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Product development: Case study of  an
inhaled biologic

Contract research organizations (CROs)
are increasingly recognized by many spon-
sors as integral partners in the product
development process. Over the past 20
years, CROs have evolved from simple analytical suppliers
to companies providing full service activities across the
product development continuum. CROs are often
approached early in the development process to solve dif-
ficult challenges in formulation or analysis. Many CROs
have distinguished themselves in various technological
areas, such as inhaled product testing or extractables
analysis. While models for integrating CROs into the
development process have been discussed previously in
various publications,1, 2 this article presents a review of  a
collaboration between a sponsor and provider. The dis-
cussion describes the process for utilizing a dry powder
inhaler for proof  of  concept in place of  a more tradi-
tional study involving a solution and nebulizer device.

Formulation strategies
When developing an inhaled biologic product for proof
of  concept, a simple solution formulation for nebuliza-
tion is often the first choice because it can allow for
rapid evaluation of  clinical effectiveness with minimal
initial budget requirements. However, other formulation

and delivery system options may need to be evaluated
later in the development process because a nebulized
product may not be ideal where other formulations/
delivery systems may provide an improved stability or
convenience profile for the target patient population.
Typical formulation strategies for inhaled biologic prod-
ucts would include: a stable solution used with a nebu-
lizer or solution inhaler as was done for Genentech’s
Pulmozyme rhDNase, a stable lyophilized product which
is reconstituted prior to nebulization or a dry powder for-
mulation which can incorporate particle engineering and
be used in a dry powder inhaler (DPI) or suspension
metered dose inhaler (MDI), if  stability allows. 

A compounding approach
In this article, we discuss the development of  a dry pow-
der formulation of  a recombinant monoclonal antibody,
utilizing a particle engineering approach to increase mole-
cule stability at ambient conditions and improve the deliv-
ery functionality for a molecule targeting local pulmonary
activity. It was decided to utilize compounding in the clinic
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model since there was a limited amount of  drug substance
available and the cost was substantially lower when com-
pared to producing a cGMP drug product batch. 

The compounding approach makes use of  a compound-
ing pharmacist at the clinical site who, under the techni-
cal direction of  the formulation lab, prepares simple
solutions or blends of  dry powders that are filled into
capsules for use in an inhalation device. In this instance,
the lead time to get the compound into the clinic was
approximately three months, significantly shorter than
the seven-month time period usually required for pro-
ducing a typical cGMP batch. The powder delivery
device utilized was the commercially available Monohaler
(Plastiape, S.p.A., Italy) which uses a hydroxypropyl
methylcellulose (HPMC) or gelatin capsule that is manu-
ally filled by the pharmacist at the clinical trial site. The
study was on a fast track so only two prototype formula-
tions were developed and evaluated with a quick stability
study before initiating the clinical study.

Stability assays
Prior to developing any dry powder particle formula-
tion, stability-indicating assays needed to be identified
for the protein drug substance, in order to assess
whether the process used to form the particle was
degrading the protein. Specifically, protein chemical
methods were used to assess changes in purity by
sodium dodecyl sulfate polyacrylamide gel electrophore-
sis (SDS-PAGE), aggregation state by size exclusion
HPLC (SEC HPLC) and charge distribution utilizing
ion exchange high performance liquid chromatography
(HPLC) or isoelectric focusing (IEF), in addition to a
measure of  biological activity. 

Having any data on the forced degradation behavior of
the protein due to heat or moisture is often helpful in
understanding changes in the protein that may be
detected in early formulation and process development
experiments. Micro differential scanning calorimetry
(DSC) measurements were used to guide decisions on
solution pH, concentration and the need for minimum
ionic strength conditions to maintain the protein in
solution. These DSC screening experiments were aimed
at minimizing the ionic strength of  the formulation to
reduce the use of  salts, which can increase hygroscopic-
ity and ultimately compromise the physical stability of
the dry particles and their tendency to agglomerate. 

Melting point
Processing across multiple buffer species and ionic
strengths allows for determination of  the formulation
with the highest melting point of  the drug substance.
The melting point is defined as the point of  onset of
protein unfolding and is specific to each drug substance,
based on its protein structure and interaction with its

solute and solvent components. This technique can also
assess the need for incorporating excipients as process-
ing aids and stabilizers as a precursor to actual formula-
tion experiments and can assist in decisions on methods
of  isolating and holding the protein drug substance at
the purification stage of  production. By selecting the
best buffer system early, the drug substance can be
maintained in the most stabile form from purification
and this solution can be used as a primary component
in development of  the final drug product. Often, these
protein production methods have already been devel-
oped for drug substances and can be easily modified
and incorporated to support proof  of  concept product
development with minimal, additional laboratory effort. 

Physical properties
In addition to the solution protein properties described
above, it is critical that the physical properties of  dry pow-
der also be assessed. These properties may impact the
drug product performance, drug device performance or
stability, and include crystallinity, hygroscopicity and mois-
ture content. 

