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Summary 

The development of a biologic as a dry powder inhaler (DPI) product presents additional challenges to those already 
typically anticipated for a small molecule DPI (e.g. consistent and stable emitted dose (ED) and fine particle mass).  
One of the biggest challenges is ensuring that biologic potency and purity is maintained during the various 
manufacturing processes and afterwards, throughout the product shelf life and during drug delivery through the DPI.  
The application of a content assay method during development of a spray dried cytokine powder product identified 
that stabilising excipients were required in the feedstock to protect the cytokine from shear forces during spray drying. 
Development of a powder matrix for an immunomodulatory peptide required use of a purity (size exclusion 
chromatography (SEC)) method to detect degradation because a measure of activity alone by enzyme-linked 
immunosorbent assay (ELISA) would not have differentiated between different the stabilising properties of the powder 
matrices.  A further case study for an immunomodulatory protein demonstrated how two different purity methods (SEC 
and non-reducing sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)) may be required to 
detect aggregation.  The final case study demonstrated how, during development pharmaceutics type studies to 
assess the DPI delivery system, the use of methods to both quantify biologic deposits on the device and assess the 
stability of these deposits using a biologic product analytical method to determine purity, provided information on 
formulation and delivery device optimisation. These investigations demonstrate how orthogonal biological product 
analytical methods have aided formulation/product development, manufacturing feasibility and product stability for 
potential biologic DPI products.   

Introduction 

A number of investigational new biologic product candidates have completed or are undergoing Phase III clinical 
evaluation and it is anticipated that some or all of these will receive regulatory approval in the near future. To date, 
these types of product candidates have been exclusively administered via the parenteral route (e.g. treatments for 
cancer: Mabthera® (Roche), Herceptin® (Genentech) and treatments for respiratory diseases: Xolair® 
(Novartis/Genentech)) but it is anticipated that there would be a number of patient and clinical benefits (non-invasive 
route of administration, reduced systemic exposure, higher concentration at site of action etc.) that could be realised 
by making use of the oral inhalation route of delivery. 

Due to the complex nature of the molecules, biologic products must be analysed and characterised using a suite of 
orthogonal analytical methods as there are different potential degradation pathways (glycosylation, deamidation, 
oxidation etc).

[1]
.  As a consequence, there is the need for a substantial number of additional biologic product 

analytical methods that need to be developed
[1]

 and validated alongside the typical suite of methods used to assess 
aerosol performance

[2,3] 
and monitor impurities and degradants for the more traditional small molecule DPI. The 

challenge of developing a DPI biologic product currently requires the merging of two distinct disciplines and skill sets 
and, of course, two distinct sets of regulatory guidance.  The additional regulatory requirement for full biologic 
characterisation and comparability during development

 [4]
 also drives the need for additional extensive specialised 

biologic product analytical methods (e.g. to assess higher order structure). 

Aggregation (protein self-association into orders other than the native structure) can increase the chance of an 
immunogenic response, therefore minimising the risk of aggregation may reduce the risk of immunogenicity in the 
clinic

[5]
. Assessment by orthogonal methods is critical; for example, aggregation of a biologic may be detected which 

could put patients at risk of developing an immune response, but there might be no corresponding reduction in 
activity, therefore analytical methods to detect both aggregation (purity) and activity (potency) must be used to 
characterise the biologic.  Additionally, analysis of purity by one method alone may not be sufficient to fully 
characterise the presence of aggregates. 

The drug product manufacturing process may subject the biologic to various stresses e.g. heat and/or shear which 
may result in degradation at various points in the manufacturing process.     

Particular focus may also need to be given to the amount of biologic product deposited within the device during 
patient use. If there is a potential for the biologic to degrade and increase the risk of an immune response then 
minimising device deposition or limiting the number of doses or length of time the device is used may need to be 
considered.  During early development of an inhaled biologic dry powder product the use of a biologic product 
analytical method which is capable of detecting biologic purity can aid product development. 
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Case studies are presented from the development of three biologics from different classes of molecules (a cytokine, 
an immunomodulatory protein and an immunomodulatory peptide), which have been assessed for both aerosol 
performance and biologic stability.  

Analytical and biologic product analytical methods 

Biologic product analytical methods were developed for each biologic product being analysed. 

The binding ELISA quantitatively measures the binding activity of the biologic to a target ligand.  ELISA plates are 
coated with a solution of ligand before a blocking step is performed to avoid non-specific binding.  The plates are then 
incubated with the reference standard and/or samples followed by incubation with a labelled detection antibody and 
visualisation by the addition of a suitable colour-generating substrate.  The assay is stopped by the addition of an 
acidic solution and absorbance is read with a spectrophotometer.  Response function curves are generated and the 
relative potency is estimated.  

