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ABSTRACT

The purpose of this article is to present the thought process,
methods, and interim results of a PQRI Working Group,
which was charged with evaluating the chi-square ratio test
as a potential method for determining in vitro equivalence of
aerodynamic particle size distribution (APSD) profiles ob-
tained from cascade impactor measurements. Because this
test was designed with the intention of being used as a tool
in regulatory review of drug applications, the capability of
the test to detect differences in APSD profiles correctly and
consistently was evaluated in a systematic way across a de-
signed space of possible profiles. To establish a “base line,”
properties of the test in the simplest case of pairs of identi-
cal profiles were studied. Next, the test’s performance was
studied with pairs of profiles, where some difference was
simulated in a systematic way on a single deposition site
using realistic product profiles. The results obtained in these
studies, which are presented in detail here, suggest that the
chi-square ratio test in itself is not sufficient to determine
equivalence of particle size distributions. This article, there-
fore, introduces the proposal to combine the chi-square ratio
test with a test for impactor-sized mass based on Population
Bioequivalence and describes methods for evaluating dis-
crimination capabilities of the combined test. The approaches
and results described in this article elucidate some of the
capabilities and limitations of the original chi-square ratio
test and provide rationale for development of additional
tests capable of comparing APSD profiles of pharmaceu-
tical aerosols.

KEYWORDS: Chi-square ratio, bioequivalence, cascade
impactor, particle size distributionR

INTRODUCTION

The potential importance of the aerodynamic particle size
distribution (APSD) to the performance, safety, and efficacy
of orally inhaled and nasal drug products (OINDP) is gener-
ally recognized; and therefore a comparison of APSD profiles
obtained with test and a reference products was recom-
mended as one of the important in vitro tests in the 1999 Food
and Drug Administration (FDA) Guidance1 regarding bio-
equivalence studies. A statistical test based on the chi-square
ratios was also recommended. An earlier study2 on this sub-
ject provided a background and description of that test and
outlined the process for investigating properties of the test
in a collaborative process involving scientists from the FDA,
industry, academia, and the United States Pharmacopeia
(USP), through the Product Quality Research Institute (PQRI).
In essence, the Working Group has studied the ability of
the chi-square ratio test to “make correct decisions” (ie, cor-
rectly declare either equivalency or lack of demonstrated
equivalency) when applied to a wide variety of APSD pro-
files that might be encountered during review of actual drug
applications.

The interim findings of the PQRI Working Group are sum-
marized in this report, as required by the approved Work
Plan.3 The designation “interim” is being used to distin-
guish this report from the final submission to the FDA,
which will mark the official completion of the group’s in-
vestigations and the subsequent “sun-setting” of the Work-
ing Group per the PQRI process.

This article describes the PQRI studies on this topic in the
order in which they occurred. The article maintains this or-
dering because each step builds upon the prior work. At each
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step, an appropriate method had to be developed based on
the results of the previous step and taking into account the
ultimate objectives for the test, which are explained in detail
in the background report.2 The statistical work began with
(1) translating the chi-square ratio test’s description in the
published guidance into an executable, programmable algo-
rithm, and (2) the development of simulation methods ca-
pable of modeling any number of realistic APSD profiles
based on real product data. Using these tools, initial studies
of the chi-square ratio test focused on pairs of identical-
profiles, as described in the “Methodology” section. Knowl-
edge gained from that study was used during the next step,
which focused on pairs of profiles differing in a specified,
systematic way on a single deposition site. After that study,
an important concept of “target” profiles was developed,
which underpins the methodology of assessing future tests’
performance. The “Results and Discussion” section presents
the results obtained in this phase of work and describes the
approaches proposed for the future work.

