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Abstract

This March 2009 Workshop Summary Report was sponsored by Product Quality Research Institute (PQRI)
based on a proposal by the Inhalation and Nasal Technology Focus Group (INTFG) of the American Association
of Pharmaceutical Scientists (AAPS). Participants from the pharmaceutical industry, academia and regulatory
bodies from the United States, Europe, India, and Brazil attended the workshop with the objective of presenting,
reviewing, and discussing recommendations for demonstrating bioequivalence (BE) that may be considered in
the development of orally inhaled drug products and regulatory guidances for new drug applications (NDAs),
abbreviated NDAs (ANDAs), and postapproval changes. The workshop addressed areas related to in vitro
approaches to demonstrating BE, biomarker strategies, imaging techniques, in vivo approaches to establishing
local delivery equivalence and device design similarity. The workshop presented material that provided a
baseline for the current understanding of orally inhaled drug products (OIPs) and identified gaps in knowledge
and consensus that, if answered, might allow the design of a robust, streamlined method for the BE assessment
of locally acting inhalation drugs. These included the following: (1) cascade impactor (CI) studies are not a good
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predictor of the pulmonary dose; more detailed studies on in vitro=in vivo correlations (e.g., suitability of CI
studies for assessing differences in the regional deposition) are needed; (2) there is a lack of consensus on the
appropriate statistical methods for assessing in vitro results; (3) fully validated and standardized imaging
methods, while capable of providing information on pulmonary dose and regional deposition, might not be
applicable to the BE of inhaled products mainly due to the problems of having access to radiolabeled innovator
product; (4) if alternatives to current methods for establishing local delivery BE of OIPs cannot be established,
biomarkers (pharmacodynamic or clinical endpoints) with a sufficiently steep dose–response need to be iden-
tified and validated for all relevant drug classes; and (5) the utility of pharmacokinetic studies for evaluating
‘‘local pulmonary delivery’’ equivalence deserves more attention. A summary of action items for seminars and
working groups to address these topics in the future is also presented.
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Introduction

This article summarizes the proceedings and outcomes
of the workshop on ‘‘Demonstrating Bioequivalence (BE)

in Locally Acting Orally Inhaled Drug Products,’’ spon-
sored by the Product Quality Research Institute (PQRI)
based on a proposal from the Inhalation and Nasal Tech-
nology Focus Group (INTFG) of the American Association
of Pharmaceutical Scientists (AAPS). The mission of PQRI
is to conduct research to generate specific scientific infor-
mation that advances drug product quality and develop-
ment. The INTFG’s objectives are to foster and advance the
art and science of the pharmaceutical inhalation aerosol
and nasal drug delivery systems, and to disseminate in-
formation relating to matters of scientific and technical in-
terest related to these drug products, technology, and
related processes.

This 2-day event was held on March 9–10, 2009, in
Bethesda, MD, and provided a venue that brought together

participants and experts from Pharma and Generic compa-
nies, regulatory authorities, and academia from the United
States, Europe, and the rest of the world. The objective of this
workshop was to review, discuss, and consider, in a candid
forum, potential recommendations for demonstrating BE
that may be considered in the development of locally acting,
orally inhaled drug products (OIPs) and regulatory guid-
ances for new drug applications (NDAs), abbreviated NDAs
(ANDAs), and postapproval changes.

The workshop began with a series of podium presenta-
tions, followed by moderated breakout sessions with focused
discussions on the following selected topics:

� In Vitro Approaches to Demonstrating BE
� Biomarker Strategies
� Imaging Techniques
� In Vivo Approaches to Establishing Local Delivery

Equivalence
� Device Design Similarity
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Each breakout session was held three times to allow for
maximum discussion and input from workshop participants.
The moderators from each breakout session then presented a
summary of the issues and discussion feedback to a general
session. The podium presentations and synopses from the
breakout sessions are available online at the PQRI Web site
(www.pqri.org). This article presents a summary of speakers’
presentations and the breakout session discussions. The
breakout sessions provided background information and
clarification on the specific topics, as well as consensus or
disagreement on the usefulness of the suggested approaches
for demonstrating BE.

Background

Several factors have converged to make a focused workshop
on demonstrating BE in locally acting OIPs both timely and
relevant. In March 2004, the FDA launched the Critical Path
Initiative with the release of a report entitled ‘‘Innovation=
Stagnation: Challenge and Opportunity on the Critical Path to
New Medical Products’’(1) to discern what challenges exist in
moving a promising drug, biologic, or medical device along
the critical path from discovery to a marketable product. On
May 1, 2007, the FDA issued the Critical Path Opportunities for
Generic Drugs(2) report identifying many of the unanswered
scientific questions that impede the development of generic
versions of commonly used drugs. A key area identified in the
FDA report as an opportunity for collaborative solutions is the
need for establishing methods for assessing BE of inhalation
products. In addition, the PQRI Aerodynamic Particle Size
Distribution (APSD) Profile Comparisons Working Group
completed a report evaluating the FDA-proposed statistical
methods for comparing APSD profiles of Test (T) and Re-
ference (R) products as part of the in vitro data supporting BE
determination.(3–6)

Summary of Introductory Remarks

Janet Woodcock, M.D., U.S. Food
and Drug Administration

BE problems have played out over time, especially for
OIPs. OIPs will continue to be important in the future, and
we need better BE methods. There are millions of people in
the United States with respiratory disease. In the past,
comparative clinical trials were used, but those are very
difficult because they: (1) are not precise due to large vari-
ability between humans, (2) take a long time, (3) are con-
founded by several factors, and (4) are difficult to interpret.

For OIPs and transdermal products, traditional BE meth-
ods need improvement and new scientific approaches are
necessary. This includes the:

� Need to identify new biomarkers,
� Need for better understanding of pulmonary pharma-

codynamics (PD),
� Need for better understanding of the manufacturing

science,
� Need for a detailed understanding of in vitro=in vivo

correlations (IVIVCs) (e.g., particle size distribution to
pulmonary deposition),

� Need for new clinical trial designs and better statistical
approaches to ensure equivalence of safety and efficacy,
and

� Need for new bioinformatic tools able to handle and
manipulate the massive data acquisitions involved in
drug development.

There are about four to five consortia under way, looking at
biomarkers for regulatory science. None of these, however,
involve OIPs. The consortia operate in a scientific pre-
competitive space with shared scientific tools and tech-
niques, without focusing on any proprietary products.
Everyone can benefit from the shared understanding, and so
these collaborations are pro-competitive. The Critical Path is
trying to exploit the precompetitive space to work on stan-
dards so that drug companies and regulators can work on
products. This exchange of information can lead to ad-
vancements in the field.

Methods for demonstrating BE for OIPs are important to
make generics available in an orderly manner. Laying a path
forward for novel BE methods is important.

Novel BE methods are also needed to help improve drug
development, especially when delivery devices are involved.
For example, how do we interpret results when small
changes in the device are introduced?

Finally, novel BE methods and understanding are also
needed to enable scale-ups. Performing a clinical trial for
every scale-up is not efficient. However, the regulators need
to know that a change is solid and well justified.

FDA needs standards and technologies developed to such
a point that regulators can use them in reviews. But FDA is
too stretched to do this alone, both for resources and ex-
pertise. FDA, therefore, welcomed experts from academia,
industry, and consortia to participate in this workshop. This
workshop was similar to the Critical Path initiatives and
consortia on biomarkers and clinical trials.

Summary of Podium Presentations

Current Challenges and Opportunities
in Demonstrating Bioequivalence
Gur Jai Pal Singh, Ph.D., Watson Pharmaceuticals

Acceptable BE studies are essential for approval, and serve
as a basis for safety and effectiveness of generic drugs. BE
studies may also be employed at certain stages of the
development and approval process of new drugs. The ob-
jective of this talk was to provide an overview of the current
challenges in establishing BE for OIPs. Beginning with a re-
view of the fundamentals of establishing BE of multisource
products, the presentation included an understanding of
the FDA paradigms for demonstrating BE of OIP, discussed
the complexities in the conduct and evaluation of in vitro,
pharmacokinetic (PK) and PD studies, and highlighted the
challenges of the approaches used for conventional solid oral
dosage forms when applied to OIP.

Methods for determination of BE may vary with the drug
product and its route of administration. The regulation 21
CFR 320.24(b) provides a list of approaches for documenta-
tion of BE, including (1) in vivo studies in humans comparing
drug=metabolite concentrations in an accessible biological
fluid, (2) in vivo testing in humans of an acute pharmaco-
logical effect, (3) controlled clinical trials in humans to es-
tablish safety and efficacy, (4) in vitro methods, and (5) any
other approach deemed adequate by FDA. One or more of
these approaches might be necessary for demonstration of
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BE of the T and R products. For example, in the generic drug
applications approved by the FDA, BE of solid oral dosage
forms intended for systemic delivery is based on in vivo PK
studies supported by comparative in vitro dissolution data.
This approach has been successfully applied to a large
number of drug products for which the systemic circulation
provided the sole route of drug delivery to the target site(s),
regardless of the modes of action of the active moieties and
indications for clinical use.

However, the above approach has been considered in-
sufficient for documentation of BE of OIP due to the poten-
tially limited relevance of PK data to drug delivery to the
local site(s). For OIPs, drug that is present in the systemic
circulation is due to absorption from the local site of action
(lung) and to absorption from other sites [oropharyngeal
cavity and gastrointestinal (GI) tract] that are anatomically
and physically distinct form the target local site (lung). Based
on the available information, the FDA determines OIP BE
using a ‘‘weight-of-evidence’’ approach that includes evi-
dence for qualitative and quantitative sameness of formula-
tions, equivalence with regard to in vitro performance in
drug delivery, systemic exposure, and drug delivery to the
local site(s) of action.

Establishment of BE of OIP based on this FDA paradigm
offers challenges with establishment of all four elements of
the ‘‘weight of evidence.’’ For the generic drug manufactur-
ers, determination of quantitative sameness of formulations
can be challenging. Determination of in vitro drug delivery
involves several tests. Furthermore, comparative in vitro
testing is necessary at multiple sectors of the product use,
because the OIP are generally multiple dose products.
Therefore, the evidence for equivalent in vitro performance
based on certain in vitro tests warrants testing at multiple
sectors. This represents a considerable challenge compared
with in vitro dissolution testing at one or more pH values that
may be sufficient to demonstrate comparative in vitro per-
formance of most solid oral products.

Methods for determination of systemic exposure equiva-
lence based on PK measurements for OIP and oral products
may be similar with respect to study design, determination
of drug in biological fluids, statistical analysis, and accep-
tance limits for regulatory approval. However, the conduct
of in vivo BE studies of OIP offer challenges in maintaining
interoccasion reproducibility in dose delivery due to variable
inspiratory flow rates and difficulty in coordination of drug
actuation and inhalation. The extent of interoccasion vari-
ability in dose delivery can enormously contribute to the
observed intrasubject variability influencing both the sample
size and study design for demonstration of equivalence of
systemic exposure (as well as local delivery) from the T and
R products.

Among the four components of the ‘‘weight of evidence,’’
establishment of equivalence in local delivery of OIP is by
far the most challenging, principally due to the lack of a
single marker (like blood concentrations for oral products)
that can be used to objectively quantify drug delivery to the
local site. The OIP represent a number of drug products
with distinct modes of action. Therefore, the choice of
biomarker, target population, and study design may vary
with the drug product. In the past, the FDA has accepted
both bronchodilatation and bronchoprovocation study de-

signs for documentation of BE of albuterol metered dose
inhalers. However, the BE study designs used for this
short-acting beta-agonist (SABA) may or may not be ap-
plicable to determination of BE of long-acting beta-agonists
(LABAs), and may have no utility for establishment of BE
of inhaled drugs with no measurable acute effect (e.g.,
corticosteroids).

The challenge in demonstrating equivalence in local de-
livery appears formidable when evaluating OIP formula-
tions containing combination drugs (e.g., a beta-agonist and
a corticosteroid). The presentation included published in-
formation from the Physician’s Desk Reference labeling of
the Advair� DPI (dry powder inhaler), which contains sal-
meterol xinafoate and fluticasone propionate. The clinical
study design included comparison of the bronchodilatation
activity of the combination product to those of the inhalers
containing the individual drugs salmeterol xinafoate and
fluticasone propionate. A direct application of this approach
for evaluation of equivalence in local delivery from generic
combination inhalers may be complicated due to a number
of factors. However, to be consistent with the Office of
Generic Drugs’ (OGD) general recommendations for com-
bination drug products, it will be important that the BE
studies separate contributions of the two individual drugs to
systemic exposure and local delivery following administra-
tion of the generic and R combination products.

Clinical measurements of local effects of single and mul-
tiple doses of OIP generally lack dose proportionality. The
steepness of the dose–response relationship which, along
with variability, determines the ability of a bioassay to dis-
tinguish between the single- and multiple-actuation doses of
a drug product may be influenced by a number of factors
including the drug, biomarker, disease severity, and preci-
sion and sensitivity of measurements. The observed lack of
linearity in dose–response adds another complexity in doc-
umentation of BE of these drug products. In the presence
of nonlinear dose–response relationships, the observed dif-
ference in response may not be a simple function of the
difference in the dose delivered to the target site. The mag-
nitude of difference in the response may also vary with the
positioning of the observed responses on the nonlinear dose–
response curve. The selection of adequate sample size may
be influenced by both the slope of and variability in the
dose–response.

In the case of an orally administered drug product, OGD
generally grants waiver of in vivo BE testing for lower
strengths based on (1) acceptable in vivo BE study(ies) on the
high strength product, (2) formulation proportionality be-
tween the strengths, and (3) comparative in vitro dissolution
of all strengths of the T products. However, application of
this approach for consideration of waiver of in vivo testing
for the lower strengths of OIP is complicated, in part due to
the lack of linearity in the PD response over the clinically
relevant dose range.

In conclusion, conventional approaches used for deter-
mination of BE of oral drug products may not be directly
applicable to establishment of BE of OIP. The factors that add
to complexity in application of the conventional approach to
determination of BE may also influence scientific consider-
ations applicable to waivers of in vivo testing for the lower
strengths and establishment of IVIVCs.
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The FDA Critical Path Initiative—Clinical Considerations
Badrul Chowdhury, M.D., Ph.D., U.S. Food
and Drug Administration

For an OIP to be approved as a generic equivalent to a R
product through the ANDA process [section 505( J) of FD&C
Act], BE must be demonstrated in addition to meeting other
criteria. There is prior precedence and generally accepted
models for demonstrating BE, such as use of methacholine
challenge for bronchodilators, for example, albuterol.(7) In
contrast, for inhaled corticosteroids (ICS) demonstration of
dose–response is difficult with currently established clinical
methods because the dose–response is flat.(8) If, for example,
a two-fold difference in dose cannot be detected for a refer-
ence ICS, then a generic product could deliver half as much
or twice as much as the R product without detection of the
difference. Therefore, FDA’s Critical Path Initiative provides
an opportunity to develop new methods and approaches,
such as novel PD study design or use of biomarkers to de-
termine BE.

