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WHERE WE ARE: Regulatory Considerations 

BioBridges 2024, September 26-27, Prague, CZ

u OIP guidance stepwise approach (CPMP/EWP/4151/00 Rev. 1, January 
2009) + Q&A PKWP, Quality



u In vitro characterization
u Pharmaceutical equivalence/evaluation 

uActive substance in the same form (i.e. salt, ester, hydrate etc.) 
and in the solid state (powder, suspension)

uIdentical pharmaceutical dosage form with similar handling
uDevice: resistance to airflow, inhaled volume (within +/- 15%)

uFormulation/excipients: should not influence the product and its safety 
profile

u In vitro multistage impactor particle size characterization (within +/- 
15%)
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WHERE WE ARE: Regulatory Considerations 
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Hickley 2013 
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u Aerosol characteristics
u Size and shape of 

particles
u Aerodynamic Particle 

Size Distribution 
(APSD)

u Groupings
u Resistance of the 

device

WHERE WE ARE: Development Considerations 
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u Pulmonary deposition - surrogate for efficacy
u Describing extent (AUC) and rate (Cmax) of absorption delivered 

via lungs (charcoal block)
u Imaging studies possible however rather supportive

u Systemic exposure - surrogate for safety
u Describing extent (AUC) and rate (Cmax) of absorption delivered via 

lungs and gastrointestinal tract 
u Healthy volunteers vs Patients
u Methodology: CPMP/EWP/QWP/1401/98 Rev.1/ Corr Guideline on the 

Investigation of Bioequivalence
u Therapeutic equivalence/evaluation (PD endpoints acceptable)
u Generally independent program for children is required 

considering the approved/target indications
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Pharmacokinetic Equivalence/Evaluation
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Pharmacokinetic Equivalence/Evaluation
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u „In case the absorption of the drug in the lung 
is very quick (e.g., tmax ≤ 5 min) and 
absorption occurs before the contribution of 
gastrointestinal absorption is significant (e.g., 
salbutamol/albuterol, salmeterol), AUC0-
30 min might be acceptable as a surrogate 
for efficacy and AUC0-t for safety. Thus, in this 
case, one study without active charcoal 
blockade is sufficient.“

https://www.ema.europa.eu/en/human-regulatory/research-development/scientific-guidelines/clinical-pharmacology-pharmacokinetics/clinical-pharmacology-
pharmacokinetics-questions-answers
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EMA – Q&A OIP, pAUCs
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u Valuable development tool
u Possible use of IVIVC for correction of the PK data
u Possible use of IVIVC to set the in vitro specification
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u Between- and intra-batch variability of the reference product

Q&A PKWP, EMA/618604/2008 Rev. 11, 2015

EMA – Q&A OIP, IVIVC
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X L/min Y L/min

