WO 2011/ 019617PCT/ US2010/ 044765 Vitam n D3 and Anal ogs Thereof for Treating
Al opeci a Rel ated Applications This application clainms priority to U S

Provi si oD 2PaiteEand17Appl i cati on No. 561/234,178, filed ArguaiS2ai4/042699. The
contents of the foregoing application are hereby incorporated in their
entirety. Background of the Invention Al opecia is a conmmon and di stressing
side effect of many cNétamind)XBpediAnalogddherdof fanbrdating\lopéria here i s
currently few effective preventive neasures. In a recent study, thirty-five
of forty-six patients receiving chenotherapy ranked al opecia as a nore

di sturbing ﬂegﬁe&mpgfjgaﬁd]ﬁn vomting (Tierney et al, B. J. Cancer,
62: 527-528, 1990). rrently, those suffering from al opecia can only

attenpt to regrowhisewrli¢ation chyyms epettydd Lappfroviatonaliatet Apppbramin Ne.er oi ds or
can atteppt Latain. hair gr h 15t opi ¢cal lication.of mnoxidil.
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ability to picoMppitedInopeieeaiktyom occurring as a side effect during
chenot herapy treatnent, although there have been sonme prom sing studies.
For exanple, using a young rat nodel, it has been denonstrated that

l muVert, a @agi{%)%ig g&?ﬁeﬁgnﬁggi fier prepared fromthe bacterium Serratia

mar cescens, pro animal s from al opeci a i nduced by cytosine

ar abi nosi de or adiopaiads b cOusmeind détresding sideeffene ef ARy cHémbethdrafdtic 1990) .

I n subsequent studies, simlar protection_from ARA-Ci nduced al opeci a was
obser vedUf r BEFCRHET Wit tHIE ér BRI T EHLECty PRI IMAIHES - &1 2 45cent FASER

J. 1991). Dgt%a%r,ttﬁirérh@%eofﬁf)ﬂ I Aieh8$itebving & &hér?@aﬁﬁe@al@ﬁ&ga %soarméres af e

and effective therdpeutic agent that treats alopecida in those suffering
fromthis ddsonbiegsid@séiect thar véretting gl eveytes ak Be it dneea pY-S2Rdd8ePo8).opeci a
in those receivi cancer treatnment. Summary of the lnvention Th resent
nvent i on 1ol at e& T HAESIRIINA FARAIPRE CoRpOUNdRemel BeaeN ety bg
or cal citri @peaed applfcaBOR STSpiBhl steriBl 8PN &Rniph & B8htaiIRSAHRN tRBY

formul ations thereof, to prevent or treat alopecia (e.g.,

chenot héf apyesieadap@itadonploninexiddh AfpreovarThe1ar? OUseiyPORPLGEEd B/etpenes

agents with the ability to prevent alopecia from occurring as a side effect during
chemotherapy treatment, although there have been some promising studies. For
example, using a young rat model, it has been demonstrated that ImuVert, a biologic
response modifier prepared from the bacterium Serratia marcescens, protected the

20  animals from alopecia induced by cytosine arabinoside or adriamycin (Hussein et al.,
Science 249: 1564-1566, 1990). In subsequent studies, similar protection from ARA-C-
induced alopecia was observed from recombinant interleukin-1 (IL-1) beta (Jimenez et
al., FASEB J. 1991). Despite these promising results, there remains a need for a safe
and effective therapeutic agent that treats alopecia in those suffering from this disorder,

25  and further, prevents chemotherapy-induced alopecia in those receiving cancer

treatment.

Summary of the Invention
The present invention relates to the use of vitamin D compounds, such as
30  Vitamin D3 or calcitriol and its analogs or a metabolite thereof, dosages and
formulations thereof, to prevent or treat alopecia (e.g., chemotherapy-induced alopecia

(CIA)).



Accordingly, in one aspect, the invention provides nethods of preventing or
treating alopecia in an individual by topically admnistering to the

i ndi vi duavoaoptmapéraceut i cal conposition conprising a thecafsatiooadby
effective anmount of a vitam n D conpound fornulated to be delivered to
epiderms while substantially avoiding 5derm s delivery. I n sone
enbodi ment s, theAshadmate it buadspeantho siventon poivpics seshaglb ofi preA@9Bn@wrw)

ropyl ene gl coI nd ahout .60% dr us. absol ut.e .e 200 proof,
TR SR B S R RS SR R et PR e
or tranSCUt9hmnﬁﬂgnﬁﬁﬁﬁhqﬁﬁﬁkﬁw%ﬁ%néﬂ XQB&- uﬁ@ﬁﬂhﬁﬁ%ﬂ@éQ@B&h(ﬁ%Qﬂaﬁ%POf

U.S. ). 10l n other enbodinents, the vi anln conpound i s represented by
Formul a (| ) D @mrend If()rﬁwlﬁéﬁétqbeadeémde@ tarpdeaihwhidegsratally yvadisgngl e or
doubl e b 1 is -CH2 when a is a double bond, or X is hydrogen
or a hyd oxyPng 8%fw¥hted 15al kyl when a is a single bond: Rl is
hydr ogen, hydr oxyl sondd k@¥ddimehis) ‘dlé-bKMhla&édtbéhl wm@skmh,coﬁ@hb@%bwm%
substituted with one to three hal oge dr oxyl , ano or -NR R' noieties;

R2 i s hydro§efv) mgrieneglycal gnd phaayt %9% (sw/wg/anhYGroua|a Wluw&m@BQWO@Pro&lfkenyl

optionall Al or -NR R’
mF))i eties; g %§§(36rlta§8§%’ggjn{\p/\)ﬁ§%@? %ﬁ ?dlr}g!)&glb 89 %8 %)X&Cshg%gp%gen,

hydr oxyl or trahdcyto], and aB3utatde Ril/w)agkidiels atisdlutet dikanof (200predfoUES.f.0 whi ch

t hey arg@attached g%erbe | inked to form5-7 nenbered carbgﬁacllc ring when

b is a $¥ngle boMyother embodgments, tapxuapingp eampoynl is repseignted BYAGBIAHr ogen,
hal ogen or hydroxyl when b is a single bong; 25R5 is absent when a is a
doubl e bond or R5 is hydrogen, hal ogen or hydrbxyl when a is a single bond;

WD 2011/ 019617PCT/ US2010/ 044765 8 _[ s/ al kyl, al kenyl, al kynyl,
cycl oal kyl, heterocyclicyl, alkyl-0-al  kyl CO2- al kyl optionally
substituted with one to five, hydroxyl hal ogen, al koxyl, aryl,

het eroaryl, cyano, nitro or -NR R’ ; R7 is al kyl
optionally substituted with one to e hydroxyl, hal ogen, al koxyl, 5aryl,
heteroaryl, cyano, nitro or -NR R' Rdj|eR°gs; and, R and R' are each

i ndependent |y, hydrogen, hydroxyl,
pharmaceutical |y acceptable salts t
vitam n D conpound is representedey

h. oga@n, al kyl or al koxyl, and
nf . I n sonme ot her enbodi nents, the

oria (D
wherein
a and b are each independently a single or double bond;
X is -CH; when a is a double bond, or X is hydrogen or a hydroxyl substituted
15  alkyl when ais a single bond;
R'is hydrogen, hydroxyl, alkoxyl, tri-alkyl silyl or alkyl, optionally substituted
with one to three halogen, hydroxyl, cyano or -NR’R” moieties;
R? is hydrogen, hydroxyl, -O-trialkyl silyl, or alkyl, alkoxyl or alkenyl,
optionally substituted with one to three halogen, hydroxyl, cyano or -NR’R” moieties;
20 R’ is absent when b is a double bond or R” is hydrogen, hydroxyl or alkyl, or R
and R’ together with the carbon atoms to which they are attached may be linked to form
5-7 membered carbocyclic ring when b is a single bond;
R* is absent when b is a double bond orhydrogen, halogen or hydroxyl when b is
a single bond;
25 R’ is absent when a is a double bond or R” is hydrogen, halogen or hydroxyl

when a is a single bond;



10 wherein c is a single or double bond, Ria is hydrogen, tri-alkyl
silyl or alkyl, optionally substituted with one to three hal ogen, hydroxyl,
cyano or WBhRoR/o1p@ireti es; 15R2a i s hydrogen, hydroxyl, POTUS2@bkyd7esi |yl ,
or al kyl, al koxyl or al kenyl, optionally substituted with one to three

hal ogen, hydroxyl, cyano or -NR R' noieti es; R3a, Rd4a are absent when
c is a double boﬂﬂgsdkﬂaﬂkmgagﬂkwnmgpdndkytmywhygdmgénMQh¥Mamxymmyhalogen
al koxyl or tlon subs ted th. o thre

el ogen moi b ERUTREHSERy VS REg bithsbie BoraBIRmb o Ao ik BHa Rea

are each, IﬁgﬁﬁﬁgqaghhyqnﬁygfQg@ﬂyqﬁ&@ﬁ@%yl hal ogen, aIkoxyI or al kyl
optlonally substituted with one to three hydroxyl or hal ogen nvoieties, or

any two of R6a, R7as dkd OIR‘aanﬁih/ySUbetltlliedW@ﬂl ang tp dnpe hyBogylnkategenealkoxyl,
carbocycilc {h andhgh%k eutl ?f Y8 %>gta | e salts thereof.