Measurement of exhaled nitric oxide (eNO) offers promise
as a biomarker to detect differences in dose of ICS delivered
to the relevant sites of action in the airways. It is a biologi-
cally relevant marker that is increased in persistent asthma.(9)

and decreased in a dose-dependent manner by administra-
tion of ICS at clinically relevant doses.(10) Also, eNO is not
affected by bronchodilators(11) so this method could be used
to measure dose–response of the ICS component of a com-
bination product containing a LABA. The use of eNO is
suitable for crossover BE studies because both the onset and
offset of ICS effect are reasonably rapid(12) and reproduc-
ible.(13) Also, the methodology for measuring eNO is stan-
dardized and harmonized.(14)

There are several limitations to the use of eNO. First, eNO is
elevated in atopic individuals without asthma and in several
other diseases such as chronic obstructive pulmonary disease
(COPD) during an exacerbation, bronchiectasis, and viral re-
spiratory infections. Second, the dose–response with ICS may
be dependent on the baseline eNO concentration. Subjects
with levels>100 ppb show the steepest dose–response, whereas
those with lower levels may have a flat–dose response to ICS.(10)

Third, subjects currently being treated with an ICS may not be
suitable for a BE study unless the ICS can be safely withdrawn
prior to the study. Therefore, careful subject selection plays an
important role in the likelihood of this approach succeeding.

As part of FDA’s Critical Path Initiative, the agency has
funded an exploratory study at National Jewish Health in
Denver, CO.(15) The objectives of the study are to evaluate
eNO as a marker for demonstrating ICS dose–response by
evaluating the time course of various doses of fluticasone
propionate (FP) on eNO. Subject inclusion criteria are ages 18
to 65 years, mild to moderate persistent asthma, broncho-
dilator reversibility of airway obstruction and eNO �45 ppb.
Subjects will begin a 14-day placebo run-in during which
previous ICS therapy will be withdrawn. Those with an eNO
�45 ppb will then enter a 14-day period of treatment with FP
88 mg twice a day (b.i.d.). Those subjects with a �25% de-
crease in eNO and reproducible measurements at the end of
this first phase will then enter a 14-day placebo washout.
Those subjects whose eNO returns to within 10% of baseline
will enter phase 2 of the study. This phase will be a four-way,

12-sequence crossover of 44, 88, and 352mg b.i.d. each for 14
days and separated by a 14-day washout. Throughout the
study, eNO will be measured every other day. Also, spi-
rometry and methacholine challenge will be performed at
intervals. From the results of this study, FDA will be able to
determine the suitability of eNO as a biomarker for deter-
mining dose–response to an ICS.

FDA has funded a second study(16) at the University of Iowa
to evaluate the suitability of the asthma stability model(17) for
determining dose–response to ICS. In this model, subjects
are treated with either a short course of oral corticosteroid or
high-dose inhaled steroid to maximize lung function (wash-
in). The subject is then treated in a randomized crossover
manner with 4 weeks of one dose of FP and asthma stability
is measured by forced expiratory volume in one second
(FEV1) and eNO. At the conclusion of the 4-week treatment,
the corticosteroid wash-in is repeated and the next dose of FP
is initiated. By using a wash-in, the problem of carryover
between treatments is circumvented and the ability of a gi-
ven dose to maintain asthma stability is measured. The %
decrease in FEV1 is then plotted against dose to obtain a
dose–response curve. A previous pilot study of this method
suggested that ICS dose–response can be demonstrated for
FEV1. The results of this study will indicate whether eNO
provides greater power than decline in FEV1 and how the
high dose ICS wash-in compares to a wash-in with oral
corticosteroids.

The FDA Critical Path Initiative—In Vitro Techniques
and In Vivo Imaging Technology
Anthony J. Hickey, Ph.D., University of North Carolina

The cycle of development of a product begins with the
discovery of the drug, its preparation, its in vitro and in vivo
performance and, ultimately, its therapeutic effect in clinical
trials.(18) A predictive link between the in vitro and in vivo
performance would be highly desirable, and is central to the
concept of BE. For aerosol products, the sequential steps in
performance characterization, representing one part of the
development cycle, for which a correlation might be sought,
are in vitro measures of delivered dose and APSD and the
in vivo measure of lung deposition. These in vitro characteristics
are important quality measures, whereas lung deposition is an
element that contributes to the final efficacy of the product.

Inertial impaction is the method described in regulatory
guidance documents and pharmacopeias to characterize the
APSD. Historically, this method was employed for sampling
ambient aerosols and was adopted by pharmaceutical sci-
entists because of: (1) the relevance of aerodynamic diameter
to lung deposition, (2) expression of particle size distribution
(PSD) in terms of mass (dose), (3) ability to sample the entire
dose, and (4) chemical detection of drug. However, it is
important to remember that an impactor is not analogous to
the lungs. The lungs are, as a whole, an excellent filter, but
each airway generation does not exhibit a step function
collection efficiency as do stages of the impactor. This may
be explained in terms of features of the impactor including:
operating at a fixed flow rate; having increasing linear ve-
locity as penetration to lower stages occurs (due to reduced
jet sizes); and its rigid, robust and well-defined construction.
None of these features are characteristics of the lungs or
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regions within them. These differences pose difficulties in
extrapolating stage deposition in an impactor to lung de-
position despite the knowledge that the aerodynamic sizes
measured by an impactor can be related to lung deposition
as evidenced by the large body of literature in the industrial
hygiene, occupation, and environmental medicine litera-
ture.(19,20) It is known, for example, that differences in
inspiratory flow of patients often result in changes in particle
size distribution of aerosols delivered by passive DPIs.(21)

This, in turn, might be expected to influence lung deposition,
but a quantitative relationship has been elusive. Clearly,
studying lung deposition would assist in developing a re-
lationship between in vitro performance and therapeutic
effect.

Three techniques have been employed for imaging aero-
sols deposited in the lungs: planar gamma scintigraphy,
single photon emission computed tomography (SPECT),
and positron emission tomography (PET). The former ex-
amples use passively radiolabeled, frequently with techne-
tium in some form, aerosol particles or droplets, that can be
imaged by single or multiple head gamma cameras. In-
voking multiple heads increases cost and reduces the
number of sites at which studies can be conducted. PET
labels the drug itself, which requires neutron activation and
a cyclotron, all of which are expensive, time consuming,
and inconvenient. Nevertheless, spatial resolution is in-
creased as 2D images (gamma scintigraphy) are developed
to 3D images (SPECT) and sensitivity is increased (PET).
Currently, gamma scintigraphy is the most frequently used
technique. Two important questions require an answer be-
fore gamma scintigraphy can be proposed as a routine
method for regulatory purposes: (1) is there sufficient pro-
tocol agreement from one laboratory to another about data
presentation [central to peripheral (C=P) ratio; region of
interest definition, etc.] to allow comparison; and (2) will
regulators ever accept that passive labeling, which changes
the formulation composition, does not represent adultera-
tion which implies the T sample is unrepresentative of the
product? These questions were taken up in the breakout
discussions.

Some hope for an IVIVC was recently given by Newman
and Chan(22) who found that for a variety of commercially
available inhalers there appeared to be a linear relationship
between lung deposition, measured by gamma scintigra-
phy, and mass of particles <3 mm in aerodynamic diame-
ter. The authors were clear that this data should be
interpreted with caution. It should also be remembered
that this does not speak to regional deposition in the
lungs which, it might be supposed, relates to receptor
targeting and ultimately to therapeutic effect. Enquiry into
regional targeting may be an opportunity to validate lung
deposition modeling with experimental data. In this re-
gard, recent developments have shown that an onion peel
approach to interpretation of SPECT data can be correlated
well with regional deposition in the lung, despite the in-
evitable probabilistic interpretation of lung deposition data
with respect to proportion of any particular airway gen-
eration represented in a concentric view of the lungs as a
single organ system.(23) Factors that complicate interpre-
tation of the importance of lung deposition to efficacy in-
clude the absence of specific knowledge about target
receptor location.

It may be concluded that estimation of APSD and deliv-
ered dose are important quality measures that are known to
impact efficacy. Inertial samplers are not analogous to lungs,
in that stage deposition cannot be dissected to indicate re-
gional lung deposition, but they may be used to indicate
broadly the probability of lung deposition, perhaps in terms
of a single particle size cutoff or a narrow range depending
on clinical population. Greater relevance of size fractions in
the distribution to regional deposition may be extracted from
lung deposition models, in which particle size characteristics
of the aerosol play an important role. Progress has been
made in validating a particular lung deposition model. De-
velopment of standard protocols for experimental design
and data interpretation, with respect to lung imaging in
conjunction with validated mathematical models, may in-
crease the potential of lung deposition studies to influence
decisions regarding equivalence of products. However, a
serious barrier to regulatory adoption of imaging techniques
is the passive labeling technique, which is currently viewed
as adulteration.

Bioequivalence of Inhaled Corticosteroids
Günther Hochhaus, Ph.D., University of Florida

For the BE testing of inhalation drugs, the FDA currently
limits PK studies to the assessment of the systemic exposure.
PK studies are not accepted as a tool to assess the pulmonary
activity of inhalation drugs, as it has been stressed that the
sampling site for PK (plasma) is a compartment that is
downstream of the lung. Thus, clinical endpoints have been
suggested for testing pulmonary equivalence. However, the
flat dose–response profiles of ICS represent a challenge and
traditional clinical approaches as well as studies with im-
proved study design (eNO; Ahrens’ asthma stability model)
have not yet proven to show sufficient sensitivity necessary
for BE studies. This presentation hypothesized that PK tools
might be a valuable alternative to clinical studies for asses-
sing the pulmonary fate if they can provide ‘‘high-resolution’’
information on three key questions determining the local BE
of inhalation drugs. Key question 1 relates to the extent of
pulmonary deposition. Key question 2 relates to the regional
deposition within the lung, that is, C=P ratio. Key question 3
relates to the systemic absorption rate. It was hypothesized
that if PK studies can provide answers to these questions, BE
studies based on PK approaches should be possible.

As detailed PK studies showing the full potential of PK for
evaluating pulmonary equivalence are not yet available, this
presentation reviewed results of trial simulations that in-
corporated in detail the pulmonary fate of inhaled gluco-
corticoids and its adherent variability into the model. This
‘‘physiological’’ modeling approach allowed investigation of
whether local PK characteristics determining pulmonary ef-
ficacy (drug dissolution rate, central vs. peripheral deposi-
tion, the effects of mucociliary clearance, and other factors)
will also affect plasma concentration profiles. The results of
these clinical trial simulations suggested that area under the
concentration–time curves (AUC) and Cmax in healthy vol-
unteers (HVs) and asthmatics are likely to shed light on the
pulmonary fate of ICS. These simulations performed for
fluticasone propionate (FP) as a model glucocorticoid sug-
gested that the area under the concentration–time profiles
is highly suitable to detect differences in the pulmonary

6 ADAMS ET AL.

JAMP-2009-0803-Adams_2P.3D 01/13/10 4:07pm Page 6



deposited dose if studies are performed for ICSs with neg-
ligible oral BA (Key question 1). Assessment of the pulmo-
nary available dose can be extended to ICS showing distinct
oral absorption if studies are performed under charcoal
‘‘block’’ that prevents oral absorption.

For lipophilic ICS with slow dissolution rates (such as FP,
beclomethasone dipropionate, mometasone furoate), AUC
estimates in HVs are sensitive to the geography of deposition
(central vs. peripheral deposition), as a more central depo-
sition will result in a more distinct removal of slowly dis-
solving drug particles through the mucociliary transporter
that is more active in the central portions of the lung. Si-
mulations predicted that rather small differences in the C=P
ratio will result in significant differences in the AUC esti-
mates. Thus, AUC estimates will also be able to detect dif-
ferences in the C=P ratio between generic and innovator (key
question 2). To exclude that special, while unlikely, scenario
where differences in both dose and C=P ratio (the generic
delivers a lower respirable dose more peripherally, or a
higher respirable dose more centrally) will result in similar
AUC estimates while BE is not warranted, studies in asth-
matics might have to be performed. This is because the shift
of the C=P ratio in asthmatics to more central deposition,
would allow the detection of differences in the respirable
dose. Alternatively, in vitro tests might assess differences in
the respirable dose.

The presented simulations also suggested that differences
in the absorption rate of generic and innovator (key question
3) are best mirrored by monitoring Cmax, while parameters
such as the mean residence and mean absorption time are
less sensitive.

Based on the presented simulations, the following studies
should be suitable to assess BE (Fig. 1). However, well de-
signed PK studies need to be performed in the future to
validate this approach.

Device Design Similarity
David Parkins, Ph.D., GlaxoSmithKline

When considering the impact of device differences on the
BE of an inhaled product, it is important to recognize that the
safety and efficacy of that product when used by the patient
is reliant not only on the device, but also the formulation and
the way the patient uses the device. Assessing the impact of
device differences on product BE is therefore not straight-
forward. The lack of discriminating in vitro methodologies to
assess differences in device design further complicates any
such assessment.

Inhalation products can be broadly classified into DPIs
and pressurized metered dose inhalers (pMDIs); both types
are complex drug products with the dose delivered being
dependent on the device design and its operation.

pMDIs deliver the dose to the patient in a ballistic manner,
with their performance being dependent on the integration
of the formulation, valve, can, and actuator. For pMDIs, the
aerosolization process is dictated by the formulation=device
combination selected with differences potentially leading not
only to changes in APSD, but also to aerosolization timing,
plume geometry, and mouth feel. As pMDIs can be used in
combination with ancillary devices such as counters and
spacers, consideration needs to be given to the impact of
device design on the performance of the pMDI=ancillary
device combination.

In contrast to pMDIs, DPIs have a greater diversity of
designs and operating principles, with the majority of de-
signs relying on the patients inhalation maneuver (inspira-
tory force along with appropriate technique) to aerosolize
the formulation. Therefore, in addition to formulation and
device design differences, consideration needs to be given to
the impact of device design on airflow resistance and flow
rate dependency.

FIG. 1. Proposed flow chart for PK-based BE testing.