Test/Reference Test/Reference

R2_total R2_P1-P2 R2_total R2_P1-P2

FPD ≤3µm*/DD 0,7936 < 2,82 µm 0,9531 < 10,033 µm 0,8946 FPD ≤5µm*/DD 0,9561

FPD ≤5µm*/DD 0,7634 FPD ≤5µm* 0,9449 < 5,507 µm 0,8853 < 5,507 µm 0,8785

MOC 0,7374 Stage 5 0,9360 < 1,165 µm 0,8092 < 3,454 µm 0,8165

Throat 0,5807 FPD ≤3µm* 0,9284 <0,446 µm 0,7506 Stage 4 0,8049

Presep 0,5769 < 0,94 µm 0,9174 < 0,701 µm 0,7455 < 2,008 µm 0,7889

Stage 4 0,5150 < 1,66 µm 0,9161 FPD ≤3µm*/DD 0,7243 < 10,033 µm 0,7887

< 1,66 µm 0,4922 Stage 4 0,9129 Stage 6 0,7045 < 1,165 µm 0,7603

Stage 5 0,4797 FPD ≤3µm*/DD 0,9020 FPD ≤3µm* 0,6951 FPD ≤3µm*/DD 0,7530

FPD ≤3µm* 0,4795 FPD ≤5µm*/DD 0,8788 FPD ≤5µm*/DD 0,6835 Stage 3 0,6755

ED 0,4611 < 0,55 µm 0,8594 FPD ≤5µm* 0,6812 FPD ≤5µm* 0,6623

Full dataset – Compound 1

u Identified correlation parameters – ratios T/R for Y L/min

u < 5.507 µm 

u < 10.033 µm

IVIVC: pAUC 0-20min ratios   SUCCESS

10
BioBridges 2024, September 26-27, Prague, CZ



X L/min Y L/min
Test/Reference Test/Reference

R2_tota
l

R2_P1-
P2

R2_tota
l

R2_P1-
P2

< 8,06 µm 0,94705 Stage 3 0,96068 Stage 3 0,58056 FPD ≤5µm*/DD 0,93875
< 4,46 µm 0,94033 FPD ≤5µm* 0,95271 < 5,507 µm 0,55373 < 5,507 µm 0,81719
FPD ≤5µm* 0,87533 < 4,46 µm 0,94056 < 10,033 µm 0,47576 Stage 3 0,80314
< 0,94 µm 0,82845 FPD ≤5µm*/DD 0,92308 Stage 7 0,41273 < 3,454 µm 0,66994
< 2,82 µm 0,81177 < 8,06 µm 0,92124 Stage 6 0,38131 Stage 7 0,63176
<0,34 µm 0,81014 < 2,82 µm 0,90747 < 3,454 µm 0,37819 Stage 4 0,63163
< 0,55 µm 0,79826 Stage 5 0,80387 < 1,165 µm 0,36048 < 0,701 µm 0,63086
Stage 5 0,79712 FPD ≤3µm*/DD 0,80297 < 0,701 µm 0,30204 < 2,008 µm 0,61986
Stage 6 0,77281 FPD ≤3µm* 0,80002 Stage 5 0,28877 <0,446 µm 0,61971
Stage 3 0,76705 < 0,94 µm 0,7763 < 2,008 µm 0,28847 Stage 6 0,61638

Full dataset

X L/min Y L/min
Test/Reference Test/Reference

R2_tota
l

R2_P1-
P2

R2_tota
l

R2_P1-
P2

< 8,06 µm 0,97428 < 8,06 µm 0,99736 Stage 3 0,52713 Stage 1 0,81265
< 4,46 µm 0,9153 < 4,46 µm 0,97959 < 5,507 µm 0,41019 FPD ≤5µm*/DD 0,78694
<0,34 µm 0,75586 Stage 3 0,9465 < 10,033 µm 0,3641 Stage 3 0,78283

FPD ≤5µm* 0,70144 FPD ≤5µm* 0,82132 Stage 7 0,33562 Stage 7 0,66663
< 0,55 µm 0,68814 FPD ≤5µm*/DD 0,81875 Stage 6 0,2699 <0,446 µm 0,65063

Stage 3 0,65043 < 2,82 µm 0,73298 < 0,701 µm 0,2093 < 5,507 µm 0,6286
< 0,94 µm 0,64242 FPD ≤3µm*/DD 0,5914 < 1,165 µm 0,19927 MOC 0,61537

Stage 6 0,63807 Stage 5 0,57665 < 3,454 µm 0,18529 < 0,701 µm 0,58441
Stage 7 0,61234 FPD ≤3µm* 0,57397 Presep 0,14305 Stage 6 0,53879

< 2,82 µm 0,60673 < 0,94 µm 0,54416 Stage 5 0,13032 < 3,454 µm 0,43814

W/O Outliers

R2 total = all Pilots pooled
R2 P1-P2 = Pilot 1 and Pilot 2 (Pilot 3 excluded)

