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Presenter
Presentation Notes
Skin stripping is also called tape stripping.
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Skin Stripping: Brief history
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B 1983 — The Beginning? Rougier et al.
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Copyright © 1983by The Williams & Wilkins Co. Printed in U.S.A.

In Vivo Correlation Between Stratum Corneum Reservoir Function and
Percutaneous Absorption
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Chemical applied to hairless rats for 0.5 h (n = 12)

Skin stripped at application site with 6 pieces of
adhesive tape applied sequentially (n = 6)

Excreta (urine/feces) collected for 4 days (n = 6)


Presenter
Presentation Notes
As far as I can tell, the first mention of skin stripping was in this 1983 paper from Andre Rougier.
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B 1983 — The Beginning? Rougier et al.

B 1998 — FDA guidance for Dermatopharmacokinetic (DPK)

bioequivalence (BE) assessment of topically applied drugs

¢ Drug amounts in SC determined
In tape stripped skin over time

Post drug application (uptake)
Post drug removal (clearance)

¢ Drug level vs time characterized
by pharmacokinetic metrics:

Area under drug level-
time curve (AUC)

Maximum amount (A.,)

¢ BE if AUC and A, are the same

drug amount in skin

drug
removed
drug j dru
g
ulogie Amax clearance
AUC
time


Presenter
Presentation Notes
For almost 15 years after 1983, skin stripping was described in only a few papers, many from Rougier’s group.  Then in 1998, skin stripping appeared in a big way, with a new name – DERMATOPHARMACOKINETICs. In that year FDA issued guidance specifying skin stripping as the method for assessing bioequivalence of topically applied drugs.  The name – dermatopharmacokinetics or DPK described how the skin stripping measurements were made over time and analyzed.
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Presenter
Presentation Notes
DPK is similar to the pharmacokinetic method for oral drug assessment with 2 important differences.
First,  in topical assessment the clearance phase is initiated by removing the drug, while in oral drug assessment drug clearance occurs naturally due to depletion of drug as it is metabolized and eliminated from the body.
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Dermatopharmacokinetics (DPK) for BE test
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Presenter
Presentation Notes
The is a second difference.  For orally delivered drugs, the decreasing plasma concentration reflects a decline in drug concentration in the target tissue.
In contrast, the clearance rate in topical drug assessment measures the rate of drug delivery to the tissues beneath the stratum corneum, which are frequently the target for the therapy.  This is an important observation that I will return to later in this presentation.
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DPK BE Study: 0.025% Tretinoin gel products
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Presentation Notes
Subsequently, two DPK studies were undertaken to assess tretinoin gel products.
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DPK BE Study: 0.025% Tretinoin gel products
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Presenter
Presentation Notes
Both labs observed that the clinically inequivalent product was not BE with the reference listed drug (RLD).  However, in one study, the mass of tretinoin on the tapes was less in the inequivalent product, while the opposite was observed in the other study.  As you might expect, this caused some considerable distress at the Food and Drug Administration, which subsequently withdrew the guidance.
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B 1983 — The Beginning? Rougier et al.

B 1998 — FDA guidance for Dermatopharmacokinetic (DPK)
bioequivalence (BE) assessment of topically applied drugs

B 2002 — FDA guidance for DPK withdrawn
¢ Reproducibility between laboratories

¢ Complexity of the method (large number of analyses required)
8 sites (time points)/product
800 - 1000 analyses to compare 2 products

¢ Adequacy for assessing topical BE when target is not the SC

In oral drug assessment, plasma levels are good surrogates of drug
level in the target tissue (plasma PK works for transdermal products)

Relationship between drug levels in SC and the target organ questioned


Presenter
Presentation Notes
The guidance was withdrawn in 2002 over concerns about the lack of reproducibility between labs.  There were other concerns related to the complexity of the method and adequacy of evaluating topical BE for a non-SC target.
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level in the target tissue (plasma PK works for transdermal products)

