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Abstract: Ensifentrine is a novel, potent, and selective dual inhibitor of phosphodiesterase (PDE)3 and PDE4 designed for delivery 
by inhalation that combines effects on airway inflammation, bronchodilation and ciliary function in bronchial epithelia. In Phase 2 
studies in subjects with COPD, ensifentrine demonstrated clinically meaningful bronchodilation and improvements in symptoms and 
health-related quality of life when administered alone or in combination with current standard of care therapies. Ensifentrine is 
currently in late-stage clinical development for the maintenance treatment of patients with COPD. This review summarizes non- 
clinical data as well as Phase 1 and Phase 2 efficacy and safety results of nebulized ensifentrine relevant to the maintenance treatment 
of patients with COPD. 
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Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by progressive airflow obstruction which is largely 
irreversible and is associated with chronic inflammation of the respiratory tract, acute exacerbations, airway remodeling 
and excessive mucus production.1 Novel treatments, which can provide additional meaningful symptom relief, bronch-
odilation and reduction in exacerbations without side effects seen with current classes of treatments, such as corticoster-
oids or oral phosphodiesterase (PDE) 4 inhibitors, are needed because patients are still symptomatic despite maximal use 
of existing therapies.2,3

Inhibitors of PDE3 and PDE4 target a range of respiratory functions at the cellular level and tissue level: PDE3 
regulates cyclic adenosine monophosphate (cAMP) and cyclic guanosine monophosphate (cGMP) concentrations in 
airway smooth muscle, which mediates bronchial tone.4–6 PDE4 regulates cAMP concentrations in cells associated with 
airway inflammation and is involved in inflammatory cell activation.7–9 Inhibitors of PDE4 have been shown to stimulate 
Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) and increase ciliary beat frequency in human bronchial 
epithelial cells.10,11 Evidence also suggests that combined inhibition of PDE3 and PDE4 may have additive or synergistic 
effects with respect to both anti-inflammatory and bronchodilator activity due to the expression of both PDE isoforms on 
inflammatory cells and airway smooth muscle.12–14

Ensifentrine (RPL554) is a novel, potent and selective, dual inhibitor of PDE3 and PDE4 designed for delivery by 
inhalation combining effects on airway inflammation, bronchodilation and increased ciliary beat frequency in bronchial 
epithelial cells (refer to Figure 1).15–20 Ensifentrine is currently in late-stage clinical development, having completed two 
Phase 3 trials, for the maintenance treatment of patients with COPD (NCT04535986 [with a 48-week safety subset] and 
NCT04542057).21

This review summarizes non-clinical ensifentrine data as well as Phase 1 and Phase 2 efficacy and safety results of 
nebulized ensifentrine relevant to the maintenance treatment of patients with COPD.
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Non-Clinical Data
Studies evaluating the bronchorelaxant and bronchoprotective effects of ensifentrine have been previously described.15,22–25 

In vitro and in vivo anti-inflammatory experiments of ensifentrine were described by Boswell-Smith et al15 and further 
detailed by Rheault et al.26 In vitro human bronchial epithelial (HBE) cell experiments evaluating effects on ciliary beat 
function and cAMP activation have been described by Turner et al.20,27–29

In vitro Studies
In enzyme activity assays of recombinant PDE3A, PDE3B, and PDE4B2, ensifentrine inhibited PDE activity with IC50 

values of 0.25, 0.29 and 290 nM, respectively.26 The inhibitory activity of ensifentrine on PDE4 was aligned with the 
positive control rolipram (130 nM)26 and with reported functional activity of ensifentrine on PDE4-mediated inhibition 
of TNFα production in lipopolysaccharide (LPS)-stimulated human monocytes (520 nM) and proliferation of human 
mononuclear cells stimulated with phytohemagglutinin (460 nM).15 Ensifentrine has been shown to increase levels of 
cAMP in human neutrophils and CFBE41o-WT cells, demonstrating the ability of ensifentrine to inhibit PDE3 and PDE4 
and produce expected effects in a cellular mechanistic assay.15,28

Ensifentrine has also been shown to activate CFTR mediated chloride ion secretion in in vitro human normal and cystic 
fibrosis bronchial epithelial cells.20 Ensifentrine (10µM) potentiated forskolin stimulated CFTR activity approximately 
10-fold. Additionally, treatment of HBE cells with ensifentrine for 30 minutes significantly increased ciliary beat frequency 
by 2.6 ± 0.8% (p < 0.05; n = 11) at 1 minute, 8.1 ± 1.2% (p < 0.001; n = 11) at 5 minutes and 10.4 ± 1.8% (p < 0.001; n = 11) 
at 30 minutes following treatment compared with time-matched controls.20