IVIVC: AUClast ratios      SUCCESS

u IVIVC based on 2-3 studies, total program 6 studies

u Identified correlation parameters – ratios T/R for Y L/min

u Full dataset: < 8,06 µm; < 4,46 µm; FPD ≤5µm < 5.507 µm 

u W/O Outliers: < 8,06 µm; < 4,46 µm
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Compound 2 Cmax – Absolute values

Group 
(NGI)

IVIVC
Slope

IVIVC 
Intercept

Reference 
in vitro 
pivotal data

Predicted in 
vivo pivotal 
Cmax

Observed in 
vivo pivotal 
Cmax

Difference 
Predicted / 
Observed

DD 11,98 393,88 127,13 1916,54 2149,43 -0,1084
FPD <5 24,14 274,24 133,42 3494,71 3356,11 0,0413

Group 
(NGI)

IVIVC
Slope

IVIVC 
Intercept

Test in vitro 
pivotal data

Predicted in 
vivo pivotal 
Cmax

Observed in 
vivo pivotal 
Cmax

Difference 
Predicted / 
Observed

DD 13,83 -485,64 325,95 2018,79 1831,52 0,1023
FPD <5 30,31 -8,22 138,86 4200,52 4503,77 -0,0673

Group 
(NGI)

IVIVC
Slope

IVIVC 
Intercept

Reference 
in vitro 
pivotal data

Predicted in 
vivo AUC

Observed in 
vivo AUC Mid

Difference 
Predicted / 
Observed

DD 27,51 579,22 127,13 4075,96 3883,86 0,0495
FPD <5 55,01 347,50 133,42 7687,09 6918,00 0,1112

Compound 2 AUC – Absolute values

Group 
(NGI)

IVIVC
Slope

IVIVC 
Intercept

Test in 
vitro 
pivotal 
data

Predicted in 
vivo AUC

Observed in 
vivo AUC

Difference 
Predicted / 
Observed

DD 24,70 -534,43 325,95 3936,57 3471,74 0,1339
FPD <5 54,81 262,93 138,86 7873,91 7938,73 -0,0082

IVIVC: Absolute values     SUCCESS

u IVIVC based on 3 studies, total program 5 studies

u DD and FPD identified to predict in vivo behavior
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Compound 3 Cmax – Absolute values Compound 3 AUC – Absolute values

Group 
(NGI)

IVIVC
Slope

IVIVC 
Intercept

Reference in 
vitro pivotal 
data

Predicted in 
vivo pivotal 
Cmax

Observed in 
vivo pivotal 
Cmax

Difference 
Predicted / 
Observed

DD 7,65 3,35 3,42 29,50 26,20 0,1259
FPD <5 14,45 3,30 3,78 57,94 54,81 0,0571

Group 
(NGI)

IVIVC
Slope

IVIVC 
Intercept

Test in vitro 
pivotal data

Predicted in 
vivo pivotal 
Cmax

Observed in 
vivo pivotal 
Cmax

Difference 
Predicted / 
Observed

DD 8,02 -13,40 9,61 24,61 28,28 -0,1297
FPD <5 14,85 0,20 4,04 60,24 61,12 -0,0143

Group 
(NGI)

IVIVC
Slope

IVIVC 
Intercept

Reference in 
vitro pivotal 
data

Predicted in 
vivo pivotal 
AUC

Observed in 
vivo pivotal 
AUC

Difference 
Predicted / 
Observed

DD 28,25 -2,88 3,42 93,68 93,84 -0,0017
FPD <5 51,76 1,63 3,78 197,40 183,79 0,0740

Group 
(NGI)

IVIVC
Slope

IVIVC 
Intercept

Test in vitro 
pivotal data

Predicted in 
vivo pivotal 
AUC

Observed in 
vivo pivotal 
AUC

Difference 
Predicted / 
Observed

DD 24,55 -41,28 9,61 75,06 99,37 -0,2446
FPD <5 45,30 0,73 4,04 183,90 189,09 -0,0274

IVIVC: Absolute values SUCCESS

u IVIVC based on 3 studies, total program 5 studies

u DD and FPD identified to predict in vivo behavior
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WHERE ARE WE GOING? 