METHODOLOGY

Identical-Profiles Studies

In order to understand the properties of the chi-square ratio
test and its ability to make correct decisions consistently
under a wide variety of possible situations, the Working Group
undertook a systematic investigation of the test’s properties.
To start with, the general description of the test was trans-
lated into an executable algorithm.4-6 In parallel, a method
was created for simulating realistic profiles (based on real
products’ profiles) such that the interstage correlations were
preserved.7 These statistical tools were used to set the stage
for the main work assigned to the Working Group—a study
of the test’s response to a variety of possible situations that
might be encountered in real life (including a variety of
APSD profile types and a variety of patterns of changes in
those profiles). The basic real-life profiles that seemed to
be representative of metered-dose inhalers (MDIs) and dry-
powder inhalers (DPIs) were obtained from an industry data-
base containing several real world MDI and DPI profiles.
These data provided information about mean deposition
and variance of deposition on each cascade impactor (CI)
site plus interrelationships among the sites. Simulated pro-
files were then generated using Monte-Carlo methods.

The chi-square ratio test was developed to assess equiva-
lence between profiles, as opposed to detecting differences.
As such, the test has the best ability (ie, statistical power) to
correctly declare equivalence when the profiles being com-
pared are identical. Therefore, the first case to be examined
was where the Test and Reference profiles were identical,
meaning that the same set of data was used as both Test and
Reference (ie, same data set, different labels).

Here, as in the rest of the article, the term “profile” refers
to a set of data from 30 CI runs—1 each from 30 product
containers, as directed by the test described in the draft
guidance. Overall, a profile is characterized by the average
deposition and variability on each CI site and accessory.

For the chi-square ratio test, all data for each CI run are nor-
malized by dividing the absolute deposition on each site by
the total amount captured on all sites, also following the draft
guidance.

When the identical-profiles study was initiated, work was
still being done to develop statistical models to produce
simulated data that preserved intersite correlations. There-
fore, the simulated profiles for the identical-profiles study
were generated with no intersite correlation structure (ie, the
distribution for any deposition site was independent of all
other deposition sites). Furthermore, it was assumed that
deposition on each site is normally distributed, which is
a reasonable assumption for the purpose of the identical-
profiles study because real data suggest that depositions on
each site typically follow an approximately normal distribu-
tion. Occasional outlier results may occur but they are not
likely to dramatically affect the general behavior of the test.

The chi-square ratio is inherently invariant under additive
translations, and this realization made it possible to systema-
tize the possible scenarios to study. The above-mentioned
invariance means that the value of the chi-square ratio is
independent of the order of the sites in a profile, and conse-
quently it is sufficient to study rank-ordered profiles (rank-
ordered by the expected normalized deposition on sites)
rather than the actual profiles, where depositions are dis-
played in the “natural” order of the sites as they occur in
a cascade impactor. An example of a profile used in the
identical-profiles study is presented in Figure 1, where de-
position sites (eg, throat or induction port, stages 0-7, filter)
are presented in the “natural” order. Figure 2 shows the
same profile, but with the deposition sites rank-ordered
(“re-numbered”) to reflect the descending order of the ex-
pected mean recoveries on each site. The standard devia-
tions (SDs) do not necessarily change proportionally to the
means, as can be seen from the SD values plotted as bottom
panels on Figures 1 and 2. The relative standard deviations
(RSDs) or the coefficients of variation (CVs)—both of which
refer to the ratio SD/mean expressed as percentage—could
in fact increase, decrease, or stay constant across the rank-
ordered profile or some portions of it.

Another finding that allowed investigation of the potentially
limitless number of possible profiles was the demonstration5,6

that rank-ordered profiles could be modeled using beta-
distributions, and that the chi-square ratio statistic’s response
depended on essentially 3 variables describing rank-ordered
profiles; namely, their skewness, the SD of the first site,
and the change of CV across a rank-ordered profile (ie, CV
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“slope”). The studied design space is illustrated in Figure 3,
where the central cube identifies these variables and their
ranges. From left to right across the design cube, the shape
of the profile ranges from uniform (constant mean deposi-
tions on all sites) to maximum skew (large changes in mean
deposition across the profile). From top to bottom of the de-
sign cube, the amount of variability, in terms of standard de-

viation (SD), for the first rank-ordered deposition site ranges
from 1 to 10. From front to back of the design cube, the
change over the entire profile in the coefficient of variation
(CV, or SD relative to the mean deposition) for a specific site,
ranges from 0 to 15 (ie, 0 change indicates constant CVacross
the profile; 15 indicates large increase in CVacross the profile).
The points at the 8 vertices of the design cube are illustrated

