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Abstract: Ensifentrine is a novel inhalational phosphodiesterase (PDE)3 and PDE4 inhibitor which improves bronchodilation and 
decreases inflammatory markers by acting locally on the bronchial tissue, with minimal systemic effects. Both preclinical and clinical 
trials have demonstrated benefits of this therapy, including improvement in lung function and reduction in exacerbations. This therapy 
is currently under review by the US Food and Drug Administration with a decision expected in 2024. 
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Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive inflammatory disorder of the respiratory system which is 
characterized by irreversible airflow obstruction, remodeling of the airways and acute exacerbations leading to lung 
function decline, progressive dyspnea, and cough.1 Treatment of COPD is aimed towards reducing symptoms like 
shortness of breath and mucous production, preventing flare-ups, slowing disease progression and improving survival. 
COPD therapies involve both non-pharmacological and pharmacological interventions. Some patients on maximal 
therapies, including inhaled bronchodilators and steroids and oral phosphodiesterase 4 (PDE4) inhibitors, can still be 
symptomatic. Thus, new therapies are needed that can improve lung function and airway inflammation when used in 
addition to existing therapies.2,3 In addition, current inhaled therapies may not be tolerated by all patients. Thus, therapies 
with alternative mechanisms of action are needed. In this article, we review the literature available on ensifentrine, 
a novel phosphodiesterase inhibitor that has the potential to be an add-on therapy for patients with COPD.

Mechanism of Action
Ensifentrine (RPL554) is a novel drug that works by dual inhibition of phosphodiesterase (PDE) 3 and 4 enzymes (PDE3, 
PDE4) and is designed to be delivered via inhalation.4 Inhibitors of PDE3 and PDE4 target multiple respiratory functions 
at the cellular and tissue level (Figure 1). PDE3 regulates cyclic adenosine monophosphate (cAMP) and cyclic guanosine 
monophosphate (cGMP) levels in the airway smooth muscles, which mediates bronchial tone.5 PDE4 regulates cAMP 
levels in the airway cells associated with inflammation and is involved in activation of these cells.6 PDE4 inhibitors can 
also activate the Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) and improve bronchial epithelial cell 
ciliary movements.7 Evidence has recently emerged that dual inhibition of PDE3 and PDE4 enzymes results in 
a synergistic effect of decreased inflammation and improved bronchodilation as both iso-forms of PDE are expressed 
in the inflammatory cells and airway smooth muscles.8,9 This article explores the evidence to date regarding ensifentrine 
as a novel therapeutic option for the treatment of COPD.
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Preclinical Findings
Several in vitro and in vivo studies evaluated the effect of PDE3/4 inhibitors on airway smooth muscles and degree of 
inflammation.

One study investigated the effects of ensifentrine (RPL554) on the tone of isolated human airway smooth muscles and 
its synergistic actions when used in conjunction with other bronchodilators including muscarinic antagonists and beta- 
adrenergic agonists. The study demonstrated that ensifentrine caused relaxation of the bronchial smooth muscles and had 
a synergistic effect when used with muscarinic antagonists.10

Ensifentrine’s effect on bronchial epithelial cell cultures obtained from normal and Cystic Fibrosis (CF) patients with 
F508del genotype has also been evaluated.11 It stimulates CFTR-dependent chloride ion secretion across bronchial 
epithelial cells and increases cilia beat frequency in primary human bronchial epithelial cells. It also decreases the 
production of monocyte chemoattractant protein-1 and granulocyte monocyte colony-stimulating factor (GM-CSF) in 
interleukin 1-b stimulated CF bronchial epithelial cells. This anti-inflammatory effect was primarily due to inhibition of 
the PDE4 enzyme.12 These findings encouraged further investigation into the role of this drug in treatment of patients 
with COPD where mucociliary clearance was abnormal with increased mucous production and cough.13

Ensifentrine produces sustained relaxant effects on contractions in isolated airway tissue preparations induced by 
compounds like histamine and carbachol and by electrical field stimulation (EFS).4 Another study investigated the 
isolated and combined effect of ensifentrine and glycopyrronium on medium and small human isolated bronchi. It 
demonstrated that small doses of these compounds induced maximal relaxation of bronchi for about 4 hours. When used 
in conjunction with bronchodilators, the relaxant effect lasted for about 6 hours, suggesting this could be an add-on 
therapy in patients with asthma or COPD.14

