstances is
provided in Table S9. Subjects that withdrew from the study
by 6 months had significantly lower systolic blood pressure
(111 [106-119] vs. 133 [114-146] mmHg, p =0.01) and dia-
stolic blood pressure (70 [58-73] vs. 77 [68-87] mmHg,
p=0.04) compared to the subjects available for analysis at
6 mo (Tables S10 and S11).

Safety endpoints
Study withdrawal after randomization was due to ther-

apy intolerance in N = 3 tadalafil and N =0 placebo pa-
tients (p =0.067); overall, no significant difference was
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TABLE 1 Baseline demographic, hemodynamic, and biochemical characteristics of the study population available for analysis

at the 12-month timepoint

Age (year)

Caucasian race

BMI (kg/m?)

BMI category

Normal (<25)

Overweight (25-30)

Obese (>30)

6MWD (m)

Pulmonary function

FEV, (L)

%-Predicted FEV,

FVC (L)

%-Predicted FVC

FEV,/FVC

DLCO (% predicted)

Sa0, (%)

Hemodynamics

Heart rate (bpm)

SBp (mmHg)

DBp (mmHg)

Systolic PAP (mmHg)

Diastolic PAP (mmHg)

Mean PAP (mmHg)

Mean RAP (mmHg)

PAWP (mmHg)

Cardiac output (L/min)

PVR (WU)

Quality of life measures

SOBQ Score

SGRQ Summary Score
Symptoms Domain Score
Activity Domain Score
Impact Domain Score

Biochemical data

BNP (ng/mL)

Creatinine (mg/dL)

Alanine transaminase (U/L)

Placebo

N

© VW Y YW YW VYV YV VYV VvV © O O v YW VYV WV © O© O WV O

O O v YV ©

Result
66 + 8.5

8 (89)
28.1 (25.0-33.2)

2 (22)
4 (44)
3(33)
297 (210-332)

1.6+0.9
50 + 32
32409
75+25
0.45+0.17
36 (24-53)
96 (93-97)

87 (69-96)
125 (118-140)
80 (71-86)

46 (42-48)

21 (17-27)

33 (27-35)

10 (5-10)

14 (10-17)
5.0 (3.4-5.8)
4.5 (2.8-5.9)

39 (35-51)
59 (36-65)
69 (30-78)
73 (66-87)
47 (19-50)

33 (23-77)
0.9 (0.9-1.1)
17 (15-33)

Tadalafil
N Result
15 69+ 5.9
15 14 (93)
15 30.4 (27.0-31.4)
15

2 (13)

5 (33)

8 (53)
15 254 (174-319)
15 1.7+£0.5
15 52+21
15 3.1+0.7
15 72+ 25
15 0.53 +0.08
15 35 (28-46)
15 94 (93-96)
14 71 (61-86)
14 136 (109-149)
14 71 (68-83)
15 50 (41-57)
15 22 (19-25)
15 30 (27-34)
15 9 (6-10)
15 15 (11-16)
15 4.6 (3.6-5.5)
15 3.9 (3.1-5.5)
15 40 (29-57)
15 54 (39-60)
15 50 (37-65)
15 79 (60-93)
15 30 (16-50)
15 73 (39-100)
15 1.1 (0.8-1.3)
13 18 (15-23)

p value

0.37
1.00
0.65
0.63

0.77

0.70
0.84
0.81
0.71
0.25
0.79

0.43

0.07
0.89
0.43
0.28
0.61
0.47
0.61
0.99
1.00
0.41

0.99
0.73
0.92
0.86
0.82

0.41
0.37
0.88
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TABLE 1 (Continued)
Placebo Tadalafil
N Result N Result p value
Aspartate aminotransferase (U/L) 9 19 (14-26) 14 23 (18-24) 0.65
International normalized ratio 9 1.0 (1.0-1.1) 13 1.1 (1.0-1.1) 0.39
Echocardiographic measurements
LVEF (%) 9 60 (55-65) 15 60 (55-61) 0.49
ePASP (mmHg) 7 42 (24-78) 13 39 (34-51) 0.88
TAPSE (cm) 7 2.2 (1.8-2.5) 14 2.0 (1.6-2.2) 0.23
LA diameter (cm) 8 3.4 (3.2-3.8) 15 4.2 (3.3-4.7) 0.14
IVs (mm) 9 9.2 (9.0-10) 15 9.7 (8.1-11) 0.67
LVEDD (cm) 8 4.7 (4.1-4.9) 15 4.9 (4.0-5.2) 0.49

Note: N is the total number of patients available for analysis. Data are presented as N (%) for categorical variables, mean + SD for continuous variables that are
distributed normally, or median (IQR) for continuous variables that are non-normally distributed.

