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COMPOSITIONS FOR TRARSDERMAL DELIVERY OF mTOR INRIBITORS

RACKGROUND

Hapamycin {(Sirolimus) is a macrocychc facione {hat has been Known for use
as a pharmaceulically active agent for use i treating a variety of congitions. Vanous
refated compounds, such as temsirolimus, evergiimus, orn-1, onn-4, WYk-354,
and metformin show similar activity, suppressing the mammalian target of rapamycin

(T ORG piochemical pathway., RAFAMUNE®, an FUA approved dosage form, 18 an

oral dosage form of rapamycin. However, there are some conditions for which oral

rapamycin is ineffeclive and transdermal debvery of rapamycin and/or glher miOR

inhibitors would be beneficial. Accordingly, research into transdermal delivery

formuiations {or rapamycin is ongoing.

SUMMARY
The present invention s drawn (o formuiations for the transdermal delivery of

m FOR inhibitors, such as rapamycin, and related methods of manufacture and use.

Specifically, in one embodiment a formulation for transdermaily delivering an miOR

nhibitor, such as rapamycin, may mnciude an miOR inhibitor a polymer having
surtfactani properiies, a polymer having thickening propertias, a solvent for

solubilizing the mTOR inhibitor, a givcol, a Cip-Uop falty acid; and a base. The

formulation may also inciude water for injection. In another embodiment, &

formulation for transdermaily delivenng rapamycin can inciude aboul 55 wi% o
about 88 wi% water, aboul 0.1 wi% 1o about 8 wi% rapamycin, about 0.05 wits 10
about 1.0 wi% of a polymer having surfaciant properties, about 0.4 wi% (o about 1.0
wi% of a polymer having thickening properties, about 0.5 wt% to about 4.0 wi% of 8

giveol, about 1 wi%s o about 40 wi% of benzyi aiconol, about 0.2 wit% 1o about 2.5

wit% of a Cip-Uop Tatly acid, and about 0.01 wit% 1o about 0.5 wt% of a base.

0 a turther embodiment, a method for fransdermal administration of
rapamycin is provided which includes the application of any of the rapamycin-
containing formuiations disciosed herein {0 a skin surface of a subject in need of

rapamycin therapy.
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BRIEF DESCURIPTIONS OF THE DRAWINGD
FlGS. 1A-F — FiG. 1A shows a plot of the stecliveness of rapamycin
treatment on Human Halat kKeralinogyles when the rapamycin is dissolved in a

variety of solvents. HiG. 18 shows a piot of the same measure when mouse ears

weare treated with placebo ¢ream and a rapamycin containing cream. HGS, 10-F
show immunochemistry (IHC ) images of frozen skin sections taken from mice freated

with the same ¢creams as Fii. 18,
FiG. 2A and 28 — HlG. ZA shows Western Biot analysis of Human Halal

kKeratinocytes growing in serum {"Serum’ ) that were treated with rapamycin or the

ofther ndicaled mTOK inhibitors for the indicaled times. FiG. 28 shows a plot of the
n-56 levels that were quantified and the ratio of p-56 o total 56 {fotal 56 data not
SHOWN }.

iz, 3 - shows rapamycin distribution in human explant skin 16 hours afier
application of a formuialion in accordance with an embodiment of the present
invention that contained rapamycin. Rapamycin exiracted from the indicated lissue

shces was assaved by reverse-phase HPLL. The lissue surface was cleaned with

iIsopropyl aicohol prior to seclioning 1o remove any residual surface matenal. This
formulation achieves rapamycin delivery to skin at tevels many fold higher than
required for i vifro aclivity. Overall, the net deposilion of rapamycin within the skin

was found to be in excess of 4% of the applied dose, indicating effeclive dealivery.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENT(S)

Hetore the present oral dosage forms and methods for the delivery and use of

rapamycin are disclosed and described, i is {0 be undersiood that this invention is

not imided {0 the particular process steps and matenais disciosed neren, bul s

extended {0 eguivalents thereof, as would be recognized by those ordinaniy skilied in

the relevant aris. It should also e undersiood that terminology employed herain s

used for the purpose of describing particuiar embodiments only and s not intended
to be limiting.
it should be noted that, the singular forms "a,” "an, and, 'the’ includge piural

referents uniess the context clearly dictates otherwise. Thus, for example, reference
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to "an excipient” includes reference (o one or more of such excipients, and reterence

10 “the carrer includes reference o one ofr more of suUch carriers.

As used herain, “subject” refers {0 a mammal in having a condition for which

rapamycin s a therapeutically effective trealment or preventalive measure. in some
aspects, such subject may be a human.

The term "mTOR inhibitor” refers {0 agents or compounds which are effeclive

i nhibiing MTOKR or an inhibitor of the MOK signaling pathway., miOR 8 8

senne/threcnineg kKinase that regulates transiation and cell division.,  bExamples of

MmTOR inhibitors include but are not limiled (o rapamycin {sirolimus) and iis

anaiogues and dernvatives, lemsirolimus, eversiimus, the rapamycin progrug AP-
23573, AP-23481, the like, and combinations thereotl.

AsS used herein, rapamycin’ or "sirclimus’ are used interchangeably and refer

to the macrocychic iacione produced by the organism Sirepfomyeces AYOrescopicus

isolated from soil sampies of kaster island (Rapa Nui) and having the structure of.

