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IPAC-RS Mission: To enhance the quality and 
availability to patients of orally inhaled and nasal 
drug products (OINDP) through scientifically 
driven advancements related to development and 
regulation of these products.

http://www.ipacrs.com/
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IPACIPAC--RS Member CompaniesRS Member Companies

3M3M

AbbottAbbott

AstraZenecaAstraZeneca

BoehringerBoehringer--IngelheimIngelheim

ChiesiChiesi

GlaxoSmithKlineGlaxoSmithKline

MannKindMannKind CorporationCorporation

Merck Merck 

NovartisNovartis

PfizerPfizer

TevaTeva

VecturaVectura

Associate Supplier Members 

Bespak, Rexam, SHL Group, Valois, West
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Analytical Method Development Analytical Method Development 

Bioequivalence Workshop Bioequivalence Workshop 
Organizing Committee Organizing Committee 

Cascade Impaction and Cascade Impaction and 
Aerodynamic Particle Size Aerodynamic Particle Size 
Distribution (APSD) TestingDistribution (APSD) Testing

Delivered Dose Uniformity Delivered Dose Uniformity 
Parametric Tolerance Interval Parametric Tolerance Interval 
Testing Testing 

Device (design, risk assessment Device (design, risk assessment 
of changes, relationship between of changes, relationship between 
device and product manufacturer)device and product manufacturer)

International Industry Coordination International Industry Coordination 
Group (IICG)Group (IICG)

OINDP MaterialsOINDP Materials

Patient AdherencePatient Adherence

Regulatory Roundtable/Conference Regulatory Roundtable/Conference 
Organizing CommitteeOrganizing Committee

Risk ManagementRisk Management

Supplier Quality ControlSupplier Quality Control

Leachables and Extractables Leachables and Extractables 
(L&E) Thresholds/Best Practices(L&E) Thresholds/Best Practices

L&E Development ParadigmL&E Development Paradigm

QualityQuality--Clinical CorrelationsClinical Correlations

Stability Shelf Life /PQRIStability Shelf Life /PQRI

Current IPACCurrent IPAC--RS InitiativesRS Initiatives
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OutlineOutline

1.1. IntroductionIntroduction

2.2. Verification of Concept by Analysis of Verification of Concept by Analysis of 

IPACIPAC--RS OIP APSD DatabaseRS OIP APSD Database

3.3. Comparison of Visual Outlier to Mean ValuesComparison of Visual Outlier to Mean Values

4.4. Prospective Experimental Studies to Estimate Prospective Experimental Studies to Estimate 

the Precision of Various APSD Measurementsthe Precision of Various APSD Measurements

5.5. Proposed Strategy for Applying Cascade Proposed Strategy for Applying Cascade 

Impaction Measurements during a Product Impaction Measurements during a Product 

LifecycleLifecycle
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Study BackgroundStudy Background

Goal: Investigate alternative methods that are Goal: Investigate alternative methods that are 
better able to detect changes in APSDbetter able to detect changes in APSD for for 
Quality Control (QC) purposes Quality Control (QC) purposes 
–– An elaboration of the proposed “grouped stages” An elaboration of the proposed “grouped stages” 

approach, with some refinementsapproach, with some refinements

The approach was refined through a comparison The approach was refined through a comparison 
of metrics performance by assessing CI results of metrics performance by assessing CI results 
from an IPACfrom an IPAC--RS databaseRS database
–– Database includes >3600 APSD results submitted by Database includes >3600 APSD results submitted by 

industry spanning many products and different industry spanning many products and different 
dosage formsdosage forms
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SummarySummary

An improved approach for control of An improved approach for control of 

APSD QC changes is being proposed, APSD QC changes is being proposed, 

with two separate and independent with two separate and independent 

metrics:metrics:

–– A metric sensitive to changes in the mean A metric sensitive to changes in the mean 

–– A metric sensitive to changes in the area A metric sensitive to changes in the area 

under the APSD curveunder the APSD curve
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QC Testing of QC Testing of OIPsOIPs

Purpose of QC testing  is to provide Purpose of QC testing  is to provide 

assurance that a batch (of inhalers) is of assurance that a batch (of inhalers) is of 

acceptable qualityacceptable quality[1][1].  .  