Abbreviations: 6WMD, 6 min walk distance; BMI, body mass index; DBp, diastolic blood pressure; DLCO, diffusing capacity for carbon monoxide;
ePASP, estimated pulmonary artery pressure derived from the tricuspid regurgitant jet velocity; ERV, expiratory reserve volume; FEV, forced expiratory
volume; FRC, functional residual capacity; FVC, forced vital capacity; IVs, interventricular septum; LA, left atrium; LVEDD, LV end-diastolic dimension;
LVEF, left ventricular ejection fraction; PAP, pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; PVR, pulmonary vascular resistance;
RAP, right atrial pressure; RV, residual volume; SaO,, oxyhemoglobin saturation; SBp, systolic blood pressure; SGRQ, shortness of breath questionnaire;
SGRQ, St. George's Respiratory Questionnaire; TAPSE, tricuspid annular plane systolic excursion; TLC, total lung capacity.

observed in study attrition at 12 months between-groups
(p =0.375). Compared to baseline, no significant change
in SaO, level was observed for either group at 6 or
12 months (Table S12). There were N = 6 (14.2%) patients
that died during the study. Of these, N=5 were rando-
mized to tadalafil although N =3 died before receiving
any tadalafil dose. In the placebo group, there was N=1
death. Overall, there was no significant difference in the
mortality rate between patients randomized to placebo
versus tadalafil (p = 1.0).

Patients randomized to tadalafil were less likely to
experience a COPD exacerbation compared to placebo
(0% vs. 43%, p=0.001). No significant difference was
observed in the rate of other major adverse events
between treatment groups, including hospitalization for
pneumonia or heart failure (Table 4). In the tadalafil
group, new or worsened: itch, dyspnea with exertion, and
cough were reported in N=10 (36%), N =10 (36%), and
N=9 (32%) subjects, respectively. However, these or
other adverse events did not occur at a significantly
greater rate in subjects randomized to tadalafil compared
to placebo (Table S13).

DISCUSSION

In this multicenter randomized placebo-controlled
clinical trial in Veterans with COPD-PH, a benefit by
tadalafil was not observed for the primary endpoint of

change in 6-MWD at 12 months or the secondary
endpoints of change in mPAP and PVR from baseline
at 6 months. Patients randomized to tadalafil had a
significant within-patient decrease in the secondary
endpoint of dyspnea and an improvement in SGRQ
health-related quality of life, including the impact
subscore at 6 mo compared to baseline. These findings
were offset somewhat by our observation that no sig-
nificant differences were reported for these measures
between the treatment groups. Randomization to ta-
dalafil was associated with a trend toward increased
study withdrawal compared to placebo, although no
significant difference was observed for adverse events
between study groups. Overall, tadalafil appeared to be
well-tolerated. Interpreting data from this report re-
quires consideration of numerous methodological
flaws that could have affected our findings.

Prior work focusing on PDE-5i pharmacotherapy in
PH has yielded mixed results, with some studies sug-
gesting a salutary benefit on pulmonary artery pressure'®
and PVR,"” while a consistent signal toward improve-
ment in exercise tolerance or quality of life has not yet
been demonstrated.” Our study expands this experience
in several important ways. First, the current trial fol-
lowed participants for 12 months and included RHC data
criteria for enrollment. This, in turn, provided a unique
opportunity to monitor the clinical effects by tadalafil in
well-phenotyped patients over a longer time period
than reported previously. Second, we did not over-curate
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TABLE 2 Baseline clinical characteristics of the study population available for analysis at the 12-month timepoint

Clinical comorbidities
COPD Gold Grade

1

2

3

4
Supplemental oxygen use
Obstructive sleep apnea
Systemic hypertension
Diabetes mellitus
Pulmonary embolism
Connective tissue disease
Coronary artery disease
Unstable angina, MI, or stroke
Congestive heart failure
Chronic kidney disease
Diagnostic testing history
Sleep study
V/Q scan
COPD medications
Long-acting muscarinic antagonists
Long-acting $-agonists
Inhaled corticosteroids
Short-acting anticholinergics
Short-acting (3-agonists
Oral corticosteroids (chronic)
Other COPD medications
Other medications
Digoxin
Loop diuretic
£ blockers
Warfarin/coumadin
ACE-I/ARB
Calcium channel antagonist

Aldosterone receptor antagonist

OF MARON ET AL.