HO

o
-
-

As used herein, rapamycin and/or other miQOR inhibitors”, refer 1o the
ormary miOR inhibitor, rapamycin iiself, and also 1o relaled compounds such as
and varicus relaled compounds, such as temsirolimus, everchmus, torin-1, tonn-2,

WYE-354, and metformin, which may have stmilar activity.
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As ysed heren, "effective amount” of "therapeutically effective amount” of an

miOR inhibifor, such as rapamycin, refers to a sufficient amount of inhibitor 1o

perform  an iniended {ask ang achieve an intended resuil.,  For example, &

therapeutically effeclive amount of rapamycin may be an amount which i1s sufficient

io treal a particular target indication, e.g. keralinocyie hyperproliferation or other

condition Tor which an miOR inhipior can be used. i is understood that various
piological faciors may affect the abilily of a particular agent {o perform s intended

task. therefore, an "effective amount” or a "therapeutically effecltive amount” may be

dependent in some instances on such biological factors. Further, while the
achievement of therapeutic effects may be measured by a physician or other
gualified medical personnel using evaluations known in the art, it is recognized that

ndividual vanation and response {0 ireatmenis may make the achievement of

therapeutic effects a somewhal subjective degision.  The determination of an
effective amount is well within the ordinary skill in the art of pharmaceutical sciences
ang megicing.

The terms, "comprises,” "comprising,” "containing” and "having and the like

can have the meaning ascrbed (o them in U.S. Patent law and can mean "includes,’

‘inciuding,” and the like, and are generaily interpreted to be open ended terms. The
terms “consisting ot or “consists of are closed terms, and include only the
components, struciures, sieps, or the like specifically listed in conjunction with such
terms, as wel as thal which 18 in accordance with U.S. Patent law. "Consisting

essentially of or "consists essentially of have the meaning generally ascribed {o

them by U.5. Patent law. In parlicular, such terms are generally closed terms, wilh

the exceplion of aliowing nciusion of additional items, malerials, componeants, sieps,
or elements, that do nol matenally affect the basic and novel characterislics or
funchion of the item{s) used in connection therewith. For exampile, trace elemenis

present in a composilion, bul not affecting the compositions nature or characternstics

would be permissible if present under the “consisting esseniially of’ language, sven
though not expressly recited in a list of items foliowing such terminociogy. When
LSING an open ended term, like "comprising’ or "including,” it is undersiood that direct

suppori should be afforded aiso o "consisting essentially of language as well as

‘consisting of’ language as if stated expilicitly.
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As used herein, the lerm “substantially” refers 1o the complele or nearly
compiete extent or degree of an aclion, characleristic, property, slate, struciure,
Ham, or result. For exampls, an object that is "substantially” enclosed would mean
that the object is either compielely enclosed or nearly compietlely enclosed. The

exacl aliowable degree of devialion trom absolule completeness may in some cases

gepend on the specific conlext. However, generally speaking ihe nearness of

compietion will be s0 as {o have the same overall result as it absoclule and {otal

compietion were oplamned. The use of "subsiantially’ 18 egqually applicabie when
used in a negalive connolation to refer {0 the compilete or near compilete fack of an
action, characiernstic, property, siate, structure, ifem, or resull., For exampie, the
term “substantially free of as i refers {0 the presence or iack of a particular
composition or ingredient or component in a given formuiation refers {0 the compilste
or near compiete absence of the ingredient from the formulalion such that the

ingredient, if present, forms only 8 minor component or impurity of the formuidation.

vWhen the phrase “subsiantially free of refers compounds, separate from the solveni,
thal solvale the mTOK inhibitor, the amount of the component present should not

soiubiiize an amount of the mTOK inhibilor so as 1o negatively impact the therapeutic

sttect of the formuiation.

As used heren, the term "aboul’ Is used {0 provide Hexibilily 1o a numencal
range endpoint by providing that a given value may be "a litlle above” or "a litlle

pelow” the endpoint.

AS used herain, compounds, formulations, or other ilems may be prasented in
a common iist for convenience. However, these lists should be consirued as though
each member of the list is individually identified as a separaie and unigque member.

Thus, no ndividual member of such list should be consirued as a de facto eguivalent

of any other member of the same list soialy Dasead on thelr presentation in a common
group without indications to the confrary.

Concentrations, amounts, and other numerical data may be expressed or
presented hersin in a range format. s (o be undersicod hat such a range format
1S used merely for convenience and brevity and thus should be interpreted flexibly {0
nciude not only ihe numerical values explicitly recited as the imiis of the range, but

aiso {0 include all the individual numerical values or sub-ranges encompassed within

thatl range as if each numearical value and sub-range is explicitly reciied. As an
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Hiustration, a numerical range of "apoul 0.5 o 10 g7 should be interpreted (o include
not only the expiicitly reciied vailues of about 0.5 g {o about 10.0 g, but also include
mdividual values and sub-ranges within the mmdicaled range. Thus, included in this
numerical range arg individual values such as 2, o, and 7, and sub-ranges such as
from 210 38, 4 10 6, efc. This same principle applies {0 ranges reciling oniy one
numerical value, rFurthermore, such an interpreiation should apply regargiess of the

breadth of the range or the characteristics being described.

Unless otherwise defined, all technical and scientific terms used hereain have
fhe same meaning as comimonly understood (o one of ordinary skill in the art 1o
which this invention belongs. Although any methods, devices and matenals similar
or equivalent to those described herein can be used in the practice or testing of the

nvention, representative methods, devices, and materials are gdescribed below.

rReference will Now be made i detail {0 preferred embodiments of the
invention. While the invention will be described in conjunclion with the preterred
embodimenis, it will be understood that it is not intended (o imi the invention (o
those preferred embodiments. 1o the conirary, s infended {0 cover allernalives,

variants, moditications, and eguivalents as may be included within the spint ang

scope of the invention as defined by the appended claims.