APSD measurements supporting QC are APSD measurements supporting QC are 

intended to confirm aerosol particle size intended to confirm aerosol particle size 

characteristics characteristics 

[1][1] FDA. Guidance for Industry PAT FDA. Guidance for Industry PAT —— A Framework for Innovative Pharmaceutical Development, ManufactA Framework for Innovative Pharmaceutical Development, Manufacturing, and Quality uring, and Quality 
Assurance. 2004. Assurance. 2004. http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryIhttp://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM070305.pdfnformation/Guidances/UCM070305.pdf
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APSDsAPSDs: Product Characterization : Product Characterization 

vs. Quality Controlvs. Quality Control

During development, obtaining the fullDuring development, obtaining the full--resolution resolution 
APSD profile is a useful way to characterize the APSD profile is a useful way to characterize the 
product, but distinct from the QC purpose.product, but distinct from the QC purpose.

Purpose of QC testing is to make a decision on Purpose of QC testing is to make a decision on 
the suitability of a batch the suitability of a batch 

QC tests need to be fast, accurate, highQC tests need to be fast, accurate, high--
precision (i.e., high sensitivity), highprecision (i.e., high sensitivity), high--throughput  throughput  
and with a clear link to underlying changesand with a clear link to underlying changes

Current multiCurrent multi--stage impactor based QC testing is stage impactor based QC testing is 
less than ideal  less than ideal  

Simplified APSD testing and metrics are Simplified APSD testing and metrics are 
desirabledesirable
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Potential Changes to APSDPotential Changes to APSD

Significant changes to APSD can be expected to Significant changes to APSD can be expected to 
impact either the distribution mean or the area impact either the distribution mean or the area 
under the distribution (AUC) or bothunder the distribution (AUC) or both
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Detecting Changes in APSDDetecting Changes in APSD

Conventional stage groupingConventional stage grouping approach attempts approach attempts 
to detect changes in the APSD by setting to detect changes in the APSD by setting 
several interseveral inter--dependentdependent (i.e., confounded) (i.e., confounded) 
requirements on several subrequirements on several sub--sections of the sections of the 
APSDAPSD

An alternative approach sets two An alternative approach sets two separate and separate and 
independentindependent requirements requirements 
–– A metric sensitive to changes in the mean A metric sensitive to changes in the mean 

–– A metric sensitive to the area under the APSDA metric sensitive to the area under the APSD
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Proposed ApproachProposed Approach

Divide distribution into two portions: Large Particle Divide distribution into two portions: Large Particle 
Mass (LPM) and Small Particle Mass (SPM)Mass (LPM) and Small Particle Mass (SPM)
–– Select boundary @~MMAD to maximize sensitivity to Select boundary @~MMAD to maximize sensitivity to 

APSD changesAPSD changes

Calculate Calculate ratioratio of these two portions (LPM/SPM) of these two portions (LPM/SPM) 
–– The ratio should be sensitive to movement in meanThe ratio should be sensitive to movement in mean

Calculate Calculate sumsum of LPM + SPM [aka impactorof LPM + SPM [aka impactor--sized sized 
mass (ISM)]  mass (ISM)]  
–– The sum of all sized stages should be sensitive to Area The sum of all sized stages should be sensitive to Area 

Under the Curve (AUC) Under the Curve (AUC) 

The combination of these two separate and The combination of these two separate and 
independent metrics can detect any significant independent metrics can detect any significant 
change in APSDchange in APSD
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Definition of TermsDefinition of Terms
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Proposed Metrics Are Compatible Proposed Metrics Are Compatible 

with Abbreviated Impactor with Abbreviated Impactor 

Measurement (AIM)Measurement (AIM)

The proposed metrics could be derived from any The proposed metrics could be derived from any 

CI measurement.  However, an operational CI measurement.  However, an operational 

advantageadvantage of the proposed metrics is that they of the proposed metrics is that they 

do not require a full resolutiondo not require a full resolution multimulti--stage stage 

impactorimpactor

–– Requires only a twoRequires only a two--stage impactor that divides stage impactor that divides 

APSD roughly in half (i.e., at MMAD)APSD roughly in half (i.e., at MMAD)

–– This makes OIP inhaler aerosol assessments  This makes OIP inhaler aerosol assessments  

amenable to amenable to Abbreviated Impactor MeasurementAbbreviated Impactor Measurement

(AIM) Concept(AIM) Concept
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Existing Approaches to AIMExisting Approaches to AIM
�

Copley Short-Stack Fast
Screening Andersen Impactor

Westech Short-Stack
Fine Particle Dose Impactor

MSP Fast Screening
Impactor

Reduced NGI (R-NGI)
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Advantages of AIMAdvantages of AIM

The time required to obtain the pertinent The time required to obtain the pertinent 

metrics is greatly reduced.  metrics is greatly reduced.  

