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Summary 

Inhalation development of biomolecules is typically beset with challenges, as evidenced by the lengthy development 
of inhaled insulin, and often will not be the first choice as a route of administration. To be successful, the eventual 
product should be well-differentiated from alternative approaches to therapy and there should be a compelling 
business case for development. The cost of goods of most biologics is high and can present a significant barrier to 
early development. Preclinical toxicology drug-substance requirements often exceed mid-stage clinical demand, thus 
requiring significant early, at-risk investments. Despite the challenges, the inhaled route remains a viable choice for all 
lung conditions and for selected systemic conditions. This is supported by the availability of highly efficient delivery 
systems and the fact that the majority of lung diseases are either not well managed with current therapies or have no 
effective treatment at all. Inhaled vaccines are credible prophylactic options for lung-specific or systemic conditions, 
while strong cases can be made for the use of select peptides and proteins for systemic disease where a therapeutic 
advantage can be argued. Although there are few novel clinical-stage biologics currently under development, 
considerable feasibility and preclinical work is ongoing based on patent and literature activity. What the next ‘success’ 
will be is hard to predict but after factoring in attrition rate, logic dictates that many inhaled biotherapeutics will 
eventually be in clinical use. 

History 

The biotechnology revolution materialized in the late 1970’s and companies, notably Genentech and then Amgen, 
introduced a number of remarkably effective recombinant versions of endogenous proteins. But soon thereafter (if not 
before) came the question of life cycle management. What comes next? Long-acting versions of modified 
biomolecules or exploitation of non-invasive routes of administration? Of the latter approaches, the pulmonary route 
proved tantalizingly promising and many examples of biomolecules in preclinical and early clinical studies 
demonstrated acceptable levels of bioavailability and suitable pharmacokinetics/dynamics. However, delivery 
efficiencies were poor with highly variable outcomes, as much an issue with the delivery systems available at the time 
(5-30% of nominal dose might reach the lungs), as it was with the inherent properties of the peptide or protein: cost of 
goods was certainly a significant factor in the development-decision process. Fortunately, a parallel revolution was 
taking place in device and formulation technology. This was, in part, driven by the 1995 Montreal protocol phasing out 
CFCs, which spurred efforts to find alternative propellants as well numerous and often highly inventive forays into dry 
powder inhaler (DPI) and nebulizer development. However, the ‘blue-sky’ entrepreneurialism that was widespread in 
the 1990’s soon gave way to pragmatism. These new delivery systems were often costly, difficult to mass produce 
and complex from a regulatory standpoint, even though many were able to achieve far higher delivery efficiencies 
than hitherto seen (~ 50% lung delivery). With DPIs, fortunately, a marrying of device to powder technology also took 
place. “Engineered” particles were developed at several companies (e.g., AIR-Alkermes and Inhale Therapeutics-
Nektar) that required far less input of energy to achieve dispersion and deaggregation and thus relieved much of the 
engineering demand that would otherwise be placed on the device. The upshot of all these R&D efforts has left us in a 
position today where we do have a number of highly efficient liquid and powder delivery systems (largely proprietary) 
that can legitimately be considered as options for localized and systemic therapy of biomolecules.   

 

Insulin 

Having the delivery capability does not mean that we can or should execute on that capability with proteins and 
peptides. The academic exercise of demonstrating high bioavailability and/or a vigorous pharmacodynamic response 
to an inhaled agent is a great first step, but does the opportunity equally make clinical and commercial sense? The 
perfect example for this discussion is the ‘roller coaster’ ride of insulin. On the surface, the idea of a needle-free 
insulin product made perfect sense. There was a perceived need, a potentially huge market opportunity, and in vivo 
models elicited the desired systemic response after inhalation of the peptide. In fact, a race developed to see who 
could reach the market first. But then the world changed during the lengthy development process and most entrants 
fell by the wayside. The inhalation delivery systems were more costly than needles and syringes; pen-injectors 
emerged – not needle-free but quick, simple and almost painless; lung-safety questions emerged relating to cancer 
and immunogenicity; insulin requirements were high to support the prospective market, demanding significant 
manufacturing capacity; it was recognized that pulmonary delivery would not replace needles and long-acting insulin 
injections would still be required, and that marketing an inhaled product to endocrinologists was not the same as 
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doing so to pulmonary specialists. Despite all of this consternation, inhaled insulin products have reached the 
marketplace and it should not be forgotten that a nebulized form of rhDNase was, and still is, available as a 
therapeutic option for cystic fibrosis.  