mTOR nhibitors are a polent class of pharmaceutically active agents that ¢can
be useiul in realing a vanety of conditions. There is a need that exists in the
markeiplace tor topical formulation for delivering mi OR inhibitors. Formuistions for
i OR inhibitors can be challenging because of thewr structures and solubiiity

challenges thatl exist for many of these compounds. For exampie, rapamycin has

ilermediate polanty and is therefore pooriy solubilized i aguecus composiions,
ethanolic compositions, tngiyeerides, alkanes, and silicone sysiems. Benzyl aicohol

nas been dentified as a soivent that can etfectively solutiiize rapamycin, in

particular, benzyi aicohol can support 20 wi% solutions and higher of rapamycin.
However, benzyi alcohot does not conventently form stable emulsions above 10 wi%

ioading of benzyl alcohol using typical pharmaceulical surfaciants. For exampie,

formutations utilizing Span 80 and/or Tween 20 as surfactants were only able {o
achieve penzyi aicohol loading of 20 wi% or iess. Furiher, emuisions made with
Span gl and/or Tween 20 demonstrated poor stabiiity with room temperature

overmnight siorage producing 5% separation with discrete coalesced droplels visible.
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With the apove i ming, a stable and effective transdermal formuiation for

delivering mTOR inhibitors, such as rapamvycin, has been developed by the present

mventors and is described nhergin. in parlicular, the present invention provides

formulations and compositions for the transdermail delivery of mOR inhipifors. In

one empodiment a formuiation for transdermally delivering m i OR inhibitors may
nciude a therapsulically effective amount of the mTOR inhibitor, such as rapamycin,
a polymer having suractant properties, a polymer having thickening properties, a

salvent for solubilizing the mTOR inhibitor, a giyeol, a Up-Uag tatly acid; and a base.

in one embodiment, a formulation for topical application of rapamycin is proviged
which include rapamycin, a polymer having surfactant properties, a polymer having
thickening properties, benzyl alcohol, a giycol, a Cqp-Uop Tatly acid; and a base. in a
further embodiment, a formulation for transdermally delivering rapamycin can
nciude about 55 wi% (0 about 98 wi% waler, about 8.1 wi% 1o about 8.0 wi%
rapamycin, about 0.05 wi% {0 about 0.5 wi% of a polymer having surfactant

proparties, apout 8.4 wi% (o aboul 1.0 wi% of a polymer having thickening

properties, about 0.5 wi% {0 about 4.0 wi% of a giveol, about 1 wi% {0 about 40 wi%
of benzyl aicohol, about 0.2 wi% to aboul 2.5 wi% of a U4p-Upp fatly acid, and about

0.1 wi% (o about 0.5 wi% of g base.

The amount ot mTOR present in the formulation can vary gepending on the

particular mTOR inhibitor being used. in one embodiment, the formuliation can
nciude from 0.1 wi% 1o about 20 witte of mTOR inhibitor. in ancther embodiment,

the mTOR inhibiior can comprise about 0.5 wi% to aboul 10 wi% of the formuiation.

in another embodiment, the mOR inhibitor can comprise about 0.5 wi% {0 about &

wi%. In another embodiment, the mTOR inhibitor can comprise about 8.5 10 about &
wi%. in still 3 further embodiment, the mTOR inhibilor can comprise about 0.5 10
about 3 wi%. In one empodiment, the mTOR inhibitor can comprise 0.5 wi% 1o
aboul £ wi% of the formuiation. In still a turther embodiment, the mTORK inhibitor can
comprise about 1 wi% of the formulation. In some embodiments, the formulations of

the present invention can include rapamycin as the m i OR inhibitor and can be

oresent in an amount of from about 0.1 wi% to about 10 wt% of the formulation. In
one embodiment the mTOR nhibitor can be rapamycin and can comprise 0.5 wi% 1o
about 8 wi%. In another embodiment, the mTOR inhibitor can be rapamycin and can

comprise about .5 wi% o about 4 wi% of the formulation. In still a further
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embodiment, the miTOR embodiment can be rapamycin and can compnsea about 0.5

wi% (o about 3 wi% of the formulation. In another embodiment, the m T OR inhibitor

can be rapamycin and can compnse about 0.5 wi% 1o aboul 1.5 wi% of the
formuiation.

Polymers having surfactant properties (surfaciant polymers) can include a

wide array of surfactant or emuisitying polymers that are known in the art. Non-

HMiting exampies of polymers having surfactant or emuisifying properties include, but

are not imited {0 hydrophobically moditied polyacrviic acid commeracially under the

tradename Pemulen' TR and TR-2 by Lubrizol Corp., water-soluble or water-

swallable copolymaers based on acrylamidoalkyl sulfonic acid and cyche N-

vinvicarboxamides commerciaily available under the tradename Arnistoflex® AVC by

Claniant Corporation; water-soluble or water-sweliable copolymers based on

acryiamidoalkyl sulfonic acid and hydrophobically modified methacrylic acia

commercially available under the tradename Arsioliex® HMB by Clariant
Corporalion and a homopoelymer of acrviamidoalkyl sulfonic acid commercially
available under the fradename Granthix APP by Grant industries, Inc. Another class
of notable polymenc emuisihier incluges hydrophobically-modified, crossiinked,
anionic acryilic copolymers, inciuding random polymers, but may aiso exist in other
forms such as block, star, graft, and the like. in one empodiment, the hydrophobically
modified, crossiinked, anionic acryvhic copolymer may be synthesized from at least
one acidic monomer andg at leasti one hydrophobic ethyienically unsaturated
monomer. xampies of suitable acidic monomers include those ethylenically
unsaturated acid monomers that may pe neutralized by a base. Examples of suitable
nydropnobic ethyienically unsaturated monomers inciude those that contain &
nydrophobic chain having a carbon chain length of at least aboutl 3 carbon atoms.

Other materials thal may be suitable polymeric suractants can include

ethyviene oxide/ propyiene oxide biock copolymers, soid under the frade name
PLURONIC®, available from BASF Corporation of Parsippany, NJ. , modified

celiuiose polymers such as those moditied celiviose polymers described by the frade

name KLUCEL®, available from Hercules Corporation of Wilmington, DE.

