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Purpose: Ensifentrine is an inhaled dual inhibitor of phosphodiesterase (PDE) 3 and 4 that 
has shown bronchodilatory effects and symptom improvement in clinical studies in patients 
with chronic obstructive pulmonary disease (COPD), and anti-inflammatory effects in 
healthy volunteers in a model of COPD-like inflammation. This manuscript reports on the 
results of the clinical study examining if ensifentrine provides meaningful improvements in 
lung function when added on to tiotropium over 4 weeks in patients with COPD who have 
impaired lung function and symptoms despite treatment with tiotropium.
Patients and Methods: This randomized, double-blind, placebo-controlled, parallel-group, 
dose-ranging study recruited patients with moderate-to-severe COPD. Patients were rando-
mized to open-label tiotropium once daily (QD) plus (+) blinded escalating doses of 
ensifentrine or placebo twice daily (BID). Effects on lung function, symptoms and quality 
of life (QoL) were assessed over 4 weeks.
Results: A total of 416 COPD patients were randomized and 413 received at least one dose 
of blinded study medication + tiotropium. All ensifentrine doses produced a significant and 
dose-dependent increase in peak forced expiratory volume in 1 second (FEV1) from baseline 
to Week 4, with placebo-corrected differences of 77.5 mL when added to tiotropium 
(0.375 mg; 95% CI: 4.8, 150.1 mL; p=0.037) to 124.2 mL (3 mg; 95% CI: 51.0, 
196.8 mL; p<0.001). A significant increase in average FEV1 (0–12h) was shown at Week 
4 with the 3 mg dose (87.3 mL; 95% CI: 20.0, 154.5 mL; p=0.011). Clinically meaningful 
and statistically significant improvements in the St. George’s Respiratory Questionnaire – 
COPD (SGRQ-C) additive to tiotropium were observed at Week 4, exceeding the minimally 
clinically important difference of 4 units with the 1.5 and 3 mg doses. Adverse events were 
similar in frequency between the ensifentrine and placebo arms.
Conclusion: This clinical study demonstrated that nebulized ensifentrine added on to 
tiotropium produced clinically important improvements in lung function and QoL over 4 
weeks in COPD patients receiving tiotropium who demonstrated symptoms and lung func-
tion impairment, with a safety profile similar to placebo.
Keywords: dual PDE3 and 4 inhibitor, phosphodiesterase, COPD, tiotropium, 
bronchodilation

Plain Language Summary
This study evaluated if nebulized ensifentrine provides additional improvements in lung 
function when added to tiotropium in COPD patients who have impaired lung function and 
symptoms despite treatment with tiotropium. Study results showed that, when added to 
tiotropium, ensifentrine produced clinically meaningful and statistically significant 
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bronchodilation with a dose-dependent increase from baseline to 
peak FEV1 after 4 weeks. Interpretation: When nebulized ensi-
fentrine was added on to tiotropium maintenance therapy, it 
produced dose-dependent, clinically important improvements in 
lung function over 4 weeks in COPD patients receiving tiotro-
pium who demonstrated symptoms and lung function 
impairment.

Introduction
The World Health Organization listed chronic obstructive 
pulmonary disease (COPD) as the third leading cause of 
death worldwide in 2019.1 COPD is characterized by 
chronic, irreversible airflow obstruction and persistent 
airway inflammation leading to symptoms such as dys-
pnea, cough and sputum production and resulting in 
a reduced quality of life (QoL).2 Current standard of 
care, including treatment with inhaled long-acting 
bronchodilators and corticosteroids, has been shown to 
improve lung function, COPD symptoms and health- 
related QoL and to reduce exacerbation frequency. 
However, even with maximal inhaled therapies, many 
patients remain symptomatic and functionally 
impaired.2–4 Thus, new treatment options are urgently 
needed for patients with COPD which can provide addi-
tional bronchodilation and anti-inflammatory effects tar-
geting the chronic inflammatory pathology associated 
with COPD.

Phosphodiesterases (PDEs) are enzymes that impact 
a range of cellular functions by modulating intracellular 
levels of cyclic nucleotide signaling molecules. PDE3 reg-
ulates cyclic adenosine monophosphate (cAMP) and cyclic 
guanosine monophosphate (cGMP) concentrations in airway 
smooth muscle, such that inhibition results in airway smooth 
muscle relaxation.5–7 PDE4 regulates cAMP concentrations 
and is involved in inflammatory cell activation; conse-
quently, inhibition has anti-inflammatory effects.8–10 There 
is evidence to suggest that combined inhibition of PDE3 and 
PDE4 may have additive or synergistic effects with respect 
to both anti-inflammatory and bronchodilator activity given 
the expression of both PDE isoforms on inflammatory cells 
and airway smooth muscles, respectively.11

Ensifentrine is a first-in-class inhaled dual inhibitor of 
PDE3 and 4. In a 4-week study, nebulized ensifentrine alone 
demonstrated significant bronchodilatory effects and symp-
tom improvement and was well tolerated, with an adverse 
event profile similar to placebo, in COPD patients at doses 
from 0.75 to 6 mg twice daily.12 When added on to standard 
classes of bronchodilators in short-term studies in patients 

with COPD, ensifentrine showed rapid and meaningful 
improvement in lung function and a reduction in lung 
volumes, which may indicate an effect on small airways 
and a physiological mechanism for symptom relief.13 Anti- 
inflammatory effects including a significant reduction in 
inflammatory cell types (ie, macrophages, neutrophils, lym-
phocytes and eosinophils) were demonstrated in the sputum 
of healthy volunteers challenged with the antigen lipopoly-
saccharide (a model of COPD-like inflammation) after 
6-days of dosing with ensifentrine.14

This Phase IIb study examined the efficacy and safety 
of nebulized ensifentrine in doses ranging from 0.375 to 
3 mg twice daily (BID) added to a once-daily (QD) long- 
acting muscarinic antagonist (LAMA; tiotropium) over 4 
weeks and in patients with COPD who continued to have 
impaired lung function and significant dyspnea following 
a 2-week run-in on tiotropium.

