
INTRODUCTION
Contraceptive transdermal delivery systems (TDS), such as ORTHO EVRA® TDS [ethinyl 

estradiol (EE) and norelgestromin] Transdermal Extended Release Film, 0.035 mg/24 

hours; 0.15mg/24 hours (NDA 021180), prevent pregnancy by suppressing 

gonadotropins.

Per the current product-specific guidance (PSG) (1) for the EE and norelgestromin

extended-release transdermal film, an in vivo BE study with pharmacokinetic (PK) 

endpoints is recommended to demonstrate bioequivalence (BE) between a generic 

(Test) TDS and its respective Reference Standard (RS) by applying the products at the 

same anatomical site on all female healthy subjects who are candidates for hormonal 

contraception. The PSG does not specify the anatomical site (i.e., the abdomen or the 

back) for applying this product. The PSG recommends additional comparative adhesion 

and skin irritation and sensitization studies for this TDS product.

The products studied were: ORTHO EVRA® TDS which is the Reference Listed Drug 

(RLD) in the Orange Book (2), XULANE® TDS (ANDA 200910) which is designated as 

the RS in Orange Book because RLD is discontinued, and a generic (Test) TDS..

OBJECTIVES
• Develop and validate dermal physiologically-based 

pharmacokinetic (PBPK) models to describe EE skin absorption 
following application of the ORTHO EVRA®, XULANE® and the 

Test TDSs.

• Use the validated models for the RS and Test products to predict 

the EE systemic exposure for these two TDSs when applied on 

the back of virtual healthy subjects.

• Demonstrate how the dermal PBPK model can be used to inform 

decision-making throughout the product lifecycle for both new and 

generic drugs such as during drug development, regulatory 

assessment, and post-approval changes.

METHODS
The Multi-Layer Multi-Phase Mechanistic Dermal Absorption (MPML MechDermA) model 

and the in vitro permeation testing (IVPT) model in the Simcyp® Simulator v21 were 

used to predict EE skin permeation by accounting for the interplay between product 

quality attributes and skin physiology. EE systemic disposition was informed by fitting the 

model to intravenous PK data of EE (3).  Literature sources and application submission 

data were used to assess the ability of the model to predict IVPT data (not shown) and 

systemic EE exposure following the application of the ORTHO EVRA® TDS in healthy 

subjects (4-7). Skin permeation model parameters were optimized against observed 

plasma PK profiles, and model performance was assessed using independent datasets. 

Systemic EE exposure data collected for the abdomen were utilized to validate dermal 

PBPK models developed for the RS and the Test products (8). EE released from all three 

TDSs studied here was modeled empirically.

Assumptions: 1. TDS releases the API at the same rate regardless of the application site, 

which is consistent with the current knowledge of TDS function. Therefore, differences in 

PK exposure following TDS application at different anatomical sites would be due to the 

differences in skin physiology. 2. Parameters contributing to variability include study-to-

study variability, differences in skin physiology at various anatomical sites and 

differences in drug distribution and elimination between subjects. 3. Potential impact of 

adhesion on the drug product performance is beyond the scope of this work and was not 

considered.

Dermal PBPK model for ORTHO EVRA® TDS predicted well
EE systemic exposure well following application on the 
abdomen and back in female healthy subjects.

Validated dermal PBPK models predicted EE systemic 
exposure following application of the RS and a generic on 
the back of virtual female subjects.

CONCLUSIONS
Consistent with an in vivo study for the RLD (5), (9), the developed 
dermal PBPK model predicted comparable systemic EE disposition 
following TDS application between the back and abdomen 
suggesting that the TDS application site does not impact systemic 
EE exposure. 
The validated EE dermal PBPK models for the RS and Test products 
were successfully used to compare EE exposure resulting from 
application on an application site other than the one where 
bioequivalence was assessed in vivo between the two products.
This work demonstrates that dermal PBPK modelling can be used 
as a quantitative tool and provide supportive evidence for BE 
demonstration throughout the lifecycle of a TDS development. 
Similar modeling approach may be followed for norelgestromin.

RESULTS

Observed data were described reasonably well by the dermal PBPK 

model developed for the ORTHO EVRA® TDS.

Fig. 3: Mean (5%/95% PI) predicted plasma EE following (A) administration of intravenous 

EE, (B) multiple applications and (C) single application for varying TDS surface areas of the 

ORTHO EVRA® TDS in healthy, female, virtual volunteers. Observed data were from ref 4-7. 

Study number across different panels does not refer to the same study. PI: Prediction Interval. 

Panels B and C are considered external model validation.
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Fig. 1: Observed (solid points) versus predicted (black solid line is mean and black dashed lines are 5% and 95% 

prediction intervals) PK profiles of EE following single application of the ORTHO EVRA® TDS on the abdomen (A) 

and the back (B) of healthy, female, virtual subjects (n=79, TDS application time: 7 days). Observed data were from 

refs 4-7. RLD: Reference Listed Drug, PI: Prediction Interval.
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Fig. 2: Predicted (solid line is mean and dashed lines are 5% and 95% prediction intervals) PK profiles of EE following 

single application of the RS and the Test drug product on the abdomen (A) and the back (B) of healthy, female, virtual 

subjects (n=79, TDS application time: 7 days). RS: Reference Standard, PI: Prediction Interval.
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