Farticuiarly notabie embodiments of the invention are composilions that inciude

nydrophobically modified polyacryiic acid, acrylamidoaikyl suifonic acid, cyclic N-

vinyicarboxamides, acryiamidoalkyl suionic acid, hydrophobically mogitied
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methacryiic acid, a homaopolymer of acryiamidoalkyt sulfonic acid, or combinations

thereol as polymeric emuisifiers; and monomeric anionic surfactants, monomeric

amphotenc surfactants, or combinations thereot as foaming agents. More particularty

notable embodiments of the invention are composilions that inciude hydrophobically

modified polyvacrviic acid, water-soluble or waler-swellable copolymers pased on
acryiamidoalkyl sulfonic acid, cyclic N-vinvicarboxamides; water-soluble or water-
swellable copolymers based on aorviamidoalkyt sulfonic acid, hydrophobically

maodified methacrylic acid; a8 homopolymer of acryiamidoalkyl sulfonic acid, or

combinations thereof as polymeric emuisifiers, and include a betaine as the foaming
surfactant. kspecially notable embodiments of the invention are compositions that
inciude copolymers based on acrylamidoalkylsulfonic acids and cyclic N-
vinvicarboxamides and/or linear N- vinvicarboxamides {e.g., Arisicllex® AV and
Aristofiex® HMB from Clanant Corporation) as polymeric emuisifiers and a betaine
as fcaming surfactant.

Holymers having surfaciant properties can enhance the ability of a formulation
to support highly loaded emuisions of low polarity oils, and it has been discovered

that it s In some circumstances possible (0 exiend this capability to form emuisions

of an intermediate polariy maternal such as benzyi alcohol. The comimon praclices

of predispersing surfaciant polymers i a8 non-aguecus dispersed phase {1.e. banzyi

alcohol) phase or co-dispersing the surfactant polymer with an ol phase into an

agueous phase were {ned bul were not capable of producing stable emulsions.

HRather, the benzyl alcohol phase welled the surfactant polymer powder and then

plasticized the polymer, crealing "gummy’ iumps that showed no tendency to
soiubiiize in the conbinuous agueous phase, aven with extended stirring of many

nours. In an attempt o create a siabie emuision, i was discovered that the

surfaciant poiymer material can de fully pre-dispersed and soiubiized in an aguecus

phase before any benzyl alcohol was dispersed info the solution. This substantially

orevenied or avoided formation of the gummy lumps that otherwise formed with the

conventional procedurs described above. In some embodiments, the surfactant
nolymer can comprise apout (.01 wi% o about 3 wi%. In one embodiment, the

surfactant polvymer can comprise about 0.1 wi% o aboul 1.0 wit% of the formuiations

of the present invention. in one embodiment, the surfactant polymer can comprise

about 0.1 wi% (o about .5 wi% of the total formuiation. In another embodiment, the
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surfactant polymer can comprise about 8.15 wi% 1o about 0.3 wit% of the {otal

formuiation.

Without wishing to be bound (o a particular theory, i s undersiood that low-

polarily ol phases typical of (opical formuiations, such as alkanes, tngiycerides, and

siicones, may be readily dispersed by a polymer having surfactant properties as

gescrived above. However, s undersiood the intermediale polanty of benzyi

alcohol imparis a tendency o plasticize the dry polymer. | has been discovered that

i {s advantageous (o dissolve the polymer fully in the aquecus phase prior (o

dispersion of the benzyl aicohol phase.

The formulations of the present invention also can include a polymer having

thickening properties {thickening polymer). In one embodiment, the polymer having
thickening properties can be a hydrophobically modified cross-inked acrylate
copolymer {Carbopol® Ultrez 20). Other polymers having similar properties may also
e used. Non-limiing examples of polymers having thickening properties can
nciude PRG-150 distearate, PEG-7 gliyceryl cocoate, PRG-200 hydrogenaied
giveeryl paimilate, PEG-120 melhyl giucose dicieale, carboxymelihviene polymer,

carboxyvinyt poiymer, acrviates, Uqo-Cag alkyl acrylate crosspolymers, ang

combinations thereof. In some embodiments, the polymer having thickening
sroperiies can comprise apbout 0.1 wi% to aboul 3 wit%. In ancther embodiment,
polyimers having thickening properties can be present in amounts of 0.4 wit% 1o
about 1.0 wi% of the {otal composition. in one embodiment, the polymer having
thickening properties comprises about 0.5 wi% (o about .75 wi% of the {otal
composition. the thickening polymer can be mixed with the surfactant polymer and
water as a component of an agueous phase.

Thickening polymers such as those described herein may coniribute gualities
o the formulation beyond merely altering the rheclogy of the conlinuous phase. in
the case that the thickening polymers exhibil solubilify or plasiicization of penzyi

atcohol, the primary drug solvent, such polymaers may intiuence boih the

soiubitliizalion of the drug o be delivered and/or the thermodynamic chamical

potential of the drug and solvent system, altering the drug delivery characleristics of

the formudation by a variely of reiaied effecis. Such effects can inciude but are not

Hmited to: changing the evaporation rate of the drug solvent; changing the solubility

Hmit of the drug in the solvent system, changing the sotubiiity of the drug-solvent
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system in skin, changing the physical characteristics {(for example freezing point) of

the drug-solvent system or the conlinuous phase, among others. in the present

compaosition, most preferably the polymers are seiectad o interact minimaily with the
drug-soivent system, maxamizing the chemical polential of thal sysiem s as o
promole rapid percutanecus delivery of the drug.