Relationship between drug levels in SC and the target organ questioned
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Presentation Notes
In part, the concerns about reproducibility were mitigated with a simple experiment …
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Presentation Notes
… described by Dale Conner …
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Presentation Notes
… which showed that when the three gel products were placed on filter paper …
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Presentation Notes
… over time, the inequivalent product spread while the RLD and generic did not.  This difference in spreading combined with the differences in the stripped area compared with the application area in the two laboratories seemed a likely cause for the contradictory results in the mass of tretinoin on the tape strips from the inequivalent product relative to the RLD. 
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B The Beginning? Rougier et al. (1983)

B 1998 — FDA guidance for Dermatopharmacokinetic (DPK)
bioequivalence (BE) assessment of topically applied drugs

B 2002 — FDA guidance for DPK withdrawn

B 2003 — FDA sponsored research to improve the skin
stripping method for BE assessment
¢ Simplify the method (fewer analyses and decreased variability)

¢ Decrease lab-to-lab differences (reduce sensitivity to different
operators)
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Presentation Notes
This project to improve the skin stripping method occurred in my laboratory with contributions by Richard Guy.
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Presenter
Presentation Notes
We started the study by re-examining the tretinoin gel results.  The study data show on the right are presented on the left in terms of the bioequivalence ratio showing the mean and 90% confidence intervals for the AUC and Amax for each test product relative to the reference listed drug (RLD) product. Typically, two products are considered bioequivalent (BE) if the mean and 90% confidence interval are completely with the limits of 0.8 to 1.25.  
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Presentation Notes
Next we examined whether the AUC was necessary to assess BE, because it is the AUC analysis that is driving the need for 8 time points.  To answer this question, we went back to the original tretinoin data from Pershing et al. and calculated the BE ratios for each time point.
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Presentation Notes
The BE ratios at each time point are shown in the graph on the right.  For some of the longer time points, the number of detectable measurements were fewer than the total number of subjects, as indicated on the graph
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Presenter
Presentation Notes
Comparing the two graphs shows that the BE determinations at individual time points are the same as from the AUC or Amax.  The larger confidence intervals at individual time points can be reduced by a protocol that decreases experimental variability through improved methodology and duplication of measurements.  The advantage of replication (i.e., the reduced 90% confidence interval) is evident by combining all 4 uptake measurements and all 4 clearance measurements into combined measures of uptake and clearance – shown on the right-hand side of the graph of the right.  
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B The Beginning? Rougier et al. (1983)

B 1998 — FDA guidance for Dermatopharmacokinetic (DPK)
bioequivalence (BE) assessment of topically applied drugs

B 2002 — FDA guidance for DPK withdrawn

B 2003 — FDA sponsored research to improve the skin
stripping method for BE assessment
+ Simplify the method (fewer analyses and decreased variability)

¢ Decrease lab-to-lab differences (reduce sensitivity to different
operators)
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Improved Protocol Developed for FDA
NN

B Stripped area < drug application area (control both areas)

B 1 uptake time & 1 clearance time Simplify the method

¢ Duplicate determinations at each time

¢ 4 treatment sites / product

Reduce lab-to-lab (operator) differences
B Reliably remove unabsorbed drug (isopropyl alcohol wipes)

B Reduced sample variability by improved drug collection

¢ Determine ~all drug in SC by removing nearly all of the SC
Remove SC until TEWL > 8 x (TEWL before stripping)
At least 12 tape strips, but not more than 30 tape strips

¢ Total drug amount = Drug from all tapes (no tapes discarded)



Presenter
Presentation Notes
Here is the proposed improved protocol.  Step 1 – controlling the stripping area and drug application area – was included in order to avoid the reproducibility problems encountered in the tretinoin testing.  The method was simplified by using only 4 sites, 2 sites at each of 2 times (i.e., after uptake and clearance).  The steps for decreasing lab-to-lab differences and experimental variability focused on insuring that most of the drug in the SC was collected by the sin strips.  
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B The Beginning? Rougier et al. (1983)

