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TOPICAL FOAMS

Dynamic dosage forms at the interface of formulation, device, and skin
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Foams and shampoos

Gas dispersed in a
liquid or semisolid

Bubble size + density *
drainage * rheology *
collapse

pH « drug state « solubility «
propellant/volatiles *
stability

Bubbles

Lamellae Bubbles « lamellae
Elat;au Plateau borders *
e continuous phase
Continuous

phase

Attributes that govern topical performance
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SHAMPOOS

Surfactant-based liquid or
gel; lathered and rinsed

Viscosity * surface tension «
wetting * foamability *
rinse behavior

pH * micellar solubilization *
ionic strength ¢ preservative ¢
stability

Micelles « polymers «
droplets/crystals *
aqueous phase




Foam generation: medicated foams vs medicated shampoos

Different generation mechanisms create different use-state structures and exposure conditions
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Medicated foam

Foam generated during dispensing
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Medicated Shampoo

Foam generated in situ during use

wgcous .qquéous USER + WATER + SHEAR
FORMULATION \ GENERATE FOAM

CONTAINING DRUG

PACKAGED s () WATER + RUBBING mssh (€)) AIR ENTRAINMENT wesp (@) WET FOAM ON

SHAMPQO wetting and dilution mechanical agitation HAIR / SKIN
viscous aqueous surfactant plus hand massage incorporates air; surfactants foam spreads through hair
solution, emulsion, or or shear. adsorb at the air-water and across scalp/skin,
suspension containing drug; interface and stabilize thin remains for the labeled
no preformed foam in the liquid films around bubbles. contact time, then is

package. rinsed away.




Microstructure and stabilization of topical foams

Conceptual foam microstructure (cross-section)

Gas bubbles

Discrete gas phase

SURFACTANTS — POLYMERS —
Interfacial stabilization Bulk-phase stabilization
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Mechanisms of topical foam collapse on skin

€ Freshly dispensed
dense foam

€) Collapsed foam:
residual vehicle film

@) Aging foam: thinning films,
larger uneven bubbles
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Ambient product: ~20-25°C  ¢,..oration cooling é Skin surface: ~32°C

immediately after dispensing

Faster gas diffusion / higher vapor pressure
— faster coarsening and volatile loss

Lower viscosity
—> faster drainage

Interfacial-film stability
may change

Net effect is formulation-dependent.



Surfactant redistribution during topical-foam collapse

Why mixed surfactants stabilize foam
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e Marangoni repair
local surface-tension gradient
drives surfactant toward a
stretched, depleted region.
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@) Interfacial viscoelasticity
cohesive film resists
deformation and rupture.
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Current PSG BE Pathways: Topical Foams and Shampoos

Three product-specific evidence architectures

TARGETED WAIVER CLINICAL / PD STATE-AWARE IN VITRO
Formulation sameness Comparative clinical endpoint Q1/Q2 + multi-state Q3
Targeted use-state tests Vasoconstrictor PD for IVRT; IVPT for selected foams
selected corticosteroids
Examples: Ketoconazole, clindamycin, minoxidil, Examples: Calcipotriene and tazarotene foams; Examples: Roflumilast foam 0.3%;
and halobetasol foams; ciclopirox and betamethasone dipropionate/calcipotriene foam; ketoconazole shampoos 1% and 2%;
clobetasol shampoos ketoconazole shampoos selenium sulfide shampoo 2.5%

SELECTED CONTEMPORARY PSG EXAMPLES

TOPICAL FOAMS TOPICAL SHAMPOOS
PATHWAY Roflumilast foam 0.3% Ketoconazole shampoos 1% and 2%
Uncollapsed — Collapsed Dispensed — Diluted / Lathered — Residual
EVIDENCE
t Collapsed-state IVRT + IVPT Multi-state Q3 + IVRT )

No universal class-wide pathway — BE evidence remains product-specific.



Scientific gap in BE assessment of topical foams and shampoos

PACKAGED / DISPENSED STATE =—————p» DYNAMIC METAMORPHOSIS RESIDUAL FORMULATION == SKIN FATE & RESPONSE
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The scientific gap is the linkage—not the absence of measurements.



Case-study: Ketoconazole foam and shampoo products

Five model products used to support method development for understanding and in vitro characterization of medicated foams and shampoo-generated foams

FOAMS SHAMPOOS

& — — —_—
,I»' O o | TR
Model S1 S2
1% 2% 2%
Method-development product { J
Not a comparator Comparators (2% ketoconazole shampoos)

Can dynamic use-state transformation explain differences in drug availability?