In yet anot Adt SHESHY et Re'vi OB EdMPound is 1, 25-di hydroxyvi t anin
2503; 1, 25-di hydRO)éMd Rﬁ'afH’@ccH3n&é]%n@é]ﬁl|yeﬁﬁ1r6%dcnehﬁiroxyl halogen, alkyl or

1, 25-di hydr oxy- 16- ene-yne- chol ecal ci f er ol a- hydr oxyvi tam n D3;

| a, 24- di hydabRywh ehphirpaceugeallyacgerable yiisabarepn19617PCT/ US2010/ 044765

In a further enb

1125 di hydr oxyvi i paer ERSGERT e QRS R tepresped by Pyl

1, 25-di hydr ¢y - 16- ene- ynecholecaIC|feroI | a- hydr oxyvi tam n D3;

| a, 24- di hydroxyvitam n D3, or MC 903. In other. enbodi nents, the vitamn D
conpound exhibits simlar or identical geneaﬁﬁégulatlon proflle as

equi val ent anount of calcitriol in nor %ke .Blnocytes In sone

enbodi ments, the vitam n D conpound nod S the expression of one or nore
genes whose expression |evels are nodulat
calcitriol. In yet other enbodi nents,
expression of 10 HSPA2 or HSF4 ‘ 1 or DNAJC6 nRNA i n nornal
keratinocytes. In another enbodi It e vitam n D conmpound nodul ates the
expression of SLC 1Al, KCNB2, KCNN4Tofy SLCLA3 protein in norna

ker ati nocyt es. I n other enbodfnents, the vitamn D conpound nodul ates

p\3eam n D conpound nodul ates the

10 ~o" R2 (1)
wherein
c is a single or double bond;
R"™is hydrogen, tri-alkyl silyl or alkyl, optionally substituted with one to three
halogen, hydroxyl, cyano or -NR’R” moieties;
15 R* is hydrogen, hydroxyl, -O-trialkyl silyl, or alkyl, alkoxyl or alkenyl,
optionally substituted with one to three halogen, hydroxyl, cyano or -NR’R” moieties;
R*, R™ are absent when c is a double bond, or are each independently hydrogen,
hydroxyl, halogen, alkoxyl or alkyl optionally substituted with one to three hydroxyl or
halogen moieties when c is a single bond
20 R*® R*® R® R% R™ and R* are each, independently, hydrogen, hydroxyl,
halogen, alkoxyl or alkyl optionally substituted with one to three hydroxyl or halogen
moieties, or any two of R®, R’ and R* may be linked to form a 3-7 membered
carbocyclic ring, and pharmaceutically acceptable salts thereof.
In yet another embodiments, the vitamin D compound is 1,25-dihydroxyvitamin
25  D3; 1,25-dihydroxy-16-ene-23-yne-cholecalciferol; 1,25-dihydroxy-16-ene-yne-
cholecalciferol; 1a-hydroxyvitamin D3; 1a,24-dihydroxyvitamin D3, or MC 903.
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one or nmore proteins in Tables 3-3, 3-4, 3-5 or 3-6 after about 24-hour
exposure of normal keratinocytes to said vitam n D conpound. I n
ot her entwoi20amtisq17t he vitam n D conpound i nduces over ePprasgdi044765 nor mal
keratinocytes of one or nore of: GST, Keratin 1, Keratin 17, Galectin 1,
S100 20A9 (Cal protectin), or S100 Al3. I n sone enbodi nents, the
al opeci a i s al opéca &urtreeambodifmhts, tk opemimDtcotmpbinsd {sAD) |,281ddlpelcoxgyvitamin
uni versal i s _( A r chenpt her -induced .al apeci.a. (G A). | n sonme
other - enbodPehes- FREOS Hrtt 2 Areateler R L L E0A) ORI ar oat 8,
al opeci a ar grd18calRRed10 C4hgdioRyviARESS; 3o 20 Ak RIS VithinRFDR 88 M C gond al opeci a
areata barbae. 25In yet another enbodinent, t'he al opecia excludes
androgenet i c al opeether ¢nabahacits, theditogere rompdunsrexpdsts sohidaror identigal gene
al opeci a. (PCA),..ln s enbodi ment s i ndi vidual js a.primte. In other
embod meht s Eaviael i UF auates 4 et el o b M bR L he al'opec a
has not comenceth idind fabddiseids dHakitad Al D cy@bo@itt @bMakite & HRRSpFABAGN of Hie
i ndi vidual is undergoing or about to undergo chenot her apy. In some
ot her enbodPhErtsgerehwhpseappEessign levals admeesliateddry aneqaiyaicat ¥reydd@fto t he
i ndi vi dual E%LIJ? to chenot herapy or concurrent with chenotherapy. WO
2011/ 019617 2010/ 044765 In yet other enbodinent, the
phar maceuti cal conpasiliarembbsingars, thestitamen Dt @nigoand aiduiacyahe adfpiekion @
commencepent of chenot herapy, but prior t he commencenent of al opeci a.
In some %nb&ﬁf’r%%ﬂrﬁ?%@%ﬁ% H%&h?li%ﬁ@gﬁrﬁ%%maﬂr% raBeC)bst ant i al |y
5 reduce the ef fiuf fyn@lenfREHRINGHER am D ¥ehpoldiGhofIFRO TR S ssidier

odi ments, the

chenot herapy is system c chenot her apy. n sone e

chenot her appLCAAIIuNENB K(G¥Nror S8LO1 A3 Andthinac yotnnal ésratinocytes.

(Adri amyci n/ Doxor ubi ci n, unor ubi ci n,. Epi rubi cin arubi cin, Val rubicin),
5-FU, bevaci zurra[[ff Oti\“ﬁ%ﬁli"%%‘?mﬁrtﬁﬁ&t%‘@é‘ ) CoRRPYdRe “q%t‘?%EPSlei‘Pfeé‘fé‘?fb %5t i n,

10Et oposi de or fbtopBRIfNA TABRGS PRANTERe 3G SPhtatdsnabdek bablani b (Tarceva),
Genti t abi ne, Staurosporin, Vincristine, Imatinib (G eevec), Cefitinib

(Iressa}y Soraf ehi xt aDethar ¢mbdslimpeic thenore R, coppeand iridass| cmieneres Hivi/pf
al tretam ne), L gsfande, pheany ey sretnoty exaley osetasel (laxgtere).

Vi ndesi ne, hor e e, Topoteca ns t'arabl he, phan,

Mel phal an, Yol &8itatinesytdsabysitiviveinGCNompbihdt epa, 15 CGenci t abi ne,
Carnustine(BCNU), Mtroxantrone, Mtonycin C,  Procarbazine, 6-
Mer capt opuri ne, &t eiBelbBRskmants the i mmi ) ompaynd indyses PECTETRIHRINN,

Capeci t abin i ent : n f r L. ren t he
vivamn D ool ReAHbR LR, bPEERLe osT, Kerdf) § KEHIRE AR S B0, Do
vol une 2Qui wal @atprétectahpaitS1001413.t g of calcitriol/cn2. 201 n yet other
gra’r‘ilt)gid![ ;’r}agg—/s7 5t ESIIE%%& gmgt?%ﬁml_erslts? e Ial\{)%legg Es z}lgpeac'goalﬁéatg E&gg ]éidp%c%a?gtalis

(AT), alopecia universalis (AU), or chemotherapy-induced alopecia (CIA).
In some other embodiments, the alopecia areata includes diffuse alopecia areata,
alopecia areata monolocularis, alopecia areata multilocularis, and alopecia areata barbae.
25 In yet another embodiment, the alopecia excludes androgenetic alopecia
(alopecia androgenetica) or post-chemotherapy alopecia (PCA).
In some embodiments, the individual is a primate.
In other embodiments, the individual is a human.
In other embodiments, the alopecia has not commenced in the individual.
30 In yet antother embodiment, the individual is undergoing or about to undergo
chemotherapy.
In some other embodiments, the pharmaceutical composition is administered to

the individual prior to chemotherapy or concurrent with chemotherapy.