SEC is used to assess product purity by determination of aggregate, monomer (main species) and fragment levels as 
a percentage of the total integrated peak area.  Test samples are separated on the basis of molecular weight (Mw) 
using a size exclusion column where the lower Mw species elute later as they are able to penetrate into the pores of 
the column packing and so take longer to travel through the column. 

Non-reducing SDS-PAGE is used to demonstrate purity by determination of aggregate and degraded species. 
Samples are denatured by treatment with SDS and loaded onto a gel, separated electrophoretically and visualised by 
colloidal Coomassie blue staining.  The approximate Mw of the separated bands are determined relative to the 
migration of marker proteins of known Mw. Profiles are compared to the reference standard and both Mw and 
percentage of monomer, aggregate and fragment are reported. 

Doses were delivered via a unit dose DPI, (Figure 1). The 
DPI accepts a unit dose foil blister formed from an 
aluminium base foil/PVC laminate, sealed with an 
aluminium lidding foil. 

ED was determined using a Dose Unit Sampling 
Apparatus (DUSA) at a flow rate of 60Lmin

-1
. Samples 

from the DUSA were extracted with diluent and quantified 
using an RP-HPLC method developed for the specific 
biologic.   

Figure 1:  Vectura’s Unit Dose Dry Powder Inhaler 

Dry powder formulation manufacturing process  

The dry powder formulations were all produced by spray drying.  The cytokine formulations were manufactured using 
a Buchi-191 Spray Dryer, the immunomodulatory peptide formulations were manufactured using a Niro Mobile Minor 
and the immunomodulatory protein formulation was manufactured using a bespoke lab-scale spray dryer.  Feedstocks 
were prepared which contained excipients specific to the biologic to be spray dried. 

Results and Discussion 

Case study A: Stabilisation of a cytokine in feedstock solution 

Case Study A used an RP-HPLC method as a content assay to help identify stabilising surfactants to enhance 
recovery of a low concentration (0.1-0.2 %w/w) of the cytokine.  The cytokine was spray dried with different water-
based feedstock formulation compositions using a Buchi-191 spray dryer.  Formulations investigated different solution 
stabilising surfactants at 0.2 %w/w and all formulations included a stabilising excipient for the resulting spray-dried 
powder and a force control agent (FCA) (5-10 %w/w).  Post spray drying the content of the cytokine was assessed 
using the RP-HPLC assay and compared to the content of cytokine in the feedstock.  

Figure 2 shows that the cytokine was severely degraded by spray drying in the absence of a solution-stabilising 
surfactant (Formulation 1). The successful recovery of the cytokine using the same spray-drying parameters but with 
the addition of the surfactant in the feedstock suggests that shear stress (from the spraying process) rather than the 
thermal stress (from droplet drying), caused the loss of content.  The results show that for early spray-drying process 
development just the biologic content assay can be a useful tool to begin formulation development. 
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Figure 2:  Effect of spray drying a cytokine with and 
without solution-stabilising excipient 
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Case study B: Immunomodulatory peptide with stabilising excipient 

Case study B demonstrates how the optimum formulation matrix can be selected through use of binding activity and 
purity biologic product analytical methods.  Different amounts of stabilising excipient were formulated with a high 
concentration of the immunomodulatory peptide and spray dried using a Niro Mobil Minor.  Both formulations 
contained an FCA. After spray drying, the dry powder was filled into unit dose blisters for delivery via the unit dose 
DPI.  Sealed blisters were also stored at 30°C/65%RH for 1 month to assess stability at an ICH representative storage 
condition.  Binding activity was measured by ELISA and purity was assessed by SEC.   

Table 1:  Effect of stabilising excipients on a spray-dried formulation of an immunomodulatory peptide 

Analytical Test Binding activity by ELISA (%) Total Aggregates by SEC (%) 

Time point Initial 1M 30°C/65%RH Initial 1M 30°C/65%RH 

Formulation 1: Peptide/stabilising excipient/ FCA 92 86* 0.8 1.0 

Formulation 2: Peptide/  FCA 94 95 1.1 1.8 

*Considered to be comparable to previous time point result based on observed variability for this method. 

The data in Table 1 demonstrate that the immunomodulatory peptide remained active after 1 month storage at 
30°C/65%RH but the SEC revealed that Formulation 2, where no stabilising excipient was included, displayed 
increased aggregate levels highlighting the requirement for the stabilising agent. 

