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Summary 

Biopharmaceuticals are a vital part of modern pharmaceutical development however they are susceptible to a range 
of aggregation and degradation pathways which make the manufacture, processing and delivery of these products 
more challenging than more typical small molecules, with the majority of biologics being delivered parenterally. 
Inhaled and nasal delivery of biologic products allows for a more convenient method of administering compounds 
systemically, and also allows direct targeting of the respiratory system. The use of many biologics for long term 
disease management provides opportunities for repurposing of existing products for inhaled and nasal delivery to 
improve patient experiences and reduce complications from routine parenteral delivery. Examining excipient 
strategies and the impact of processing on biologics shows a variety of methods for managing the behaviour of 
biologic products, and examination of the common device technologies highlights the relative advantages of each type 
to fit with the physiological and commercial objectives. Examining the analytical techniques and the importance of 
understanding the activity and purity of the biologic product allows the development of a more suitable suite of tests to 
demonstrate the product safety and efficacy. Finally, review of real world case studies show how effective 
formulations can be developed by bringing together techniques for inhaled and biologic product development. 

Introduction 

Biopharmaceuticals are a vital part of modern pharmaceutical development and the valuable result of greater 
understanding of complex biochemistry and disease pathways. Unfortunately while therapeutic biologics are very 
effective, they are susceptible to a range of aggregation and degradation pathways which make the manufacture, 
processing and delivery of these products more challenging than more typical small molecules. These issues mean 
oral delivery is unlikely to be viable and nearly all biopharmaceuticals are delivered by parenteral routes. Formulation 
of biopharmaceuticals for Inhaled or Nasal Delivery allows for an alternative route of administration which, in turn,  
allows for good bioavailability as well as direct delivery to the respiratory system; however this does bring new 
challenges for both the formulation and analytics of these products. While they do exist (e.g. Prevnar) they are still 
regarded as more complex delivery routes. 

Biopharmaceuticals are high value drugs with high development and manufacturing costs. While some drugs treat 
relatively small patient groups, other can have broad applicability and dominate the global sales rankings, see Table 1 
below. Repurposing of a proven compound can provide an attractive route for inhaled or nasal delivery as it reduces 
the risk of failure when working with a complex drug and a complex delivery system. Of the top 10 biologic products, 5 
are used to manage long term conditions requiring regular parenteral administration. Inhaled or nasal formulations 
would allow for a more convenient delivery system as well as reducing complications due to repeated injection or 
infusion
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Table 1:  Top 10 selling biologics in 2014 alongside overall pharmaceutical sales ranking 

Product Company 
2014 Sales 
(billions) 

Type Duration 
Overall 2014 

Position 

Humira AbbVie $12.5 Anti-inflammatory Long 1 

Remicade 
Johnson & Johnson 

and Merck & Co. 
$9.2 Anti-inflammatory Long 3 

Rituxan 
Roche and Biogen 

Idec 
$8.7 Cancer Medium 4 

Enbrel Amgen and Pfizer $8.5 Anti-inflammatory Long 5 

Lantus Sanofi $7.3 Diabetes Long 6 

Avastin Roche $7.0 Cancer Medium 7 

Herceptin Roche $6.8 Cancer Medium 8 

Neulasta/Neupogen  
Amgen and Kyowa 

Hakko Kirin 
$5.9 Cancer Short 11 

Prevnar Pfizer $4.5 Vaccine Short 16 

Avonex Biogen Idec $3.0 Multiple Sclerosis Long 24 
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Formulating biological products for inhaled or nasal delivery 

Biologic drugs are susceptible to a wide range of degradation routes which can impact the safety and efficacy of the 
drug. Protein structures are of only limited stability and can be easily unfolded under only mild stress. Aggregation is 
one of the most common issues for proteins, where the protein self-associates in to alternative orders from the desired 
configuration, but fragmentation, deamidation, hydrolysis, oxidation, isomerisation, succinimidation, deglycosylation, 
disulphide bond formation/breakage and other crosslinking reactions all play their part as well.
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Common processing techniques such as lyophilisation, spray drying, or vacuum foam drying will all apply stresses to 
the molecule. Temperature is one of the main factors driving destabilization, however the pressures involved in some 
processes can also drive unwanted interactions. The use of excipients to prevent or reduce unwanted interaction and 
aggregation during processing, as well as in the finished product, are of huge importance. 

Table 2 (below) details the typical excipient types used in formulating biopharmaceuticals. The optimal strategy will 
differ between products, depending on their individual behaviour, as well as the manufacturing and processing steps 
required. Selection of excipients can be somewhat complicated by the limited numbers which have been 
demonstrated as safe, and this is further complicated when considering excipients proven as safe for inhalation. 

Table 2:  Typical excipients types used for biopharmaceuticals 

Excipient Function 

Buffers Control of pH 

Salts Control of Ionic Strength 

Amino Acids Control of Ionic Strength 

Polyols / disaccharides / polysaccharides Preferential hydration/exclusion to create a stabilising "shell" 

Surfactants Protection from hydrophobic interactions, such as at container surfaces 

Antioxidants Protection from oxidation 

 

Considering how this applies to typical OINDP formulations does provide some restrictions and advantages for each 
of the common dosage forms. The optimal strategy will depend on the behaviour of the biologic, as well as the 
pharmacological and commercial objectives. 