Placebo Tadalafil
N Result N Result p value
9 15 0.33

1(11) 2 (13)

3(33) 6 (40)

1(11) 5(33)

4 (44) 2(13)
9 5 (56) 15 5(33) 0.40
9 3 (33) 15 4(27) 1.00
9 7 (78) 15 11 (73) 1.00
9 2(22) 15 7 (47) 0.39
9 0(0) 15 1(7) 1.00
9 0 (0) 15 1(7) 1.00
9 1 (11) 15 4(27) 0.61
9 0 (0) 15 1(7) 1.00
9 1 (11) 15 4(27) 0.61
9 0 (0) 15 2(13) 0.51
9 3 (33) 14 6 (43) 1.00
9 4 (44) 15 4(27) 0.41
9 6 (67) 15 13 (87) 0.33
9 5 (56) 15 8 (53) 1.00
9 5 (56) 15 12 (80) 0.36
9 1(11) 15 0 (0.00) 0.38
9 9 (100) 14 12 (86) 0.50
9 0 (0) 14 0 (0) 1.00
9 1(11) 14 2 (14) 1.00
9 2 (22) 14 2 (13) 0.61
9 5 (56) 14 7 (47) 1.00
9 1 (11) 14 6 (40) 0.19
9 1(11) 14 1(7) 1.00
4 1 (25) 12 7 (58) 0.57
5 0 (0) 12 3 (25) 0.51
5 1 (20) 11 0 (0) 0.31

Note: N is the total number of patients available for analysis. Data are presented as N (%) for categorical variables, mean + SD for continuous variables that are

distributed normally, or median (IQR) for continuous variables that are non-normally distributed.

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor antagonist; COPD, chronic obstructive pulmonary disease;

V/Q, ventilation/perfusion nuclear scintigraphy scan.
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FIGURE 2 The trajectory of 6-minute walk distance change from baseline at 6 months and 12 months for individual patients enrolled in
the study. (a) Line series illustrating the absolute 6-minute walk distance (6-MWD) achieved at baseline and at 6 months and (b) at baseline,
6 and 12 months for patients enrolled throughout the study duration. Patients are stratified by the randomization group: daily placebo or

tadalafil 40 mg daily per os

enrollment criteria toward recruiting highly selected (i.e.,
purely) COPD-PH patients. Therefore, this study aimed
to involve a cross-sectional subgroup of patients re-
presentative of the larger cohort encountered commonly
in the VA healthcare systems as a means by which to
improve the applicability of our findings to clinical
practice. Finally, the VA medical centers participating in
the study were geographically dispersed across the Uni-
ted States.

In this study, no significant change in exercise capa-
city measured using 6-MWD was observed in the tada-
lafil group compared to placebo. These findings were
consistent with data indicating that tadalafil did not
affect individual PH hemodynamic parameters known to
be prognostic in PH." Although this study was not de-
signed to monitor the effect of the study interventions on
the interaction between hemodynamic variables, a post-
hoc analysis raised this possibility. Specifically, we ob-
served that rising PAWP through the study period was
associated with a concomitant rise in mPAP, suggesting
that failure of tadalafil to lower mPAP may have been
related to changes in left heart filling pressure. This is
supported indirectly by baseline echocardiography data
indicating a left atrial dimension within the range asso-
ciated with pulmonary venous hypertension (i.e., Group
2 PH) in most tadalafil patients,'® as well as the fact that
we used a PAWP cut-off for study enrollment linked to
abnormal left heart filling pressure and thus unlikely to
be exclusive of precapillary PH.">*’ In turn, these col-
lective findings reinforce accumulating data from cross-
sectional studies implicating greater phenotypic overlap
between lung- and left heart disease-associated PH than
appreciated previously.”'

Treatment with tadalafil was associated with im-
provement in the secondary endpoint of dyspnea and
health-related quality of life assessed using two valid
scales. Specifically, patients in the tadalafil group re-
ported a significant improvement in dyspnea, as assessed
by prespecified analyses using the UCSD SOBQ. The
magnitude of this effect is within the range that is
identified as clinically meaningful (>5 unit) when con-
sidering comparative analyses with other scales that
measure dyspnea burden in COPD (e.g., Borg, etc.),”” and
was akin to benefits reported by COPD patients following
pulmonary rehabilitation.”” Additionally, post-hoc ana-
lyses focusing on the individual-patient change in SGRQ
total score and impact domain subscore showed im-
provement in the tadalafil group, with a clinically
meaningful change in SGRQ total score. Although there
was no significant difference in overall SGRQ Summary
Score between-groups, nor in subscores, treatments that
produce an improvement in SGRQ Summary Score of
4 units are considered significant®’; the median score in
the tadalafil group improved more than this amount,
which appears driven by the Impact Domain subscore.
This, in turn, reflects answers to questions relating to
how patients feel that they are affected by their disease.