Inhaled ensifentrine showed bronchoprotective properties against airway constriction induced by spasmogens and 
antigens in guinea pigs. It caused a dose-dependent relaxation of the airways (7–65% reduction in obstruction) and had 
a synergistic effect when used with atropine (42–82% reduction in obstruction) and salbutamol (64–78% reduction in 
obstruction) in vivo.15

Another pre-clinical study demonstrated anti-inflammatory effects of ensifentrine in the respiratory system of guinea 
pigs. It produced inhibition of the recruitment of all cell numbers in the bronchoalveolar lavage (BAL) fluid 6 hours after 
antigen challenge. It also showed a dose-dependent inhibition of ovalbumin-induced eosinophil and total cell recruitment 
into the nasal passages, thereby reducing inflammation.16

Clinical Findings
Promising data from pre-clinical trials led to four separate small clinical studies done between 2009 and 2013 in Europe. 
Ensifentrine was found to be an effective bronchodilator and an anti-inflammatory drug when used alone or in 
conjunction with existing standard of care therapies, without significant side effects. Of note, these small studies included 

Figure 1 Combined inhibition of phosphodiesterase (PDE) 3 and PDE4 has additive and synergistic anti-inflammatory and bronchodilatory effects versus inhibition of either 
PDE3 or PDE4 alone. Furthermore, it increases mucociliary clearance. In red, the main PDE involved in the activity of the specific cell. With permission, from Current 
Opinion in Pharmacology. 
Notes: Reprinted from Current Opinion in Pharmacology, Volume 56, Matera MG, Cazzola M, Page C, Prospects for COPD treatment. pages 74–84, copyright 2021, with 
permission from Elsevier.3
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healthy volunteers, asthmatics and patients with COPD.17 One of the trials showed that inhaled ensifentrine solution, 
administered for 6 days, caused a decrease in inflammatory cells of sputum samples collected 6 hours after the 
lipopolysaccharide (LPS) challenge (neutrophils by 40%, macrophages by 27%, eosinophils by 44% and lymphocytes 
by 67%). Bronchodilator effects, overall safety and adverse events were similar across all studied populations.17

A phase IIb randomized, double-blind, placebo controlled, dose-ranging, parallel group trial was conducted in 
patients with COPD who were randomized to receive nebulized ensifentrine at increasing doses or placebo. At week 
4, results showed increased bronchodilation (improvement in forced expiratory volume in one second (FEV1)) and 
improvement in patient symptoms for the ensifentrine group compared to placebo. It also showed a dose-dependent 
response from 0.75mg to 3mg of nebulized drug.18 Although this study had promising results, the major limitation was 
the short duration of treatment (4 weeks) which was not long enough to fully evaluate anti-inflammatory effects or 
distinguish between bronchodilator and anti-inflammatory effects.

Pharmacokinetic properties of ensifentrine when used in conjunction with other bronchodilators have been evaluated 
in short-term trials. One trial was a single dose, double-blind, placebo-controlled six-way crossover study on 33 COPD 
patients where they received single doses of nebulized Ensifentrine (6mg) or placebo, inhaled salbutamol (200 mg) or 
placebo and inhaled ipratropium (40 mg) or placebo. Ensifentrine (6mg) alone led to a statistically significant increase in 
FEV1 initially and up to 8 hours after administration. When used in conjunction with salbutamol or ipratropium, the 
magnitude of FEV1 increase was greater. Statistically significant reduction in residual lung volume and airway resistance 
was also noted when ensifentrine was used as monotherapy or along with salbutamol or ipratropium.19

A 3-day randomized, double-blind, placebo controlled, 3 way cross-over trial in 29 human subjects with COPD 
having moderate to severe obstruction was conducted where they were randomized to receive nebulized ensifentrine 
(1.5mg and 6mg) or placebo twice a day with a baseline treatment with tiotropium once daily. Ensifentrine plus 
tiotropium increased peak FEV1 measured by day 3, relative to placebo plus tiotropium. Ensifentrine plus tiotropium 
similarly reduced residual volume and airway resistance compared to placebo plus tiotropium.19 Key limitations of this 
study include short duration, narrow population studied and lack of determination of long-term anti-inflammatory effects 
of ensifentrine in COPD patients.