i some embodiments, the formulations of the present invention can aiso
nciude a base or buffer system, which is present in the formuialion {0 neutralize
and/or activate the thickening polymer i order {o facilitate the formation of &
compaosition having the desirable rheological qualities. Any base or buffer sysiem

xnown in the arl and suttable for yse in a skin contact application can be used. In

one embodiment, the base can include tniethanolamine, such as solutions of 10%

triethanoiamine {1 £A), tetrasodium ethvienediaminetetraacetic acid (EDTA), alkall

metal hydroxides Bike sodium hydroxide {(NalH), sails of weak agids such as

ammonium actate, sodium citrate, sodium ascorbate, or midures thereof. The base

component aiso proviges ulility in that the pH of the overall compgosiion may Ds

adiusted {o a range favorable for minimizing iritation of the skin due to pH effects. In

some ambodiments formulations of the present invention can also include an acid or

the acid component of a buffer system, and any acid known in fthe art and
appropriate tor human skin contact may be used. Exampies of acids useful in the

present formuiation and commoniy used (o adjust pH of topical formulalions inciugde

put are not imited to: ciinc acid, laclic acid, ascorbic acid, and hydrochioric acid, and
combinations of these ang simiiar acigs. Generally the pH of the formuiations of the
present invention can be between about 5.0 and aboui 7.0.

N one embodiment, the base can be a 10% solution of inethanolamine and

the thickening polymer can be Carbopol® Ultrez 10 and the ratio {wiw) of TEA
solution to Carbopol® polymer can be about 0.46:1.  Addition of as much as 0.6:1
TEA to Carbopol® results in rapid and substantial breakage of the emulsion. The
emuision is highly sensitive {0 pH with the addition of base somelimes resulling In
iocal Increaseas of viscosity or "hot spots” of lower pH that are prone 1o emuision
breakage. Accordingly, it can be useful {o infroduce the benzyi alcohol phase

(rapamycin and benzyl alcohol) after the addition of the bass of ihe aguesous

compaosition of the polymers, water, gliycol and falty acid. By doing this preparation of

a fresh sample of the formulated cream 8 also simpiified, because a frashiy
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orepared rapamvyein/benzyl aicohol solution aliquot may be added as a single

component {0 g container in which another single component, the agueous mixiure

of polymer, giveol, 1atly acid and base, s pre-gispensed. The two components can
then be mixed. This is particularly effeclively accomplished by use of 3 "FHackiek’
centrifugal mixer, simiar {o dental amalgam mixers, which is of particuiar utility in
gispersing mixtures of hgh viscosity.

the formuiations of the present invention can also include a glycol andfor
givcol ether. Non-imiting examplas of glycols and glycol ethers can be seleciad
from bulyiene giveol, propviene giyeol, diethyiene giycol (Transcuiol), triethyiene

giveol, ethyilene glycotl monomethyl ether, or other giveols and giveol ethers, and

combinalions thereof. The formulations can aiso include a Cyp-Uag Tatly acid. Non-
Hmiting exampiles of Uqg-Ugp Tatly acid can include oleic acid, arachidonic acid,
Hnoisic aoid, inoclenic acid, or other fatly acids or combinations of fally acigs, and
preferably unsaiurated cis conformation fatly acids. Withoul being bound to any

particular nterpreiation, such conformations are understood 1o disrupt superficial

packKing of the structured lipids of the siratum comeum, thereby promoting

Huigization of these lipids and thus enhancing the diffusion of the drug and/or solvent

into the skin, and are believed to play this role in the present formulation. In one
empodiment, the Uqo-CUao falty acid can be oleic acid. The presence of giyeol and/or
fatty acid components in formulations with benzyl aicohol emulsions can sometimes
resull in localized breakage of the emuision, which is {ess than ideally robust at

rgher ioadings {8.g. 25% or higher). it has been discovered thal 1o avoid some of

these problems i can be advantageous to add the giveol or iaily acid {o the agueous
surfactani polymer phase {with waler} in order 1o 1ully dissgive the giycol anag
gisperse the fatly acid in the aqueous polymer phase prior (o addition of the benzyi
SHCONOL,

the presence of benzyi aicoho! in the formuiations faciilates the solubiiily of
the rapamycin. The benzyi alconhol can comprise apoul 1 wi% to apout 40 wt of
the formuialion. in one embodiment, (he benzyi alcohol can comprises about & wi%
to about 30 wit % of the formulation. in another embodimenti, the benzyl alcohol can
comprise aboul 10 wit% 1o about 27 wi% of the formulation. When the rapamycin s
acdded {0 the benzyi aicohol the rapamycin is solubilized in the benzyi aicohol. in

one empodiment, the benzyl aicohol and the rapamycin colieclively can comprise
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about 25 wi% 1o about 32 wi% of the formulation. In one embodiment, the

formuiations of the present inveniion can be free of componenis that soiubilize
rapamycin ocutside penzyl alcohol.

in some embodiments, the formuilations of the present invention can also
inciude an emoliient component, for example minerai oif, dimethicone, of
compinations thereot. The emuoilient component may provide muilipie advantages,
which include but are not limited o improving the cosmetic feel and appearance of
the formuialion during application and afler drying. A wide range of emotiient
addifives are known in the art and any of these may be inciuded in the present
compositions. Generally, inclusion of emotlient matenals s understood by those
versed in the art {o suppress evaporation rate and {0 reduce the chemical potential of
the drug-solvent system in regard 1o percutanecus absorption. surprisingly, the
nciusion of aetther mineral ol or aimethiconeg in the composition of the present
invention did not reduce delivery of the mTOR inhibitor in mouse or human skin.