These findings suggest that tadalafil use may be
helpful toward achieving a key objective in the man-
agement of patients with chronic respiratory disease and
PH: mitigation of dyspnea and improvement in health-
related quality of life. However, the mechanisms
responsible for this improvement in this study appear
unrelated to changes in PVR, mPAP, or 6-MWD. Further
comparisons studying the effect of tadalafil, prescription
exercise, or a combination thereof on quality of life in
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TABLE 3 Study endpoints
Placebo Tadalafil
Characteristics N A Baseline to 12 months N A Baseline to 12 months p value
6-MWD (m) 9 21 (=9 to 40) 15 17 (—1.7 to 49) 0.65
N A Baseline to 6 months N A Baseline to 6 months

6-MWD (m) 11 16 (—12 to 42) 19 4.9 (—23 to 45) 0.64
mPAP (mmHg) 12 0.0 (—3.0 to 5.0) 17 —1.0 (—2.0 to 0.0) 0.65
PAWP (mmHg) 12 —0.5 (—4.0 to 2.5) 17 1.0 (—1.0 to 4.0) 0.15
CO (L/min) 12 —0.3 (=0.8 t0 0.8) 17 0.4 (—0.7 to 0.5) 0.68
PVR (WU) 12 —0.3 (=0.7 t0 0.2) 17 —0.5 (=2.1 t0 0.4) 0.65
UCSD SOBQ 12 12 (—2.0 to 17) 19 —4.0 (14 to 7.0) 0.02

p =0.206" p =0.199*
SGRQ Summary Score 12 —-1.3 (9.2 to 7.0) 19 —8.7 (—17 to 2.8) 0.31

p=0.791* p = 0.049*
SGRQ Impact Domain 12 4.0 (9.2 to 10.7) 19 —11.2 (—22.4 to 4.9) 0.18
Sl p=0.910* p=0.029%
SGRQ Activity Domain 12 —6.5 (=10.9 to 15.1) 19 —5.0 (—=19.7 to 0.9) 0.87
Subscore p=0.176* p=0.196"
SGRQ Symptoms Domain 12 —0.04 (—14.7 to 9.8) 19 —0.02 (—16.3 to 6.5) 0.74
Subscore p=0.577" p =0.284*

Note: N is the total number of patients available for analysis. Data are presented median (IQR) for continuous variables that are non-normally distributed.

Abbreviations: 6-MWD, 6-min walk distance; CO, cardiac output; mPAP, mean pulmonary artery pressure; PAWP, pulmonary artery wedge pressure;
PVR, pulmonary vascular resistance; SGRQ, St. George's Respiratory Questionnaire; UCSD SOBQ, University of California San Diego Shortness of Breath

Questionnaire

*p values based on within-group analyses.

COPD-PH Veterans seem warranted to clarify these
findings.

No significant difference in the rate of major adverse
events was observed between treatment groups, includ-
ing mortality. However, the mortality rate in the tadalafil
group was notable and greater than what has been re-
ported for other studies focusing on PH from lung
disease.”* This may reflect the lengthy study duration
(1 year), or frailty associated with the study population.
Among the five deaths in the tadalafil group, three oc-
curred before randomization, and two deaths were linked
to events that appear independent from PDE-5i therapy
(pulmonary embolism and following administration of a
drug to treat an unrelated underlying medical condition).
Baseline blood pressure emerged as a potential basis for
withdrawal from this study. Given the known effect of
PDE-5i on systemic blood pressure, this finding may be
useful for stratifying individualized care plans involving
the management of COPD-PH in Veterans. It is notable
also that a decrease in episodes of COPD exacerbations,
reported as adverse events, was observed in patients

randomized to tadalafil compared to placebo. This was
an unexpected finding of uncertain significance but is
nonetheless consistent with anti-inflammatory char-
acteristics of PDE-5i therapies as reported previously in
other pulmonary pathophenotypes.”