I n anot her aspect, the invention provides nethods of preventing or treating
al opecia in an individual, conprising topically admnistering to the

i ndi vi duavoaoptmapéraceut i cal conposition conprising a thecafsatiooadby
effective anount of a vitamn 25 D conmpound represented by Fornula (1): R6
(I') wherein a and b are each independently a single or double bond 5 WO
2011/ 019617PCT/ UB2 0k @tl4 4dbdiment, th@(phasmaﬁﬂﬁcadﬁwmpasiﬁsn & dmibiserddandhe or X

i s hydrogen substituted al k whe sin

R 12 hydr oA coBmRRRgent Bf pita kb Byl vk e o BB oy
substit ut ed,ppbhaone to t hree hal ogen, hydroxyl, cyano or -NR R nnletles;
5R2 is hydrogen, hydroxyl, -0O-trialkyl silyl, or alkyl, alkoxyl or alkenyl,
optional Iy subst it saredembedimente, the phirmaeetimhlogperposhipdrdory hot sgysansially - NR R’

nnletles £n b is a double bond or R3 is hydrogen,
hydr oxyl > dwﬁaﬁéegﬁmﬁ§ gg%ﬂég Y3yt her with the carbon atoms to which

they are attacheqin pa Yo e embbliettntsQ tHe@hBndthérdpl iDS/seehi€ ahdielehp e i ng when
b is a single bond; 10R4 is absent when b is a doubl e bond orhydrogen,
hal ogen or hydr okysommembasiiments, the ﬁ@qr@otb@ﬁaymdudes omsorgoIgdent when a is a

doubl e bond I @&9& ngl e bond;
R6 is al kyl A%}FE"Z'ChﬁeSWQ%EQ&? ?m/]?;@%: S/P, mﬁ%@?%b];? CIF} fdg]IPU%ICI'§111 ‘0- al kyl ,
al kyl - 15CO2raatikigin) (ﬂ)FUoba}abI)Zuﬁ'Mb,ST anﬁd.xtlﬁd Rinbtecar é’atl&aiel\(@axdhy d]’ad)()jola,tinpx o,
hal ogen nitro or R' noi eti es;

aIkoxyI ary teroaryl,
R7 is alfyl Fléﬁaq:WXﬂéWé‘ﬁiéfthlf}l%B‘tPW? ?Fléiﬂ%ﬂrt @YPHP@éTﬁV&Y%?XQFmCH%hl%en
al koxyl , ar % t R
and R ar o D Gt 1 T S eni B Ppini
al koxyl, anBMQmmhmwmmdﬁuhmcdhhykmuneﬁﬂmmﬂﬂﬂmammswbHﬁmﬁmmdelﬂemnwmmereln t he
\é: L?{jnr ?)X)E/) iglng}?ér%ggleipgg%ﬁ%ql aoﬁ%l(t; dr\’grl)l(c%smea{}}noreliﬁne JTopotecan Amsacrine,

1, 25- di hydr ex¥ndfin€ MR YIBRart Iml,1 i Vi 861 tine ] Bory@mepo U/ Mot
| a, 24- dlhydgﬁzyV|tanln , 903. I n sone enbodlnentz thgﬁbltanln D

corrpounél5 is Gegprt@@gnt@mbylmﬁﬂw Mitrgxantrone, Mitomycin C, Procarbazme 6-

Mercaptopurine, Sreptozotocin, Fludarabine, Raltitrexate (Tomudex), Capecitabine, and
equivalents thereof.

In further embodiments, the vitamin D compound is topically administered to the
individual at a dosage volume equivalent to about 0.1 pg of calcitriol/cm’.

20 In yet other embodiments, the total dose is equivalent to about 2-100 pg of

calcitriol/75 kg body weight.

In another aspect, the invention provides methods of preventing or treating
alopecia in an individual, comprising topically administering to the individual a
pharmaceutical composition comprising a therapeutically effective amount of a vitamin

25 D compound represented by Formula (I):

@D
wherein

a and b are each independently a single or double bond

5



R6a R7a R8a WD 2011/019617PCT/ US2010/ 044765 ¢ is a single or double bond;
Ria is hydrogen, tri-alkyl silyl or alkyl, optionally substituted with one
to t hree Wealzoganéinydr oxyl, cyano or -NR R' noi eties; RPaTIGS201pau4gEN,
hydroxyl, -0O-trialkyl silyl, or alkyl, al koxyl or alkenyl, 5optionally
substituted with one to three hal ogen, hydroxyl, cyano or -NR R' nvieties;
R3a, Rd4a are absehis -G@Hewhen ngs adodlbbendyon¥, is bydrapen eachydrorde parsdarnted y

hydr ogen, héﬂ& x%l, halo%ﬁn al koxyl or al kyl optionally substituted with
one to thre 68 Ty 1> BITHEPYYEN i eties when ¢ is a single bond R3b, R4b,
R5a, R6a, Rra ang! m@d@é{éneﬁﬁhxﬂﬁﬂﬁ&@‘y‘mﬁfﬁﬂkﬂ sil Y892 D ptiBYAlyOXWBtituted
10hal ogen, al koxyl or al'kyl optional |y substituted wi'th one to three

hydr oxyl or witlangén thed kelogen, hysroxydycanp onfNIREE, meiztesand R8a may be |i nked

f 3- d | i ' h i,cal bl
alts horaof 1R SHOCKERnSbee B dReh BILEERE BT abtad TEt Roos of

preventing eptiddaBatsihiginabdResiode kdithade HalsheM] 1dkdadx yl GaIs biSINES RUQRbisadst Y
adm ni stering to the individual a 15pharnaceuytical conposition conprising a

t herapeutical |y &f fedseievhembuine derblg bopd anRnisthydengseundroxyher gkl saRd

vitamn D c u I I ] D} Ldi i n

ef fective cgﬁ%gn& %ﬁh:égﬁﬂg?l?&(ai@na%%ﬁg Fes%hﬁlglje?%ré gt(t)%:g Q%E{AQ'@}%@E@% t(%a(fl% Ig?t y
after at | edastmambered 2arbooyrdieciniwtendeiy a sofeledisang; adm ni stration; or (2)
about 100 [tg/nmL, ,does not cause toxicity after at |east about 7 )
consecu?@ ve days RofS FSeR} Ve i soabl Gand OBYHI3EER- halRSICAEF ﬁ&%ﬁéﬂtwhet%ls

i nvention prQyi.fesaet hods of preventing or treating alopecia in an

i ndi vidual , cofiprising topically admi nistering to the individual a

phar maceuti cal C&WstﬁtmhwmdpaidshMgband hleR%ltsélydiqgam,lmlc@eﬁechj/drexy;irmunt of
a vitamn D _conmpound for preventing or treating alopecia in said

i ndi vi dual , %"Qﬁdﬁ%éﬁ%’?gﬁu ally interfere with the efficacy of a

co-admi ni stered RieMMkNEFIROBYLdICyRURNEL0aRS], Re@RR yAISRE Clllyl i8Iy N \waRA 1 on
provi des net hods of preventing or "treéati ng al opecia’in an individual,

conpri sihg €Cépradlall loptiomhtyrsubitduted yyithwne e fivadiydiadwhloxe, Iphegenadsatyil.cay!,
conposi ti on, conpr ilsé n anittrge{%[tg;ﬁ,jrﬁ(%{igs,effecti ve anmount of a vitamn D
conpound t hat" v y?‘l’) exhi bIts simTar or identical gene regulation
profile as equi vl enilkAropubhalB0nbstaale@iviith &te tb fhrb®h erbx N EliAb deAOSIKbRYL,

(2) nodul ates the expression of one or nore genes whose expression |levels

b b

are nodul at ayldipteaparsly Gyangs Bitio amyBalk” Bpictigh:cdndr i ol ; WO _
2oL 01 SISO Bty s PP BTSRRI i 122
20  pharmaceutically acceptable salts thereof;
wherein the vitamin D compound is not 1,25-dihydroxyvitamin D3; 1,25-
dihydroxy-16-ene-23-yne-cholecalciferol; 1,25-dihydroxy-16-ene-yne-cholecalciferol;
la-hydroxyvitamin D3; 1a,24-dihydroxyvitamin D3, or MC 903.

In some embodiments, the vitamin D compound is represented by Formula (II):

25 (ID)

wherein



(4) nodul ates the expression of SLCLAL, KCNB2, KCNN4, SLC1A3 protein in
normal keratinocytes; 5(5)nodul ates the expression of one or nore proteins
i n Tabl e WORomdodliabl e 3-2 by at | east about 2-fold; (6PCRABCES/044765

over expression of one or nore proteins in Tables 3-3, 3-4, 3-5 or 3-6 after
about 24-hour exposure of normal keratinocytes to said vitam n D conpound,
or, 10(7)i nducescovesieglproedsuldabomd;nor mal kerati nocytes of one or nore of:

GST, Keratin 1, Keratin 17, Galectin 1, S100_.A9 (Calprotectin), or S100
ara o et el Bt HG sl R R F bRl i s n Do:
1, 25- di hydp@xyenl By&R{yR23yder CRRF REalotdiker ol ; _ _

1, 25- di hydr oxy-16-éne-yne-chol ecal ci ferol ; |a-hydroxyvitam n D3;

| a, 24- di hydr oxyvRCairhpdiogen, dydivgy b 0@:tridyisilybtor akkot. héroxakpedkenyt.he

i nvention provides phar eutical conpositions for tapical m ni.stration,
compr 1 51 hg” 2oYoERS sEE BT Fifhoff ks, FRFBRRS b s Sk SRBAAT VB aREtRE 1 or
preventing or tr@at RitarabBRacwhen Mier ®jubleSivind, i dréBadh iRpeAPRthytSogen,
fornmulated to be delivered to epiderm s while substantially avoi di n? derm s
delivery. | Ryderg. bapee: slkoxHeor ghat apfcanatly cubstisseshwith ong éltﬁ?dvyﬁs@y &hout