Many emotlients are co-soiluble wilh the benzyl alcohol drug solvent ang
particular emollienis may be selected o influence the delivery characteristics of the

coOmposttion. For example, trigiveerides are soluble in benzyl alconol and will thereby

reduce the evaporation rate and the chemical potential of the drug-soivent system in
regard (o percutlaneonus apsorplion. Without wishing {0 be bound {0 any paricular
interpretafion, it is believed thal because mineral oif and dimethicone are poorly
miscibie with benzyt alconol, such dilution effects upon drug delivery performance

were circumvented. s aiso believe that the tendency of mineral ol and silicone o

form a barner-iike fiim on the skin surface helps o promote percutaneous abpsorption

i1 e manner analogous to the effect of an occlusive drassing, weaill known (o

improve topical delivery of some drugs. Accordingly, in some embodiments, the

formutation can include emoliient matenais that are poorly miscibie wilh the solvent

for solubtizing the mTOR inhibitor. in product testing, inclusion of such immiscible

emollients further provided improved cosmetic feel and also prevented formation of &

visibie powdery residue of the polymernic componenis, beligved 10 be bDecause of
simpie wetling of the residual powder by the emollient component. Formulations
proguced withoutl inclusion of these immiscible emollients leflt a distingl visibie while

powdery deposit.
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1 one aspect the formulations of the present invention can be i the forms of

agueous lolions or creams. 1he formulations can be such that following appilication

{0 a skin surface, the skin surtace 1s dry, or substantially dry, to the {ouch within
about 1 minuie (0 about 5 minutes. In one embodiment, the following application of
the tormulation to a skin surface, the skin surface is dry, or substaniially dry, to the
touch within aboul 1 minute to about 2 minutes. In another embodiment, folowing

application of the formulation {o a skin surface, the skin surface is dry, or

subsiantially dry, (0 the {ouch In less than aboul 1 minute. In one empodiment, the

formulation of the present invention can be substantially free of triglycerides, waxes

or iguid surtactants that, following applicalion {0 a skin surtace and aliowed 1o dry,

are left behind on the skin surface {i.e. ieave a residue). Following drying, the
formuiations of the present disclosure typically do not leave a residue on the skin

surface. This is advantageous in that the risk of iransfer of the subsiances,

particularly the rapamycin, from the skin is significantly reduced as compared {0
other non-agueous formulations (e.g. ointments). Further, by reducing supericial
residue on the skin surface, the presence of malierniais thal might solubilize

rapamycin iocally at the skin surface without assisting their ransport into the skin s

reduced, which {endency might otherwise act to compromise ihe efficacy of the
composition. For instance, if a triglyceride residue remained at the surface of the skin
while the other components evaporaied or absorbed into the skin, the residusl

trigiyceride would be likely to dissoive a traclion of the rapamycin aclive ingredient,

which would therefore be less avallabie o pe delivered by the percutanaous

absorbing portions of the formulation, as {opically applied triglycerides are not
understood to penelrate significantly into the skin.

1he compositional make-up of the formulalions disciosed herein can be such
that they have a iow yield value, which allows it {0 be readily applied {0 sensilive skin
areas without reguiring subsianfial pressure for rubbing or spreading. Nonelheless,

the vield valug of the composiions 1s stidl high enough {0 provide for convenient,

iocalized, and non-messy apphication. This is particularly advantageous in thal many

condiions that can be treated with formulations of the present invention often resuit
i tender or sensitive skin, Accordingly, the formutations of the present invention can

provide for Delter patient compliance.
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of certain embodimenis of the present invention, and are in no way meant as &

amitation thereon. The compositions may be suilably mogified by a person skilled in

S  the art.

Exampie 1 ~ Froduction of a Rapamycin Lielivery Formulation

A formulation for transdermal delivery of rapamycin can include th

composiiions as sel forth in Table |

&

10 Tabie |

Phase Component | Manufaciurer INCH Concentration Fraction Mass Rﬁ}ﬁ;’:gg
A e R Y Y vy e | I R
A | wF Caibiochem | (8L | 100% | 65.05% | 13.010 | 13.010
o Acrylates/C10-
A Pe'?g’f?%; R Lubrizel Corp | 2&’;@; 100% | 024% | 0.048 | 13.058 |
i lcrosspolymer i
o - Acrviates/C10- |
. Carbopoi e 30 Alky! ] . o .

A lires 10 or 26 Lubrizol Corp Acryiate 100% 1.66% 0,132 13,190
Crosspolymer |

. Butyiene Glyeo Spact E

Spectrum | . o | zEom :

. B | orpropylens Chamicais | Butylene Giyool | 100% . 2.0U0% (.500 13.690
b Gyooll S (N SN S SN
B | Oleic Acid it Oleic Acid | 100% | 125% | 0.250 | 13.940
 C | Benzyl Alcoho Sﬁj‘;ﬁ:ﬁ; Benzyl Alcohol | 100% | 24.00% | 4.800 | 18.490
G| Repamvan APL| LG Labe | Rapamyon | 100% | 800% | 1200 | 15140
L) Triethanoiamine gﬁfﬁg’;l Triethanolaming | 10% 0.30% 0.060 15.200

Exampie £ — Hapamycin Delivery Formulation

A formulation tor topical application/transdermal delivery of rapamycin ¢an

nciude the compositions as set forth in Tabie H;
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INGREDIENTS AMOUNT (wi%) FUNGTION
Rapamycin | 16 1 mTOR Inhibitor
senzyl Aloho 40 _______________________________________ Solvent for solubilizing
T OF
Fropyiens Glycod 2.9 HFermeation Enhancer
Oleic Acid 14 " Permeation Enhancer
Mineral Of 10 Emolliont

rReheology Modifier

{polymer thickener)

................................................................................ Colleciively 1%
e tan TH s o Emulstier (polymer
surfaciant)
Triethanolamine (.03 pH adjustment
"""""""" Water for Injection | as. | Vechiel

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Exampie 3 ~ Mroduction of a Kapamycin Delivery Formuialion
A formulation for transdermal delivery of rapamycin 18 prepared ulilizing the