Figure 1 Ensifentrine mechanism of action. Ensifentrine is a novel inhaled, single molecule that is a potent and selective inhibitor of PDE3 and PDE4 in late-stage clinical 
development for treatment of patients with COPD. PDE3 and PDE4 are expressed on airway smooth muscle, inflammatory cells and bronchial epithelial cells. The dual 
inhibition of PDE3 and PDE4 by ensifentrine produces additive or synergistic effects compared with inhibition of either PDE3 or PDE4 alone, which results in enhanced 
effects on bronchodilation, airway inflammation, and mucociliary clearance. 
Abbreviations: CFTR, Cystic Fibrosis Transmembrane Conductance Regulator; PDE, phosphodiesterase.
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Ensifentrine has been shown to 1) produce additive effects on CFTR activation when administered in combination 
with ivacaftor;20 2) elevate intracellular cAMP leading to a potentiation of forskolin-stimulated current mediated by 
multiple class III/IV mutants of CFTR;27 and 3) stimulate a robust, CFTR-dependent secretion and a reduction in the 
production of pro-inflammatory cytokines in cystic fibrosis bronchial epithelial cells stimulated with Interleukin-1β.28,29 

Taken together, these data suggest that ensifentrine has the potential to enhance mucociliary clearance in COPD patients 
where ciliary dysfunction has been described, and increased mucus production and cough are commonly reported 
symptoms.29

In vivo Studies
In isolated airway tissue preparations, ensifentrine produced potent, long-lasting relaxant effects on contractile responses 
induced by spasmogens (eg, histamine, carbachol) and electrical field stimulation (EFS).15 In guinea pig tracheal 
preparations, ensifentrine was shown to inhibit contractile responses to EFS by approximately 50% at a concentration 
of 100 nM. Ensifentrine inhibited EFS-induced contraction of isolated human bronchial tissue and isolated guinea pig 
trachea, with almost complete inhibition of the contractile response maintained for 5 and 6 hours, respectively, after 
termination of the perfusion with ensifentrine.

Ensifentrine alone induced maximal relaxation following EFS stimulation and carbachol-induced contraction, while 
ensifentrine administered with the muscarinic receptor antagonist, glycopyrronium, induced a concentration-dependent 
relaxation of the contraction induced by EFS as well as a concentration-dependent relaxation of human bronchioles.24 In 
addition, ensifentrine relaxed isolated human bronchial and guinea pig tracheal tissues which had been pre-contracted 
with spasmogens and demonstrated additional relaxation in isolated airway preparations when bronchodilator drugs such 
as salbutamol, ipratropium and albuterol/ipratropium combination did not achieve maximal relaxation.25 Ensifentrine 
alone relaxed human bronchi and produced additive or synergistic inhibition of airway smooth muscle contraction when 
combined with the β2-agonist, salbutamol and the muscarinic receptor antagonist, glycopyrronium.22

The bronchoprotective properties of ensifentrine demonstrated in ex vivo isolated airway tissues also translate to 
efficacy in vivo when administered by the inhaled route. Specifically, inhaled ensifentrine (0.01, 0.02, 0.04, 0.08 mg/kg) 
protected against spasmogen- and antigen-induced bronchoconstriction in guinea pigs. Ensifentrine alone caused a dose- 
dependent relaxation of guinea pig airways (7–65% reduction in airway obstruction) and demonstrated synergistic effects 
on bronchodilation when administered in combination with atropine (42–82% reduction in airway obstruction) and 
salbutamol (64–78% reduction in airway obstruction) in vivo.23

Ensifentrine has demonstrated anti-inflammatory activity in vivo in various allergic guinea pig models at doses that 
produced smooth muscle effects as described by Boswell-Smith et al.15 Ensifentrine significantly (p < 0.05) attenuated 
eosinophil recruitment in guinea pigs 24 hours after ovalbumin challenge following oral administration (10 mg/kg) and 
dry powder inhalation (25% w/w micronized lactose blend in a volumatic chamber; 1.5 hours prior to antigen challenge) 
compared with sham-immunized animals. A significant (p < 0.05) inhibition in eosinophil peroxidase levels in 
bronchoalveolar lavage (BAL) following allergen challenge was also shown.15 Treatment with aerosolized ensifentrine 
(0.3 mg/mL) in ovalbumin-sensitized guinea pigs resulted in a significantly reduced (p = 0.030) recruitment of total cells 
in BAL fluid, including reductions in neutrophils, monocytes, and eosinophil recruitment.26 Additionally, pre-treatment 
with inhaled ensifentrine (0.1, 0.3 and 1.0 mg/mL) resulted in a significant and dose-dependent suppression of antigen- 
induced eosinophil migration into nasal passages in sensitized guinea pigs, including >80% inhibition of antigen-induced 
eosinophil migration with inhaled ensifentrine (1.0 mg/mL).26

Clinical Efficacy Data
Primary pharmacodynamic studies demonstrate that ensifentrine is a long-lasting, reversible PDE3 and PDE4 inhibitor 
possessing bronchodilator, bronchoprotective, and anti-inflammatory properties at therapeutically relevant doses.