WORKSHOP SUMMARY REPORT: BIOEQUIVALENCE OF OIPs 7

JAMP-2009-0803-Adams_2P.3D 01/13/10 4:07pm Page 7



A recently published case study(24) described studies
performed to assess the in vitro performance, pharmacoki-
netics, and safety and efficacy of two Salmeterol 50 mg=
Fluticasone Propionate 250mg DPIs. The two DPI devices
studied were a reservoir powder inhalation device (RPID) and
a Diskus� multiple-dose inhaler. These two devices had a
large number of similarities including the formulation used
and airflow resistance. However, they did differ in terms of
their device shape and metering principles. In vitro CI testing
showed the two devices to have comparable emitted doses
and fine particle mass (0.8–6.2mm by Andersen Cascade Im-
pactor). A 12-week double-blind double dummy study in 270
moderate asthmatics concluded the two devices were clini-
cally equivalent in terms of morning peak flow (PEF), and
were well tolerated with comparable safety profiles. However,
an in vivo PK=PD study showed the systemic exposure to be
double for one device (RPID) versus the Diskus�.

The in vitro APSD profiles for the two devices were con-
sidered to be comparable. The small differences noted did
not appear sufficient to explain the observed twofold in-
crease in systemic exposure. Potential reasons for the lack of
correlation between the systemic exposure and the in vitro
data were then discussed; these were broadly categorized as
being either due to inadequacy of the in vitro test or due to
differences in the way the patient interacted with the device.

Although cascade impaction methods are widely used as
quality control (QC) tests they do have limitations when
being used to predict BA. For example, they are typically
operated at fixed flow rates and rely on deposition by im-
paction rather than impaction, sedimentation, and diffusion
as would occur in vivo. Similarly, it has been established that
the induction port of an impactor poorly predicts actual
oropharyngeal deposition in vivo.

Consideration was given as to whether the difference in
device design influenced the way the patient interacted
with the device in a way that would not be detected by the
in vitro test. For example, mouthpiece design influences
how wide the mouth is opened during inhalation and
mouthpiece diameter can impact deposition efficiency.(25)

Similarly, it is well known that correct operation and in-
halation technique is the key to therapeutic outcome. Dif-
ferences in design mean that critical steps can vary from
device to device,(26) rates of patient=device critical errors
vary between devices,(27,28) and mishandling can lead to
patients inhaling unnecessarily slowly.(29)

The conclusion of the RPID=Diskus study was that de-
spite many similarities between the two devices the clinical
efficacy=tolerability profile was clearly influenced by other
factors. These factors related to formulation, device, in vitro
test, and=or patient handling. The lack of correlation be-
tween in vitro performance and in vivo performance sug-
gested that, in this case, reliance on in vitro data alone would
not have detected the twofold difference in systemic PK=PD
effects for one of the inhalers.

International Regulatory Approaches to Bioequivalence
Marjolein Weda, Ph.D., National Institute for Public Health
and the Environment, The Netherlands

In January 2009, the Committee for Medicinal Products for
Human Use (CHMP) of the European Medicines Agency
(EMEA) adopted the ‘‘Guideline on the Requirements for

Clinical Documentation for Orally Inhaled Products (OIPs),
including the Requirements for Demonstration of Therapeutic
Equivalence between Two Inhaled Products for Use in the
Treatment of Asthma and Chronic Obstructive Pulmonary
Disease (COPD) in Adults and for Use in the Treatment of
Asthma in Children and Adolescents (CPMP=EWP=4151=00
Rev.1).’’(30) This guideline is a revision of the ‘‘Points to Con-
sider on the Requirements for Clinical Documentation for
Orally Inhaled Products (CPMP=EWP=4151=00),’’(31) and was
issued to clarify the types of studies to be performed when
demonstrating therapeutic equivalence between two OIPs.
The guidance is intended for abridged applications as well as
for variations and extensions to existing marketing authori-
zations in the European Union (EU).

Currently, there are several methods available for equiv-
alence testing of OIPs, including: (1) in vitro comparison; (2)
pulmonary deposition studies using imaging techniques or
PK measurements; (3) PD studies; and (4) phase 3 clinical
trials. In general, the method with the highest chance of
detecting a clinically relevant difference between two OIPs
should be the method of choice. Based on this principle, the
CHMP guideline incorporated a stepwise approach to es-
tablish the most suitable method or combination of methods.
A simplified depiction of this approach is shown in Figure 2.
The extensive prerequisites for the application of certain
methods as well as various considerations that need to be
taken into account when designing the equivalence study are
elaborated in the guideline.

In some cases, comparative in vitro data may be consid-
ered acceptable if the T product satisfies all of the following
criteria:

� The product contains the same active substance (i.e., the
same salt, ester, hydrate, or solvate).

� The pharmaceutical dosage form is identical (e.g., pMDI
vs. pMDI).

� If the active substance is in the solid state (powder,
suspension): any differences in crystalline structure
and=or polymorphic form should not influence the dis-
solution characteristics, the performance of the product,
or the aerosol particle behavior.

� Any qualitative and=or quantitative differences in ex-
cipients should not influence the performance of the
product (e.g., delivered dose uniformity), aerosol parti-
cle behavior (e.g., hygroscopic effect, plume dynamic,
and geometry), and=or be likely to affect the inhalation
behavior of the patient (e.g., PSD affecting mouth=throat
feel or ‘‘cold Freon’’ effect).

� Any qualitative and=or quantitative differences in excip-
ients should not change the safety profile of the product.

� The inhaled volume through the device to enable a
sufficient amount of active substance into the lungs
should be similar (within� 15%).

� The handling of the inhalation devices for the T and the
R products to release the required amount of the active
substance should be similar (within� 15%).

� The inhalation device has the same resistance to airflow
(within� 15%).

� The target delivered dose should be similar (with-
in� 15%).

In practice, this implies that the demonstration of therapeutic
equivalence by comparative in vitro testing with CI analysis

8 ADAMS ET AL.

JAMP-2009-0803-Adams_2P.3D 01/13/10 4:07pm Page 8



alone is normally not sufficient. Frequently, such a study
should be supported by and supplemented with other types
of in vitro tests, such as comparison of solid particle crys-
talline structure and inhalation device resistance to airflow in
the case of dry powders for inhalation.

Despite the concise criteria that would allow the in vitro
comparisons to serve as proof of equivalence, there are still
several challenges that need to be addressed before compara-
tive in vitro testing will be broadly accepted by regulatory
authorities for a wide range of products. These challenges
concern the test methods as well as the acceptance criteria.
For example, to show compliance with the above-mentioned
prerequisites, standard test methods should be developed
for investigating the influence of a difference in crystalline
structure and=or polymorphic form on dissolution and on
crystal growth of the aerosolized particles. Moreover, for a
considerable number of prerequisites, acceptance criteria
should be established. These acceptance criteria must guaran-
tee that any differences that will inevitably be seen between a T
and R product will not lead to clinically relevant differences. It
is, for example, not exactly known what differences in hygro-
scopic effect, plume dynamics and geometry, and dissolution
behavior can be accepted. Most likely, the acceptance criteria
may differ between the various (classes of) active substances.

The CI analysis needs special attention with respect to the
choices of the stage grouping, the range of flow rates to be
tested, and the maximum allowable in vitro differences that
are not expected to influence efficacy and safety. Moreover,
the statistical methods to be applied are still under debate,
and will determine the number of batches=lots to be tested.

Moreover, companies are encouraged to adopt a (more)
scientific approach for the justification of the choices made
with respect to the methods as well as the acceptance criteria
applied. There is a lot of information available in the public
domain that could serve as supportive argumentation, for
example, information on steepness of dose–effect curves, PK,
therapeutic index, lung deposition, in silico predictions, and
studies that combined in vitro studies with in vivo studies.
Companies and academia, however, are encouraged to
enlarge the knowledge in the field of in vitro equivalence
testing to fill the knowledge gaps and possibly relax the cur-
rent, rather strict in vitro requirements of the EMEA guideline.

Irrespective of the kind of comparative in vitro studies that
will be performed, the choices for the study designs and the
acceptance criteria must be made before the start of the in-
vestigations, and should be included in a preestablished
protocol in the same way a clinical trial protocol would be
developed.

Challenges in Meeting International Requirements
for Clinical Bioequivalence of Inhaled Drug Products
Tushar Shah, M.D., Mark Lepore, M.D.,
and Paul Dorinsky, M.D., Teva Pharmaceuticals

Several regulatory guidelines are available outside of the
United States for demonstrating BE of OIPs.(30,32,33) In ad-
dition, members of the FDA have shared their expectations
for the development of generic OIPs at various association
conferences.(34)

Each regulatory agency has outlined a different approach
for the development of OIPs; however, one common element
required by most agencies for demonstrating clinical BE is
the need to show a dose–response relationship between the
T and R OIPs. Although the need to demonstrate a dose–
response in a clinical trial to determine BE is scientifically
justifiable, because it establishes assay sensitivity and sup-
ports study validity, the existence of a flat dose–response
relationship for bronchodilators and ICS makes this re-
quirement nearly impossible to achieve. This is especially
challenging if the traditional BE limits of 80–125% are used.
The availability of many OIPs at only a single strength,
which is on the flat part of its dose–response relationship,
adds another level of complexity in fulfilling this objective.

There are a number of statistical methods to analyze dose–
response relationships. One commonly used method is the
Finney Bioassay,(35) which establishes the relative potency
ratio for two treatments using two or more doses of both the
T and R products. However, for OIPs such as bronchodila-
tors and ICS where the dose–response relationship is shal-
low, this method will result in wider confidence intervals
relative to OIPs where the dose–response relationship is
steeper. For these common OIPs, statistical simulations
demonstrate that the sample size required to achieve reason-
able study power (e.g., 80–90%) would easily reach several

FIG. 2. Stepwise approach in EMEA guideline.
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hundred patients per treatment arm, assuming that the BE
limits of 0.8–1.25 are utilized.

An ideal clinical efficacy study design for establishing a
dose–response needs to (1) be sensitive (i.e., utilize OIPs with
steep dose–response slopes); (2) be reproducible; (3) have
low inter- and intrasubject variability; and (4) be achievable
with manageable patient numbers (i.e., with respect to the
confidence interval required for establishing BE).

For bronchodilators, two study designs have been used with
some success to demonstrate dose–response relationships:
bronchodilation and bronchoprotection. For formoterol, lim-
ited data is available with the bronchoprotection study design
for demonstrating a dose–response relationship. In the 1990s,
Becker and Simons,(36) as well as Lipworth et al.,(37) were able
to detect a dose–response following single doses of for-
moterol. However, the latter study was not able to detect a
dose–response when formoterol was administered chroni-
cally, which was likely due to the development of tachy-
phylaxis that occurs with these drugs during chronic use. For
demonstration of relative potency for albuterol-containing
products, a bronchoprotection study design was able to de-
tect a dose–response and establish BE with low numbers of
subjects (n¼ 18–24) and correspondingly wide confidence
intervals.(38–40)

Several studies have successfully used a bronchodilation
study design for demonstrating a dose–response to for-
moterol, especially when a wide range of formoterol doses
was used. When the dose range of formoterol was only
twofold, the ability to detect a dose–response was limited or
not possible.(41–45)

Both of these study designs have been used successfully to
discriminate doses for bronchodilator drugs as long as the
confidence interval was wider than the standard limit used
for establishing BE (0.8–1.25), and the doses evaluated were
more than twofold apart.

For ICS, there does not appear to be a study design or
efficacy measure that has consistently been able to discrim-
inate doses. Even though novel designs have been explored,
their reproducibility and reliability have yet to be demon-
strated. For example, there have been three successful studies
using exacerbations,(46) FEV1,(47) and an asthma stability(17)

model for demonstrating a dose–response relationship to
ICS. However, other studies, in some cases using similar
designs, were not able to detect a dose–response. Similarly,
although several studies have suggested that eNO may be
able to discriminate doses of ICS,(10,48–51) significant limita-
tions in study design raise questions on the utility of this
model for detecting dose–responses to ICS. For instance,
because a number of these studies utilized a cumulative-dose
design, the observed dose–response relationship may have
been due to a period effect rather than a dose effect. The
current evidence suggests that additional studies are needed
with these various study designs to confirm their usefulness
for showing a dose–response to ICS before they can be ac-
ceptable as standards used for regulatory submissions.
Among the study designs that have been examined to date,
eNO and asthma stability clinical study designs seem to hold
the most promise; but even for these study designs, more
than doubling of the dose and a wider confidence interval
will be needed to demonstrate BE.

In addition to the challenges associated with showing a
dose–response to ICS and bronchodilator drugs, practical

limitations also exist that add further complexity to estab-
lishing BE for OIPs. There is a lack of clarity on how to
handle OIPs with multiple strengths. Having to demonstrate
a dose–response at each strength would be essentially im-
possible for the higher strength products. How to handle
OIPs containing two active drug substances (e.g., ICS=LABA
combination products) needs to be defined, where the ability
to distinguish doses will be even more difficult. Lack of
availability of placebo devices for the R products also could
prevent the conduct of blinded studies.

If clinical study models that can consistently and repro-
ducibly demonstrate dose–response relationships for the
common OIPs cannot be identified, then alternative ap-
proaches to demonstrating BE need to be considered. These
include consideration of: (1) the use of in vitro data for de-
termining BE; (2) the EU approach of using PK with and
without charcoal to establish the total and lung specific drug
absorption profiles; (3) the Canadian approach for ICS using
sputum eosinophils as a marker with a single dose of the
T and R products compared with placebo; and (4) an ap-
proach accepted for nasal suspension sprays where a single
dose of the T and R products are compared with placebo
treatment in a clinical trial using traditional measures of
efficacy and safety. Hopefully, further discussions (e.g., at
the upcoming PQRI workshop on the use of PK for dem-
onstrating in vivo BE for OIPs) could bring us closer to
identifying a scientifically valid solution that can fulfill reg-
ulatory needs and that can be more readily and reproducibly
accomplished.

Statistical Approaches for Particle Size Distribution Data
David Christopher, M.S., Schering-Plough

This presentation began with a brief overview of CI and
APSD profiles and a comparison of three statistical ap-
proaches: Chi-square, f2 Similarity Factor, and Multivariate
Bioequivalence (MVBE).

There was a discussion of how a statistical test may cor-
rectly meet some objectives (e.g., unbiasedness, scaled to R
product variability, etc.) but fail to have enough power to
detect differences of practical importance. Also discussed
was the difficulty in establishing a ‘‘target’’ (i.e., consensus on
profiles that are, or are not, equivalent) against which the
performance of a statistical test can be judged.

A brief summary of the work of the PQRI Profile
Comparisons Working Group was given, explaining the
FDA-proposed chi-square ratio test and the use of simu-
lations to generate realistic APSD profiles based on real
data to evaluate the performance of the test. An example
of CI profiles used in the chi-square test evaluation is
given in Figure 3.

