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Disclaimer

• This presentation reflects the views of the 
author and should not be construed to 
represent FDA’s views or policies.

www.fda.gov
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In Vitro Based BE Approaches
• A Modular Framework for In Vitro BE Evaluation

• Q1/Q2 sameness of inactive ingredient components and 
quantitative composition

• Q3 (Physical & Structural Characterization) as relevant to 
the nature of the product

• IVRT (In Vitro Release Test) and
• IVPT (In Vitro Permeation Test) or another bio-relevant 

assay may be recommended based on the complexity of 
the arrangement of matter in the drug product

• A Scalable Framework for BE Evaluation
• In Vivo systemic PK studies may be appropriate
• In Silico computational modeling may be useful

www.fda.gov
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Correlation of Quality and Performance

www.fda.gov

In Vitro Permeation Test (IVPT)
6 Donors each with 6 Replicate Skin Sections

Thixotropic Rheology

Data provided courtesy of Prof. Narasimha Murthy & Dr. Frank Sinner

In Vitro Release Test (IVRT)
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Influence of Quality on Performance

• Influence of Dose Dispensing on Bioavailability

www.fda.gov
Data provided courtesy of Prof. Narasimha Murthy, Dr. Audra Stinchcomb & Dr. Michael Roberts
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RLD
Product

Lot# “1” (redacted) 

Test
Product

RLD
Product

Lot# “2” (redacted) 

RLD
Product

Lot# “3” (redacted) 

Typical Intra-Donor Variability

www.fda.gov
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In Vitro Cutaneous Pharmacokinetics

• IVPT (In Vitro Permeation Test)

Cell images courtesy of PermeGear

www.fda.gov
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IVPT Study Design
Donor 1 Donor 2 Donor 3 Donor 4 Donor 5 Donor n…
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Deriving Pharmacokinetic Parameters

Data from 1 donor, represented as mean ± std. deviation
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Data Analysis
Donor 1 Donor 2 Donor 3 Donor 4 Donor 5 Donor n…

Test

Test:
𝑇𝑇11,𝑇𝑇12, … ,𝑇𝑇1𝑟𝑟
𝑇𝑇21,𝑇𝑇22, … ,𝑇𝑇2𝑟𝑟

⋮
𝑇𝑇𝑛𝑛𝑛,𝑇𝑇𝑛𝑛𝑛, … ,𝑇𝑇𝑛𝑛𝑛𝑛
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Average across all donors

Ī =
−6 + −10 + −12

3 = (−9.33)

Data Analysis
Test:
𝑇𝑇11,𝑇𝑇12, … ,𝑇𝑇1𝑟𝑟
𝑇𝑇21,𝑇𝑇22, … ,𝑇𝑇2𝑟𝑟

⋮
𝑇𝑇𝑛𝑛𝑛,𝑇𝑇𝑛𝑛𝑛, … ,𝑇𝑇𝑛𝑛𝑛𝑛

Reference:
𝑅𝑅11,𝑅𝑅12, … ,𝑅𝑅1𝑟𝑟
𝑅𝑅21,𝑅𝑅22, … ,𝑅𝑅2𝑟𝑟

⋮
𝑅𝑅𝑛𝑛𝑛,𝑅𝑅𝑛𝑛𝑛, … ,𝑅𝑅𝑛𝑛𝑛𝑛

Derivation of Point Estimate 

For each donor

Test:
21,22, 23
31,32, 33

⋮
41,42, 43

Reference:
27,28, 29
41,42, 43

⋮
53,54, 55

𝐼𝐼𝑗𝑗 = (21−27)+(22−28)+(23−29)
3 =(-6) (for donor 1)

