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Purpose: This phase 1 study (NCT04370873) evaluated safety and pharmacokinetics/pharmacodynamics (PK/PD) of MK-5475 in 
participants with pulmonary hypertension associated with COPD (PH-COPD).
Methods: Eligible participants were 40–80 years old with COPD (FEV1/FVC <0.7; FEV1 >30% predicted) and PH (mean pulmonary 
arterial pressure ≥25 mmHg). Participants were randomized 2:1 to MK-5475 or placebo via dry-powder inhaler once daily for 7 days 
in Part 1 (360 µg) or 28 days in Part 2 (380 µg). Safety was assessed by adverse events (AEs) and arterial blood oxygenation. Part-2 
participants had pulmonary vascular resistance (PVR; primary PD endpoint) and pulmonary blood volume (PBV; secondary PD 
endpoint) measured at baseline and Day 28. A non-informative prior was used to calculate posterior probability (PP) that the between- 
group difference (MK-5475 – placebo) in mean percent reduction from baseline in PVR was less than −15%.
Results: Nine participants were randomized in Part 1, and 14 participants in Part 2. Median age of participants (86.4% male) was 68.5 
years (41–77 years); 95.5% had moderate-to-severe COPD. Incidences of AEs were comparable between MK-5475 and placebo: 
overall (5/14 [36%] versus 5/8 [63%]), drug-related (1/14 [7%] versus 2/8 [25%]), and serious (1/14 [7%] versus 1/8 [13%]). MK- 
5475 caused no meaningful changes in arterial blood oxygenation or PBV. MK-5475 versus placebo led to numerical improvements 
from baseline in PVR (−21.2% [95% CI: −35.4, −7.0] versus −5.4% [95% CI: −83.7, 72.9]), with between-group difference in PVR 
less than −15% and calculated PP of 51%.
Conclusion: The favorable safety profile and numerical reductions in PVR observed support further clinical development of inhaled 
MK-5475 for PH-COPD treatment.
Keywords: pulmonary hypertension, chronic obstructive pulmonary disease, MK-5475, soluble guanylate cyclase stimulator, dry 
powder inhaler, pulmonary vascular resistance

Introduction
Chronic obstructive pulmonary disease (COPD) is an often-debilitating lung disease that can be further complicated by 
pulmonary hypertension (PH).1,2 PH associated with COPD (PH-COPD) leads to greater morbidity, mortality, and 
utilization of healthcare resources than does COPD associated with normal pulmonary pressures.3 The mechanisms by 
which PH arises in the context of COPD are unclear, but the associated pulmonary vascular remodeling is like that seen 
with other PH manifestations,3–9 such as pulmonary arterial hypertension (PAH), including thickening of the pulmonary 
arterial walls, obliteration of the vascular lumen, and elevation of mean pulmonary arterial pressure (mPAP) and 
pulmonary vascular resistance (PVR).
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PH-COPD (World Health Organization [WHO] Group 3 PH) lacks any approved therapeutic treatment.10,11 Despite 
the pathophysiological similarities with PAH (WHO Group 1 PH), the vasodilators used for the treatment of PAH12 have 
not consistently shown efficacy against PH-COPD.5,13–16 Vasodilators like phosphodiesterase type-5 inhibitors (PDE5i) 
and the soluble guanylate cyclase (sGC) stimulator, riociguat, act on the nitric oxide-cyclic guanosine monophosphate 
(NO-cGMP) pathway to increase the production of cGMP, which potentiates tissue relaxation in vascular smooth muscle 
cells.17 Although nonclinical data suggest that targeting the NO-cGMP pathway with PDE5i and sGC stimulators may 
positively affect PH-COPD in animals,18,19 studies of PDE5i and riociguat in patients with PH-COPD have shown mixed 
results.20,21

Another concern with coopting PAH treatment strategies for PH-COPD treatment is the potential for systemic side 
effects of vasodilation, particularly with combination therapy regimens. Systemic vasodilators may inhibit hypoxic 
pulmonary vasoconstriction in poorly ventilated regions of lung tissue in patients with PH-COPD, leading to 
a ventilation/perfusion (V/Q) mismatch and decreased arterial oxygenation.3 New therapeutic approaches are required 
to reduce pulmonary pressures in patients with PH-COPD without inducing systemic side effects.

MK-5475 is an sGC stimulator under investigation for use in individuals with PH-COPD. Unlike riociguat, which is 
administered orally, MK-5475 is formulated for inhaled delivery by a dry powder inhaler (DPI) device. This method of 
inhaled drug administration is designed to deposit MK-5475 directly to the desired site of action—the deep lung tissue— 
thereby avoiding extrapulmonary side effects associated with systemic vasodilation. The preferential deposition of 
inhaled MK-5475 in non-diseased, aerated lung tissue allows for local action on the pulmonary vasculature of healthier 
tissue, potentially improving or maintaining blood oxygenation and reducing V/Q mismatching. The chemical properties 
of MK-5475 related to its oral bioavailability, residence time on sGC, and systemic half-life, combined with its inhaled 
delivery are what make MK-5475 a pulmonary selective vasodilator and promising therapeutic for PH-COPD.

We report the findings of a 2-part, randomized, placebo-controlled, Phase 1 clinical trial (NCT04370873) of multiple- 
dose inhaled MK-5475 administered via DPI once daily for either 7 days (Part 1) or 28 days (Part 2) in participants with 
PH-COPD (Figure 1). Part 1 assessed the safety, tolerability, and plasma PK profiles of inhaled MK-5475 360 μg. Part 2 
assessed the safety, tolerability, and plasma PK profiles of inhaled MK-5475 380 µg, as well as its effects on PD 
endpoints including PVR and pulmonary blood volume (PBV) to test the hypothesis that once-daily inhaled MK-5475 
reduces PVR and increases PBV.

Materials and Methods
Study Population
Eligible participants were adults 40–80 years of age with a body mass index ≤40 kg/m2 and diagnosed with or suspected 
to have PH-COPD.22 All participants had mild-to-severe COPD as defined by: a) postbronchodilator-measured forced 
expiratory volume in 1 second/forced vital capacity ratio (FEV1/FVC) <0.7; b) FEV1 value indicating “mild” (≥80% 
predicted), “moderate” (≥50 to <80% predicted), or “severe” (≥31 to <50% predicted) disease; and c) Modified Medical 
Research Council Dyspnea Score 1–3 at screening. Eligible participants were deemed medically stable by the study 
investigator if their hemoglobin measurements were >75% of the lower limit of normal range at screening. Participants 
were required to have a history of right heart catheterization (RHC) within the past 3 years with mPAP ≥25 mmHg and 
PVR ≥300 dyn•s•cm−5 measured at rest. Alternatively, participants were eligible if an echocardiogram conducted within 
the year prior to screening demonstrated pulmonary artery systolic pressure ≥38 mmHg (Part 1) or ≥50 mmHg (Part 2) in 
conjunction with tricuspid regurgitation velocity >3.0 m/s, significant right heart enlargement, or reduced right heart 
function. All participants underwent a baseline RHC procedure prior to initiation of dosing in Part 2.

Exclusion criteria included PH not associated with COPD, persistent or permanent atrial fibrillation with uncontrolled 
ventricular rate (>90 beats/min), active respiratory infection, history of combined pulmonary fibrosis and emphysema or 
severe bullous emphysema, and history of clinically significant uncontrolled disease. Further diagnostic exclusion criteria 
included estimated creatinine clearance ≤30 mL/min based on Cockcroft Gault equation at screening, QTc interval ≥480 
ms for females or ≥470 ms for males, systolic blood pressure <100 mmHg, diastolic blood pressure <40 mmHg, heart 
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rate >100 beats per minute at screening visit and pre-dose (Day 1 [Part 1] or Baseline Day −1 [Part 2]), and very severe 
COPD (FEV1 <30% predicted) at screening.