Chi-square ratio test

� FDA proposal requires 30 CI runs for T and 30 CI runs
for R

� Calculates chi-square ratio as an overall measure of
‘‘distance’’ between T and R APSD profiles, scaled to the
R product variability

� Uses resampling to create a distribution of these ratios
� Uses the 95th percentile of this distribution as the test

statistic
� A smaller chi-square ratio means more similar profiles.
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f2 or similarity factor test

� Developed for comparing dissolution profiles, but could
potentially be applied to APSD profiles

� A population measure for assessing the similarity of two
profiles

� Based on squared differences of cumulative distribution
of T and R

� Requires ordering of deposition sites
—straightforward for inside impactor sites
—how to treat outside impactor sites?

� No R product variability scaling
� In dissolution testing, similarity factor of 50 or greater

indicates ‘‘similar’’ profiles

Multivariate PBE (MVBE)

� Generalizes univariate PBE, including R product vari-
ability scaling

� Originally developed with in vitro BE in mind; for ex-
ample, treating four measures of spray pattern together
in a single test rather than as four separate tests

� Shown statistically valid for dimensions up to 8 (not
studied for >8)

� Would be better suited for cases where difference is on
most stages rather than on just 1 or 2

To judge the performance of these tests one must determine
how consistently the test results agreed with the true answer.
However, the true answer must be known, and this is not
simple in the case of APSD profiles.

The PQRI Profile Comparisons Working Group developed
a set of 55 different scenarios based on real product differ-
ences. As a basis for evaluation, the group members, who
have much experience in CI testing and inhaled products,
rendered their expert judgment on whether each scenario
should be considered equivalent or not. Not unexpectedly,
for many of the scenarios there was no clear agreement
among the members. For each scenario, 1,000 sets of profiles

were generated, and the chi-square test applied. The distri-
bution of the test results were then compared to the relative
number of ‘‘equivalent’’ or ‘‘not equivalent’’ judgments by
the working group members.

These same 1,000 sets of profiles for each of the 55 sce-
narios were also evaluated using the f2 and MVBE tests.

Statistical approaches conclusions

� All three approaches generally agree in rank order for
the lower variability profiles

� MVBE may be more sensitive to differences in vari-
ability

� No approach seems to be able to consistently discriminate
among differences likely to be of practical importance

� Difficult to evaluate performance when there is no clear
consensus on ‘‘truth’’

Quality by Design for Orally Inhaled Drug Products
Lawrence X. Yu, Ph.D. and Sau L. Lee, Ph.D., Food
and Drug Administration

Pharmaceutical quality is defined as a drug product that is
free of contamination and reproducibly delivers the thera-
peutic benefit promised in the label to the consumer.(52) The
following equation indicates the basis of pharmaceutical
quality:

Pharmaceutical Quality¼ f (drug substance, excipients,

manufacturing, and packaging):

The above description of pharmaceutical quality implies that
quality cannot be tested into products and must be built in
by design. Thus, an understanding of how formulation and
manufacturing process variables influence product quality is
a prerequisite for enhancing quality.

Quality by Design (QbD) is a systematic approach to
development that begins with predefined objectives and

FIG. 3. Spaghetti plots of C.I. data from 30 runs with the R Product and 30 runs with the T Product. The lines connecting the
data points at the deposition sites are provided as a visual aid and have no physical meaning.
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emphasizes product and process understanding and process
control, based on sound science and quality risk manage-
ment.(53) It means designing and developing formulation and
manufacturing processes to ensure a predefined quality.
Design of experiments (DOE), risk assessment, and process
analytical technology (PAT) are tools to implement QbD.

QbD should be utilized in the development of OIPs be-
cause (1) drug delivery to the lungs from these drug prod-
ucts depends on both formulation and device; (2) product
handling may affect received dose; (3) manufacturing pro-
cess of OIPs often exhibits a low process capability; (4) en-
vironmental effects may influence product manufacture and
use; (5) testing efficiency of aerodynamic particle assessment
methods is low, and (6) clear IVIVCs are lacking.

QbD essentially consists of the following four steps:(54)

1. Define quality target product profile
2. Design and develop drug product and manufacturing

processes
3. Identify critical material attributes, critical process pa-

rameters (CPPs), and sources of variability
4. Control manufacturing processes to produce consistent

quality over time

Defining the quality target product profile is the first step of
QbD. It is a prospective summary of the quality character-
istics of a drug product that ideally will be achieved to en-
sure the desired quality, taking into account safety and
efficacy of the drug product.(10) It is used to establish for-
mulation strategy and keep the formulation and develop-
ment effort focused and efficient. Considerations for the
quality target product profile could include the intended use
in a clinical setting, route of administration, dosage form and
strength, container closure system, drug release or delivery,
and attributes affecting PK characteristics as well as drug
product quality criteria.

The quality target product profile for DPIs may include:

1. In vitro performance, including emitted dose, APSD,
and delivered dose uniformity

2. Product stability and purity
3. Patient usability=acceptability
4. Local and systemic delivery, including PK and PD

measurements

The second step of QbD is to design formulation, device, and
manufacturing processes. The formulation of DPIs is rela-
tively simple. It consists of micronized drug particles at-
tached to large carriers such as lactose or micronized drug
particles agglomerated into soft pellets. Formulation factors
include drug and excipient particle size, shape, density,
surface properties, and polymorphic form. These factors
determine particle interactions (i.e., drug–drug, excipient–
excipient, and drug–excipient interactions) that may influence
fluidization and deaggregation of a dry powder formulation
and hence respiratory drug delivery. Factors that need to be
considered for device design include device resistance, device
materials, and patient usability.

Identifying critical material attributes, process parameters,
and sources of variability is the third step of QbD. The major
purpose of this step is to establish relationships between
critical material attributes=process parameters and critical
quality attributes of a drug product. These relationships are
ideally established based on the mechanistic understanding.

When such relationships are not possible, DOE can be used
to establish empirical relationships. It should be pointed out
that such empirical relationships do not need to be explicit
mathematical or statistical equations.

Furthermore, because dry powder manufacturing pro-
cesses involve numerous material attributes and process pa-
rameters, it is unrealistic to investigate each of these factors. To
rationally select material attributes and process parameters
that will likely have a significant impact on the quality of a
drug product, a risk assessment should be used to reduce the
number of material attributes and process parameters to be
experimentally investigated. Risk assessment consists of the
identification of hazards and the analysis and evaluation of
risks associated with exposure to those hazards. Risk identi-
fication is a systematic use of information to identify hazards
related to the manufacturing process. Risk analysis is the es-
timation of the risk associated with the identified hazards. It is
the qualitative or quantitative process of linking the likelihood
of occurrence and severity of harms. Risk evaluation compares
the identified and analyzed risk against given risk criteria.

Design space is created during the studies of process iden-
tification and understanding. Design space is the multidimen-
sional combination and interaction of input variables (e.g.,
material attributes) and process parameters that have been
demonstrated to provide assurance of quality. Working within
the design space is not considered as a change. Movement out
of the design space is considered to be a change, and would
normally initiate a regulatory post approval change process.
Design space is proposed by the applicant and is subject to
regulatory assessment and approval.(10) Despite its potential
usefulness in simplifying a regulatory post approval change
process, design space has met numerous challenges with re-
spect to its establishment and regulatory approvals. For ex-
ample, the design space is generally established at small scale.
It is not yet possible to apply the design space established at
small scale to commercial scale without actual verification at
commercial scale. Because actual verification data are gener-
ally not submitted with regulatory applications, it is not
possible for regulatory review scientists to fully approve the
design space proposed by the applicant unless it have been
verified or could be verified at commercial scale.

Controlling manufacturing processes to produce consis-
tent quality over time is the last step of the QbD. Control
strategy consists of three levels as shown below:

Level 1: Extensive end product testingþ Fixed Critical
Process Parameters (CPPs)

Level 2: Reduced end product testingþ Flexible manu-
facturing process within fixed design space

Level 3: PAT, Real-time automatic ‘‘engineering control’’þ
Flexible manufacturing process

Level 1 addresses variability by excessive testing. Level 2
addresses variability by limited testing and establishing de-
sign space for critical material attributes and process pa-
rameters. Level 3 is a robust process that can ensure quality
in the presence of uncharacterized variability, and is there-
fore the best control strategy.

In summary, QbD means designing and developing for-
mulation and manufacturing processes to ensure a pre-
defined quality. It is the basis for science-based regulatory
decisions, and applicants are strongly encouraged to share
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Pharmaceutical Development information in the application
with the Agency. QbD provides opportunities for applicants
to develop high quality inhalation products.

Summary of Breakout Sessions

The opinions expressed in the following discussions are
those of individual scientists with insight and expertise on
OIP, and do not necessarily reflect the opinions of the com-
panies or regulatory agencies that employ them. The mod-
erators and recorders (scribes) who authored this section
have done their best to accurately reflect the lively discussion
that occurred in three separate breakout sessions. Inevitably
this summary cannot contain all the detailed opinions that
were so graciously shared.

In Vitro Approaches to Demonstrating Bioequivalence
Facilitators: David Christopher, M.S., Schering-Plough,
Richard N. Dalby, Ph.D., University of Maryland,
Bing Li, Ph.D., U.S. Food and Drug Administration
Scribes: Wallace P. Adams, Ph.D, U.S. Food and Drug
Administration and Mei-Ling Chen, Ph.D., U.S. Food
and Drug Administration

During this breakout session, we tried to elicit opinions on
several topics. These were:

1. Which OIP in vitro testing methods are generally con-
sidered useful?

2. What are the challenges and barriers to the use of in vitro
testing for the assessment of BE?

3. Are there opportunities to use new or modified in vitro
tests to demonstrate BE?

4. Which in vitro tools would be useful for determining BE
during development and what is needed to demon-
strate an IVIVC or relationship for OIPs?

Interest in the first two topics was intense, and we did not
get to discuss the issue of new methods or IVIVC in any
substantial way. Perhaps these can be topics for a future
workshop. Guided by participant interest, discussions fo-
cused on (1) general issues surrounding in vitro tests, (2) unit
dose sampling apparatus and cascade impaction, and (3)
spray pattern and plume geometry tests.

General issues. The audience generally agreed on sev-
eral important points as described below.

The attendees agreed that resource issues associated with
the conduct of specific analytical tests are a bigger consid-
eration for Chemistry, Manufacturing, and Controls (CMC)
(QC) tests compared to one-time BE tests. The attendees also
agreed even though the same analytical tests (i.e., involving
laboratory hardware) may be used in an in vitro BE or CMC
(QC) setting, different statistical tests and limits may be used
to evaluate the results of the analytical tests. This was viewed
as appropriate because in the BE setting the T and R products
are compared with the objective of detecting potential dif-
ferences between the T and R products. In a CMC setting,
analytical test results for a given batch are compared to a
fixed specification.(55) Discussion of CMC testing was limited
by the moderators because this was not the focus of this
workshop, but test methods for BE are generally a subset of
CMC tests so these discussions impact people working in
both areas. Emphasis was made on the importance of con-

sistently making the ‘‘right’’ decision, which is different from
a finding of ‘‘no statistical difference’’ between T and R
products. For example, the Chi-square plus Impactor Sized
Mass (ISM) test evaluated by the PQRI Profile Comparisons
Working Group was not viewed as adequate for supporting
a finding of BE because the test was not capable of detecting
differences associated with nonequivalence.(6) The goal
should be declaring products to be bioequivalent when they
are, and not bioequivalent when they are not. It was noted
by one of the moderators that because there is no clear-cut
consensus on the difference in APSD profile that can result in
an important biological difference, other factors besides this
test should probably be considered, and therefore, the final
assessment of BE may involve an element of judgment and
may not be a strictly statistics-based decision.

Generally, Population Bioequivalence (PBE) methodology
that incorporates scaling of R product variability was re-
garded as a useful statistical evaluation tool for BE determi-
nation for the in vitro test comparison of OIP. The audience
recognized that this approach differs from the Average Bio-
equivalence approach (ABE) which firms applied in the past
on submissions to both European regulatory authorities and
FDA. The draft FDA Nasal BA=BE Guidance(56) recommends
statistical analysis of in vitro comparative data of a number of
tests based on PBE.(57) It should be noted that although the 22
Jan 2009 EMEA Guidance on Clinical Documentation for
OIP,(30) including Requirements for Demonstration of Ther-
apeutic Equivalence, does not specifically recommend PBE, it
is not prescriptive, and does not exclude the PBE approach.
Participants pointed out that implementation of PBE might
be challenging in some cases due to potentially large sample
sizes of T and R needed for evaluation, and the practical
difficulties associated with obtaining multiple batches of un-
expired R product. Although for PK, PD, and clinical studies,
a power analysis is commonly used to estimate how many
subjects should be evaluated to have a reasonable expectation
of achieving the necessary discriminating power, this is not
typically done for in vitro tests. In vitro testing is usually ap-
proached with a predefined number of replicates. In the sit-
uation in which an adequately powered assessment of BE
cannot be made with this number of replicates, whether ABE
or PBE is employed, the audience asked if a sequential study
design, in which additional replicates could be added would
be acceptable, provided the alpha level (Type I error) is pre-
served. The answer was Yes, which is consistent with how
some clinical studies are done. In practical terms, firms are
advised to submit a protocol to FDA for comment and con-
firmation on the statistical approach prior to collecting data
employing a sequential design.

The discussion also addressed the issue of using appro-
priate R batch samples in the in vitro tests to support BE. It
was stated that R product batches may change over time. We
discussed the practice of screening a range of R product
batches to ‘‘preselect’’ those that generate results most closely
matching the potency of the T product. The motivation to do
this varied. Some did it to characterize the variability of the R
product so they knew the target for product development
and=or to choose batches that give results closest to the T
product they had developed. We could not reach consensus
on the appropriateness of using R products selected at ran-
dom versus selecting R products determined to be closest in
in vitro performance to T product batches.
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We discussed the possibility of forming a consortium of
generic companies that could collect and share data on sev-
eral batches of a common R product. The intention would be
to make an in vitro performance database available for use as
a basis for formulating a generic product. In addition, this
would avoid the current situation, in which only the regu-
latory agency may have access to multiple data sets on R
products (and an individual firm would only know if their R
data were ‘‘atypical’’ after incurring the expenses of a full
regulatory submission). Some people thought it would be
impossible to collect such pooled R product data in a pre-
competitive way because there are large financial incentives
to be the first approved generic.

