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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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Equivalence, Bioequivalence & Generics

• Pharmaceutical Equivalence (PE) Means
1. Same active ingredient(s)
2. Same dosage form
3. Same route of administration
4. Same strength 

Appl No TE Code RLD Active Ingredient Dosage Form; Route Strength Proprietary Name Applicant
N019813 AB Yes FENTANYL FILM, EXTENDED RELEASE;TRANSDERMAL 25MCG/HR DURAGESIC-25 JANSSEN PHARMS
A077449 AB No FENTANYL FILM, EXTENDED RELEASE;TRANSDERMAL 25MCG/HR FENTANYL-25 AVEVA
A077154 AB No FENTANYL FILM, EXTENDED RELEASE;TRANSDERMAL 25MCG/HR FENTANYL-25 MALLINCKRODT INC
A077062 AB No FENTANYL FILM, EXTENDED RELEASE;TRANSDERMAL 25MCG/HR FENTANYL-25 PAR PHARM INC
A077051 AB No FENTANYL FILM, EXTENDED RELEASE;TRANSDERMAL 25MCG/HR FENTANYL-25 LAVIPHARM LABS
A076709 AB No FENTANYL FILM, EXTENDED RELEASE;TRANSDERMAL 25MCG/HR FENTANYL-25 WATSON LABS
A076258 AB No FENTANYL FILM, EXTENDED RELEASE;TRANSDERMAL 25MCG/HR FENTANYL-25 MYLAN TECHNOLOGIES

TABLE SOURCE: Orange Book: Approved Drug Products with Therapeutic Equivalence Evaluations, for Fentanyl Transdermal Systems

www.fda.gov
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• Bioequivalence (BE) Essentially Means
Absence of a significant difference in the rate and extent of 
availability of the drug between test and reference products 

• For Transdermal Delivery Systems (TDS), this is routinely 
demonstrated using pharmacokinetic (PK) BE studies

Equivalence, Bioequivalence & Generics

www.fda.gov
FIGURE SOURCE: Tassaneeyakul et al. (2005) Steady-state bioequivalence study of clozapine tablet in schizophrenic
Patients. J Pharm Pharmaceut Sci 8(1):47-53. This is a general example of typical of results from a BE study with PK endpoints. 
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• For simple generic products, most failure modes 
for therapeutic equivalence (TE) may be 
adequately controlled by:
• Matching the 4 components of PE 
• Demonstrating BE 
• Adequate labeling and cGMP manufacturing

• However, TDS Drug Products are complex, and 
there are unique/additional issues that must be 
considered to ensure TE for generic TDS 

Equivalence, Bioequivalence & Generics

www.fda.gov



6

TE Considerations for Generic TDS

• While the RLD & generic TDS will have the same 
active ingredient(s)…

• The generic TDS may have
• Different inactive ingredients

• Adhesives, impurities, penetration enhancers?
• Different level of exposure to adhesive impurities? 
• Different irritation/sensitization potential?
• Different adhesion characteristics? (and impact on PK?)
• Different heat effects due to product composition?

www.fda.gov
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TE Considerations for Generic TDS

www.fda.gov

IMAGE(S) SOURCE:  All from https://ltslohmann.de/en/technology/transdermal-therapeutic-systems/ (last visited 15 NOV 2017)

• While the RLD & generic TDS will be the same 
dosage form…

• The generic TDS may have
• Different product design? 

• Reservoir or Matrix TDS designs
• Differentiated failure modes related to the product design?

• Leakage (bursting) or cold flow
• Release liner removal issues
• Abuse potential
• Crystallization
• Heat effects
• Adhesion

https://ltslohmann.de/en/technology/transdermal-therapeutic-systems/
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TE Considerations for Generic TDS

• While the RLD & generic TDS will be the same 
strength… “strength” is based on nominal drug 
delivery rate, not drug load, and adjusted by size

• The generic TDS may have
• Different drug load?
• Different residual drug excess?
• Different product size and/or shape?
• Different strength when evaluated by different methods?
• Different heat effects due to different drug load and design?

www.fda.gov
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• What failure modes for TE may arise from:
• Differences in “inactive” ingredients?
• Differences in dosage form design?
• Differences in the drug load or size of the TDS?

• These differences may collectively affect
• Generic TDS Adhesion to Skin (Case Study #1)
• Generic TDS Heat Effects (Case Study #2)
• Other aspects that are outside the scope for today

TE Considerations for Generic TDS

www.fda.gov
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Guidance on TDS Adhesion Studies
1. Optimizing study design and control parameters
2. Resolving statistical analysis problems

Regulatory Science Impact: Case #1

#1
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TDS Adhesion

FIGURE SOURCE: https://en.wikipedia.org/wiki/Transdermal_patch (Free Media)

https://en.wikipedia.org/wiki/Transdermal_patch
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• Evaluating In Vivo TDS Adhesion (The Old Way) 
• Non-inferiority of adhesion for Generic vs. RLD TDS
• Historically adhesion study designs varied in 23 PSGs

• Adhesion evaluated with the PK bioequivalence study
• Adhesion evaluated with the irritation/sensitization study
• Adhesion evaluated in an independent study

• Challenges for the statistical data analysis

TDS Adhesion
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• Numerous regulatory, scientific and study design issues 
were challenging to harmonize due to inter-dependent 
considerations, including:
o Statistical considerations/limitations (highly skewed data)
o Logistical considerations related to validating any new scoring scale
o Transition and implementation considerations for Industry and FDA
o Clinical considerations about when TDS adhesion impacts therapeutic equivalence
o Bioequivalence considerations about TDS adhesion impacting pharmacokinetics
o CMC considerations about TDS adhesion as a target product quality attribute
o Safety considerations about exposure to detached TDS for children and pets
o Labeling considerations about labeled use conditions vs. adhesion study design
o Different approaches to evaluating TDS adhesion for NDAs vs. ANDAs
o Different TDS adhesion study designs deemed acceptable in historical ANDAs
o Regulatory consistency and backward compatibility of statistical analyses
o Etc.