In the Part 2 RHC period, the following pulmonary hemodynamic measures were required for eligibility and were 
collected 1–5 days prior to the first dose of study drug: mPAP ≥25 mmHg (obtained from two pre-dose measurements 
taken 5 minutes apart; the mean values from the last two measurements were used to calculate PVR baseline value), PVR 
≥300 dyn•s•cm−5 (cardiac output [CO] calculated from data obtained by thermodilution method), and pulmonary artery 
wedge pressure (PAWP) ≤15 mmHg (obtained from the mean of two values used to calculate PVR). RHC measurements 
were collected during spontaneous respiration in a supine position. Using a manual level, the height of the transducer was 
positioned at the level of the mid-chest. All hemodynamic measurements were done at rest.

Per protocol, participants could not receive certain medications beginning approximately 2 weeks (or 5 half-lives) 
prior to the administration of the initial dose of study drug throughout the study until the post-study visit, including 
calcium channel blockers (as a specific treatment for PH), nitrates, immediate or extended-release diltiazem, PDE5i, sGC 
stimulators/activators, endothelin receptor antagonists (ERA), and inhaled prostacyclin. Certain calcium channel blockers 
not being used for the treatment of PAH were permitted, as were diuretics, angiotensin receptor blockers, and angiotensin 
converting enzyme inhibitors.

This study was conducted according to the principles outlined in the Declaration of Helsinki. The study protocol and 
all protocol amendments were approved by the relevant independent review board and/or independent ethics committee 

Figure 1 Study design schematic. 
Abbreviations: FRI, functional respiratory imaging; PK, pharmacokinetics; RHC, right heart catheterization.
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at each study site (Supplementary Table S1) in compliance with local and/or national regulations. All participants 
provided informed consent before the initiation of study procedures.

Study Design and Treatment
As described in the clinical trial registry (Clinicaltrials.gov NCT04370873; Merck Sharp & Dohme LLC, a subsidiary of 
Merck & Co., Inc. Rahway, NJ, USA), this Phase 1, randomized, placebo-controlled, double-blind, multicenter, 2-part 
study (Figure 1) evaluated the effects of once-daily inhaled MK-5475 versus placebo (both delivered via matching DPI 
devices) in participants with PH-COPD. The study was conducted at six sites within the USA, two sites in Israel, and one 
site in The Republic of Moldova between June 5, 2020, and January 12, 2022.

MK-5475 dosages in this study were selected to bridge the 360-μg Phase 1 formulation (administered as 6 × 60-µg 
puffs by DPI; Part 1) with the 380-µg final formulation (administered as a single actuation by DPI; Part 2). Placebo was 
administered in the same manner as MK-5475 in each part. Upon completion of Part 1, participants could participate in 
Part 2 if deemed eligible. The study was initially designed to be conducted in 3 parts; however, the protocol was amended 
during the study to not initiate Part 3 because Part 2 enrolled an adequate number of participants to enable the 
prespecified analyses. The initiation of Part 2 was based on review of PK data from Part 1. After the end of treatment, 
each participant was monitored for 14 days.

Part 1 evaluated safety and tolerability, and PK of inhaled MK-5475 360 μg over 7 days of once-daily dosing 
(Figure 1 and Supplementary Methods). Participants were randomized in a 2:1 ratio to receive either inhaled, double- 
blind MK-5475 or matching placebo in the morning for 7 consecutive days. Participants were domiciled from pre-dose 
on Day 1 through Day 2, 1-hour post-dose and from pre-dose on Day 7 through 24-hour post-dose until study 
assessments were completed. Participants returned to the clinic daily on Days 3–6 for witnessing of drug dosing and 
scheduled study procedures. Standard meals were given at 4- and 10-hours post-dose and snacks at 7- and 13-hours post- 
dose on Days 1 and 7. Blood samples for plasma MK-5475 measurements were collected at timepoints as shown in 
Figure 1. Full physical examinations, hematology, urinalysis, and blood chemistry assessments occurred at timepoints as 
shown in Figure 1.

Part 2 evaluated the safety and tolerability, PK, and PD (via RHC and functional respiratory imaging [FRI]) of 
inhaled MK-5475 380 μg over 28 days of once-daily dosing (Figure 1 and Supplementary Methods). In Part 2, 
participants were randomized in a 2:1 ratio to receive either inhaled, double-blind MK-5475 or matching placebo in 
the morning for 28 consecutive days. Staff witnessed study drug dosing on Days 1, 15 (±1 day) and 28 (+4 days/– 
1 day). Self-dosing occurred outside the clinic on other days. Participants were domiciled only in the evening prior 
to Day 28 (+4 days/–1 day). Blood samples for plasma MK-5475 measurements were collected on Day 1, on Day 
15, and the day or days when end-of-study RHC and FRI were performed (approximately Day 28; if RHC and FRI 
were performed on different days, repeat PK samples were drawn on both) (Figure 1). Hematology, urinalysis, and 
blood chemistry assessments occurred at timepoints as shown in Figure 1. Computed tomography (CT) scans for 
FRI and RHC were both performed at baseline on Day –1 (Days –5 to –1) and 6–8 hours post-dose on Day 28 
(Days 27–32).

Vital signs (heart rate, systolic blood pressure, and diastolic blood pressure) were evaluated on participants in a supine 
or semi-recumbent position at rest (≥10 minutes). Arterial blood gas analyses of partial pressure of oxygen in arterial 
blood (PaO2), arterial oxygen saturation (SaO2), partial pressure of carbon dioxide (PCO2), and blood pH were performed 
by puncture of radial or femoral artery in Parts 1 and 2 of the study. All blood gas analyses were performed on room air if 
tolerated. Vital signs and arterial blood gas measurements were measured pre-dose on Day 1 (baseline) and 24 hours 
post-dose on Day 7 (on-treatment) in Part 1 and pre-dose on Day −1 (baseline) and pre-dose on Day 28 (on-treatment) in 
Part 2.

Assignment and Blinding
All eligible participants were allocated to treatment groups randomly by a computer-generated allocation schedule in 
both parts of the study. A central reader blinded to RHC timing assessed RHC parameters.
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Study Procedures
Right Heart Catheterization
In Part 2 of the study, RHC was performed with the individual in the supine position. Individuals who could not lay flat were 
excluded. PVR (an indirect RHC measurement calculated as 80 × [mPAP – PAWP]/CO), CO, cardiac index (CO indexed to 
body surface area), mPAP, right atrial pressure (RAP), and systemic vascular resistance (SVR, an indirect RHC measurement 
calculated as 80 × [mean systemic arterial pressure – RAP]/CO) were measured at rest. Systemic arterial pressure was 
calculated from blood pressure measurements obtained by blood pressure cuff. PVR was calculated using the thermodilution 
method.23 Up to four RHC measurements could be performed at baseline if needed. All on-treatment RHC measurements 
were performed twice and ≥5 minutes apart. Waveform analysis was performed by a blinded central reader.

Functional Respiratory Imaging
CT scans of the thoracic cavity were performed in Part 2 to assess PBV at baseline and after 28 days of once-daily 
dosing. For each scanning session, participants were prepped and placed in a supine position on the scanner bed, and 
an iodinated contrast was administered via a bolus intravenous injection. Time in the scanner for each acquisition was 
˂15 minutes.