www.fda.gov



Data Analysis
Test:
𝑇𝑇11,𝑇𝑇12, … ,𝑇𝑇1𝑟𝑟
𝑇𝑇21,𝑇𝑇22, … ,𝑇𝑇2𝑟𝑟

⋮
𝑇𝑇𝑛𝑛𝑛,𝑇𝑇𝑛𝑛𝑛, … ,𝑇𝑇𝑛𝑛𝑛𝑛

Reference:
𝑅𝑅11,𝑅𝑅12, … ,𝑅𝑅1𝑟𝑟
𝑅𝑅21,𝑅𝑅22, … ,𝑅𝑅2𝑟𝑟

⋮
𝑅𝑅𝑛𝑛𝑛,𝑅𝑅𝑛𝑛𝑛, … ,𝑅𝑅𝑛𝑛𝑛𝑛

Estimation of Inter-donor Variability

𝐼𝐼𝑗𝑗 = =(-6) (for donor 1)
𝐼𝐼𝑗𝑗 = =(-10) (for donor 2)
𝐼𝐼𝑗𝑗 = =(-12) (for donor 3)
𝐼𝐼 = =(-9.33) (for donor 1)

𝑆𝑆𝑖𝑖2
=

1
3 − 1 ( −6 + 9.33 2 + −10 + 9.33 2 + −12 + 9.33 2)

Test:
21,22, 23
31,32, 33

⋮
41,42, 43

Reference:
27,28, 29
41,42, 43

⋮
53,54, 55

www.fda.gov



Data Analysis

Reference:
𝑅𝑅11,𝑅𝑅12, … ,𝑅𝑅1𝑟𝑟
𝑅𝑅21,𝑅𝑅22, … ,𝑅𝑅2𝑟𝑟

⋮
𝑅𝑅𝑛𝑛𝑛,𝑅𝑅𝑛𝑛𝑛, … ,𝑅𝑅𝑛𝑛𝑛𝑛

Estimate of Within-reference Variability

𝑅𝑅𝑗𝑗 =
27 + 28 + 29

3 = 28 𝑓𝑓𝑓𝑓𝑓𝑓 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 1

𝑆𝑆𝑤𝑤𝑤𝑤2 =
((27 − 28)2 + (28 − 28)2 +(29 − 28)2+⋯ )

(3 − 1) ∗ 3

𝑆𝑆𝑤𝑤𝑤𝑤2 = 1

Reference:
27,28, 29
41,42, 43

⋮
53,54, 55

www.fda.gov
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𝑆𝑆𝑊𝑊𝑊𝑊 ≤ 0.294
Average Bioequivalence (ABE)

̅𝐼𝐼 ± 𝑡𝑡 𝑛𝑛−1 ,𝛼𝛼/2 ∗
𝑆𝑆𝐼𝐼
2

𝑛𝑛

Two one-sided tests (TOST) 
T and R are deemed bioequivalent 
if the confidence interval is within 
the following limits [0.8, 1.25]

𝑆𝑆𝑊𝑊𝑊𝑊 > 0.294
Scaled ABE (SABE)

𝐻𝐻0:
(𝜇𝜇𝑇𝑇 − 𝜇𝜇𝑅𝑅)2

𝜎𝜎𝑊𝑊𝑊𝑊
2 > 𝜃𝜃

𝐻𝐻𝑎𝑎:
(𝜇𝜇𝑇𝑇 − 𝜇𝜇𝑅𝑅)2

𝜎𝜎𝑊𝑊𝑊𝑊
2 ≤ 𝜃𝜃

Where 𝜃𝜃 = (ln 1.25 )2

(0.25)2
=0.7966

T and R are deemed bioequivalent if the 
null hypothesis is rejected.  Rejection of 
the null hypothesis is supported if a 
double criterion is satisfied:
1. The upper 95% of the scaled 
confidence interval is ≤ 0 and 
2. The point estimate is contained within 
the limits [0.8, 1.25].