Healthy Volunteers
A randomized, double-blind, placebo-controlled, cross-over study in healthy volunteers was conducted to evaluate the 
anti-inflammatory effects of nebulized ensifentrine solution or placebo on bacterial LPS-induced inflammatory cell 
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recruitment to the airways (LPS-challenge), a model of COPD-like inflammation (Table 1).16 Inhaled ensifentrine 
solution (approximately 1.5 mg dosed once-daily for 6 days) resulted in statistically significant reductions in inflamma-
tory cells of sputum samples 6 hours after LPS-challenge. Absolute numbers of neutrophils were reduced by 40% (6.81 × 
106 cells vs placebo 11.38 × 106 cells/g sputum; p = 0.002), macrophages by 27% (1.16 × 106 cells vs 1.58 × 106 cells/g 
sputum; p = 0.044), eosinophils by 44% (0.014 × 106 cells vs 0.025 × 106 cells/g sputum; p = 0.001), lymphocytes by 
67% (0.014 × 106 cells vs 0.042 × 106 cells/g sputum; p = 0.001), and total cells by 36% (8.66 × 106 cells vs placebo 
13.57 × 106 cells/g sputum; p = 0.002).

Subjects with COPD
Nebulized inhaled ensifentrine was evaluated in a series of Phase 2a and Phase 2b clinical trials in subjects with 
moderate-to-severe COPD. The design features of these completed Phase 2 are described in Table 1. The clinical profile 
of nebulized ensifentrine suspension included statistically significant and clinically relevant bronchodilation over 12 
hours following administration as a single dose, twice daily over 3-days, and twice daily over 4 weeks either alone or in 
combination with a short-acting β2-agonist, short-acting muscarinic antagonist or long-acting muscarinic antagonist. 
Significant reductions in lung volumes (residual volume, RV) were also demonstrated after single doses with ensifentrine 
alone or added on to short-acting bronchodilators and over 3-days of twice daily treatment with ensifentrine added on to 
a long-acting muscarinic antagonist compared with placebo. Ensifentrine has been well tolerated up to 6 mg twice daily 
for 4 weeks. A summary of the primary endpoint results of the Phase 2 studies is included in Table 2.

Ensifentrine Monotherapy
RPL554-CO-203 was a 4-week Phase 2b, randomized, double-blind, placebo-controlled, parallel-group study in 403 
subjects with moderate-to-severe COPD who were not taking concomitant maintenance (long-acting) bronchodilator 
therapies. Subjects were randomized to receive nebulized ensifentrine suspension (0.75, 1.5, 3 or 6 mg) or placebo twice 
daily for 4 weeks.18

All doses of ensifentrine met the primary endpoint, showing a statistically significant increase in peak FEV1 versus 
placebo (p < 0.001) with placebo-corrected changes from baseline >200 mL in peak FEV1 after Day 1 and after 4 weeks 
of dosing. A dose-response was evident up to the 3-mg dose, with the 6-mg mg dose appearing to not provide additional 
effects beyond the 3-mg dose. In addition, statistically significant improvements in average FEV1 over 12 hours were 
observed at all doses on Day 1 and Week 4 that were also dose-ordered up to 3 mg. The ensifentrine 3-mg dose also 
demonstrated a consistent improvement in morning trough FEV1 (68 to 89 mL, p < 0.05 for weeks 1 through 4) 
compared to placebo. Notably, statistically significant and clinically meaningful improvements in COPD symptoms were 
shown using the Evaluating Respiratory Symptoms in COPD (E-RS™: COPD)33 measure, a validated daily assessment 
of stable COPD symptoms.18,33 Ensifentrine showed a meaningful reduction in symptoms on the Total Score and all 
subscales of the E-RS (breathlessness, chest symptoms, cough/sputum) at or near the minimal clinically important 
difference (MCID) of −2 units at Week 4. A statistically significant improvement in dyspnea as measured via the 
Transition Dyspnea Index (TDI)34 compared with placebo at Week 4 was observed for all ensifentrine doses (p < 0.05) 
with improvements that exceeded the MCID of 1.0 unit. Health-related quality of life (QoL) was assessed using the 
St. George’s Respiratory Questionnaire-COPD (SGRQ-C),35 and nominal improvements from baseline to Week 4 were 
also observed compared to placebo, although statistical significance was not demonstrated.