Study Outcomes
Safety and Tolerability
Safety and tolerability were primary endpoints in both parts of the study. Safety monitoring included an evaluation of 
adverse events (AEs), electrocardiograms, respiratory and vital signs, clinical laboratory parameters, urinalysis, and 
physical examinations.

Primary PD Outcome
The primary PD outcome measurement was change from baseline in PVR for MK-5475 versus placebo groups on Day 
28 in Part 2. PVR was calculated from RHC variables. A secondary endpoint was percent change from baseline in PBV, 
assessed by FRI, for MK-5475 versus placebo on Day 28.

Pharmacokinetics
See Supplementary Methods for details of PK measurement and assessment, and Supplementary Results for PK results 
(Supplementary Figures S1 and S2).

Statistical Analyses
Mean percent change from baseline in PVR on Day 28 (Part 2) was analyzed using an ANCOVA model with 
a categorical effect for treatment group and a continuous covariate for baseline mPAP. The ANCOVA-derived 
least-squares (LS) mean percent change from baseline in PVR with the associated 95% confidence intervals (CI) 
were provided for both treatment groups. Summary statistics including arithmetic mean PVR ± standard deviation 
(SD) and within-group arithmetic mean percent change from baseline with the associated CIs also were provided 
for both treatment groups. To test the primary hypothesis, a non-informative prior was used to estimate the 
posterior probability of the event that the between-treatment group difference (MK-5475 – placebo) in arithmetic 
mean percent change from baseline in PVR was below the prespecified threshold of −15% (the minimum 
difference considered to be clinically meaningful). The primary research hypothesis was deemed supported if 
this posterior probability exceeded 60%. For all other endpoints, summary statistics such as arithmetic means ± SD 
and within-group change from baseline with the associated 95% CIs were provided for both treatment groups.

Safety and tolerability were analyzed by summary statistics. Depending on the safety parameter, the difference from 
baseline was computed either on the original scale (raw change from baseline) or on the log scale and back-transformed 
for reporting (percent change from baseline).
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Power Calculation
The operating characteristics calculation for percent change from baseline in PVR assumed a true between-subject 
standard deviation of 19.2%. With 24 participants predicted to complete the study (16 on MK-5475 and 8 on placebo) 
and a posterior probability threshold of 60%, the likelihood of supporting the primary hypothesis, if the true difference in 
the arithmetic mean PVR reduction between MK-5475 and placebo groups was −25%, was estimated at 83%. A true 
mean difference (MK-5475 – placebo) of 15% in the arithmetic mean percent change values for PVR was prespecified as 
a clinically meaningful effect.

Results
Participant Disposition
The planned total enrollment across both parts of the study was 24–48 participants. Of 34 participants screened for 
eligibility across all sites, 23 total participants were enrolled (Figure 2). The primary reason for screen failure was 
participants declined enrollment (n=4 in Part 1 and n=2 in Part 2).

In Part 1, 9 participants were randomized to placebo (n=3) and inhaled MK-5475 360 µg (n=6). In Part 2, 14 
participants, including 1 participant who completed Part 1, were randomized to placebo (n=5) and inhaled MK-5475 380 
µg (n=9). No participants discontinued Part 1 of the study for any reason. One participant in the MK-5475 group in Part 2 
withdrew from the study due to serious COVID-19 pneumonia that prevented Day 28 assessments from being completed. 
The 13 remaining participants randomized in Part 2 completed dosing per protocol and had post-study assessments, 
except one participant in the placebo group who experienced worsening heart failure and was hospitalized prior to RHC 
on Day 28. All participants in Part 1 (n=9) and Part 2 (n=14) were evaluable for safety and tolerability, and 12 
participants in Part 2 were evaluable for PD effects.

Baseline Demographics and Disease Characteristics
The baseline characteristics are shown in Table 1. Because Part 1 and Part 2 of the study occurred sequentially, 
participants for each part were screened and enrolled separately. Participants randomized in each part of the study 
were generally balanced between the MK-5475 and placebo groups, although the number of participants randomized to 

Figure 2 Flow chart illustrating the disposition of participants spanning the screening, randomization, study treatment and follow-up phases of the study. *One participant 
randomized to the placebo group in Part 2 completed dosing per protocol but did not complete RHC procedure on Day 28. 
Abbreviations: Hep, hepatitis; HIV, human immunodeficiency virus; RHC, right heart catheterization.
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Table 1 Demographics and Baseline Characteristics for the Randomized Study Population Within Parts 1 and 2 and Combined Overall

Part 1 Part 2 Overall

Placebo  
N=3

MK-5475 360 μg 
N=6

Placebo  
N=5

MK-5475 380 μg 
N=9

Pooled Across  
Treatment Groups 

N=22

Male (n [%]) 1 (33.3) 5 (83.3) 5 (100.0) 8 (88.9) 19 (86.4)

Age, years

Mean ± SD 62.3 ± 8.7 62.2 ± 12.7 66.6 ± 5.6 70.2 ± 5.2 65.8 ± 8.4
Median (range) 60.0 (55.0 to 72.0) 64.0 (41.0 to 77.0) 67.0 (60.0 to 73.0) 70.0 (62.0 to 77.0) 68.5 (41.0 to 77.0)

BMI, kg/m2 (mean ± SD) 33.2 ± 1.8 26.4 ± 4.6 23.7 ± 5.8 30.3 ± 4.7 28.4 ± 5.6

Race (n [%])

White 3 (100.0) 6 (100.0) 5 (100.0) 9 (100.0) 22 (100.0)

Ethnicity (n [%])

Not Hispanic or Latino 3 (100.0) 6 (100.0) 5 (100.0) 9 (100.0) 22 (100.0)

Time since PH diagnosis, years (mean ± SD) 8.0 ± 12.2 4.8 ± 2.1 2.2 ± 1.9 5.0 ± 2.4 4.7 ± 4.6

Hemoglobin, g/dL (mean ± SD) 13.1 ± 2.3 13.8 ± 1.4 14.4 ± 1.1 15.1 ±1.5 14.5 ± 1.6

COPD therapy (n [%])
No prior COPD therapy 1 (33.3) 3 (50) 2 (40) 1 (11.1) 7 (31.8)

Adrenergics in combination with anticholinergics 0 (0) 0 (0) 1 (20) 2 (22.2) 3 (13.6)

Anticholinergics 0 (0) 0 (0) 0 (0) 1 (11.1) 1 (4.6)
Adrenergics in combination with anticholinergics incl. triple combinations with 

corticosteroids

0 (0) 0 (0) 2 (40) 4 (44.4) 6 (27.3)

Selective beta-2-adrenoreceptor agonists 2 (66.7) 0 (0) 2 (40) 5 (55.6) 9 (40.9)
Adrenergics in combination with corticosteroids or other drugs, excl. 

anticholinergics

1 (33.3) 3 (50) 2 (40) 5 (55.6) 10 (45.5)

Supplemental O2 0 (0) 0 (0) 0 (0) 1 (11.1) 1 (4.6)

COPD parameters
FEV1, % predicted (mean ± SD) 53.5 ± 8.4 46.5 ± 14.6 51.8 ± 19.9 47.5 ± 11.6 48.9 ± 13.5
Mild (FEV1 >80%) (n [%]) 0 (0) 0 (0) 1 (20) 0 (0) 1 (4.6)

Moderate (FEV1 50–80%) (n [%]) 2 (66.7) 2 (33.3) 1 (20) 3 (33.3) 8 (36.4)

Severe (FEV1 <50%) (n [%]) 1 (33.3) 4 (66.7) 3 (60) 6 (66.7) 13 (59.1)
FVC, L (mean ± SD) 3.0 ± 0.6 3.2 ± 1.3 2.7 ± 0.9 2.7 ± 0.9 2.9 ± 1.0

FEV1/FVC, % (mean ± SD) 48.8 ± 6.1 47.8 ± 10.4 53.6 ± 12.7 47.4 ± 11.4 49.1 ± 10.5

(Continued)
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Table 1 (Continued). 