Patients and Methods
Tiotropium (delivered via Spiriva® Respimat®, two puffs 
2.5 µg QD) was selected as a commonly prescribed 
LAMA bronchodilator to provide a uniform background 
maintenance treatment for all patients across the run-in 
and treatment periods. LAMAs are a recommended treat-
ment for symptomatic COPD patients.2 Symptomatic 
patients with a pre-dose FEV1 of 30–70% and 
a modified Medical Research Council (mMRC) dyspnea 
scale score ≥2 after 2 weeks of daily treatment with 
tiotropium were selected to examine the benefits of 
added nebulized ensifentrine in this population. The 
study was approved by independent ethics committees 
at each institution and was performed in accordance with 
the Declaration of Helsinki and Good Clinical Practice 
(ICH/CPMP/135/95). Written informed consent was 
obtained from all patients. The study is registered at 
ClinicalTrials.gov (NCT03937479). All participating 
sites used Copernicus Group Independent Review 
Board (CGIRB) of Cary, NC, USA.

Design
This was a randomized, double-blind, placebo-controlled, 
5-arm parallel group study examining the dose-dependent 
effects of nebulized ensifentrine BID on lung function in 
patients with moderate-to-severe COPD. Eligible patients 
at screening entered a 2-week run-in period with open- 
label tiotropium. All patients received short-acting bronch-
odilators (albuterol metered dose inhaler) for rescue use 
that was withheld at least 6 hours prior to spirometry.
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Following the run-in period, patients demonstrated pre- 
dose forced expiratory volume in 1 second (FEV1) of 
30–70% predicted and ≥2 on the mMRC dyspnea scale 
for randomization eligibility. Patients were stratified at 
entry based on V1 reversibility status following treatment 
with albuterol (“reversible”: ≥12% and ≥200 mL increase 
in FEV1; or “non-reversible”: <12% or <200 mL increase 
in FEV1; each stratum capped at 50%) and randomized 
equally to receive double-blinded nebulized study medica-
tion BID added to open-label tiotropium QD for 4 weeks.

Patients were 40–80 years old, and had baseline post- 
bronchodilator (four puffs of albuterol) FEV1/FVC ratio 
of ≤0.70 and FEV1 ≥30% and ≤70% of predicted normal 
(NHANES III) after meeting a 48-hour washout of any 
background maintenance bronchodilators, a score of ≥2 on 
the mMRC dyspnea scale, and current or former smoking 
status with smoking history of ≥10 pack years. Patients 
with a history of asthma or other pulmonary disease; oral 
COPD therapy within 3 months (eg, oral steroids, theo-
phylline, and roflumilast), inhaled corticosteroids (ICS) 
therapy within 4 weeks or a history of any COPD exacer-
bation requiring treatment with systemic corticosteroids or 
antibiotics within 3 months, or a severe COPD exacerba-
tion within 6 months of screening were excluded. The 
Supplementary Materials display the complete study 
design (Supplement Figure 1), eligibility and randomiza-
tion criteria (Supplement Tables 1–3), and study proce-
dures (Supplement Table 4).

At randomization, baseline (pre-study medication dose) 
data were collected for spirometry (FEV1), St. George’s 
Respiratory Questionnaire – COPD (SGRQ-C), Baseline 
Dyspnea Index (BDI), electrocardiogram (ECG) and vital 
signs (eg, blood pressure, pulse rate). All baseline mea-
surements were assessed with patients on steady state 
tiotropium at the morning trough (pre-dose), including 
spirometry. Patients were administered tiotropium in the 
clinic followed by double-blind nebulized study medica-
tion after completion of pre-dose assessments. Spirometry 
was assessed pre-dose at −30 minutes (min) and up to 3 
hours (h) post-dose (+30min, 1, 2, and 3h) on Weeks 1, 2 
and 3, and up to 12h post-dose (+30min, 1, 2, 3, 4, 6, 8 and 
12h) on Day 1 and Week 4. Transition Dyspnea Index 
(TDI) and SGRQ-C, were assessed pre-dose at Weeks 2 
and 4. Daily throughout the study (including run-in) 
patients used an e-diary to record rescue medication use 
and COPD symptoms (Evaluating Respiratory Symptoms 
[E-RS™: COPD] questionnaire). Permissions were 
obtained for the use of the instruments. Vital signs and 12- 

lead ECGs were assessed pre- and post-dose on all visits. 
Adverse events (AEs) were captured over the study 
duration.

Outcomes
Efficacy
The primary endpoint was the change from baseline to 
Week 4 in peak FEV1 (maximum value during 3h post- 
dose, 0–3h), placebo and tiotropium adjusted.