 OIP revision - IN VIVO part
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OIP revision – IN VIVO type of studies, pAUCs

u 3.3 Regarding the evaluation of 
orally inhaled medicinal products, 
to what extent do plasma levels 
reflect bio-availability in the 
lung? January 2015
u Non-charcoal

u Intestinal absorption to 
systemic exposure is 
negligible (5%)

u tmax ≤ 5 min - partial AUC0-30
u Charcoal 

u Validated, literature OK
15
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EMA Q&A PKWP OIP revision (draft)



OIP revision – IVIVC scaling

u 3.4 Evaluation of orally inhaled medicinal 
products: can I scale acceptance limits (for 
Cmax and perhaps AUC) to allow for 
variability in reference product for fine 
particle dose?

u Safety - systemic exposure 90% CI ≤ 
125.00

u Between- and intra- batch reference 
variability

u Representative batches (±15% of 
reference median fine particle dose or 
APSD)

u IVIVC – T,R scaling or set the 
specification

u Testing of side batches – extremes
16
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EMA Q&A PKWP OIP revision (draft)



OIP revision - IVIVC comment

u Purpose of the IVIVCs is to establish and extrapolate the 
results to other studies

u Most of the IVIVCs within OIPs based on the multiple studies (2-
4; data on file…:-) 
u to cover mentioned areas of interest i.e. behavior of different 

batches of reference product 
u to target different formulations of test product 
u to investigate API PSD
u  to cover different strength of the product etc.

17
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OIP revision PD – Out of the game

u Reformulate or new development

u Pharmacodynamic or clinical endpoints are deemed 
insensitive for therapeutic equivalence CHMP/EWP/2922/01 Rev.1 18
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OIP revision - IN VIVO – Other

u 8. Children and adolescents
u Substantially simplified
u Handling (usability studies = human factor studies) and in 

vitro comparison highlighted

u 9. Usability studies
u Reference to appropriate guideline added ‘Guideline on 

quality documentation for medicinal products when used 
with a medical device’ 
(EMA/CHMP/QWP/BWP/259165/2019)

u Topic clarified

19
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OIP revision - Metabolites 

u 4.11 What is the recommendation on 
the most sensitive analyte and the 
required studies for establishing 
therapeutic equivalence by means of 
pharmacokinetic data for orally 
inhaled products containing 
beclomethasone dipropionate? New 
March 2020

NA, part of product specific BE gdl?

20

u Beclomethasone dipropionate (BDP -parent) vs beclomethasone 17-
monopropionate (B17MP - major metabolite)
u BDP - primary analyte for assessing lung deposition (only non-charcoal study 

OK)

u B17MP – needed to support of systemic safety

u Sampling - within 1-2 mins after the end of the inhalation(s) and frequent in the first 
10-15 mins
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EMA Q&A PKWP OIP revision (draft)



WHERE ARE WE GOING?

OIP revision - IN VITRO part

21
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OIP revision - IN VITRO equivalence

u 5. In vitro comparison
u 5.1. In vitro criteria for demonstrating TE

u More or less the same except of the APSD similarity demonstration
u Individual stages or groupings – OK
u 90% CI for the observed ratio of the geometric test/reference 

means within the acceptance limit of ±15% (85.00-117.65%)
Alfredo Garcia-Arieta, 2014, DOI: 10.1089/jamp.2014.1130

u Mean of what???

u „Other approaches of evaluation of similarity of the average APSD of
the populations of test and reference products may be proposed…. 
These approaches should preferably be confirmed at preceding
scientific advice.“

22
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u Investigation of 
batch-to-batch PK 
variability for Advair 
Diskus 100/50

u One replication, plus 
three different 
batches of Advair 
Diskus 100/50 tested

u Estimation of ~40–
70% of residual error 
belong to batch-to-
batch variability

u Number of subjects 
29

Burmeister Getz E, Carroll KJ, Jones B, Benet LZ. Batch-to-batch pharmacokinetic variability confounds current 
bioequivalence regulations: A dry powder inhaler randomized clinical trial. Clin Pharmacol Ther. 2016 Sep;100(3):223-31.