Revision of TDS Adhesion Recommendations
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• New harmonized recommendations for all TDS products:
o Revised criteria for evaluation of primary and secondary endpoints 
o New approach for weighting scores across the duration of wear
o Standardized scoring practices related to the worst observations carried forward
o Discussed stand-alone adhesion studies or combination adhesion/PK (BE) studies
o Recommended analysis of and reporting on all samples from adhesion/PK studies 
o Provided a consistent approach to subject inclusion/exclusion from various analyses
o Discussed tampering with TDS (to prevent lift-off or to re-adhere lifted sections)
o Discouraged restrictions on normal subject motion/activity during adhesion studies
o Discussed studies to support labeled use conditions (e.g. ability to shower with TDS)
o Discussed TDS application to a contralateral anatomical location in the 2nd period
o Emphasized assessment of to-be-marketed TDS (bridging quality tests as needed)
o Discouraged the application of numerous TDS on each subject to inflate n for TDS
o Discussed residual drug analysis
o New statistical analysis
o Etc.

Revision of TDS Adhesion Recommendations



15

• New harmonized recommendations for all TDS products:
o New statistical analysis (difference of means instead of ratio of means)
o Margin of 0.15

Revision of TDS Adhesion Recommendations
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Impact of Revised Recommendations

• Among 33 TDS Adhesion Studies in ANDAs
• 16 (49%) with TDS that exhibited moderate to poor adhesion 

for the RLD and test products consistently demonstrated the 
comparative non-inferiority of the test TDS adhesion, passing 
by both the old and new approaches

• 5 (15%) with TDS that exhibited moderate to poor adhesion 
for the RLD and test products consistently failed to 
demonstrate the comparative non-inferiority of the test TDS 
adhesion, failing by both the old and new approaches

• 12 (36%) with TDS that exhibited moderate to good adhesion 
for the RLD and test products failed to demonstrate the 
comparative non-inferiority of the test TDS by the old 
approach, but now demonstrated the comparative non-
inferiority of the test TDS adhesion by the new approach
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Evaluation of Generic TDS Heat Effects
1. Developing Methods to Study Heat Effects
2. Developing IVIVC for an In Vitro Test System

Regulatory Science Impact: Case #2

#2
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TDS Heat Effects

FIGURE SOURCE: © http://www.clinicaladvisor.com/termsandconditions/ (Authorized non-commercial use)

http://www.clinicaladvisor.com/termsandconditions/
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FIGURE SOURCE: Ashburn et al. (2003) The Pharmacokinetics of Transdermal Fentanyl Delivered With and Without Controlled Heat. 
Journal of Pain Vol. 4, No 6: 291-297

TDS Heat Effects
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TDS Heat Effects Studies

• In Vivo assessment of tolerable temperatures

Refer to Zhang et al. (2017) Characterization of Temperature Profiles in Skin and Transdermal Delivery System 
When Exposed to Temperature Gradients In Vivo and In Vitro. Pharm Res 34: 1491. 
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TDS Heat Effects Studies
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Nicotine TDS Heat Effects Studies
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Level A IVIVC/IVIVR for Nicotine TDS
• Approach I (prediction based upon in vitro data only)

• Approach II (including an in vivo-derived heat factor)

Refer to Shin et al. (2018) In vitro-in vivo correlations for nicotine transdermal delivery systems evaluated by 
both in vitro skin permeation (IVPT) and in vivo serum pharmacokinetics under the influence of transient 
heat application. J Control Release. 270: 76-88.  (Funded, in part, by FDA through award U01FD004946)



24

Level A IVIVC Approach I for Nicoderm
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Nicotine TDS Heat Effects Studies

IVIVCs/IVIVRs were developed for 
• Different nicotine TDS
• Under normal skin surface temperature
• Under elevated temperature conditions
• At different periods in the duration of product wear
• By independent research groups at different sites
• Using different IVPT apparatus, skin preps & heat application methods
• Using different IVIVC approaches

The results suggest that the IVPT model is able to correlate with 
and be predictive of in vivo bioavailability for nicotine TDS products 
exposed to transient heat, when in vitro and in vivo study designs 
are harmonized.  
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Conclusions
• TDS are complex drug-device combination products
• The evaluation of generic TDS products involves several 

unique scientific and technical challenges
• We have successfully reduced a key barrier to generic 

TDS approval associated with statistical evaluation of 
non-inferiority for TDS adhesion

• This has supported the approvability of numerous 
ANDAs for generic TDS products, notably including well-
adhering generic TDS

• We are also developing a safe and efficient approach 
that may help us to evaluate heat effects for generic TDS 
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