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Topical Roflumilast Aerosol Foams

Field of the Invention

The present invention is directed {0 an oil in waler emulsion aerosol foam
composition having an alkyl phosphate anionic surfactant or blend of alkyl phosphate
surfactants as the emulsifier. More particularly, the invention pertains to a
pharmaceutically acceptable smulsion aerosol foam composition comprising
roflumilast, water and oll that is emulsified by a blend of celearvi alcohol, dicetyl
phosphate and ceteareth-10 phosphate (also known as ceteth-10 phosphate). The

aesrosol foam is dispensed using a propeliant blend.

Background of the Invention

Foam formulations have been used as a dalivery system for cosmedic and
pharmaceutical appiications for several decades, Foams are preferred in some
applications as they spread more 2asily and minimize rubbing. This is particularly
advantageous when treating irritated skin or arsas of skin which areg covered by hair.
Foam vehicles are preferred over ointments, gels and creams due {0 their ease of
application, reduced stickiness and reduction in greasy feel Patient preference for
foam vehicles can lead o increased patient compliance and thus betier traatment

rasuits,

Thers are different kinds of foam formuiations which can be usad o deliver
active ingredients, including aqueous, hydroalccholic, emoliient, solvent based,
petrolatum based and ofl based foams. The different formulations have different
characteristics, for example, emollient foams have a soothing, moisturizing effect

and hydroalcchdlic foams promote skin penetration and sciubility of the aclive
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agents. The foam can be made using a propeiiant-fres generation method such as
the AIRSPRAY® foam dispenser {foam dispenser having a pump assembly which
includes a liquid pump, an air pump and a common actuation part fo simultaneously
actuate the liguid pump and the air pump) or by using & pressurized container and a

propefiant.

Topical foams differ from cintments and creams in that the characteristics of
the foam vehicle changs. Prior (o application, the foam formulation is usually in the
form of a suspension or emulision. When an agrosol foam formulation is discharged
from the condainer, the Hquid propellant volatilizes producing a semi-solid foam
product that is sexpanded with gas phase propeliant. if a propeilant-fres generation
method is usad, air is simultanecusly pumped into the suspension or emuision as the
foam is being dispensed. The method used {0 generale the foam affects the foam

appearance and stability.

Foams can be designed {0 have specific properties depending on factors such
as the condition being ireated, the area of the hody being freated, and the active
pharmaceuytical ingredient in the formulation. The foam vehicle should have suilable
stability s¢ that i does not collapse after discharge from the container; low shear
sansitivity so that only minimal rubbing is reguired; should be non-irritating, non-
ailergenic, and non-toxic, and should keep the active pharmaceutical agent
solubilized. Additionally, asrosol foam vehicles should contain a propellant that has
minimal or no impact on the ozone layer of the atmosphere. Foams applied o the
face or upper front torso should have minimal odor, since addition of fragrances o
cover malodor is not preferrad for pharmaceutical products. Foam structure is

affectad by varicus paramesters including the type and concentrations of the
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componsnts, the viscosity of the liquid phase, the salf concentration, the tempesrature

and the pH of the formulation.

Commercializable three phase pharmaceutical asrosols rely on surfactants
that have limited solubility in both the internal off and external agueous phases. Upon
shaking, the liquid hydrocarbon propsiiant mixes with the dispersed globules of the
oil phase. The surfacianis concentrale at the interface betwesen the propsliant/cil
phase and the aguecus phass to form a thin film referred © as the "lamella." is the
specific compaosition of this lamella that diclates the structural strength and general
characteristics of the foam that forms when the liquid propeliant in the internal phase
transitions into a gas as soon as pharmacautical emulsion leaves the pressurized
environmant of the aerosol canister. This Hguid to gas phase transition forms the
bubbles of the foam. Thick and tightly lavered lamellae produce very structured
feams that can support thelr weight. Stable foams cannot always be formed. The
formation of a stable foam with the desired structure depends on many factors
including but not limited to the specific components, the concentrations of the
componenis, the viscosity of the liquid phase, and the propsilant. These faciors can
be adjusied to produce stable foams with different structures such as expanding

foams, quick breaking foams, stiff foams, and stout foams.

Foam collapse ocours when the pressure generaied by the expanding infernal
gas phase exceeads the cohesive strength of the foam lamella. Three sources of an
expanding internal gas phase are: 1) additiona! degassing of the lower vapor
pressure liguid hydrocarbon propellant, 2) mechanical pressure {pushing) on the
foam during rub-in, and 3) general warming of the foam o ambient (20-25°C) or skin

{32°C) temperature following adiabatic cooling of the foam concentrate (70 psig) as it
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passes through the valve and becomes g foam at ambient pressures. For a thres
phase emulsion pharmaceutical foam stabilized by alkyi phosphate surfactants, once
the lamelia is reduced to a single surfactant bilayer film, additional expansion of the
internal gas phase will case rupture of the feam cell and drainags of the product onto

the skin surfacs.

Expanding feams and quick breaking foams are characterized by the
sxpanding internal gas phase quickly causing the lamelia {o rupture (o craate visibly
larger foanm celis. The expanding foam will appear o initially “pulf up” as the internal
foam cells combing, but as the foam celis on the surface coliapse, drainage of the

product will deliver the active to the skin application sile.

For stiff foams and stout foams, the fully degassed internal phase warmed {0
skin emperature doss not generate sufficient pressure {0 excead the cohesive
strength of the lamslia. The gas celis do not rupture until the added pressure of rub-
in gcours, These more stable foams are ideal for scalp application becauss the foam
can be placed against the scalp lesions in a "part of the hair” and then rubbed-in to
break the foam and apply the active agent {0 diseased skin with minimum loss of

product te the hair.

For three phase pharmaceutical emulsion foams 1o be commercially
acceptable, the liquid hydrocarbon propsliant must mix properly with the internal ol
phase of the emuision in order to form a foam when the product leaves the canister.
if the propeliant does not properly mix, then only a few foam cells will form when the
liquid propsiiant transitions into gas and the majority of the propeliant will transition
inte a gas outside of the emuision when actuated. When shaken and immeadiately

actuated through the valve an unacceptable “sputtering” foam that is non-uniform
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and very dense will be dispensed. Since propeliant separate from the emulsion
concentrate is dispensed even though the canister is properly shaken and inverted,
the propeliant will empty from the canister prior {o expelling the entire amount of
product. This foam product is commercially unacceptable dus o incomplele
emptying of the canister. For example if @ prescription product is iabeled to deliver
&0 grams of foam {(a one month supply), but the propeliant is completely exhausted
after delivering 48 grams of foam, the patient will not receive the full, prescribed
treatment. Such a foam canister would fall the requirement for minimurm deliversd

mass and would be recallad from the market

Stable foams cannot abways be formed. The formation of g stable foam with
the desired struciure depends on many factors including but not limited to the
specific components, the concentrations of the componeants, the viscosity of the
liguid phase, and the propsifant. Any sxcipient added to the formulation that
increases the solubility of the surfactant into the exdemnal aguecus phase will
destabilize the emuision, reduce the stifiness of the lamelia and result in the foam
bubbles rupturing as soon as the liguid propeliant transitions into a gas. in other
words, a fluid emuision would be dispensed from the canister that quickly flows away
from the skin apphication site rather than forming a topical foam that remains at the
application site untit rub-in breaks the lamella and releasss the drug product to the

desired treaiment siie.

The cosmestic and pharmaceutical solvent disthvlene glycol monoethyl ether
(DEGEE) has been shown 1o reside in the agueous continuous phase of emulsions
and increase the solubliity of surfactants and waxy components of the lamella into

the continuous aqueous phase during the emulsification process (Hernandez, et al,

(93]
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Joumnal of Dispersion Science and Technology, Investigating the effect of transcutol
on the physical properties of an O/W cream, Vol 41, No. 4, pp 800-808, 2020}. The

dramatic destabilization of a polvoxyethviens-20-stearyl ether and polyoxysthyiene-
2-stearyl ether emuision when the DEGEE concentration was increased above 25%
suggests that maintaining sufficiently thick and tightly lavered lamellae fo produce a

stable foam in the presence of 25% or more DEGEE would beg surprising.

Foam stability can be evaluated by determining the foam half-life. Foam half-
fife is the time required for half the volume of the liquid continuous phase of the foam
product {0 drain. The shorter the half-life, the lower the foam stability. The desired
foam half-life would be based on the intended use of the foam. For certain foam
applications whers the foam is applied over large arsas of the body surface (for
sxample self tanning foams and sun screen foams), foam half-lives are preferred to
be less than 30 seconds to minimize the application fime. For the topical
pharmaceutical foams of the present invention, a feam half-life of greater than 30

saconds is desirable and a foam haif-life of graater than one minuie is prefered,

Agrosol foams have been found 1 produce a stable foam which is suitable for
topical application of active pharmaceutical ingredients (AR, An aerosol Team
formulation consists of two componenis: the product concenirate and the propeliant.
The product concentrate is the aclive drug combined with additional ingredients or
co-solvents required o make a stable and efficacious product The concentrate of a
pharmaceutical asrosol formulation can be & solution, suspension, emulsion,
samisolid, or powder, Topical foam producis usually have an emulsion product
concentrate. The propsliant provides the force that expels the product concentrate

from the container and addiionally is responsible for the delivery of the formulation

&
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as a feam. The propellant can also serve as a solvent for the pharmaceutical actives
or functional excipients that make up the product concentrate reducing the nead for

acdditional solvents.

Fropellants

A propeliant is used {0 oreate pressure within a confainer and expel a product
concentrate from the container. Fropeliants are chemicals with a vapor pressure
greater than atmospheric pressure at 40°C (105°F). Pharmaceutical aerosols are
commonly made using propetiants such as chioroflucroccarbons, flucrocarbons
{trichloromonofiuoromethane, dichlorodifiuoromethane), hydrocarbons {propane,
butang, iscbutaneg}, hydrechioroflucrocarbons and hydrofluorocarbons, and

comprassed gasss (nifrogen, NGz, CO).