A question that arose was whether resource issues justify
testing fewer than three R batches. A related question was:
‘‘When the R variability is tight, is it acceptable to test fewer
than 3 batches if this is sufficient to demonstrate statistical
equivalence?’’ The audience referred to the draft FDA Nasal
BA=BE guidance statistical information,(57) which recom-
mends using 10 units from each of three batches of T and three
batches of R product. The recommended three-batch ap-
proach was considered an appropriate minimum to obtain
information about between-batch variability. The distinction
between analytical variability and product variability was
made, recognizing that the R product variability could not be
modified by the generic applicant. With PBE, the T product is
rewarded for lower variability. Some people were surprised
to learn that there was no prohibition on looking at more than
three batches. Some people asked if we should limit the
number of in vitro test replicates to avoid ‘‘testing into com-
pliance.’’ However, it was pointed out that when using an
equivalence-based approach (PBE or ABE), an increased
sample size increases the probability of making the ‘‘right’’
decision, not ‘‘testing into compliance.’’ With both statistical
approaches, testing more batches does not increase the chance
of falsely declaring inequivalent products to be bioequivalent.

There was an interesting conversation about blinding and
bias. The goal was really thought to be avoidance of bias,
rather than blinding. Several people suggested that their
companies blinded all phases of BE data collection and
evaluation, whereas others admitted that this was practically
impossible because in many cases devices are physically
different and even minor differences are readily distin-
guished by analysts. The group’s feeling was that blinding of
sample collection is difficult or impossible, but that sample
analysis (assay) can be partially blinded by use of a second
analyst who did not conduct or witness dose release testing.
The consensus was that actuation (dose release) could be
automated to reduce operator bias, but that this necessitates
careful selection, validation and justification of robotic ac-
tuation parameters to avoid introduction of different biases.
Some people reported blinding of the statistical evaluation,
but most people considered this unnecessary or even unde-
sirable, especially if the statistical methods were decided
before data collection, which best practices dictate should
generally be the case. We noted that R products are poten-
tially older than T product batches, which could introduce
bias of a different type.

Another interesting conversation on which there was no
consensus was the observation that labeled information on
Emitted Dose is present for some R products, and could
therefore be used as a target for comparison to a T product.

One such example cited was Advair�, for which the Emitted
Dose under standard test conditions (60 L=min=2 sec) occurs
in the product labeling.(58)

Unit dose sampling apparatus and cascade impac-
tion. Use of the 4-kPa pressure drop was judged appro-
priate for setting test flow rates for use during in vitro testing
of DPIs. We considered use of the same test flow (selected
based on the 4-kPa pressure drop test described in the USP)
rate for T and R DPIs so long as the resistance of the T DPI
was within � 10% of the R DPI. Some people thought that
both inhalers (T & R) should be tested at the specific flow rate
defined by each inhaler’s resistance at a 4-kPa pressure drop,
even if their resistances were only slightly different. A re-
source intensive alternative that was discussed involved
evaluating the T DPI at the flow rate dictated by its resistance
and that of the R inhaler (also dictated by its resistance), and
vice versa. We could not reach a generally acceptable deci-
sion. It was noted that testing T and R inhalers at different
flow rates dictated by specific resistance and 4-kPa pressure
drop greatly complicates CI data interpretation and com-
parison because the cutoff diameters will be different for
both sets of CI data. Fitting CI data to a model distribution
would be a logical consequence of testing T and R products
at different flow rates. Using the same CI stage groupings
was also recognized as problematic if the T and R flow rates
are not the same—particularly in the case where a product
generates a lot of particles with a size approximating one of
the CI stage cut-off diameters. Testing at one or more fixed
flow rates (independent of device resistance) was also con-
sidered, and would be necessary if the innovator’s product
labeling were the BE target.(58)

There was little support for the idea of grouping DPI de-
vices into ‘‘High,’’ Medium,’’ or ‘‘Low’’ resistance groups,
and using one or more test flow rates to evaluate all inhal-
ers within a specific category. Defining category resistance
boundaries was considered problematic insomuch as an R
device could exhibit a resistance close to the category bound-
ary. An alternative approach was suggested whereby the T
product would possess a resistance within a specified range
from the R product resistance.

For solution products, it was generally agreed that spray
weight and drug concentration in the bulk could be viable
surrogates for emitted dose if validation regarding constant
actuator losses and drug adsorption to the container were
adequate. Aqueous solution nasal sprays are the obvious
target for this approach.

The audience could reach no agreement of the appropriate
simulated inhaled volume that should be used during
emitted dose and CI testing, although many participants
agreed that the impact of volume is likely to be highly sen-
sitive to device design. The audience discussed the USP flow
profiles imposed by the use of a timer-controlled solenoid
valve,(59) and noted that fast opening of this valve generally
produces a higher estimate of emitted dose and fine particle
fraction (FPF) compared to use of more realistic breath pro-
files.(60) The same apparatus also renders the test relatively
insensitive to DPI product performance compared to analo-
gous tests when the valve is opened more slowly. We
reached no agreement on the environment in which CI
testing should be conducted. Some folks argued for testing at
‘‘lung humidity,’’ whereas others pointed out the analyst
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revolt that might result from working at close to saturation
water levels. Others argued for uncontrolled ambient con-
ditions, because for a BE study it should be appropriate to
mimic the patient use scenario as closely as possible.

Except for people who argued that only in vivo evaluation
is adequate to support a finding of BE, the CI test was
viewed as particularly useful in that it ‘‘captured’’ the results
of other in vitro plume shape tests, which rendered such tests,
at best repetitive and at worse uninformative and=or oner-
ous. For example, some people wondered if emitted dose
could be obtained by summation of drug recovery during CI
evaluation. (However, in this case, the PQRI CI Mass Balance
Working Group has determined that estimating emitted dose
from CI determinations could introduce more variability.)(61)

Using multivariate PBE was discussed for assessing the
equivalence of CI profiles. This approach provides an as-
sessment of the CI profile as a whole, instead of separate
statistical tests for groupings of stages. It was noted that
there is evidence that, as with the chi-square approach,
multivariate PBE lacks adequate discriminating ability to
detect differences that are of practical importance. No mul-
tivariate test suitable for assessing equivalence of CI profiles
has been identified at this time.

Spray pattern and plume geometry. Most participants
appeared to agree that shape tests applied to pMDIs were
not useful in BE or CMC (QC) assessment roles.(62) This is in
contrast to shape tests for nasal sprays, for which some
participants saw a useful role.(63) Only one individual who
spoke up was a strong advocate for these tests for pMDIs.
Some people thought that there was a role for spray pattern
only for QC of incoming actuators associated with pressur-
ized inhalers, but there was no reason to conduct the tests
with anything other than propellant alone. It was thought
that dimensional analysis (mensuration) of incoming actua-
tors might be correlated to spray pattern, rendering the
latter unnecessary if pursued as part of a QbD initiative.
More people considered spray pattern and plume geometry
tests potentially useful during pMDI product development
activities.

The most widely expressed view held that product dif-
ferences detectable by sheet laser or physical impaction
would also be picked up by spraying into the inlet port of a
CI. For example, if the spray pattern of a T product were
wider or off-axis compared to the R product, this would
result in more throat impaction, and=or alteration in the
mass and distribution of mass among the stages of the CI.
Because most participants recognized the necessity of con-
ducting CI in both the BE and CMC arenas, spray pattern
and plume geometry were considered duplicative ways to
reach the same conclusion.

Spraying into the open atmosphere was not widely con-
sidered useful as a BE metric because it lacks patient rele-
vance and is not consistent with simulating airflow through
the inhaler during spraying. One person asserted that open
atmosphere spraying made the test more sensitive.

Additional discussion points. One participant asked if
anyone saw value in the ‘‘plume force test’’ during which a
pressurized formulation is discharged into a target at a fixed
distance away from the spray nozzle with the objective of
recording the resulting force or force profile. The answer in

the only session that addressed this question was ‘‘no’’ as a
BE metric, although one person thought it was useful during
the chlorofluorocarbon (CFC) to hydrofluoroalkane (HFA)
transition. It was noted that the study of particular instru-
mentation in FDA research does not imply agency endorse-
ment of that technology.(64)

Biomarker Strategies
Facilitators: Richard C. Ahrens, M.D.,
University of Iowa, Dale P. Conner, Pharm.D.,
U.S. Food and Drug Administration and Partha Roy, Ph.D.,
U.S. Food and Drug Administration
Scribe: Kevin C. Fitzgerald, R.Ph.

Background. The FDA defines BE as being present when
two formulations are pharmaceutical equivalents whose rate
and extent of absorption are not significantly different when
administered to patients or subjects at the same molar dose
under the same experimental conditions.(65) Demonstration
of BE for topically administered drugs intended for local
action, including orally inhaled drugs, has been challenging.

PK assessments are a necessary part of regulator sub-
missions for new formulations of already marketed orally
inhaled drugs. Comparison of the rate and extent of ab-
sorption of drug into the systemic circulation following
administration of T and R formulations clearly provides
important information concerning the relative risk of the
two formulations for producing adverse systemic effects.
However, these studies have not been considered to be suf-
ficiently reflective of delivery of drug to the pulmonary
biophase because (1) drug can reach the lung by absorption
of being orally deposited from the gut (thus bypassing the
lung), and because (2) even drug deposited in the lung can
be absorbed both from the pulmonary biophase and sites
not relevant to the beneficial clinical effects of the drug.
Although the former can be dealt with by blocking gut ab-
sorption with activated charcoal, the later remains a concern.

The alternative is to use a PD effect of the drug as a
biomarker that reflects delivery of drug to the pulmonary
biophase. A biomarker is defined as ‘‘a characteristic that
is objectively measured and evaluated as an indicator of
normal biologic processes, pathogenic processes, or phar-
macologic responses to a therapeutic intervention.’’(66) To be
useful for evaluation of BE of orally inhaled drugs, the bio-
marker must be an indicator of a pharmacologic response
that is exerted via the same site(s) of topical action in the
lung as the desired therapeutic effect of the drug. It must
also quantitatively reflect delivery to this pulmonary bio-
phase and do so with sufficient precision to provide the
statistical power necessary for assessment of BE of T and R
formulations.

The biomarker, however, does not need to be one of the
desired clinical effects of the drug. An example of this is the
use of skin blanching as a biomarker for delivery of corti-
costeroid formulations intended for topical application on
the skin. Following absorption into the skin, these agents
have a local vasoconstrictive effect. Although the resultant
blanching of the skin is not in itself a desired clinical effect of
these topical corticosteroids, it does reflect delivery into the
same region of the skin that is the site of the desired anti-
inflammatory actions of these drugs. Quantitation of this
skin blanching has been successfully used as a biomarker of
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delivery of corticosteroid absorption into the skin and for
assessment of BE of absorption of T and R formulations.(67)

The only successful examples to date of use of PD re-
sponse biomarkers to assess BE of orally inhaled drugs have
been the evaluation of generic CFC–albuterol formulations
relative to the innovator albuterol product, CFC-containing
Ventolin. First attempts to accomplish this task used albuterol-
induced improvements in lung function (FEV1). This clinical
study model had been used for assessing bronchodilators
such as albuterol for more than 2 decades, but as typically
carried out, these studies proved incapable of exhibiting a
statistically significant dose–response in the range of clini-
cally relevant doses. These types of studies were, therefore,
not useful for assessment of BE. Simply stated, if a study
cannot tell the difference between different doses of the
same drug, it cannot hope to accurately detect differences in
dose delivered by different formulations. This led to a search
for methods that could detect a significant dose–response.
The biomarker that first accomplished this was albuterol-
induced inhibition of bronchoprovocation with histamine.(40)

Bronchoprovocation with drugs that induce bronchocon-
striction such as histamine or methacholine is widely used
to measure the increased airway responsiveness that is
characteristic of asthma. Bronchoprovocation with histamine
and methacholine is quantitatively associated with both
asthma symptoms and medication requirements.(68) In brief,
these drugs are inhaled beginning at very low doses (e.g.,
0.03 mg=mL of histamine or methacholine) and FEV1 is
subsequently measured. The concentration is then progres-
sively increased (by sequentially doubling or quadrupling
concentration) until the FEV1 falls by >20% for baseline
value. The concentration of drug that would produce exactly
a 20% decrease is then estimated (PC20FEV1), where PC20 is
the provocative concentration of challenge agent causing a
20% fall in FEV1. This serves as an indicator of the degree of
airway responsiveness present—the lower the PC20FEV1, the
greater the airway responsiveness. Patients with asthma
have PC20FEV1s that are 10 to 1,000 times lower than normal
subjects.

Clinically relevant doses of inhaled albuterol and related
drugs can increase the PC20FEV1 in an individual subject by
10–20-fold, and this shift is highly correlated with the dose
administered (i.e., a highly significant dose–response rela-
tionship is present). This allows the dose–response curve for
the R formulation to be, in essence, used as a standard curve
against which the T formulation is compared. This leads to
an estimate of the clinical potency of the T formulation rel-
ative to the R. A confidence interval is placed on this esti-
mate, and this is compared to the FDA-determined BE limits.
If the entire 90% confidence interval lies within these limits,
the T formulation is deemed to be bioequivalent to the R
formulation. Specifically, each microgram of a generic for-
mulation produced by Baker Norton was estimated to be
equivalent to 1.01 mg of CFC Ventolin [90% confidence in-
terval (CI) 0.69–1.50].(40) This confidence interval fell entirely
within BE limits of 0.67 to 1.50 that were deemed acceptable
by the FDA. This approach has been used subsequently with
another outcome measure biomarker (carefully designed
studies of improvement in FEV1)(69) and to support NDA
applications as well as generic ANDA applications.(39)

Multiple statistical approaches to fitting the dose–response
curve and establishing the estimate of relative clinical po-

tency have been used, but the FDA currently favors use of
Emax modeling for curve fitting and estimation of relative
clinical potency and bootstrap methods for establishing the
confidence interval (‘‘dose-scale analysis’’).

An important problem for extending this approach to
other drug classes used to treat asthma is that clinically used
doses appear to lie near the top of the dose–response curve
for many biomarker outcome measures, making it difficult to
establish the highly significant dose–response relationships
that are essential for use of PD biomarkers in assessment of
BE. This is particularly true for ICS used in the treatment of
asthma.

Points of consensus. There was wide agreement con-
cerning the following.

As described above, use of PD biomarkers for assessment
of BE for SABAs such as albuterol for the treatment of
asthma is well established. These methods will likely con-
tinue to be useful for assessment of BE of these agents.

Use of similar methods for evaluation of BE of LABA
formulations (e.g., salmeterol and formoterol) is likely to
be successful. In particular, LABAs are able to shift airway
responsiveness in a fashion similar to albuterol.(70) However,
some modifications will be needed when designing BE
studies for this purpose. Specific attention will need to be
directed to a longer length of time to reach peak effect of
these long-acting agents, and to determination of the ap-
propriate sample size. The later may not be the same as is
required for SABAs.