B 1998 — FDA guidance for Dermatopharmacokinetic (DPK)
bioequivalence (BE) assessment of topically applied drugs

B 2002 — FDA guidance for DPK withdrawn

B 2003 — FDA sponsored research to improve the skin
stripping method for BE assessment
¢ Simplify the method (fewer analyses and decreased variability)

¢ Decrease lab-to-lab differences (reduce sensitivity to different
operators)

¢ FDA - Concerned about assessing BE when target is not the SC
Restricted study to antifungal drugs that target the SC
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Presentation Notes
In the test of the proposed improved protocol, FDA remained concerned about assessing BE when the target is not the SC and requested that the study be restricted to ad rug product that targeted the SC.  


Demonstrating the Improved Protocol
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B Compare 2 generic products to RLD éMW:
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¢ Both products Q1 and Q2 equivalent
B 6 h uptake time & 17 h clearance time

+ Chosen based on pilot study results, and
¢ Convenience for subjects and operator
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Econazole UPTAKE into SC

Econazole nitrate from 3 bioequivalent formulations measured in duplicate (n
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Presenter
Presentation Notes
Here the drug amounts measured in SC for the 3 products measured in duplicate for each of the 14 subjects.  
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Presenter
Presentation Notes
Duplication of measurements improves the results; the average of the duplicated measurements give results that are more similar among the products than the individual measurements. There are subject to subject differences, so a cross over design in which products are compared within subject has significant advantages. 
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Econazole CLEARANCE from SC
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Presentation Notes
Here the results after 17 hours of clearance are shown for each of the duplicate measurements in each of the three products in each of 14 subjects.
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Econazole in SC: Average drug amounts
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Presentation Notes
The decrease in the average amount of drug on the tapes after 17 hours of uptake is consistent with a lag time of about 13 hours.
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Econazole In SC: BE assessment
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These are the calculated BE ratios.  
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Econazole In SC: BE assessment
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Presentation Notes
A conclusive determination of BE was obtained for the 3 products with 1/7th of the number of sites in this study compared with the 3 products assessed in the Pershing et al. study of tretinoin gel.
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bioequivalence (BE) assessment of topically applied drugs

B 2002 — FDA guidance for DPK withdrawn

B 2003 — FDA sponsored research to improve the skin
stripping method for BE assessment
¢ Simplify the method (fewer analyses and decreased variability)

¢ Decrease lab-to-lab differences (reduce sensitivity to different
operators)

¢ FDA - Concerned about assessing BE when target is not the SC ?
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Presentation Notes
So now that we have a simpler method that should be more reproducible between labs, I want to examine the concern of using skin stripping for assessing BE when the SC is not the target tissue.


®
Skin Stripping: Brief history
4 | 1 il
B The Beginning? Rougier et al. (1983)

B 1998 — FDA guidance for Dermatopharmacokinetic (DPK)
bioequivalence (BE) assessment of topically applied drugs

B 2002 — FDA guidance for DPK withdrawn

B 2003 — FDA sponsored research to improve the skin
stripping method for BE assessment
¢ Simplify the method (fewer analyses and decreased variability)

¢ Decrease lab-to-lab differences (reduce sensitivity to different
operators)

¢ FDA - Concerned about assessing BE when target is not the SC ?

