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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.

• The information discussed has not necessarily been 
evaluated by the relevant FDA centers or offices that 
regulate cosmetics or sunscreen products, and concepts 
discussed should not be misconstrued as representing 
policies currently under consideration by FDA centers or 
offices that regulate cosmetics or sunscreen products.

www.fda.gov
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The GAO Report (GAO-16-706)
• The U.S. Government  Accountability Office (GAO) Report in 

Aug 2016 analyzed a period spanning Quarter 1 of 2010 
through Quarter 2 of 2015

• 57% of the topical drug products experienced an 
extraordinary price increase in that period

• The average price of topical generic drugs was 276% higher 
by the end of the period analyzed

• Manufacturers and other stakeholders reported that 
market competition, influenced by various factors, drives 
generic drug prices

www.fda.gov
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The GAO Report (GAO-16-706)

www.fda.gov
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Retail Prices for Dermatologic Drugs

Source: Miranda E. Rosenberg, BA and Steven P. Rosenberg, MD (2016) Changes in Retail Prices of 
Prescription Dermatologic Drugs From 2009 to 2015. JAMA Dermatology. 152(2):158-163. 
doi:10.1001/jamadermatol.2015.3897 www.fda.gov
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Patient Access to Topical Products
• The majority of topical dermatological drug products 

have fewer than three generic competitors; for many 
products no generics are available at all.

• This may have been attributable to the historical barriers 
to the development of topical dermatological drug 
products, possibly including
• Difficulty/issues with comparative clinical endpoint bioequivalence 

(BE) studies

• The complex nature of topical formulations
www.fda.gov
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Formulations Can Alter Bioavailability

• It is widely understood that the formulation of a topical 
semisolid dosage form can influence its performance

• It is now increasingly clear how excipients may exert their 
influence, by modulating the physicochemical and 
microstructural arrangement of matter in the dosage form

• The resulting physical and structural characteristics of 
topical dosage forms, and their metamorphic properties on 
the skin, can directly influence topical bioavailability

www.fda.gov
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Topical Dermatological Formulations
• Components, composition, physicochemical, and 

structural properties of a topical product can influence:
• The drug state(s) and phase(s) of the dosage form
• The distribution of the drug in the dosage form
• Drug diffusion within the dosage form 
• Drug partitioning from the dosage form into the skin barrier
• The structure and chemistry of the skin barrier
• Drug diffusion within the skin itself
• Drug delivery and bioavailability at the target site
• Skin (de)hydration, irritation, or damage
• The metamorphosis of the dosage form on the skin

www.fda.gov
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The Concepts of Q1, Q2, Q3
• Q1: Components in a product

• Q1 characterization of a reference product provides a profile of the 
qualitative components (ingredients) in that reference product 

• Q2: Composition of a product
• Q2 characterization of a reference product provides a profile of the 

quantitative formulation composition of that reference product 

• Q3: Arrangement of matter in a product
• Q3 characterization of a reference product provides a profile of 

physicochemical and structural attributes that is quintessentially 
characteristic of that reference product

www.fda.gov
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Q3 Characterization
1. Appearance and texture
2. Number and type of phase states
3. Structural organization of matter
4. Polymorphic form(s) of the active ingredient
5. Rheological behavior under a range of conditions
6. Water activity and/or drying rate
7. pH and buffering capacity
8. Profile of oleaginous components
9. Specific gravity
10. Metamorphosis-related changes
www.fda.gov
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Dosage Form Metamorphosis

• Solvent Activity of Q1/Q2 Identical Creams

www.fda.gov

Manufacturing 
Conditions

Solvent Activity 
(aw)

3500 RPM (15 min) 0.931 ± 0.002

7000 RPM (45 min) 0.875 ± 0.006

Ingredients Quantity (%w/w)

Cetostearyl Alcohol 12.5

White Wax 12

Mineral Oil 56

Sodium Borate 0.5

Water 19

Total 100
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Data provided courtesy of Prof. Narasimha Murthy (University of Mississippi) FDA Award U01-FD005223 
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Dosage Form Metamorphosis

• Solvent Activity (as) = ρ/ρ0
• ρ  = partial vapor pressure of Solvents in the product
• ρ0 = vapor pressure of pure Solvent system

www.fda.gov
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Data provided courtesy of Prof. Narasimha Murthy (University of Mississippi) FDA Award U01-FD005223 
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Dosage Form Metamorphosis

• Solvent Activity and Drying Rate

www.fda.gov
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Zovirax (US) Zovirax (AU) Zovirax (UK)
Aciclovir-1A Aciclostad

(AUT)

Product Solvent Activity (aw)

