
PURPOSE
Dermal open flow microperfusion (dOFM) is a methodology that 
characterizes the cutaneous pharmacokinetics (PK) of topical 
dermatological drug products and thus has the potential to evaluate 
bioequivalence (BE) [1]. Cutaneous PK data can be highly variable 
due to substantial intra-individual differences in skin permeability.
Therefore, a statistical reference-scaled average BE (SABE) analysis 
can be used when the within-subject variability of the reference product 
is > 0.294, which might be more appropriate than an average BE (ABE) 
analysis [2]. 

CONCLUSIONS
• Using SABE to analyze dOFM cutaneous PK data, the 

reference product was accurately and reproducibly 
found to be bioequivalent to itself, both in-vivo and ex-
vivo. 

• SABE sensitively discriminated the negative control 
(T vs. R1) as not being bioequivalent to the T product, 
both in-vivo and ex-vivo. 

• The ABE approach failed for the positive control (R1 
vs. R2) of the ex-vivo dOFM study due to high 
variabilities in the data.

• SABE statistical analysis is a reliable way to evaluate 
BE.

RESULTS

METHODS
• In-vivo dOFM study: 20 healthy subjects (40 thighs)
• Ex-vivo dOFM study: 40 full-thickness human skin sections (16 donors)
• 3 treatment sites (positive control: R1 vs. R2, negative control: T vs. R1):

• Dermal PK endpoints:
• Area under the concentration-time curve (AUC0–36h)
• Dermal concentration maximum (Cmax)

• Statistical BE analysis (based on log-transformed data):
Condition for use:

(sWR) ≤ 0.294 -> ABE
(sWR) > 0.294 -> SABE 

sWR…Within-subject standard deviation for the reference product

• ABE [3]:
Criterion for BE: 90% CI of the GMR fall within the BE limits of 0.80–1.25.

• SABE [4]: 
Mixed Criterion for BE: The upper 95% bound of the scaled confidence interval (CI) is 
less than or equal to zero and the geometric mean ratios (GMR) for 
AUC0–36h and Cmax lie within the BE limits of 0.8 – 1.25. 

FUNDING/REFERENCE 
Funding for this project was made possible, in part, by the Food 
and Drug Administration through grants U01FD004946 and 
1U01FD005861. The views expressed in this poster do not reflect 
the official policies of the U.S. Food and Drug Administration or the 
U.S. Department of Health and Human Services; nor does any 
mention of trade names, commercial practices, or organization 
imply endorsement by the United States Government.

[1] M. Bodenlenz et al., “Open Flow Microperfusion as a Dermal 
Pharmacokinetic Approach to Evaluate Topical Bioequivalence,” 
Clin. Pharmacokinet., vol. 56, no. 1, pp. 1–8, 2016.

[2] S. Grosser et al., “Determining Equivalence for Generic Locally 
Acting Drug Products,” Stat. Biopharm. Res., vol. 7, no. 4, pp. 
337–345, 2015.

[3] FDA, “Guidance for Industry: Statistical Approaches to 
Establishing Bioequivalence,” Guid. Ind., 2001.

[4] U.S. FDA, “Draft Product Specific Guidance on Acyclovir 
Cream,” Guid. Ind., 2016.

OBJECTIVES
The objectives of this work were to evaluate the within-subject 
variability of the reference product for dOFM data, both in-vivo and 
ex-vivo, to determine the appropriateness of an analysis using 
SABE or ABE, and to evaluate the accuracy, sensitivity and 
reproducibility of the results when analyzed by SABE compared to ABE.

From the measured dermal concentration-time profiles 
(figure 1) of the in-vivo and ex-vivo dOFM study, the dermal 
PK endpoints AUC0-36h and Cmax were computed and BE 
was evaluated using the ABE and the SABE approach.
ABE (table 1): 

• For the in-vivo dOFM study, BE was confirmed for the 
positive control (R1 vs. R2) for both PK endpoints. The 
negative control (T vs. R1) failed to demonstrate BE as 
the calculated 90% CIs do not lie within the BE limits of 
0.8 and 1.25.

• For the ex-vivo study, the negative control (T vs. R1) failed 
to demonstrate BE, as expected, however, due to the high 
variability in the results, the positive control (R1 vs. R2) 
also failed to demonstrate BE. 

Figure 1: Dermal concentration-time profile (±SE) for the  in-vivo (upper 
panel) and ex-vivo (lower panel) studies for the two reference products 
(R1, R2) and test products (T).
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PK 
endpoint sWR

Upper 95% 
bound of the 

scaled CI
GMR Passed

In
-v

iv
o 

dO
FM

 s
tu

dy

Postive 
control 

(R1 vs. R2)

AUC0–36h 0.4 -0.089 0.9991


Cmax 0.46 -0.116 0.9881

Negative 
control 

(T vs.R1)

AUC0–36h 0.4 -0.014 0.8826 x
Cmax 0.46 0.069 0.7877

Ex
-v

iv
o 

dO
FM

 s
tu

dy Postive 
control 

(R1 vs. R2)

AUC0–36h 0.68 -0.159 1.1771


Cmax 0.6 -0.094 1.1918

Negative 
control 

(T vs.R1)

AUC0–36h 0.68 8.989 0.0764 x
Cmax 0.6 16.05 0.0293

SABE (table 2):
The within-subject standard deviation for the reference 
product of both PK endpoints was greater than 0.294 
allowing to apply the SABE approach.
• For the in-vivo dOFM study, BE was confirmed for the 

positive control (R1 vs. R2) as for both PK endpoints the 
GMR lies within the BE limits of 0.8 and 1.25 and the 
upper 95% bound of the CI was negative. The negative 
control (T vs. R1) failed to show BE.

• For the ex-vivo dOFM study, BE was confirmed for the 
positive control. Furthermore, the negative control failed to 
demonstrate BE. 

Table 2: Results for SABE evaluations for the in-vivo and ex-vivo dOFM 
study (passed the BE test: , failed the BE test: X) 
.

PK 
endpoint 90% CI Passed

In
-v

iv
o 

dO
FM

 s
tu

dy

Postive 
control 

(R1 vs. R2)

AUC0–36h 0.86-1-18


Cmax 0.86-1.21

Negative 
control 

(T vs.R1)

AUC0–36h 0.69-1.05 x
Cmax 0.61-1.02

Ex
-v

iv
o 

dO
FM

 s
tu

dy Postive 
control 

(R1 vs. R2)

AUC0–36h 0.91-1.54
x

Cmax 0.94-1.53

Negative 
control 

(T vs.R1)

AUC0–36h 0.04-0.12
x

Cmax 0.02-0.05

Table 1: Results for ABE evaluations for the in-vivo and ex-vivo 
dOFM study (passed the BE test: , failed the BE test: X) 
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