Figure 1. An example of a pair of profiles used in the identical-profiles study (ie, where the Test [gray] and Reference [black] profiles
are identical. The profile is presented in the “natural” order that the deposition sites occur in a cascade impactor. The top panel shows
mean deposition and the bottom panel shows the standard deviation (SD).

Figure 2. The same profile as in Figure 1, shown in rank-order. The “natural” deposition sites are reordered in the order of the highest-
to-lowest mean deposition, which is shown on the top panel. The bottom panel shows the standard deviation (SD) on each site.
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Figure 3. Experimental design approach to examining chi-square ratio stability for identical-profiles data. CV indicates coefficient of
variation; SD, standard deviation. Max Skew indicates maximum skewed.

Figure 4. Simulated profile for a selected point, where the profile has a uniform shape, the standard deviation (SD) of the first rank-
ordered site is at the highest level in the design space,8 and the coefficient of variation (CV) is constant across the entire profile. Max
Skew indicates maximum skewed.
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by thumbnail plots of representative profiles. Each of the
thumbnail plots is a “spaghetti” plot displaying results of
30 individual CI tests, thereby visualizing both the expected
mean deposition and variability, and representing a product
profile with the skewness, first-site SD, and the pattern of CV
change as identified by the corresponding coordinates on the
design cube. The axes on the thumbnail spaghetti plots are
“Percentage Mass” and “Deposition Site.” A close-up view
of 2 of the spaghetti plots is presented in Figures 4 and 5.
Figure 4 zooms in on a “uniform” profile, in which all de-
position sites have the same mean deposition. Figure 5 zooms
in on a highly skewed profile, which is generally represen-
tative of real-world profiles for MDIs and DPIs, which can be
seen by the comparing this profile to the profile in Figure 2.

In the identical-profile study, for a given profile from the
design space, both Test and Reference data were simulated
from the same profile (a set of mean depositions and SDs),
and the proposed chi-square ratio test was performed. This
was repeated many times and finally the distribution of the
obtained chi-square ratio test quantities was studied. This
identical-profiles study showed what difference can be ex-
pected when “a product is compared to itself” and thus—
among other things—gives some information on what lev-
els are unsuitable for the critical value (ie, those levels that
consistently result in “inequivalence” even though the pro-
files are identical). The identical-profiles study of all these
profiles further showed that in general, the stability of the
chi-square ratio statistic (ie, its consistency over a range of
profile shapes and variability patterns) increases as the num-
ber of stages increases (profiles with 4, 7, 11, and 13 sites
were examined).6,9 The stability of the test statistic increases
(ie, the variability of the test statistic decreases) for more
linear rank-ordered profiles. The chi-square ratio statistic is
less stable for profiles that are more common to MDIs and
DPIs, which are less linear (ie, more skewed). The findings
from the identical-profiles study provided a clearer path for
subsequent work.

Changes on a Single Impactor Site—Concept Study

As the next level of complexity, the case was studied where
deposition on a single deposition site differed between Test
and Reference profiles. This effort was accomplished system-
atically through simulations, by changing the deposition on
a single site by a specified amount, as described in Table 1.
A visual explanation of the studied patterns of changes is
available through the Minutes of the Working Group’s dis-
cussions, which are posted publicly on the Internet10 and by
comparing the resultant Test to the original Reference pro-
file via the chi-square ratio test. In these simulations, the
interstage correlation was included in the model.