: |
PRODUCT STATE METAMORPHOSIS RESIDUAL STATE PERFORMANCE
Composition « rheology « Dispense or lather « collapse + Post-transformation Q3 « IVRT release «

drug/phase state evaporation or rinse drug distribution - crystals IVPT skin uptake and permeation

q CASE-STUDY PURPOSE: Connect measurable transformation and residual-state attributes with comparative in vitro performance.

Products are compared within dosage form; foams and shampoos are not cross-dosage-form BE comparators.



Dynamic foam characterization of generated foams

Endpoint mapping based on foam height evolution and foam microstructure evolution
Representative characterization framework for dynamic foam analysis; endpoint availability may depend on the specific instrument setup and study design.

Height module
(macroscopic foam
profile monitoring)

et | 3 s
region = =
L Laser / optical ~ Time-resolved Software
- -ats level sensing  measurements analysis
Liquid . Structure module
region = i _(bubble imaging and
z =P microstructure monitoring)

High-speed Image
Foam sample il .
imagin analysis

under test o g

Microstructure
metrics

Foam evolves over time

ta t, t, B b
)

» Continued

monitoring
over time

Endpoint Map: Extracted Foam Dynamic Characteristics

Foam evolves over time —> Dynamic endpoints are derived from this evolution

A. Height and drainage endpoints

E Height module

Foam height / foam volume

Liquid height / liquid volume

é Drainage behavior
aé:b Initial foamability
@\ Foam stability over time
& Relative foam decay

@ Time to break / collapse time
QQ} Drainage half-life

m Weight loss / weight remaining

(complementary stability metric)

B. Bubble microstructure endpoints

(@7 Structure module
'::i:': Bubble count / mm?

Q Mean bubble area

@ Average bubble radius
allis.  Bubble-size distribution over time
‘9‘0’0 Coarsening behavior

[ T Bubble-count decay
@ Bubble-count half-life

)T Change in mean bubble area
over time

@ I Change in average bubble radius

over time

| s

L Integrated dynamic picture of foam evolution J

) J

(macroscopic + microstructure)




Assessment of foam performance attributes

Complementary tools for understanding microstructure, metastability, and performance-relevant behavior under the tested conditions

Packaged Dispensed foam Generated Dynamic decay Residual
formulation or diluted shampoo foam/lather and metamorphosis formulation IVRT/IVPT
& ™ : y donor state
— W —> —> —
- . |
| Y 7 ;“‘J-r = |
1. Dynamic Foam Analysis 2. Rheology Assessment 3. Foam Weight Loss
. . and Metamorphosis
A) Height-based analysis Flow / Amplitude Frequency Time
viscosity sweep sweep sweep
Room temperature
sweep
@ n (22-23 °C)
G’ G’ G’

! "..H‘\\. o000 o000 0 32-35°C
foam liquid collapse  drainage  half surface : " (temperature
height depth time rate bubble area / G” G G challenge)

life volume . .
: . . . gravimetric
| B) Foam Structure Module ¥ Y = s monitoring
e 25 mm sand-blasted parallel-plate Peltier geometry; __100 100
E;)I%O ) % \ 1000 pm gap; 22-23 °C &
Nt @ - I =
é%:@ ®®® N * Flow sweep: y shear rate 0.0001-10 s ._g"‘
2 50 50 -
bubbles bubble size  mean span  coarsening ¢ Amplitude sweep: 1 Hz; strain 0.01-100% @
count  distribution radius (coarsening rate (k) -"_3
(um) index) * Frequency sweep: strain 0.1%; angular frequency o
0.1-100 rad/s 0 AT R T W TR i o e
Model system and test conditions: dilution 1:25, 1:100, 1:400 O % F 3 4% Ok 2. & B
gas flow 1.28, 0.92, 0.59 L/min, pressure 1.56, 1.17, 0.78 psi e Time sweep: 1 Hz; strain 0.1%; duration 15 min finedli e

test time 15 min, temperature 22—23 °C, volume 15 mL



Assessment of foam performance attributes

Complementary tools for understanding microstructure, metastability, and performance-relevant behavior under the tested conditions

Packaged Dispensed foam Generated Dynamic decay Residual
formulation or diluted shampoo foam/lather and metamorphosis formulation IVRT/IVPT
.z e ~ & S donor state
. - o DT &S
| W——
=
Why conventional IVRT/IVPT requires a
post-metamorphosis donor state?
4. In Vitro Release Testing (IVRT) 5. In Vitro Permeation Testing (IVPT)
4 ) : i : S , Fresh foam and shampoo lather are transient gas-
Franz vertical diffusion cell assembly with Franz vertical diffusion cell assembly with = .
synthetic membrane separating donor and dermatomed human cadaver skin separating liquid structures-not stable, reproducible donor doses
receptor compartments. donor and receptor compartments.