5 compositions set forth in Table | or Il and in accordance with the sieps described

pelow. A container is provided containing the waler of Phase A ang slimng s

commenced (o the level of a rapid voriex bul below cavitation. The polymers of
Phase A, Pemulen™ (TR-1 or TR-2) and Carbopol® Ultrez (Ultrez 10 or 20) are
added to the stirming water slowly to avoid dusting or clumping. The phase A
1 composition thus far prepared is stirred at high speed (>400 rpm for magnetic stirrer)
untit the polymers are compilstely dissoived.  1The stiming of the Phase A
compositions are maintained and the componenis of Phase B, butviene glycol and

oielc acid, are added o the mixiure of Phase A and mixed thoroughly. s

noteworihy that the Phase A, or the mixture of Phase A and Phase B {ogether ¢an
15  be stored under refrigeration or preserved unlil nesded for miing with Phase €. The

components of Phase {, namely benzyi aicohol and rapamycin, can be added {0 3

rapidly stirred mixture of Phases A and B and allowed {0 mix on high speed (e.g.

1000 rpm) for longer than & minutes. Phase D can then be added o the resulfing
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mixiure of Phases A-{.  The resuliant composition can be used immedialely or ¢an

pe placed in a closed container and stored at 1-10°C until ready for use.

1 cerfain embodiments where Phase A and B are prepared and siored until

mixing with the otfher phases, the mixiure of Phases A and B {8s prepared above)
can be mixed with Phases C and . Phase U is a mixiure of rapamycin and benzyi

atcohol in the relalive proportions (o each other as shown in Table | (411 — benzyi

aicohol to rapamycin). The mbdure of Phases A and B s mixed wilh Phases C and

L in the relalive proporlions as shown in Table il

Tabile HIi
""""""""""""""""""""""""""""""""""""""""""""""""""""""" | Mass for typical |
Lontains Percent of total ‘

10 micro-batch
""""""""""""""" Phase A+Babove |  67% | 08700
‘Phase C(Rapamycin/BenzylOH) | 30% | 0.3000
"""" Phase D TEA 10% (Dabove) | 3% | 003060 |

The composttion can be prepared by mixing the mixture of Phases A and B with

Fhase C in g container. The resultant mixiure can be mixed with shear to form a

milky white emuision of homogenaocus appearance. Phase D can then be added
and the composilion mixed fhoroughly. The inal composilion can be usead
immediatiely or can be placed in a ciosed container and stored at 1-10°0 unti ready

for use.

Cxample 4 — Evaluyahion of Benzyl Alcohol as solvent for fopical miOR
formuliation

1o evaluate whether benzyl alconol has deleterious effecis on rapamycin
activity, rapamycin was dissolved in benzyl alcohol {(and compared with other
solvents as indicated) and evaluated for its ability to biock phosphoryiation of
rinosomal profein 56, a commonty used method 1o assess miUR pathway inhibition
oy rapamycin, in human HaCal and patieni-denved keratinocytes. As shown in FIG.
1A, he rapamycin dissgived i benzyl alconol or olher commoniy-used solvents
neluding DMSQ, ethanol and digiveol efficiently inhibils ribosomal protein S6

phosphoryiation (F-56) wilh ittie or no effect on olal Hi protein levels. In the assays
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described below, a P-S8-specific antibody recognizes only the phosphoryiated form
of 56 whereas the other antibody recognizes {otal S0 proiein {Le., both P-50 and

unpnosphoryiated S6). simiar inhisiion of 56 phosphoryiation relative 1o {olal 6

protein was seen in PU patient-dernved kKeratinogytes {grown from a biopsy) treated
with rapamycin {data not shown}. Topical formulations, with or without rapamycin
gissoived in penzyl alcohol, were adminisiered © mouse skin inciuding ears and
gdemonsirated to decrease $S6 phosphoryviation, albeit {0 a lesser extent than seen in
tissue culture cells, The mhibifion of phospho-50 was cbserved oy both western biot
analysis of prolein exifracts from fireated mouse skin (Fi. 18) and by
immunchisicchemistry (IHC) of frozen seclions prepared from trealed mouse sKin
(Hia., 10-F). These siudies indicate thal, as expecied, S0 phosphorviation is
nhibited relative o tolal 36 protein foliowing topically-administered rapamycin,

ndicating that the {opical formulation s allowing delivery of drug through the skin

parrier. Furthermore, i gross examination of topically-ireated mouse ears, flanks

ang footpads, no changes weare observed compared {0 unireated or placebo-ireated

skin, suggesting little or no iritation {data not shown).

Exampie 5 — Effect of miTOR inhibitors on ribosomal protein
Next-generation miOR inhibiiors have simiar effects on nibosomat proten
=0~-phosphoyialion  {p-S0) when compared {0 rapamycin. Human Halatl

kKerglinocyies growing in serum {Serum’) were tresied with rapamycin or the other

ndicated m i OR inhibilors for the ndicaled times and then subjecied (o weslem biot

analysis {Top) as in . 2A. Also shown are Keratinocytes that were serum-siarved
(88} for 14 hours. These resulls indicate that serum starvation or treatment wilh
m OK mhibitors has a similar effect on 50 phosphoryiation. The p-50 levels were
guantified and the ratio of p-5S6 {o fotal S (total $6 data not shown) was graphed in
G, 2B i similar fashion (o FIG 1. Inhibition of S© phosphoryiation indicates that the
mTOR pathway has been inhibited as S0 phosphorviation is downstream of mTOR,

the larget of rapamycin.