Secondary endpoints included the placebo and tiotro-
pium adjusted change from baseline in: average area under 
the curve (AUC) 0–3h FEV1, average AUC0-12h FEV1 at 
Day 1 and Week 4, peak FEV1 at Day 1 and Weeks 1–3; 
morning trough FEV1 at Weeks 1–4. QoL and symptom 
improvement was assessed with the placebo and tiotro-
pium adjusted change from baseline in: the SGRQ-C at 
Weeks 2 and 4; mean weekly values over Weeks 1 to 4 in 
COPD symptoms, as measured by E-RS™: COPD; TDI at 
Weeks 2 and 4; and mean weekly values over Weeks 1 to 4 
in rescue medication use. Compliance with blinded study 
medication was assessed via returned vials and captured in 
the eDiary. Compliance with tiotropium dosing was cap-
tured in the eDiary. The time of dosing was not collected.

Safety
Ensifentrine safety was assessed by evaluation of inci-
dence of treatment-emergent adverse events (TEAEs), 
laboratory safety tests, pre- and post-dose 12-lead ECG 
data (including mean heart rate and QTcF interval), and 
vital signs.

Statistical Analysis
The standard deviation for the change in peak FEV1 was 
estimated to be 200 mL. With a 2-sided test at a 5% 
significance level and 73 evaluable patients per group, 
there was 80% power to detect a true difference of 
93 mL between any two treatments. This detectable limit 
was considered sufficient to identify an effective dose of 
ensifentrine added on to tiotropium. Assuming a 10% 
early withdrawal rate, 80 patients per group were 
randomized.

Efficacy data analysis was performed on the full ana-
lysis set, which comprised all randomized and treated 
patients with sufficient data collected after intake of 
study medication to compute the pharmacodynamic para-
meters based on FEV1 on at least one occasion. The 
primary endpoint (Week 4 peak FEV1) was analyzed 
using a restricted maximum likelihood-based mixed 
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model for repeated measured (MMRM), including fixed 
effects for treatment, visit and treatment by visit interac-
tion, patient as random effect, baseline value as covariate 
and covariance structure by visit. Ensifentrine–placebo 
differences with 95% confidence intervals and correspond-
ing two-sided p-values were calculated. To control for the 
familywise error rate, a fixed-sequence testing strategy 
was employed, with the highest ensifentrine dose (3 mg) 
tested vs placebo. If a statistically significant difference 
was found at the two-sided α level of 5%, the testing 
proceeded with the next lower dose. If a test was non- 
significant, testing stopped and the remaining null 
hypotheses accepted. The average FEV1 endpoints were 
calculated using the linear trapezoidal method as the area 
under the curve divided by the length of the time interval 
of interest.

A similar MMRM method was used to analyze most of 
the secondary efficacy endpoints, with the same hierarch-
ical testing within endpoint, although endpoints were 
tested independently. In the analysis of TDI, BDI was 
used as baseline in the model and the dependent variable 
was the TDI total score. Weekly mean values were used 
for the MMRM analysis of E-RS™: COPD and the use of 
rescue medication and baseline for both measures was 
computed over the last 7 days of the run-in period. 
Values at Weeks 2 and 4 were used for the MMRM 
analysis of TDI, as well as the change from baseline in 
SGRQ-C.

Results
The study was conducted between May and 
November 2019 at 46 study centers across the United 
States (USA), although 49 centers consented at least one 
patient.

Disposition
Overall, 416 patients were randomized. Of those, 413 
(99.3%) received at least one dose of blinded study med-
ication and were included in the full analysis set as well as 
the safety analysis set. A total of 373 (89.7%) patients 
completed the 4-week study. Figure 1 illustrates patient 
disposition for the study.

The most common reasons for early study discontinua-
tion were protocol deviations (n =20, 46.5%), largely 
driven by patients not meeting randomization criteria (eg, 
recent COPD exacerbation, asthma or other respiratory 
disorder, or intolerance to tiotropium), and withdrawal by 
patient (n =13, 30.2%). A higher proportion of patients in 

the 0.75 mg arm discontinued the study early compared to 
other treatments arms (n =15, 17.6% vs 6.0–12.0%). There 
were no deaths during the study.

Compliance
Based on the number of vials dispensed and returned, 
mean treatment compliance was high (≥97.7%) and similar 
across arms. Median duration of exposure was 29.0 days 
across all groups.

Characteristics
Baseline population characteristics for the full analysis set 
(n =413) are listed in Table 1. The majority of patients 
were White (90.1%), with a mean age of 64.3 years 
(range: 45 to 80 years). Over half (57.5%) were female 
and 52.2% were less than 65 years of age. There were 214 
non-reversible (33.2% male) and 199 reversible (52.8% 
male) patients.

Baseline disease and clinical characteristics are also 
displayed in Table 1. Mean pre-bronchodilator FEV1 of 
1.20 L, mean post-bronchodilator FEV1 of 1.40 L (50.2% 
of predicted normal FEV1) and an FEV1/FVC ratio of 
0.52. Mean baseline reversibility was 87.0 and 321.4 mL 
for non-reversible and reversible strata, respectively. The 
0.375 mg arm had the highest percentage of patients that 
self-reported a diagnosis of chronic bronchitis (67.5% vs 
51.2–62.7%) as well as previous LAMA users (56.6% vs 
34.6–51.2%). The placebo arm had the highest percentages 
of males (47.6% vs 37.0–45.1%) and current smokers 
(63.1% vs 49.4–59.0%), in addition to highest baseline 
mean PRO scores (SGRQ-C and E-RS™: COPD total 
scores) and rescue medication use (Table 2).