 

A sound rationale 

Ironically, the tenuous success of insulin development has been highly instructive as it has forced us to take a far 
more rigorous and critical look at the rationale for development of an inhaled biomolecule. You must have a sound 
strategy and development plan in place if you are to convince erudite investors to fund your idea. Chief among the 
many questions that will need to be addressed is whether the inhaled route will benefit patients in a superior or well-
differentiated manner to that of injections. Convenience alone is not a sufficiently persuasive justification. Given that 
inhaled therapies take longer to develop and are more costly than their parenteral alternatives, what criteria will satisfy 
scrutiny? An obvious one for a lung-targeted therapy could be safety. Will inhalation avoid expected or known issues 
with systemic administration? Is there likely to be less drug use if the inhaled route is employed for local effect? If the 
goal is systemic administration, does the onset of effect or the nature of the pharmacokinetics result in a tangible 
advantage over injectable alternatives? Further, does this provide a clear intellectual property position and freedom to 
operate? The flip side to this ‘justification’ exercise is that it is entirely possible to readily eliminate every potential 
candidate from consideration! This is not the goal and for the thorny questions that can’t be immediately addressed, it 
comes down to the appetite for risk (technical, manufacturing, clinical, and market). 

 

Preclinical and clinical challenges 

The general challenges relating to production of drug substance, formulation approach, stability, aerosol delivery, 
assessment of activity and so on are similar to those for small molecules. However, there are differences. An 
important distinction for preclinical safety is in the assessment of immunogenicity and whether antibodies generated 
against a human biologic in animals are of a concern for human administration or are simply a native and expected 
reaction to a foreign entity. It is also unclear whether the response of the immune system to biologics administered via 
inhalation will differ in nature and intensity from the same agent administered by injection. The range of size of 
biologics – from small peptides to antibodies or PEGylated proteins will also have a profound effect on systemic 
exposure. For larger entities, systemic absorption may be negligible whereas small peptides may be rapidly degraded 
by peptidases. In both instances, it may be difficult to make assessments of clinical dose, particularly if nomeans to 
assess a pharmacodynamic response readily exists. Even when pharmacokinetic data are available, sampling remote 
from the site of delivery makes it difficult to assess what may be happening in the lungs. For human studies, we rely 
on pulmonary function tests which are generally quite variable and insensitive. While occasionally, induced sputum 
and biopsies can be taken, assessment of some diseases can be a hit or miss exercise and biopsy introduces greater 
risk to the patient. Longitudinal use of these tests and, for example, MRI and CT scans can be useful but, overall, the 
available array of techniques at the disposal of investigators is inadequate and there is a definite need for predictive 
and active biomarkers of disease and more sensitive lung-function testing.  
 

 
Unmet needs 

Despite the challenges, what ensures that there will be lasting interest in the field is that fact that there remain so 
many unmet clinical needs. Within large primary care indications such as asthma and COPD, disease heterogeneity 
almost guarantees that some patient sub-populations are not well-managed with currently available therapies. Other 
conditions such as cystic fibrosis, pulmonary fibrosis, lung cancer, ALI/ARDS, pneumonia,and  tuberculosis are all 
familiar yet all demand better prophylactic and interventional therapies. As our understanding of the biology of these 
conditions grows and as our means to detect and diagnose these conditions improves, we can reasonably expect that 
new targets and interventional therapies will become important. 

 

The pipeline? 

So, what is the next wild ride? While it is hard to be specific and we may never see the levels of interest that the ‘bell-
weather’ insulin generated, there are trends emerging in the industry. The distinction between what is classically 
thought of as a ‘small molecule’, synthesized via synthetic organic chemistry, and a biomolecule, generated by 
recombinant technology or peptide synthesis, is blurring. In fact, the array of emerging compounds is becoming 
difficult to classify in any traditional way. From a cursory review of the patent and peer-reviewed literature over the last 
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five years, there are many intriguing possibilities at the feasibility and preclinical stages of development. These include 
a number of vaccines (e.g., influenza), peptides for appetite suppression, antibodies in various formats for asthma and 
cancer, formulated siRNAs, and even DNAzyme compositions. Again though, perhaps as a reflection of a renewed 
rationalism toward development and the costs and material demands required to conduct prerequisite toxicology 
studies, very few novel biomolecules are presently in clinical development (from a search of recruiting and ongoing 
clinical trials (www.clinicaltrials.gov)). At first glance, this would seem to be a sobering observation but with so much 
early development percolating in so many different directions, novel clinical-stage candidates for inhalation can be 
anticipated for the foreseeable future. 

http://www.clinicaltrials.gov/