AIMAIM--based measurements make based measurements make 

possible more statistically powerful possible more statistically powerful 

designs for evaluating product quality designs for evaluating product quality 

–– Due to increased number of samples that Due to increased number of samples that 

can be assessed within a fixed timeframe.can be assessed within a fixed timeframe.
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Advantages of AIM (cont)Advantages of AIM (cont)

By reducing the number of manipulations By reducing the number of manipulations 
required to make a measurement, AIMrequired to make a measurement, AIM--based based 
methods should decrease the chances of methods should decrease the chances of 
operatoroperator--related errors. related errors. 

AIM is more amenable to automation than multiAIM is more amenable to automation than multi--
stage impactorsstage impactors

The use of less solvent for API recovery and The use of less solvent for API recovery and 
quantitation is more environmentally friendly in quantitation is more environmentally friendly in 
the context of the emerging discipline of green the context of the emerging discipline of green 
chemistry. chemistry. 
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2. Verification of Concept 2. Verification of Concept 

by Analysis of by Analysis of 

IPACIPAC--RS OIP APSD RS OIP APSD 

DatabaseDatabase
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Measurements of AUC are directly obtainable as Measurements of AUC are directly obtainable as 
the sum of LPM and SPM (ISM)the sum of LPM and SPM (ISM)

The ability to detect differences in mean were The ability to detect differences in mean were 
evaluated by examining the degree of evaluated by examining the degree of 
correlation of LPM/SPM ratios with MMAD. correlation of LPM/SPM ratios with MMAD. 

Eight diverse Eight diverse OIPsOIPs were studied and encompass were studied and encompass 
the following major product types:the following major product types:
–– HFAHFA--solution MDIsolution MDI

–– CFCCFC--suspension MDIsuspension MDI

–– HFAHFA--suspension MDIsuspension MDI

–– DPIDPI
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APSD Profiles of Eight Products Used to APSD Profiles of Eight Products Used to 

Evaluate LPM/SPM and ISM MetricsEvaluate LPM/SPM and ISM Metrics
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MethodsMethods

MMADsMMADs were determined for each individual CI determinationwere determined for each individual CI determination
–– Based on the MorganBased on the Morgan--MercerMercer--FlodinFlodin (MMF) model(MMF) model[2][2]

–– Does not require assumption of the logDoes not require assumption of the log--normal distribution and normal distribution and 
provides a better fit to the observed data than the USP method.provides a better fit to the observed data than the USP method.

Linear regression analyses were performed on LPM/SPM Linear regression analyses were performed on LPM/SPM 
versus MMAD, stage groupings versus MMAD, LPM/SPM versus MMAD, stage groupings versus MMAD, LPM/SPM 
versus ISM and stage groupings versus ISM.versus ISM and stage groupings versus ISM.
–– Stage groupings were selected based on the authorsStage groupings were selected based on the authors’’ prior prior 

experience with similar products and are experience with similar products and are consistent with FDA with FDA 
guidance documents.guidance documents.

–– The goodness of fit of these models was evaluated by both the The goodness of fit of these models was evaluated by both the 
conventional coefficient of determination (R2) and the Root conventional coefficient of determination (R2) and the Root 
Mean Square Error (RMSE) divided by the slope of the Mean Square Error (RMSE) divided by the slope of the 
regression.  The latter statistic projects the variability arounregression.  The latter statistic projects the variability around the d the 
regression line onto the abscissa and thus reflects the error inregression line onto the abscissa and thus reflects the error in
estimating estimating MMADsMMADs. . 

[2][2] D. Christopher, M. Dey, S. Lyapustina, J. Mitchell, S. Stein, T.D. Christopher, M. Dey, S. Lyapustina, J. Mitchell, S. Stein, T. Tougas, M. Van Oort.  Alternative Tougas, M. Van Oort.  Alternative 
Approaches For MMAD Determination. Poster presented at the IPACApproaches For MMAD Determination. Poster presented at the IPAC--RS Conference 2008. RS Conference 2008. 
http://ipacrs.com/PDFs/Posters/Alternative%20MMAD.pdfhttp://ipacrs.com/PDFs/Posters/Alternative%20MMAD.pdf (Accessed January 12, 2009)(Accessed January 12, 2009)
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Selection of Boundary between LPM Selection of Boundary between LPM 

and SPMand SPM

To date defining fine and coarse particle mass/fraction was To date defining fine and coarse particle mass/fraction was 
considered loosely from a physiological perspective [3]considered loosely from a physiological perspective [3]

By contrast, the purpose here is to detect quality changes in By contrast, the purpose here is to detect quality changes in 
APSD. APSD. Therefore the LPMTherefore the LPM--SPM boundary is selected to SPM boundary is selected to 
maximize sensitivity to changes.maximize sensitivity to changes.