Chiorofiuorocarbon {CFCs) propeliants have been used for many years,
however, dug to their role in deplsting the czone layer, the use of CFCs has been

significantly reduced.

Hydrochlorofluorocarbons (HCFCs) and hydrofiuorocarbons (HFCs) differ
frorn OFCs in that they may or may not contain chioring and have one or more
hydrogen atoms. HCFCs and HFCs have a lowar impact on the ozone layer as they
break down in the atmosphere at & faster rate than the CFCs. HCFCs and HFCs are
used in opical pharmacsuticals. HCFCs and HFCs have a greater miscibility with
water and therefore are more useful as solvents compared to the other propaliants.
For foam concentrates that consist of oi-in-water emulsions, HCFCs and HFCs
readily blend with the continucus phase of the emulsion and provide excellent topical

7
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drug delivery vehicles for highly water-soluble actives, such as urea and salicylic
acid. KERAFOAM® 42 Emoilient Foam is a keratolytic empilient foam which is a
fissue sofiener for skin and/or nails that contains preservatives, buffering agents,
water, cetearsth-10 phosphate, ceteary! alcchol and dicetyl phosphate. SALKERA®
Emollient Foam is a keratolylic that contains 8% salicylic acid USP incorporatad into
an aqueocus based emollient foam vehicle that containg moisturizers, preservatives,
buffering agents, water, ceteareth-10 phosphate, ceteareth-20 phosphate,

cetosteary alcohal, dicetyl phosphate and propylens glycol,

Hydrocarbon (HCs) propeliants are used in topical pharmaceutical asrosols
becauss of their lower environmental impact, their low toxicity and their nonreactivity.
HCs are also useful in making three phase {twe laver) asrosols because their density
is fess than 1 and they are immiscible with water. The hydrocarbons remain on fop of
the agueous layer and provide the force (o push the contents cut of the container,
They contain no halogens and thersfore hydrolysis doss not occur making these
good propafiants for water based aerosols. Unfortunately, hydrocarbon propeliants
are flammabie and can explode. The flammability can be reduced by mixing the
hydrocarbons with other liquefied gases. The liguid hydrocarbon propeliants inside
the canister can poorly mix with the internal cif phase of the oil-in-watsr emulsion
and destabilize the foam concentrate. This resulls in a lack of content uniformity for

the emitted doses from the canister.

Tabde 1. Properties of Hydrocarbon Propellants

Name | Formula ! No. ¥R, 8.P. Liguid Density
@70°F | °F{tatm}| @68°F {g/ml)
{psia)
Propane CaHg | A-108 1247 -43.7 0.50
[sobutang | CalHe | A-31 451 10.8 .58
Butane CaHip | A-17 312 311 0.58

8
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Propans, butane, and isobutane are the most commonty usad hydrocarbons.
They are used alone or as mixtures o oblain the desired vapor pressure, densily,
and degree of flammability. Blends of propane, iso-butane and n-butane are usually
designated as “AP” or “NiP” followsd by a dash and number that is the pounds per
square inch pressure (as determined with a pressure gauge) for the particular
propeliant blend at 70°F. For example, the AP-48 propellant is & 31:23:46
Propane:iscbutane:Butane blend that resuits in 48 psig in the can at 70°F while the
AR-70 propeliant is a 55:15:30 Propane:isobutane: Butane blend that resulls in 70
psig in the can at 70°F.

inert and compressed-gas propellants expel the product concentrate in
essentially the same form as it was placed into the container. The pressure of the
compressed gas is in the headspace of the asrosol container. Compressed gas
propeliants are readily available, cheap and nonflammable, however, the pressure in
the can is reduced as the product is used up. For pharmaceutical products this
steady decrease in pressure with each actuation can result in the first dose of aclive
delivered being significantly different than the last dose of active delivered from the
canister. Also, once the compressed gas is depleted, any remaining product in the
canister cannot be administered to the patient. For these reasons compressed-gas

propeliants are typically not used for pharmaceutical asrosols.

Product Concentrates
An asrosol foam is produced when an oil in water emulsion product
concentrate is mixed with a propeliant and the propellant is in the internal cil phase

of the emulsion. If the propsilant is in the external phase (2., like a water in ol
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emulsion}, foams are not created but sprays or wet streams resull. A quick breaking
foam creates a foam when emitted from the container but the foam collapses ina
relatively short time. This type of foam is used to apply the product concentrate to a
large area without having 1© manually rub or spread the product. The aclive drug is
more rapidly avallable because the foam quickly collapses. Blable foams are
produced when surfactants are used that have limited solubility in both the organic
and aquecus phases. Surfactanis concentrate at the inferface betwesn the
propstiant/olf phase and the aqusous phase to form a thin film referred {o as the
“lamella.” s the spacific composition of this lameila that dictates the structural
strength and general characteristics of the foam. Thick and tightly layered lamslias

produce very structured foams which are capabie of supporting their own weight.

The emulsifier or surfactant used to formulate the product concentrate and the
use of alcoho!l in the formudation are two of the most important componsnts in a
topical pharmaceutical foam. Surfactants in smulsion aserosols can include fatly acids
saponified with tiiethanolamine, anionic surfacianis, and more recently nonionic
surfactants such as the polyoxyethylene faity esters, polyoxyethylens sorbitan
esters, alkyl phenoxy ethanols, and alkanolamides. The first dermatological foams
cortained high levels of alcohol (~80% ethanol) and used the nonionic surfactant
Polysorbiate 80 and hydrocarbon propellants to create a quick breaking foam. The
fopical foams Olux® {clobetasol}, Luxiq® (betamethacone), Lexette® {halchetasol)
and Evoclin® {clindamycin} are high aicohol foams. Unfortunately, high alcohol
foams were found o sting and burn for some psoriasis patients, and alcohol was
removead from the clobetasol foam and Polysorbate 80 was replaced with polyoxyl 20
cetostenry! ether 1o launch the first emcliient topical pharmaceutical foam Olu-E@.

Finacea® topical foam has a very similar composition to Oluc-E® since i contains

10
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Propylene glycol but no alcohol and uses the surfactant blend of polysorbate 80 and
polyoxy! 40 stearate {0 form the foam lamella. The latest advance in topical
pharmaceutical foam technology is Amzeeg® topical minocycline foam for the
freatment of acne and rosacea. This product doss not contain solvents bui uses a
biend of muitiple natural oils 1o dissolve minocyclineg combined with hydrogsnated

castor oif as the surfactant to form foam lameila.

Brief Summary of the Invention

The present invention is direcied 10 an asrosol foam composition comprising
roflurnilast, The aeroscl foam compaosttion is preferably an ol in water emulsion in
combination with a propsiiant. The propeliant is g midurs of iquefisd hydrocarbon
gases preferably a propane/iscbutana/butane blend. The hydrocarbon propeliant
results in a roflumilast asrosol foam which is siable, has consistent physical
properties, excellent assthetics, and no discernable roflumilast degradation after fong
term (storags at ambient temperature for moere than 24 months) or accelerated
storage conditions (storage at 40°C and 75% relative humidity for 8 months).

Freferably, the roflumilast asrosol foam does not contain alcoho! or propylens glycol.

Brief Description of the Drawings

Figures 1A- 1E show accepiable and unacceptable foams. Figures 1A-1D
show acceptable foam structures including an expanding foam, a guick breaking
foam, a stiff foam and a stout foam immediately after dispensing and 5 minutes after
dispensing. Figure 1E shows an unacceptable foarm with ingdeguale mixing of the

propstiant and the concentrale, resulting in sputiering duwring dispensing.

Detailed Description of the Invention



WO 2023/129215 PCT/US2022/040929

Topical application of potent pharmacological agents like roflumilast for
freating skin diseases has been found to provide superior delivery, lower systemic
exposure and greater ease of use for patients. The molecular structure of the
compound ultimately dictates the ability of the drug o cross the epithelium of the
fissue to which the product is applied. For cutaneous application, sslection of the
componenis of the formulation dictates the maximum skin permeation that the
formulater can achieve. Creams, lotions, gels, ointments, asrosol foams and
solutions are just a few of the more familiar forms of {opical roflumilast formulations
that often contain completely dissolved active pharmaceutical ingredients (API) for
application to the skin as disclosed in U.S. Pat. No. 5,712,298 (the ™298 patent"),
incorporated herein by reference (col 12, lines 37-84). For treatment of such
dermatoses, roflumilast emulsions, suspensions, gels or solutions for topical
application have been described, although the low solubility of the compound has
limited those applications.

The composition preferably contains roflumilast, salts of roflumilast, the N-
oxide of roflumilast or salls thereof in an amount of 0.005-2% wiw, more preferably
0.05-19% wiw, and most preferably 0.1-0.5% wiw per dosage unit, A 0.3% roflumilast
cream (ARG-151) formulation, which is an oll-in-water emulsion that had already
been shown 1© be effective and weli-tolerated for the treatment of placue psoriasis,
was combined with a propeliant. The roflumilast foam concentrate was formulated to
produce a foam which does not collapse after discharge from the container; has low
shear sensilivity so that only minimal rubbing is required; is non-irritating, non-
aflergenic, and non-foxic; and keeps the roflumilast solubilized. Additionally, the
roftumilast aerosol foam vehicle contains a propeilant that has minimal or no impact

on the ozons laysr of the gtmosphere. The components in the roflurmilast foam
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concentrate and the propellants can be adjusted to produce foams with different
properties such as expanding foams, quick breaking foams, siiff foams and stowt
foams. Preferably, the product expressed from the canister is a smooth white or off-
white foam having uniform bubbles which are able {0 support their own weight unti
initigtion of rub-in. As soon as rub-in is initiated the foam quickly breaks to svenly
spread across the application site. The product preferably has a foam half-life of
more than 80 seconds. The amount of the foam dispensed by the canister may or
may not be meterad o dispensse a consistent amount of the foam and a consistent

dosage of roflumilast.