Part 1 Part 2 Overall

Placebo  
N=3

MK-5475 360 μg 
N=6

Placebo  
N=5

MK-5475 380 μg 
N=9

Pooled Across  
Treatment Groups 

N=22

DLCO, % predicted (mean ± SD) 70 ± 31.6 57.0 ± 32.9 34.9 ± 17.5 39.6 ± 15.6 47.1 ± 25.2
DLCO, mL/min/mmHg (mean ± SD) 5.6 ± 2.8 5.4 ± 3.5 3.0 ± 1.8 3.5 ± 1.4 4.1 ± 2.5

Clinical parameters
6MWD, m (mean ± SD) 332.7 ± 56.1 349.5 ± 124.9 304.2 ± 62.4 300.4 ± 59.7 318.9 ± 79.6

BDSa (mean ± SD) 1.5 ± 1.3 2.3 ± 1.0 2.8 ± 0.8 3.4 ± 1.1 2.7 ± 1.2

Level ≤4 BDS dyspnea (n [%]) 3 (100.0) 6 (100.0) 5 (100.0) 7 (77.8) 20 (90.9)

Notes: aSelf-rating tool used to measure dyspnea during submaximal exercise on a scale that ranges from 0 to 10. Level 0: Nothing at all; Level 0.5: Very, very slight (just noticeable); Level 1: Very slight; Level 2: Slight; Level 3: Moderate; 
Level 4: Somewhat severe; Level 5–6: Severe; Level 7–8: Very severe; Level 9: Very, very severe (almost maximal); Level 10: Maximal. 
Abbreviations: 6MWD, 6-minute walk distance; BDS, Borg dyspnea scale; COPD, chronic obstructive pulmonary disease; DLCO, diffusing capacity of the lung for carbon monoxide; FEV1, forced expiratory volume in 1 second; FVC, 
forced vital capacity; n, number of participants in the category.
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placebo in Part 1 was small. In both Part 1 and Part 2, the enrolled participants were mostly older males. Most 
participants in each part of the study had severe COPD at baseline, with low (<75% predicted) mean diffusing capacity 
of the lung for carbon monoxide [DLCO] value and low (<350 m) mean 6-minute walk distance (6MWD) across treatment 
groups in both parts. At inclusion, 68% were taking at least one COPD therapy, primarily adrenergic-based combination 
therapy or monotherapy with selective beta-2-adrenoreceptor agonists. At inclusion, all participants were treatment-naive 
to PAH-targeted therapy.

Because Part 1 and Part 2 enrolled separately, there were some notable differences between study groups suggesting 
more advanced disease in the Part 2 cohort (Table 1), including more pronounced gas exchange impairment (lower DLCO, 
PaO2, and SaO2 values), more severe clinical symptoms (lower 6MWD and higher Borg dyspnea score), and higher 
blood pressure.

Safety and Tolerability
Safety and tolerability of the Part 1, Part 2, and pooled populations are summarized in Table 2. Of the 9 participants of 
Part 1 included in the safety analysis, 3 (33.3%) had at least one AE, although none were serious AEs. Two participants, 
one in each treatment group, had an AE of headache that was deemed related to treatment. Listing AEs by system organ 
class (SOC) and preferred terms, headache was the only type of AE reported in Part 1 (Table 3). Of the 14 participants of 
Part 2 included in the safety analysis, 7 (50.0%) had at least one AE, including 2 participants, one in each treatment 
group, who had serious AEs not related to treatment (Table 2). As stated earlier, one participant in the placebo group had 
a serious AE of worsening heart failure and one participant in the MK-5475 group had a serious AE of COVID-19 
pneumonia, which was associated with additional resulting AEs of acute respiratory distress and encephalopathy. One 
participant in the placebo group of Part 2 had a mild AE of increased lacrimation that was deemed treatment-related. By 
SOC and preferred terms, agitation was the only AE occurring in both treatment groups. All other AEs reported occurred 
in either the placebo or the MK-5475 treatment group only (Table 3). Importantly, no participant in either part of the 
study experienced an AE that led to death or treatment discontinuation. All AEs occurring in both study parts fully 
resolved by study end. There were no meaningful differences in the incidences or types of specific AEs when examined 
either overall or by SOC across the study parts or treatment groups.

Table 2 Summary of AEsa (n/N; %) Across Part 1 and Part 2 of the Study in the Safety Set Populationb

Part 1 Part 2 Pooled Populationc

Placebo MK-5475 Placebo MK-5475 Placebo MK-5475
N=3 N=6 N=5 N=9 N=8 N=14

Any AE 1 (33.3%) 2 (33.3%) 4 (80.0) 3 (33.3) 5 (62.5) 5 (35.7)

Leading to discontinuation of treatment 0 0 0 0 0 (0) 0 (0)
Drug-relatedd AEs 1f (33.3%) 1f (16.7) 1g (20.0) 0 2 (25.0) 1 (7.1)

Leading to discontinuation of treatment 0 0 0 0 0 (0) 0 (0)

Seriouse AEs 0 0 1h (20.0) 1i (11.1) 1 (12.5) 1 (7.1)
Leading to discontinuation of treatment 0 0 0 0 0 (0) 0 (0)

Seriouse drug-relatedd AEs 0 0 0 0 0 (0) 0 (0)

AEs leading to death 0 0 0 0 0 (0) 0 (0)

Notes: aData are presented as n/N (%). All AEs, serious AEs, and other safety events were reported by the investigator from the time of 
randomization through 14 days after cessation of study drug. bSafety set population includes all randomized participants who received ≥1 dose of 
study medication. cResults combined across Part 1 and Part 2. One participant was enrolled and treated in both Part 1 and Part 2; this participant 
was counted separately in Part 1 and in Part 2 but counted only once in the pooled population. dAny AE deemed by the investigator to be related 
to study treatment. eAny untoward medical event that results in death, is life-threatening, requires hospitalization, causes prolongation of existing 
hospitalization, results in persistent or significant disability, may have caused a congenital abnormality/birth defect, or requires intervention to 
prevent permanent impairment or damage. fIncludes 1 non-serious, mild AE of headache and 1 non-serious, moderate AE of headache deemed 
drug-related by the study investigator during Part 1. gn=1 non-serious mild, drug-related AE of increased lacrimation during Part 2. hn=1 serious 
non-drug related AE of worsening heart failure during Part 2. in=1 serious non-drug related AE of COVID-19 infection during Part 2. 
Abbreviations: AE, adverse event; COVID-19, Coronavirus Disease 2019; n, number of participants with specified adverse event; N, total 
number of participants in the safety set population contributing to the safety analyses.
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Changes from baseline in vital signs, arterial blood gases, and blood pH were evaluated as safety parameters in both 
parts of the study (Figure 3; Supplementary Table S2). At baseline, the treatment groups were generally well balanced 
with respect to these safety parameters within Part 1 and Part 2. Treatment with MK-5475 or placebo did not produce 
clinically meaningful effects on resting systolic blood pressure, diastolic blood pressure, heart rate, SaO2, PaO2, or blood 
pH following 7 days (Part 1) or 28 days (Part 2) of consecutive once-daily dosing (Figure 3; Supplementary Table S2). 
For each parameter, the 95% CIs for the within-group changes from baseline encompassed zero for both MK-5475 and 
placebo groups in both Part 1 and Part 2, except blood pH. The magnitude of the decrease in blood pH seen in the 
placebo group of Part 2 (−0.53%) was small and not clinically meaningful.