40% (wW 2 I 60% (w anhydr ous absol ute
et haglol W% 20 alg%%ﬁ%f’%%%fg’h%ﬁggsnag‘{“‘?ﬁ%g?ﬁ%r abOl(.lt \évz)%(wyw) lSropyl eng gl ycol,

about 10% (W w) &heY® YRR ard RY arsaci, dhdepantkna ouidr&R9% Koyl anhydr ous
absol ute_et hanol (200 proof, US), undenatured. In sone aspects, the

“nvent i o pP@%%élkﬁﬁé]r%?ﬁﬁ'&@‘é%auééﬁ%’é‘?tﬁi BHE ong o ﬁ%ﬁ‘cﬁ fyslroxys or halogen
adm ni strat Q. LS it Rer i : i 3 a vitamn
D conpound ?ﬁ&tﬁg’%ﬁﬁ‘ﬁgggg f?eaaiﬁig%; }éﬂgglgézlpg‘%{%hqjg%i%gﬁgﬁ%& Pam' nD
conpound i scubpeyesieningdanvyphEonmgehacallly)acceptidle St Ag1€d1 7PCT/ US2010/ 044765

wherein a and b are each i ndependently a.single or doybl e bond Xis
"GL when a i's alHOUEIG Bl TORCSeN LRGN 61 PaRYAP RS TTCBS ¢ ut e

al kyl when @chtthgtlSpconlig aReRHyvideR cdripriyel @?ﬁ:ﬂﬂy By mtting BlikOmMlvidual a
tri-alkyl silyl or alkyl, optionally substituted with one to three hal ogen,
hydr oxyl3 cyhaoageutichiR oRtposibios icoeprisiR ajtkerhpaitiogbnetdeyide axgint of @-vitainal ky|
silyl, or a |, al koxyl .or al kenyl . optional]l ubst.ituted. wit e to
Thr ve’ ha ogBtoRRpdHere a5 R RinofiP i iead bR Mt o B 1

when b is aidigubhe abanerfastivR3on@nipibnoge,) abyetrsoXys/mby dads kit cauee toR&i0 and
R1 together with the carbon atons to which they are attached nay be |inked

to form 5- 72fi@imérasrbent boespsequéive days oltve smiisgragpmigr £2)pdaut 100 ne/mlpy j
cbment uhenld a0 0 LRI 0N o Bl 1
hydr oge2) hal ogein gt ahyttieoaspbct, the invention provides methods of preventing or treating
alopecia in an individual, comprising topically administering to the individual a
pharmaceutical composition comprising a therapeutically effective amount of a vitamin
D compound for preventing or treating alopecia in said individual, without substantially
interfere with the efficacy of a co-administered chemotherapeutic agent.
25 In one aspect, the invention provides methods of preventing or treating alopecia
in an individual, comprising topically administering to the individual a pharmaceutical
composition comprising a therapeutically effective amount of a vitamin D compound
that:
(1) exhibits similar or identical gene regulation profile as equivalent amount
30  of calcitriol in normal keratinocyte;

(2) modulates the expression of one or more genes whose expression levels

are modulated by an equivalent amount of calcitriol;



15when a is a single bond, R6 is al kyl, al kenyl, al kynyl, cycloal kyl,
het erocyclicyl, al kyl-0-alkyl, al kyl CO2-al kyl optionally substituted with
one to fiwe,20twdp@xyl, oxo, hal ogen, al koxyl, aryl, het @Coarsgdio/oeyaho,
nitro or -NR R' noieties; R7 is alkyl optionally substituted with
one to three hydroxyl, hal ogen, al koxyl, 20aryl, heteroaryl, cyano, nitro
or -NR R' noietié€¥; anw,dula‘tesahﬂje@resaioa of &P A ardePleha&MNA JHSP/dorogen,

hydr oxyl , ha| | or al] kox and pharmaceutically acceptable salts
t her eof ; %I\%%Mﬂl I%Or‘f@a{/ Oﬁytﬁ conpound i s not

1, 25-di hydr oxyvi g@m N nfRulalesdhe e@r&%@h%!ﬁt@mnﬁc@@%z@@Nﬁﬂ?' so@l g3 ferol;

1, 25- di hydr oxy- 16-ene-yne-chol ecal ci ferol ; 25l a- hydroxyvi tam n D3;

| a, 24- dihydpbx@vnmawmnﬂE@aUUMWM@;903 I n sone enbodi nents, the V|tanin D
conpound IS repr ent ed + WO 2011/019617 4765
wher ei n is a SI gl engjldufd{% e’i%%sglon of one o MOTeRR ! ﬂ%cl-?r%g "ilf}al kyl
silyl or aI BV by @édsomsduk y-fsMbstituted with one to three 5hal ogen
hydroxyl, cyano or -NR R' noieties; R2a is hydrogen, hydroxyl, -0-trialkyl
silyl, or alkyl, (@I koxAucesovaraeryion gheneeranpiy PseiBs it Liekles wt rdodd aro

t hree hal og ly R.R,

absent Wnengc% ;llésyg{)%éblh&%@ﬂ%sg{e OfEre elégﬁd U%%ngg S glrﬁitvlltalﬁ\:?ﬁgr%@()%g
hydroxyl, hat,ogen, al koxyl or alkyl optionally substltuted mnth one to

t hree hydroxyl or_10hal ogen noieties when c js a singl
R3b, R48| R5a, R6A, WUQW%P%%‘O%&EW“I}%H%W&FWI On%%FPB’@éﬁ GST,

hydroxyl . halepgsi, %@}wa Clcih Y81 @PAD QAbHPE KA 8 L one to

t hree hydroxy ogen noietlies, or an R6a, R7/a and R8a may be
| i nked to form awdeimewety@gneth Daobpoyed 1scnoti1;i(j dilgysdoptvetnmecedt 1.22d |y

accept abl e | ts %I;@r eof .. 15I t he inve rovi des
har macout | O EH SR BT oI B Rl o e P eCH B

t her apeut i C@thX/dfﬁngﬁﬁéﬂlM@ﬁ%%tdlﬁ%dr@x%hiaﬁrﬁh m3Docompoysnd for preventing or
treati ngéal opeci a, “wherein said vitamin D compound, when topically

adni ni si®red to fhgetianghoi chpedt, he izvente E@tvldvzeph@n@emtxcaltqmp%ﬂwns for (1)
about 50 [t t _cause. 1 oxi | east

20consecut i (b QRGTsRbn DRI Gty eflod ER3p B viRIn Pt o) m.

does not caus@pbaxi fo p&vaftt@ror@kaﬁ@abp@mme?emQan@eﬁathin\@ ceapsurefisdr ug
adm ni strati_on. In yet another aspect, the invention provides

phar maceut i é%rrn%%@shetqeaﬁ@re%? elitl@‘ffpésawhlé‘%l ribsfastipliy 2¥oiding derms d¢liga
therapeutically gff &ﬁéﬁ@a@qﬂy I%fa%ﬁltl\ébltc% p%sﬂloﬁ%&% Qéé%ﬂoﬁt%o%fxﬁmnt' ng

or treati ng al opecl a erein er ape I ca EC lve
20  propylene glycol and about 60% (w/w) anhydrous absolute ethanol (200 proof, US),

undenatured; or about 30% (w/w) propylene glycol, about 10% (w/w) ethoxydiglycol or
transcutol, and about 60% (w/w) anhydrous absolute ethanol (200 proof, US),
undenatured.
In some aspects, the invention provides pharmaceutical compositions for topical
25  administration, comprising a therapeutically effective amount of a vitamin D compound
for preventing or treating alopecia, wherein said vitamin D compound is represented by

Formula (I):




WD 2011/ 019617PCT/ US2010/ 044765 anmount of the vitam n D conpound, when
co-adm nistered with a chenot herapeutic agent, does not substantially

i nterferewoizbtvtib@7ef fi cacy of the chenot herapeuti c agemrCT/US2010/044765 anot her
aspect, the invention provides pharnmaceutical conpositions for topical

adm ni stration, conprising a therapeutically effective anount of a vitamn
D conpound Shereipr event i ng or treati ng al opeci a, wherein said

t herapeutically effective anp f thevta onpound: (1)
xhi b 15 5 m | ar Sap Pl ARegeEnHE oS SBPBIORE as equi val ent - amount
of calcitriol inxnQLoRl, whehatd @Q&dﬂl@ﬁ@nd or X is h% &b oIS 1B d8Sx i BebsBURELSST ON
of one or nore genes ose expression |evels 10aré pronDted by an

equi val ent aﬂwhwheroalswaﬂmglcbbm,, (3) modul at es t he expre55| on of
HSPA2 or . HSF4