The rofiumilast asrosol foam includes 1-5%, preferably 2%, of an emulsifier
containing an alky! phosphate anionic surfactant or blend of alkyl phosphate
surfactants to ensurg mixing with the propeliant. Emollients are included in amounts
which produce an aaestheticaily pleasing foam. Preferably, the emoliients include 2-

8%, preferably 5%, petrolatum; and 2-3%, preferably 2.5%, isopropyl palmitate,

The propeiiant provides the force that expels the product concendrate from the
comntaingr and addiionally is responsible for the delivery of the formulation as a foam.
Since the roflumilast agrosel foam propsilant is a mixture of liquefied hydrocarbon
gases, it can also serve as a solvent for roflumilast or can be mixed with the internal
oil phase of the emudsion of the product concentrate. The use of a hydrocarbon
propstiant may reduce or eliminate the need for additional scivents such as hexyviene
giveol and DEGEE (disthylene glycol monoethyl ether). Hexylene glycol is preferably
in an amount of 0-20% wiw and DEGEE is preferably in an amount of 10-35% wiw.
The hydrocarbon propeliant partially mixes with the roflurmilast concentrale, but

primarily forms a separate liquid laver (lowsr density than the concentrate) inside the

13
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can. This is commonly referred to as a thres-phase pharmaceutical aerosdl. Thus, #
is necessary {0 shake the can to gvenly distribute the propellant throughout the

finishad product prior {o applying the emitted foam to the skin of the patient.

The final composition of the 0.3% roflumilast foam is given in Table 2. The
rofiumilast emitted foam product having this composition has consistent physical
properties, excellent assthetics, no discernable roflumilast degradation after long
term (storags under ambient conditions for 24 or more months) or accelerated
storags (storage at 40°C and 75% relative humidity for 8 months) conditions and
during development showed acceptable but variable roflumilast assay resulis. A
series of quality by design experiments focused on the anabytical method of sample
preparation, oplimization of the product concentrate and characterization of
packaging compatibility were completed. It was determined that variability in assay
results could be minimized by including a hexane extraction during sample

praparation.

Table 2. Composhiion of ARQ-1584 foam product.

Concentration in ARQ-154

Ingredient Concentrate
Roflumilast 0.3% wiw
DEGEE (Transcutol P) 25 % wiw
Petrolatum 5.0 % wiw
isopropyl Palmitate 2.5% whw

CRODAFOS™ CES

2.0% wiw

-~getearyl alcoho! NMT 1.6% wiw
--dicetyl phosphate NMT 0.4% wiv
--ceteareth-10 phosphate NMT 0.4% vwiiw
Hexylene Glycol 2 % wiw
Methylparaben 0.2%
Propyiparaben 0.05%
Purified Water g.s. ad 100%

14
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Propane/iscbutane/Butane Blend (AR-70

or AP-48) NA

pH modifier* g.s adpH 55

"8-10 grams of propellant is added to 64 grams (farget) of the emulsion concentrate
o deliver a minimum 80 grams of foam product
N NaQOH or 10% HCHf needed to adjust pH

Product Concentrate

The product concenirate in the roflumilast foam consists of an oi-in-water
emulsion of the active ingredient roffiumilast, approximately 90% water miscible
continuous phase, 7.5% ol phase (Hend of the moisturizers petrofaium and
isepropyt palmitate), and 1-5%, preferably 2-4%, more preferably 2% of the anionic
surfactant based emulsifving wax Crodafos CES or Crodafos CES-PA (PA indicates
that the palm kems! oif starting material is from a sustainable source). These
components produce a quick breaking foam of roeflumilast for treatment of the scalp
and face. A quick breaking foam is a formulation that forms a foam when emitted
from the container, but the foam collapses in a relatively short time after application
{rub-in} to the skin. This type of foam is usad {0 apply the product concentrate (o a
large arga without having to manually rub or spread the product. The active drug is
more rapidly available because the foam quickly collapses and foams are more
sasily applied o skin areas having a high density of ferminal hairs, Le. the scaip. A
pH modifier is added prior o emulsification o adiust the pH which shouid not exceed
the pH = & upper specification imit for the final product. Preferred pH modifiers
include NaGH and HCL The viscosity values for 3 range of Crodafos CES
concentrations having 10% petrolatum and 5% 1PF as the oil phase is given in Table
3. Note that the 10% Crodafos CES is in a roflumilast cream product and is not

suitable for use in an aerosol foam as the foam “sputierad” when emifted from the
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can. Spulter (representad in Figure 1E} indicates inadequate miking between the
fiquid propeliant and emulsion foam concentrate inside the canisier, Preferred
viscosities are betweaen 4000-11,000 centipoise (). The viscosity was tesied using
a Brookfield Viscomeater which determines the viscosity by measuring the force o
furn the spindle in the sample at a given rate. A regular viscosity spring (RV) was
used with @ #14 spindle at 30 rpm, sample chamber SR, However, any digital
viscometer (DVE, DV, DV2, or DV3) is suitable for determining viscosity. The time
to read was 2 minutes and the temperature was conirolied room temperature (OURT,

20-25°C).

Table 3. Viscosity values for varying levels of Crodafos CES in the ARQ-151
cream formulation.

Sample % Crodafos | Viscosity Appearance
CES {cP)
2017-014-85-18 10 29130 Smooth, Thick While Cream
2107-014-95-38A B 10750 Smooth, White Cream
2107-014-95-38B 8 9290 Smooth, White Cream
2107-014-95-38C 4 8330 Smooth, White Cream
2107-014-95-380 2 4180 Smooth, Thin White Cream

The preferred assthetics of the reflumiiast foam concentrate were oblained by
reducing the emoliients by half (3% rather than 10% for petrolatum and 2.5% rather
than 5.0% for isopropy! paimitate). Ondy two 2% Crodafos CES foam concentrate
formulations were compared regarding the aesthetics of the roflumilast foam
formulation. The foam concentrate having 15% combined moisturizers felt “oily”
during rub-in compared 1o the foam concenirate comtaining 7.5% combined
moisturizers. Since the roflumilast feam product was formulated o treat the scalp
and facial seborrheic dermatitis skin {both anatomical sites known o have oily skin
prior to foam application), it was considerad an assthelic advaniage o reduce the
moisturizer content of the foam compared to the cream. To compensaie for the

16
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removal of 15.5% of the emulsifisr/emcilients, the amount of water in the foam was
increasad (o just over 85% in the foam concentrate compared o ~50% water in the
roftumilast cream. Three months of informal stabiiity data for 64 grams product
concentrate formulation (Table 23 gassed with 8 grams of ARP-70 propsiant is shown
in Tables 4 and &

Table 4. Stability Data for ARQ-154 Foam 0.3%, Lot 1810-1220N01 stored at
25°C inverted

Test T=0 T=1MO | T=2MO | T=3MO
Description” Meets Meets Meets Meets
pH 5.44 528 528 529
Pressure @ 25 °C 58 psi 75 psi 85 psi 73 psi

Delivery Rate @ 25°C | 1.84 g/sec | 2.18 gfsec | 2.38 g/sec | 1.91 g/sec

Foam Density 0.081 0.112 0.104 0.104
g/mb g/mb a/ml a/mb
AAssay roflumilast 99.0 % 98.9 % 87.0 % 994 %

AAssay methylparaben 99.7 % 998 % 1002 % 88.1%
AAssay propylparaben 99.7 % 99.3 % 99.5 % 984 %

A Assay % label claim results are the average value of n = @ replicates for each test
and timepoint, normalized against the bulk formulation concenirate.

* Description: White, opaque, foam with small, compact bubbles. Foam is not runny.
“*{Average Delivery Rate grams/second): Method: USP 603

Table 8. Stability Data for ARQ-154 Foam 0.3%, Lot 1810-1220N081 stored at
£0°C Inverted

Test T=0 T=1MC T=2M0 | T=3MO T=8MO
Description” Meets Meets Mesets Meets Meets
pH 544 5.31 534 5.38 528
Pressure @ 25 °C 58 psi 70 psi 65 psi 70 psi NT
Delivery Rate @ 25 1.64 220 gisec | 2.28 g/sec 1.64 NT
G g/sec g/sec
Foam Density 0.081 G110 g/mbl | 0100 g/ml 0.082 NT
gfmi g/ml
AAssay roflumilast 98.0% 96.1 % 93.4 % 94.8 % 98.1 %
AAssay 98.7 % 989.3 % 98.5% 87.3% g6.1 %
methylparaben
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AAssay 99.7 % 98.8 % 898.9 % 87.8% 971 %
propylparaben

NT = Not Tested

A Assay % label claim resulls are the average value of n = 9 replicates for each {est
and timepoint, normalized against the bulk formulation concentrate.

* Description: White, opaque, foam with small, compact bubbles. Foam is not runny.
**(Average Delivery Rate grams/second): Method: USP 803

Propeliants

A hydrocarbon propellant has been found o result in a roflumiiast foam with
the desiraed properties. They contain no halogens and therefore hydrolysis does not
ocour making these good propeliants for waler-based asrosols such as anoifin
water emulsion comprising roflumilast. In addition to acting as a propsiiant, the
hydrocarbon propeliant can also act as a solvent potentially reducing the amount of
additional solvents required o produce an efficacious and sesthetically acceptable
feam. The specific hydrocarbons used and the ratio of the propsliant to the smulsion

affects the density and the stability of the asrosol foam.

