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Overview of indications

||III||||III|I--.----
.
0‘

90
80
70
60
50
a0
0
20
10
0
Q&Q

100
3

uu:_uo.a Joiuno)

SID 2025 poster: XYZ Systematic evaluation of topical dosage form types and approved indications for dermatologic use
Orange Book: Approved Drug Products with Therapeutic Equivalence Evaluations (“Orange Book”)

www.fda.gov



Approved APIs anc

ne-iodine

VcIindamycinw '. _ erythromycin onuias
ChlorheXIqme adaT';zTceamethasone
hydrocortisone

desoximetasone . s
triamcinolone

o Doy e
retinoin fluocinolone titanium

lidocaine ]
ISOprO pYI diclofenac

ometasone - clotrimazole
calcipotriene
tazarotene
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Orange Book: Approved Drug Products with Therapeutic Equivalence Evaluations (“Orange Book”), API- Active Pharmaceutical Ingredient



Role of Formulation

cream
FUNGAL INFECTION spray 20%
3% 0
solution
16% lotion
. 8%
suspension
3% gel ointment

13% 3%

www.fda.gov
da go Orange Book: Approved Drug Products with Therapeutic Equivalence Evaluations (“Orange Book”), API- Active Pharmaceutical Ingredient



Role of Formulation

Different Types of Ringworm

| spray cream
) -~ 34%
Tinea fnanuum Tinea cruris or
Jjock itch .
solution
0,
16% lotion
Tinea corporis Tinea ungu’ium 8%
. : suspension
Tinea pedis or athlete’s foot 0 .
3% gel ointment

13% 3%

www.fda.gov
da go Orange Book: Approved Drug Products with Therapeutic Equivalence Evaluations (“Orange Book”), API- Active Pharmaceutical Ingredient



Formulation & Bioavailability

from vehicle
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Solvent evaporation g M Crystalline drug
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[ Partition out of the vehicle into the SC
Stratum corneum ’
(sc) Z . . I
Z Diffusion within the SC
&
e Partition out of the SC into the VE
Viable epidermis *
(VE) 2
Z
» i Diffusion within the VE

Absorption into the blood

www.fda.gov
https://www.gattefosse.com/formulation-technologies/solubilizing-drugs-skin-delivery-decisive-step



Formulation & Bioavailability

The Process of
Developing the Right Formulation

Small Moliecule/Biomolecule

Hydrophilic/Lipophilic

+ Buffers 4—{Exzipiencs + M + [ Process +Time
Parameters

« Co-solvents «Temp

L - Viscosity
' Permeation Drugin « Mixing Speed
Enhancers Formulation - Light
« Surfactants « Particle Size
- Stabilizers Topicalllocal site | Topical/ - Zeta Potential
- Emulsifiers epidermal (folliicular|  systemic
- Preservatives | | & sebaceous glands)| transdermal
« Chelating & dermal
Agents
 Thickening
Agents — Epidermis
- Smoothening i Dermis
Agents
- Polymers

- Humectants

Metabolites or Degradation Products|
Therapeutic/Harmful/Inactive

s Enhances Optimization of Dosage Form | _ |+ Maintains the
Solubility Dermatogical/ Stability of

 Increases Pharmaceutical Factors APl
Absorption & - Improves
Drug Bioavailabilty
Transport and

« Avoids Manageable
Immunogenecity’ Release

+ Minimizes «Prevents
Surface Denaturation
Adsorption « Better

« Inhibits the Dermato-
Enzyme pharmaco-
Degradation kinetics

« Able to Reach «Improves
Target Site Shelf Life

« Low Irritancy —
. Higher Better Clinical

Ti i Efficacy and Safety
Efficacy ¥

« Non-toxic Saves Money ai
. Preserve the

Physiology of
Skin
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https://drug-dev.com/topical-delivery-the-importance-of-the-right-formulation-in-topical-drug-development/




Formulation & Bioavailability

Zovirax Zovirax Zovirax ‘ Aciclostad Aciclovir-1A ‘
(UsA) (UK) (Austria) (Austria) (Austria)
Water Purified water Water

Propylene glycol

0.08 1 In Vitro Permeation Test (IVPT)
6 Donors each with 6 Replicate Skin Sections