For all classes of orally inhaled drugs, BE studies will need
to use crossover rather than parallel study designs. Other-
wise, it is unlikely that sufficient statistical power will be
achieved to accomplish the task of proving BE.

Open issues. The following unresolved issues were
raised during the discussion.

It is unclear whether BE studies for LABAs will need to
address duration of action as well as peak effect of these
agents. If this is required, study designs will need to be
modified accordingly.

One of the greatest problems facing the use of biomarkers
for assessment of BE of orally inhaled drugs is the choice of a
suitable biomarker strategy for evaluation of ICS formula-
tions in patients with asthma. Because the dose–response
appears to be relatively flat in many patients with asthma,
typical studies comparing ICS doses have been unable to
identify a statistically significant difference between admin-
istered doses. Although most of these studies have used
parallel study designs, use of a crossover study design is an
essential part of maximizing power to identify dose–response
and evaluate ICS BE. Other strategies to maximize power
were discussed during this session. The first is selection of a
biomarker that lies close to the linear, rising portion of the
dose–response curve. Candidates for this role include mea-
surement of eNO,(10,51) the stability of an asthma model,(71,72)

measurement eosinophilia in induced sputum samples (which
has been adopted by Canadian regulatory authorities),(34,73)

and bronchoprovocation with adenosine.(74) It is clear that
each of these outcome measures is significantly affected by
ICS in comparison to placebo. It is less clear which of these
measures will be best able to show highly significant differ-
ences in effect between clinically approved doses of ICS
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formulations. Available data suggest that the stability of an
asthma model may be suitable for demonstrating BE.(72) Dis-
advantages of this model are that a relatively large number of
subjects need to be screened in order to identify an appro-
priate study population, and the long duration of study par-
ticipation for each subject. Each of the other biomarker
outcomes appear to hold promise, but require additional in-
vestigation. The second strategy is to enrich the study popu-
lation with individual patients who are most capable of
showing a significant dose–response. This needs to be ac-
complished during study screening procedures, using tests to
identify ‘‘good responders.’’ A third strategy proposed during
this session is the administration of approved doses of the ICS
at longer than recommended dosing intervals. For example,
recommended doses of fluticasone could be administered
once rather than twice daily, in hopes of moving further down
toward the linear portion of the dose–response relationship
and thereby increasing statistical power.

It is unclear what BE limits will be required for orally
inhaled drugs in the future. BE limits for orally administered
agents that exert their therapeutic effect following systemic
absorption mandate that the T formulation be demonstrated
to deliver between 0.80 and 1.25 times as much drug to the
systemic circulation as R formulation. However, clinically
based arguments have been made that BE limits for orally
inhaled drugs should be wider.(75) The precedent set during
approval of generic CFC-containing albuterol metered dose
inhalers during the 1990s is in accord with this.

Interest was expressed in the possibility of relying solely
on PK measures for assessment of BE of orally inhaled drugs,
particularly corticosteroids. It was agreed that this will re-
quire further evaluation and validation before it could be
adopted.

BE of orally inhaled drugs used for treatment of COPD
was not extensively discussed. However, the following
questions were raised: for orally inhaled drugs that are used
both in the treatment of asthma and COPD, is demonstration
of BE of two pharmaceutically equivalent formulations in
patients with asthma sufficient for assumption of their BE in
treatment of COPD? Is it conceivable that two formulations
could be bioequivalent for treatment of asthma and yet be
inequivalent for treatment of COPD?

It is clear that additional research is needed for investi-
gation and validation of methods to be used in assessing BE
of orally inhaled drugs. However, ability of the FDA to fund
this work is limited. There was lack of consensus concerning
what other funding sources might be made available.

Imaging Techniques
Facilitators: Beth L. Laube, Ph.D., Johns Hopkins
University School of Medicine, Sau L. Lee, Ph.D.,
U.S. Food and Drug Administration, Anthony J. Hickey, Ph.D.,
University of North Carolina
Scribes: Gary R. Pitcairn, Ph.D., Pfizer,
and Julie D. Suman, Ph.D., Next Breath, LLC

Introduction. Inhalation aerosols are routinely character-
ized using CI. However, the relationship between CI data
and the amount of drug actually reaching the lungs is poorly
understood. Imaging techniques can be used to measure
how much drug is delivered to the lungs from an inhaler.
The data from imaging studies can therefore be considered to

be a bridge between in vitro and in vivo data. The objective
of this breakout session was to explore the potential of us-
ing imaging studies to assess BE between inhaled drug
products.

Breakout sessions. In each breakout session, informa-
tion about various aspects of using imaging techniques to
assess pulmonary drug delivery was presented. This infor-
mation was used to frame a series of questions that were
used to elicit opinions from the participants, who included
representatives from industry, academia, and the regulatory
authorities. The questions posed were:

1. Can CI data be used to predict either the amount of
drug deposited in the lungs or the site of deposition
within the lungs?

2. Can radionuclide imaging be used to quantify in vivo
lung deposition of inhaled drugs?

3. Can radionuclide imaging be used to measure the re-
gional lung distribution of an inhaled drug?

4. Can inhaled drug products be radiolabeled such that
the aerosol performance is essentially unchanged?

5. Can imaging be used to assess BE of inhaled drug
products?

6. Can in silico modeling play a role in establishing BE?

Responses to the above questions are summarized below.

1. Can CI data be used to predict either the amount of drug
deposited in the lungs or the site of deposition within the lungs?
Marketing presentations for some CI systems suggest that
there is a direct relationship between drug deposition in
specific airways and the particle cutoff diameter of each
impactor stage. These claims were discussed and it was
agreed that given the fact that the CI separates small particles
from large particles based upon inertial impaction, the data
should have some relevance to how much aerosol will reach
the lungs. However, we do not have a well-understood
model that correlates impactor data with regional lung de-
position of inhaled drugs. Consequently, the CI was gener-
ally considered to be a QC tool.

Some reasons for the lack of an IVIVC were agreed upon:

� Air velocity in an impactor increases as it passes
through the various stages; whereas in the lung, air
velocity actually decreases due to the increasing number
of airway generations and cross-sectional area.

� The inlet port (throat) does not represent the complexity
of patients’ upper airways or account for device–patient
interactions.

� During CI testing, a vacuum pump draws air continu-
ously from the inhaler. This does not reflect the inhala-
tion pattern of how patients inhale through the device.

In a recent article by Newman and Chan,(22) the authors
correlated in vivo whole lung deposition data from pub-
lished scintigraphy studies with FPF data. A range of in-
haler types were used in the studies included. The authors
showed that there was a correlation between the in vivo
whole lung deposition data and the in vitro FPF provided
the latter was expressed as a percentage of the dose less
than 3 mm.

It was agreed that this was an interesting article, but as
there were no statistics presented around the mean data, the
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correlation should be considered more of a broad relation-
ship. The data presented in this article suggest that CI data
may be used to estimate average lung deposition for an in-
halation device, but cannot provide data on the intersubject
variability in lung deposition.

In the context of assessing BE, people commented that the
site of action of a drug within the lungs needs to be con-
sidered as well as the amount of an inhaled drug that reaches
the lungs. It was agreed that the impactor stages do not
represent specific human airways, and so CI data may not be
used to assess quantitatively where the drug will be depos-
ited within the lungs.

It was concluded that it may be possible to use CI data to
estimate the overall percent lung deposition, but the data
cannot be used to predict deposition percentages within re-
gions of the lungs.

2. Can radionuclide imaging be used to quantify in vivo lung
deposition of inhaled drugs? Whole lung and regional lung de-
position of inhaled asthma drugs can be quantified using either
two-dimensional (gamma scintigraphy) or three-dimensional
(SPECT and PET) radionuclide imaging methods.(76) The 2D
method of gamma scintigraphy has been used extensively to
assess pulmonary drug delivery, and is considered the indus-
try standard.(77) It was accepted by the workshop participants
that gamma scintigraphy is a well-established method of
evaluating pulmonary drug delivery from DPIs, pMDIs, and
nebulizers.

There was considerable discussion around the choice of
using 2D or 3D imaging techniques. The following points
were discussed, and it was agreed that these factors need to
be considered when selecting an imaging modality:

� Choice of radiopharmaceutical used to radiolabel the
drug

� Time required to acquire all the necessary images
� Amount of radioactivity required

It typically takes 2 to 3 min to acquire 2D images to quantify
deposition. SPECT imaging typically takes longer (*15–20
min), but this can be reduced by using triple-headed cam-
eras. Given that SPECT images take longer to acquire, SPECT
is considered more technically challenging due to the po-
tential for the radiopharmaceutical to be cleared from the
lungs by either systemic absorption or mucociliary clearance
during the imaging procedure. In addition, SPECT studies
require a higher dose of radioactivity to improve the signal-
to-noise ratio. Consequently, 2D imaging was seen as the
more likely choice for measuring lung deposition with a
view to assessing BE.

PET was considered an inappropriate imaging modality
for assessing BE due to the need to incorporate a positron
emitting nucleotide into the molecule, manufacture the
radiolabeled formulation, and then fill=assemble the inhaler.
The main concerns were the perceived difficultly of dem-
onstrating that the innovator product was unchanged by this
process and the time and cost of conducting such a techni-
cally complex study.

It was concluded that radionuclide imaging can be used to
quantify in vivo lung deposition, but in order to understand
how a product performs in vivo, measurements of both whole
lung and regional lung deposition are necessary.

3. Can radionuclide imaging be used to measure the regional
lung distribution of an inhaled drug?The workshop participants
were shown images of the same aerosol deposited in the lungs
of a healthy volunteer and in the lungs of a patient with severe
asthma. The images clearly showed a profound difference in
regional lung deposition, and emphasized the importance of
measuring both whole-lung and regional deposition.

It was recognized that planar lung images (obtained by 2D
imaging techniques) can be analyzed to quantify how much
drug reaches different regions of the lungs. One method used
by investigators involves characterizing the lungs into cen-
tral and peripheral lung regions, to represent the large and
smaller airways, respectively.

However, the drawback of this approach is that each 2D
lung region is likely to contain both large and small airways
due the 3D nature of the lungs. This limits how well data
from gamma scintigraphy studies describe drug deposition
in specific airways. Despite this limitation, regional lung
deposition data generated in this manner have been shown
to be capable of discriminating between aerosol particle size,
inhalation flow, and degree of airway obstruction.(78)

It was concluded that radionuclide imaging can be used
to measure the distribution of drug within the lungs.
However, concern was expressed that the definition of
what constitutes central and peripheral lung varies be-
tween laboratories. It was agreed that the methodology
needs to be standardized to permit comparison of data
across laboratories and to determine the inherent vari-
ability of the measurement.

4. Can inhaled drug products be radiolabeled such that the
aerosol performance is essentially unchanged? It was recognized
that prior to conducting any experiments with a radiolabeled
aerosol, it is first necessary to develop a small-scale, ex-
temporaneous method of manufacturing the formulation
and device to be investigated. Then, the in vitro performance
of an inhaled drug product made in this manner must be
comparable to the in vitro performance of drug generated by
the industry manufactured device. This is a significant
technical hurdle that is frequently overlooked.

Then, the in vitro performance of the radiolabeled aerosol
must be comparable to the in vitro performance of the un-
labeled aerosol. The accepted method for validation is to
compare the APSD of unlabeled drug to the APSD of both
the labeled drug and the radiolabel.(79) If the APSD of un-
labeled drug and labeled drug match, this indicates that the
radiolabeling process has not adversely affected the drug
product. If the APSD of unlabeled drug and radiolabel
match, this indicates that the radiolabel will act as a valid
in vivo marker for the drug.

It is relatively easy to radiolabel solution formulations.
Radiolabeling suspensions and dry powder formulations is
more challenging, and it is generally harder to demonstrate
that the product is unaltered and that the radiolabel accu-
rately reflects the drug distribution.

Mismatches between the APSD of the unlabeled drug,
labeled drug, and radiolabel can occur, but when is a match
unacceptable? No consensus was reached. Historically, if the
ratio of the FPF of the radiolabeled drug to the FPF of the
unlabeled drug is between 0.8 and 1.2, the radiolabeling
method is deemed suitable for estimating whole deposition
of the drug.(80)
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It was concluded that it is possible to radiolabel some
products such that the aerosol performance is essentially
unchanged, but this can be technically challenging and is
very much formulation- and device-dependent. This can
only be achieved by validating each formulation and device
combination as stated in the literature.(80)

5. Can imaging be used to assess BE of inhaled drug products?
The majority of the discussion around this question involved
the requirement to radiolabel both generic and innovator
products. Provided the necessary device and formulation
components could be acquired, the radiolabeling method
would need to be validated such that the performance of the
generic product could be shown to be indistinguishable from
that of the innovator product.

The workshop participants agreed that it may be possible
to radiolabel a formulation if you have access to all the for-
mulation components, manufacturing processes, and empty
devices. However, it is unlikely this will be the case for a
generic versus innovator study.

For example, if you wish to radiolabel a marketed DPI
product you would need to identify a source for micronized
active pharmaceutical ingredient (API) that matched the in-
novator’s specification, radiolabel it, blend this with excipi-
ents that again match the innovator’s specification, and fill
the device with the same degree of accuracy as the innova-
tor’s filling process. The workshop anticipated that these is-
sues would be difficult to resolve without the innovator’s
help, which is unlikely to be forthcoming.

A similar problem is likely to exist for pMDIs in terms of
obtaining the correct canisters and metering valves, and then
filling and sealing canisters with radiolabeled formulation.

Following these discussions, workshop participants con-
cluded that for an in-house development program where a
company wants to demonstrate that changes to a formula-
tion or device will not have an impact on safety or efficacy
(i.e., bridging studies), imaging could be used to demonstrate
that the old and new formulations=devices were bioequiva-
lent, provided that the radiolabeling validation had negligi-
ble impact on product performance.

However, to establish BE between innovator and generic
products, the issue of being able to radiolabel the innovator
product was considered such a formidable barrier that im-
aging was not considered a viable option for demonstrating
BE for an abbreviated new drug application (ANDA).

In the event that a company wanted to conduct an in-
house study, the workshop participants agreed that BE could
not be established solely on the basis of comparable lung
deposition data. A ‘‘weight-of-evidence’’ approach should be
adopted and additional data would be required.

The question of whether you should use HVs or patients
in imaging studies was asked, and after some discussion,
it was agreed that regional lung deposition would proba-
bly be less variable in HVs than in patients. Therefore,
studies of deposition in HVs may be more discriminatory in
terms of detecting differences between products. It was no-
ted that studies in HVs would also likely permit a more
manageable number of subjects to be used and therefore be
more practical.

It was recognized that there is a need to define how BE
should be established. Is a 90% CI achievable with a man-
ageable number of subjects? It was felt that this was probably

not the case. However, a consensus on what criteria could be
used to assess BE was not reached.