Equivalence ?

23
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OIP revision - IN VITRO equivalence

u 5. In vitro comparison
u 5.1. In vitro criteria for demonstrating TE

u Mean of what??? for 90% CI ±15% (85.00-117.65%)

u What is not reflected:

u Inherent variability of the APSD (stages with small 
quantities, operator bias, humidity bias, electrostatic bias…)

u Clear impact on BE (Burmeister Getz 2016)

u Batch-to-batch variability within- and between- is the 
reason to allow IVIVC based BE correction

u Other approaches of evaluation of similarity of the average 
APSD possible – subject to SA

u Proposal: Reference in vitro scaling…J = individualized approach to 
measurements and reference products

24
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OIP revision – IN VITRO flow rate
u 5.2.1. Flow rate dependency of dry powder 

inhalers
u Topic substantially clarified from Q&A 

Quality
u Important for PK extrapolation from healthy to 

patients

u Minimum of four different flow rates over 
the range of 30 to 90 L/min
u no flow rate dependency or similar flow rate 

dependency

u Percentage of deposition (FPD – fine 
particle dose) with 100% at the flow rate of 
90 L/min

u Similarity - point estimate test FPD within ± 
15% of reference

25
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OIP revision - IN VITRO multiple strength

u 5.2.2. Investigation of several 
product strengths
u Extrapolation possible - comparable 

dose proportionality with test and 
reference product each
u Proportionality for whole APSD or 

group of stages
u ±15% acceptance range in each stage
u DPI at three different flow rates (30 – 

90 L/min)
u If not TE in vitro – bracketing 

approach (testing the extremes)

3. How to demonstrate dose proportionality 
in vitro for waiving of PK studies?

26
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OIP revision (draft) EMA Q&A PKWP



PARTICLE SIZE DISTRIBUTION

Moore, Robson & Trinci (2011)

Respirable fraction
u Particles below 5µm
u Fine particles below 

1µm largely exhaled

27
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OIP revision - IN VITRO representative batch

u 5.2.3. Representative batches
u „Variability in APSD between batches 

of the reference product or within a 
single batch of a reference product 
through their storage period can be 
significant.“
u OK – … and how about the in vitro TE 

and its limits? …J

u Commercial batches from market, 
different ages or shelf-life

u Minimum of 5 batches (some companies 
used around 100)

u Batch for in vivo study(-ies) close to the 
median  „±15% is reasonable“

2. The batches of the test and the 
comparator chosen for the PK study need 
to be representative. What is considered 
as a representative batch?
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OIP revision (draft) EMA Q&A PKWP



OIP revision – other

u 4.2. Additional considerations
u 4.2.1. Spacers

u Topic clarified
u 4.2.2. Products for nebulisation

u Substantially clarified: APSD waived under specific conditions of 
Q1, Q2 and physchem similarity (in line with the EMA inhalation 
quality gdl EMEA/CHMP/QWP/49313/2005 Corr)

u Wonder if it survives – PSD requested in case of Colistimethate 
Sodium (powder for nebuliser solution containing only API, 
DE/H/6928+6929/001-002/DC and other)

u 4.2.3. Suprabioavailability
u Reformulate to match
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OIP revision – Conclusion

u OIP substantially clarifies topics collected 
over the years (Q&A PKWP and Quality)

u IVIVC ”IN”

u Development tool, PK scaling, in vitro 
specification

u Why are we using in vivo statistics for in 
vitro data TE?

u not reflecting its variability and 

u inherent properties of the methods and 
reference products

u Revision of Quality guideline for Inhalation 
and nasal products?
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Thank You For Your Attention!

vitperlik@gmail.com
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In memoriam to Dennis Sandell

mailto:vitperlik@gmail.com