B 2013 — FDA sponsored research to assess in vitro — in vivo
correlation


Presenter
Presentation Notes
In addressing this concern, I will be showing results from the current FDA sponsored study, which is focused on examining in vitro-in vivo correlation.
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Relevance of Drug in SC to Other Skin Layers
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B For target to dermis or deeper tissues, blood levels are
appropriate (if large enough to measure)

Stratum Corneu

Viable Epidermi



Presenter
Presentation Notes
Given that blood perfuses the dermis, blood level may be an appropriate surrogate measure for drug amounts when the target is the dermis or deeper tissues – if the amount of drug in the blood is large enough to measure.
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Relevance of Drug in SC to Other Skin Layers
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B For target to dermis or deeper tissues, blood levels are
appropriate (if large enough to measure)

B Drug levels in the SC

+ Will be a good measure of extent (how much drug is delivered), but

Stratum Corneum
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Presentation Notes
If  blood levels are too low, or if other tissues – like the viable epidermis – is the target, then drug levels in the SC will be a good measure of the extent of delivery, but the SC levels might, or in some cases, might not be correlated with drug levels in non-SC layers.  
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Relevance of Drug in SC to Other Skin Layers
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B Drug levels in the SC might not be correlated to drug levels
In the non-SC layers If:
¢ Topical products include enhancers that evaporate or permeate
faster than the drug
Enhancer pushes excess drug into the SC
Drug “stranded” in SC when the enhancer is depleted

¢ Non-absorbed drug is trapped deep in the y /
microfurrows of the SC gfmfum Corneum

B Drug levels in non-SC layers depend
on rate of drug delivery from the SC

ViableN_ /dermis

B Drug delivery rate from
SC is an appropriate
surrogate for drug levels
In non-SC layers

Dermis

Deeper Tissues ’



Presenter
Presentation Notes
Examples of situations in which drug levels in the SC levels might not be correlated with drug levels in non-SC layers are listed here.
We do know that the drug levels in the non-SC layers depend on the rate of drug delivery from the SC.  Therefore, measurements of drug delivery rates from the SC should be a relevant and appropriate surrogate for drug levels in the non-SC layers.
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Determine Delivery Rate from SC Drug Levels
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Measure drug concentration profile in the SC before
steady state to determine:

+ Partitioning to SC
+ Diffusion through SC
¢ Permeation through SC (partitioning x diffusion) = RATE



Presenter
Presentation Notes
I will describe two methods for determining the rate of drug delivery from the SC.  The first method uses measurements of the drug concentration profile in the SC (i.e., the drug concentration versus position within the SC).  
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Presentation Notes
In this method, the amount of SC measured on the tapes is combined with measurements of the transepidermal water loss (TEWL) to determine the SC thickness in each subject.  
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Drug Concentration Profile in SC
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Presentation Notes
This is then combined with the drug levels measured on the tape strips, to obtain …
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Presentation Notes
Examples of measurements of the drug concentration versus the position within the SC (x) relative to the thickness of the SC (L) are presented here for two ibuprofen gel products.  In this method, the results are then compared with the theoretical equation of C versus x/L for unsteady-state Fickian diffusion in a pseudo-homogenous membrane.
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Presentation Notes
The concentration in the vehicle is known and the length of the application period (i.e., the time before drug is removed from the skin surface).  The data can then be regressed to the theoretical equation to determine the partition coefficient (K) and the diffusion coefficient (D) divided by the thickness of the SC squared (L2).  
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Here are the derived values for K and D/L2 and also the product of K and D/L2 and L, which is equal to the permeability coefficient kp.  For these two products, K for the Optifen is a little more than 2x larger than for the Iprogel; D/L2 for the Iprogel is a little more than 2x larger than the Optifen.  As a result, kp for both products is similar.  The delivery rate of drug from the SC is similar for the 2 products, although the extent (the amount of drug that will be available to be delivered to the deeper tissues) is different – there is more ibuprofen available in the SC from the Optifen.  Therefore, the 2 products may be equivalent for the rate of delivery to the tissues beneath the SC, but are probably inequivalent in extent; the 2 products would be judged as not BE.
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Determine Delivery Rate from SC Drug Levels
] | ] 1]

Measure drug concentration profile in the SC before
steady state to determine:

+ Partitioning to SC
+ Diffusion through SC
¢ Permeation through SC (partitioning x diffusion) = RATE

¢ Limitations

Complex: For each tape (or few tape strips) measure drug levels,
amount of SC, and TEWL