Ensifentrine in Combination with Standard of Care β2-Agonist or Muscarinic Antagonist Bronchodilators
RPL554-009-2015 was a single-dose Phase 2, randomized, double-blind, placebo-controlled, double-dummy, complete- 
block, 6-way cross-over study in 33 subjects with moderate-to-severe COPD randomized to receive single doses of 
nebulized ensifentrine suspension (6 mg) or placebo, inhaled salbutamol (200 μg) or placebo, and inhaled ipratropium 
(40 μg) or placebo.17

Ensifentrine alone (6 mg) produced a statistically significant improvement in peak and average FEV1 over 8 hours 
compared to placebo (p < 0.001, Table 2). Furthermore, ensifentrine alone was as effective as salbutamol and ipratropium 
as a bronchodilator as measured by change from baseline in peak FEV1 (p < 0.001). Ensifentrine (6 mg) produced 
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Table 1 Summary of Clinical Study Designs of Nebulized Ensifentrine in Healthy Volunteers and in Subjects with COPD

Study Public Registry ID Trial Design Primary Endpoint Subjects Ensifentrine Dose

Healthy volunteers

VRP12012016 EudraCT: 
2012–000742-34

● Phase 1
● 6-days dosed QD 

(nebulized solution)
● R, DB, PC, XO

Percentage change in 
neutrophil counts in 

induced sputum 6 hours 

after LPS challenge

● Full analysis set = 22
● Healthy volunteers at a single site in the UK

● 0.018 mg/kg (approx. 

1.5 mg)
● Placebo

RPL554-CV-10130 N/A ● Phase 1
● Single dose (nebu-

lized suspension)
● R, DB, Placebo- and 

Active-controlled, 

XO

Concentration-QTc 

analysis with placebo- 
corrected change from 

baseline QTcF (ΔΔQTcF)

● Full analysis set = 32
● Healthy volunteers at a single site in the US

● 3 mg
● 9 mg
● Placebo
● Moxifloxacin (400 µg, 

open-label)

Subjects with COPD

Ensifentrine monotherapy
RPL554-CO-20318,31,32 NCT03443414 

EudraCT:  

2016–005205-40

● Phase 2
● 28-day dosed BID
● R, DB, PC, PG, 

dose-ranging

Change from baseline to 

Week 4 Peak FEV1 (0–3h)

● Full analysis set = 403
● Moderate-to-severe COPD, 47 sites (UK and Europe)
● 40–75 years old; ≥10 pack-year current or former smok-

ing history; post-bronchodilator FEV1 ≥40% and ≤80% of 

predicted; FEV1/FVC <0.70
● Background ICS use permitted

● 6 mg
● 3 mg
● 1.5 mg
● 0.75 mg
● Placebo

Ensifentrine in combination 

with standard of care 
β2-agonist or muscarinic 

antagonist bronchodilators

RPL554-009-201517 NCT02542254 
EudraCT:  

2015–002536-41

● Phase 2
● single-dose
● R, DB, PC, albu-

terol- and ipratro-

pium-controlled, 
6-way XO

● Peak FEV1 (0–8h) after 

single dose
● Average AUC (0–8h) 

FEV1 after single dose

● Full analysis set = 33
● Moderate COPD, single site (UK)
● 40–70 years old; ≥10 pack-year current or former smok-

ing history; post-bronchodilator FEV1 ≥40% and ≤80% of 

predicted; FEV1/FVC <0.70; ≥150 mL increase from pre- 
bronchodilator FEV1

● Background ICS use permitted

● 6 mg
● Placebo

(Continued)
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Table 1 (Continued). 

Study Public Registry ID Trial Design Primary Endpoint Subjects Ensifentrine Dose

RPL554-CO-20217 NCT03028142 
EudraCT:  

2016–004450-15

● Phase 2
● 3-day dosed BID
● R, DB, PC, 3-way 

XO added on to 

open-label 
tiotropium

● Day 3 Peak FEV1 (0–4h)
● Day 3 Average AUC (0– 

12h) FEV1

● Full analysis set = 28
● Moderate-to-severe COPD, single site (UK)
● 40–75 years old; ≥10 pack-year current or former smok-

ing history; post-bronchodilator FEV1 ≥40% and ≤80% of 

predicted; FEV1/FVC <0.70; ≥150 mL increase from pre- 
bronchodilator FEV1

● Background ICS use permitted

● 6 mg
● 1.5 mg
● Placebo

RPL554-CO-20519,32 NCT03937479 ● Phase 2
● 28-day dosed BID
● R, DB, PC, PG, 

dose-ranging added 

to open-label 

tiotropium

Change from baseline to 

Week 4 Peak FEV1 (0–3h)