Crystalline forms are more thermodynamically stable
and typically more chemically stable than amorphous
material. However, amorphous materials exhibit pre-
ferred solubility characteristics and may be stabilized
through the use of  excipients and appropriate storage
conditions. It is preferred that the drug product exhibit
low to moderate hygroscopicity and low moisture values

Aerodynamic particle size distribution (ASPD) is determined
using an inertial cascade impactor
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For these studies, we used settings of  60 LPM for 4 sec-
onds. Aerodynamic particle size distribution (APSD) is
determined in a similar fashion, where the apparatus is an
inertial cascade impactor. General approaches for these
tests are described in both the United States and European
pharmacopoeias and the specialized analytical equipment
required are commercially available. For these analyses, it is
also important to control the environmental conditions
when conducting testing since both temperature and
humidity can affect the characteristics of  the emitted
aerosol. The respirable drug dose is calculated by multiply-
ing the emitted drug dose by the respirable fraction from
the APSD measurements defined as less than 5 µm.  

Early stability studies
To ensure the drug product can maintain its delivery
integrity over the course of  the clinical trial, early stabil-
ity studies are performed to evaluate the impact of  stor-
age temperature and humidity on the product perfor-
mance. The testing will be a combination of  physical,
biopharmaceutical and aerosol characterization tests
(see Table 1). The resulting drug product needs to be
assessed for retention of  the drug substance activity
while maintaining the physical requirements to meet the
aerosol delivery needs. A reduced stability study would
include microscopy, water content, physical particle size,
aerodynamic particle size and any biopharmaceutical
tests (such as SDS-PAGE, SEC, Enzyme-Linked
Immunosorbent Assay [ELISA], etc.) to ensure the
activity of  the drug substance is maintained. Limited
stability studies would only be needed to support the
manufacture of  the spray dried material, release testing,
transport to the clinical site, compounding into capsules
for use in the clinical study and a short storage period
beyond compounding prior to dosing. In this study, sam-
ples were packaged and stored at 5 ºC, 25 ºC and 40 ºC
for 6 weeks. Gravimetric moisture sorption would qual-
ify the maximum humidity levels appropriate for a sta-
bility study and would establish allowable limits for
aerodynamic particle size testing, since low levels of

at typical laboratory conditions. While the biologic
active pharmaceutical ingredient (API) will not exhibit
crystallinity, excipients such as mannitol may show ini-
tial crystallinity or increased crystallinity upon storage of
the dried formulation, for instance during stability pro-
grams. Changes in crystallinity may impact drug product
uniformity and stability. For this reason, x-ray powder
diffraction (XRPD) or microscopy using cross-polarized
light can be used to evaluate relative crystallinity. 

Hygroscopicity 
Uptake or loss of  water at different relative humidities
is evaluated using gravimetric moisture sorption on one
or more representative lots and is recommended to
assess hygroscopicity characteristics of  the drug prod-
uct. Subsequent control and monitoring of  moisture
content by an appropriate method (such as Karl Fischer,
loss on drying, etc.) is necessary to evaluate proper
weight percent assay and drug delivery dosing. Foreign
particulate matter has had increasing importance in
inhalation products, and in certain cases, counting parti-
cles less than 10 µm is requested or required by regula-
tory agencies earlier in the drug development process.
Techniques such as light obscuration, electrozone sens-
ing or micro-flow imaging may be utilized to measure
foreign particulate matter in this size regime.

Aerosol performance
For pulmonary delivery, the aerosol performance of  the
formulation with the selected inhaler can be characterized
once the prototype formulations are produced. Testing
includes measurement of  the drug mass delivery and the
aerodynamic particle size distribution of  the emitted
aerosol. To determine the emitted drug mass, the device
containing the encapsulated formulation is attached to an
apparatus which contains a collection filter. Air is then
aspirated through the device and apparatus at a controlled
flow rate, for a fixed duration such that the emitted drug
from the inhaler is collected upon the filter for subsequent
extraction and assay by HPLC. 

Table 1

Early stability studies include biopharmaceutical, aerosol characterization and physical 
characterization tests

Biopharmaceutical tests Aerosol characterization tests Physical characterization tests

SDS-PAGE Aerodynamic particle size distribution X-ray powder diffraction

SEC HPLC Emitted dose uniformity Microscopy

Ion exchange HPLC Water content

Micro solution DSC Gravimetric moisture sorption

Biological activity assay Appearance

Particulate matter

Physical particle size
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humidity may cause static effects that increase retention
of  the drug product in the Monohaler device.

A successful development program
Due to the limited availability and cost of  the API, it is
desirable to have as high a respirable dose as possible.
In this case, the initial two formulations only delivered
respirable doses of  22% and 31% respectively, due prin-
cipally to the formulations’ affinity for water. 

Even though these low respirable doses would have
been satisfactory for the proof  of  concept study, the
decision was made to re-engineer the particles to provide
for a commercially viable drug product prior to proof  of
concept. The material was therefore re-engineered utiliz-
ing alternative excipients and spray drying parameters to
increase the molecule’s stability at ambient conditions.
This process caused a delay in the overall timelines of  the
study. However, the re-engineered product delivered a
respirable dose of  68%, with particles less than 5 µm,
while having enhanced stability characteristics. The drug
product could easily be weighed into capsules at the com-
pounding clinic for the proof  of  concept study while
retaining the appropriate delivery properties.

This development program was ultimately successful,
even with the limited scope of  work performed. It
demonstrates that understanding the key parameters to

monitor in the development of  a drug product is critical
to ensuring the successful advancement of  a proof  of
concept study.
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