Seven different hydrocarbon propeliants and one N-Butang/dimethyl ether
blend were screened with the Crodafos CES emudsion concentrate as a first
development step in formulating an aesthetically accepiable roflumilast foam. The
saven hydrocarbon propelianis weare iscbhuiane (A-31), N-Butane (A-17},
Fropans/iscbutane (A-48), Propane/isobutane {A-70), Propane/isobutane/N-Butans
{(AP-703, Aeropin 35 (Aeropin 35 is g biend of Propane/isobutane/N-Butane having a
vapor pressure of 35 psig al 70°F such as the ratio of Isobutane to N-Butane is fixed
at 2/3) and Butane 48 (Butane 48 is a 30.8/22 9/45 8/0.5 ratio of
Propane/ischutans/N-Bulane/isopentane). The hydrecarbon blend with dimethyl
sther (DME) was 53% DME and 47% N-Butane. The AP-T0 propeliant produced the
best quality foam in the initial roflumilast foam propellant screening study. Table 1
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{shown above) provides the properties of the three hydrocarbon propeliants that are

blended to create the “AP” designaied aerosol propellants.

The agsthetics of ARG-154 foam formulation shown in Table 2 (84 grams
cancentrate) when gassed with 8 grams of either AP-48 or AP-70 propeliant were
compared, The AP-48 propellant is a 31:23:46 Propane:isobutane: Butane blend
while AP-70 propellant is a 55:15:30 blend of the same hydrocarbons. While both
foams were found completely acceptable, the firmer appearance and slightly slower
breaking of the AP-48 propellant foam was preferred by about two-thirds of the
individuals testing the producis. The other third of the testers had sither no
preference or a slight preference for the quicker breaking AR-70 foam. ltwas
concluded that both the AP-48 and AP-70 hydrocarbon blends show good topical
foam characteristics and excellent aesthetics. By adjusting the ratio of propane {0 the
butanes, any pressure between 48 and 70 psig can be achieved. In terms of
aesthetics, any ratio of the hydrocarbon propeliant blend of Propane/isobutane/N-

Butane that gives a pressure around 48-70 psig at 70°F has been shown acceptabis,

The Roflumilast Foam Product

An aerosol foam is produced when the oil in water emulsion product
concentrate is mixed with the Hquid hydrocarbon propsliant and the propeliantis in
the infemnal ofl phase. If the propellant is in the exdermnal phase {.2., ke a water-in-oil
emulsion), foams are not created but sprays or wat streams result. Stable foams are
produced when surfactants are used that have limited solubility in both the infernal
aif and extemnal aquecus phases. Surfactants concenirate at the interface between
the propellant/cil phase and the agueocus phase to form a thin film referred 0 as the

“lamelia” s the specific composition of this lamsiia that dictates the structural
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strength and general characteristics of the foam. Thick and tightly lavered lameslias
produce very structured foams which can support their own weight. In a preferred
embodiment, two alkyl phosphate surfactants are used which are not commoniy
used in a topical feam product. These alkyl phosphate surfactants are in the

smulsifier Crodafos CES.

For all topical pharmaceutical foams, i is assumed that all propellant is
released from the formulation when the last lamella ruptures {(foam bubble breaks).
The specific composition of the foam lamella dictates the structural strength and
general characteristics of the foam. The liquid crystal stabilized oli-in~waler emulsion
roflurnilast concentrate has multiple Crodafos CES lamelia surrounding sach oil
droplet. The solvent DEGEE {(diethylene glycol monoethyl ether) is both water and ol
miscible, thus it is likely partitioned between the oil and water phases and distribuled
within the muttiple lamesiia at the interface of the emudsion. The concentrate is added
to the can, the valve crimped into place on the top of the can and the propeliant
added under pressure through the valve of the primary container closure system,
Within the can, some of the liquid propellant pariitions info the oil phase. When the
can is shaken, the propeilant readily mixes with the ofl droplets of the concentrate to
form a milky white, emuision in the can. As the propsilant transitions from a liquid
under pressurg 0 a8 gas when emitted from the can, the volume of Hquid propellant
resident within the oil globule rapidly expands to become the hydrocarbon gas
bubble trapped within the lamslla of the foam. As the propellant expands, the
multiple lamella of the droplef guickly becomes the single lamella of the foam. Oncs
the pressure asscciated with the volume of gasecus propeliant exceeds the strength
of the surfactant lamella, the foam cell breaks and roflumilast concentrate drains 1o

the surface of the skin.
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Different hydrocarben blends can be used in the propellant to change the
properties of the foam. For example, the AP-70 propellant containg more propane to
produce a higher-pressure propeliant bubble, and thus should make slightly larger
feam bubbles. The AR-70 propsliant should also cause the foam bubbles o expand
somewhat after the foam comes out of the can and be a litlle “faster breaking” than a
roflumilast foam having the lower pressure AP-48 as the propellant. The firmer
appearance and slightly slower breaking of the AF-48 propsliant foam was preferred
in a side-by-side comparison of vehicle foams gassed with either the AP-48 or AP-70
propeliants. Both the AP-48 and AP-70 hydrocarbon blends show good topical foam

characieristics and excellent aesthetics.

Compositions according to the present invention may be formulated with
additional components such as fillers, carriers and excipients conventionally found in
cosmetic and pharmaceutical topical products. Additional components including but
not limited to preservatives {e.g. p-hydroxybenzoic esters, benzyl alcohol,
phenylmercury salts, chlorocresol), antioxidants, sequestering agents, stabilizers,
buffers, pH maodifiers, skin penetration enhancers, film formers, dyes, pigmenis,
diluents, bulking agents, fragrances and other excipients to improve the stability or

aesthetics, may be added to the composition.

Compositions according o the present invention may be formulated with
additional active agents depending on the condition being treated. For exampie,
when proliferative, inflammatory and allergic dermatoses are trealed, the additional
active agents may include but are not limited to Anthralin (dithranol), Azathiopring,
Tacrolimus, Coal tar, Methotrexate, Methoxsalen, Salicylic acid, Ammonium laciate,

Urea, Hydroxyurea, 5-flucrouracil, Propyithouracil, 8-thioguanine, Sulfasalazine,
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Mycophenolate mofetil, Fumaric acid esters, Corticosteroids (e.g. Aclometasons,
Amcinonide, Betamethasone, Clobetasol, Clocotolone, Mometasong, Triamcinolone,
Fluocinolong, Fluocinonide, Flurandrenoclide, Diflorasone, Deasonide,
Desoximetasone, Dexamethasone, Halcinonide, Halobetasol, Hydrocortisone,
Methylprednisclone, Prednicarbate, Prednisone), Corticotropin, Vitamin D analogues
{(e.g. calcipotriene, calcitriol), Acitretin, Tazarotene, Cyclosporine, Resorcinol,
Colchicine, Adalimurmab, Ustekinumab, Infliximab, bronchodialators (e.g. bela-
agonists, anticholinergics, theophyilineg), and antibictics (2.g. erythromycin,

ciprofloxacin, metronidazole).

The rofiumilast can be encapsulated o control the release rate from the
composition and o protect the roftumilast from degradation. Encapsulation can also
be used to modify skin penelration. Methods for encapsulating active pharmaceutical
ingredients are known in the art and include but are not limited o encapsulation in
liposomes, microparticles, nanoparticles, nanocarriers, nanospheres, microspheres,

microcapsules, nanocapsules, nanosponges, and microsponges.

The foam composition can be administersd on a schedule appropriate for the
condition being treated, preferably the foam composition is administered one or more

times per day, more preferably the composition is administered 1-2 times per day.

The compaosition can be used in veterinary and in human medicing for the
treatment and prevention of all diseases regarded as treatable or preventable by
using roflumilast, including but not limited fo proliferative, inflammatory and allergic
dermatoses,; disorders which are based on an excessive release of TNF and
lsukotrienes,; disorders of the eve; arthritic disorders; and disorders which can be

freated by the tissue-relaxant action of PDE inhibifors. Preferably, the composition is
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used to freat proliferative, inflammatory and aliergic dermatoses such as psoriasis
(vulgaris), eczema, acne, lichen simplex, lichen sclerosus, prurigo nodularis,
sunburn, pruritus, alopecia areata, hypertrophic scars, discoid lupus erythematosus,

and pyodermias.

The following examples are provided to enable those of ordinary skill in the art
ie make and use the methods and compositions of the invention. These examples
are not intended o imit the scope of what the inventor regards as the invention.

Additional advantages and maodifications will be readily apparent o those skilled in

the art.
Examples
Example 1
Table 8.
Foam Concentrate Foermulation 1 Formulation 2
Composition
Roflumilast 0.30r015 030r0.15
Petrolatum, USP 50 10.0
Isopropyl Palmitate, NF 2.5 5.0
Crodafos CES 2.0 20
-~cetostearyl alcohol NMT 1.6 NMT 1.6
-~dicetyl phosphats NMT 0.4 NMT G4
--cgteareih-10 phosphate NMT 0.4 NMT 0.4
Diethylene Glycol 250 25.0

Monosthy! Ether, NF
{Transcutol )

Hexylene Glycol, NF 2.0 2.0
Methyiparaben, NF 0.20 0.20
Propylparaben, NF 0.050 0.050

1 N NaQOH, NF q.5. adpH55 g.s. adpHbLHS5
Purified Water, USP g.s. ad 100% g.s. ad 100%

Eight different hydrocarbon propeliants, a 47/53 wifwi blend of N-

Butane/dimethyl ether and the hydroflusrocarbon HFA 134a were added {0 the foam
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concentrate [either Formulation 1 or Formudation 2] listed in Table & and the emitled
foam appearance was noted after gentle shaking of the canister. Target propoertions
werg 5 grams propellent added 10 82 grams foam concentrate. As seen in Table 7,
the use of sither N-Butane or Isobutane alone a5 a propsiiant and blends of propans
and iscbutane produced a runny product that were not aesthetically acceptable,
However, & Propang/isobutane/N-Butane blended propelient produced an emitied
foam that was smooth, white and uniform. This foam using the three-hydrocarbon
propetiant blend initially supported its own weight but readily broke during rub-in. The
addition of isopentane o the Propane/lsobutans/N-Butane propeliant blend

destabilized the emitied foam and produced a runny looking product,

Dimathy! ether is commoniy added {o a hydrocarbon propeliant to increass
solubility in the canister of waler-insoluble aclives, especially if the foam concentrate
contains alcohol (ethanol or isepropy! alcohaol). As seen in Table 7, the addition of
dimethyl ether o N-butane resulied in a runny looking product upoen dispensing that

did not mest appearance reqguirements.