Primary Endpoint
Ensifentrine resulted in a dose-dependent, statistically sig-
nificant improvement in peak FEV1, compared to the pla-
cebo arm when added to tiotropium. Least-squares mean 
(LSM) placebo-corrected differences for the 0.375, 0.75, 
1.5 and 3 mg arms were as follows: 77.5 (p=0.037; 95% 
CI: 4.8, 150.1); 91.2 (p=0.015; 95% CI: 18.0, 164.3); 107.2 
(p=0.004; 95% CI: 34.4, 180.0); and 124.2 mL (p<0.001; 
95% CI: 51.7, 196.8) respectively (Table 3, Figure 2).

Other Endpoints
A statistically significant improvement was observed in peak 
FEV1 at Day 1 and Weeks 1–3 in all ensifentrine arms 
compared to the placebo arm (LSM placebo-corrected dif-
ference, all p<0.02, Figure 2, Supplement Table 5).
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A dose-ordered response in the change from baseline in 
average FEV1 over 12h at Week 4 was also observed with 
a statistically significant improvement for the 3 mg arm 
(LSM placebo-corrected difference; 87.3 mL; 95% CI: 
20.0, 154.5; p=0.011; Table 2). Separation from placebo 
was maintained over 12h with the 3 mg arm as well, as 
demonstrated in the 12h spirometry profile at Week 4 
(Supplement Figure 2).

A nominal improvement from baseline in morning trough 
FEV1 at Week 4 was observed with the 3 mg arm compared 
to the placebo arm (27.2 mL; Table 3). However, there were 
no statistically significant improvements from baseline in 
trough FEV1 for any of the treatment arms (Table 3).

Post-hoc analysis of average FEV1 6–12h from 
baseline to Week 4 with blinded study drug added to 
tiotropium revealed nominal improvements. LSM placebo- 
corrected differences were 5 (0.375 mg arm; p=0.884, 
95% CI: −59, 69); 33 (0.75 mg arm; p=0.314, 95% CI: 

−31, 97); 27 (1.5 mg arm; p=0.407, 95% CI: −37, 92); and 
58 mL (3 mg arm; p=0.078, 95% CI: −6, 122).

In COPD health-related QoL and symptoms, ensifen-
trine showed statistically significant improvements in 
SGRQ-C (LSM change from baseline) compared to pla-
cebo, exceeding the minimal clinically important differ-
ence (MCID) of 4 units at Week 4 with the 1.5 and 3 mg 
arms (LSM placebo-corrected differences; both p<0.05, 
Table 4). Compared to the placebo arm, ensifentrine gen-
erally provided numerically greater improvements at Week 
4 in the E-RS™: COPD total score and TDI score, but did 
not reach statistical significance (Table 4). There were 
minimal changes from baseline in rescue medication use 
compared to the placebo arm (Supplement Table 6).

Safety
Overall, the AE profile of all ensifentrine treatment arms 
were similar to the placebo arm. Ensifentrine was well 

Figure 1 Patient flow through the study. 
Notes: Tiotropium: open-label tiotropium (two puffs 2.5 µg; once daily). Ensifentrine: double-blind study medication (via jet nebulizer with compressor; 0.375 mg, 0.75 mg, 
1.5 mg, 3 mg, or placebo; twice daily). Full analysis set: all randomized patients with sufficient data collected after intake of blinded study medication to compute the 
pharmacodynamic parameters based on FEV1 on at least one occasion (n=413). Safety analysis set: all patients that received at least one dose of study medication (n=413). 
*One patient was dispensed 3mg drug dosing rather than 0.375 mg. 
Abbreviations: FEV1, forced expiratory volume in 1second; n, number of patients.
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tolerated at all dose levels and there were no patterns or 
relationship to ensifentrine dose observed. Gastrointestinal 
and cardiac disorders were rare overall.

Table 5 provides the overall summary of TEAEs as 
well as those most commonly reported in more than one 
patient overall by preferred term. The most commonly 

reported TEAE in patients that received ensifentrine was 
headache (1.8% [6/329] vs 1.2% [1/84] that received pla-
cebo). In patients that received ensifentrine, 0.91% (3/329) 
reported serious TEAE; however, there were no reports of 
serious drug-related TEAE. There were no meaningful 
changes in vital signs, blood pressure or pulse-rate and 

Table 1 Baseline Demographics and Disease Characteristics in the Full Analysis Set

Ensifentrine Treatment Arm† (n) Total 
(n=413)

0.375 mg Arm 
(n=83)

0.75 mg Arm 
(n=83)

1.5 mg Arm 
(n=81)

3 mg Arm 
(n=82)

Placebo Arm 
(n=84)

Age

Mean, years (SD) 64.2 (7.86) 65.5 (8.43) 63.8 (7.71) 64.5 (7.92) 63.6 (8.41) 64.3 (8.06)

