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Objectives

• Illustrate key considerations and challenges in developing a fit-for-purpose IVPT method.
• Demonstrate a systematic, evidence-based approach to IVPT method development using 

ruxolitinib cream as a case study.
•  Show how the development logic can inform method development for another topical 

product using roflumilast cream as an example.
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 IVPT provides time-resolved information on drug permeation 
across excised human skin.

 Permeation and flux profiles can characterize topical drug-
product performance at the skin barrier.

 For certain topical drug products, IVPT may be included as part 
of the recommended bioequivalence approach in a Product-
Specific Guidance.

A fit-for-purpose IVPT method is essential for meaningful 
comparison of test and reference products.

IVPT: From Product Performance to 
Bioequivalence Assessment
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Know Before You Go: Building an Informed 
IVPT Starting Point

Risks to consider when buying topical creams made outside the US
API drying systems - GTI Industrial Dryers
Skin layers: MedlinePlus Medical Encyclopedia Image
https://doi.org/10.1016/j.ejps.2024.106873

KNOW THE DRUG                         
-Solubility
-Ionization
-Partition

KNOW THE PRODUCT
-Formulation
-API state
--Distribution

KNOW THE BARRIER
-Skin source 
-Thickness 
-Integrity 
-Variability 

KNOW THE STUDY/ OBJECTIVE 
-What to characterize 
-Expected permeation levels
-Profile needed

INFORMED IVPT    
STARTING POINT 

Receptor solution, sink 
conditions & permeation

Drug availability & release

Permeability & data 
variability

Analytical sensitivity 
and study design

https://www.medstarhealth.org/blog/lotions-creams-ointments-drugs
https://gtidryers.com/api-drying-systems/
https://gtidryers.com/api-drying-systems/
https://gtidryers.com/api-drying-systems/
https://medlineplus.gov/ency/imagepages/8912.htm
https://doi.org/10.1016/j.ejps.2024.106873
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From Product Understanding to a Fit-for-
Purpose IVPT Method

 Skin Barrier
• Source • Integrity • Donor variability

 Dose Optimization
• Amount (consistency, reproducibility) and 
 • Application method (flux profile shape)
 Temporal Design
• Study duration (complete characterization) 
•  Sampling schedule (adequate resolution)

Analytical Capability
Sensitivity • Quantitation

https://www.loganinstruments.com/
https://www.teledynelabs.com/products/dif

fusion/phoenix-db-6https://permegear.com/ https://kc-labtech.com/vision-microette-
automated-test-system/

 Apparatus & Sampling
• Cell configuration • Automated/manual sampling
 Receptor Solution
• Composition • Volume • Receptor capacity

Receptor solution

Informative Permeation & Flux Profiles
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Product
Opzelura (ruxolitinib phosphate) 1.5% cream is a Janus kinase (JAK) inhibitor

Indication
The topical treatment of nonsegmental vitiligo in adult and pediatric patients 
12 years of age and older

Formulation
• Oil-in-water emulsion
 • Complex multiphasic system

Drug Properties
• pKa 4.3, 11.8
• LogP 3.47 
• pH-dependent solubility

Challenge
• Complex semisolid formulation
• pH-dependent drug solubility
• Need for measurable and interpretable IVPT profiles

https://www.skinsafeproducts.com/ruxolitinib-cream-1-5-rx-60-g-incyte-corporation

Ruxolitinib Topical Cream 

Ruxolitinib Phosphate
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A Systematic Approach to Ruxolitinib IVPT 
Method Development

Start with an Initial IVPT Method 
   ▼ 
Identify the Major Challenge
   ▼ 
Define the scientific question   
   ▼
Design an experiment to address it
   ▼
Evaluate the IVPT Outcome 
   ▼ 
 Retain useful conditions / refine the method
   ▼
Identify the next limitation
   ▼
Repeat until the study objectives are met
 

One challenge → Focused experiment → Evidence-based decision

Challenge Scientific Question

Receptor solution Which receptor solution is most suitable?

Analytical 
sensitivity Can we improve detectability?

Study duration Is the study duration sufficient?

Experimental 
artifacts

Are unexpected results biological or 
methodological?
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Challenge 1: Selecting the Receptor Solution

Which receptor medium provides adequate receptor 
capacity and measurable permeation without unnecessary 
complexity?

How do we choose a receptor medium that provides reliable IVPT data?

Receptor media evaluated

Key Findings of Exp. 1
• Similar permeation profiles observed 
• No meaningful improvement with Oleth-20 or BSA 

Decision: PBS alone was selected because it provided comparable permeation while minimizing experimental complexity.

Receptor Medium Purpose

PBS (pH 7.4) Physiological 
reference

PBS + 0.02% 
Oleth-20 Increase solubility

PBS + 4% BSA Improve sink 
conditions

Scientific Question
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Challenge #2: Improving Analytical Sensitivity
Can we improve analytical sensitivity without changing the analytical method?

• Low receptor-phase concentrations
• Limited early-time-point detection

Increase measurable receptor-phase 
concentrations and improve 
detectability. But the profile was still 
evolving at 48 h

What changed in Exp. 2?