HFA-134a (1,1,1,2- tetraflucrosthane), the propeliant used in highly walar-
soluble urea (KERAFOAM® 42) and salicylic acid (SALKERAR) emoilient foams,
was combined with Formuiation 1. The emitted product was a clumpy, gelstinous

iooking material that did not comprise gas bubbles distributed in & liguid,

Table 7.
Propeiiant Tradename Foam Appearance
isobutane Asropres A-
31
N-Butane Aeropres A~ | This propeliant resulted in a runny locking
17 preduct upon dispensing that did not
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meel appearance requirements for a

foam.
Propane/isobutane Aeropres A- | This propeliant resulied in a runny inoking
48 product upon dispensing that did not
meet appaarance requirements for a
foam.
Propanefisobutane Aeropres A- | This propellant resulted in an acceptable
70 stiff foam (see Figure 1C). with bubbles

that were very small and uniform in
sizeFoam looked good and bubbles
seemead to remain very small after several
minutes. Can filled with 64.2 ¢ bulk and
4.9 g propellant. Pressure: 75 psi
Propang/isobutane/N- | Aeropres AF- | This propeliant resulied in an acceptable,

Butane 70 smooth, white, stiff foam product (ses
Figure 1C) having bubbies that were
small and uniform in size. The foam
supported its own weight upon dispensing
but readily broke during rub-in.
Propang/isobutane/N- | Aeropres AP- | This propeliant resulied in an acceptable,

Butane 42 smooth, white, stiff foam product (see
Figure 1C) having bubbles that were
small and uniform in size. The foam
supporied its own weight upon dispensing
but readily broke during rub-in.

biend of Agropin 35 | This propeliant resulted in bubbles that
Propane/tsobutans/N- were very small and uniform in size. An
Buiane having s AP-35 accepiable stiff foam (see Figure 1C) was
vapor pressure of 35 produced. No spultering was observed.
psig at 70°F such as Canfilledwith828 gbulk and 5.5 g
the ration of propellant. Pressure. 56 psi

isobutang 1o N-
Butane is fixed af 2/3

532% Dimethyl Ether e Runny tocking product upon dispensing
{(DME) and 47% N- that did not meet appearance
Butane requirements for a foam.
1,1,1,2- HFA 134a FPropeliant did not mix well with the
tetrafivoroethane product and produced & clumpy,

gelatinous looking product when
dispensed. Did not meet appearance
recauirements for a foam.

Example 2

Determining the Dispersed Content Uniformity Throughout Canister Life
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The appearance of 84 grams foam concentrate (Formulation 1 containing €.15%
roftumilast) when gassed with 5, 8, 8 or 10 grams of AP-70 propailant were
compared. The emitted foam appearance for these four foam concentraie to
propealiant ratics was indistinguishabis smooth, while foam products having gas

bubbiss that ware small and uniform in size.

Additional analytical testing was complated on formulation 1 {containing §.3%
rofiumilast) o determine dispersed roflumilast content uniformity throughout the
canister life. Two clinically relevant doses {(~1 gram) were dispensed from the
heginning of the can (initial acluations after ~ & hand shakes of the ¢an). The
amount of foam dispensad was quantified by completing a difference weighing of the
can and the assay results of the two separate foam extractions were averaged {0
give the "Beginning Average” value. 15 grams of foam was dispensed, and the
canister was allowed © return {0 room temperature. An additional 5-8 hand shakes
of the canister was foliowsad by dispensing two clinically relevant dosss (~1 gram}
from the middle of the canister. Assay resulis of the two separate foam extractions
were gveraged {o give the "Middle Average” value. An additional 15 grams of foam
was dispensed, the canister alliowed to retumn to reom temperaturs. This sequence of
sampling was repeated {0 give the "End Average” data. Data comparing the
“Beginning Average”, Middle Average” and “End Average” for lot PGX-C containing
10 grams of AR-70 propellant compared {o a lot that contains 8 grams of AP-70

propeliant is shown in Table 8.

According to USP<807> Pharmaceutical Foams—Product Guality Tests the
dispersed content uniformity throughout canister life must not excesd 10%. This

compandial method instructs 1o dispense quantities according o the labsled
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instructions ssparately collecting an appropriate amount of individually weighed foam
drug product, The sample size should not excead the maximum dose recommendad
by the product labeling for a single application. The labsled use instructions
determing if the can should be shaken prior {0 expelling foam and the onsntation
{upright or inverted) when dispensing. Portions of foam should be refainad
corresponding to: 1) an initial portion from the filled canister, 2) a portion from the
middie of the canister {in the range of 40%-80% of labsled canister content), and 3}
the portion corresponding {o the canister contents with 85% of the iabeled contents
delivered. The canister should be dispensad at room temperature. If the canister
cools as a result of dispensing, the canister should be warmed o room temperature
before subsequent delivery. Using an appropriate sample preparation {such as
sutgassing) and anaiytical method, the drug substance concentration in sach of the
three portions can be determined. None of the three resuits were ouiside of the
product assay range. The maximum difference in the amount of active ingredient

determined within the canister is NMT 10.0% beginning, middis and end.

As seen in Table 8, addition of 10 grams of HC propellant destabilizes the
O amulsion in the canister. When the canister is shaken, the liguid propeliant
{specific gravity = 0.54) mixes with the internal oil phass (petrolatum/isopropyl
palmitate/cetostearyl alcchol—specific gravity = 0.83) and causes the now swollen
emulsion globules 1o rise (creaming of the emulsion} away from the inverted
valve/actuator. Since the water insoluble aclive disproportionately resides
surrounding the oil phase of the emulsion, repeating this process of shaking the
canister and emitling the foam serves o concentrate active in the canisier. When the
OAW emulsion is destabilized to the point of excaeeding the mapdmum difference limit

{not more than 10%) spedified for content uniformity throughout canister life
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according {o USP<607>, the asrosol foam drug product is no longer commercially

viable, For a target 84-gram fill of 0.3% roflumilast Formulation 1, increasing the

amount of AP-70 hydrocarbon propeilent, suddenly and unexpectantly destabiiized

the emulsion of the foam concentrate 1 make this feam drug product no longer

acceptable for commercial pharmaceutical products,

Table 8.
Formulation 1 foam Beginning | Middle End %RSD | Maximum
concentrate with a target fill Average | Average | Average Difference
weight of 64 grams
10 grams HC Propeliant (EKG 93.3% 94.5% | 1054% | B8.8% 12.1%
3180275)
8 grams HC Propeliant (EKG 82.6% 94.8% 98.2% 3.0% 56%
S200148)
HC Propellant is a blend of 31% Propane, 23% Iscbutane and 46% n-butane

Example 3

Effect of Increasing the Concentration of Disthylene Glycol Monoethyl Ether

Using the same USP<607> Pharmaceutical Foams—Product Quality Tasts as

detalled in Exampie 2 for determining the dispersed content uniformity throughout

canister life, the effect of increasing the concentration of disthyleneg giyeo! monoethyl

ether (Tabie 9) was determined.

Table 5.
Foam Concentrate Formulation 1 Formulation 3 Formulation 4
Composition
Roflumilast 0.3 0.3 0.3
Petrolatum, USP 5.0 50 5.0
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isopropyl Palmitaie, 2.5 2.5 2.5
NF

Crodafos CES 54 2.0 2.0
-~cefosteand alcohol NM“}” 16 NMT 1.6 NMT 1.6
--gicetyl phosphate NMT 0.4 NMT 0.4 NMT 0.4

—~catearath-10 NMT 0' 4 NMT 0.4 NMT 0.4

phosphate T
Diethylene Glycol 25.0 350 40.0

Monoethyl Ether, NF

{Transcutol P)
Hexvlene Glycol, NF 2.0 2.0 2.0
Methyiparaben, NF .20 (.20 0.20
Propyiparaben, NF 0.050 0.050 0.050

1 N NaOH, NF g.8. adpHb5 g.s.adpH 5.5 g.s adpHSS
Purified Water, USF .5, ad 100% g.8. ad 100% q.5. ad 100%

When the O/W emulsion is destabiiized o the point of exceeding the

maximunm difference limit {(not mors than 10%) specified for content uniformity

throughout canister life in USP<B07>, the aerosal foam drug product is no longer

commercially viable. For a target 84-gram fill of 0.3% roflumilast foam concentrate

and 8-gram fill of AP-70 hydrocarbon propeliant, the emulsion in the canister

suddenly and unexpectantly destabilizes when the DEGEE concentration is

increasad from 35% to 40% {(Table 10). The emuizsion of this foam drug product

containing 40% DEGEE is not acceptable for pharmaceutical commercialization.