<65 years, % 53.0 45.8 54.3 50.0 56.0 51.8

Gender, %

Male 38.6 44.6 37.0 45.1 47.6 42.6

Female 61.4 55.4 63.0 54.9 52.4 57.4

Race, %

White 88.0 91.6 88.9 92.7 89.3 90.1

Black or African American 12.0 8.4 11.1 7.3 10.7 9.9

Reversible, %

Yes 45.8 47.0 49.4 50.0 48.8 48.2

No 54.2 53.0 50.6 50.0 51.2 51.8

Baseline FEV1

Mean post-bronchodilator FEV1, L (SD) 1.4 (0.46) 1.4 (0.44) 1.4 (0.38) 1.4 (0.45) 1.4 (0.46) 1.4 (0.44)

Post-bronchodilator FEV1, % predicted 

normal (SD)

50.4 (10.18) 50.9 (9.67) 49.9 (10.12) 50.4 (10.61) 48.9 (10.93) 50.1 (10.29)

Mean FEV1 reversibility, mL (SD) 189.8 (140.94) 209.3 (147.47) 203.9 (177.91) 214.2 (145.71) 185.5 (143.69) 200.5 (151.28)

% reversibility (SD) 18.2 (13.63) 18.1 (13.34) 21.0 (19.69) 20.2 (14.74) 17.6 (14.19) 19.0 (15.25)

Baseline mean mMRC (SD) 2.7 (0.63) 2.7 (0.59) 2.6 (0.57) 2.6 (0.59) 2.7 (0.62) 2.7 (0.60)

Reported to have chronic bronchitis, %C

Yes 67.5 62.7 56.8 51.2 56.0 58.8

No 32.5 37.3 43.2 48.8 44.0 41.2

Smoking historyX

Current smoker, % 49.4 59.0 51.9 52.4 63.1 55.2

Ex-smoker, % 50.6 41.0 48.1 47.6 36.9 44.8

Mean smoking exposure, pack years (SD) 52.9 (26.14) 52.5 (26.39) 50.5 (25.54) 51.0 (20.56) 52.5 (27.37) 51.9 (25.22)

Prior COPD medication, %

LAMA 56.6 44.6 34.6 39.0 51.2 45.3

LABA/LAMA 13.3 16.9 25.9 19.5 19.0 18.9

ICS/LABA 10.8 12.0 16.0 6.1 15.5 12.1

ICS 4.8 3.6 2.5 0 2.4 2.7

LABA 1.2 4.8 2.5 0 2.4 2.2

ICS/LABA/LAMA 1.2 0 1.2 3.7 2.4 1.7

Notes: CReported chronic bronchitis: patients were asked if they had been diagnosed with chronic bronchitis (yes or no; defined as productive cough and sputum 
production on most days for 3 months in each of 2 consecutive years; Pauwels et al 2001).15 †Double-blind study medication (ensifentrine 0.375, 0.75, 1.5 or 3 mg or placebo 
BID) added to once-daily tiotropium QD. XCurrent and former smokers with smoking history of ≥10 pack years. Baseline, post 2 weeks receiving tiotropium. 
Abbreviations: BID, twice daily; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; ICS, inhaled corticosteroid; LAMA, long- 
acting muscarinic antagonist; LABA, long-acting beta agonist; mMRC, modified medical research council dyspnea scale; n, number of patients; Pack-years, the number of 
packs per day multiplied by the number of years smoking; QD, once daily; SD, standard deviation; reversible, ≥12% and ≥200 mL increase in FEV1 post 4 puffs albuterol; non- 
reversible, <12% or <200 mL increase in FEV1 post 4 puffs albuterol.
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Table 2 Baseline Patient-Reported Outcome (PRO) Scores and Rescue Medication Use for Patients with Baseline and Week 4 Values 
Reported in the Full Analysis Set

Ensifentrine Treatment Arm† (n)

0.375 mg Arm 
(n=83)

0.75 mg Arm 
(n=83)

1.5 mg Arm 
(n=81)

3 mg Arm 
(n=82)

Placebo Arm 
(n=84)

SGRQ-C Total Score

n^ 75 69 71 73 76

Baseline mean (range) 55.9 (20.6, 96.6) 51.9 (14.4, 85.4) 54.7 (16.0, 96.5) 52.9 (8.1, 91.4) 58.3 (21.2, 99.5)

E-RS™: COPD Total Score

n^ 75 69 75 74 77
Baseline mean (range) 12.4 (0.0, 29.8) 12.4 (0.0, 26.3) 12.7 (0.0, 27.6) 12.2 (0.0, 24.2) 14.2 (1.2, 30.3)

Baseline Dyspnea Index
n^ 77 74 75 78 80

Baseline mean (range) 5.9 (4.0, 8.0) 5.9 (1.0, 8.0) 5.7 (0.0, 9.0) 6.0 (1.0, 12.0) 5.6 (0.0, 9.0)

Rescue Medication Use, 

puffs/day

n^ 74 68 72 71 76
Baseline mean (range) 2.1 (0.0, 8.0) 2.4 (0.0, 9.7) 2.1 (0.0, 10.6) 2.1 (0.0, 10.6) 2.7 (0.0, 13.6)

Notes: † Double-blind study medication (ensifentrine 0.375, 0.75, 1.5 or 3 mg or placebo BID) added to once-daily tiotropium QD. ^Number of patients with valid values at 
baseline and at Week 4 visits. Baseline, post 2 weeks receiving tiotropium. 
Abbreviations: E-RS™: COPD, Evaluating Respiratory Symptoms in COPD; SGRQ-C, St. George’s Respiratory Questionnaire for COPD patients.