(4) modul at es thg% rg(g% P?N’%Lq%i 1?%%!@@35%#“%{? F.)tlitg fedin in

nor nal kerawlm%y&@a}reell&ﬂ@dﬁoﬂyﬂraiﬁ&yah@oemﬂsan@ﬂau@g‘ one or more proteins
in Table 3-1 or Table 3- | east about 2-fold; (6)induces

over expr essi on oR éh]éydé@geﬁnlﬂﬁéirﬁ’%té? Higliky sitappiealkd. gkogylor alkenylor 3-6 after
about 24-ho t ound;
or, 20(7)i ngé%%ﬂgéﬁsgﬁgé%ggﬁgﬁg fé(ngla%rﬂnnm?%%ﬁeratr &ﬁ'l C?algosg}o one 1%(318%%?(3 of :
GST, Keratin 1, RéﬁsafthséntMenCBalh acbible bonG2OR’ Ayl Ealeprigdestyl o) alkel oSRO0
Al3; ein the vitamn D conpound isS no Vit mnD3

1, 25- dﬂ@]yda@ijﬁ e with tlgﬁf@r%t%@ar%whlép 6llley atre attac%ec&i Irngy %r ?mied to

1, 25-di hydr I f I droxyV| tam n D3;

| a, 24- di hydrgézr?\;/]?l%)glgl&ﬁyﬂ%?%grﬁ %%bq%s%ngléﬁ% d be noted that all

enbodi ment s descRi bedstervdien b(iakbawebladnd ethydio gan dlat]xegan@nby@bsyi wlendeisabl e
to conbine with ot her enbodi nent (s) where applicabl e, including

enbodi rrentsadg@k’ral?%lgd only under one of the aspects of the invention, and

enbodi ment s descRFheghsemtd@tendi it hAGENE bBRPELR SisMydfdyen, HAYERh bPRYd8Qy1Br i ef
Description of the Draw ngs Figure 1 shows total absor pt| on and nass

bal ancel? eswhen aa&:a’t &igsletbhed,t hr ee Skl n donors, and the distribution of
calcitriol from er 48 ho

So15) 010617PcT UGSk n TR CAERE Céflr‘?a]?%f)éﬁtﬁfocéa]%c Tt Zalok AL shown
in log scal e(g&lma)ptlolﬁﬁ a;ﬁbitﬂfﬁtadi withSshe (6 G4 € RB)iroxyl, @6 %a?og&h%/lﬁo@m aryl,
exenpl ary growth curve of HEKa cells over different concentrations of

b b

calcitriol peesant. yane.-Hetrg pPHWIK Rraapigtiesiot e t he 1 og scal e of the
R’ is alkyl optionally substituted with one to three hydroxyl, halogen, alkoxyl,

20 aryl, heteroaryl, cyano, nitro or -NR’R” moieties; and,
R’ and R” are each, independently, hydrogen, hydroxyl, halogen, alkyl or alkoxyl, and
pharmaceutically acceptable salts thereof;
wherein the vitamin D compound is not 1,25-dihydroxyvitamin D3; 1,25-
dihydroxy-16-ene-23-yne-cholecalciferol; 1,25-dihydroxy-16-ene-yne-cholecalciferol;
25  lo-hydroxyvitamin D3; 1a,24-dihydroxyvitamin D3, or MC 903.

In some embodiments, the vitamin D compound is represented by Formula (II):



5cal citriol concentration. Figure 3 shows an exenplary growth curve
by the pancreatic carcinonma cell |ine PaCa2, which growmh curve is not
responsi weot2ottrtiesipr esence of 0.1 [tg/ nml of cal citriol. PCT/US201Bi0guIoRes 4A
and 4B show the gromh of Hep-& cells and MCF-7 cells, respectively, in
the presence of increasing concentrations of calcitriol. 10Figure 5 shows
dosing curves of erlotinib (Tarceva), an EGER™@yr kinase inhibitor, in the
absence () or presence of 0.1 lug/nL cal cj tryeR™(x). Figure 6 shows
dosi ng curves of gefutubub (Iressa), andﬁ?er EGFR Tyr kinase inhibitor, in
the absence () or presence of 0.1 |ug/mR ¢al crEriol (x). Figure 7
shows dosing curves of sorafinib in theyabsance () or presence of 0.1

15l ug/ mL calcitriol (x). Sorafeni o RWN" to i nhibit several kinases

®
(Raf, VEGF-R2, c- kit, PDGR-R). a'? re 8 shows dosing curves of
dasatinib in the absence () or presgnee’of 0.1 lug/nmL calcitriol (x).
Dasatinib inhibits BCR ABL Tyr ki nasel. Figure 9 shows dosing curves of
staurosporin in the absence () or presence of 200.1 lug/nL calcitriol (x).
Staurosporin is a relatively nonspecific kinase inhibitor. Figure 10 shows
dosing curves of cisplatin in,th
calcitriol (x). Csplatin iéaayl A-arpeyl ati ng agent. 1)) Figure 11 shows
dosi ng curves of carboplatin in the absence () or presence of 0.1 lug/nL
calcitriol ¢whereirtCarboplatin is also a DNA al kyl ati ng agent. 25Fi gure 12
shows dosing curves af frigot cEn(in t he absence () or presence of 0.1
| ug/ nL cal ci tri of [y&yingle ordoghlghond:13 shows dosing curves of paclitaxol in

the absence () ORlﬂoirs%@ﬂag@n,Qﬁ-aﬂgyl sﬂl%gfrﬁlkyﬁ%ﬁbﬁaﬂiy@ubﬁtﬁﬁted with one to thréd gur e
14 shows dosing curves of 5-FU in the absence () "or presence of 0.1

301 ug/ nLS caheloget, dlydioxyl, cyano or ENRURempBtiskiows dosi ng curves of gentitabi ne

in the absence 205 . presence .of 0.4 l.ug/ alcjtriagl .
2011/ 01061 3pcy Lok aPERISE ydroxyg"éi‘%@?‘é@é’isoﬁ%%i @%%X&ngca&wm% of

doxor ubi ci noptiorae salsi@ReEwith 0dE thesateedf hydrdx il Ughfid- o€ NRR ITth@ibtidsX) -
Figure 17 shows dqsing curves of tanoxifen in the absence (% or presence of

0.1 lug/nL cal ci R 8 ¥ pbsesrvhen eisrglahiniordheitarg cach ipdgpaidengy diveragen.
protects noh%ox%?ﬁﬁ&ééﬁ?ﬁﬁ%?ﬁ Jf"z:tﬁ@?l optionally substituted with one to three hydroxyl or
10 halogen moieties when c is a single bond;

R*®, R* R R® R™ and R* are each, independently, hydrogen, hydroxyl,
halogen, alkoxyl or alkyl optionally substituted with one to three hydroxyl or halogen
moieties, or any two of R®, R’ and R* may be linked to form a 3-7 membered
carbocyclic ring, and pharmaceutically acceptable salts thereof.

15 In some other aspects, the invention provides pharmaceutical compositions for
topical administration, comprising a therapeutically effective amount of a vitamin D
compound for preventing or treating alopecia, wherein said vitamin D compound, when
topically administered to the individual at an effective concentration of:

(1) about 50 pg/mL, does not cause toxicity after at least about 25

20  consecutive days of drug administration; or

2) about 100 ng/mL, does not cause toxicity after at least about 7
consecutive days of drug administration.

In yet another aspect, the invention provides pharmaceutical compositions for
topical administration, comprising a therapeutically effective amount of a vitamin D

25  compound for preventing or treating alopecia, wherein said therapeutically effective

10



agai nst 5-FU, while does not appreciably affect ED50 val ues of 5-FU agai nst

cancer cells. Figure 19 shows that calcitriol does not appreciably

al ter thewoybatwséic ef fect of Doxorubicin agai nst the caotars2@elod4765 ne

SkBr-3. 10Fi gure 20A shows that, in Sprague Dawl ey rats receiving

etoposide, a topical fornulation of calcitriol protects from

chenot her apymionnhnfehb atanmied) aorm@hm)i Wheraccdmkemdjseq:rechdféthta cﬂuamnélterapbmici panel :

rats receivin anpel . .rats.recei wﬁr&g oposi de and
IfaBF

t opi cal applag 408 n%trsu Sti‘fla)ﬁt‘/dn%’f efc?a‘Yl EhFPEchaF%OSthFS ez Beon;
right panel: rat$, 5 RARINMRG: SROROSEHR ;ﬁ‘@&idéﬂﬂiaﬁﬁéceﬁﬂ@il'c@ﬁbbﬁﬂo&ffopto%ldm of
15calcitriol in a topical formulation. Figure 20B shows simlar results in
t he col or - cedmandstiaging, @vfmmmgeﬁttherapeutlcaﬂjtﬁ@%ﬂtle’e 2moyhiovis vitagtin B QsmllRﬂundl ol

t opi cal or |l atio tot.al dose) pr.otect vans rats

cyel ophotpnithie Tead gt fink it G e bR R B a8 SRR R B g BT s o
t opi cal forﬂuaﬁiﬂp@oﬁ@o&ﬂd tg total dose) 20 protects Long Evans rats from
CTX- doxor ubi ci n conbi nati on chenot herapf/ i nduced al opecia. Figure 22B shows
simlar protecti (ﬂe) r eS¥Mbithymélar e identispl gensiregilationrnrpfilgtap sauizalpes anquet i n
rats treate ci n conbi nati on chenot herapy-i nduced

al opeci a. T%fep%r ?@Igﬁzkg%?&&?ésa calcitriol topical formulation in rats
treated by cytar e:bl nerraaldoraaasltlse S&]}@W@lohm)fﬁhgmfmo&ZgEneQﬁﬁb@lﬂxpregﬁoﬁIHWBB t hat

a topi cz calcitriol topical formnul atlg .tg total dose) protects
Long Evahs AStRIOMAjCEOYEd sartvaleRt aegint ﬁ‘i‘lﬂ%‘? eukem a cells) from CTXi nduced

al opeci a. (3)':' gﬂ{ogu%?es§ﬂ@¥§§rés@1% oﬁ;%srpo HIGEEXR Zﬁ B1 Gonduct ed on

Long Evans rats injected wth eukem a ¢ a calcitriol
t opi cal for M/&I@éodebbmmmwbermrmcem t he cancer cells from chermt her apy.