Theoretically, sensitivity is greatest when the distribution is Theoretically, sensitivity is greatest when the distribution is 
equally divided between large and small particle mass (i.e., at equally divided between large and small particle mass (i.e., at 

MMAD; LPM/SPM of unity)MMAD; LPM/SPM of unity)

To verify, regressions were obtained for all eight  products witTo verify, regressions were obtained for all eight  products with h 
boundaries selected between all stages for each productboundaries selected between all stages for each product

Results confirm highest sensitivity when LPM/SPM is about 1Results confirm highest sensitivity when LPM/SPM is about 1..0  0  

[3] Regional particle deposition processes in the respiratory tr[3] Regional particle deposition processes in the respiratory tract, though  sizeact, though  size--selective are selective are 

not sharply so (not sharply so (Heyder, J., J. Gebhart, G. Rudolf, et al. 1986. Deposition of particles in the 
human respiratory tract in the size range 0.005–15 micron. J. Aerosol Sci. 17:811–825.)
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Selection of Size BoundarySelection of Size Boundary
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NOTE: The 
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the better

Results confirm highest sensitivity when LPM/SPM is about 1.0 (MMAD)
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Linear Regression Analysis:Linear Regression Analysis:

LPM/SPM vs. MMADLPM/SPM vs. MMAD

��������� Product Type 
CI 

runs 
(n) 

Optimum 
Boundary 
(microns) 

Avg. 
MMAD 

(microns) 

Slope 
(b) 

RMSE* 

Coefficient of 
Determination 

R2 
(%) 

RMSE/b 
(microns) 

������ �

HFA 
Suspension 

MDI 
80 4.7 3.91 0.407 0.0162 96.4% 0.040 

������ �

HFA 
Suspension 

MDI 
39 3.3 2.57 0.4959 0.0350 93.4% 0.071 

������ �
HFA Solution 

MDI 
201 2.1 1.5 0.7155 0.0421 96.2% 0.059 

������ �
Dry Powder 

Inhaler 279 3.3 2.66 0.4319 0.0201 83.0% 0.047 

������ �
Dry Powder 

Inhaler 279 2.0 2.59 2.3831 0.1278 84.3% 0.054 

������ �

CFC 
Suspension 

MDI 
43 2.1 2.54 2.4548 0.0872 95.5% 0.036 

������ �

CFC 
Suspension 

MDI 
272 3.3 3.54 1.6127 0.0330 97.3% 0.020 

������ �

CFC 
Suspension 

MDI 
272 3.3 2.86 0.7046 0.0198 95.8% 0.028 

 

*Root Mean Square Error = better = better

For further discussion, see Tougas et el, AAPS PharmSciTech (in press)
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Summary of LRA ResultsSummary of LRA Results

LPM/SPM vs. MMADLPM/SPM vs. MMAD

Strong correlation between LPM/SPMStrong correlation between LPM/SPM and and 

MMADMMAD

–– RR22 ranged from 83.0% to 97.3%ranged from 83.0% to 97.3%

–– All slopes positiveAll slopes positive

RMSE/b values suggest that MMAD shifts RMSE/b values suggest that MMAD shifts 

ofof the order of 0.1the order of 0.1--0.2 microns could be 0.2 microns could be 

reliably detectedreliably detected
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Example Linear RegressionsExample Linear Regressions

LPM/SPM vs. MMADLPM/SPM vs. MMAD
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Regression Analysis and Goodness of Fit Statistics for Regression Analysis and Goodness of Fit Statistics for 

Stage Groupings versus MMAD: Stage Groupings versus MMAD: Products 1 to 4Products 1 to 4

Filecode Product Type 
Stage 

Grouping 
Slope (b) RMSE* 

Coefficient of 
Determination 

R2 
(%) 

RMSE/b 
(microns) 