Inability to enroll candidate subjects with elevated
pulmonary artery systolic pressure estimated by echo-
cardiography and screened through spirometry assess-
ment was common due to comorbid cardiovascular
disease, particularly left heart failure syndromes with
elevated PAWP discovered on RHC, and underscores a
growing view that isolated COPD-PH is uncommon in
“real-world” populations.”"** In this regard, the relative
and unexpected rarity of isolated COPD-PH limited our
ability to reach our predetermined enrollment goal, de-
spite utilizing 5 PH referral centers. As such, this study
was overall underpowered and, therefore, our results are
vulnerable to type II statistical errors. Further, the study
was not designed to examine diffusing capacity for car-
bon monoxide (DLCO), hypercapnia, or other PFT
measurements shown previously to be important in



PULMONARY CIRCULATION

11 of 13

ulmonary Circulation

(a) r=0.06
g, P=0.85
6 u]
£ 4 o
£ =]
E 2 o
° m]
£ 0 = E—
@ _— [}
o -2 (m}
g o
< -4
o o o
61 o

T2 15 40 5 0 5 10 15
AMPAP 0-6 mo (mmHg)

—
O
~

r=0.48
P=0.049

] - - N
Q. 2 9 o . aq. 2
-]
\
a\
ank)
-
]

APAWP 0-6 mo (mmHg)
s

-15

'20 T T T T T T
20 15 10 -5 0 5 10

AmPAP 0-6 mo (mmHg)

15 20
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wedge pressure in the study cohort. The association between change in mean pulmonary artery pressure (mPAP) versus pulmonary artery
wedge pressure (PAWP) at 6 months from baseline for patients randomized to (a) placebo and (b) tadalafil 40 mg daily per os

TABLE 4 Significant adverse events among randomized patients in this study

Placebo

(N=14)
Fatality” 1(7.1)"
Chest pain/myocardial infarction 1(7.1)
Hospitalization for pneumonia 0 (0)
Hemoptysis 0 (0)
Heart failure 0 (0)
COPD exacerbation 6 (43)
Emergency room visit 3 (21)
Hospitalized overnight for any reason 4 (29)

Tadalafil Fisher's exact
(N =28) p value

5 (18)" 0.65

1(14) 0.65

2(7.1) 0.55

1(3.6) 1.0

1(3.6) 1.0

0 (0) <0.01

8 (29) 0.72

5 (18) 0.45

Abbrevation: COPD, chronic obstructive pulmonary disease.

#Sudden death, presumed cardiovascular (N =1).

bStroke (N = 1), sudden death presumed noncardiovascular (N = 1), deceased before randomization (N = 1), pulmonary embolism (N = 1), respiratory failure
(N=1). Among the N =5 patients randomized to tadalafil that died, N =3 patients died before receiving any study drug. Data are presented as N (%).

subphenotyping pulmonary vascular disease patients
with COPD.”’

Elevated rate of study attrition, asymmetry in en-
rollment by study site, randomization imbalance, and
lengthy time duration between baseline 6-MWD and first
study dose were major limitations to this study and may
have biased our results. A nonpermuted block rando-
mization strategy was selected in this study based on our
original enrollment goals; however, under-enrollment
adversely affected randomization balance in addition to
our statistical power. Had the study been designed with a
drug enrollment goal akin to our actual enrollment po-
pulation, a permuted block randomization strategy
within each stratum would have been a better approach
to randomization. We also note missing data above the
anticipated rate for some clinical parameters. Although

this was not observed for data involving the primary
endpoint, we acknowledge that this limitation, like the
aforementioned others, must be considered when inter-
preting our findings. Although the enrollment criteria
emphasized COPD-PH as the dominant clinical patho-
phenotype, it is possible that patients with mixed PH
from lung and left heart disease were ultimately included
in the study. Additionally, all patients in the study were
male thereby confounding the generalization of our
findings to women or nonveteran patient populations.
In conclusion, this study was not powered adequately
to assess the effect of tadalafil on 6-MWD and hemody-
namic measurements in COPD-PH Veterans, and ran-
domization did not successfully produce groups of equal
size, limiting the interpretation of our findings. None-
theless, among the study population, treatment was
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associated with a within-patient reduction in the
secondary endpoint of dyspnea and improvement in
health-related quality of life that did not translate to
between-group differences. Study withdrawal was asso-
ciated with lower baseline systemic blood pressure. Ta-
dalafil treatment was not associated with a significant
increase in the rate of major adverse events compared to
placebo. It is notable that the overall mortality rate (in-
cluding both treatment conditions) in the study was
elevated, likely reflecting the frailty of this population.
These data do not support the routine use of tadalafil to
improve functional status in COPD-PH; however, future
studies are warranted to assess the effects of treatment on
nonhemodynamic endpoints, such as patient-reported
outcomes, which may clarify the implications of the
current study
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