Fi gures 25A and B sho he esti mat ed f

(ng/ng) fromt he tra tf‘&ergﬁlg%‘?ﬁpé‘?“]toﬂé)fsxﬁléﬂ K@@%Wi st of

t he epi der mhgoteif RienorMal ROA&AQLRR17PCT/ US2010/ 044765 amount i s expressed as
mean SD of calcitriol recovered. nd = none detected, na = not avail able.
Figure 285 shows the nemdulaasébe expoessionaf oon obepieersatens|in Table G| dosablappl i ed
to recovereg cal |a'gtr |b8!1t£%0§$ue |l evel in epiderms, wth a range of
calcitriol co cen rons Bfrom 3 to 100 [tg/ nL applications. Figure 27

illustrates the eeﬁ)f ecClindatesc@leedxprdssibn @Nod @ rﬁbﬂ’eq)trotamagematﬂewee3ﬂf3 5 or
chl orol eukem ¢ rats receiving cycl ophospham de. gure 27A depicts rats

recei ving cyd djshebpHarntihasr axrasare qugmafé kzwenaeﬁ%ttossa#da}ﬂ@mépeqqmmgnd
cycl ophosphgpi de and vehicle, while Figure 27C depicts rats receiving
cycl ophosphariide and calcitriol. 10 Figure 28 illustrates the effect of
cal citr2@l on thé7)seconicanagenxpassins é adrnahkanoh@ytes vl on¢ ait moreadeGETNg

cycl ophospham de.. Left taq rjght ted with c 0 spham de al one,
rats treat edHIPH- &?@tﬁlp]ﬂoéﬁ?f‘ﬁﬂfpckgwéz glpyogecny OFégéo &qget ed with
cycl ophosphami de wapfi € fkGithhiPb-co ggHﬁ@ls%tﬂbgL{ﬁﬁfcﬁ&%ﬁqtﬁﬁﬁl phiges. of

calcitriolon the first anagen cour 15chl orol'eukeém ¢ rats recei ving
cycl ophosphdihydexiynl 6esrel 3agatea- dwlfwalctfemb,xloiijblh@fdmxyH16§ﬂneefn2&Aok¢e¢imf¢rel rats

receiving eyl oo a8, A0 4K T YRl i 2 D3NS T G ©
25 It should be noted that all embodiments described herein (above and below) are
contemplated to be able to combine with any other embodiment(s) where applicable,
including embodiments described only under one of the aspects of the invention, and

embodiments described under different aspects of the invention.
30  Brief Description of the Drawings

Figure 1 shows total absorption and mass balance results across the three skin

donors, and the distribution of calcitriol from intact human cadaver skin over 48 hours

11



29B depicts rats receiving cycl ophospham de, doxorubicin and vehicle, while
Figure 29C depicts rats receiving cycl ophospham de, doxorubicin and
calcitri ovo2pilgue@730 illustrates the effect of calcitripoll/useromioes7second
anagen course of 20 chl orol eukem c rats receiving cycl ophospham de in

conmbi nation wth doxorubicin. Left to right, rats treated with

cycl ophosphéawidesiagld adpixartiohi Besul@laonéiownah $og sceketasaneanthSIE yclotghmospham de,
doxor ubi cin ar)d géehi cle and rats treated with cycl ophospham de, doxorubicin
and cal citr{®/°™pi gure 31 illustrates the effect of calcitriolon the first
anagen course of psyrehl AERL eYKRIhNalfyalrswiHRGS Y MIERY CLIRRRRE Bt [e i n

conbi nation with doxorubicin and cytarabine. Figure 31A depicts rats

recei vi ng cyelcsphiggphantcadeitrid pxesentn chegranth oydiar Asitndedopsrale Hitheire 31B
depicts gatg LEg ic\(/)i gglgc%gl ophosphor am de, doxorubicin, cytarabine and

vehi cl e,” whifT & gare™31 " Yepi cts rats receiving cycl ophosphani de,

doxorubi cin, cyt Fi%h'e Behawd a ke plhlytirow B ur @b ethd dahdrbaift daddifsind 88l dd ect
of calcitriol _on the second anagen course of chlorol eukem c rats receiving
cycl ophosph&atafe Whickegrpitthetrve is it raspe e tashe pisseasel ot 4 aveaplvé calpigniel. ¢ o
right, rats trea | Q ' { bl 3

2011/ 019617PCT/ u@%‘fgg %&ﬁ%ghcsﬁﬁ}tggﬁg‘gm%ﬁgﬁ%{zgét%gg%ﬂr?%a ed%%ggsh

cycl ophosphaspeteivedokothe presente of yicatalngrenadntrateds aflcalcitridl.rats treated with
cycl ophospham de,  doxqrubicin, cytarabine and calcitriol. Figure 33

1l ustrabos the BISWES sBPwadping Fwarohl wiEng ([TatceutathCEBukE &ingse

chi or ol eukeffifdali hEARLYING) 6¥5LIANOSANR ML LACAABIAMAL i on wi th

pacl i taxol and 5etoposi igure 33A dep s rats receiving
cycl ophospham de Figee I6i shawe Hosanglcwet epdsdefisulalbofhessalyi apother BEGBRdEypikitase r at s

recei ving cycl.aphosphor.am de, . pacli taxeé et si de .and vehicle, while
Fi gure 33C éﬁ‘bﬁ’lgot".slnrt G'E%bsFlé‘E’e(l’Q/g%eWSﬂ% %é’ﬁﬂ‘gﬁcﬁﬂém@é&‘h taxel, etoposide
and calcitriol. Figfited sBdwb ibdisd E@dt@Sott BBl BGhe Absehd@ @) bf peberRBot a8
second anagen course of 10 chlorol eukemic rats receiving cycl ophosgham de

i n conbilhat bemmcalpitipeldki.t Jocefendnd keewp ssinddit seedral kinasep (fhaf, VE&ESR2 reeat ed
with cycl oppﬂq éﬁllg)e paclitaxel and etoposide alone, rats treated with
cycl ophosphani'de; paclitaxel, etoposide and vehicle and rats treated with

cycl ophosphani deFigiae8ishaxetosigt o0& sfelasaithilc 8l tBE bbdete (oo preensd of 0.1
illustrates the effect of calcitriolon the first anagen course of

15chl or ol euké&file c3lgitidol (X &Fagatigb HuNlisUBF RIABL A yekiaBieaat i on with paclit axel

and etoposi de. F;'l)‘%{rg lg%ﬁéwgagﬁg %ur%@st slia%gcfség}iﬂgn 91‘3?&8&%% )%(Jg;brlgpe%%éeto?xe'

and et oposi de al igure epicts ra recel ving ubi cin,
pacl it ak@l , Odtopmdi deiwiotl e Stalresporihid ereftgalymodSfecifepitinise iftabsort ecei vi ng
doxor ubi ci n, pac:Fi,tax et oposide and calcitriaol. Figure 36 illust ra}ﬁngas

c

l
the effect of ca bgltrﬁﬁaﬁ%w P STGHPTLHRGER 18 BLreeTir (DR mrorBiceiie
rats recei vhggnggaqgiqﬂ;gl(gb'rbisplaﬁgm PaA Qﬁyl%ﬁgaé@gl i taxol and etoposi de.