Additional questions were asked:

� What differences in the indices of deposition are clini-
cally relevant?

� Do we need to have indices that are clinically relevant?
� Would it be enough to demonstrate equivalent whole-

lung delivery and regional distribution within the lung
in a bridging study?

It was agreed that these issues require further discussion.

6. Can in silico modeling play a role in establishing BE? Al-
though in silico modeling is not an imaging technique, it was
recognized that data from imaging studies have been used,
or may be used to develop and validate such models. Given
some of the issues identified with using imaging studies to
assess BE, there was a brief discussion around whether
in silico modeling might be an alternative method. Various
questions were posed:

� How discriminating is this modeling technique in terms
of simulating disease populations?

� How discriminating is this modeling technique in terms
of simulating breathing patterns and flow rate?

� What factors other than APSD are included in the
model?

� What parameters are included in the model?
� How does the model account for device–patient inter-

actions?

It was felt by some of the participants that models with a
physiological basis may be useful in terms of establishing
trends. It was generally agreed that in silico models can be
useful in predicting drug absorption for orally adminis-
tered drug products. However, not much work has been
done with inhaled drug products. There was a consensus
that in silico modeling may be helpful in the development
of new inhaled drug products, but not useful in the BE
assessment.

Session 3 summary. Imaging is a useful tool for asses-
sing total and regional lung deposition of inhalation prod-
ucts. However, in terms of assessing BE of inhaled products,
imaging is probably only useful for conducting in-house
bridging studies, due to the problems associated with radi-
olabeling the innovator product. Further discussion is re-
quired regarding the clinically and statistically relevant
criteria that should be applied to demonstrate BE. The
workshop identified a need to standardize how regional
lung deposition is quantified.

In Vivo Approaches to Establishing Local Delivery
Equivalence
Facilitators: Gur Jai Pal Singh, Ph.D., Watson
Pharmaceuticals, Leslie Hendeles, Pharm.D.,
University of Florida, Badrul A. Chowdhury, M.D., Ph.D., U.S.
Food and Drug Administration, and Sandra Suarez Sharp,
Ph.D., U.S. Food and Drug Administration
Scribe: Svetlana Lyapustina, Ph.D.

BE of the conventional dosage forms intended for sys-
temic delivery is based on in vivo PK studies supported by
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comparative in vitro dissolution data. However, it is believed
that PK studies may not be sufficient for documentation of
the locally acting drug products,(56) because delivery to the
target sites of these drugs does not depend upon systemic
circulation. Following administration of the locally acting
OIP, drug moieties detected in the systemic circulation (1)
appear subsequent to its delivery to and absorption from the
local site, and (2) contain drug absorbed from multiple sites
including the lung, buccal, and GI tract areas. Consequently,
the OIP constitute a unique class of drug products and,
according to current thinking, warrant special consideration
for a comprehensive approach for determination of BE. Thus,
based on the available information(81,82) the FDA currently
determines OIP BE using a ‘‘weight-of-evidence’’ approach,
which includes evidence for equivalence of systemic expo-
sure and drug delivery to the local site of action.

Due to the above-mentioned limitations of the PK BE
studies in determination of equivalence in local delivery, the
facilitators of this session initially focused on two other
approaches, (1) in vivo testing in humans of an acute
pharmacological effect and (2) controlled clinical trials in
humans to establish safety and efficacy, listed among
methods for documentation of BE in 21 CFR 320.24(b). To
initiate the discussion the facilitators presented a list of
factors that are currently considered in the design of the PD
BE studies, including available in vivo models. The recog-
nized models included FEV1 (standard bronchodilation and
nocturnal asthma), Methacholine Challenge (bronchopro-
tection) for bronchodilator drugs, and FEV1 (Asthma Sta-
bility Model), Adenosine Challenge (bronchoprotection),
eNO, and Sputum Eosinophils for corticosteroid drug
products. Topics to facilitate discussion on study design
included Subject Population (mild, moderate, or severe
asthmatics), Placebo (availability and application), Study
Duration, Study design (parallel vs. crossover, double
dummy, triple dummy, etc.), and Dose–Response (necessity
and possibility, clinical endpoint dependency, implication of
the recommended dosing regimen, and definition of ac-
ceptable dose–response). Points for discussion also included
Multistrength Products (possibility for waiver of in vivo
testing for lower strengths) and Combination Products (PK
and PD=clinical evaluations based on measurements of joint
or separate effects). The facilitators also presented slides
from Dr. Hendeles’ unpublished work on the albuterol
dose–response study using the nocturnal asthma model and
a pilot methacholine challenge study on the Foradil (for-
moterol) DPI. In the former, bronchodilator response was
significantly greater when albuterol was delivered by an
MDI than by DPI. In the latter study, there was no signif-
icant difference in bronchodilator response between 12 and
24 mg of formoterol in a crossover design of subjects with
mild asthma (baseline FEV1� 70% predicted). In contrast,
the methacholine PC20 was significantly increased, an av-
erage of twofold greater, after a 24-mg dose compared to a
12-mg dose. These data indicate that additional develop-
mental work with use of methacholine bronchoprovocation
as a clinical bioassay for determining BE of the LABAs
would be worth undertaking.

Due to the time constraints of each breakout session, and
the interests of participants, all topics listed above could not
be addressed adequately. The following were the principal
topics of discussion.

Systemic exposure studies for assessment of equivalent
local delivery. Due to the potential limitations of PK studies
in determination of local delivery, the facilitators had planned
to focus on the PD or clinical endpoints studies. However, in
light of a relevant presentation(83) and the interest expressed
by many participants, a significant portion of the discussion
periods was spent on the possibility of using comparative
systemic exposure (PK) studies, along with in vitro perfor-
mance studies, as the sole indicator of in vivo BE of OIP.
Briefly the presentation emphasized that for corticosteroids
with no or negligible oral BA, measurements of drug con-
centration in the systemic circulation together with in vitro
studies may provide sufficient information on the pulmonary
fate of OIP (pulmonary available dose, central=peripheral
deposition ratio, and pulmonary residence time) to support
equivalence in drug delivery to the lung. It was recognized
that the PK approach would need to be validated in clinical
studies, but has the potential for being more sensitive. During
the discussion it was emphasized that for drugs with mea-
surable oral BA, studies of relative BA in subjects adminis-
tered with activated charcoal before drug inhalation may be
used to determine drug delivery to the lung. However, con-
cerns were expressed regarding the integrity of the charcoal
block for complete blockage of drug absorption from the GI
tract, and a systemic contribution due to drug absorption
from the buccal cavity soon after inhalation. It was also ar-
gued that although the charcoal block method has been used
to study PK of some inhaled drugs, the methodology needs to
be validated for each drug with respect to blockage of non-
pulmonary absorption. Based on this approach studies
without charcoal block can be used for determination of
equivalence of total exposure and studies with the charcoal
block supposedly would provide evidence for the equiva-
lence of local delivery. The suggested approach for estab-
lishment of BE based solely on PK studies would be
applicable to both single entity and combination drug prod-
ucts containing more than one active drug.

The charcoal blocking technique has been described by
Borgstrom.(84) It has been used in exploratory studies for a
variety of drugs.(85–89) However, it has not been used to es-
tablish BE and support regulatory approval of OIP by the
FDA. It was discussed that if satisfactory validation for
the charcoal block method could be achieved, would the
evaluations with and without charcoal block be sufficient for
establishment of in vivo BE of OIP? Some participants sug-
gested that, when combined with comparative in vitro per-
formance data, PK studies with and without charcoal could
provide sufficient evidence for BE of OIP. However, there
was no general agreement due to the apparent lack of in-
formation to support this viewpoint.

During the second round of this breakout session, vali-
dation of the charcoal block method was discussed. It was
suggested that in addition to the oral administration of ac-
tivated charcoal before and after aerosol administration, an
oral rinse with activated charcoal can be used to prevent
delivery from the buccal cavity. The efficiency of the char-
coal’s binding depends on the drug (e.g., fluticasone is
bound by charcoal better than budesonide). Therefore, the
method should be validated for each molecule, and should
also be validated in vivo because in vitro validation results
may be unreliable. Overall, this PK approach to local deliv-
ery equivalence was found intriguing; however, more in-
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formation is needed before one can consider this approach as
the sole indicator of in vivo BE of OIP.

Goal posts. Conventional BE studies are found accept-
able if the 90% CIs comparing the T and R products fall
within the acceptable range of 80–125%. Some participants
explored the possibility of different goal posts for OIP. It was
emphasized that the goal posts of 80–125% for PK are gen-
erally accepted across dosage forms and are not likely to
change for OIP. Some participants then inquired about the
possibility of calculating the PD BE limits that would corre-
spond to the 80–125% PK goal posts. For example, what
would be the PD BE limits for the T=R ratio corresponding to
the PK BE 80–125% limits? Furthermore, it was inquired
what would be the PK limits corresponding to the 67–150%
PD BE limits used for the approval of generic albuterol CFC
MDIs in the 1990s? However, it was mentioned that con-
sideration for such extrapolations is complicated by differ-
ences between the PK and PD data with respect to linearity
in dose–response, differences in variability of measurements,
and lack of recognized relationship between the two end-
points. Furthermore, the approach will require sophisticated
mathematical modeling, and the basic data required for such
modeling is not available in the public domain. Historically,
however, the OGD has not used model driven data for de-
termination of BE.

PD studies and dose–response. The FDA has previ-
ously relied on PD studies to establish equivalence of local
delivery. It has accepted both bronchodilation and bronch-
oprovocation (methacholine and histamine challenge)
studies for evaluation of BE of albuterol MDIs. It is im-
portant that the PD measure permit objective quantitation
of responses. Therefore, an important feature of the PD BE
studies is the ability to demonstrate a dose–response rela-
tionship. There was general agreement that demonstration
of dose–response was essential because the steepness of the
dose–response relationship, along with variability, deter-
mines the ability of a bioassay to distinguish between the
single- and multiple-actuation doses of a drug product. It
was also acknowledged that the dose–response is influ-
enced by a number of factors including the study drug,
biomarker, disease severity, and precision and sensitivity of
measurements. Discussion on PD studies also emphasized
the significance of choosing PD endpoints that lend to ob-
jective quantitation. Determination of BE based on the PD
studies may require comparison of the T and R products in
terms of potency. In the past, Finney analysis has been used
to estimate comparative potency. However, this method
assumes linearity between the responses of single and
multiple actuations, whereas the PD responses are generally
nonlinear. Therefore, the FDA has previously used the Emax

model.(90) It was mentioned that limited (unpublished) data
analysis based on the Finney method and the Emax model
yielded similar results.

Exhaled nitric oxide. The symposium talk given by
Badrul Chowdhury(91) indicated the FDA’s exploration of
possible use of eNO as a biomarker in determination of local
delivery from OIP containing corticosteroids. During the
group discussion it was emphasized that it may be the
best available model as eNO responds to steroids but not

to beta-agonists, and might allow objective quantitation of
response. The method for measurement of eNO is ATS-
standardized,(92) and an FDA-cleared instrument(93) is avail-
able for quantitation of eNO.

Despite these advantages, it was acknowledged that
the currently available information on the eNO bioassay
may be insufficient for the development of BE study pro-
tocols. It was expressed that previous dose–response
studies(10,12) mostly distinguished between a multifold dif-
ference in the ICS dose, and the presented data(91) referred
to limited evidence(11) to support the capability of this bio-
marker to distinguish a twofold difference in dose. In this
regard, it was pointed out by a facilitator that the evi-
dence presented at this meeting was indicative of possible
use of the eNO bioassay for obtaining a meaningful dose–
response. However, because of the noted limitations of the
published studies, further exploratory work is warranted. It
was noted(91) that the FDA has sponsored a study to gain
insights relevant to design of BE studies based on the eNO
bioassay.

Subject populations. A part of the discussion in this
breakout session was also focused on the subject popula-
tions. For the PK BE evaluations of the solid oral dosage
forms the OGD relies on studies conducted in HVs, regard-
less of the modes of action and indications for drug use. It
also relies on the use of HVs for determination of equiva-
lence of systemic exposure from respiratory drugs.(56) It was
argued that for OIP the HVs may provide better sensitivity
and discrimination for safety studies (in part due to a higher
exposure compared to patients). It was considered that
PK results could be different between HVs and patients, but
PK results should be the same between two equivalent
drugs (e.g., a generic and an innovator) within the same
subject population. Furthermore, the sensitivity of PK studies
and their ability to detect differences in AUC and central-to-
peripheral (C=P) lung deposition ratio would be the highest
in HVs.

A question was raised that if a BE study is conducted
using a very specific PD model in a very specific subgroup of
patients, how can it be generalized to all patients under all
conditions? In this regard, it was emphasized that asthma is
a heterogeneous disease even in the same individual. When
the purpose of the study is demonstrating BE, choosing the
study design that can give the best discrimination is impor-
tant. For new drugs, by contrast, studying all relevant patient
populations is necessary. But for BE determination for a drug
product with more than one labeled indication, the Agency
may recommend establishing BE based on only one indica-
tion when the mechanism of action of the drug remains the
same across the indications.

Drug delivery from most DPIs is dependent on the pa-
tient’s inspiratory flow rate. Based on the available infor-
mation, both the emitted dose and the APSD may be
influenced by the flow rate through the DPI device.(94) In
addition, the flow rate dependency of drug delivery from
DPIs may influence their in vivo performance.(95–97) There-
fore, a question was raised if the BE study populations
should encompass the entire range of target populations. It
was considered that as long as in vitro data on a range of flow
rates are available, studying the entire range of populations
should not be necessary.
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Combination drug products. For combination drugs that
contain a beta-agonist and a corticosteroid, it may be difficult
to show equivalence for both components with a single
model(71) that evaluates ICS monotherapy and does not
separate the effect of two components. It was considered that
BE studies for each of the two component drugs may need
different types of patients, biomarkers, and different study
designs. For example, testing salmeterol effects in Advair
may require a patient population different from that suitable
for testing the steroid effects.

Device Design Similarity
Facilitators: Neil H. Parikh, Axar Pharma, David A.
Parkins, Ph.D., GlaxoSmithKline and Prasad Peri, Ph.D.,
U.S. Food and Drug Administration
Scribe: Paul Lucas, Ph.D.

Introduction. When considering the BE of inhaled prod-
ucts, it is necessary to take into account both device design
and the formulation that is being delivered. Consideration
also needs to be given to the interaction between the patient
and device, as this is widely understood to influence in vivo
drug delivery. There is therefore much debate as to what is
meant by ‘‘device sameness,’’ when considered in the context
of inhaled product BE. This subject is of interest to both the
generic manufacturer, who may be prevented from market-
ing the same device as the innovator due to intellectual
property concerns, and to the innovator manufacturer where
changes in device design may occur during development.
The key question that needs to be addressed when differ-
ences do arise between inhalers is ‘‘which ones are of prac-
tical and scientific relevance?’’