>9.0 22.1 4.69 48.2 0.212 

9.0-4.7 12.3 1.28 79.4 0.104 

4.7-2.1 -2.93 2.56 5.2 -0.874 
w9k201 

HFA Suspension 
MDI 

<2.1 -2.81 0.986 25.5 -0.351 

>9.0 3.25 5.72 0.5 1.760 

9.0-3.3 8.57 0.624 74.5 0.073 

3.3-1.1 11.3 3.55 13.6 0.314 
w9j901 

HFA Suspension 
MDI 

<1.1 0.096 0.767 0.0 7.990 

>9.0 21.8 9.04 33.9 0.415 

9.0-3.3 5.21 1.08 67.0 0.207 

3.3-1.1 2.53 6.10 1.0 2.411 
w9j801 

HFA Solution 
MDI 

<1.1 -24.1 3.28 82.5 -0.136 

>8.6 -9.98 6.09 2.8 -0.610 

8.6-4.4 8.58 0.733 59.2 0.085 

4.4-1.1 13.1 4.42 8.5 0.337 
w9jk01 

Dry Powder 
Inhaler 

<1.1 0.391 0.960 0.2 2.455 
 

*Root Mean Square Error = better = better
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Regression Analysis and Goodness of Fit Statistics for Regression Analysis and Goodness of Fit Statistics for 

Stage Groupings versus MMAD: Products 5 to 8Stage Groupings versus MMAD: Products 5 to 8

Filecode Product Type 
Stage 

Grouping 
Slope (b) RMSE* 

Coefficient of 
Determination 

R2 
(%) 

RMSE/b 
(microns) 

>8.6 0.990 5.85 0.2 5.909 

8.6-4.4 18.0 1.43 91.8 0.079 

4.4-1.1 -10.2 3.47 37.7 -0.340 
w9k901 

Dry Powder 
Inhaler 

<1.1 -1.34 0.43 13.4 -0.317 

>9.0 2.02 8.93 0.1 4.421 

9.0-4.7 2.30 0.376 50.1 0.163 

4.7-1.1 0.09 4.03 0.0 44.778 
w9j601 

CFC 
Suspension 

MDI 

<1.1 -1.71 0.413 31.5 -0.242 

>10 11.3 3.78 12.0 0.335 

10-4.7 14.9 1.52 59.4 0.102 

4.7-2.1 -2.68 3.49 0.9 -1.302 
w9k001 

CFC 
Suspension 

MDI 

<2.1 -9.54 1.02 57.1 -0.107 

>10 7.62 2.97 10.6 0.390 

10-4.7 9.65 1.01 62.3 0.105 

4.7-2.1 5.68 3.19 5.4 0.562 
w9kw01 

CFC 
Suspension 

MDI 

<2.1 -18.0 1.29 77.9 -0.072 
 

*Root Mean Square Error = better = better
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Take Home Message from Preceding Take Home Message from Preceding 

TablesTables

The two proposed metrics The two proposed metrics -- sum and ratio sum and ratio 

of LPM and SPM of LPM and SPM –– are by themselves are by themselves 

sufficient to detect changes in AUC and sufficient to detect changes in AUC and 

MMAD MMAD 

Conventional stage groupings have limited Conventional stage groupings have limited 

predictive valuepredictive value
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Better Tool for Decision MakingBetter Tool for Decision Making

Independent metrics track basic, fundamental Independent metrics track basic, fundamental 
properties separately.properties separately.

Confounded metrics are influenced by several Confounded metrics are influenced by several 
factors at once, with the ultimate effect being factors at once, with the ultimate effect being 
unpredictableunpredictable..

Independent metrics are therefore more useful Independent metrics are therefore more useful 
for for detecting and diagnosing specific changesdetecting and diagnosing specific changes, , 
and for this reason they serve as a better and for this reason they serve as a better 
decisiondecision--making tool.making tool.
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Hypothesis for Difference in Performance Between Hypothesis for Difference in Performance Between 

Proposed Metrics and Stage GroupingsProposed Metrics and Stage Groupings

Proposed metrics separate information regarding AUC Proposed metrics separate information regarding AUC 
and position of APSDand position of APSD

–– ISMISM is direct measure of AUCis direct measure of AUC

–– LPM/SPM LPM/SPM is primarily influenced by central tendency is primarily influenced by central tendency 
of distribution and independent of AUC (Next 2 of distribution and independent of AUC (Next 2 
Slides)Slides)

In contrast, information about AUC and position of APSD In contrast, information about AUC and position of APSD 
is confounded in stage groupings (see Slide 30)is confounded in stage groupings (see Slide 30)

Variable information content exists in different stage Variable information content exists in different stage 
groupings within a productgroupings within a product

–– Some correlation seen with MMAD and ISM for some Some correlation seen with MMAD and ISM for some 
groupingsgroupings



17

3333
Copyright © 2010 International Pharmaceutical Aerosol Consortium on Regulation & Science (IPAC-RS).
All Rights Reserved.