Nebulisers 

Nebulisers can utilise most formulations which can be presented as a solution. In general, most biologics will show 
good aqueous solubility, and in the case of repurposing of existing products, a solution formulation likely already 
exists. Nebulisers allow for large quantities of drug to be delivered which in some cases is a key requirement however 
they do have restrictions regarding viscosity and ionic strength and surface tension which will impact performance and 
may be influenced by the excipient strategy and API concentration. The energy used to nebulise the product, 
particularly in mesh-type devices, may also affect the biologic product.  Although some modern devices are more 
compact, nebulised formulations may not be seen as a large improvement in convenience over subcutaneous 
injection due to the time required for delivery. Nevertheless, they usually provide the quickest route to inhaled delivery 
of a biologic product, facilitating early development of new products and an attractive route for repurposing existing 
products. 

Dry Powder Inhalers 

Dry powders provide some significant advantages in stability as, in general, biologics will be more stable in the solid 
state. They also allow for relatively high amounts of drug to be delivered in a quick and convenient way, providing 
significant advantages over parenteral administration. The key issue for biologics is engineering the API to a suitable 
size for inhalation. Spray drying is the more common technique for this and allows control over the size and 
composition, but development of a suitable process will need the development of suitable stabilising excipients, along 
with other process/formulation controlling excipients. 

Soft Mist Devices 

These provide an alternative to nebulisers giving a pMDI-like dosing experience from an aqueous solution product. 
The drawbacks are the high concentrations needed and forces involved in delivering the formulation, which may prove 
incompatible for compounds where large doses are needed. 
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pMDI formulations 

pMDI formulations are not easily compatible with biologic products due to the temperature, pressure and excipient 
aspects inherent to this type of product; however in some cases there may be viable approaches to stabilise the 
biologic product. 

Nasal Sprays and Nasal Dry Powders 

These products present a good option when systemic delivery is needed and can simplify the formulation process due 
to a wider range of proven excipients, whilst maintaining the simplicity of an aqueous solution formulation. These are 
already proven for the delivery of vaccines with physiology of the nasal cavity (nasal-associated lymphoid tissue) 
providing an attractive target
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, as well as various hormones and peptides. The solid form in a nasal dry powder allows 

for improvement in product stability while maintaining the advantages of nasal delivery.  

Analytical Requirements 

The requirements for testing of an inhaled or nasal product are well documented
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and require the characterisation of 
various key aspects with regards to the product safety and efficacy. When considering biologic products however, this 
is not as straightforward
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. While many tests are needed to characterise the biologic product, an effective strategy for 

formulation development and establishment of stability is also needed. Aggregation in biologics can increase the risk 
of developing an immune response but may not always correlate with a loss of activity, and likewise other degradation 
activity may impact the activity in unexpected ways. As a result it is important to examine both the purity (aggregation, 
fragmentation etc.) and the activity (potency). When considering the formulation development and testing, usually a 
combination of tests is needed (see Table 3 below) but the exact configuration of tests will depend on the product and 
its known behaviour which may need to be established for forced degradation studies.  

Table 3:  Common tests used to assess biologic formulations 

Test Purpose 

SDS-PAGE 
Provide separation based on MW and give quantitative measurement 

of aggregation and fragments 

ELISA 
Provides quantitative measurement of the interaction of the biologic to 

the target ligand 

Chromatography (generally size exclusion 
but also reversed phase and ion exchange) 

Provides quantitative information of product purity and associated 
aggregates and fragments 

Potency Cell based potency assay, specific to the functionality of the biologic 

 

To address the requirements of an inhaled product, a suitable method to use for emitted dose and particle / droplet 
size determination is needed. Usually a chromatographic method can be found to provide quantitation of the biologic 
compound; however it is possible to adapt other techniques such as ELISA for this application if no other method is 
found. The use of laser diffraction for droplet size determination of nebulised soft mist products is also a valid and 
desirable option. 

Case Study 1 - Repurposing an existing intravenous peptide product to a nasal dry powder 

The target of this project was to translate the existing product to a viable inhaled or nasal product and identify a viable 
formulation for POC trials. The peptide had poor stability in solution, and so a dry powder product was preferable to 
allow a longer shelf life. The drug was available as a lyophilised powder and compatibility studies showed no issues 
using lactose as an excipient. 

To expedite the route to POC a suitable blending process was developed with the lyophilised material and analytical 
methodology (RP HPLC) developed to allow for emitted dose testing.  The particle size of the lyophilised material was 
measured and the amount of inhalable material quantified to demonstrate control of drug deposition in the lungs. 

A specification was developed using a combination of RP-HPLC and a cell based bioassay to control the API activity 
and purity alongside testing for product performance. The product showed good performance in delivering the 
formulation (see figure 1) and demonstrated sufficient stability for initial POC work.  



Drug Delivery to the Lungs 26, 2015 - Formulation of Biologics for Inhaled and Nasal Delivery 

 

Figure 1 – dose uniformity of a mono-dose nasal dry powder peptide product 

Case Study 2 – Development of a new anti-viral biologic product for inhalation 

The objective of the study was to produce a formulation suitable for inhaled delivery of a new biologic. The dose 
required was as high as 300mg and so a nebuliser formulation was targeted.  Chromatographic methodology was 
developed to allow for assay of the main protein and degradation products. Initial work had showed the material was 
very sensitive to pH so a suitable buffer level and ionic strength were identified to provide maximal stability while 
remaining suitable for inhaled delivery. Compatibility of the formulation with nebuliser devices was assessed and a 
suitable device selected which gave consistent and suitable performance without impacting the biologic compound, 
giving a fine particle fraction ≥75% and delivered dose uniformity of 5% RSD – see figures 3 and 4 below. 

 

Figures 3 and 4 – Cross-device fine particle dose determination by NGI and Delivered Dose (n=9) 

Conclusions 

Inhaled and nasal delivery provides an effective means to deliver biopharmaceuticals both systemically and to target 
regions of the respiratory system. Combining traditional inhaled techniques and biological development and testing 
techniques allows a flexible formulation platform for development and repurposing of biopharmaceuticals.  
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