Most recently, Phase III randomized, double-blind, placebo-controlled multicenter trials (the Ensifentrine as a Novel 
Inhaled Nebulized COPD Therapy [ENHANCE] trials) were done to evaluate the efficacy of ensifentrine on patients with 
COPD (Table 1). Lung function, symptoms, quality of life and exacerbations were evaluated. ENHANCE-1 trial had 760 
patients, and ENHANCE-2 had 789 patients enrolled with moderate to severe symptomatic COPD. Patients were 
randomized to receive nebulized ensifentrine or placebo. More than half of patients in both trials were receiving long- 
acting muscarinic antagonist or long-acting beta-2 agonist bronchodilator therapy. Results of these trials showed 
statistically significant improvement (P < 0.001) from baseline in week 12 average FEV1 after treatment with ensifen-
trine, compared to placebo. The ensifentrine group also had statistically significantly improved symptoms and quality of 
life vs placebo group at week 24 in both ENHANCE-1 and ENHANCE-2 studies. Mean scores in the ensifentrine group 
exceeded the minimally important clinical difference (MCID) for E-RS and SGRQ scores in both ENHANCE trials. The 
improvement in FEV1, however, did not exceed the commonly accepted MCID of 100 mL, which might question the 
efficacy of this therapy as a bronchodilator. Both studies showed reduced rate of COPD exacerbations and increased time 
to first exacerbation in the ensifentrine group. These trials demonstrated that ensifentrine ought to be considered for the 
treatment of diverse COPD populations as it reduces exacerbations, when used either alone or in combination with 
standard maintenance therapy.20

Safety Profile
The safety profile of ensifentrine in healthy individuals and patients with COPD has been evaluated in Phase II and phase 
III trials that have been conducted to date. A 2013 study of ensifentrine in healthy volunteers and asthma or COPD 
patients showed that nebulized drug (1.5mg) was well tolerated with a side effect profile similar to placebo.17

One Phase 1 study evaluated the effects of nebulized ensifentrine on cardiac conduction with doses of 3mg and 9mg 
in healthy volunteers. It showed that ensifentrine did not prolong QT interval or had any significant effect on PR and 
QRS intervals.21
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Clinical safety of this drug over a wide range of doses in patients with COPD has not shown any serious adverse 
events related to different organ symptoms. In the dose ranging study of inhaled ensifentrine, doses up to 6mg twice 
a day for 4 weeks did not show any serious cardiovascular or gastrointestinal side effects.18 Side effects of diarrhea, 
nausea and vomiting as seen with some oral PDE4 inhibitors have not been commonly observed with nebulized therapy.

In the phase II trials of nebulized ensifentrine, which were done over 4 weeks, reported side effects in the treatment 
group were headaches in 5% (vs 2.5% in placebo), COPD symptoms in 3.6% (vs 3.7% in placebo), cough in 4.2% (vs 
1.2% in placebo) and dyspnea in 1.8% (vs 3.1% in placebo). Overall, side effect profile in both groups was similar and no 
serious adverse events were reported.22

In the ENHANCE trials, safety profile of ensifentrine was similar to placebo (Table 1) and reported diarrhea did not 
have a temporal association with therapy. Overall incidence of pneumonia was also low and similar between both groups.20 

As more data get published, it will be imperative to evaluate for any long-term side effects or potential complications of 
ensifentrine. Post-hoc analysis of current clinical trials will add more to the safety data and efficacy of the drug.

Discussion
Different therapies for COPD have been utilized to treat and manage symptoms including maintenance inhaled 
bronchodilators and inhaled corticosteroids.23

Table 1 Summary of Ensifentrine as a Novel Inhaled Nebulized COPD Therapy (ENHANCE) I and ENHANCE II Phase 3 Trials

ENHANCE-I Trial ENHANCE-II Trial

Study Design Randomized, double blinded, Placebo Controlled study Randomized, double blinded, Placebo Controlled 
study

Therapy Ensifentrine 3 mg or placebo twice daily for 24 weeks via 
a standard jet nebulizer.

Ensifentrine 3 mg or placebo twice daily for 24 
weeks via a standard jet nebulizer.

Patients 760 patients with mean post- bronchodilator predicted FEV1 
of 52%. 

Long-acting maintenance inhalers: None, LABA ± ICS or 
LAMA ± ICS.

789 patients with mean post- bronchodilator 
predicted FEV1 of 51%. 

Long-acting maintenance inhalers: None, LABA ± 
ICS, LAMA ± ICS.

Primary and key 
secondary Endpoints

Improved FEV1 from baseline by 87mL at 12 weeks. 
(P value <0.001) 
Improved peak FEV1 from baseline by 147mL at 12 weeks.  

(P value <0.001) 
Reduction in daily rescue medication use at 24 weeks.  

