Statistical Comparison of Particle Size Distribution Profiles
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In the OINDP TC development of a profile comparisons approach, the mass of drug deposited at each deposition site is normalized as a percentage of the total mass of drug on all deposition sites.  The profile is represented by the distribution of the percentages at the sites.  Four procedures were identified as candidates for evaluation of difference/similarity between test and reference canisters.  Three of the procedures are based on the cumulative mass percentages and one procedure is based on the difference in the mass percentage of particles deposited on the stage.  For illustration purpose, we use the following notation. Let

PTj and PRj denote the percentage deposition on the j-th site of the cascade impactor of test and reference canisters respectively;

CTj and CRj denote the cumulative percentage of individual site percentages up to the j-th site of test and reference canisters respectively, i.e.
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Measurements of PSD Profile Difference/Similarity

Assuming that the total number of stages is J, the four difference/similarity measures in profile distribution between one test canister and one reference canister are defined:

Mean Absolute Difference (ABD), MADTR = (
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Mean Square Difference, MSDTR = 
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Similarity factor, f2, TR = 
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Chi-square Statistic, DTR = 
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Both MAD and MSD are functions of distance measurements in Euclidean space.  Their statistical properties are not well-defined.  The similarity factor has been used as a similarity measurement of two dissolution profiles.  Its properties are well studied (
, 
, 
).  The chi-square statistic is often used to test the significance of the difference between multinomial distributions.  When the two distributions are identical, DTR is distributed according to a chi-square distribution with degrees of freedom J-1.  The properties of DTR have been well studied (
).  With two different multinomial distributions, DTR follows a non-central chi-square distribution with degrees of freedom J-1.  Often the value of the non-central parameter is estimated with the data.  Note that when drug deposition on the j-th site of both T and R is zero, i.e., PTj = PRj = 0, then (PTj - PRj)2/(PTj - PRj) is defined to be zero, (i.e., 0).

Measurements of PSD Profile Difference/Similarity Between Test and Reference Canisters Compared To Variation Between Reference Canisters

The equivalence measurement based on the four difference/similarity measurements can be defined as follow.

Ratio of Mean Absolute Difference, RMADTR = MADTR/MADRR

Ratio of Mean Square Difference, RMSDTR = MSDTR/MSDRR
Ratio of f2, Rf2 = f2, TR/ f2, RR
Ratio of Chi-squares, RDTR = DTR/DRR,

where the subscript RR indicates the difference/similarity measure of two reference canisters.  It is clear that RMADTR, RMSDTR and RDTR are larger than one when the PSD profile difference between test and reference canisters is larger than the difference between two reference canisters.  They increase monotonically when the difference between the two profiles of test and reference canisters increases.  Conversely, under the same circumstance, Rf2 will be less than 1.  It decreases monotonically when the difference between PSD profiles of the test and reference canisters increases.  These properties suggest that all four ratios have good potential to discriminate similar and less than similar products.

Theoretically, when the true PSD of test and reference products are identical and all observations of all three canisters (one test and two reference canisters) are independent, the sampling distribution of RDTR is an F-distribution with degrees of freedom J-1, J-1.  The F-distribution is the ratio of two variables of chi-square distributions, each with J-1 degrees of freedom.  Otherwise when the true PSD of T and R are not identical, it is a non-central F-distribution with (J-1, J-1) degrees of freedom (
).  The non-central parameter is determined by the difference of the two multinomial distributions.  The sampling distributions of the other three ratios, RMADTR, RMSDTR , and Rf2, were never studied under the same conditions.

Note that when the observed particle size distributions of two different reference canisters are identical, all four ratios are undefined.  Theoretically, the probability of such case to occur is zero if the measurements of the PSD are precise enough.  In practice, we may have to discard the ratio when the two reference canisters are identical in their distributions.

Sample Mean and Confidence Interval

Now consider a triplet of one test canister and two reference canisters, (T, R, R’) such that the observed PSD profiles of R and R’ are not identical.  In this case, the ratios can be modified as follows:

RMADTR = MADTR*/MADRR’ 

RMSDTR = MSDTR*/MSDRR’

Rf2 = f2, TR*/f2, RR’

RDTR = DTR*/ DRR’,

For the terms involving subscript R*, PRj and CRj are replaced by PR’j and CR*j in the computation, where PR’j equals the average percentage deposition on the j-th site of the cascade impactor of the two reference canisters R and R’, and CR*j equals the cumulative average percentages up to the j-th site of the two reference canisters,
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The expected value of any of the four ratios can be estimated by a sample of triplets using the sample mean and a confidence interval. 