Table 3 Change from Baseline to Week 4 in Peak FEV1 (Over 3 Hours), Average FEV1 (0–12 Hours) and Morning Trough FEV1 in the 
Full Analysis Set

Ensifentrine Treatment Arm† (n)

0.375 mg Arm 
(n=83)

0.75 mg Arm 
(n=83)

1.5 mg Arm 
(n=81)

3 mg Arm 
(n=82)

Placebo Arm 
(n=84)

Week 4 Peak FEV1 (0–3h) (change from 
baseline)

LS mean, mL (95% CI) 196 (144, 248) 210 (157, 263) 226 (174, 278) 243 (191, 295) 119 (68, 170)

Treatment – placebo difference, LS 
mean, mL (95% CI)

78 (5, 150) 91 (18, 164) 107 (34, 180) 124 (52, 197)

p-value 0.037 0.015 0.004 0.001

Week 4 Average FEV1 (0–12h) (change from 

baseline)

LS mean, mL (95% CI) 36 (−12, 84) 63 (14, 112) 64 (16, 112) 97 (49, 145) 10 (−38, 57)
Treatment – placebo difference, LS 

mean, mL (95% CI)

26 (−41, 94) 53 (−15, 121) 54 (−13, 122) 87 (20, 155)

p-value 0.446 0.124 0.115 0.011

Week 4 Morning trough FEV1 (change from 

baseline)
LS mean, mL (95% CI) −20 (−65, 25) −35 (−81, 12) −14 (−60, 31) 5 (−40, 51) −22 (−66, 23)

Treatment – placebo difference, LS 

mean, mL (95% CI)

2 (−62, 65) −13 (−77, 51) 8 (−56, 71) 27 (−36, 91)

p-value 0.959 0.691 0.812 0.400

Notes: Data are least squares mean treatment – placebo differences, both added on to tiotropium (95% CI); p-value (p<0.05 is significant). †Double-blind study medication 
(ensifentrine 0.375, 0.75, 1.5 or 3 mg or placebo BID) added to once-daily tiotropium QD. Baseline, post 2 weeks receiving tiotropium. 
Abbreviations: BID, twice daily; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; LS, least squares; n, 
number of patients in full analysis set; placebo, ensifentrine placebo added to tiotropium; QD, once daily.

International Journal of Chronic Obstructive Pulmonary Disease 2021:16                                                 http://doi.org/10.2147/COPD.S307160                                                                                                                                                                                                                       

DovePress                                                                                                                       
1143

Dovepress                                                                                                                                                        Ferguson et al

http://www.dovepress.com
http://www.dovepress.com


no dose-related or meaningful changes in heart rate nor to 
QTcF interval, pre-dose or 2h post-dose. Baseline, Week 4 
and change from baseline to Week 4 values of ECG mean 
heart rate and ECG QTcF interval are shown in 
Supplement Tables 7 and 8.

Discussion
In this double-blind, placebo-controlled, randomized, 
dose-ranging study, twice-daily, nebulized ensifentrine 
(0.375–3 mg) improved peak FEV1 (0–3h) in a dose- 
ordered, statistically significant manner with all ensifen-
trine doses added to tiotropium QD compared to placebo 
added to tiotropium QD after 4 weeks (0.375 mg: 78 mL, 
p=0.037; 0.75 mg: 91 mL, p=0.015; 1.5 mg: 107 mL, 
p=0.004; 3 mg: 124 mL, p<0.001). This outcome is similar 
to the previously reported dose-ranging study of ensifen-
trine monotherapy (0.75 to 6 mg or placebo) in COPD 
patients, where ensifentrine significantly improved peak 
FEV1 (0–3h) compared to placebo for all doses after 4 
weeks of treatment and showed a similar dose response up 
to the 3 mg arm.12

There were dose-dependent improvements in lung 
function observed for average AUC0-12h FEV1, including 
a statistically significant improvement of 87 mL with the 
3 mg arm, which appeared to be the most efficacious dose 

for airflow improvements over the 12h serial spirometry. 
Nominal, but consistent improvements in trough FEV1 
with the 3 mg arm were also observed, which were smaller 
in magnitude in this study compared to prior Phase 2b 
study CO-203 due to the background tiotropium use in the 
current study. These results are also consistent with those 
observed in the earlier ensifentrine monotherapy study, 
where statistically significant improvements of 119 mL 
versus placebo (average FEV1 AUC 0–12h) and 68 mL 
(morning trough FEV1) were shown with the 3 mg arm.12

Ensifentrine added on to tiotropium produced a robust, 
clinically meaningful and statistically significant improve-
ment in QoL (measured with SGRQ-C) after 4 weeks that 
were supported by numerical improvements in COPD 
symptoms (measured by E-RSTM: COPD and TDI) com-
pared to placebo added on to tiotropium. This represents 
an unprecedented improvement in quality of life over only 
4 weeks of treatment in patients with COPD who contin-
ued to have impaired lung function and remain highly 
symptomatic despite maintenance use of tiotropium. The 
magnitude of improvement observed in quality of life 
added on to tiotropium, compared to placebo added on to 
tiotropium appears to be greater than the incremental 
improvements in lung function would predict and included 
improvements in all SGRQ-C sub-scales, with the largest 