For this “single-site-change” concept study, a pulmonary
chlorofluorocarbon metered-dose inhaler (CFC MDI) and

a device-metered DPI product were selected as the basis
for modeling the simulated profiles. The Reference-to-Test
modifications consisted in increasing deposition on a single
site for the Reference profile (one site at a time, each site
in turn) by –10%, +20%, +40%, or +60% and renormalizing
the modified profile. Mean chi-square ratios were calculated
for a range of different scenarios. The mean chi-square ratio
generally increased from the initial value (when Test and
Reference are drawn from the same distribution); however,
the amount of the increase depended on the mean deposition
of the site that was changed.

The results are illustrated in Figures 6 and 7. In Figure 6,
different lines correspond to the various changes in deposi-
tion on a single site, one site a time. Each of these modified
profiles was compared with the original profile and a chi-
square ratio was calculated. The mean chi-square ratios
obtained from this process are shown along the y-axis in
Figure 6.

Figure 7 demonstrates that the chi-square ratio depends not
only on the amount of change (percentage) but also on the
particular CI site where the change is observed. Here, the in-
duction port, with its highest deposition, gives rise to the larg-
est changes in the chi-square ratio, whereas sites with lower
depositions (eg, lines H; compare with Figure 6) are less ca-
pable of influencing the chi-square ratio.

These results showed that for the studied product profiles,
the chi-square ratio statistic was more sensitive to changes
in deposition on sites with high deposition than on sites
with low deposition. In this example, changes in the induc-
tion port (which had the highest mean deposition) caused
much larger increase in the chi-square ratio than for any
subsequent site, by multiple-fold. Contrary to the intuitive
assumption, the chi-square ratio can decrease as the differ-
ence in deposition between the Test and Reference profiles
on a particular stage or accessory component increases. The
underlying reason for this behavior of the test is not clear. In
summary, these results showed that not only how much of a
change, but where the change occurs, can affect the chi-
square ratio statistic. For the studied profiles, the method
was more sensitive to stages with higher deposition than to
stages with lower deposition. The conclusions of this study
are important not from the perspective of particular profiles,
but from the perspective of how the chi-square ratio test
behaves given the specified differences in mean and vari-
ability between Test and Reference.

“Target” Profiles

Through the studies described above, the Working Group also
realized that in order to compare the chi-square ratio test with
any alternative test, it would be necessary to have some
“targets” (ie, profiles that would be a priori pronounced
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“equivalent” (not “equal,” but “sufficiently similar”), as well
as profiles that a priori are pronounced as “failing to show
equivalence.” With a given set of such target profiles, the
Working Group would be able to estimate how consistently
the chi-square ratio (or an alternative) test makes correct
decisions.

A thorough consideration was given to the selection of tar-
get profiles, which included the following points. Just as
the definition of “equivalence” cannot be achieved by sta-
tistics alone, some nonstatistical input is generally needed
at least initially in the selection of the target profiles. Nei-
ther can equivalence be determined in a general way based
on clinical reasoning alone, because clinical performance is
drug-specific, while this test aims to provide an unambig-
uous, objective tool for determining in vitro equivalence.
Therefore, when the Agency was developing the chi-square
ratio method, FDA pharmacologists’ input was used to sug-
gest equivalent differences, or differences that fail to es-

tablish equivalence, and the statisticians helped to translate
that judgment into a numerical critical value. In order to
find a consistent basis for selecting sufficiently similar
or dissimilar profiles (“target profiles”), and preferring to
build on the Agency’s previous work, the Working Group
followed the pathway by which the Agency arrived at the
critical value quoted for albuterol MDI. In this study, the
Working Group used the systematic set of scenarios of in-
terest that had already been developed per the protocol in
Table 1. For each of these scenarios, the performance of the
chi-square ratio test was revealed via simulations defined as
follows:

& Simulations incorporate interstage correlation observed
from absolute recovery data.

& The variation in the simulated data bracketed the varia-
tion observed from the baseline data.