Table 10.
Foam concentrate {target fill | Beginning | Middle End YR30 | Maximum
weight of 64 grams) blended Average | Average | Average Difference
with 8 grams of AP-70
FORMULATION 1 (EKG 92.6% 94.8% 98.2% 3.0% 5.8%
$180148)
FORMULATION 3 (EKG 97 2% 99.6% | 100.7% | 1.8% 3.2%
S5200075)
FORMULATION 4 (EKG 96.4% 99.0% | 131.3% | 17.9% 34.9%
S200078)
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Example 4

As detailed in Example 2, wo clinically relevant doses {(~1 gram) were
dispensed from the beginning, middle and end of the can. The amount of foam
dispensed was quaniified by compietling a difference weighing of the can and the
assay resulis of the two separate foam extraclions were averaged to give the
heginning average (B), middie average (M) or end average (E) values shown in
Table 10, After each pair of clinically relevant actustions, approximately 15 grams of
foam was dispensed inte a glass container, tighlly closed, and stored for optional
assay. These samples were labeled as the beginning retain (BR), middie refain (MR}
and end retain (ER). The six assay values (which represenis assay of the entire

contents of the canister) for FORMULATION 4 from Table 8 is shown in Table 11,

Table 11,
Beginning | Beginning | Middie | Middie End End
Retain Retain Retain
FORMULATION 4 98.4% 53.4% 958.0% 722% ({131.3% | 111.0%

The data shown in Table 11 provides a dramatic example of how creaming of
a foam concentrate emulsion within the canister can cause dramatic changss in
dosing levels of active to the patient. From development of roflumilast emulsion
formulations itis known that increasing the amount of DEGEE from 25% to 40% will
increass the solubility of roffumilast in the foam concentrate, but increasing DEGEE
above 35% also destabilizes the emuision. The assay patlern afler fully assaying the
canister (Table 11) indicates that active is migrating o the portion of the emulsion
containing roflumilast that is being retained in the canister during actuation. By
walking through the assay steps, the data from Table 11 can be undersicod. The full
can of product is shaken, and the beginning one-gram samples are dispensed with
an assay value of 86.4%. The can is again shaken and approximately 15-grams of
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foam is dispensed into & jar in a single actuation—the reflumilast-rich, propeilant
awollen globules of the destabilized emuision phase separale (creaming) and
migrate away from the valve of the inverted canister. Creaming of the smulsion
carries a disproportionate amournt of roflumilast toward the interface belween the
emuidsion and liguid propsiiant which assures that the "Beginning Retain” has a very
fow assay vaiue of 89.4%. The can is allowed fo retum {o room temperature, shaken
and the short getugtion, 1-gram middie samples are taken and assayed at 89.0 % of
label Once again, due to the destabilized emulsion, roflumilast evades being
dispensed from the canister during the long actuation during dispensing of the
“Middie Retain” (72.2% of label}. With about two-thirds of the three-phase
pharmaceutical aerosol having been dispensed at fow potency, the 1-gram end
actuations have the highest assay value of 131.3 % of labsl. The final long actuation
o produce the “End Retain” assay value maintains the trend of having a lower
rofiurmilast assay value (111.0 % label) compared {0 end sample (131.3 % iabel).
Depending on how long the canister is held inverted after shaking, a physically
unstable emuigion foam product could deliver 89% of the labeled dose or 131% of
the labeied dose. Formulation 4 would not be suitable as a commercially viable

pharmaceutical aercsol foam product.

Exampie 8§ Ratio of the Hydrocarbon Blend

The assthetics of ARGQ-154 foarn formulation shown in Table 2 (64 grams
concentrate) when gassed with 8§ grams of sither AP-48 or AP-70 propeliant were
comparad. The AP-48 propeliant is a 312348 Propaneiscbutane:N-Butane blend
while AP-70 propeliant is a 55:15:30 blend of Propane:isobutane:N-Butana. While
both foams were found completely acceptable, the firmer appearance and slightly
siower breaking of the AP-48 propeliant foam was preferrad by about two-thirds of
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the individuals testing the products. The other third of the festers had sither no
preference or a slight preference for the quicker breaking AP-70 foam. Htwas
concluded that both the AP-48 and AP-70 hydrocarbon blends show good fopical
feam characteristics and excelient aesthetics, By adjusting the ratio of propane (o the
isobutane N-Butane mixiures, any pressure between 48 and 70 psig can be
achieved. in terms of agsthetics, any ratio of the hydrocarbon propeiliant blend of
Fropans/isobutane/N-Butane that gives 3 pressure around 48-70 psig at 70°F has

besn shown acceptable,

Example &
Roftumilast foamn Phase 2 Clinical Re-supply—4% roflumilast overage batch
The analytical method used to quantify roflumilast in foam drug product was
developed and validated using fresh roflumilast foam. As stability studies for the
roflumilast foam drug product were completed, it was observed that the roflumilast
assay values decreased with time without a corresponding increase in known
roflumilast degradation products or increase in unknown chromatographic peaks.
Further investigation confirmed that roflumilast was not degrading in the foam
product, but rather that the original extraction conditions found adequate for fresh
foam drug product samples did not fully extract roflumilast from aged foam drug
product. A new sample preparation method that includes a hexane: acetonitrile
axiraction step was validated and used {o characterize the 3 month stability time
point for lots PGW-C and PGX-C {duplicate GMP batches of 0.3% roflumilast foam

manufactured at DPT Laboratories, San Antonio TX),

The 200-kg bulk concentrate for lots PGW-C and PGX-C had six-point

sampling (Top Center, Top Edge 0°, Top Edge 180°, Middle Center, Middle Edge 0°
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and Bottom). Assay data for the bulk concentrate is shown in Table 12 below. The
bulk concentrate is added to the aerosol can, the valve is crimped on the can, the
propeliant is added fo the can through the valve and finally the actuator/cap

assembly is snappead into place.

in the first step of the packaged foam drug product sample preparation, all the
propeliant is removed from the foam sample, the hexane: acetonitrile extraction is
completed and the concentration of roflumilast in the foam product minus propellant
{(the same matrix as the bulk concenirate) is calculated. As shown in Table 12
below, on average a 4% loss in potency (% label) cccurs between the concentrate
being added to the can (prior to addition of the propeliant} and removal from the can
{for stability testing).

Table 12. Assay results {(whole can assay mesthod) that were used to justify a
4% overage of roflumilast.

Lot Roflumilast {% Roflumilast (% label) after propellant {3-month
Number | label} before timepoint n=3)
Hant
propesan 25°C 25°C 40°C 30°C
upright inverted upright inverted

PGW-C 896.9 92.3 93.0 94.2 81.5
(4.4% loss) | (3.7 % loss) | (2.7% loss) (5.4%

f0ss)

PGX-C 98.8 93.¢ 953 852 94.2
(49% loss) | (3.5% loss) | (3.6% loss) (4.8%

iossg)

A 525 kg GMP batch of roflumilast foam bulk concentrate was manufactured

that contained a 4% overage of roflumilast. The lot number for this overage batch

was RDS-C. Using the validated method (sample preparation includes the

hexane: acetonitrile extraction step) release testing results were 101.9% of label

{0.3% roflumilast) for cans from the beginning of the packaging run, 100.1% label
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from the middle of the packaging run, and 100.1% of iabel from the end of the
packaging run. The apparent loss in assay value for the roflumilast foam was
corrected by adding a 4% overage of roflumilast during compounding of the bulk

concentrate.

Example 7 Content Uniformity of Emitted Foam Doses

Twao clinically relevant doses (~1 gram) were dispensed from the beginning of
the can {initial actuations after ~ 5 hand shakes of the can). The amount of foam
dispensed was quantified by compleling a difference weighing of the can and the
assay resulis of the two separate foam extractions were averaged to give the
“Beginning Avg” value. Approximately 15 grams of foam was dispensed info a glass
container, tightly closed and stored for optional assay as the “Beginning Retain”
sample ai a later date. This sequence of sampling was repeated o give the "Middle
Avg” and “End Avg” data. After the two clinically relevant doses were dispensed
from the end of the can, all remaining foam was dispensed from the can to give the
“End Retain” sample. The assay results for these 6 emitled doses are shown in
Table 13. All emiited foam doses were within specification, the low assay results
(3.5%-4.9% assay loss) using the "whole can” assay for lot PGX-C (Table 12} were
only seen in this content uniformity study for foam doses emitied from the actuations
from the beginning of the can. The high RSD valuss for the content uniformity resuits
combined with smaller percent assay losses prompied an experimental design that
axamined order of addition, composition, and propellant modifications of the

roffumilast foam used in the Phase 2 clinical trials.

Table 13. Content uniformity results for the roflumilast foam Phase 2 clinical
ot PGX-C {no overage).
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Clinical ot Beginning Middle Avg End Avg RSO
PGX-C Avg
3180275 Can 1 93.3% 94.5% 105.4% 8.8%
8190275 Can 2 91.1% 95.3% 99.1% 4.2%
8120275 Can 3 94.0% 94.7% 99.3% 2.0%

The process modification batches were 1720-0204R01 (the 204 batch) and
1720-0208R01 (the ‘208 baich). in the '204 baich the aclive phase (DEGEE,
parabens and rofiumilast) was blended into the oil phase prior {o emulsification. In
the ‘206 batch the emollient isopropy! palmitate was not added o the Crodafos CES
and petrolatum oil phase, rather it was held back and dissolved into the DEGEE of
the active phase, which was added to the batch after emulsification. Both of these
“order of addition” process changes for the product concentrate were gassed with
AP-70 propeliant. As shown in Table 14, combining the ol and active phases prior to
emulsification resulied in dramatically lower, out of specification assay values and
had an RSD of 6.2%. This contrasts with batch ‘206 (IPP added to the active phase)
that gave assay values ranging from 98-100% with an R5D of 2.1%. Addition of IPP
fo the active phase was a process change made {o the roflumilast foam Phase 3 fest

article.

Four composition changes were made, increasing hexylens glyeol to 4%
(DPT lot 1720-0205R01) increasing PP o 5% (DPT lot 1720-0213R01), increasing
DEGEE to 35% (DPT lot 1720-0123R01) and increasing DEGEE {o 40% (DPT lot
1720-0211R01). While increasing DEGEE {o 35% had higher average assay values
and low %RSD when gassed with AP-70, increasing DEGEE to 40% resulted in a
very non-homogeneous emitted foam. The resulis for the “123 and ‘211 balches
indicated that addition of too much DEGEE (between 35% and 40%) caused sudden

product failure.
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A sample of product concentrate having Table 2 composition was gassed with
AP-48 and AP-31 (isobutane only) propeliants. While both lower pressure
propeliants had low assay values in line with PGX-C whole can assay results, AP-31
had an RSD of 1.4% and AP-48 had an RSD of 0.8%. The appearance of the 123
batch using only DME as the propeliant and the known incompatibility of DME with
aerosol filling equipment resulied in DME no longer being considerad as a propeliant

for the roflumilast foam product.