Figure 2 Peak FEV1 between 0 and 3 h post-dose in the full analysis set. 
Notes: Mean change from baseline FEV1 and standard error of mean are shown. Data are least squares means treatment – placebo differences and 95% CI of the least 
squares mean difference. †P<0.05 vs placebo; ‡P<0.01 vs placebo; ¥P<0.0001 vs placebo. Least squares mean changes from baseline in the placebo ensifentrine added to 
tiotropium arm in the full analysis set (placebo, n=84) were 104, 110, 107, and 119 mL at Weeks 1, 2, 3 and 4, respectively. Baseline, post 2 weeks receiving tiotropium. 
Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in 1second; p, p-value vs placebo; placebo, placebo ensifentrine added to tiotropium.
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improvements demonstrated in the Activity and Impacts 
domains. This suggests that the dual PDE3/4 mechanism 
by which ensifentrine acts is providing benefits beyond 
bronchodilation, and possibly related to anti-inflammatory 
effects. The data on lung function, symptoms and quality 
of life improvement described herein, support the twice- 
daily dosing of ensifentrine in patients with moderate-to- 
severe COPD as a potential add-on to maintenance 
bronchodilators for symptomatic COPD patients who 
may benefit from escalation of therapy.

As observed with the earlier ensifentrine monotherapy 
study, delivery of ensifentrine directly to the airways 
through nebulization in addition to tiotropium was well 
tolerated at all doses in this study with an adverse event 
profile similar to the placebo arm, including the cardiovas-
cular and gastrointestinal effects.

This study was not enriched with exacerbation-prone 
patients, and the 4-week treatment duration was too brief 
to assess ensifentrine doses for potential prevention of 
COPD exacerbations. However, another approved oral 
PDE4 antagonist, roflumilast 500mg daily, has reported 

decreases in COPD exacerbation rates in at least some 
subgroups of COPD patients,16 suggesting ensifentrine 
might also favorably modify COPD exacerbations in 
a long-term COPD-exacerbation prone population. In deli-
vering ensifentrine directly to the airways through nebuli-
zation, the medication appeared well tolerated. There were 
very few reports of treatment-related nausea and headache 
or other adverse events often reported for roflumilast or 
other systemically delivered phosphodiesterase therapies.

Limitations
The run-in period with tiotropium prior to randomization 
was 2 weeks in order to achieve steady state on broncho-
dilation, and it is possible that this was not long enough to 
establish a robust baseline for patient-reported outcome 
measures and rescue medication use. Furthermore, this 
study enrolled 50% of patients who showed evidence of 
reversibility to albuterol at screening in order to better 
characterize responsiveness to ensifentrine in patients 
with COPD. The impact of this design feature combined 
with the relatively short run-in on tiotropium on study 

Table 4 Change from Baseline to Week 4 in SGRQ-C Total Score, E-RS™: COPD Total Score and TDI Score in the Full Analysis Set

Ensifentrine Treatment Arm† (n)

0.375 mg Arm 
(n=83)

0.75 mg Arm 
(n=83)

1.5 mg Arm 
(n=81)

3 mg Arm 
(n=82)

Placebo Arm 
(n=84)

Week 4 SGRQ-C Total Score (change from 

baseline)

LS mean (95% CI) −4.4 (−6.96, −1.83) −2.4 (−5.10, 0.30) −4.9 (−7.52, −2.22) −4.2 (−6.81, −1.51) −0.1 (−2.71, 2.48)

Treatment – placebo difference, LS mean 

(95% CI)

−4.3 (−7.92, −0.62) −2.3 (−6.04, 1.47) −4.8 (−8.46, −1.05) −4.1 (−7.76, −0.33)

p-value 0.022 0.232 0.012 0.033

Week 4 E-RS™: COPD Total Score (change 

from baseline)

LS mean (95% CI) −1.7 (−2.54, −0.84) −0.6 (−1.46, 0.27) −1.2 (−2.08, −0.37) −1.1 (−1.93, −0.21) −0.2 (−1.08, 0.62)

Treatment – placebo difference, LS mean 

(95% CI)

−1.5 (−2.67, −0.26) −0.4 (−1.58, 0.85) −1.0 (−2.20, 0.21) −0.8 (−2.05, 0.37)

p-value 0.018 0.555 0.105 0.171

Week 4 Transition Dyspnea Index (TDI) 

Score (change from baseline)

LS mean (95% CI) 2.1 (1.42, 2.76) 1.5 (0.80, 2.17) 2.1 (1.37, 2.74) 2.1 (1.39, 2.74) 1.8 (1.10, 2.43)

Treatment – placebo difference, LS mean 

(95% CI)

