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Partial AUC (pAUC) Established Applicability

pAUC: time of drug administration until a predetermined time point that is related 
to a clinically relevant pharmacodynamic (PD) measure

Significant local absorption prior to gastrointestinal absorption of inhaled 

products1

•pAUC0-30 min is a surrogate for efficacy 

•AUC0-t for safety

Early  pAUC for single dose prolonged release product2 & ANDA3 & Draft ICH M13
•Clinically relevant for exposure-response relationships  

Status core of pAUC for LAP-oral
•No consensus yet
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1. Clinical pharmacology and pharmacokinetics: questions and answers | European Medicines Agency (europa.eu):: 

Evaluation of Orally inhaled Products. 2015 

2. Soares, K.C.C.; Chiann, C.; Storpirtis, S. Assessment of the impact of partial area under the curve in a 

bioavailability/bioequivalence study on generic prolonged-release formulations. Eur. J. Pharm. Sci. 2022, 171, 10

3. Bioequivalence Studies With Pharmacokinetic Endpoints for Drugs Submitted Under an Abbreviated New Drug Application | 

FDA
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https://www.ema.europa.eu/en/human-regulatory/research-development/scientific-guidelines/clinical-pharmacology-pharmacokinetics/clinical-pharmacology-pharmacokinetics-questions-answers
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/bioequivalence-studies-pharmacokinetic-endpoints-drugs-submitted-under-abbreviated-new-drug
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/bioequivalence-studies-pharmacokinetic-endpoints-drugs-submitted-under-abbreviated-new-drug
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pAUC for 

LAP-Oral 

products  

•Examples: Lozenges, Sprays, Gels, 
Granules

Oral drug delivery 
pharmaceutical forms

• Substantiated by drug absorption 
(penetration) of ex-vivo tissue 4,5

• Evidence of lower plasma to tissue drug 
concentration ratio 6

• Clinically higher 7, 5 as well as longer 7

target tissue concentrations 7, 5

NSAIDs (diclofenac and 
flurbiprofen) at low doses 
are clinically efficacious in 

pain relief 

Local versus systemic 
concentration vs effects is 
incompletely understood 

pAUC, a valuable 
parameter for initial 
efficacy of low dose 

flurbiprofen (a LAP-Oral 
product)

4.Haroutiunian, S.; Drennan, D.A.; Lipman, A.G. Topical NSAID therapy for musculoskeletal pain. Pain Med. 2010, 11, 535–549

5. Kai, S.; Kondo, E.; Kawaguchi, Y.; Kitamura, N.; Yasuda, K. Flurbiprofen concentration in soft tissues is higher after topical application than after oral administration. Br. J. Clin. 

Pharmacol. 2013, 75, 799–804

6. Hagen, M.; Baker, M. Skin penetration and tissue permeation after topical administration of diclofenac. Curr. Med. Res. Opin. 2017, 33, 1623–1634

7.Efe, T.; Sagnak, E.; Roessler, P.P.; Getgood, A.; Patzer, T.; Fuchs-Winkelmann, S.; Peterlein, C.D.; Schofer, M.D. Penetration of topical diclofenac sodium 4% spray gel into the synovial 

tissue and synovial fluid of the knee: A randomised clinical trial. Knee Surg. Sports Traumatol. Arthrosc. 2014, 22, 345–350, 22, 3450

BioBridges 2023, September 21-22, 2023, Prague, CZ 6



PAPER 

DESCRIPTION 
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Our Approach –

Choice of Studies 

Study EudraCT 2018-003175-36 : Two flurbiprofen 

viscous spray gel formulations compared to a 

reference spray solution (non-viscous)

Study EudraCT 2011-003332-31: Two flurbiprofen 

spray solutions compared to a reference 

lozenge 

Study EudraCT 2008-005177-34: Flurbiprofen 

granules or a lozenge formulation
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Our Approach to Analysis 