● Full analysis set = 413
● Moderate-to-severe COPD, 46 sites (US)
● 40–80 years old; ≥10 pack-year current or former smok-

ing history; post-bronchodilator FEV1 ≥30 and ≤70% of 

predicted; FEV1/FVC <0.70; symptomatic (mMRC ≥ 2) at 

randomization
● No ICS use permitted; Stratified 1:1 by screening rever-

sibility stratus: pre- to post-albuterol change in FEV1 

≥200 mL and ≥12%; 2-week run-in on TIO QD

● 3 mg
● 1.5 mg
● 0.75 mg
● 0.375 mg
● Placebo

Ensifentrine Phase 3 Trials

ENHANCE 121  

[RPL554-CO-301]
NCT04535986 
EudraCT:  

2020–002086-34

● Phase 3
● 24-week dosed BID 

(+48-week safety 

sub-set)
● R, DB, PC, PG

Change from baseline to 
Week 12 Average FEV1  

AUC0-12h

● Modified intent-to-treat population = 760
● Moderate-to-severe COPD; 120 sites (US, UK, Europe, 

Russian Federation, South Korea)
● 40–80 years old; ≥10 pack-year current or former smok-

ing history; post-bronchodilator FEV1 ≥30 and ≤70% of 
predicted; FEV1/FVC <0.70; symptomatic (mMRC ≥ 2) at 

screening
● Background concomitant LAMA ± ICS or LABA ± ICS in 

69% (including 21% on ICS)

● 3 mg
● Placebo

ENHANCE-221  

[RPL554-CO-302]
NCT04542057 
EudraCT:  

2020–002069-32

● Phase 3
● 24-week dosed BID
● R, DB, PC, PG

Change from baseline to 
Week 12 Average FEV1  

AUC0-12h

● Modified intent-to-treat population= 789
● Moderate-to-severe COPD; 130 sites (US, Canada, 

Europe)
● 40–80 years old; ≥10 pack-year current or former smok-

ing history; post-bronchodilator FEV1 ≥30 and ≤70% of 
predicted; FEV1/FVC <0.70; symptomatic (mMRC ≥ 2) at 

screening
● Background concomitant LAMA ± ICS or LABA ± ICS in 

55% (including 15% on ICS)

● 3 mg
● Placebo

Abbreviations: AUC, area under the curve; BID, twice daily; COPD, chronic obstructive pulmonary disease; DB, double-blind; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; h, hours; ICS, inhaled 
corticosteroid; LPS, lipo-polysaccharide; mg, milligram; μg, microgram; LABA, long-acting beta2 agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified medical research council score; PC, placebo-controlled; PG, parallel- 
group; placebo, ensifentrine matched nebulized placebo; QD, once daily; R, randomized; TIO, tiotropium; UK, United Kingdom; US, United States; XO, crossover.
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Table 2 Summary of Phase 2 Clinical Study Efficacy Data of Nebulized Ensifentrine by Dose in Subjects with COPD

Study Primary Endpoint Ensifentrine Dose (n FAS) Placebo Dose  
(n FAS)

Placebo-Corrected 
Change, FAS (95% CI)

p-valuea

Nebulized ensifentrine as a monotherapy
RPL554-CO-20318 Change from baseline to 

Week 4 Peak FEV1 (0–3h)

6 mg (n = 80) 

3 mg (n = 82) 

1.5 mg (n = 81) 
0.75 mg (n = 81)

Placebo (n = 79) 139 mL (69, 210) 

200 mL (131, 270) 

153 mL (83, 222) 
146 mL (75, 216)

p < 0.001 

p < 0.001 

p < 0.001 
p < 0.001

Nebulized ensifentrine in combination with standard of care 
β2-agonist or muscarinic antagonist bronchodilators

RPL554-009-201517 Peak FEV1 (0–8h) post-single 

dose

6 mg (n = 30) Placebo (n = 31) 223 mL (178, 269) p < 0.001

Average AUC (0–8h) FEV1 

post-single dose

165 mL (133, 206) p < 0.001

RPL554-CO-20217 Day 3 Peak FEV1 (0–4h) 6 mg+tiotropium (n = 27) Placebo + tiotropium (n 
= 27)

127 mL 
(LSMR: 1.09 L [1.05, 1.12])

p < 0.001

Day 3 Average AUC (0– 

12h) FEV1

65 mL 

(LSMR: 1.06 L [1.02, 1.09])

p < 0.001

Day 3 Peak FEV1 (0–4h) 1.5 mg+tiotropium (n = 28) 104 mL 

(LSMR: 1.05 L [1.02, 1.09])

p = 0.002

Day 3 Average AUC (0– 

12h) FEV1

51 mL 

(LSMR: 1.03 L [0.99, 1.06])

p = 0.099

RPL554-CO-20519 Change from baseline Week 
4 Peak FEV1 (0–3h)

3 mg+tiotropium (n = 82) 
1.5 mg+tiotropium (n = 81) 

0.75 mg+tiotropium (n = 83) 

0.375 mg+tiotropium (n = 83)