In general, the data from the cascade impactor experiment are not collected as paired or triplet observations.  For practical purposes, we have 3 lots each of test and reference products.  A random sample of ten canisters per lot is collected.  The triplets can be generated by randomly selecting one test canister from the 30 test canisters and two reference canisters from the 30 reference canisters without replacement.  

Let (Ti, Ri, Rj’) denote the i-th triplet (restricted to Ri ( Rj’) of I triplets.  The sample means of these I triplets are: 
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Since the sampling distributions of the four ratios are either undefined or depend on a non-central parameter for estimation, a simple alternative approach is to generate the bootstrapped sampling distribution.  It can be carried out by repeatedly generating I triplets.  Say, K triplets (with the restriction that R ( R’) are randomly generated with replacement.  With the sample mean ratio of the k (=1, …, K)–th sample denoted by
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the lower and upper 100(-th percentiles of the K sample mean ratios form the 1 - ( bootstrapped confidence interval.  

Decision Rule

The decision rule of in vitro equivalence in PSD profile using either RMADTR, RMSDTR or RDTR is that the test product is equivalent in PSD profile to the reference product if the upper limit of the confidence interval of the expected value of RMADTR, RMSDTR or RDTR is smaller than a pre-specified critical limit, (RMAD, (MMSD or (RD, respectively.  With Rf2, the test product is equivalent in PSD profile to the reference product when the lower limit is greater than its critical value (f2.

Determination of Critical Values

The OINDP TC proposed to determine the critical values of the ratios based on simulation studies of test and reference products of identical expected PSD profile but with small or moderate variation differences at each stage.  In addition, the TC also simulated data for products with different mean deposition profiles and specified variability at each deposition site.  Based on their early simulation studies with I =30 and K=100 using small, moderate and large variations, they found that RDTR is most discriminative when the variation of test product is larger than the reference product.  The power of discrimination is also most consistent for the variation changes.


An implementation of the chi-square ratio algorithm 
by the PQRI APSD Profile Comparisons Working Group


	For each simulation at a particular design point, the following steps will be followed in implementing the chi-square algorithm:

1. From the 30 Reference product profiles and 30 Test product profiles, randomly select with replacement, 500 "triplets," each triplet consisting of two Reference product profiles (Ref#1 and Ref#2 where Ref#1 and Ref#2 are different profiles) and one Test product profile (Test). 

2. For each triplet calculate the following for each stage of the profile (i.e., throat, filter, stage1, stage 2, etc.):

· Average Ref = (Ref #1 + Ref #2)/2

· Test, Ref Difference = Test – Average Ref

· Average Test, Ref = (Test + Average Ref)/2

· Test, Ref Deviation = (Test, Ref Difference)2 /Average Test, Ref

· Ref, Ref Deviation = (Ref, Ref Difference)2 /Average Ref

3. For each triplet calculate:

· Chi-sq(Test:Ref) = Sum of Test, Ref Deviations for all stages

· Chi-sq(Ref:Ref) = Sum of Ref, Ref Deviations for all stages

· Chi-square Ratio = Chi-sq(Test:Ref) / Chi-sq(Ref:Ref)

· This can be depicted in equation form as the following :
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where 
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and
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= the number of deposition sites of the profile

· NOTE 1: If 
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 are both 0 at a particular site, then the component in the denominator associated with that particular site will be assigned a 0.

· NOTE 2: The algorithm will be applied to data calculated in terms of percent total deposition.

4. Then calculate:

· Mean Chi-square Ratio = Mean of the 500 Chi-square Ratios

5. Repeat steps 1 through 4 no fewer than 300 times to obtain a distribution of 300 Mean Ratios

6. From this distribution of 300 Mean Ratios, report the metric  (e.g., the 95th percentile) used for comparison to a critical value..  For the purposes of this project 4 summary statistics, the 50th percentile, the 90th percentile, the 95th percentile, and the mean were considered in evaluations.
7. Repeat steps 1 through 6 no fewer than 1000 times in order to assess the performance of the test. 
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