Donor compartment

/ (as-is shampoo or
collapsed/residual

foam or lather)

Donor compartment

f (as-is shampoo or
collapsed/residual
foam or lather)

/ /— Synthetic

membrane

—

0
0

i /— Sampling port

ﬁ Sampling port

\ (—Oout— Rece-.ptor it . —0 ot —— Receptor
N medium ' medium
(water:ethanol

:D In
;¥ Magnetic stirrer

Water bath / Water bath /
Temperature control Temperature control

{322 4°C) (32:x1°C)

In

50:50 v/v)

Magnetic stirrer

g .-

Foam columns collapsed at 32 °C over time



Model shampoo: integrated results from foam analysis and IVRT

Bubble count (mm ™)

Foaming
time Foaming-time screen: foam height
5004 e Foaming time (s)
A LT .15 == 30 60
E 150 1
£ 1507
£ |
2 IN
D 100 I T e e e e e
|
5 z
o
L 50 -
O I I I 1 1
. 0 200 400 600 800
Foaming Time (s)
time Effect of foaming time on foam and liquid heights

= ’ r —

1% ketoconazole model shampoo | method development and use-state residual release behavior

a Flow-rate screen: bubble count Spa rgin g gas
B0 1'%, — 020 FI—UTILII::-.I:;.I ceee (50 flow rate
&0 -
a0 -
30 -
24 -
10 A
0 00 40 6 B0

Tme (5] DilUtiOﬂ

Effect of dilution on bubble size distribution

'—'."" p i} .'.. "fl;'ﬂ':- il2 .mﬁi.

1:25 viv 1550 viv 1:100 v/y

Foam collapse images over 15

minutes at 1:100 v/v dilution and foamed
by air flow rate of 0.20 L/min for 30 seconds.




Model shampoo: integrated results from foam analysis and IVRT

1% ketoconazole model shampoo | method development and use-state residual release behavior

Cumulative amount released per unit

surface area (mg/cm?)

4.0

3.5

3.0

2.5 H

2.0

1.5

1.0

0.5

0.0

Foaming-time screen: foam height

200 - . Foaming time (s)
............. — 15 == 30 60
T oen | :
£ 1507
= i
=y N
2 100 - l! ________________________
g :
o
L 50 -
0
I | I 1 ]
0 200 400 600 800
Time (s)
® Model shampoo
_ (As-is) (n=4) y = 2.6033x - 3.2244
R*= 0.9676
1 ® Maodel shampoo
(transformed %
residual) (n=4) -
i § y = 0.6106x - 0.7685
5 R? = 0.9693
o ot
R —
i T
1.30 1.50 1.70 1.90 2.10 2.30 2.50

Square-root time (h%3)

a Flow-rate screen: bubble count

Flerey [Lirnin)
B0 1%, — 020 == 035 <+ 050
¥ 50 -
1
E
= 40 -
=
=
E 3:I |
& 20
10
0 200 400 800 800
Tme (5]

2.603 = 0.272

AS-IS SLOPE
n=4+ CV 10.4%

The intact polymer—surfactant
structure can distribute
ketoconazole among aqueous,
micellar, polymer-associated,
and structured domains.

0.611 £ 0.150

RESIDUAL SLOPE
n=4 - CV 24.6%

Dilution and collapse can
reorganize micelles and
polymer accessibility. The raw
slope ratio is 0.235;
dose-normalized interpretation
remains exploratory.



Shampoo products S1 and S2: results of foam analysis, rheology, and IVRT

2% ketoconazole shampoos [ Q1, Q2, and Q3 different formulations | foaming behavior, flow properties, and residual-formulation release

Foam of shampoo S1 Foam of shampoo S2

0 min - | 15 min 0 min 15 min

Initial average bubble radius Maximum foam height Drainage half-life Final averag_beul?ble radius
at min
N 51 B Sz 300 - HE S1 E S2 BN S1 El s2 - —
E - 69.0 oy 140 - Hoae £ 350+ Bl S1 s2
-..:J ; 62.7 E 242.2 240.4 —_~ \?.-' 275.7
= 7 623 ca3 597 g 250 = = 120 9 300 -
% 60 56.3 g50 ; v 202.4203.0 g ._rau
2 2 200 - 2 100 L 2501
v = o
e o 2 80 1 68.1 70.1 Q 200 -
S 401 £ 150- ® E
ﬁ £ g 60 - ﬂ 150 -
o € 100 - — 8
@ =] = 40 - = 100 4
8 20- E 5 g
[5+] | o
= 5 S0 20 - b A
= 2 g
1:25 1:25 1:100 1:100 1:25 1:25 1:100 1:100 1:25 1:25 1:100 1:100 1:25 1:25 1:100 1:100
0:20 0:35 0:20 0:35 0:20 0:35 0:20 0:35 0:20 0:35 0:20 0:35 0:20 0:35 0:20 0:35