The impact of device design and patient interaction was
illustrated by Dr. Parkins, who reviewed the types of dif-
ferences that may arise between inhalers, as well as a re-
cently published case study.(24)

The case study exemplified the importance of under-
standing the impact of device differences when considering
inhaled product BE. As this subject is a key area that needs to
be understood when considering criteria for inhaled product
BE, it was selected as a specific topic for further discussion by
the workshop attendees.

Discussion points. To facilitate the discussion on the
subject of device design similarity the following questions
were posed for discussion:

1. What is necessary to demonstrate device sameness in
the hands of the patient, and what are the criteria for
establishing similarity of operating principle and design
for inhaled devices?

2. What is the role of in vitro testing in determining device
comparability? What are the opportunities for using
methods beyond cascade impaction and when com-
paring devices, what is considered to be comparable
aerosol performance?

3. What considerations are necessary when demonstrating
device sameness across different patient populations,
for example, from adults to pediatrics, or from asth-
matics to COPD patients?

Key to the discussion were the questions as to what was
meant by device similarity and just how similar did devices
actually need to be to be considered to be equivalent.

In the context of BE regulations, a number of questions
raised by the participants, regarding the equivalence of in-
novator and generic devices, generated lively discussion.
However, no consensus could be reached by the group, in-
dicating the need for guidance in the area. For example, did
the instructions and label of a generic device have to be
identical to the innovator, and what (if any) constituted an
acceptable difference? Similarly, what was the position when
the generic device represented an improvement over the
innovator device? Examples provided included a dose
counter on the generic product, when the innovator did not
have such a feature, and where a generic pMDI may require
only two primes versus four primes for the innovator. In
these cases a number of individuals commented that not
allowing such improvements to a large extent stifled inno-
vation as the innovator product would be an older product,
whereas the generic could incorporate current technology. It
was also commented that if the requirement for pharma-
ceutical equivalence, a basic tenet of the BE regulations, re-
quired the device to be identical, would it ever be feasible for
a DPI to be approved by the ANDA route?

For example, did it really matter if device shape were
different, or if there were a difference in operating principle,
particularly if that difference were invisible to the patient?
From the discussion, it was clear that there was a wide range
of device differences that needed to be considered. Examples
of these included a change in plastic supplier for an existing
device, a change to a device that might impact its handling
(e.g., addition of a button to facilitate opening of the device)
and a comparison of two devices with a completely different
metering principle and design (e.g., premetered vs. device
metered). The diversity and range of such potential device
differences makes it unlikely that any single-standard set of
device differences could be defined, and their impact as-
sessed and incorporated into an inclusive guidance. How-
ever, some clarity in this area would be welcomed,
particularly to the extent of device similarity required to
achieve pharmaceutical equivalence.

The importance of understanding how any device differ-
ence might result in a change in the way the device is used
by the patient was discussed. Areas identified for consider-
ation included differences that might impact the effective-
ness of the inhalation maneuver (e.g., through impacting
patient coordination) and differences that might change pa-
tient perception of whether they have received the dose (e.g.,
differences in mouth feel or audible feedback), which could
potentially impact patient compliance. Some of these differ-
ences might be addressed through patient user studies, but
consideration needs to be given when extrapolating data
generated from one patient group to another patient popu-
lation. For example, if the first group were teenagers with
asthma, potential dexterity problems that might be experi-
enced by an older patient group in a different disease pop-
ulation such as COPD would not be detected.

Consideration was also given to the practical patient ex-
perience that occurs when a device that is not identical is
substituted at the pharmacy level. Such a device may require
different operations for use, and be prone to different types
and rates of critical errors. Will the patients receive adequate
training, and what would be the impact on a patient who
could potentially be receiving a different device on each visit
to the pharmacy? In addition to the patient, the ability of
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physicians, nurses, and pharmacists to ensure adequate
training as devices are substituted needs to be considered.
Levels of training and instructions provided by the health-
care provider are not consistent across the world. Interest-
ingly, Dr. Dale Conner stated in the final session that in his
personal view a patient should be able to pick up a pre-
scription for which a generic inhaler has been substituted
and to be able to use it without additional instruction.

A risk management approach. From the diversity of
opinions expressed during the breakout discussions, it was
clear that a single set of criteria describing the impact and
relevance of device differences would not be easily identi-
fied. This was because of the diversity of inhaled device
designs that exist, the complete product life cycle that was
encompassed by the participants, and the lack of an IVIVC
for inhaled products. It was, however, possible to reach a
broad consensus on a risk-based approach that could be used
to assess the potential impact of device differences. This
concept would be equally applicable to both innovator and
generic devices alike, and could equally be used to evaluate
differences that might arise from either intra- or interdevice
changes. Examples of the types of device changes that could
be assessed include a device and formulation switch (e.g., a
generic introduction), a complete switch in device (e.g.,
during the development of an innovator product), or a device
modification (e.g., during product lifecycle management).

The concept of a risk-based approach to assessing device
differences is shown schematically in Figure 4.

Logically speaking, as device similarity between the two
devices increases, the risk of that device difference impact-
ing product equivalence correspondingly decreases. Any dif-
ference in device could therefore be evaluated using a risk
assessment approach to assess the likely impact of that dif-
ference. The assessment would include consideration of prod-
uct knowledge, current scientific understanding, and the
target product profile of the product and would consider
such questions as whether:

� The change is visible to the patient?
� The change impacts the way the patient interacts with

the device during the inhalation maneuver (e.g., change
in mouthpiece geometry, change in labeling instructions,
etc.)?

� The change potentially impacts product performance?

Three examples of possible device differences are described
in Figure 4 and are shown from left to right in what might be

considered increasing degree of device similarity. During the
discussions, there was considerable debate as to whether this
relative order was correct. This debate further underlines the
importance of being able to fully define the nature of the
device difference on a case by case basis.

Having fully defined the device differences, the risk as-
sessment approach then requires the impact of those differ-
ences to be assessed for severity. The paucity of information
in the public domain (most likely due to the proprietary
nature of the information) and lack of IVIVC to assist in
assessment of risk severity makes this part of the assessment
difficult. The challenge is therefore to see if there might be a
mechanism for establishing a consensus position for asses-
sing the level of risk for device differences.

Having completed the risk assessment, studies might be
required to generate data to support the evaluation of the
device differences. These studies could be broadly divided
into three groups: in vitro studies, in vivo=human factor studies
(which may include clinical studies), and robustness studies.

Much of the discussion on in vitro tests related to cascade
impaction testing, its relevance, the need to consider ranges
of flow rates for DPIs and potential opportunities for im-
provement such as use of patient profiles with isokinetic
sampling. The subject of cascade impaction testing is covered
in more detail in Session 1. It was recognized that other types
of in vitro testing, such as measurement of actuation force,
should also be considered to assess device differences.

Human factor tests were those that were considered to test
for any impact on the patient interface. These may involve
in vivo testing such as efficacy and PK=PD studies (see Ses-
sions 2, 3, and 4), but equally would include handling or
similar studies. For handling studies, it was noted that, as
they depend on the exact nature of the differences between
devices, the device being evaluated and the patient popula-
tion, no standard tests are available, although some guiding
principles in this area may be beneficial.

Robustness studies received considerable discussion.
Questions raised included whether it is necessary to dem-
onstrate equivalent robustness between devices. If so, what is
the relevance of any difference, and is there a minimum ac-
ceptable standard that should be met? It was also recognized
that differences between devices could lead to different po-
tential misuse scenarios and that would also need to be
considered. The question was also raised as to what is an
acceptable level for complaints=device failures for two de-
vices to be considered similar, and as such rates are typically
low, how could equivalence be demonstrated?

FIG. 4. Schematic representation of a risk-based approach to the assessment of device differences.
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Session 5 summary. The level of participation and wide-
ranging views expressed by the participants confirmed that
the assessment of device similarity is a challenging and
complex area throughout the complete product life cycle.
When considering if a change or difference in a device design
has the potential to impact product BE, it is necessary to
consider the change with respect to the formulation being
delivered and the way in which the patient uses the device.
The diverse nature of inhaled devices means that each situ-
ation needs to be considered on a case-by-case basis based on
product knowledge, current scientific understanding, and
the target product profile of the product. Use of a risk
management approach for assessing such differences offers a
potential way forward.

Potential future work. The first step in addressing the
difficulty of assessing risk severity might be to establish
whether there is any form of consensus within the industry
at present. This could potentially be through some form of
crossindustry=expert survey, which would attempt to clas-
sify a number of well-defined device differences.

Workshop Conclusions

This 2-day workshop reviewed the present approaches
and made recommendations for demonstrating BE of OIPs
for NDAs, ANDAs, and postapproval changes. The out-
comes represented a basis for the current scientific under-
standing and highlighted the areas in which further work is
needed. The speakers presented ideas surrounding the ap-
plicability and challenges of the ‘‘weight of evidence’’ ap-
proach to establishing BE. From that, concepts related to
biomarkers such as eNO, dose–response, and PK approaches
were offered. The application of criteria and statistical ap-
proaches for making decisions related to BE were discussed.
In particular, the application of the criteria to specific cases
such as products with more than one strength, and combi-
nation products was cited as a key area for further exami-
nation. In vitro methodology for BE (related to pMDIs and
DPIs), lung deposition, in silico models, and potential links to
therapeutic outcomes were also areas that needed more
discussion. Agreement on what constitutes device sameness
was an area that decidedly required more input. Finally,
approaches to establishment of therapeutic equivalence in
the EU and utilization of QbD for OIPs were presented.

In-depth discussions from the breakout sessions high-
lighted that new in vitro methods may be needed to establish
an IVIVC. There was a clear differentiation between the role
of in vitro tests for CMC (QC) versus BE applications.
However, the statistical interpretation especially between the
US and EU of in vitro results for BE requires further clarifi-
cation. There was no clear consensus on the flow rate and
simulated inhaled volume for in vitro testing of DPIs as it
relates to BE.

It was generally agreed that cascade impaction techniques
can give a general understanding of lung deposition, but
was not well correlated with regional lung deposition. It was
concluded that imaging techniques were useful for assessing
total and regional lung deposition. However, the application
of imaging was considered useful for in-house bridging
studies and not seen as a viable option for BE due to issues
associated with adulteration from the labeling process. In

addition, standardization of interpretation of regional lung
deposition should be addressed.

More input was needed regarding study designs that ad-
dress duration of action and peak effect for LABAs, patient
populations when the drug product can be used in asth-
matics and COPD patients, as well as combination products.
The concept of dose–response and the ability to discriminate
was a topic that circulated through a number of the sessions.
The utilization of biomarkers such as eNO showed promise,
yet needed validation. Other approaches such as the asthma
stability model and PK approaches that address locally act-
ing OIPs also piqued the interest of the audience and rep-
resent areas that need additional data.

Clarity around the definition of device sameness as well as
the therapeutic relevance of device differences or changes was
a key discussion point. Topics such as acceptable differences
between instructions for use and labeling between innovator
and generic products as well as similarities in device robustness
should be debated. Innovations such as the addition of a dose
counter on a generic product, or a reduction in the number of
actuations to prime a generic pMDI present a challenge to es-
tablishing sameness. Material changes, device shape, operating
principles, and metering mechanisms also need further defi-
nition. The cumulative list of these unanswered questions
suggests that at this time there is not a clear pathway for
demonstration of bioequivalence of a generic DPI.

Summary of Workshop Action Items

The objective of this conference was to generate recom-
mendations for demonstrating BE for orally inhaled prod-
ucts. The Workshop facilitated both spirited and open
discussions. In the end, there were more questions than an-
swers. The outcomes and action items presented below
represent the combined efforts of attendees, facilitators, and
organizers representing academia, industry, and regulatory
bodies on an international scale. A BE road map has been
proposed, which will result in future workshops and PQRI
Working Groups.

Clinical road map

� PK for OIP with a new workshop, titled Role of Phar-
macokinetics in Establishing Bioequivalence for Orally
Inhaled Drug Products, scheduled for April 29–30, 2010.
The workshop will be held in coordination of RDD 2010
(www.rddonline.org)

� Biomarkers and surrogates for COPD
� Standardization of lung imaging methodology
� Statistical methods for in vivo BE

Clinical=CMC road map

� QbD risk analysis relating to changes during develop-
ment and postapproval
—Device survey to begin in the third quarter of 2009
—Formulation changes to begin in the first quarter of

2010

In vitro=in vivo interface road map

� IVIVC Working Group to be established 4Q09
— Workshop is planned for 2011
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Comparative in vitro BE road map

� Statistical methods using CI data for in vitro equivalence
to begin in the fourth quarter of 2009
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List of Abbreviations

Abbreviation Definition
AAPS American Association of

Pharmaceutical Scientists
ABE average bioequivalence

ANDA Abbreviated New Drug Application
API active pharmaceutical ingredient

APSD aerodynamic particle size distribution
AUC area under the curve

BA bioavailability
BDP beclomethasone dipropionate

BE bioequivalence
BID twice a day

C/P Ratio central to peripheral
CFC chlorofluorocarbon
CFR Code of Federal Regulations

CHMP Committee for Medicinal Products for
Human Use

CI cascade impactor; cascade impaction
Cmax maximum plasma concentration

CMC Chemistry, Manufacturing and
Controls

COPD chronic obstructive pulmonary disease
CPP critical process parameters

DOE design of experiment
DPI dry powder inhaler

EMEA European Medicines Agency
eNO exhaled nitric oxide

EU European Union
FEV1 forced expired volume in the first

second
FP fluticasone propionate
FPF fine particle fraction

HFA hydrofluoroalkane
HV healthy volunteers
ICS inhaled corticosteroids

INTFG Inhalation and Nasal Technology
Focus Group

IV/IVC in vitro–in vivo correlations
LABA long-acting beta agonist
MVBE multivariate bioequivalence

NDA New Drug Application
OGD Office of Generic Drugs

OIP orally inhaled product
PAT process analytical technology
PBE population bioequivalence

PC20 provocational concentration that
reduced FEV1 by 20%

PD pharmacodynamics
PEF peak expiratory flow
PET positron emission tomography
PK pharmacokinetics

pMDI pressurized metered dose inhaler
PQRI Product Quality Research Institute
PSD particle size distribution
QbD quality by design

QC quality control
R reference drug product

RPID reservoir powder inhalation device
SABA short-acting beta-agonist
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SPECT single photon emission computer
tomography

T test drug product
USP United States Pharmacopeia
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