Figure 11 shows dosing curves of carboplatin in the absence (#) or presence of
0.1 pg/mL calcitriol (x). Carboplatin is also a DNA alkylating agent.
25 Figure 12 shows dosing curves of irinotecan in the absence (¢) or presence of
0.1 pg/mL calcitriol (x).
Figure 13 shows dosing curves of paclitaxol in the absence (#) or presence of 0.1
ung/mkL calcitriol (x).
Figure 14 shows dosing curves of 5-FU in the absence (#) or presence of 0.1
30  pg/mL calcitriol ().
Figure 15 shows dosing curves of gemcitabine in the absence (#) or presence of

0.1 pg/mL calcitriol (x).
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Left to right, rats treated with doxorubicin, paclitaxol and etoposide

al one, rats treated with doxorubicin, paclitaxol, etoposide and vehicle and
rats treawvedowdibsidoxor ubi cin, paclitaxol, etoposide an@cCzaiseomoiabs 25

Det ai | ed Description of the Invention The invention described herein
is partly based on the discovery that topical fornulations of vitamn D
conpounds that cH#igyredéshewodosingatrveal dplegombicen gp.the evenat (¢¢ papysdnadat ed

al opecia) c b el ectively delivered to or accunulated in the epiderms
| ayer of thgqstgE}]ﬁivﬂ?ﬁltéwﬁGﬁst antially avoiding delivery to and/or

accunul ation 30i Figie 19Q8HSE dAEK I 1Rve sBF fmoxiftinSn MRYatREnRI¥ PO RERAMSHf N
certain patients undergoing chenot herapy treatnent, where deeper

accumnul at i of.lafg/mDbwdatcatmioh(>D conpound may result in a decrease in the
efficacy.of the chenntherapy. .reginen. S .topical fornulation | so be
advant agbous i n BRIFeAPSRahy tRETe Telal SR bR ERs pep ety e Bl

2011/ 019617 R&aliA30SA0T 04 BifAdRd nbByp i dbe@attféct BIDY, Vamacifedrbyciing danasence of
excessi ve amount of vitam n D conpounds, such as patients suffering from

ki dney stonédls-and whose condition may worsen upon cal ci um nobilization by

certain vitamn B. ¢ i . i I
delivery of the \?llgtqg‘g‘lﬁgléﬁ) c%trlr%g(gag I@%?B gﬁé@?@@ Iaﬁ e F\?g{&;ﬁo%‘?&g&%% ni mal
ef fective ddeeotubidimegadpit derdahsericaly ine 8kBt-Be skin, rather than to the

derms | ayer that is rich in blood vessel. The invention is also partly
based of0the dis &%P%"grﬁ&?w\%ﬂ}a&ﬁl RPI3SED RRBUAYISsdRes i cioPAtife adPrigRln
stinul atory I i 2 t. : )
concentrati (f)(ﬁrﬁ &%ﬁ%&g}? C%ﬁ{t e perxﬁé%Fﬁoﬁﬁg}%ﬁ?ﬁgéﬁ}ﬁlﬁaﬁﬁ%ﬁ{% %/é (g? %Ql)e}:nta %Ons et he
sane cel |l s depeaddiimednati. iedftypane mats crvemmig etop ondedmdyp geiddiElpasel: tate | nventi on

provi des net hods and pharmaceutical..c osjtions. that. exhibit optinal
Dt ot ect 1 ve. ERPEUIE AR HETG  GUEL PaPUSEHBAL DT fg e aHaES aBee b owt h
i nhibitory effifRtdton; AR faRMentd RBeil e fetipobial aR@aRhaPibfifRESH SAPY BioYoft hat
vitam n D conpounds activate or i nhl.gl t the expression of nultiple target
genes i hS norahaitriklen attopiod yermanlation: Higwie 0B thovyistnitey resubasi detcolosepaied t he
nost sui tab{l_% let gm'rntsD conpounds for specific therapeutic applications,
and to iden |{‘1§/ adti'tional vitamin D anal ogs with simlar biological
activity. Yidure 2nahows Siat Nealtiaid@ofaed isknhiatemy 0RAId foelldade) breedty, the
formul ati ons of _the invention may be advantageous in terns of mnim zing
drug i nt er f &pBnEBaRg Aty frome pxsierhesphapyide €abhinducedrdoresidmal | ayer of the
skinis richin i . ar : i is |layer
m ght cause drygﬁ#ﬁgrz F%&gﬁlggt%?? %a%@@?@_ﬁkl?lcﬁ%ﬁ?gn_@gﬁ?ﬁ{ﬁe ct%(rzrié)%ﬂer apeutic
/rA\ eageg_t Bol | pectiéctgloy Evinavas ?’ﬁhﬁ@jﬁxato?ptubmn ebrhbintisort dleﬁmtit 2 l&ed zli%y(—:ﬁﬂh&.d y
ccordingly,. in ong, as : e .invention provides a nethod of preventing
or 25treati ﬁlgpaqlapﬁtguag 35h oW htmiRtprafect ko FRsH gv AR tRRIFr ORI S t er i ng

to the indiyjdial iﬁlr&b%_&ﬂ@&%’E%ﬁﬁbin%ﬂkimeﬁfbiéi@E’orﬁﬁ’iﬁﬁ’tﬁérﬁéﬁ%ﬁm%e&&ﬁzﬁ%@@é&ﬁi cally
effective anount of a vitammn conpound fornulated to be delivered to

and/ or accunigspetied Thaptoteetiepefdeat ot g culhitlie tepibsltfamiilatidnyinavtsitethted boer mi s
delivery and/or_ accumnul.ation.. The | age "substantially avoiding derms
del i very anﬁYtBJFabH]&aE‘?ﬂflléfl?o 'mﬁg'inf’f’%es the delivery and/or accunul ation
to the derm s of Fifige 28RAGWARALE topRY &dicitrtg s AT PR eURkoas$ deypar ed
to the delivery and/or accunul ation of the vitam n D conpound to the

epi derni s, pmtecsxbeong levans gafs injerded wish MIALEY, (chlegdeukismmp edbloutfrom3¢AXt ess t han
about 10% less t Qggec%pout 5% | ess than about 1% or no delivery and/or
Figure 24 shows that, in in vivo experiments conducted on Long Evans rats
injected with MIACS]1 (chloroleukemia cells), a calcitriol topical formulation does not
30  protect the cancer cells from chemotherapy.

Figures 25A and 25B show the estimated level of recovered calcitriol (ng/mg)

from the stratum corneum of the minipig epidermis and the rest of the epidermis. The
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WO 2011/ 019617PCT/ US2010/ 044765 accunul ati on of the vitam n D conmpound to
the derm s when conpared to the anpbunt delivered to the epiderms. In sone
enbodi mrerwe,20tiatiaen about 1% and 25% of the vitam n D ®ORS0MH/ 044765
delivered and/or accunulated to the derms, for exanple, between about 1%
and about 20% between about 1% and about 15% between about 51% and about
10% or bet wemouatie ot préfedadmainot SD66f calrstriobrepavezel. t ol + henaddt¢oret, ya st or
accunul ati on t]gaf he epiderm s. In sone enbodi nents, the vitam n D conpound

is not deli @&1'é@d'°and/ or accunul ated in the dernmis. In sone enbodi nents, the

amount of vitam Fidare 2BRAGWH e l-ﬁr%afd@dﬂre\fﬁfo%q)eh%encbralcﬂﬁgpﬂﬂélz%?g%di 9, the
derm s is less than about 0.3 ng/cnR, less than about 0.2 ng/cnR or |ess

t han about @ecovergd ealpitridlQiFkie leedl m epilopdeivath & rokeadéealeibre] conashiraicnsy
conpl ete.or .partial.hair.loss fromthe head or body of an individual and

i ncl udes5 al g%g]c% Q) gorogégt/lgL(aRBﬁ?at%)P%peci a totalis (AT), alopecia universalis
(AU), or chenot h@igpy27ntueats aloaret af alditiol oMtREasH Magéeddudserddy i ncl ude
di ffuse al opecia areata, al opecia areata npnol ocul aris, al opecia_areata
mul ti | ocul afhlerolenkgmas mseieralviae sxelaphnsphapide) Higwaa7 Ardsoitreceivngpeci a

bl dness) ofY o PEREEHERE gl SRERH R BhoREE\ e AR PRIy ™ ©
nmedi cal deseehiptej whiloFigule2Y Osispiofs rhairécefvingrichephbgadmide deicdy]cisiolet i mes t o
e X O Dakineasy kbl e Coog, Sestholl o dopiy ati on, of sbody

al opeci a.  20n5RMEMEMmic #]atts, Vﬁ?%gclgﬁl(ﬁg}ﬂﬁﬁﬂebiﬁﬁ t&ﬁgﬁh%s‘)ﬁéa‘%&i whRnpul sion
to pull out one's own hair (trichot mani a) or t unf or eseen
consequencesyddphosphantide glohairntsttighted gvithonyclopbes phamaodeaanid vahicletandattis on

al opeci a" from excessiyve i ght nytai.l.s or braids, or burns to the scalp
from caust i EeﬁSﬁ?Wl éP’Q)?Bﬂ“yS?h‘f“‘a{éle&ﬁg%lfmﬁ?}t hair irons). In some cases,

al opecia is an i mlhEaLoeMuhicddTRRT bdalGu 1 halir ARERhRousEGN as iron
deficiency. 25Wien hair loss occurs in only one section, it is known as

"al opecla arblatdevkemic mimgeciaingsgelophapbamide ihegmbingtidrogith flexarnieime or al |
e L R e o A g et S o e
bal dness. | RIBYepi%shts ¢agBong &yteophokshahiidd) deRdrubieiead vehicld)vheBHigerescal p