Dilution (v/v) / air flow (L min™1) Dilution (v/v) / air flow (L min™1) Dilution (v/v) / air flow (L min™1) Dilution (v/v) / air flow (L min™1)



Shampoo products S1 and S2: results of foam analysis, rheology, and IVRT

2% ketoconazole shampoos [ Q1, Q2, and Q3 different formulations | foaming behavior, flow properties, and residual-formulation release

Viscosity (Pa-s)

20 -

15

10 +

A | Apparent viscosity

Minimum measured shear rate =1.58 x 107* 571

15.04 + 2.12
RSD 14.1%

51

30.0

25.0

20.0

15.0

10.0

surface area (mg/cm?)

5.0

Cumulative amount released per unit

0.0

B | Storage modulus, G

Amplitude sweep; oscillation strain =0.1%

17.5

13.77 £ 0.64
RSD 4.6%

15.0
12.5

T
S
7.75 £ 0.63 o
RSD 8.2%

= 7.5 -

2.72+0.20
RSD 7.4%

5.0

25 4

0.0 - £/ L
S2 St S2

As-is test shampoos (n=4 each)

4 y = 17.916x - 20.775
e Shampoo S1 (As-is) R?=0.9743  ©
(n=4)
® Shampoo S2 (As-is) .._.._-,-.'-'-"!'.'
(n=4) o
1 2§ y=17.889x - 21.036
R? = 0.9739
a -_:'--i‘
| &
1.30 1.50 1.70 1.90 2.10 2.30 2.50

Square-root time (h®5)

G" (Pa)

C | Loss modulus, G

Amplitude sweep; oscillation strain =0.1%

D | Loss tangent, tan &

Amplitude sweep; oscillation strain =0.1%

68.58 + 3.89 20 1 15.61 +1.09
80 - RSD 5.7% RSD 7.0%
o m
15 -
60 - )
42.32 +1.33 &
RSD 3.1% =
40 . 5 104
4.98 £ 0.07
RSD 1.4%
20 - 51
_ nd=1
0 - Y 0 - -
s1 S2 S1 s2
30,0 - Transformed residuals of shampoos (n=4 each)
= 25.0 { e Shampoo S1 (transformed y = 1.4229x - 1.4837
; residual) (n=4) R? = 0.9906
Q —
E E 20.0 -+ @ Shampoo S2 (transformed y =0.9258x - 1.2
3 o residual) (n=4) R? = 0.9748
[T
£= 150 -
c o
2 ®
§ 8 100 -
[\ =
T 3
E w
E 5.0 4
3 g °
R et Toeiliowh: hhimcaitsln: SRMNION 1
0.0 I ad “l """"""" — T i T T 1
1.30 1.50 1.70 1.90 2.10 2.30 2.50

Square-root time (h%®)



Foam products F1 and F2: results of foam analysis, rheology, and IVRT

2% ketoconazole foams | Q1, Q2, and Q3 similar formulations [ dispensed-foam microstructure, decay behavior, flow properties, and residual-formulation release

Foam F1 Foam F2

Foam Stability at Room Temperature (RT) Foam Stability at 32 °C
Bubble count per mm? Average bubble radius —e— FoamF1 (RT) ~ — - — Foam F2 (RT) —e— FoamF1(32°C)  — # - Foam F2 (32 °C)
M Foam F1 ™ Foam F2 M Foam F1 ™ Foam F2 128 1 R0
300 ~ 45 41 100 100
= 247 2i7 £ A
k280 [ @ 35 3 gy | _. 80 80
] = 2
S 200 . 171 'g, 30 - | <
2 150 1;2 2 | | S 60 60
@ a 20 , ]
2 100 2 18 | ® w0 8
0 Q
- 50 g !
g 5 | 20 - 20
0 . 0 :
Initial Final Initial Final 0 . . . : ; . 0 . | : : : .
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Time (h) Time (h)



