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Summary 

The regulatory approval of Humulin (recombinant human insulin) in 1982 heralded the arrival of medicines derived 
from biotechnology.  In the years that have followed, the proportion of biologics-based New Molecular Entities 
(NMEs) has continued to grow, recent CDER Approvals Reports indicating that Biologics Licence Applications 
(BLAs) now account for some 30-40% of FDA approvals

[1,2]
.  In the field of respiratory medicine, subcutaneous 

injection of monoclonal antibodies targeting immune and inflammatory pathways
[3]

 now offer treatment options for 
severe allergic asthma. 

Recognition of the limitations of parenteral administration has driven significant efforts to develop non-invasive 
delivery approaches for biotherapeutics, including oral, dermal, nasal and pulmonary administration routes

[4,5]
.  

However the formidable challenges to realise safe, stable, efficacious and cost-effective products is evidenced by 
the continued predominance of subcutaneous and intravenous injection for delivery of biologics. 

A historical review (1995) of the potential for pulmonary delivery of biologics described the evaluation of a broad 
diversity of molecules

[6]
, but, despite considerable activity in the scientific community, over 20 years later dornase 

alfa and insulin remain the only two regulatory approved inhaled biologics - where have all the inhaled biologics 
gone ? 

In this paper, the challenges to realising an inhaled biologic will be discussed (exemplified by the dornase alfa and 
insulin case studies), advances in other non-parenteral delivery approaches briefly reviewed and finally some 
areas where pulmonary delivery continues to shows promise will be highlighted. 

Biologics pharma pipeline and delivery options 

The growing importance of protein and peptide-based drugs as therapeutics is reflected by new drug approval 
statistics

[2] 
and analysis of the current pharmaceutical pipeline.   Biologic-based drugs targeting neutralisation or 

inhibition of immune/inflammatory mediators, have provided new treatments for severe persistent allergic asthma 
(anti-IgE, omaluzimab

[7]
) and severe eosionophilic asthma (IL-5 antagonists, mepoluzimab

[8]
 and reslizumab) and 

other cytokine antagonists are in late stage clinical development
[3]

.  However, common to the majority of marketed 
biologics and those molecules in development, administration is by subcutaneous injection, albeit at a once-a-
month dosing frequency. 

The search for alternate non-invasive delivery routes to improve patient compliance has been a major objective of 
technology innovation within the field of pharmaceutical sciences.  In the area of oral delivery (the ‘holy grail’ for 

biologics delivery), TBRIA, a once daily oral formulation of salmon calcitonin for postmenopausal osteoporosis 

has been filed for approval
[9]

, whilst Mycapssa an oral formulation of the somatostatin analogue octreotide is in 
Phase III studies for acromegaly

[10]
.  Microneedle arrays represent a significant advance in transdermal drug 

delivery
 

and early stage clinical developments are reported for a number of therapeutic and diagnostic 
applications including biotherapeutics

[11]
. 

Inhaled biologics case studies: dornase alfa and insulin 

Whilst, a large number of biotherapeutics have been evaluated via pulmonary administration (pre-clinical and 

clinical assessment)
[6]

, to date only three products have been approved - Pulmozyme (dornase alfa), Exubera 

(insulin  - withdrawn 2007) and Afrezza (insulin). 

A number of factors underpin the success of dornase alfa and why it continues to be recommended as the first 
line mucolytic treatment in cystic fibrosis patients today

[12]
, including its specific design for lung delivery and 

orphan drug status.  The life cycle for dornase alfa also continues with introduction of new delivery systems to 
reduce treatment time

[13]
 and the potential clinical advantages of a chemically modified actin-resistant dornase 

alfa which has successfully completed Phase 2 clinical studies
[14]

.  With daily treatment regimens involving 
multiple inhaled therapies, surveys of home-nebuliser practice of cystic fibrosis patients

[15]
 have noted a practice 

of extemporaneous preparation of medication mixtures which can in some cases lead to excipient driven loss of 
dornase alfa activity

[16]
 and highlights an unmet need for development of combination therapies to reduce 

treatment burden. 

In contrast, whilst a need for life-long treatment makes insulin an ideal candidate for non-invasive delivery, the 
development of inhaled delivery systems represented a ‘conversion’ from a well-established and continually 
improving parenteral dose form.  The result was that despite development of a number of elegant solutions to 
overcome technical challenges associated with product performance, stability and manufacturability and achieve 
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comparable clinical effectiveness to other prandial insulin products, cost-effectiveness versus subcutaneous 
dosing was not established for the payers except in a small defined patient group who either had marked and 
persistent fear of injections or severe/ persistent problems with injection sites

[17]
.  Concerns remain over long term 

safety for the approved inhaled insulin product, reflected in a boxed warning re: use in patients with extant 
respiratory disease (asthma and COPD) and smokers due to risk of acute bronchospasm as well as a post-
marketing commitment to evaluate, through a randomised clinical trial, the potential risk of pulmonary malignancy, 
cardiovascular risk and long term effect on pulmonary function

[18].
  Finally, available inhaled insulin is rapid acting 

and there is currently no long acting inhaled formulation to provide the basal insulin element of the diabetic’s daily 
insulin regimen which is thus continued to be delivered by subcutaneous injection.