Limited to short time (unsteady-state) exposures
Sensitive to non-absorbed drug left in “microfurrows” after cleaning
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Presentation Notes
There are limitations to this method.  It is complex, with many measurements required.  It can only be used to evaluate products after a short application period, while the concentration profile is still at unsteady state.  For these reasons, it is probably better suited to a research study than to an assessment for regulatory purposes.  It is likely also that the method may be sensitive to non-absorbed drug that is inaccessible to cleaning.  
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Determine Delivery Rate from SC Drug Levels
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VPl Measure clearance rate from drug levels in SC after
drug is removed

¢ Measure mass of drug in SC after clearance 9
¢ Compare to mass of drug in SC after uptake ends (@)
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In a second approach, the clearance rate is calculated from the change in mass of drug on the tape strips collected over the clearance period.
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Average Flux from Drug Levels in SC ()
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DICLOFENAC

B Compare 3 products
& 2% solution (Pennsaid) — 10 mg/cm? (contains DMSOQO)
¢ 3% gel (Solaraze) — 20 mg/cm?
¢ 1% gel (Voltaren) — 10 mg/cm?

B 17 h clearance time after 6 h uptake
B 14 subjects
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Presentation Notes
Next I will present examples of the average flux calculated from drug levels in the SC for two different drugs, starting with diclofenac.  In this example, 3 different products were examined.  These products are different in the amount of drug and also other ingredients.  The three products are meant for treatment of different indications.  The indicated amount of product applied is consistent with the recommended dosing for each of the products. 
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Presentation Notes
Here are the average drug amounts measured in the tape strips of the SC for each of the three products.  The product  containing DMSO (P) had a larger amount of drug in the SC than the other 2 products.
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Diclofenac: BE ratio of drug amounts in SC
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If we look at the ratio of SC uptake relative to product S (chosen arbitrarily), we see about 7x more diclofenac in the SC from product P (which contains DMSO).  
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Presentation Notes
When I expand the y-axis, we can see that the amount of diclofenac in SC is similar for products V and S.
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Presentation Notes
This graph presents the average rate of drug delivery from the SC (i.e., the average clearance flux) calculated as described previously.  The rate of diclofenac delivery from the SC is similar for products V and S, which have much lower rates than product P.
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Diclofenac: Average clearance flux
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Presentation Notes
But do these calculated rates of drug transfer from the SC truly represent drug delivery through the SC?  This can be checked by examining in vitro permeation test (IVPT) measurements, which are a direct determination of the rate of drug transfer from the SC. 
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Diclofenac: In vitro permeation test results
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Presentation Notes
This shows the IVPT data – showing cumulative penetration - that were measured at the U of Bath for the three products in pig skin.  The percentage of the applied dose that permeated over 44 h was small (see results listed on the right of the graph). 
For comparing with the average clearance flux calculated from the skin stripping experiment, we examine the comparable time period in the IVPT experiment, which is highlighted in yellow.  An exact match of the measurement times was not possible, because this specific type of analysis was not envisioned prior to the beginning of the two studies.  
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Presentation Notes
Here the calculated rates of drug delivery from the skin stripping study (filled symbols) is compared with the IVPT pig study from U Bath (open symbols) and to a comparable IVPT study on Yucatan mini-pigs from the U Maryland Baltimore.  The rate of delivery estimate from the skin stripping study is the same as determined in the two IVPT studies.  
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Average Flux from Drug Levels in SC (ll)
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ACYCLOVIR