Pharmacodynamic Endpoints
Pharmacodynamic endpoints were assessed in only Part 2 of the study. Baseline values for RHC-derived hemodynamic 
parameters were generally well balanced across treatment groups in Part 2 (Figure 4; Table 4). Following once-daily 
inhalation of MK-5475 380 µg for 28 days, the within-group mean percent changes from baseline in PVR (primary PD 
endpoint) were −5.39% (95% CI: −83.69, 72.91) for placebo and −21.23% (95% CI: −35.4, −7.0) for MK-5475, resulting 
in a between-group difference of −15.84% favoring MK-5475. The calculated posterior probability was 51.2%, which 
was below the prespecified threshold of 60%. An ANCOVA model used to characterize the percent change in PVR from 

Table 3 Summary of AEsa (n/N; %) Occurring in One or Both Treatment Groups Presented by SOCb in the Safety Set 
Populationc Within Part 1 and Part 2 of the Study

Part 1 Part 2

Placebo MK-5475 360 μg Placebo MK-5475 380 μg
N=3 N=6 N=5 N=9

Any AE 1 (33.3) 2 (33.3) 4 (80.0) 3 (33.3)

Cardiac disorders 0 (0) 0 (0) 1 (20.0) 0 (0)

Cardiac failure 0 (0) 0 (0) 1 (20.0)d 0 (0)
Eye disorders SOC 0 (0) 0 (0) 1 (20.0) 0 (0)

Lacrimation increased 0 (0) 0 (0) 1 (20.0) 0 (0)

General disorders and administration site conditions 0 (0) 0 (0) 0 (0) 1 (11.1)
Infusion and extravasation 0 (0) 0 (0) 0 (0) 1 (11.1)

Infections and infestations 0 (0) 0 (0) 1 (20.0) 1 (11.1)

COVID-19 0 (0) 0 (0) 0 (0) 1 (11.1)d

COVID-19 pneumonia 0 (0) 0 (0) 0 (0) 1 (11.1)

Urinary tract infection 0 (0) 0 (0) 1 (20.0) 0 (0)

Injury, poisoning and procedural complications 0 (0) 0 (0) 1 (20.0) 0 (0)
Accidental overdose 0 (0) 0 (0) 1 (20.0) 0 (0)

Investigations 0 (0) 0 (0) 1 (20.0) 0 (0)

Blood creatinine increased 0 (0) 0 (0) 1 (20.0) 0 (0)
Nervous system disorders (SOC) 1 (33.3) 2 (33.3) 1 (20.0) 1 (11.1)

Dizziness 0 (0) 0 (0) 1 (20.0) 0 (0)

Encephalopathy 0 (0) 0 (0) 0 (0) 1 (11.1)
Headache 1 (33.3) 2 (33.3) 0 (0) 0 (0)

Psychiatric disorders 0 (0) 0 (0) 1 (20.0) 1 (11.1)

Agitation 0 (0) 0 (0) 1 (20.0) 1 (11.1)
Respiratory, thoracic, and mediastinal disorders 0 (0) 0 (0) 0 (0) 1 (11.1)

Acute respiratory distress syndrome 0 (0) 0 (0) 0 (0) 1 (11.1)

Notes: aData are presented as n/N (%). All AEs, serious AEs, and other safety events were reported by the investigator from the time of randomization 
through 14 days after cessation of study drug. bThe highest level of the MedDRA (https://www.meddra.org/) hierarchy, etiology, or purpose. CTCAE 
terms are grouped by MedDRA Primary SOC. Within each SOC, AEs are listed and accompanied by descriptions of severity (Grade). cSafety set 
population includes all randomized participants who received ≥1 dose of study medication. dSerious non-drug-related AE. This participant recovered but 
was discontinued from the study per investigator and sponsor decision. 
Abbreviations: AE, adverse event; COVID-19, Coronavirus Disease 2019; CTCAE, Common Terminology Criteria for Adverse Events; MedDRA, 
Medical Dictionary for Regulatory Activities; SOC, System Organ Class.
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baseline as a dependent variable with treatment arms and baseline mPAP as covariates (Figure 4; Table 4) showed similar 
mean percent reduction in PVR from baseline.

Improvements from baseline were observed for the exploratory RHC hemodynamic endpoints of mPAP and RAP 
following 28 days of once-daily MK-5475 dosing (Figure 4; Table 4). Formal between-group comparisons were not 
performed on exploratory RHC-derived hemodynamic parameters. No meaningful changes were observed in PAWP, 
SVR, CO, cardiac index (exploratory PD endpoints assessed by RHC, Table 4), or PBV (secondary PD endpoint assessed 
by FRI, Figure 4; Supplementary Table S3) for either treatment group at Day 28 in Part 2.

Discussion
Systemic vasodilators approved for the treatment of PAH have been ineffective and potentially unsafe for use in patients 
with PH-COPD due to the inhibition of hypoxia-induced vasoconstriction and induction of V/Q mismatching and 

Figure 3 Within-group mean percent change (95% CI) from baseline in vital signs and arterial blood gases following once-daily inhalation of placebo or MK-5475 360 µg in 
Part 1 (A) and placebo or MK-5475 380 µg in Part 2 (B). (A) MK-5475 360 µg or placebo. (B) MK-5475 380 µg or placebo. 
Abbreviations: CI, confidence interval; PaO2, partial pressure of oxygen; PCO2, partial pressure of carbon dioxide; SaO2, arterial oxygen saturation.
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hypoxemia. A pulmonary selective vasodilator that is administered directly to lung tissue may offset these challenges and 
be beneficial for the treatment of PH-COPD. MK-5475 is an inhaled sGC stimulator designed for direct deposition via 
a dry powder inhaler into the deep lung tissue, with chemical properties that minimize its systemic exposure. Moreover, 
the once-daily dosing frequency of MK-5475 may represent an advantage over other inhaled vasodilators that must be 
dosed multiple times per day. This Phase 1 study evaluated the safety, PK, and PD effects of dosing with MK-5475 in 
participants with PH-COPD. Reductions from baseline were noted in PVR following once-daily inhalation of MK-5475 
380 μg over 28 days. Per the primary hypothesis, the between-group difference in arithmetic mean percent change from 
baseline in PVR (−15.8%) favored MK-5475, but the calculated posterior probability of 51.2% fell below the pre-
specified 60% threshold. As such, caution should be applied when interpreting these findings.

The arithmetic and ANCOVA-modeled mean percent reductions from baseline in PVR seen following multiple 
dosing with MK-5475 380 µg in this study were similar in magnitude with those reported (−14% and −29% reductions, 
respectively) following single dosing with MK-5475 in participants with PAH (NCT03744637).24 Importantly, the 
change in PVR seen on Day 28 in the current study expands upon the results of the single-dose PAH study and suggests 
a durable corrective effect on PVR with multi-day dosing. Furthermore, the short systemic half-life of MK-5475 of 2–3 
hours in the current study (Supplementary Table S4), along with previous findings of rapid and sustained PD effects on 
PBV out to 24 hours post-dose after single doses of MK-5475 in PAH,24 suggests selective pulmonary vasodilation with 
limited adverse effects on systemic hemodynamics may be possible with chronic dosing of MK-5475 in PH-COPD. 
Since PBV was measured at baseline and Day 28 of Part 2, further studies would be needed to determine whether 
changes in PBV are detectable post-dosing.