Propylene glycol Propylene glycol

Viscous Paraffin
White Vaseline

Mineral oil Liquid Paraffin Liquid Paraffin

hite petrolatum White soft paraffin White Vaseline

etostearyl alcohol Cetostearyl alcohol Cetostearyl alcoh Cetyl alcohol

LS SLS
Poloxamer 407 Poloxamer 407

SLS
Poloxamer 407

Dimethicone
Glyceryl Mono
Stearate
Polyoxyethylene
stearate

1.01
99.7+1.7 98.31+2.6
2,3 hydrate 2,3 hydrate
Ovoid
6

Dimethicone 20 Dimethicone 20
Glyceryl Mono
Stearate
Polyoxyethylene
stearate

1.02 1.02 1.02
97.9+0.7 99.6+1.4 100+ 2.2
2,3 hydrate 2,3 hydrate 2,3 hydrate
Rectangular Rectangular Rectangular, Ovoid
3.8 2.5 6.8

Arlacel 165

Arlacel 165

Density (g/cc)

Content Uniformity (%,
Polymorphic Form
Crystilline Habit
Particle size (d50) (pm

HE-E,-|

pH 7.74 7.96 4.58 6.05

Work of Adhesion 59 81 17 18 d ¥ T T T T T T T T T T

Drug in Aq (mg/g) 0.49 0.64 0.37 e 4 8 12 16 20 24 28 32 3 40 4 48

Drying Rate (T-30%) >12h ~gh ~7h <ih <ih Time (h)

Water Activity 0.75 0.73 0.95 0.95 —e—Zovirax (US) —e—Zovirax (UK) —e—Zovirax (AU) —e—Aciclovir-1A —e—Aciclostad
www.fda.gov 8

Data provided courtesy of Dr. Narasimha Murthy associated with FDA funding for award U01FD005233



FOA

Correlation Between Q3 & Bioavailability

Zovirax Zovirax \ Aciclostad Aciclovir-1A ‘
(UK) (Austria) (Austria) (Austria)

Purified water ater Water

Zovirax

Thixotropic Rheology

1000

Propylene glycol ropylene glycol Propylene glycol

i i Liquid Paraffin quid Paraffin Viscous Paraffin ==K :
etostearyl alcohd z etostearyl alcoh i 1

SLS
Poloxamer 407 Poloxamer 407

Dimethicone 20
Glyceryl Mono
Stearate Stearate
Polyoxyethylene Polyoxyethylene
stearate

1.02

stearate
1.01
99.7+1.7 98.31+2.6
2,3 hydrate 2,3 hydrate
Ovoid Ovoid
6.8 6

1.02
97.9+0.7 99.6+1.4 100+ 2.2
2,3 hydrate 2,3 hydrate 2,3 hydrate
Crystilline Habit Rectangular Rectangular
Particle size (d50) (pm 3.8 2.5

Density (g/cc)
Content Uniformity (%,
Polymorphic Form

pH 7.74 7.96 4.58 6.05
Work of Adhesion 59 81 17 18 10
Drug in Aq (mg/g) 0.49 0.64 0.37 0.26 0.001 0.01 0.1 1 10 100
Drying Rate (T-30%) >12h ~8h ~7h <ih <ih Shear rate 1/s
Water Activity 0.75 0.73 0.95 0.95
www.fda.gov 9

Data provided courtesy of Dr. Narasimha Murthy associated with FDA funding for award U01FD005233