Correlation of LPM/SPM with MMAD and Correlation of LPM/SPM with MMAD and 

Independence from ISMIndependence from ISM

�  Regression Analysis: LPM/SPM Ratio vs. ISM 
Goodness of Fit 

LPM/SPM Ratio vs. MMAD 
(at optimum boundry) 

���������
Product 

Type 
Slope (b) RMSE* 

Coefficient of 
Determination 

R2 
(%) 

RMSE/b 
(microns) 

Coefficient of 
Determination 

R2 
(%) 

RMSE/b 
(microns) 

������ �

HFA 
Suspension 

MDI 
0.005 0.082 7.4 16.4 96.4 0.040 

������ �
HFA 

Suspension 
MDI 

0.003 0.136 1.0 45.3 93.4 0.071 

������ �
HFA 

Solution MDI -0.012 0.185 27.2 -15.4 96.2 0.059 

������ �
Dry Powder 

Inhaler 0.003 0.045 15.0 15.0 83.0 0.047 

������ �
Dry Powder 

Inhaler 0.039 0.263 33.9 6.8 84.3 0.054 

������ �
CFC 

Suspension 
MDI 

0.017 0.406 2.9 23.9 95.5 0.036 

������ �
CFC 

Suspension 
MDI 

0.003 0.202 0.4 67.3 97.3 0.020 

����� ��
CFC 

Suspension 
MDI 

-0.003 0.096 1.7 -32.0 95.8 0.028 

 

*Root Mean Square Error = better = better= better = better
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Example Demonstrating Correlation of LPM/SPM with Example Demonstrating Correlation of LPM/SPM with 

MMAD and Independence from ISMMMAD and Independence from ISM

'�
��(���

�
	



�
�
	



��

�
 �

��
��

��
�

�
�

����������

���

���

���

���

���

���

���

���

� ���������

���� ����

��������� ����

��� �!!	
"

����#$

����%$



������������

�
	



�
�
	



��

�
 �

��
��

��
�

�
�

���������������

���

���

���

���

���

���

���

���

� ���������

���� �����

��������� �����

��� �!!	
"

����#$

����%$

#$%#"&�������)�*�������
�'�

�	
��	
��� �'�
 �	
��	
��� �

��

No correlation Good correlation



18

3535
Copyright © 2010 International Pharmaceutical Aerosol Consortium on Regulation & Science (IPAC-RS).
All Rights Reserved.

Confounded Response: Stage Confounded Response: Stage 

GroupingsGroupings
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Summary of Database AnalysisSummary of Database Analysis

The proposed set of metrics (LPM/SPM and The proposed set of metrics (LPM/SPM and 
LPM+SPM) is:LPM+SPM) is:
–– DirectDirect

–– PracticalPractical

–– Easy to implementEasy to implement

–– Sensitive to APSD changesSensitive to APSD changes

–– Compared to stage groupings, is a better Compared to stage groupings, is a better 
decision making tooldecision making tool
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3.  Comparison of Visual 
Outlier to Mean Values

3838
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Key Messages for This SectionKey Messages for This Section

The proposed set of metrics would not The proposed set of metrics would not 

miss an outlier. miss an outlier. 
I.e. ‘false negative’ error is very low (here, zero)I.e. ‘false negative’ error is very low (here, zero)

Work in progress: compare ‘false positive’ signals Work in progress: compare ‘false positive’ signals 

for the traditional and alternative metricsfor the traditional and alternative metrics
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In the following graphs:

Error bars represent  ± 1 standard deviation

“Row” refers to a particular CI run that 
seems to be an outlier for that product

Top left panel shows:

– the average APSD and 

– the identified “outlier APSD”

4040
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Comparison of Metrics for Outlier Detection
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Comparison of Performance of QC Metrics with 
Respect to Detecting Outlying APSDs



25

4949
Copyright © 2010 International Pharmaceutical Aerosol Consortium on Regulation & Science (IPAC-RS).
All Rights Reserved.