& For each scenario or design point, the chi-square ratio algo-
rithm was applied 1000 times. This means that 30 Test and

Figure 5. Simulated profile for a selected point where the profile has a maximum skewed (Max Skew) shape; a large change in mean
deposition from the first rank-ordered site to the last, the standard deviation (SD) of the first rank-ordered site is at the highest level in
the design space,8 and the coefficient of variation (CV) is constant across the entire profile. Max Skew indicates maximum skewed.
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30 Reference profiles were generated 1000 times, and each
time the profiles were generated, the data were simulated
as if the units were tested from one batch (ie, the total
variation is the within batch variability).

& For each simulation, the 30 Test and 30 Reference profiles
yielded a population of unique triplets of profiles (Test, Ref1,
Ref2). From this population, 500 triplets were sampled,
and the mean ratio of chi-squares obtained. The selection
of 500 triplets and calculation of the mean ratio was re-
peated 300 times, yielding, for each simulation, a distribu-
tion of 300 means. From this distribution of 300 means,
4 summary statistics were reported: the 50th percentile,
the 90th percentile, the 95th percentile, and the mean.
This entire process was repeated 1000 times, resulting in
a distribution of 1000 90th percentiles, 1000 95th percen-
tiles, and so forth.

& For each of the 4 summary statistics listed above, the en-
tire distribution across the 1000 simulations was reported.

& The assessment of stability of the chi-square ratio was
primarily focused on understanding how changes across

the design space influence the location and shape of the
distributions resulting from 1000 applications of the chi-
square ratio algorithm.

& Second, the assessment explored options for determining
critical values. Selection of a critical value should incor-
porate understanding both the location and shape of the
distributions resulting from the simulations. This increased
understanding will (1) highlight additional areas within this
design space (or more complicated design spaces) that need
further investigation; and (2) eliminate certain regions of
the design space from further investigation.

& The information gathered from this initial protocol will
help determine what designs should be considered next
when investigating changes across multiple impactor de-
position sites.

Finally, the performance of the chi-square ratio test under each
scenario was compared with the predetermined assignment
of equivalent profiles, which was provided by FDA scien-
tists. In other words, based on an independent FDA estimate

Table 1. Scenarios Studied Initially, Involving Combinations of Changes in the Mean Profile of the Test Population and Changes in the
Levels of Test and Reference Variability*

Types of Changes Levels Studied in Initial Scenarios

Changes in the Test population mean profile The following levels of change in the Test population mean were studied:
1. No change
2. 10% increase for 1 site with high recovery
3. 10% increase for 1 site with medium recovery
4. 10% increase for 1 site with low recovery
5. 100% increase for 1 site with high recovery
6. 100% increase for 1 site with medium recovery
7. 100% increase for 1 site with low recovery

Definitions of high, medium, and low recovery sites are dependent on product
type and are guided by analysis of industry data and additional sources.
Recoveries on the other stages and sites are decreased in proportion to the
percentage deposited at that site.

Changes in the levels of Test and Reference
population variability

A “Mid” level of variation is the estimated RSD associated with a particular
site from the observed data profiles. The “Low” level represents half the
estimated RSD from each site, while the “High” level represents a tripling of
the estimated RSD. The estimated RSD associated with a particular site reflects
the total variability from the observed data.
The following combinations were studied:

1. Reference variation Low, Test variation Low
2. Reference variation High, Test variation Low
3. Reference variation Low, Test variation High
4. Reference variation High, Test variation High
5. Reference variation Mid, Test variation Mid

Changes in both mean and variability, which
resulted in the combined studied scenarios

Based on the above design in which the 5 levels of Test and Reference
population variability are paired with the 7 levels of changes in the mean
profiles, a total of 35 scenarios were considered. Three additional combinations
were added to investigate midpoint changes: 50% increase in the Test
population mean with mid levels of Test and Reference variability across low,
medium, and high recovery sites. The 3 additions bring the total number of
scenarios to 38. The spaghetti plots and corresponding statistics for these
38 scenarios are available on the PQRI Web site.8

*RSD indicates relative standard deviation.
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of equivalence for the purpose of this exercise, the Working
Group has been able to see how often the chi-square ratio test
can arrive at the same answers regarding equivalence as those
predetermined by FDA scientists. In the end, the probability,
or frequency, of accurate decisions made by the test should
help decide whether the test is fit for the intended purpose.