(P value <0.001) 

Statistically significant improvement in E-RS* and SGRQ** 
scores. (P value= 0.011 and 0.025 respectively)

Improved FEV1 from baseline by 94mL at 12 
weeks. (P value <0.001) 
Improved peak FEV1 from baseline by 146mL at 12 

weeks. (P value <0.001) 
No significant reduction in daily rescue medication 

use at 24 weeks. (P value <0.320) 

Numerical improvement in symptom scores which 
was not statistically significant. (P value= 0.134 and 

0.669 respectively)

COPD Exacerbations Reduction in moderate or severe COPD exacerbations by 

36% over 24 weeks (p value=0.050) and by 44% over 48 

weeks. (p value=0.052) 
Longer time to first event (exacerbation) over 24 weeks (HR, 

0.62(0.39,0.97); P = 0.038) and 48 weeks. (HR, 0.48 

(0.28,0.82); P = 0.007)

Annualized rate of moderate or severe COPD 

exacerbation was reduced by 43% over 24 weeks. (p 

value=0.009) 
Longer time to first moderate or severe 

exacerbation over 24 weeks. (HR, 0.58(0.38,0.87); 

P = 0.009)

Safety 38.4% Ensifentrine patients and 36.4% placebo patients had 

treatment emergent adverse events. 
Gastrointestinal adverse events were similar in both groups 

and low in incidence.

35.3% Ensifentrine patients and 35.4% placebo 

patients had treatment emergent adverse events. 
Gastrointestinal adverse events were similar in both 

groups and low in incidence.

Notes: Bolded text are primary endpoints. *E-RS, Evaluating- Respiratory Symptom Score. **SGRQ, St. George’s Respiratory Questionnaire. Data from Anzueto et al.20 

Abbreviations: LAMA, Long-acting Muscarinic Antagonists; LABA, Long-acting Beta 2 Agonists; ICS, Inhaled Corticosteroids.
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Ensifentrine is a novel inhalational PDE3/4 inhibitor which improves bronchodilation and decreases inflammatory 
markers by acting locally on the bronchial tissue, with minimal systemic effects.9 Ensifentrine’s inhibition of PDE 
isoenzymes translates into modulation of cAMP and cGMP levels in the bronchial tissues and decreased recruitment of 
inflammatory cells.6 Multiple in-vitro and in-vivo studies have demonstrated dose-dependent bronchodilator, broncho-
protective and anti-inflammatory effects of ensifentrine.15,16

Multiple clinical studies have demonstrated similar effects of this drug when tested on healthy individuals and 
patients with asthma or COPD. In 4-week, phase II clinical trials, nebulized drug given twice a day alone or in 
combination with other bronchodilators, showed sustained bronchodilation and improvement in FEV1, improvement in 
symptoms judged by questionnaires, improvement in residual volumes and COPD symptoms.19,24

Finally, the ENHANCE trials are phase III randomized, double-blinded prospective trials evaluating the effects of 
ensifentrine on patients with moderate to severe COPD. Treatment with ensifentrine demonstrated statistically significant 
improvement in FEV1 (although just short of the MCID threshold of 100 mL), improved symptoms of COPD, reduction 
in exacerbations, while not causing any serious adverse events. Importantly, inhaled PDE3/4 inhibitor administration did 
not cause major side effects of an oral PDE4 inhibitor (roflumilast) like nausea, vomiting and diarrhea.20

Conclusion
Currently, there are no inhaled phosphodiesterase inhibitors approved for maintenance therapy of chronic obstructive 
pulmonary disease (COPD). Ensifentrine has undergone phase III clinical trials (the ENHANCE trials) which have 
shown promising results in terms of improvement in lung function, improved symptom control and potential reduction in 
exacerbations and no increased side effects, when used alone or in combination with standard of care. Ensifentrine, in 
inhalational nebulized formulation, shows promise as a novel maintenance treatment for patients who are on maximal 
therapy with treatments like inhaled bronchodilators, inhaled corticosteroids, oral antibiotics or oral PDE4 inhibitors. 
This therapy is currently under review by the US Food and Drug Administration with a decision expected in 2024.25

Ensifentrine’s strong clinical profile, combined with very few side effects and overall good tolerance, makes it 
a promising addition to the current treatment regimens available for COPD management. In addition, it may be therapy 
that reduces exposure to bronchodilators or inhaled steroids in selected patients.

Disclosure
Drs. Faruqi and Khan report no conflicts of interest. Dr. Mannino is a consultant to GlaxoSmithKline, AstraZeneca, 
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