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Current treatment of patients with asthma or chronic obstructive pulmonary disease (COPD) predominantly involves the use of inhaled bronchodilators (B2 agonists and muscarinic receptor antagonists), along with anti-inflammatory corticosteroids. Often these drugs are used in fixed dose combination inhalers, either as dual inhibitors or more recently as “triple inhalers. Whilst this approach is effective in many patients, it is also recognised that some patients remain symptomatic despite such treatment. Given the considerable unmet need in the treatment of asthma and COPD, not least the need for a safer alternative anti-inflammatory agent to corticosteroids, we have developed a novel, first in class, inhaled “bifunctional” drug exhibiting both bronchodilator and anti-inflammatory activity in a single molecule, ensifentrine, a dual inhibitor of both PDE3 and PDE4.

The starting point was the recognition that xanthines such as theophylline demonstrated both bronchodilator and anti-inflammatory activity. Xanthines were known to be non-selective phosphodiesterase (PDE) inhibitors and with the discovery of multiple families of PDEs it became plausible that finding more selective PDE inhibitors would improve the narrow therapeutic window of theophylline. In particular it was shown that PDE 3 was the predominant PDE in airway smooth muscle and inhibition of this enzyme led to bronchodilation, whereas PDE 4 was the predominant PDE in most inflammatory cells and inhibition of this enzyme provided anti-inflammatory activity. The starting molecule was trequinsin, a known PDE inhibitor that had failed in development as a drug for cardiovascular disease.  Early clinical studies with trequinsin had not shown any evidence of the nausea or vomiting that had curtailed the development of many other PDE inhibitors. With the late Sir David Jack, Alec Oxford and Dom Spina we screened 182 analogues of trequinsin using EFS stimulated guinea-pig trachea to select ensifentrine which we subsequently demonstrated was both bronchodilator and anti-inflammatory in a number of preclinical models (1).

After completing 28 day toxicology in two species, we demonstrated that when inhaled by patients with asthma or COPD, ensifentrine produced bronchodilation, and in further studies in healthy volunteers, this drug inhibited LPS-induced neutrophilia in sputum confirming it’s anti-inflammatory activity (2). Following these early clinical studies, Verona Pharma went onto carry out dose ranging studies in patients with COPD and completed two successful phase 3 studies leading to the drug being approved by the FDA in the summer of 2024 (www.veronapharma.com). Another PDE3/4 inhibitor, HRS 9821, is currently in early clinical development from Hengrui Pharma and GSK.

Following the success of ensifentrine, we are now developing another novel class of “bifunctional drug” based on the combination of inhaled anti-inflammatory polysaccharides combined with bronchodilators which we anticipate will soon be in clinical development. 
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