Zovirax (US) 0.753 ± 0.002

Zovirax (AUT) 0.735 ± 0.000

Zovirax (UK) 0.732± 0.002

Aciclovir 1A 0.948 ± 0.001

Aciclostad 0.948 ± 0.003

Data provided courtesy of Prof. Narasimha Murthy (University of Mississippi) FDA Award U01-FD005223 
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Influence of Dispensing Stress on Q3
• Influence of Dose Dispensing on Product Quality

Data provided courtesy of Drs. Maike Windbergs and Mike Roberts associated with FDA funding for award U01FD0005226
www.fda.gov
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Influence of Dispensing Stress on Q3
• Influence of Dose Dispensing on Product Quality

www.fda.gov
Data provided courtesy of Drs. Maike Windbergs and Mike Roberts associated with FDA funding for award U01FD0005226
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Influence of Dispensing Stress on IVPT

www.fda.gov Data provided courtesy of Drs. Audra Stinchcomb, Mike Roberts, and  Narasimha Murthy 
associated with FDA funding for awards U01FD0004947, U01FD0005226,, U01FD0005233
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In Vitro Characterization (Acyclovir)

www.fda.gov Data provided courtesy of Prof. Narasimha Murthy (University of Mississippi) FDA Award U01-FD005223

Thixotropic Rheology
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In Vitro Characterization (Acyclovir)

www.fda.gov Data provided courtesy of Prof. Narasimha Murthy (University of Mississippi) FDA Award U01-FD005223
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In Vitro Characterization (Acyclovir)

www.fda.gov

In Vitro Permeation Test (IVPT)
6 Donors each with 6 Replicate Skin Sections

Data provided courtesy of Prof. Narasimha Murthy (University of Mississippi) FDA Award U01-FD005223

In Vivo Cutaneous PK Study
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In Vivo Characterization (Acyclovir)
• dOFM System Validation and Study Controls

www.fda.gov Data/Images provided courtesy of Dr. Frank Sinner (Joanneum Research) FDA Award U01-FD004946
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In Vivo Characterization (Acyclovir)
• dOFM: Testing Positive and Negative Controls for BE

www.fda.gov Images provided courtesy of Dr. Frank Sinner (Joanneum Research) FDA Award U01-FD004946
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In Vivo Characterization (Acyclovir)
Zovirax (US) Acyclovir Cream 5%
Zovirax (US) Acyclovir Cream 5%

Zovirax (US) Acyclovir Cream 5%
Aciclovir  1A (Austria) Acyclovir Cream 5%

www.fda.gov
Data provided courtesy of Dr. Frank Sinner (Joanneum Research) FDA Award U01-FD004946

Bodenlenz et al. (2017) Open Flow Microperfusion as a Dermal Pharmacokinetic Approach to Evaluate Topical Bioequivalence. 
Clin Pharmacokinet. 2017 Jan;56(1):91-98. doi: 10.1007/s40262-016-0442-z (FREE Full Text Article)



23

In Vitro Characterization (Lidocaine)

www.fda.gov Data provided courtesy of Prof. Narasimha Murthy associated with FDA funding for award U01FD0005233         RLD = Reference 
Listed Drug 
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In Vivo Characterization (Lidocaine)

www.fda.gov Data provided courtesy of Dr. Narasimha Murthy and Dr. Frank Sinner associated with FDA funding for awards U01FD0005233 and 
U01FD0005861 
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In Vitro Characterization (Prilocaine)

www.fda.gov Data provided courtesy of Dr. Narasimha Murthy associated with FDA funding for award U01FD0005233 
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In Vivo Characterization (Prilocaine)

www.fda.gov Data provided courtesy of Dr. Narasimha Murthy and Dr. Frank Sinner associated with FDA funding for awards U01FD0005233 and 
U01FD0005861 
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In Vitro / In Vivo (Metronidazole)
RheologyQuality 

Attribute MetroCream® Generic Cream
(Fougera) MetroGel® Generic Gel

(Tolmar)
Generic Gel

(Taro) 

pH 4.8 5.1 5.2 5.0 5.4

Density (g/cc) 1.02 1.02 1.01 1.02 1.02

WOA (g.sec) 57.6 63.9 39.4 43.9 42.0

Particle size 
(µm) Active ingredient is completely dissolved

Drug in Aq 
(mg/g) 4.20 2.92 --- --- ---

Drug in Oil 
(mg/g) 2.58 3.94 --- --- ---

Solvent Activity 0.977 0.974 0.992 0.994 1.002

Globule size,
d50 (µm) 2.8 2.2 --- --- ---

Drying,T30(min) 17 11.4 5.5 4.7 6.5

www.fda.gov Data provided courtesy of Dr. Narasimha Murthy associated with FDA funding for award U01FD0005233 
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In Vitro / In Vivo (Metronidazole)
Drying RateQuality 