The mPAP and RAP treatment effects found in the current study are consistent with vasodilation of the pulmonary 
vasculature (as measured by PVR) and right ventricle unloading. Whether MK-5475 has other effects on pulmonary 
physiology remains to be investigated. No meaningful changes from baseline or between-group differences in other 
exploratory hemodynamic parameters were observed, including left atrial pressure surrogate (PAWP), CO, and cardiac 
index, suggesting that the reductions in PVR seen with MK-5475 treatment in this study were driven mainly by effects on 
mPAP. In patients with PH-COPD, elevations in mPAP frequently result from PVR elevations causing increases in the 
transpulmonary arterio-venous pressure gradient and, in severe cases, diminished CO.25 The Part 2 study cohort had 
mean resting baseline CO values across the placebo and MK-5475 groups that indicated impaired CO. Whether MK- 
5475 delivers measurable beneficial effects on CO and cardiac index with longer-term dosing should be explored in 
future studies.

Figure 4 Within-group mean percent change (95% CI) from baseline in hemodynamic endpoints after 28 days of once-daily inhalation of MK-5475 380 µg or placebo in 
Part 2 of the study. 
Abbreviations: ANCOVA, analysis of covariance; CI, confidence interval; mPAP, mean pulmonary artery pressure; PBV, pulmonary blood volume; PVR, pulmonary vascular 
resistance; RAP, right atrial pressure; SVR, systemic vascular resistance.
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Table 4 Mean Percent Change from Baseline in RHC-Measured Hemodynamic Endpoints After 28 Days of Once-Daily Inhalation of MK-5475 380 µg or Placebo in Part 2 of the Study

Placebo MK-5475 (380 µg)
N=4† N=8†

Baseline Mean ± SD Day 28 Mean ± SD Within-group mean % change 
from baseline§ (95% CIs)

Baseline Mean ± SD Day 28 Mean ± SD Within-group mean % change 
from baseline§ (95% CIs)

Arithmetic PVR 

(dyn•s•cm−5)

394.32 ± 141.18 342.89 ± 159.97 −5.39 (−83.69, 72.91)¥ 409.52 ± 166.47 325.88 ± 153.22 −21.23 (−35.4, −7.0)¥

ANCOVA-modeled PVR 

(dyn•s•cm−5)

- - −2.16 (−39.70, 35.40)‡ - - −22.84 (−48.7, 3.0)‡

mPAP (mmHg) 25.63 ± 2.29 25.25 ± 6.41 −1.67 (−36.40, 33.06) 29.75 ± 5.99 24.38 ± 5.69 −18.23 (−26.18, −10.28)

PAWP 11.38 ± 1.49 12.13 ± 3.88 6.11 (−39.69, 51.90) 10.44 ± 2.46 9.50 ± 3.05 −8.58 (−26.41, 9.25)

SVR (dyn•s•cm−5) 2463.53 ± 697.19 2304.70 ± 180.65 −0.58 (−48.17, 47.02) 1894.47 ± 435.42 1948.68 ± 386.52 4.43 (−7.93, 16.78)

RAP (mmHg) 9.13 ± 3.47 8.75 ± 4.09 −5.26 (−45.22, 34.71) 8.25 ± 2.39 6.63 ± 3.72 −23.95 (−45.22, −2.69)

CO (L/min) 2.94 ± 0.74 3.07 ± 0.13 6.81 (−45.79, 59.41) 3.74 ± 0.90 3.71 ± 0.74 −2.49 (−14.24, 9.25)

Cardiac index (L/min/m2) 1.66 ± 0.35 1.76 ± 0.42 6.81 (−45.79, 59.41) 1.86 ± 0.39 1.83 ± 0.29 −2.49 (−14.23, 9.25)

Notes: †In Part 2, 5 participants were randomized to placebo and 9 participants were randomized to MK-5475, but only 4 and 8 participants, respectively, were evaluable for Day 28 RHC-derived hemodynamic values. ‡Expressed as least 
squares (LS) mean (95% CI). The LS means were calculated using an ANCOVA model with categorical effect for treatment group and a continuous covariate for baseline mPAP value. Arithmetic and ANCOVA-modeled baseline and Day 
28 PVR values are identical. Posterior probability analysis was performed on the arithmetic mean percent change in PVR. §Unless otherwise stated, arithmetic mean percent change from baseline and 95% CI are presented in this column. 
¥The between-group difference in arithmetic mean percent reduction from baseline in PVR between MK-5475 and placebo groups (−15.84%) was less than −15%. This between-group difference for change in PVR did not achieve 
statistical significance because the calculated PP (51.2%) did not exceed the prespecified threshold (60%; see Methods). 
Abbreviations: ANCOVA, analysis of covariance; CI, confidence interval; CO, cardiac output; LS, least-squares; mPAP, mean pulmonary arterial pressure; PAWP, pulmonary artery wedge pressure; PVR, pulmonary vascular resistance; 
RAP, right atrial pressure; RHC, right heart catheterization; SVR, systemic vascular resistance.
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MK-5475 demonstrated an overall favorable safety profile in participants with PH-COPD, with comparable incidence 
rates of AEs in the MK-5475 and placebo groups. There were no differences in the incidence rates of AEs, types of AEs, 
or laboratory safety tests seen with multiple-inhaled doses of MK-5475 across Part 1 (360 µg) and Part 2 (380 µg), thus 
bridging the safety and tolerability profiles of the two formulations. Furthermore, there was no evidence that inhaled MK- 
5475 provoked V/Q mismatch or caused appreciable systemic vasodilation, two key safety concerns associated with 
PAH-approved systemic vasodilators when used for PH-COPD.3 In addition, there were no clinically meaningful changes 
in PaO2 or SaO2 following treatment with MK-5475, supporting the expectation that inhaled delivery of the drug 
circumvents excessive pulmonary vasodilation in damaged lung tissue and consequent hypoxia in participants with PH- 
COPD. Similarly, there was no evidence indicating undesirable systemic vasodilatory effects, further suggesting that the 
effects of MK-5475 were restricted to the targeted pulmonary sites of drug deposition. These safety findings provide 
encouraging evidence that once-daily treatment with inhaled MK-5475 produces improvements on PVR, mPAP, and RAP 
without the unwanted side effects typically associated with other orally administered sGC stimulators.

This Phase 1 study has several caveats that limit the strength of the conclusions, particularly the small sample sizes in 
both study parts and the racial and ethnic homogeneity of the study cohorts. The total number of participants evaluable 
across both parts of the study (N=22) was substantially smaller than the original enrollment target of 24–48 participants. 
The small sample size, attributable in part to the study’s initiation during the early period of the COVID-19 pandemic, 
decreased the statistical power to detect a significant difference between the treatment groups thereby lowering the 
posterior probability below the 60% threshold. Nevertheless, these findings suggest a possible modest corrective effect on 
PVR in the PH-COPD participants treated with MK-5475 380 μg in this study.

There were baseline imbalances between the study groups suggesting that the Part 2 cohort had more severe disease 
than the Part 1 cohort. The imbalances between the two cohorts may be accounted for by the different objectives of Part 1 
and Part 2, which necessitated different eligibility criteria for Part 1 and Part 2, and possibly to country-specific issues 
with access to healthcare and/or medications. Imbalances notwithstanding, the observed changes from baseline in PVR, 
mPAP, and RAP, as well as their respective 95% CIs, provide encouraging evidence of a beneficial and pulmonary- 
selective hemodynamic effect with once-daily inhaled dosing of MK-5475 in participants with PH-COPD. This Phase 1 
study did not assess change from baseline in exercise capacity, as measured by 6MWD. However, an ongoing, Phase 2, 
randomized, placebo-controlled, double-blind study in participants with PH-COPD (NCT05612035) will evaluate the 
efficacy and safety of multiple dosing with inhaled MK-5475 (380 µg once daily) for 24 weeks. The primary endpoint 
will be the change from baseline at week 24 in 6MWD. Furthermore, ongoing and future studies of MK-5475 are or will 
be conducted in accordance with updated guidelines for the treatment of pulmonary hypertension.26

Conclusion
The overall favorable safety and tolerability profile, absence of drug-induced arterial hypoxemia, lack of systemic 
hemodynamic effects, and numerical improvements in PVR, mPAP, and RAP seen in this small Phase 1 study suggest 
that MK-5475 may hold promise as a selective pulmonary vasodilator administered by dry-powder inhaler for the 
treatment of PH-COPD and supports further investigation.