RESULTS AND DISCUSSION

Outcome of Protocol Investigations

By the end of 2004, the Working Group completed its inves-
tigations as described above. The obtained set of realistic
simulated scenarios and detailed information about their ba-
sic statistics is publicly available on the PQRI Web site.8

A chi-square ratio statistic was calculated 300,000 times for
each of these scenarios as explained in the previous section.
From these calculations, a distribution of the various per-
centiles of the chi-square ratio metric was obtained; and the
central tendency and spread of these percentiles were visu-
ally presented as box-and-whisker plots. An examination
of these plots showed that it would be difficult to select
a critical value of the chi-square ratio that could consis-
tently separate equivalent profiles from those failing to show
equivalence. This difficulty can be observed in the overlap of
the 95th percentile’s distributions for some scenarios.11-14

The conducted systematic analysis also revealed that at
least in some situations, the chi-square ratio statistic has
differing sensitivity depending on the size fractions where
changes occur. As illustrated by the curves in Figure 7, the
greatest sensitivity (discriminating power) has being
observed for changes in that portion of the APSD profile
that has no relevance for “respirable fraction” of the inhaled
drug (related to efficacy), although it might have relevance

Figure 6. Mean chi-square ratios for a concept study, where Test and Reference differed on a single cascade impactor (CI) site
represented on the x-axis (rank-ordered from highest to lowest mean deposition). IPH indicates induction port; ACT, actuator; AA,
additional accessories. CI stages are identified by their nominal size cutoffs.

Figure 7. Mean chi-square ratio versus percentage change of site
recovery for the “single-site change” concept study. Each curve
corresponds to the change on a single site (same notation as in
Figure 6). The amount of change is shown on the x-axis. The
resultant mean chi-square ratio is shown on the y-axis.
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for the swallowed portion (related to safety). The over-
powering effect of the sites with high deposition (such the
CI throat or preseparator) leads to the limited ability of the
test to detect differences between profiles that were deemed
significant in an independent assessment by an internal
FDA team involving chemists, statisticians, pharmacolo-
gists, and application reviewers.15

Based on these results and observations, in early 2005 the
conclusion was reached that the chi-square ratio test by
itself is not sufficiently discriminating, as in some scenarios
the test declared “equivalent” profiles that in the FDA’s
judgment should be regarded as “failing to show equiva-
lence.” To enhance the discrimination of the chi-square
ratio test, the FDA participants on the Working Group pro-
posed adding an impactor-sized mass (ISM) test as part of
the in vitro profile comparison test. Impactor-sized mass
(ISM) was defined by the Working Group as the sum of the
drug mass on all stages of the cascade impactor plus the
terminal filter, but excluding the initial stage because of its
lack of a specified upper cut-off limit. The form, properties,
and criteria for this test are being explored by the full Work-
ing Group. In this ongoing new work, the Working Group is
also looking at more complex and realistic scenarios than
those involving only a change in deposition on a single site.

During the Working Group’s discussion, a question has
been raised whether a different statistical test, not based on
the chi-square ratio, could prove more suitable. To date no
such test has been proposed within or to the Working Group.
For an alternative test to be considered a viable replacement
of the currently contemplated tests, it would have to dem-
onstrate superior consistency in making correct decisions
and would have to meet the same design objectives; namely,
taking into account deposition on each of the sites indi-
vidually and rewarding the Test product for lower vari-
ability than the Reference product. Any such test, when and
if proposed, should be evaluated using the tools and models
that have been used to evaluate the chi-square ratio test, as
reported here.