B Compare 2 products

¢ US Zovirax
¢ UK Zovirax

B 17 h clearance time after 6 h uptake
B 10 subjects
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Presentation Notes
Turning now to the second drug, acyclovir.  A smaller number of subjects was used in this study (10 instead of 14) so that there would be time to study a second pair of acyclovir products.  This second study is currently in progress.
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Acyclovir: Average drug amounts in SC
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Presentation Notes
In addition to comparing the US and UK versions of Zovirax, the US product was compared against itself (i.e., US1 and US2).  This graphs shows the average amounts of drug measured in the tape strips after uptake and clearance.  The US1 and US 2 are little bit different after uptake.  However, there is almost no difference in the amount after clearance.  The amounts of drug on the tape strips of sites treated with the UK product are lower than US for both uptake and clearance.
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Presentation Notes
This graph shows the BE ratios for the US1 and UK products compared with US2.  Because the number of subjects was small (only 10), the results are not conclusive.  Trends do appear.  It seems likely that the UK product delivers a smaller amount of acyclovir to the SC than the US product.  However, the difference may not be large enough to be cause a clinical difference if this was measured.  It seems likely that with more subjects, US1 would be BE with US2.  
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Acyclovir: In vitro permeation test results
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Presentation Notes
For acyclovir, we have a large data set of IVPT measurements across human skin.  This graph shows the cumulative amount of acyclovir permeated as a function of the application time.  Each data point represents the mean value from 6 donors (Donor 1,3,4,5,6,7) with SE.  The average penetration rate is calculated for the comparable time period of the skin stripping study, which is highlighted in yellow.
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Acyclovir: Average clearance flux
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Presenter
Presentation Notes
This graph shows the calculated average clearance flux from the skin stripping study (filled symbols) compared with the average flux over the comparable time period in the IVPT study (open symbols).  In this case the IVPT results are similar to, but quantitatively different from, the skin stripping study.  However, the trends in the IVPT match those observed in the skin stripping study. 
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Skin stripping: Where are we?
E— ] | ] ] |1

B Improved skin stripping methods can reliably and efficiently
assess BE of topical dermatological products

+ Pharmacokinetic (multiple time point AUC) analysis is unnecessary
+ Will FDA accept skin stripping for BE assessment?

B Skin stripping can be used to assess drug delivery rate to
local target tissues other than SC

¢ Results are consistent with in vitro permeation testing (IVPT)
¢ SKkin stripping can assess BE of drugs targeting non-SC tissues


Presenter
Presentation Notes
There is increasing evidence that improved skin stripping method can reliably and efficiently assess BE of topical dermatological products without measuring a full AUC.  It is unknown if the FDA will accept skin stripping for BE assessment.
As I have shown, skin stripping can be used to assess the drug delivery rate to local target tissues other than the SC.  The results measured so far (for diclofenac and acyclovir) are consistent with of the drug transfer rate from the SC, which are determined directly in IVPT.  Given this, skin stripping assessment of extent and the clearance rate can be used to meaningfully assess BE of dermatological topical products that target non-SC tissues.  


»

Skin stripping: Where are we? What next?
NN

B Improved skin stripping methods can reliably and efficiently
assess BE of topical dermatological products

+ Pharmacokinetic (multiple time point AUC) analysis is unnecessary
+ Will FDA accept skin stripping for BE assessment?

B Skin stripping can be used to assess drug delivery rate to
local target tissues other than SC

¢ Results are consistent with in vitro permeation testing (IVPT)
¢ SKkin stripping can assess BE of drugs targeting non-SC tissues

B Further development of method for regulatory applications

+ What metric should be assessed? BE limits (0.8-1.25, 0.75-1.33)?
¢ Measurement times? How many applications? 1x or more?


Presenter
Presentation Notes
Further developments of the method are still needed before it is ready to be used for regulatory applications.  The metrics for assessment need to be chosen along with the appropriate limits for acceptance as BE.  The choice of measurement times and a standardized methodology for choosing the measurement times is needed.  Also, the number of applications of the drug product that should be used in the BE assessment.  All the data I have shown are for 1x application of the product before assessing bioavailability.  A protocol that involve multiple applications that are relevant to the as prescribed usage may be more relevant to the clinical use and also =sensitive to dermatological formulations that may alter the skin progressively with repeated applications.  
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