Take Home Message from the Take Home Message from the 

Previous TablePrevious Table

The proposed set of metrics would not The proposed set of metrics would not 

miss an outlier. miss an outlier. 
I.e. ‘false negative’ error is very low (here, zero)I.e. ‘false negative’ error is very low (here, zero)

Work in progress: compare ‘false positive’ signals Work in progress: compare ‘false positive’ signals 

for the traditional and alternative metricsfor the traditional and alternative metrics
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Conclusions from Retrospective Conclusions from Retrospective 

Analysis (Sections 2 and 3)Analysis (Sections 2 and 3)

This study of APSD data from several This study of APSD data from several OIPsOIPs indicates indicates 
that simple metrics derived from small and large particle that simple metrics derived from small and large particle 
size fractions of the API are adequate to detect size fractions of the API are adequate to detect 
meaningful changes in both the central tendency meaningful changes in both the central tendency 
(MMAD) and the area under the APSD curve (ISM).(MMAD) and the area under the APSD curve (ISM).

Preliminary results indicate that this approach is superior Preliminary results indicate that this approach is superior 
to currently accepted grouped stages approachto currently accepted grouped stages approach
–– Further gains in precision probable from actual AIM Further gains in precision probable from actual AIM 

Use of these metrics could simplify both OIP Use of these metrics could simplify both OIP 
development and QC, without compromising the ability development and QC, without compromising the ability 
to make correct decisions concerning the disposition of to make correct decisions concerning the disposition of 
product. product. 
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Conclusions (cont.)Conclusions (cont.)

The proposed approach is aligned with the The proposed approach is aligned with the 
Abbreviated Impactor Measurement (AIM) Abbreviated Impactor Measurement (AIM) 
concept. concept. 

This approach offers the potential to save This approach offers the potential to save 
significant resources during both development significant resources during both development 
and QC operations, while offering increased and QC operations, while offering increased 
sensitivity to changes in the APSD:sensitivity to changes in the APSD:
–– Note that this approach does not eliminate the need Note that this approach does not eliminate the need 

to establish full profile APSD for a given product, to establish full profile APSD for a given product, 
which would be needed for:which would be needed for:

Establishing correlation with ratio metric LPM/SPMEstablishing correlation with ratio metric LPM/SPM

One time development studies characterizing the product One time development studies characterizing the product 
and Investigationsand Investigations

Copyright © 2010 International Pharmaceutical Aerosol Consortium on Regulation & Science (IPAC-RS).
All Rights Reserved.

4. Prospective 4. Prospective 

Experimental Studies to Experimental Studies to 

Estimate the Precision of Estimate the Precision of 

Various APSD Various APSD 

MeasurementsMeasurements



27

5353
Copyright © 2010 International Pharmaceutical Aerosol Consortium on Regulation & Science (IPAC-RS).
All Rights Reserved.

Study ObjectiveStudy Objective

To assess whether two types of abbreviated To assess whether two types of abbreviated 

Andersen cascade impactor configurations may Andersen cascade impactor configurations may 

be used for oral inhaled product (OIP) be used for oral inhaled product (OIP) 

assessments instead of a fullassessments instead of a full--resolution resolution 

Andersen 8Andersen 8--stage cascade impactor (ACI). stage cascade impactor (ACI). 
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Purpose of Each Studied Purpose of Each Studied 

ConfigurationConfiguration

Full resolution ACI:Full resolution ACI:

•• Benchmark instrumentBenchmark instrument

QC abbreviated impactor:QC abbreviated impactor:

•• Product quality control, batch release, stability Product quality control, batch release, stability 

testing etc.testing etc.

HRT abbreviated impactor:HRT abbreviated impactor:

•• Data relevant to predict likely particle Data relevant to predict likely particle 

deposition in human respiratory tract (HRT)deposition in human respiratory tract (HRT)
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Impactor Systems InvestigatedImpactor Systems Investigated

Full-resolution
ACI

Abbreviated Impactors

HRT configuration QC configuration

Full-resolution
ACI

Abbreviated Impactors

HRT configuration QC configuration

Full-resolution
ACI

Full-resolution
ACI

Abbreviated Impactors

HRT configuration QC configuration

Abbreviated Impactors

HRT configuration QC configuration

Full-resolution
ACI

Abbreviated Impactors

HRT configuration QC configuration

Full-resolution
ACI

Abbreviated Impactors

HRT configuration QC configuration

Full-resolution
ACI

Full-resolution
ACI

Abbreviated Impactors

HRT configuration QC configuration

Abbreviated Impactors

HRT configuration QC configuration
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AIM Systems: NomenclatureAIM Systems: Nomenclature