0.3 (−0.62, 1.27) −0.3 (−1.24, 0.68) 0.3 (−0.66, 1.24) 0.3 (−0.65, 1.25)

p-value 0.503 0.563 0.551 0.538

Notes: Data are least squares mean treatment – placebo differences, both added on to tiotropium (95% CI); p-value (p<0.05 is significant for the treatment-placebo 
difference in the Week 4 SGRQ-C total score with the 1.5 and 3 mg arms). †Double-blind study medication (ensifentrine 0.375, 0.75, 1.5 or 3 mg or placebo BID) added to 
once-daily tiotropium QD. Baseline, post 2 weeks receiving tiotropium. 
Abbreviations: BID, twice daily; CI, confidence interval; COPD, chronic obstructive pulmonary disease; E-RS™: COPD, Evaluating Respiratory Symptoms in COPD; FEV1, forced 
expiratory volume in 1 second; LS, least squares; MCID, minimally important clinical difference (4 units for SGRQ-C, 2 units for E-RS™: COPD, and 1 unit for TDI); n, number of 
patients in full analysis set; placebo, ensifentrine placebo added to tiotropium; QD, once daily; SGRQ-C, St. George’s Respiratory Questionnaire for COPD Patients.
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outcomes will be described in a subsequent publication. 
Trough FEV1 was assessed on a background of tiotro-
pium, thus does not represent a true trough effect of 
ensifentrine. Additionally, as assessed in this study, the 
pre-dose morning trough assessment cannot be confirmed 
as 12-hours post evening dose as the timing of the evening 
dose prior to spirometry was not collected.

This dose-ranging study was powered for improve-
ments in lung function, not symptom or QoL improve-
ment. With approximately 80 patients randomized per 

arm, differences in baseline values for E-RS™: COPD 
and SGRQ-C across treatment arms were observed, 
which may limit the interpretation of dose- 
responsiveness in these scales known to be impacted 
by baseline severity. Additionally, this was a short- 
term study over a 4-week treatment period; thus, longer- 
term efficacy and safety needs to be established. In 
addition, potential benefits for nebulized PDE3/4 inhibi-
tors such as ensifentrine for prevention of COPD 
exacerbations could not be evaluated in this short trial, 

Table 5 Proportion of Treatment Emergent Adverse Events Summary Listed by Prevalence in the Safety Analysis Set

Ensifentrine Treatment Arm† (n)

0.375 mg 
Arm (n=82)

0.75 mg 
Arm (n=83)

1.5 mg Arm 
(n=81)

3 mg Arm 
(n=83)

Placebo 
Arm (n=84)

Any TEAE, % 14.6 18.1 17.3 21.7 20.2

Any TEAE leading to drug discontinuation, % 2.4 3.6 0 0 1.2

Any drug-related TEAE, % 1.2 3.6 2.5 2.4 4.8

Any serious TEAE, % 0 1.2 0 2.4 0

Any serious drug related TEAE, % 0 0 0 0 0

Any serious TEAE leading to drug discontinuation, % 0 1.2 0 0 0

Any TEAE leading to death, % 0 0 0 0 0

Most commonly reported TEAEs by preferred term (>1 

patient overall), %
COPDa 3.6b 2.4b 0 3.6c 0

Headache 2.4 1.2 1.2 2.4 1.2
Blood creatinine increased 1.2 2.4 1.2 0 0

Oral candidiasis 0 1.2 0 1.2 2.4

Blood pressure increased 1.2 1.2 1.2 0 0
Dyspnea 0 1.2 0 2.4 0

Nasopharyngitis 0 0 0 1.2 2.4

Osteoarthritis 1.2 0 1.2 1.2 0
Bronchitis 0 1.2 0 0 1.2

Chest discomfort 0 0 0 1.2 1.2

Contusion 1.2 0 1.2 0 0
Cough 0 0 0 1.2 1.2

Diarrhea 0 1.2 0 1.2 0

Edema peripheral 0 0 1.2 0 1.2
Fall 0 1.2 1.2 0 0

Gastroenteritis 0 0 2.5 0 0

Heart rate increased 1.2 0 0 1.2 0
Muscle spasms 0 2.4 0 0 0

Notes: †Double-blind study medication (ensifentrine 0.375, 0.75, 1.5 or 3 mg or placebo BID) added to once-daily tiotropium QD. aTEAEs of COPD were reported as 
either worsening of COPD symptoms or COPD exacerbations. COPD exacerbations were reported as moderate TEAEs with PT of COPD that required treatment with 
systemic steroids for at least 3 days from or after the date of TEAE onset. bFive (1.2%) patients had COPD exacerbations (as defined above) reported: 3 (3.6%) in the 
0.375 mg and 2 (2.4%) in the 0.75 mg arms. cThree (3.6%) patients in the 3 mg arm had events of “worsening of COPD symptoms” (n=2) and “mild COPD exacerbation” 
(n=1) that were reported as mild TEAEs with PT of COPD. 
Abbreviations: BID, twice daily; CI, confidence interval; COPD, chronic obstructive pulmonary disease; n, number of patients in safety analysis set; placebo, ensifentrine 
placebo added to tiotropium; QD, once daily; TEAE, treatment emergent adverse event.
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and would require longer trials in COPD patients at risk 
for COPD exacerbations.

Strengths included the measurement of multiple end-
points to monitor airflow, health status and symptoms as 
well as safety, and the normalization of background main-
tenance therapy with sponsor provided tiotropium across 
the run-in and treatment periods.

Conclusion
Ensifentrine provided a dose-dependent, statistically signifi-
cant and clinically meaningful bronchodilation (peak FEV1) 
of 78 mL (0.375 mg), 91 mL (0.75 mg), 107 mL (1.5 mg) and 
124 mL (3 mg) when administered BID in addition to tio-
tropium (all p<0.05 compared to placebo+tiotropium), in 
COPD patients who remained symptomatic while taking 
tiotropium. Additionally, this novel, inhaled inhibitor of 
PDE3 and PDE4, provided significant improvement in QoL 
and has a safety profile similar to placebo.
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