Abbreviations
6MWD, 6-minute walk distance; AE, adverse event; ANCOVA, analysis of covariance; AUC, area under the curve; 
AUC0-inf, area under the curve from 0 hours to infinity; AUC0–3h, area under the curve from 0 to 3 hours; AUC0–24h, area 
under the curve from 0 to 24 hours; BDS, Borg dyspnea scale; C1h, plasma concentration at 1 hour post-dose; CI, 
confidence interval; Cmax maximum plasma concentration; C24h, plasma concentration at 24 hours; CO, cardiac output; 
COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; CTCAE, Common Terminology 
Criteria for Adverse Events; DLCO, diffusing capacity of the lung for carbon monoxide; DPI, dry powder inhaler; FEV1, 
forced expiratory volume in 1 second; FRI, functional respiratory imaging; FVC, forced vital capacity; HR, heart rate; 
LLQ, lower limit of quantification; LS, least squares; MedDRA, Medical Dictionary for Regulatory Activities; mPAP, 
mean pulmonary arterial pressure; PAH, pulmonary arterial hypertension; PaO2, partial pressure of oxygen in arterial 
blood; PCO2, partial pressure of carbon dioxide; PD, pharmacodynamics; PDE5i, phosphodiesterase type-5 inhibitors; 
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PH, pulmonary hypertension; PH-COPD, pulmonary hypertension associated with chronic obstructive pulmonary dis-
ease; PK, pharmacokinetics; PBV, pulmonary blood volume; PVR, pulmonary vascular resistance; RAP, right atrial 
pressure; RHC, right heart catheterization; SaO2, Arterial oxygen saturation; sGC, soluble guanylate cyclase; SD, 
standard deviation; SOC, system organ class; SVR, systemic vascular resistance; t1/2, terminal half-life; Tmax, time to 
maximum concentration; V/Q, ventilation/perfusion.

Data Sharing Statement
The dataset (supporting the conclusions of this article), including restrictions, of Merck Sharp & Dohme LLC, a subsidiary 
of Merck & Co., Inc., Rahway, NJ, USA is available at http://engagezone.msd.com/ds_documentation.php. Requests for 
access to the study data can be submitted through the Engage Zone site or via Email to dataaccess@merck.com.

Ethics Approval
This study was conducted according to the principles outlined in the Declaration of Helsinki. The study protocol and all 
protocol amendments were approved by the relevant independent review board and/or independent ethics committee at 
each study site (see Supplementary Table S1) in compliance with local and/or national regulations. All participants 
provided informed consent before the initiation of study procedures.

Acknowledgments
The authors gratefully acknowledge the dedicated team at PMSI Republican Clinical Hospital “T. Mosneaga”, ARENSIA 
EM Unit, Chisinau, Republic of Moldova, for their assistance with clinical site set up including participant recruitment 
and clinical/procedure follow-up of dosed participants. The authors also wish to thank Wassim Fares, MD for guidance 
and support of this manuscript; Amy O. Johnson Levonas, PhD, Anna Lau, PhD, and Steven Briscoe, PhD for writing 
and editorial assistance; and Jennifer Rotonda, PhD, Michele McColgan, BA, and Sheila Erespe, MS, for administrative 
assistance. WF, AOJL, AL, SB, JR, MM, and SE are current or former employees of Merck Sharp & Dohme LLC, 
a subsidiary of Merck & Co., Inc., Rahway, NJ, USA. The authors also acknowledge Robert Valesky, MS (MRL, Merck 
& Co., Inc., Rahway, NJ, USA) and the PMRi group (Mississauga, Ontario, Canada) for sample processing and 
bioanalytical analysis.

The findings reported here were previously presented as a poster at the American Thoracic Society 2023 International 
Conference; May 19–24, 2023; Washington, DC. The abstract for the poster presentation is published in Am J Respir Crit 
Care Med. 2023;207:A1183 (https://doi.org/10.1164/ajrccm-conference.2023.207.1_MeetingAbstracts.A1183).

Author Contributions
All authors made a significant contribution to the work reported, whether in the conception, study design, execution, 
acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically reviewing 
the article; gave final approval of the version to be published; have agreed on the journal to which the article has been 
submitted; and agree to be accountable for all aspects of the work.

Funding
Funding for this research was provided by Merck Sharp & Dohme LLC, a subsidiary of Merck & Co., Inc., Rahway, NJ, 
USA.

Disclosure
EKB, DC, AK, DL, EJM, TR, J-FD, EL, and SAS are current or former employees of Merck Sharp & Dohme LLC, 
a subsidiary of Merck & Co., Inc., Rahway, NJ, USA, and may hold stock and/or stock options in Merck & Co., Inc., 
Rahway, NJ, USA. VC and KPB received material support and investigational medical products from MSD during the 
clinical trial. The authors report no other conflicts of interest in this work.

International Journal of Chronic Obstructive Pulmonary Disease 2024:19                                                https://doi.org/10.2147/COPD.S454905                                                                                                                                                                                                                       

DovePress                                                                                                                       
1119

Dovepress                                                                                                                                                            Bajwa et al

Powered by TCPDF (www.tcpdf.org)

http://engagezone.msd.com/ds_documentation.php
https://www.dovepress.com/get_supplementary_file.php?f=454905.docx
https://doi.org/10.1164/ajrccm-conference.2023.207.1_MeetingAbstracts.A1183
https://www.dovepress.com
https://www.dovepress.com


References
1. Nathan SD, Barbera JA, Gaine SP, et al. Pulmonary hypertension in chronic lung disease and hypoxia. Eur Respir J. 2019;53(1):1801914. 

doi:10.1183/13993003.01914-2018
2. Seeger W, Adir Y, Barbera JA, et al. Pulmonary hypertension in chronic lung diseases. J Am Coll Cardiol. 2013;62(25 Suppl):D109–116. 

doi:10.1016/j.jacc.2013.10.036
3. Barbera JA, Blanco I. Pulmonary hypertension in patients with chronic obstructive pulmonary disease: advances in pathophysiology and 

management. Drugs. 2009;69(9):1153–1171. doi:10.2165/00003495-200969090-00002
4. Blanco I, Piccari L, Barbera JA. Pulmonary vasculature in COPD: the silent component. Respirology. 2016;21(6):984–994. doi:10.1111/resp.12772
5. Andersen KH, Iversen M, Kjaergaard J, et al. Prevalence, predictors, and survival in pulmonary hypertension related to end-stage chronic 

obstructive pulmonary disease. J Heart Lung Transplant. 2012;31(4):373–380. doi:10.1016/j.healun.2011.11.020
6. Samareh Fekri M, Torabi M, Azizi Shoul S, Mirzaee M. Prevalence and predictors associated with severe pulmonary hypertension in COPD. Am 