Exampie § — Rapamycin distnbufion in human explant skin 16 hours after

application of rapamycin formulation
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1o test delivery of rapamycin from a formudation similar o that disclosed in

Exampile 2, the formuiation was applied (o expiant human skin. HiG. 3 shows fhe
depth profile analysis of the distnbution of rapamycin upon {opical delivery nto
ruman skin, demonstrating rapamycin concentrations prasent within the epidermis
(and dermis) well above the 1050 value required o inhibil S6 phosphoryiation in cell

cuiture. This lesting demonstrates the efficacy of the disclosed formulations.

it should be understood that the above-described various types of

compaositions, are only illustrative of preferred embodimenis of the present invention.

Numerous modifications and alternative arrangements may be devised by those
skilied i the arl without departing from the spirit and scope of the present inveniion

and the appended claims are intended to cover such modifications and

arrangements. Thus, while the present invention has been descriped above wilh
particularity and detail in connection with what is presently deemed {0 be the most
practical and preferred embpodiments of the invention, i will be apparent 1o those of
ordinary skill in the art that variglions nciuding, may be made without departing from

the principles and concepts set forth herein.
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CLAIMS

1.

2787195

A formulation for transdermal delivery of rapamycin and/or other mTOR
iInhibitors, comprising:

an mTOR inhibitor;

a surfactant polymer comprising a hydrophobically modified polyacrylic acid;
a thickening polymer comprising a hydrophobically modified cross-linked
acrylate copolymer;

a solvent for solubilizing the mTOR inhibitor:

a glycol;

a C10-C2o fatty acid;

water; and

triethanolamine.

The formulation of claim 1, wherein the surfactant polymer comprises about
0.1 wt% to about 0.5 wt% of the total composition.

The formulation of claim 1, wherein the surfactant polymer comprises about
0.15 wt% to about 0.3 wt% of the total composition.

The formulation of claim 1, wherein the thickening polymer comprises about
0.4 wt% to about 1.0 wt% of the total composition.

The formulation of claim 1, wherein the thickening polymer comprises about
0.5 wt% to about 0.75 wt% of the total composition.

The formulation of claim 1, wherein the mTOR inhibitor is selected from the
group consisting of rapamyecin (sirolimus), temsirolimus, everolimus, AP-
23573, AP-23481, derivatives thereof, and combinations thereof.

The formulation of claim 1, wherein the solvent for solubllizing the mTOR

Inhibitor comprises about 0.5 wt% to about 40 wt% of the formulation.

The formulation of claim 1, wherein the solvent for solubilizing the mTOR

inhibitor comprises about 1 wt% to about 10 wt% of the formulation.

CA 2899206 2018-12-21
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16.

17.

18.

19.
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The formulation of claim 1, wherein the solvent for solubilizing the mTOR

Inhibitor comprises about 1 wt% to about 7 wt% of the formulation.

The formulation of claim 1, wherein the solvent for solubilizing the mTOR

Inhibitor is benzyl alcohol.

The formulation of claim 10, wherein the benzyl alcohol comprises 1 wt% to 7

wt% of the formulation.

The formulation of claim 1, wherein the mTOR inhibitor is rapamycin.

The formulation of claim 8, wherein the solvent for solubilizing the mTOR
Inhibitor is benzyl alcohol.

The formulation of claim 1, wherein the mTOR inhibitor comprises about 0.1
wt% to about 10.0 wt% of the formulation.

The formulation of claim 1, wherein the mTOR inhibitor comprises about 0.5
wt% to about 8 wt% of the formulation.

The formulation of claim 1, wherein the mTOR inhibitor is rapamycin and the

rapamycin comprises about 0.5 wt% to about 5 wt% of the formulation.

The formulation of claim 1, wherein the mTOR inhibitor is rapamycin and the
rapamycin comprises about 0.5 wt% to 3 wt% of the formulation.

The formulation of claim 1, wherein the C10-C2o fatty acid is oleic acid,

arachidonic acid, linoleic acid, linolenic acid, or combinations thereof.

The formulation of claim 1, wherein the glycol is selected from the group
consisting of butylene glycol, propylene glycol, diethylene glycol, triethylene

glycol, ethylene glycol monomethyl ether, and combinations thereof.

CA 2899206 2018-12-21
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The formulation of claim 1, wherein the solvent for solubilizing the mTOR

inhibitor solubilizes the mTOR inhibitor in the formulation and the formulation

Is substantially free of other components that solubilize the mTOR inhibitor.

The formulation of claim 10, wherein the benzyl alcohol and the mTOR

Inhibitor collectively comprise about 2 wt% to about 10 wt% of the formulation.

The formulation of claim 1, wherein, following application to a skin surface, the

formulation is dry to the touch within about 1 minute to about 5 minutes.

The formulation of claim 1, wherein, following application to a skin surface, the

formulation is dry to the touch within about 1 minute to about 2 minutes.

The formulation of claim 1, wherein, following application to a skin surface, the

formulation is dry to the touch in less than 1 minute.

The formulation of claim 1, wherein the formulation is substantially free of

triglycerides, waxes or liquid surfactants.

The formulation of claim 1, wherein the formulation further comprises an

emollient.

The formulation of claim 26, wherein the emollient is selected from the group

consisting of mineral oil, dimethicone, and combinations thereof.

The formulation of claim 1, wherein the formulation is an aqueous lotion.

A formulation for transdermally delivering rapamycin, comprising:
55 wt% to about 98 wt% water:

0.1 wt% to about 3 wt% rapamycin;

0.05 wt% to about 1.0 wt% of a surfactant polymer comprising a
hydrophobically modified polyacrylic acid:

0.4 wt% to about 1.0 wt% of a thickening polymer comprising a

hydrophobically modified cross-linked acrylate copolymer:

CA 2899206 2018-12-21
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0.5 wt% to about 4 wt% of a glycol;
1 wt% to about 10 wt% of benzyl! alcohol;

0.2 wt% to about 2.5 wt% of a C10-C2o fatty acid; and
0.01 wt% to about 0.5 wt% of triethanolamine.

2787195

CA 2899206 2018-12-21
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