Parameter Exp. 1 Exp. 2

Dose 11 mg/cm² 15 mg/cm²

Receptor 
Volume 15 mL 6.5 mL

Observation from Exp. 1
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Challenge #3: Is 48 Hours Enough?-Permeation 
Profiles

Capturing the Complete Permeation Profile

Observation from Exp. 2
48-hour study
 ↓
Flux still increasing
 ↓
Incomplete profile

What changed in Exp. 3?
• Study duration: 48 → 96 h
• More frequent sampling
• 15 mg/cm² retained
• 6.5 mL PBS retained
• 3 additional donors
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Challenge #3: Is 48 Hours Enough? –Flux Results
Capturing the Complete Flux Profile

What we learned
• More complete permeation profiles 
• Better characterization of flux over time 
• Later decline observed in several replicates 
• 96 h retained for subsequent optimization
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An Unexpected Observation: Was It Biological 
or Experimental?

Question: Could the automated sampling process be contributing to the deformation?

•One replicate out of six developed 
visible skin doming 
•Abnormal membrane geometry and 
data

Observed in Experiment 2

Photographic evidence suggested an experimental artifact rather 
than biological variability.
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Challenge #4: Addressing the  sampling artifact 
and final method optimization

The final optimization addressed the experimental mechanics—not the drug, formulation, or skin.

IVPT Conditions Experiment 1 Experiment 2 Experiment 3 Experiment 4
Skin source

Skin anatomical site
Skin thickness (μm)

Skin integrity test and acceptance 
criterion

No. of donors 1, Donor A 1, Donor B 3, Donors C, D, and E 3, Donors F, G, and H
No. of replicates per treatment 3 (one additional non-dosed replicate) 6 4 3 (one additional non-dosed replicate)

Receptor solution
(1) PBS (pH 7.4) with 0.02% Oleth-20, 2) PBS 

(pH 7.4) with 4% BSA, and 3) PBS (pH 7.4) 
alone. Each also included 0.1% sodium azide.

Equipment evaluated
Phoenix dry heat diffusion cell system, 

automated sampling
Phoenix dry heat diffusion cell system, 

manual sampling
Diffusion area of the orifice (cm2)

Receptor solution volume (mL) 15 9
Dose amount (mg/cm2) 11 (unoccluded)

Dose application method

Skin surface temperature (°C)
Stirring rate (rpm)

Sampling volume (mL)
0.7 (sample collection volume = 0.5 + prime 

volume = 0.2)
1

Sampling timepoints (h) 0.5, 1, 2, 4, 8, 12, 16, 20, 24, 48 0.083, 6, 12, 18, 24, and 48
Dose duration (h)
Study duration (h)

1, 6, 12, 18, 24, 36, 48, 60, 72, 84, and 96
96
96

6.5

48
48

15 (unoccluded)

The dose was applied with a positive displacement pipette, followed by gentle spreading using the closed end of a capillary rod.

32 ± 1
600

2 (sample collection volume= 1.5 + rinse volume = 0.5)

PBS (pH 7.4) including 0.1% sodium azide

Microette automated system

1.77

Dermatomed human cadaver skin
Thigh

~300 ± 100 (dermatomed)

TEWL, ≤10 g/m2/h
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Final optimization: IVPT Permeation Profiles
Did the final modifications produce consistent and interpretable permeation profiles?

Key Observations
--Complete 96-h 
permeation profiles 
across all three donors
--Mean cumulative 
amounts at 96 h:18.48, 
14.93, and 12.83 μg/cm²
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Final optimization: IVPT Flux Profiles
Did the final modifications produce consistent and interpretable flux profiles?

Key Observations
--Flux profiles showed the 
expected temporal 
evolution across donors
--Final conditions provided 
the most consistent and 
complete profiles observed 
during method 
development

The final optimization focused on the experimental mechanics of sampling while retaining key conditions established during earlier runs.
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What This Study Taught Us

Key Message
The value of method development lies in understanding why a method works—not just what the final method is.

Development Is Progressive
Some limitations become apparent only after earlier challenges are addressed.

Parameters Are Interconnected
A change made for one purpose can influence other aspects of IVPT performance.

Unexpected Results Add Knowledge
Investigating unexpected observations improved understanding of the experimental system.

Rationale Matters
Final conditions are stronger when their selection can be traced to experimental evidence.
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Applying the Same Thinking: Roflumilast Cream
Different product. Different conditions. 
Same development logic.
 

 ZORYVE (roflumilast, 0.3%) cream is a phosphodiesterase 4 
inhibitor.

 
 Indicated for the topical treatment of plaque psoriasis, 

including intertriginous areas, in patients 12 years of age and 
older.

 Saturation Solubility
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Key Message
Product-specific IVPT conditions provided 
measurable and interpretable roflumilast 
permeation profiles, while the systematic 
development approach remained 
consistent across products.

Roflumilast: Permeation and Flux Profiles

Key Observations
--Roflumilast permeation was measurable across the evaluated skin donors 
--Cumulative permeation increased over the study duration 
--Flux profiles characterized the temporal permeation behavior across donors 
--Automated sampling provided interpretable permeation and flux profiles 
under the evaluated conditions
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Take-home Messages

The method was product-specific. The learning process was transferable.

1. The IVPT method evolved progressively.
Each experiment addressed a limitation identified during development.

2. Solving one challenge often revealed the next.
Improved detectability revealed the need for a longer study, while an unexpected observation led to refinement 
of the sampling approach.

3. The development approach—not the final conditions—was transferable.
Ruxolitinib and roflumilast required product-specific conditions, but the same systematic thinking guided method 
development.
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