As stated above the aesthetics of roflumilast foam gassed with 8 grams of
aither AP-48 or AP-70 propeliant were compared. Both foams were found
completely acceptable with the firmer appearance and slightly slower breaking of the
AP-48 propellant foam being preferred by about two-thirds of the individuals testing
the products. The other third of the testers had sither no preference or g slight
preference for the quicker breaking AP-70 foam.

Table 14. The impact of process, composition and propeliant modifications on
rofiumilast foam content uniformity data.

Appearance

DPT Lot
Number

Propeliant

Composition/Process
Change

Average
Assay
% label

Yo
R8D

Actual
% AP

Matched
Table 2
composition
gassed with
AP-70

1720-
0204R01

AR-70

Active Phase added
into Oil Phase

89.9%
(&)
93.9%
(M)
83.0%
(E)

6.2

(0.300%

1720-
(0205R01

AP-70

increased Hexylens
Glycol from 2% to 4%

95.7%
{B)
97.6%
(M)
99.0%
(E})

0.300%

1720-
(0206R01

AP-70

isopropyl Paimitate
added o Active Phase

95.9%
(B)
97.7%
(M)

2.1

0.300%
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100.0%
{E)

1720-
0213R01

AP-70

isopropyl Palmitate
increased {0 5.0%

96.0%
(B)
96.7%
(M)
97.9%
{E)

1.0

0.301%

Slightly
softer foam
than Table 2
composition
gassed with
AP-70

1720-
0123R01

APR-T0

Transcutol increased
from 25% {0 35%

97.2%
(B}
99.6%
{M)
100.7%
(E)

1.8

1639-
0528P01

A-31

Table 2 Composition

96.6%
(B
96.8%
(M)
94.3%
{E)

1.4

0.288%

1639-
0528P01

AP-48

Table 2 Composition

96.2%
(B)
97.2%
M)
96.2.2%
(E)

g6

0.298%

1720-
0211R01

AP-70

Transcutol increased
to 40%

96.4%
{B)
99.0%
{M)
131.3%
(E)

17.9

0.301%

softest foam
with larger
bubbies-
foam
collapsed
quickly

1720-
0123R01

DME

Transcutol increased
from 25% to 35%

Not
Tested

0.283%

Two clinically relevant doses (~1 gram) were dispensed from the beginning,
middie and end of the can. The amount of foam dispensed was quantified by

completing a difference weighing of the can and the assay resulis of the fwo

separate foam exiractions were averaged 1o give the beginning average (B}, middle

average (M) or end average (E) values shown in Table 14. After each pair of

clinically relevant actuations, approximately 15 grams of foam was dispensed into a
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glass container, tightly closed and stored for optional assay. These samples were
labeled as the beginning retain (BR), middle retain (MR) and end refain (ER). Can 1
{clinical lot PGX-C) from Table 13 and baiches ‘205, ‘208, ‘528 with AP-48, and ‘211
from Table 14 were selecled for assay of these optional retain samples. i should be
notad that by assaying the retain samples, the whole can of the roflumilast foam is

being assayed. Resulis for these 5 lofs of roflumilast foam are shown in Table 15.

Table 15
Lot (B} (BR} (M) {MR} (E} {ER}
PGX-C cant 93.3 103.3 94.5 o5 7 105.4 107.7
‘205 857 o822 87.8 97.7 98.0 @0.7
208 95 8 o8 .2 Q7.7 100.3 100.0 111.8
‘258 (AP-48) | 96.2 987 97.2 97.8 86.2 97.8
211 98 .4 89.4 99.0 72.2 131.3 111.0

Example 8 Can Liner Compatibility Testing

Since infroduction of a hexane exiraction step significantly decreased
variability in assay resulls, a sampling of commercially available can liners were filled
with ©.3% foam concentrate and gassed with AP-70 propellant. Three different can
sizes were compared to the glass compatibility botlle. The current roflumilast foam
B0 gram can was comparad o the larger Trivium Cans (PP(G-2845 and PPG-8200)
that were 53 mim X 235 mm cans filled with 275.2 grams concentrate {equivalent {o
64 g concentrate for the 60 gram can) and 34.4 grams of AP-7Q propeliant
{equivalent to 8 g or propellant for the 80 gram can). The smaller roflumilast foam 10
gram sample can was filled with 12.0 g concentrate and 2.3 g AP-70 propsliant. The
bulk concentrate was packaged, and propellant added. The cans were stored
inverted and upright at ambient conditions. Botitles were gassed and sent the same
days, but were stored upright and horizontal. The assay results for roflumilast,
methylparaben and propyiparaben are shown in Table 16,
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one month,
Sample iD Storage Average % | %RSD | Average | %RSED | Average | %RSD
and Orientation Label % Label % Labs!
Description Claim Claim Claim
Roflumilast MP PP
5200145 N/A 100.8 0.03 100.5 0.3 o877 1.8
Bulk
Product
5200148 Upright g7.2 (8) 2.0 101.@ 1.8 100.5 1.8
Trivium can 101.2 (M) (B) B
PRG-8800 8.7 (B} 104.9 1034
with MPE (M) (M)
liner Lot 101.5 100.1
RO1-A (E) (E)
Inverted 3.0 (B) 35 966 (B) 34 96.3 (B) 4.2
89.9 (M) 92.3 (M) 80.8 (M)
896.4 (E) 98.8 (B) 98.7 (B)
S200147 Upright 92.5 (B) 1.8 837 (B 23 924 (B 1.7
Trivium can 85.8 (M) 97.9 (M) 85.7 (M)
PRG-2845 893.0 (B) 947 (B) 940 (E)
with BPA invertad 95.2 {B) 1.3 96.2 (B) 1.4 94.3 (B) 1.5
finer Lot 92.7 (M) 93.8 (Mh 81.7 (M)
RO1-B 93.0 (E) 83.8(E 824 (B)
S200148 Upright 92.8 (B} 3.0 852 (8) 1.3 94.0 (B} 1.7
RM#146427 894.8 (M) 968.3 (M) 85.8 (M)
Current 98.2 (E) 97.7 () 97.3(E)
ARQ-154 inverted 93.9 {(B) 3.1 84.9 (B) 1.5 94.3 (B) 1.0
80g can 85.1 (M) 95.5 (W) 8952 (M)
with PAM 99.5 {E) 978 (&) 968.2 (B)
finer Lot
RO1-C
5200148 Upright 94.0 (8} 2.0 858 (B) 0.5 894.0 (B) 1.2
Rii#146297 Q2.5 (M) 95.8 (M) 94.2 (M)
80g can 98.2 {E) 968 (E) 96.0(E)
with an inverted Q3.1 (B) 3.7 94.7 (B) 1.2 93.8 (B) 0.8
epoxy 93 5(M) 95.4 (M) 94 .1 (M)
phenolic 99.5 (E) 97.0{(E) 852 (B)
finer Lot
RO1-D
3200150 Upright 98.1 (8} 2.0 85.7 (B) 1.9 2806 (B) 1.7
RM#146419 100.1 (M) 5.3 (M) 81.6 (M)
10g can 8.1 (E) 92.4 (E) 88.5 (E)
with an inverted g97.7 (B 1.1 92.8 (B) 0.4 88.1 (B) 1.8
&poxy 88.8 (M) a92.8 (Mh 87.7 (M)
phenalic 8.5 (E) 35 (E) 808 (B
finer
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{current) Lot

RO1-E
5200151 Upright 94.2 (B) 25 | 90® | 17 | ese® | 15
Glass Bottle 90.3 (M) 93.8 (M) 91.5 (M)
Lot ROA-F 94.3 (E) 96.9 (E) 94.0 (E)
Horizontal | 92.7 (B) 16 (edo® |03 [@27® | 03
93.5 (M) 95.4 (M) 92.7 (M)
90.7 (E) 94.8 (E) 93.1 (E)

Variability in the resulis and the lower than expected vaiues for the glass
bottle samples makes il difficult to precisely determing loss to the can liner. However,
frends in the data indicate that in terms of retaining near target rofiumilast values the
spoxy phenalic liner is best, MPE and BPA are similar, but slightly inferior to the
epoxy phendlic liner and the current PAM liner is the least compatible liner for the
roflumilast foam product. From the data in Table 16 it appears the epoxy phenolic
liner may not be compatible with the parabens, especially propyl paraben. if this
incompatibility between the preservatives and the epoxy phenadlic can liner is
confirmed, an overage of roflumilast may be required to compensate for the slight
roflumilast loss due to use of the PAM can liner in the primary container for the

roffumilast foam.

Example 9 Roflumilast Foam Final Formulation Experiment

To select the finat roflumilast formulation for the manufacture of the three
primary stability batches, a matrix of four packaging/propeliant combinations is being
placed on stability. The four configurations are: 1) current PAM lined can gassed with
the AP-70 propellant {The phase 2 IP), 2) current PAM lined can gassed with the AP-
48 propeliant, 3) epoxy phenolic lined can gassed with AP-70 propsllant and 4)
epoxy phenolic can gassed with AP-48 propeliant. The product concentrate will have
the composition shown in Table 2 with the PP added {o the active phase during

processing. Target fill weights will be 64.0 grams for the product concentrate and 8.0
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grams for the propellant. Forly (40) cans of each of the four configurations will be

filled, qassed and placed on stability. Three (3} cans from sach configuration will be

pulied af each time and tested for assay, impurities, and preservatives.

Example 10 Storage Stability

The following formulations were prepared and mixed with propellant AP-48 or

AP-70 to determine whether 3 stable foam is formed after storage under ambient

conditions for more than 30 days.