PK studies

 Partial AUC (pAUC) established applicability

 Sampling at least every 5 min for the first 15 min, further sampling at 30 min

 Adequate sampling prior to and around the Cmax then up to 720 min for full plasma 

concentrations profile

 Plasma concentrations from all studies combined into one database, pAUCs were 

calculated using the linear trapezoidal rule to reflect rate of absorption

 pAUCs up to 30 min - tool to separate local absorption from systemic absorption of 

swallowed drugs

Clinical efficacy studies

 Time to clinically meaningful pain relief (onset of action)8

8. de Looze, F.; Shephard, A.; Smith, A.B. Locally Delivered Flurbiprofen 8.75 mg for Treatment and Prevention of Sore Throat: A Narrative Review of Clinical Studies. J. Pain Res. 2019, 

12, 3477–3509 9
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Statistical Considerations

 ANOVA model (separate for each product) fitted to ln transformed AUC0-t, Cmax, 

and AUC0-inf

▪ Fixed terms: treatment, period, sequence, and subject nested within sequence

 Parallel interstudy comparison based on the same ANOVA model

▪ Fixed terms for treatment

 90% CI for the differences between least square means for each of the test groups 

vs reference group calculated

 Reference scaling used to take potential study design differences into account

 Linear regressions used to compare behavior of respective formulations

▪ Reference scaled early pAUCs (0-15 and 0-30 min) and

▪ Time to clinically meaningful pain relief (onset of action)
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Results – Parallel Comparison

 Bioequivalence of tested formulations 

and reference with respect to extent 

of absorption (AUC0-t)

 Possible differences for rate of 

absorption (Cmax)

 Slower rise in plasma for granules 

when compared to spray solution

 Consistent with cross-over data from 

individual studies

9. Perlik, V.; Kulasekaran, A.; Coutinho, G.; Votava, M.; Cardot, J.-M. Relationship between Pharmacokinetic Profile and Clinical Efficacy Data of Three Different Forms of Locally Applied Flurbiprofen in the 

Mouth/Throat. Pharmaceutics 2023, 15, 1863. https://doi.org/10.3390/ pharmaceutics15071863 11
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Results - pAUCs

 Statistically significant difference between 

granules formulation and spray solution for 

all pAUCs

 pAUC1h and pAUC2h do not differentiate 

lozenges from spray solution formulation

 Difference between lozenges and spray 

solution at AUC0.25h with similar trend for 

AUC0.5h

 pAUCs indicate more clearly PK 

differences between formulations

9. Perlik, V.; Kulasekaran, A.; Coutinho, G.; Votava, M.; Cardot, J.-M. Relationship between Pharmacokinetic 

Profile and Clinical Efficacy Data of Three Different Forms of Locally Applied Flurbiprofen in the Mouth/Throat. 

Pharmaceutics 2023, 15, 1863. https://doi.org/10.3390/ pharmaceutics15071863
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Results – Clinical Relevance 

 Linear correlation between pAUC and 

onset of action demonstrated

 Link between the extent of absorption 

of flurbiprofen in the first 15–30 min 

and the time of onset of action (pain 

relief) established

9. Perlik, V.; Kulasekaran, A.; Coutinho, G.; Votava, M.; Cardot, J.-M. Relationship between Pharmacokinetic Profile and Clinical Efficacy Data of Three Different Forms of Locally Applied Flurbiprofen in the 

Mouth/Throat. Pharmaceutics 2023, 15, 1863. https://doi.org/10.3390/ pharmaceutics15071863 13
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Conclusion

 PK data for LAP-oral flurbiprofen demonstrated similarity for AUCt based on 

“conventional” BE criteria (80–125 %) and marginal differences for Cmax (spray 
solution, spray, lozenges and granules)

 Different time to onset of action for respective formulations (spray – lozenges –

granules)

 Significant PK differences demonstrated based on pAUC0.25h and pAUC0.5h 

surrogate of local absorption among formulations

▪ Whereas pAUC1h and pAUC2h not sensitive enough for onset

 Strong correlation between the onset of action and pAUC0.25h and pAUC0.5h 
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Evidence-Based Opinion

 pAUCs provide useful data that allow discrimination between 

flurbiprofen formulations

 Moreover, these data are clinically relevant based on parallel 

interstudy comparison

 Early pAUCs as a surrogate for comparison of early pain relief in LAP 

 Use of pAUCs in line with:

▪ EMA OIP, MR and LALA, M13 (early onset of action if clinically 

relevant)

▪ FDA recommendations for pAUCs based on clinical relevance
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