FDA

Correlation Between Q3 & Bioavailability

AV Aciclostad Aciclovir-1A

Zovirax Zovirax Zovirax

(UK) (Austria) (Austria) (Austria) "
— 500 - - — - - —
:""f'fd ‘""'I" : ater :’“"I - ® Zovirax cream 5%, U.S ® Zovirax cream 5%, AUT °
ropylene glyco ropylene glyco P e co . A
Liquid Paraffin St < ® Zovirax cold sore cnarp 5% . ® Aciclostad '//
hite petrolatum{illhite soft paraffin White Vaseline White Vaseline ';_‘ 1250 4 | @ Aciclovir 1A Pharma Cream 5% Fe [
etostearyl alcohg etostearyl alcohol Cetostearyl alcol Cetyl alcohol ‘/"I g
sis 10004 In Vitro Release Test (IVRT) P i,
407 Pol 407 & -
Dimethicone 20 Dimethicone 4 > ~
Glyceryl Mono Glyceryl Mono <
Stearate Stearate
Polyoxyethylene Polyoxyethylene n
stearate stearate n
Density (g/cc) 1.02 1.02 1.01 ’
Content Uniformity (%, 97.9£0.7 99.6+1.4 100 +2.2 ~ '
Polymorphic Form 2,3 hydrate 2,3 hydrate 2,3 hydrate : : - - - PO *
Crystilline Habit Rectangular Rectangular Rectang i S ‘ -
Particle size (d50) (um -
pH
Work of Adhesion T T T T T T T
Drug in Aq (mg/g) 1 1.41 1.73 | 224 245 265
Drying Rate (T-30%) Square root of time (hours)
Water Activity
www.fda.gov 10

Data provided courtesy of Dr. Narasimha Murthy associated with FDA funding for award U01FD005233



Modeling and Simulation Tools

Release Rate
4 Release Profile

Molar Volume

\Viscosity X_j/ % Polymer

Emulsion —> APl in dropletophase I Diffusion to skin |

N R surface & Hair Folicles |

Solution | ——p API in dissolved phase =~

/ T L —_— > Vehicle Evaporation

Empirical Release

Patch | > Diffusion-based Release

Vehicle pH X[ APl pKa

7= 1
| Fraction API
| non-ionised |

/
Suspension |=—> APl in particle phase <= API Precipitation

r

Www.fda.gov Arora et al. Mol Pharm. 2022,;19(9):3139-3152. doi:10.1021/acs.molpharmaceut.2c00229 11
Tsakalozou et al. CPT Pharmacometrics Syst Pharmacol. 2021;10(5):399-411. doi:10.1002/psp4.12600



Generic Drugs
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* Generic drug products use the same active ingredient(s) and can be expected to
have the same clinical effect and safety profile when administered under

conditions specified in the labeling, as the brand-name (reference) listed drug
products

* Generic drug products can be substituted for the reference listed drug product
* ....And they can cost less money

www.fda.gov 12
https://www.fda.gov/drugs/generic-drugs/generic-drug-facts



https://www.fda.gov/drugs/generic-drugs/generic-drug-facts

Formulation and Generic Drugs

Most generic drugs may have differences in formulation compared to the
reference listed drug
* Pharmaceutical Equivalence
* Same Active Ingredient
* Same Dosage Form
* Same Route of Administration
* Same Dose
* Bioequivalence
* Rate and extent of bioavailability is the same

www.fda.gov
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Timeline for the Program

GDUFA |
2012
Research
Program
Initiation

2013 - current

www.fda.gov

Efficient ~500
Bioequivalence Topical

Approaches Products
Implemented in Approved

Guidance Since

2016 2012

GDUFA
Il
2017

Generic Drug User Fee Amendments (GDUFA)

GDUFA 1l
2022
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Impact of Generic Product Availability j&&
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Data was collected from Medicare Part D database for 1441 generic drug products, including 117 topical drugs.

400
360
320
280
£ 240
200
=160

120

80

40

ndex

rice

2016

Calendar year

Data was collected from IQVIA. A chained Fisher Price index was constructed for the set of 17 topical generic product families
between 2017 and 2022.

2022

“Price Trends for Established Generic Drugs under Medicare Part D by Route of Administration, First Quarter 2010 through the Second Quarter of

www.fda.gov

2015” from 2016 GAO report. 15

Russo et al. Correlation between generic product approvals and price for drug products applied to the skin, AAD Annual Meeting, 2024



Summary

* Topical drug products are generally complex dosage forms
* Formulation plays a key role in topical product bioavailability

* A mechanistic understanding of the impact of formulation on drug product
microstructure and bioavailability can facilitate topical product development

 The goal of the GDUFA regulatory science and research program is to facilitate
research to enhance our understanding of how formulation influences
microstructure and bioavailability

* Availability of tools within the scope of the program have contributed to the
availability of more generic products on the market, and a corresponding decrease
in price

www.fda.gov
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