Attribute MetroCream® Generic Cream
(Fougera) MetroGel® Generic Gel

(Tolmar)
Generic Gel

(Taro) 

pH 4.8 5.1 5.2 5.0 5.4

Density (g/cc) 1.02 1.02 1.01 1.02 1.02

WOA (g.sec) 57.6 63.9 39.4 43.9 42.0

Particle size 
(µm) Active ingredient is completely dissolved

Drug in Aq 
(mg/g) 4.20 2.92 --- --- ---

Drug in Oil 
(mg/g) 2.58 3.94 --- --- ---

Solvent Activity 0.977 0.974 0.992 0.994 1.002

Globule size,
d50 (µm) 2.8 2.2 --- --- ---

Drying,T30(min) 17 11.4 5.5 4.7 6.5

www.fda.gov Data provided courtesy of Dr. Narasimha Murthy associated with FDA funding for award U01FD0005233 
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In Vitro / In Vivo (Metronidazole)
Quality 

Attribute MetroCream® Generic Cream
(Fougera) Metrogel® Generic Gel

(Tolmar)
Generic Gel

(Taro) 

pH 4.8 5.1 5.2 5.0 5.4

Density (g/cc) 1.02 1.02 1.01 1.02 1.02

WOA (g.sec) 57.6 63.9 39.4 43.9 42.0

Particle size 
(µm) Active ingredient is completely dissolved

Drug in Aq 
(mg/g) 4.20 2.92 --- --- ---

Drug in Oil 
(mg/g) 2.58 3.94 --- --- ---

Solvent Activity 0.977 0.974 0.992 0.994 1.002

Globule size,
d50 (µm) 2.8 2.2 --- --- ---

Drying,T30(min) 17 11.4 5.5 4.7 6.5

In Vitro Permeation Test

www.fda.gov

(RLD Cream) (RLD Gel)
RLD = Reference Listed Drug

Data provided courtesy of Dr. Narasimha Murthy associated with FDA funding for award U01FD0005233 
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In Vitro / In Vivo (Metronidazole)
Quality 

Attribute MetroCream® Generic Cream
(Fougera) Metrogel® Generic Gel

(Tolmar)
Generic Gel

(Taro) 

pH 4.8 5.1 5.2 5.0 5.4

Density (g/cc) 1.02 1.02 1.01 1.02 1.02

WOA (g.sec) 57.6 63.9 39.4 43.9 42.0

Particle size 
(µm) Active ingredient is completely dissolved

Drug in Aq 
(mg/g) 4.20 2.92 --- --- ---

Drug in Oil 
(mg/g) 2.58 3.94 --- --- ---

Solvent Activity 0.977 0.974 0.992 0.994 1.002

Globule size,
d50 (µm) 2.8 2.2 --- --- ---

Drying,T30(min) 17 11.4 5.5 4.7 6.5

www.fda.gov

(RLD Cream) (RLD Gel)

Data provided courtesy of Dr. Mike Roberts and Dr. Yousuf Mohammed associated with FDA funding for award U01FD0005226 
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Thermodynamics (Metronidazole)

www.fda.gov

(RLD Cream) (RLD Gel)

Data provided courtesy of Dr. Narasimha Murthy associated with FDA funding for award U01FD0006507 
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IVPT Results
PEG 200:Water (15:85)
PEG 200:Water (35:65)
PEG 200:Water (65:35)
PEG 200:Water (85:15)

PEG 200:Water Saturation Solubility 
(mg/ml)

Concentration
(mg/ml) α

15:85 10.15 7.5 0.74
35:65 11.62 7.5 0.65
65:35 14.27 7.5 0.53
85:15 22.99 7.5 0.33
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Thermodynamics (Metronidazole)

www.fda.gov

(RLD Cream) (RLD Gel)

Data provided courtesy of Dr. Narasimha Murthy associated with FDA funding for award U01FD0006507 

PEG 200:Water Saturation Solubility 
(mg/ml)

Concentration
(mg/ml) α

15:85 10.15 5.1 0.5
35:65 11.62 5.8 0.5
65:35 14.27 7.1 0.5
85:15 22.99 11.5 0.5
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Topical Dermatological Formulations
• Clinical evidence has demonstrated the bioequivalence (BE) of 

several topical generics that are not necessarily Q1, Q2, or Q3 
the same as the reference product

• An expanding body of evidence has demonstrated that these 
topical generics exhibit comparable cutaneous pharmacokinetics 
(PK) …not only comparable clinical efficacy

When do Q1, Q2, or Q3 differences impact the BE of topical 
products, and what may be acceptable differences between a 
test and reference product formulation?

www.fda.gov
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