Case study C: Immunomodulatory protein with particle-formation enhancer 

Case study C demonstrates how two different biologic product analytical methods for biologic purity can provide 
complementary information.  A particle formation enhancer was added to the feedstock to improve morphology of the 
spray-dried particles.  Feedstocks were prepared with formulations of an immunomodulatory protein with no particle-
formation enhancer (Formulation 1), particle-formation enhancer (Formulation 2), or particle-formation enhancer and a 
modified feedstock (to further enhance the particle formation) (Formulation 3).  These were spray dried using a 
bespoke lab-scale spray dryer and the resulting dry powders were analysed by SEC and non-reducing SDS-PAGE. 

Table 2:  Identification of immunomodulatory protein degradation using non-reducing SDS-PAGE and SEC 

Analytical Test 
Formulation 1, no particle-

formation enhancer 
Formulation  2, with particle-

formation enhancer  
Formulation 3, particle-
formation enhancer and 

modified feedstock 

SEC 
Monomer (%) 98.87 99.02 98.68 

Total Aggregates 
(%) 

1.13 0.98 1.32 
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Bands 

Mw (kDa) Raw vol (%) Mw (kDa) Raw vol (%) Mw (kDa) Raw vol (%) 

- 
- 
- 
- 
- 

290 
- 

145 
122 

- 
50 
- 

- 
- 
- 
- 
- 

0.64 
- 

96.98 
1.63 

- 
0.76 

- 

- 
- 
- 
- 
- 

289 
- 

145 
120 
99 
49 
- 

- 
- 
- 
- 
- 

0.77 
- 

96.11 
2.56 
0.40 
0.32 

- 

800 
631 
542 
439 
401 
290 
182 
146 
118 

- 
- 

40 

8.27 
1.90 
1.58 
4.00 
1.03 
12.33 
1.01 
68.74 
0.33 

- 
- 

0.25 
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The SEC results in Table 2 show a similar percentage of the immunomodulatory protein monomer for Formulations 1, 
2 and 3 with only a slight difference in total aggregates for Formulation 3, initially indicating that all three approaches 
preserved protein integrity. It is only by looking at these results in the context of the non-reducing SDS-PAGE results 
that it becomes apparent that protein integrity had been reduced for Formulation 3. The monomer band at 
approximately 145 kDa was much lower for Formulation 3 compared to Formulations 1 and 2, which both had similar 
raw volume percentage.  In addition, Formulation 3 had 7 additional bands compared to Formulation 1, with 
Formulation 2 having only 1 additional band. The presence of a band at 800 kDa indicates insoluble aggregates that 
may have even larger Mw, as molecules need to be soluble to permeate through the gel.  The presence of these 
insoluble aggregates would not have been detected in the SEC because the analysis can only detect analytes soluble 
in the mobile phase.  This study demonstrated that the immunomodulatory protein was not affected by the particle-
formation enhancer, but was adversely impacted by the change to the feedstock composition. 

Case study D: Dry powder deposition on a multiple-use device  

The selection of a suitable DPI for delivery of biologic products may require additional consideration with regard to 
biologic stability.  ED evaluation will look at the total dose emitted from the device versus that retained in the 
device/blister and will help to optimise efficient delivery.  For delivery of biologics device deposits should not only be 
quantified but the stability in terms of a purity profile should be understood using orthogonal methods.  The powder 
device deposits of an unoptimised formulation of an immunomodulatory peptide from the unit-dose DPI device which 
had been in use for 1, 4, 9, 14 or 19 doses (one dose discharged each day) were analysed by RP-HPLC and SEC.  
Devices were stored at ambient conditions between doses.  EDs were collected by DUSA and analysed by RP-HPLC 
and SEC from each device up to the end of use. In this study, device deposits were collected from the mouthpiece 
and internal contact surfaces of the device.   

Figure 3 shows that EDs are consistently delivered 
(up to 19 doses) and that DPI device deposition 
gradually increases with multiple use. Total 
aggregates show an increase after 9 days in use, 
although limits of quantification were challenging 
where there was less deposited material.  Figure 3 
also shows that whilst the total aggregates were 
increased in the device deposits, these were not 
being re-entrained in the airflow as the ED sample 
from the DUSA did not show an increase in total 
aggregates.  The deposits may have adhered to the 
device surfaces during the evacuation process. 
These results indicate that further development may 
need to be performed to reduce  device deposition 
during multiple use or that the device use might need 
to be limited to, for example, 9 doses/ less than 9 
days, or even consider whether a disposable device 
may be more appropriate. 

Conclusion 

Orthogonal methods for analysing biologic molecule stability in a pharmaceutical product is a regulatory requirement 
but use of orthogonal biologic product analytical methods during the early development of a DPI formulation can 
provide critical information that can be used to highlight areas where analytical method, formulation and/or process 
development and optimisation are needed.   
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Figure 3: Mean ED and mean device deposition (µg) after multiple-use 
(1, 4, 9, 14 or 19 doses) and total aggregates (%) in ED and device 
deposits 

 