J Emerg Med. 2018;36(2):277–280. doi:10.1016/j.ajem.2017.08.014
7. Andre P, Joshi SR, Briscoe SD, Alexander MJ, Li G, Kumar R. Therapeutic approaches for treating pulmonary arterial hypertension by correcting 

imbalanced TGF-β superfamily signaling. Front Med. 2022;8:814222. doi:10.3389/fmed.2021.814222
8. Wilkinson M, Langhorne CA, Heath D, Barer GR, Howard P. A pathophysiological study of 10 cases of hypoxic cor pulmonale. Q J Med. 1988;66 

(249):65–85.
9. Wright JL, Petty T, Thurlbeck WM. Analysis of the structure of the muscular pulmonary arteries in patients with pulmonary hypertension and 

COPD: national Institutes of Health nocturnal oxygen therapy trial. Lung. 1992;170(2):109–124. doi:10.1007/BF00175982
10. 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 Respir J. 2015;46(4):903–975. doi:10.1183/13993003.01032-2015

11. Harder EM, Waxman AB. Clinical trials in group 3 pulmonary hypertension. Curr Opin Pulm Med. 2020;26(5):391–396. doi:10.1097/ 
MCP.0000000000000694

12. Lau EMT, Giannoulatou E, Celermajer DS, Humbert M. Epidemiology and treatment of pulmonary arterial hypertension. Nat Rev Cardiol. 2017;14 
(10):603–614. doi:10.1038/nrcardio.2017.84

13. Goudie AR, Lipworth BJ, Hopkinson PJ, Wei L, Struthers AD. Tadalafil in patients with chronic obstructive pulmonary disease: a randomised, 
double-blind, parallel-group, placebo-controlled trial. Lancet Respir Med. 2014;2(4):293–300. doi:10.1016/S2213-2600(14)70013-X

14. 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. J Heart Lung Transplant. 2017;36(2):166–174.

15. Lederer DJ, Bartels MN, Schluger NW, et al. Sildenafil for chronic obstructive pulmonary disease: a randomized crossover trial. COPD. 2012;9 
(3):268–275. doi:10.3109/15412555.2011.651180

16. 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. doi:10.1183/ 
09031936.00011308

17. Derbyshire ER, Marletta MA. Structure and regulation of soluble guanylate cyclase. Annu Rev Biochem. 2012;81(1):533–559. doi:10.1146/ 
annurev-biochem-050410-100030

18. Weissmann N, Lobo B, Pichl A, et al. Stimulation of soluble guanylate cyclase prevents cigarette smoke-induced pulmonary hypertension and 
emphysema. Am J Respir Crit Care Med. 2014;189(11):1359–1373. doi:10.1164/rccm.201311-2037OC

19. Seimetz M, Parajuli N, Pichl A, et al. Cigarette smoke-induced emphysema and pulmonary hypertension can be prevented by phosphodiesterase 4 
and 5 inhibition in mice. PLoS One. 2015;10(6):e0129327. doi:10.1371/journal.pone.0129327

20. Arif R, Pandey A, Zhao Y, Arsenault-Mehta K, Khoujah D, Mehta S. Treatment of pulmonary hypertension associated with COPD: a systematic 
review. ERJ Open Res. 2022;8(1):00348–2021. doi:10.1183/23120541.00348-2021

21. Nathan SD, Behr J, Collard HR, et al. Riociguat for idiopathic interstitial pneumonia-associated pulmonary hypertension (RISE-IIP): a randomised, 
placebo-controlled phase 2b study. Lancet Respir Med. 2019;7(9):780–790.

22. Simonneau G, Gatzoulis MA, Adatia I, et al. Updated clinical classification of pulmonary hypertension. J Am Coll Cardiol. 2013;62(25 Suppl): 
D34–D41. doi:10.1016/j.jacc.2013.10.029

23. Hoeper MM, Maier R, Tongers J, et al. Determination of cardiac output by the Fick method, thermodilution, and acetylene rebreathing in 
pulmonary hypertension. Am J Respir Crit Care Med. 1999;160(2):535–541. doi:10.1164/ajrccm.160.2.9811062

24. Bajwa EK, Cislak D, Palcza J, et al. Effects of an inhaled soluble guanylate cyclase (sGC) stimulator MK-5475 in pulmonary arterial hypertension 
(PAH). Respir Med. 2023;206:107065. doi:10.1016/j.rmed.2022.107065

25. Gredic M, Blanco I, Kovacs G, et al. Pulmonary hypertension in chronic obstructive pulmonary disease. Br J Pharmacol. 2021;178(1):132–151. 
doi:10.1111/bph.14979

26. Humbert M, Kovacs G, Hoeper MM, et al. 2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension. Eur Heart J. 
2022;43(38):3618–3731. Erratum in: Eur Heart J. 2023;44(15):1312. doi:10.1093/eurheartj/ehac237

https://doi.org/10.2147/COPD.S454905                                                                                                                                                                                                                               

DovePress                                                                                              

International Journal of Chronic Obstructive Pulmonary Disease 2024:19 1120

Bajwa et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1183/13993003.01914-2018
https://doi.org/10.1016/j.jacc.2013.10.036
https://doi.org/10.2165/00003495-200969090-00002
https://doi.org/10.1111/resp.12772
https://doi.org/10.1016/j.healun.2011.11.020
https://doi.org/10.1016/j.ajem.2017.08.014
https://doi.org/10.3389/fmed.2021.814222
https://doi.org/10.1007/BF00175982
https://doi.org/10.1183/13993003.01032-2015
https://doi.org/10.1097/MCP.0000000000000694
https://doi.org/10.1097/MCP.0000000000000694
https://doi.org/10.1038/nrcardio.2017.84
https://doi.org/10.1016/S2213-2600(14)70013-X
https://doi.org/10.3109/15412555.2011.651180
https://doi.org/10.1183/09031936.00011308
https://doi.org/10.1183/09031936.00011308
https://doi.org/10.1146/annurev-biochem-050410-100030
https://doi.org/10.1146/annurev-biochem-050410-100030
https://doi.org/10.1164/rccm.201311-2037OC
https://doi.org/10.1371/journal.pone.0129327
https://doi.org/10.1183/23120541.00348-2021
https://doi.org/10.1016/j.jacc.2013.10.029
https://doi.org/10.1164/ajrccm.160.2.9811062
https://doi.org/10.1016/j.rmed.2022.107065
https://doi.org/10.1111/bph.14979
https://doi.org/10.1093/eurheartj/ehac237
https://www.dovepress.com
https://www.dovepress.com


International Journal of Chronic Obstructive Pulmonary Disease                                                       Dovepress 

Publish your work in this journal 
The International Journal of COPD is an international, peer-reviewed journal of therapeutics and pharmacology focusing on concise rapid reporting 
of clinical studies and reviews in COPD. Special focus is given to the pathophysiological processes underlying the disease, intervention programs, 
patient focused education, and self management protocols. This journal is indexed on PubMed Central, MedLine and CAS. The manuscript 
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www. 
dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/international-journal-of-chronic-obstructive-pulmonary-disease-journal

International Journal of Chronic Obstructive Pulmonary Disease 2024:19                                            DovePress                                                                                                                       1121

Dovepress                                                                                                                                                            Bajwa et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Study Population
	Study Design and Treatment
	Assignment and Blinding
	Study Procedures
	Right Heart Catheterization
	Functional Respiratory Imaging

	Study Outcomes
	Safety and Tolerability
	Primary PD Outcome
	Pharmacokinetics

	Statistical Analyses
	Power Calculation

	Results
	Participant Disposition
	Baseline Demographics and Disease Characteristics
	Safety and Tolerability
	Pharmacodynamic Endpoints

	Discussion
	Conclusion
	Abbreviations
	Data Sharing Statement
	Ethics Approval
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