Table 17
Concentration in Product Concentrate {Yowiw)
Ingredient Formulation | Formulation | Formulation Compa;rative
5 8 7 Vehicle
Formulation
Roflumilast 0.3% 0.3% 0.3% -
DEGEE (Transcuiol P) 25 25 25 25
Fetrolatum 50 5.0 10.0 50
isopropyl Paimitate 2.5 2.5 50 2.5
CRODAFQOE™ CES 2.0 20 2.0 2.0
~~-cetearyl alcohof NMT 1.6 ANMT 1.6 NMT 1.6 NMT 1.6
--thcetyl phosphate NMT 0.4 NMT 0.4 NMT 0.4 NMT 0.4
~-ceteareth-10 phosphate NMT 0.4 NMT 0.4 NMT 0.4 NMT 0.4
Hexylene Glycol 2 2 2 2
Methylparaben 0.2 0.2 0.2 0.2
Fropylparaben 0.05 0.05 0.05 0.05
Purified Water %gbf/f a2 9528 | qs.ad 100%
Propeliant About 1.8 o 1.8 blend of propeliant {o product concentrate

Fropane/lsocbutane/Butane

AP-48

AP-70

AP-70

AP-70

Example 11 Evaluation of Foam Quality
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Foams were prepared and assessead using foam quality and foam expansion

technigues. The foam concentrate roflumilast formulations comprised formulations

with and without hexyleneg glycol as shown below.

Table 18
Concentration in Product Concentrats {(%wiw)
ingredient
Formulation § Formuiation 8
Roflumilast 0.3% 0.3%
DEGEE (Transcutol ) 25 25
Fetrolatum 5.0 50
isopropyl Palmitate 2.5 2.5
CRODAFOS™ CES 2.0 20
--cetearyl alcohol NMT 1.6 NMT 1.6
--cicetyl phosphate NMT 0.4 NMT 0.4
--ceteareth-10 phosphate NMT 0.4 NMT 0.4
Hexylene Glycol 2 9]
Methylparaben 0.2 0.2
Propylparaben 0.05 0.05
Purified Water g.s. ad 100% q.5. ad 100%

Aerosol can components were prepared according to the following table.

Tabis 19
Aerosol Components Utilized Description
35 mm X 125 mm Can AER PAM 8480N

Siem 580, 018, (63CEQL) Splined

Stem Gasket 590, BUNA, B1785 Non-Food Grade
Spring SS90, STEM, 020, Stainless Steel
Body 3580, Housing Inverted W/ Tail Piece 4 Slot

Mounting Cup Aluminum Spherical Cup, Epon T/B

Dip Tube STD, LLDPE, 0.122 Nat 5K FT

The sample variable tolerances were as follows,
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Table 20
Variable Minimum Target Maximum
Bulk foam concentrate Fill 6808¢g 64.0g 87.2¢g
Weight
Propeliant Fill Weight 784a 80¢g 844
Crimp Height 0.208" 0.2107 0.212”
Crimp Diameter 1.085” 1.07” 1.075”

N=3 samples were prepared for each variable. Each can was filled with 84 g of the
intermediate containing roflumilast, followed by crimping. The cans were subsequently
pressurized with 8 g of NIP-70 propeliant. The propellant was filled manually using a burstie
system followed by weight analysis of individual samples. A+/~ 5% range from the targst
weighis was deemed acceptable. No sample deviated more than 3% from the target values.
The finished aerosol products ulllized 75% of the specified can’s brim filled capacity. The
finished cans were tested for leaks by submerging in a water bath at 55°C for 10 minutes.
No leaks were detected during visual inspection of the submerged cans. The finished cans
were shaken by hand for no more than 10 seconds and allowed to rest for at least 2 days o

ensure compleie mixing of the propellant and foam concenirate.

The samples were studied using visual analysis to determine the presence or
absence of a foam after dispensing. A foam was defined as the visual presence of multiple
bubbles sharing a minimum of 1 liquid film wall which may be broken when agitated by an
external force. The foams were visually analyzed immediately after dispensing and again
five minules after dispensing. Both formulation 5 and formulation 8 were found to produce

acceptable foams immediately after dispensing and § minutes after dispensing. The foams
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were smooth white or off-white foams having uniform bubbles and were able o support
their own weight. The foam half-life was more than 80 seconds. The absence of hexylene

alycol did not affect the acceptabiiity of the foam.

44



WO 2023/129215 PCT/US2022/040929

Claims

1. An aerosol foam comprising roflumilast, cetearyl alcohol, dicetyl phosphate,
ceteareth-10 phosphate in an oil in water emulsion and a propaneg/iscbutane/butane
propeliant blend, wherein said off in water emulsion has a viscosity of 4,000-11,000
cP, wherein said propellant and ol in water emulsion are in a ratio of about 1.8 1o
1:8, and wherein said aerosol foam is emitted from a container but collapses afler

application {o a subject’s skin.

2. An aerosol foam comprising an oil in water emulsion and a

propane/iscbutane/butane propellant blend, wherein the oif in water emulsion

consists of;

Roflumilast 0.3% wiw
White Petrolatum 5.0% wiw
Isopropyl Palmitate 2.5% wiw

Emulsifier blend comprising cetearyt alcohol,

dicetyl phosphate, and ceteth-10 phosphate 2.0% wiw
Hexylene glycol 2.0% wiw
Diethylene glycol monoethyl sther 25.0% whw
Methylparaben 0.2% wiw
Propyiparaben 0.05% whiw
pH Modifier g.s. adpH 55

Purified Water q.s. ad 100.
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3. An aerosol foam comprising an oil in watler emulsion and a

propane/isobutane/buiane propeliant blend, wherein the oil in water emulsion

consisis of;

Roflumiiast

White Petrolatum

isopropyl Palmitate

Emuisifier blend comprising cetearyl alcochol,
dicetyl phosphate, and ceteareth-10 phosphate
Diethylene glycol monoethyi ether
Methylparaben

Propylparaben

pH Modifier

Purified Water

0.3% wiw
5.0% wiw

2.5% wiw

2.0% wiw
25.0% wiw
0.2% wiw
0.05% whw
q.¢. adpH 55
a.5. ad 100

4. The aerosol foam according to claim 1, further comprising hexyiene giveol in an

amount of 0% wiw 1o 4.00% wiw and/or disthyiene glycol monoethy! ether in an

amount of 25% wiw (0 35% wiw.

5. The asrosol foam according o claim 4, wherein said hexylene giycol is in an

amount of 2.00% wiw to 4.00% wiw and/or said diethylene glycol monoethyl ether is

in an amount of 25% wiw {0 35% w/w.

8. The aerosol foam according to claim 1, further comprising at least one additional

component selected from the group consisting of a solvent, moisturizer, surfactant or

emulsifier, polymer or thickener, preservative, antioxidant, sequestering agent,
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stabilizer, buffer, pH adjusting solution, skin penetration enhancer, film former, dye,

pigment, and fragrance.

7. The aerosdl foam according to claim 1, further comprising an additional active
agent selected from the group consisting of anthralin, azathioprine, tacrolimus, coal
tar, methotrexate, methoxsalen, salicylic acid, ammonium lactate, urea, hydroxyurea,
5-fluorouracil, propyithouracil, 8-thicguanine, sulfasalazineg, mycophenolate mofeti,
fumaric acid esters, corticosteroids, corticotropin, vitamin D analogues, acitretin,
tazarctene, cyclosporing, resorcinol, colchicing, adalimumab, usiekinumab,

infliximab, bronchodialators, and antibiotics.

8. The aerosol foam according to claim 1, wherein said roflumilast is in an amount of

0.05-2% by weight of the total compaosition.

8. The aerosol foam according to claim 1, whersin said propaneg/isobutane/butane

propeliant blend is AP-70.

10. A method of inhibiting phosphodiesterase 4 in g patient, comprising topically
administering an aerosol foam comprising roflumilast, cetearyt alcohol, dicetyl
phosphate, ceteareth-10 phosphate in an oil in water emudsion and a
propane/iscbutane/butane propeliant blend, to a patient in need thereof, wherein

said oil in water emulsion has a viscosity of 4,000-11 000 ¢, wherein said propeilant
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and oil in water emulsion are in a ratic of about 1:8 to 1.6, whersin said aerosol foam

is emitted from a container but collapses after application to the patient’s skin.

11. The methed according to claim 10, wherein said patient is suffering from a

profiferative, inflammatory and/or allergic dermatoses.

12. The method according to claim 11, wherein said proliferative, inflammatory and
allergic dermatoses is selecied from the group consisting of psoriasis (vulgaris),
sczema, acne, lichen simplex, lichen sclerosus, prurigo nodularis, sunbum, pruritus,

alopecia areata, hypertrophic scars, discoid lupus erythematosus, and pyodermias.

13. The method according to claim 11, wherein said patient is suffering from an

inflammatory dermatoses.

14. The method according to claim 13, whersin said patient is suffering from atopic

dermatitis.

15. The method according to claim 10, wherein said aercosol foam further comprises

at least one component selected from the group consisting of hexylene glycol and

disthylene glycol monoethyi ether.

18. The method according to claim 13, wherein said composition is administersed one

or more times per day.
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17. The methed according to claim 18, wherein said composition is administered 1-2

times per day.

18. The methed according to claim 10, wherein said aeroscl foam does not include

hexylene glycol.

1€, The method according to claim 10, wherein said asrosol foam further comprises

diethylene glycol monoethyi ether in an amount of 25% wiw to 35% wiw.

20. An aerosol foam comprising roflumilast, ceteary! alcohol, dicetyl phosphate,
ceteareth-10 phosphate and diethylene glveol monoethyl ether in an oil in water
amulsion, and a propane/ischutana/butans propeliant blend, wherein said ol in waler
smuision has a viscosity of 4,600-11,000 cP, wherein said foam does not includs
hexylene glycol, wherein said diethylene glycol monoethyt ether is in an amount of
25% wiw 1o 35% wiw, wherein said agrosol foam is emitied from a container but
coliapses after application 1o the skin, and wherein said asrosol foam has a foam

haif-life of 30 seconds or more.

21. The aerosol foam according to claim 20, wherein said asrosol foam has a haif-

life of 5 minutes or more,
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