QC Impactor HRT Impactor
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Impactor ConfigurationsImpactor Configurations
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Test ConditionsTest Conditions

Tightly controlled ambient temperature and Tightly controlled ambient temperature and 
humidityhumidity
•• TTambamb = 21.0 ± 1.0ºC= 21.0 ± 1.0ºC

•• RHRHambamb = 45 ± 5%= 45 ± 5%

HFAHFA--albuterol (blinded product)albuterol (blinded product)
–– Intentionally selected for smallest product variabilityIntentionally selected for smallest product variability –– to to 

enhance ability to detect any signals from the methodenhance ability to detect any signals from the method

–– Using sequential canisters from the same portion of the Using sequential canisters from the same portion of the 
manufacturing run (~1 minute worth of production)manufacturing run (~1 minute worth of production)

The experiment was undertaken as a 6The experiment was undertaken as a 6--day day 
intensive study at one location intensive study at one location 
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Study DesignStudy Design
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Sensitivity of ratio metric LPM/SPM to Sensitivity of ratio metric LPM/SPM to 

small changes in MMADsmall changes in MMAD

Narrow range
of MMAD values

Excellent correlation between
MMAD and ratio metric

Supports findings from database



31

6161
Copyright © 2010 International Pharmaceutical Aerosol Consortium on Regulation & Science (IPAC-RS).
All Rights Reserved.

Precision and accuracy of AIM Precision and accuracy of AIM 

configurations compared with ACIconfigurations compared with ACI

Intentionally select MDI product to Intentionally select MDI product to 

minimize product variability:minimize product variability:

–– Consecutive canistersConsecutive canisters

–– Same batchSame batch

–– <1 min of production<1 min of production

Minimize influence from operator, ambient Minimize influence from operator, ambient 

conditions etc.conditions etc.
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IM as Surrogate for ISMIM as Surrogate for ISM

Enables HRT as well as Enables HRT as well as 
QC abbreviated QC abbreviated 
impactors to be impactors to be 
compared sidecompared side--byby--side side 
with ACIwith ACI

IM correlates with ISM IM correlates with ISM 
(see scatter plot) with (see scatter plot) with 
constant offset of about constant offset of about 
1.0 µg1.0 µg
–– Offset represents mass Offset represents mass 

collected in inlet cone and collected in inlet cone and 
stage 0stage 0
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Comparisons of IMComparisons of IM
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Comparisons of ISMComparisons of ISM
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Comparisons of LPM/SPM ratioComparisons of LPM/SPM ratio
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Comparison based on FPMComparison based on FPM

Behavior of CPM Behavior of CPM �� FPMFPM

Substantially equivalent Substantially equivalent 

precision between HRTprecision between HRT--CI and CI and 

full resolution ACIfull resolution ACI
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APSD ComparisonAPSD Comparison

All metrics consistent All metrics consistent 

with full resolution ACI with full resolution ACI 

with exception of Extra with exception of Extra 

Fine Particle Fraction Fine Particle Fraction 

(EPF)(EPF)

Bias in EPF associated Bias in EPF associated 

with high inertia particles with high inertia particles 

bouncing on second bouncing on second 

impaction stageimpaction stage

–– Bias eliminated by Bias eliminated by 

floating a surfactantfloating a surfactant--

saturated filter onto this saturated filter onto this 

stage stage 
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Further ObservationsFurther Observations

The experiment has successfully resolved the The experiment has successfully resolved the 

comparability question between the two comparability question between the two 

abbreviated and full resolution systems in terms abbreviated and full resolution systems in terms 

of of methodmethod--relatedrelated variabilityvariability

•• The AIM Concept appears to be a viable approach for The AIM Concept appears to be a viable approach for 

both QCboth QC-- and HRTand HRT--applicationsapplications

The WG is currently preparing a manuscript for The WG is currently preparing a manuscript for 

submission to a peersubmission to a peer--reviewed journalreviewed journal
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5. Proposed Strategy for 5. Proposed Strategy for 
Applying Cascade Impaction Applying Cascade Impaction 

Measurements during a Measurements during a 
Product LifecycleProduct Lifecycle
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For further discussion, see Tougas et al, AAPS PharmSciTech (in press)