Foam products F1 and F2: results of foam analysis, rheology, and IVRT

2% ketoconazole foams | Q1, Q2, and Q3 similar formulations [ dispensed-foam microstructure, decay behavior, flow properties, and residual-formulation release

A | Apparent viscosity B | Storage modulus, G’ C | Loss modulus, G" D | Loss tangent, tan &
Minimum measured shear rate =2.50 = 10~%51 Amplitude sweep; oscillation strain =0.1% Amplitude sweep; oscillation strain =0.1% Amplitlude sweep; oscillation strain =0.1%:
175 = b
6000 - tan & = 1
4408 + 344 4004  313.6+321 150 1 1139 £ 11.0 L
5000 - RSD 7.8% 3865 + 377 RSD 10.2% 286.4 + 29.2 RSD 9.7%

Viscosity (Pa-s)
G (Pa)
tan & (ratio)

119.1 £ 8.3
RSD 7.0%
RSD 9.7% C RSD 10.2% 125 4 0 . .
4000 - 300 o :
TANTLT, 7| i Emg_
' : /M7 T 0.6 -
3000 - ' _ - & 0.381 £ 0.017 0.398 1 0.008
| 1 200 - [ ) 75 - RSD 4.4% RSD 2.1%
2000 - : _ . - il 4 -
' 100 - ' ;
1000 - . . 25 - 2
0- | 0 0 F1 - F2 - - - -

Transformed residuals of Foams [(n=6 each)

6.0
5 * Foam F1 [transformed Y= 1'3!533]" 3.0772
g 3071 residual) (n=6) R? = 0.9857
-
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@ RELATIONSH

Integrated foam performance profile

Linking Foam Characteristics, Rheology and In Vitro Release (IVRT)
Comprehensive Data Interpretation, Relationships and Regulatory Implications

IPS BETWEEN DATA SETS (Correlation Heatmap) 9 KEY RELATIONSHIPS & MECHANISTIC LINKS

FOAM IVRT
CHARACTERISTICS RHEOLOGY PERFORMANCE FOAM
FE t L% D k n 1 G AUC Js Kp tag Cum.Rel CHARACTERISTICS
FE 1 Foam Half-life (t,,)
te [0 Correlation (r) { Liquid Drainage (drain%)
La% | - 10 | Bubble Size (Ds,, Dso)
Di2 | l I 1 Coarsening Rate
k | --- & 05
Viscosity | — IVRT
Yield Stress | =E i RHECLOGY Stable, persistent PERFORMANCE
¢ T Viscosity (n) foam with strong 1 Steady-state Flux (Jss)
Thixotropy 1 Yield Stress (t,) rheological network 1 Permeability (K,)
Js | T G’ (Elasticity) enhances drug .release 1 Lag Time (tjag)
Kp 1 Thixotropy (AUC) acrass barrier, 4 Cumulative Release
tIag | v (24 h)
Cum. Release |

. Strong Positive (>0.7)

T Increase / Favorable wlv Decrease / Unfavorable =% Positive Influence

= Positive Influence
| | Moderate (0.3-0.7)

|:| Negative (r<-0.3)

|| Weak (Ir|<0.3)



TAKE-HOME MESSAGE

For topical foams and shampoo-generated foams, the critical question is not
only whether formulations appear similar at the packaged state, but whether the
generated foam and post-collapse residual state behave similarly in ways that are
relevant to drug release and skin delivery.

A MULTI-STATE, MECHANISTICALLY INFORMED EVALUATION IS ESSENTIAL

1. Dynamic foam
behavior

Foamability, drainage,
coarsening, and
collapse matter.

2. Residual state
matters

The post-collapse
donor can govern
release performance.

3. Orthogonal tools

DFA, rheology, and
IVRT provide
complementary insight.

4. Integrated
evidence

Multi-dimensional
profiling supports
stronger mechanistic
Interpretation.

5. Regulatory
relevance

Supports future
performance-based
assessment
frameworks.



ACKNOWLEDGMENTS

8.8

OPQ / OPQR

e |shanka Liyanage, Ph.D.

e Tasmin Ara Sultana, Ph.D.

e Ashraf Uz Zaman, Ph.D.

e Analytical Team

e Muhammad Ashraf, Ph.D.

e Xiaoming Xu, Ph.D.
e David A. Keire, Ph.D.

OGD / ORS

Priyanka Ghosh, Ph.D.
Tannaz Ramezanli, Ph.D.
Megan Kelchen, Ph.D.

Markham C. Luke, M.D., Ph.D.

Sam G. Raney, Ph.D.
Robert Lionberger, Ph.D.

Thank You

&A




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23