 

Inhaled biologics: challenges 

The development of inhaled biologics presents a number of technical challenges to the pharmaceutical scientist.  
In addition to the requirement to (safely) overcome the biological barriers (e.g. mucociliary clearance, 
macrophage surveillance, biotransformation enzymes) which normally protect the lung from physical, biological 
and chemical threats, the other key considerations are dose and stability. 

Dose is typically much higher than that the typical range experienced with small molecules developed for inhaled 
delivery for asthma and COPD, which can challenge feasibility of development in standard inhalation dose forms 
and/or require multiple inhalations to achieve the required dose. 

Stability of the biologic needs to be preserved through the stresses imparted by formulation, manufacture and the 
delivery process itself

[19]
 and can be influenced by choice of dose form and container closure system, choice of 

synthesis method to produce particles in respirable range (i.e. impact of pH, heat, freezing, agitation) and choice 
of formulation (i.e. limited range of approved excipients) and choice of delivery system which adds manufacturing 
and regulatory complexity (combination product). 

From the prescribers perspective, inhaled delivery must give the same confidence in delivery as the parenteral 
route (e.g. patient compliance/adherence, role of caregiver, influence of lung disease etc.) and any 
contraindications to use of inhaled therapy must be taken into consideration (e.g. immunogenicity, co-morbidities).  
Likewise the patient will desire a medicine that is effective but which use has minimal impact on lifestyle. 

From a payer’s perspective, demonstration of cost-effectiveness versus standard of care is key, which means first 
calculating the incremental cost-effectiveness ratio or ICER (i.e. the ratio of change in costs to incremental 
benefits for a new therapy compared to standard of care).  The ICER is then assessed versus the established 
cost threshold (cost per quality-adjusted life years (QALY) gained) to decide whether new treatment is 
supportable for routine use

 [20-24]
.  

Inhaled biologics: current & future pipeline 

Inhaled therapy represents an important but niche drug delivery system for both small molecules and biologics, 
where respectively the dominant delivery systems are the oral and parenteral administration routes.  A review of 
the ‘top 10’ indications being targeted by inhaled therapies

[25]
 indicates a major focus on local lung disease with 

the overwhelming majority of development programmes being based on small molecules targeting asthma and 
COPD.  Other respiratory diseases targeted by small molecules and biologics include cystic fibrosis, idiopathic 
pulmonary fibrosis bronchiectasis and treatment/prophylaxis of infection with respiratory pathogens (RSV, 
tuberculosis, pseudomonas spp., influenza). 

Inhaled Nanobodies offer a novel therapeutic approach, possess ideal properties (potent, stable, short systemic 
half-life) for local lung delivery and a Phase 2b dose-ranging efficacy study of a novel trivalent Nanobody targeting 
treatment of RSV in children was initiated early in 2017

[26]
.  The inhaled route may also prove to be an appropriate 

portal for delivery of siRNA therapies, although a recent review based on pre-clinical studies notes a number of 
challenges and areas for further study including addressing the current paucity of knowledge on inhalable 
formulations

[27]
.  Finally, inhaled vaccines have been demonstrated to invoke effective mucosal (IgA) and 

systemic (IgG) immune responses and offer a number of putative advantages especially for mass vaccination e.g. 
avoidance of ‘cold chain’ (if thermo stable) and issues associated with use of needles and syringes such as 

disposal strategies
[28]

.  A live attenuated influenza vaccine for intranasal delivery (FluMist) was approved in 
2003 and remains the only non-injection based flu vaccine (although not currently recommended by Centers for 
Disease Control and Prevention) and a number of academic institutions are in Phase 1 clinical evaluation of 
inhaled vaccines targeting a variety of bacterial and viral pathogens

[29].
 

Conclusions 

Biologics represent a growing share of the global pharmaceutical market and a growing proportion of the pharma 
pipeline.  Despite advances in non-parenteral delivery systems, ‘needle & syringe’ remains the predominant 
delivery system for biologics due to advantages of manufacturing simplicity, cost-effectiveness and confidence in 
delivery of the medicine.  For pulmonary delivery, analogous to the small molecule pipeline and perhaps 
influenced by the insulin experience, the current biologics pipeline indicates a strong bias towards indications 
requiring local lung delivery rather than employing the lung as a portal for delivery for systemic effect.  The 
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contrasting commercial experiences for dornase alfa and insulin demonstrate that solving the technical challenges 
alone does not guarantee commercial success for an inhaled biologic.  The product developer must also satisfy 
the demands of patient, prescriber and, notably, the payer.  Selecting the “right drug for the right disease” remains 
key and recent developments continue to offer reasons to believe and be optimistic for the future for inhaled 
biologics.  
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