Placebo + tiotropium (n 
= 84)

124 mL (52, 197) 
107 mL (34, 180) 

91 mL (18, 164) 

78 mL (5, 150)

p < 0.001 
p = 0.004 

p = 0.015 

p = 0.037

Note: ap < 0.05 is statistically significant. Refer to Table 2 for study descriptions. 
Abbreviations: AUC, area under the curve; COPD, chronic obstructive pulmonary disease; FAS, full analysis set, participants randomized and received at least one dose of blinded ensifentrine or placebo; FEV1, forced expiratory 
volume in 1 second; GMR, geometric mean ratio; h, hours; LSMR, least-squares mean ratio; mg, milligram; μg, microgram; mL, milliliter; placebo, ensifentrine matched nebulized placebo.
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significant additive bronchodilation when dosed with salbutamol or ipratropium compared to placebo dosed with 
salbutamol or ipratropium. Improvement in absolute peak FEV1 over 8 hours was 302 mL for ensifentrine alone 
(6 mg), 384 mL when added to salbutamol (geometric least-squares mean ratio %: 104.53; 95% CI: 101.41–107.75; 
p = 0.004 vs ensifentrine alone) and 385 mL when added to ipratropium (geometric least-squares mean ratio %: 104.53; 
95% CI: 101.41–107.76; p = 0.005 vs ensifentrine alone).

Additionally, ensifentrine produced a statistically significant reduction in residual lung volumes and airway resistance 
when dosed as a monotherapy compared to placebo and also when added on to salbutamol or ipratropium compared to 
either bronchodilator. Finally, the onset of action (defined as the median timepoint when 50% of subjects reached a 10% 
improvement in FEV1) was significantly faster for the ensifentrine added on to salbutamol or ipratropium compared to 
the individual component (3.6 minutes with ensifentrine + salbutamol, 6 minutes with salbutamol, 4.8 minutes with 
ensifentrine + ipratropium, 18.4 minutes with ipratropium and 14.6 minutes with ensifentrine).

RPL554-CO-202 was a 3-day Phase 2, randomized, double-blind, placebo-controlled, complete-block, 3-way cross- 
over study in 29 subjects with moderate-to-severe COPD randomized to receive nebulized ensifentrine suspension (1.5 
and 6 mg) or placebo BID in addition to open-label tiotropium (Spiriva® Handihaler®) once daily (QD) for 3-days.17

Ensifentrine (1.5 and 6 mg) BID added on to tiotropium QD for 3 days demonstrated statistically significant and 
clinically meaningful improvements in bronchodilation in subjects with ensifentrine (1.5 and 6 mg) compared to placebo. 
Ensifentrine (1.5 and 6 mg) + tiotropium increased peak FEV1 measured over 4 hours by 104 mL and 127 mL on Day 3, 
respectively, compared to placebo + tiotropium. Morning trough FEV1 on Day 3 was increased from baseline by 116 mL 
(p < 0.001) and 54 mL (p = 0.347) with ensifentrine 6 mg + tiotropium and 1.5 mg + tiotropium compared to placebo + 
tiotropium.

Both doses of ensifentrine added on to tiotropium significantly reduced residual lung volumes and airway resistance 
compared to placebo + tiotropium. Ensifentrine 6 mg + tiotropium significantly reduced residual volume at 1.25h post- 
dose on Day 2 (198 mL, p = 0.005) and specific airway conductance (sGaw, 0.252/(kPa*sec), p < 0.001) compared with 
placebo + tiotropium. Ensifentrine (1.5 and 6 mg) + tiotropium was also shown to significantly increase the speed of 
onset (time to 10% improvement in FEV1) of the bronchodilator effect to under 5 minutes compared to 37.6 minutes with 
placebo + tiotropium (p < 0.001).

RPL554-CO-205 was a 4-week Phase 2b, randomized, double-blind, placebo-controlled, parallel-group study in 413 
subjects with moderate-to-severe COPD added on to steady state tiotropium. Subjects were enrolled who remained 
symptomatic and with impaired lung function following a 2-week tiotropium run-in, and once-daily tiotropium was taken 
throughout the 4-week study. Subjects were randomized to receive nebulized ensifentrine suspension (0.375, 0.75, 1.5 
and 3 mg) or placebo BID in addition to tiotropium (Spiriva® Respimat®) QD.19