Mixed Scaled Criterion

www.fda.gov
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Mixed Scaled Criterion

𝑺𝑺𝑾𝑾𝑾𝑾 = 𝟏𝟏 > 𝟎𝟎.𝟐𝟐𝟐𝟐𝟐𝟐

SABE

Construct a (1-α) *100% 
confidence interval (CI) for 

the quantity

(𝝁𝝁𝑻𝑻 − 𝝁𝝁𝑹𝑹)𝟐𝟐−𝜽𝜽𝝈𝝈𝑾𝑾𝑾𝑾
𝟐𝟐

If upper bound of CI is ≤ 0,
and point estimate is  

contained within limits 
the null hypothesis is 

rejected

Rejection of the null 
hypothesis, supports BE

In the example: The upper bound of the CI was >0 so we fail to reject the null 
hypothesis. Therefore, BE of T and R is not supported.

www.fda.gov
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• Negative Controls for BE: Aciclovir-1A® vs. Zovirax® US

IVPT Statistical Analysis

            IVPT             
PK Endpoint

Maximum Flux 
(Jmax)

Total Bioavailability 
(AUC)

Point Estimate 0.290 0.366
S Within Reference 0.575 0.419

SABE [0.80, 1.25]
2.383            

(Non-BE)
1.884                

(Non-BE)
N for [0.80, 1.25] 
with 6 Replicates 8 20

Aciclovir-1A® (T) vs. Zovirax® US (R)
            IVPT             
PK Endpoint

Maximum Flux 
(Jmax)

Total Bioavailability 
(AUC)

Point Estimate 0.172 0.104
S Within Reference 0.521 0.551

SABE [0.80, 1.25]
4.433              

(Non-BE)
7.236            

(Non-BE)
N for [0.80, 1.25] 
with 3 Replicates 6 8

Aciclovir-1A® (T) vs. Zovirax® US (R)

www.fda.gov
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• Positive Controls for BE: Aciclovir-1A® and Zovirax® US

IVPT Statistical Analysis

            IVPT             
PK Endpoint

Maximum Flux 
(Jmax)

Total Bioavailability 
(AUC)

Point Estimate 0.983 0.958
S Within Reference 0.303 0.318

SABE [0.80, 1.25]
-0.026             

(BE)
-0.041             

(BE)
N for [0.80, 1.25] 
with 4 Replicates 26+ 15

N for [0.80, 1.25] 
with 3 Replicates 26+ 15

Aciclovir-1A® (T) vs. Aciclovir-1A® (R)
            IVPT             
PK Endpoint

Maximum Flux 
(Jmax)

Total Bioavailability 
(AUC)

Point Estimate 0.962 1.101
S Within Reference 0.697 0.469

SABE [0.80, 1.25]
-0.214               

(BE)
-0.020               

(BE)
N for [0.80, 1.25] 
with 4 Replicates 12+ 14

N for [0.80, 1.25] 
with 3 Replicates 14 15+

Zovirax® US (T) vs. Zovirax® US (R)

Comparison to Self by 
dividing up 6 replicates

Comparison to Self by 
dividing up 6 replicates

www.fda.gov
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Conclusions
• IVPT is used for the assessment of bioavailability for 

complex drug products
• The parallel, single-dose, multiple-replicate per 

treatment group study design is recommended based 
on an understanding of the inherent variability 
associated with permeability of molecules across 
human skin

• The statistical method used for data analysis is based on 
the mixed scaled criterion used by CDER for Highly 
Variable Drugs (HVD)

• The SABE has been adapted to analyze cutaneous 
pharmacokinetic data

• The SABE approach can be adequately powered for 
establishing BE using 6-36 donors depending on 
variability associated with PK parameters  

www.fda.gov
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IVPT Bioequivalence Limits
• Bioequivalence Limits, Study Power and Study Size
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IVPT Method Validation
• Apparatus Qualification 
• Membrane (Skin) Qualification 
• Receptor Solution Qualification 
• Receptor Solution Sampling Qualification
• IVPT Receptor Solution Sample Analytical Method Validation 
• Environmental Control 
• Pilot Study 
• Permeation Profile and Range 
• Precision and Reproducibility 
• Recovery, Mass Balance & Dose Depletion 
• Sensitivity and Selectivity
• Robustness 
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Influence of Dispensing Stress on Q3

• Influence of Dose Dispensing on Product Quality

www.fda.gov
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Human Skin Structure

Adapted from Cerio and Archer, 1998

Drawing adapted from Odland, 1971.

www.fda.gov
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