Ongoing and Future Work

Investigations of Realistic Scenarios

From early 2005, the Working Group has focused on 2 main
objectives: (1) developing a new protocol for generating sce-
narios that would be more realistic than the simpler-case
scenarios described above, which were based on the changes
introduced on a single site, and (2) investigating the pro-
posed additional test (ISM) in combination with the chi-
square ratio test using the new scenarios. As with the first
protocol, the Working Group, with input from the FDA par-
ticipants, will determine which of the new scenarios represent
“sufficiently similar profiles.” Based on this a priori deter-

mination, the chi-square ratio test supplemented with an
ISM test will be evaluated using the already developed sta-
tistical tools and techniques. A report about results of these
investigations will be prepared and publicized in the near
future.

Testing Design

Cascade impactor results are known to be highly dependent
on the particular impactor type, model, and configuration,
the physical condition of the particular unit on which the
testing is performed, operator skills, environmental condi-
tions, and sample preparation—to name just a few main
factors.16-18 To prevent such non–product-related variability
from influencing the comparison, crossover designs should
be followed for APSD profile comparisons similar to the
crossover designs used in clinical studies to address subject-
to-subject variability. In the current context, the crossover de-
sign would prescribe how the Test and Reference products
and impactors should be arranged in cohorts and tested con-
temporaneously (ie, each Test/Reference pair is to be tested by
the same analyst, on the same impactor, on the same day),
in order to address variations that are irrelevant to the prod-
uct. These and other considerations related to testing design
will be addressed by the Working Group and will become
part of the final recommendations.

Critical Value

A critical value for defining equivalence should be based
on both clinical and quality considerations. However, no
generally predictive correlation has been shown between
cascade impactor profiles and clinical response.19 Statistics
alone cannot determine the selection of target profiles, just
as statistics alone cannot define what is meant by “equiva-
lence” in a given context. Therefore, the critical value for
equivalence will be defined in terms of product quality with
input from the FDA. Given an outside definition of equiva-
lence (eg, based on clinical or quality considerations), statis-
tical tools could be developed that test for such equivalence
with desired levels of sensitivity, discrimination, and con-
fidence. Using the conceptual and statistical tools devel-
oped by the Working Group as described above, and given
an indication of “sufficiently similar” target profiles, the
Working Group will have an objective way for setting criti-
cal values or at least will provide some recommendations
regarding the critical values.

Stage Width Adjustment

During the Working Group’s discussions, the issue was con-
sidered of whether the cascade impactor data on stages
need to be normalized to unit size interval in order to account
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for different stage widths.20 In light of the FDA focus on
component-to-component comparisons rather than on con-
tinuous density models, the Working Group did not pur-
sue this line of investigation. Two members of the Working
Group subsequently studied this issue independently from
the Working Group.21 Future investigations of an optimal
profile comparisons test may want to consider the stage
width adjustment in order to improve statistical properties
and generalizability of the test. This work, however, is out-
side the scope of the current PQRI Working Group.

CONCLUSIONS

The PQRI process has been an effective way to investigate
and build broad consensus on such a complicated regulatory
and scientific issue as a statistical method for comparing
aerodynamic particle size distribution profiles of pharma-
ceutical aerosol products. The properties of the test in the
draft guidance have been characterized, features important
to industry and regulators have been clarified, and the devel-
opment of an improved approach has been made possible.

The studies reported here have shown that the chi-square
ratio statistic is more sensitive to changes on cascade im-
pactor sites with higher deposition and less sensitive to
changes on sites with lower deposition. As a result, this test
may not always detect differences in APSD profiles that
could be significant from the patient’s perspective. To
augment the discriminating power of the chi-square ratio
test, an additional test for impactor-sized mass as evaluated
by Population Bioequivalence methods was proposed and
is being investigated.
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