All doses of ensifentrine met the primary endpoint, showing a statistically significant increase in peak FEV1 (all p < 0.05) 
which was sustained over 4 weeks. A dose-ordered improvement in FEV1 was observed with maximal effects achieved with 
ensifentrine 3 mg (124 mL, p < 0.001) compared to placebo + tiotropium. In addition, a statistically significant and meaningful 
improvement in average FEV1 AUC0-12h was shown with ensifentrine 3 mg at Week 4 (87 mL, p = 0.011). Ensifentrine 3 mg + 
tiotropium showed a nominal improvement in morning trough FEV1 at Week 4 that was not significant compared to placebo + 
tiotropium. Notably, statistically significant and clinically meaningful improvements in health-related QoL as measured by 
SGRQ-C were observed at Week 4 with ensifentrine (1.5 and 3 mg) + tiotropium (placebo-corrected −4.8 [p = 0.012] and −4.0 
[p = 0.033 respectively]), exceeding the MCID of −4 units for both doses. Improvements in COPD symptoms (measured via 
E-RS™:COPD) from baseline to Week 4 were observed that were nominally greater than placebo + tiotropium, although the 
improvements did not achieve statistical significance. Similarly, numerical improvements in dyspnea were observed with 
ensifentrine (0.375, 1.5 and 3 mg) as measured by TDI compared with placebo + tiotropium at Week 4. While both 4-week 
Phase 2b studies, RPL554-CO-20318,31 and RPL554-CO-20519 were not powered to show a statistical benefit with ensifen-
trine on symptom or QoL measures, consistent improvements compared to placebo were observed in both studies on these 
important aspects of COPD treatment.
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Clinical Safety Data
Healthy Volunteers
Nebulized ensifentrine solution (approximately 1.5 mg), when dosed once daily over six days in healthy volunteers, was 
shown to be well tolerated with an adverse event profile similar to placebo.16

Single doses of nebulized ensifentrine suspension (3 and 9 mg) in healthy volunteers in a Phase 1, randomized, 
double-blind, placebo- and positive-controlled, 4-way crossover thorough QT (TQT) study did not prolong the QT 
interval or otherwise have a clinically significant effect on cardiac conduction parameters including the PR and QRS 
intervals at the therapeutic dose of 3 mg or the supratherapeutic dose of 9 mg.30

Subjects with COPD
Clinical safety of nebulized ensifentrine in subjects with COPD has been assessed at doses ranging from 0.375 mg to 
6 mg in single dose studies, BID over 3-days, and BID over 28-days, including the incidence of adverse events, pre- and 
post-dose vital signs, pre- and post-dose ECGs, 24-hour Holter monitoring and laboratory safety measures. To date, no 
significant medical risks or areas of particular medical safety concern to patients with COPD have been identified.

Overall, adverse events (AEs) reported in clinical studies were generally comparable in frequency and severity to 
placebo, with no trends noted in AE terms or system organ class. There has been no evidence of significant AEs related 
to ensifentrine, including those involving the cardiovascular or gastrointestinal systems up to and including doses of 6 mg 
BID for 4 weeks.18,19 Additionally, adverse effects reported with other marketed PDE4 inhibitors, including nausea, 
vomiting and diarrhea, have been rarely observed in studies of nebulized ensifentrine (incidence similar to placebo).

In both 4-week studies of ensifentrine (RPL554-CO-203, RPL554-CO-205), a total of 165 subjects received 
nebulized ensifentrine suspension (3 mg) BID and 163 received nebulized placebo BID. Table 3 lists the most-commonly 
reported pooled AEs in subjects that received either ensifentrine 3 mg or placebo over 4 weeks. The most-commonly 
reported AEs (by more than one subject) were headache 5% (compared to 2.5% for placebo), worsening COPD 3.6% 
(compared to 3.7% for placebo), cough 4.2% (compared to 1.2% for placebo) and dyspnea 1.8% (compared to 3.1% for 
placebo).

Overall, serious adverse events (SAEs) have been uncommon with no apparent pattern in the SAEs reported to date 
and no significant safety concerns identified with ensifentrine. No significant medical risks to subjects have been 
identified thus far with ensifentrine in healthy volunteers, or in subjects with COPD.

Table 3 The Most-Commonly Reported AEs (by More Than One Subject) with Nebulized Ensifentrine (3 mg) 
Twice Daily in Subjects with COPD from Two 4-Week Phase 2 Dose-Ranging Studies RPL554-CO-203 and 
RPL554-CO-205a,32

Adverse Event  
(Preferred Term)

Subjects Treated with  
Ensifentrine 3 mg BID, n (%)  

[N Treated = 165 in Safety Analysis]

Subjects Treated with Placebo  
BID, n (%)  

[N Treated = 163 in Safety Analysis]

Headache 9 (5.5) 4 (2.5)
COPD (worsening)b 6 (3.6) 6 (3.7)

Cough 7 (4.2) 2 (1.2)

Dyspnea 3 (1.8) 5 (3.1)
Nasopharyngitis 5 (3.0) 9 (5.5)

Hypertension 4 (2.4) 1 (0.6)

Nausea 3 (1.8) 2 (1.2)
Diarrhea 3 (1.8) 1 (0.6)

Dry mouth 2 (1.2) 0

Arthralgia 2 (1.2) 0

Notes: aPooled for subjects with COPD received nebulized ensifentrine (3 mg) or nebulized placebo BID in RPL554-CO-203 and 
RPL554-CO-205. Refer to Table 1 for study descriptions. bWorsening of COPD symptoms or COPD exacerbation. 
Abbreviations: BID, twice daily; COPD, chronic obstructive pulmonary disease; N, number pooled subjects treated; n, number subjects 
reporting adverse event.
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Consistent changes in vital signs (blood pressure and pulse) and ECG parameters including QTcF have not been 
observed with ensifentrine at any dose, except for a small and transient increase in peak heart rate with the 6-mg dose of 
approximately 3 beats per minute in subjects with COPD dosed twice daily for 4 weeks.32 Twenty-four-hour Holter 
monitoring conducted pre-dose before and after -weeks of treatment in 324 subjects (RPL554-CO-203) showed no 
arrhythmogenic effects in subjects dosed with ensifentrine from 0.75 mg to 6 mg twice daily. Effects on laboratory safety 
parameters associated with ensifentrine have not been observed.

Discussion
Patients with COPD rely on inhaled maintenance therapies (eg, bronchodilators and ICS) for long-term symptom 
control.36,37 The dual inhibition of PDE3/4 following inhaled ensifentrine administration directly to the lungs maximizes 
local effects in the lung (bronchodilation and anti-inflammatory effects) and minimizes the possibility of systemic effects 
observed with orally- delivered PDE3 and PDE4 inhibitors.13,38–40

Ensifentrine has been shown to inhibit PDE3 and PDE4 in vitro, showing expected mechanistic effects in enzyme and 
cellular assays on cAMP and downstream functional effects of PDE4 inhibition on inflammatory cells. In vivo, ensifentrine 
has demonstrated relaxation of isolated human bronchial and guinea pig tracheal tissues pre-contracted with spasmogens 
demonstrating functional effects of PDE3 inhibition.22–25 The bronchodilator and bronchoprotective properties of ensifentrine 
in ex vivo isolated airway tissues also translate to efficacy in vivo when administered by the inhaled route. Ensifentrine has 
shown dose-dependent effects in animal models of lung inflammation at the same doses that produced bronchoprotective/ 
smooth muscle effects in vivo; thus, ensifentrine has demonstrated bronchodilator, bronchoprotective, and anti-inflammatory 
effects in the airways consistent with a mechanism of action of dual inhibition of PDE3 and PDE4.

In clinical studies to date up to 4 weeks, twice daily nebulized ensifentrine suspension has demonstrated consistent and 
sustained bronchodilation that is clinically meaningful, reduction in residual volumes and improvements in COPD symptoms 
and quality of life either alone or in combination with other classes of bronchodilators.17–19,41 Reduction in residual volume 
via effects on small airways is associated with an improvement of shortness of breath, a major symptom present in patients 
with COPD. The anti-inflammatory effects of ensifentrine demonstrated clinically with reduction in inflammatory cells in the 
sputum in healthy volunteers challenged with LPS are likely also contributing to this clinical profile.16

Furthermore, clinical studies in subjects with COPD over a short duration up to 4 weeks have shown a favorable 
safety profile of ensifentrine.17–19,41 Ensifentrine nebulizer suspension has been well tolerated, with an adverse event 
incidence and severity generally similar to those treated with placebo. Doses up to and including ensifentrine 6 mg BID 
are well tolerated, with no consistent dose-related adverse events. To date, use of nebulized ensifentrine has resulted in 
limited reports of SAEs with no apparent pattern or dose-relationship. Gastrointestinal and cardiovascular adverse events 
have not been associated with nebulized ensifentrine to date. A TQT study demonstrated that single doses of nebulized 
ensifentrine (3 mg or 9 mg) did not result in a clinically relevant increase in QT interval or have an effect on cardiac 
conduction parameters. Clinically relevant effects associated with ensifentrine have not been observed on blood pressure, 
vital signs, ECGs including Holter monitoring or laboratory safety parameters.

Conclusion
Ensifentrine is currently in Phase 3 development as a novel maintenance therapy in individuals with COPD to be administered 
twice daily via standard jet nebulizer. No dual inhibitors of PDE3 and PDE4 are currently-approved for the treatment of COPD, 
thus ensifentrine is a novel therapeutic class with the ability to provide significant bronchodilation when dosed as monotherapy or 
in addition to other currently approved classes of bronchodilators, as well as provide non-steroidal broad anti-inflammatory 
effects and promote ciliary function, potentially improving symptoms associated with sputum. This clinical profile of inhaled 
ensifentrine, combined with the safety profile to date, makes ensifentrine a promising addition to the limited treatment class 
options available for patients with COPD.
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