(al opecia totalis) or to the entire epidermi s (al opecia unjversalis).
30Condi t i ondd¢elepistsi pisdeckyingayrlopheprigide daxrgpicibapscalaielr al so in ot her
speci es. The nost: ] L3 i V, i S in one
or nore round spgf@q‘gﬁﬁ ?%%Q(@ﬁeg?%& 9??@&%;@%?2%%6&?%{&&%@@&%{ 461(‘% Zfsel y over
t he whol@ schlomleikemidiatdrecesiagicheloplorsghdrhidn in Sorabinhtesh with Hos@ubicmp deita
areata. Al opecia areata , WO 2011/ 019617PCT/ US2010/ Q44765 nonol ocul ari s
describes b ABY¥sEL Fradh Wil phgsphamyge %WS%@ B APRACFE t@ﬁtefiﬁ@ﬂhead.
Al opeci a ar @g&@;ﬁ@éﬂ#ﬁa‘nﬁig&l&o%l‘u%icﬁr?ﬁrﬁf wehide Eﬂﬂ&kﬁk&tt@r&@?cﬁfloﬂ%kﬁhahﬁéé- The
di sease may be limted only to the beard, 1n which case i1t is calle

al opeci a ar dat@ubambmd.calcitribhe i ndi vi dual | oses all the hair on his/her

scal p, the disease is,then called al opecia areata.btotalis. " Al opeci a
ani versal s i TabiRuEE iR o el RS BE 60 BelishEounr ATy ar 1o’ how
hair | 03s aspiefdlakehiMid el SR HELAIRY pRANRIE iBSMBhA@S With BEx&@Obicinengody .
"Andr ogeni ¢ al opeci a" (al so knownh as androgenetic al opecia or al opeci a

andr ogenet i extprabinea Figimeot Af dnpiatofatygreiving syclophasphamide raxerubicin ped e
humans, 10chj nzees ans,. In . mle h ns..in rtjcular,. this
condi 11 on 1 &S 8Rea e, AR A PRRE B e oI o MRS RB b Biain
a wel | - def i ppdrapaictadtd RehibRYivANE FpuabGYE depichs tagMBdedng EW@spHok plexmitiéle
hairline recedes to forma characteristic

doxorubicin, cytarabine and calcitriol.

30 Figure 32 illustrates the effect of calcitriol on the second anagen course of
chloroleukemic rats receiving cyclophosphamide in combination with doxorubicin and

cytarabine. Left to right, rats treated with cyclophosphamide, doxorubicin and
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"M shape. Hair also thins at the crown of the head. Oten a rimof hair
around the sides and rear of the head is left, or the condition may
progress wo2omb@re bal dness. 15 The pattern of hair | @s3/tusaomomes di ffers
frommal e pattern bal dness. In wonen, the hair becomes thinner all over the
head, and the hairline does not recede. Androgenic alopecia in wonen rarely
| eads t o totghrabaledib@ssrats treated Whie cydogwagientipe, elogotubivin, &y apebiieadndi ncl udes

the arresting .of or suppression aof haiJ |oss assqci.ated w.th opeci a prior
Lo i ts occurieans sREMTE R SuaoPh PRbT e dePGRLLT S MRS P ng ¢ he
severity of the Ipghure3338udaRQeARY: ¥ dalkidloRRe®RE BirQaniRHW6LRE of he extent

of the hair |oss associated with of alopecia. In sone enbodi nents, treating
al opeci a i nehlotidenkendc rmieicraviagicyeloptiosghapide iimcombinationTwish paglifaxol and

"adm ni steri "I, ncludes vi.di ng one. or more.doses.of t vitamn D
compound + oL Rk AT P AL e B8 e FRIBRGFHERG: abelfip bl B

al opeci a. Optopoilie 2586 HighRI3B depivty AtLScditihg @ydbpaRpRseinaObaditaxel,

adm ni stration of the vitam n D _conpound can ascertal ned bé t hose skilled
in the art awpaydeyi whiqlerdiledtigurrededenior rat feseivingsyslopberbamids: wi t h
regard to t $ ifi ls.heing utilized, the particular

conposi ti onggﬁlggﬁﬁleﬁp&é@ggﬁgyﬁg e(gbf application, the particular site of
adm ni strati on aifisurbé4liildseates Ohheffdcaotsbgriol bofdiecatdnd amdpemésiserdfng”

i ncl udes_deljvering one or nore doses of the vitamin D compound to the skin
of the Thdi GHRTAFIFRIGH 6TRTeSYHBERI DB %%blaﬁﬂ%w%ﬁ%dﬁwl)éﬁ a. WO
2011/ 019617R(GE) Y520 QA4S TR Rk vAHE QU FhBSH AR, PRARLR hifdof&lids and
structures, gﬁd ﬁ%s vari 0%12, iarrporat ant }?%cﬂloﬁ)s, éue(’:g as serl\zlclgnaﬁas a
protective baneirets ttech@wtl witht gciopbesphainide, piditaelictaporentind hellige agd tavs

mai ntain th roper body. tenperatur theri.ng sensory.information from

t he envi ronﬁﬁﬁf’?e’éﬁ?&yg@é@‘?sﬁ Iﬁﬁea]%%cﬁ%ngﬁOBO?lﬂg?ﬁc "i’rﬁ{%e system 5The skin
has three | ayer s Figira856mi@areliif offtRf 5 GilciddibSHP ¢t aneRUToliss . The
epiderms is the outer layer of skin. Its thickness varies in different
types ol5 skihlordleukieriq rags tepdinime stox ombickreinedpeibimpgion twithpaglitax elsinchetepeside he
thi ckest on i figcARhTR. AN 80LERRE aBPMbich: RadMxel T RIUBAIATD. Fffiye the
epi derm s c O g Ve ayers: stratum AsBIe Sty un?spl nosum fat um
gr anul osum 3sBIdapidt¥rhis cé@divind @ploreiicih, paelieRey e®biisd andwrdhicld) vafiledtigiie

cor neum The stratum basale is the bottom|ayer of keratinocytes in
t he epi der mPSCaRBICIsTals deisbag dororplisingprsditaxsl eipppdfetderlapicdder mal cel | s.

This | ayer cont aj i . r i.f £ Lat cells
(hat divide very T Esao TS ek PHat T ol N e o R 02

t he nex20 | ayklbrdlenkleadd ratd feeeinink doasdiubitipinaoeatsnatibheviot prelitakal indEhkgioaidel n
the basal |ayer and divide repeatedly to replenish the basal layer. Cells
that nove | K6 e Rents st My apqr 58 palivee! po SRP@dIPne gfersatehange
from bei ng GeUIRBFubicEn RALYERRaopdsitel fHiS ehR¥eSInd rhlGreGRl MithSdAbIubiGn,

synt hesi ze keratin. The'cells In }t)he stratum granul osum or granul ar | ayer,
have | ost t padlitaxvlclteposaadndcdcithar act eri zed by dark clunps of cytoplasmc
material. There is a lot of activity in this |layer as keratin proteins 20
and water-proofing |ipids are being produced and organi zed. The stratum

| uci dunp$ ay @etdikdDs¥ripfi6s 6Nthe Mvemtigik skin where it hel ps reduce friction
and shear forces between the stratum corneum and stratum granul osum The

cells in the strdheamveoieedasciibaddicreines padwhasgd oo shadiscopeasthattthpisal cel | s
have fl attene t and ar ed inl f kerati rqot.ei.n which
P eSO a BT Qha PhEM R aRiR oL

provi des st ayer al so al'l'ows ‘of 25water.
The struct UEHerﬁ(ﬁthél’aﬁy—ﬁidﬁlaédJﬂbﬁ&ﬁapeuﬂirbé sal&dtiveBadesivaiedRd 65 adotihulakddsin lleyer s
e

responsi bl e for maintaining the integri IY and hydration of the skin - a
very inport spidemyjp kayepef the skin while substantially avoiding delivery to and/or accumulation
30  in the deeper dermis layer. This may be advantageous in certain patients undergoing
chemotherapy treatment, where deeper accumulation of a vitamin D compound may
result in a decrease in the efficacy of the chemotherapy regimen. Such topical

formulations may also be advantageous in patients who have medical conditions that
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The derm s also varies in thickness depending on the | ocation of the skin.
It is about .3 nmon the eyelid and about 3.0 mmon the back. The derms is
conposed wh 208@1pd1Iree types of tissue that are present POTASYIOOE4765 not 1N
| ayers: collagen, elastic tissue, and reticular fibers. The two | ayers of
the derms are the papillary and reticular |ayers. The upper, papillary

| ayer, cont aiagdeactitivelyainrpangs gihe pesanoé bhgensdivemmeunt theitdnowdd , reti cul ar
| ayer, is thicker and de of thick coll n fibers that are arranged

paral | el t oCUEPIPL) BIOBIPPERIISEEY BIRTR YO AdosF oY The
derm s cont QioRenWBBY cAPRA AbbAestidedy &r@ldvifiiil & dfounfOr TIRXSRR!, & sehood
vessel s and nerves course through this layer. The hair follicles are also
si tuat ed i npatiEngs, theyideal delivery hethe vétemar Disiohiponnd ghicald beaa logal detivery af@ each

follicl It f the hajr f.olli. | i | | s. bl
of 1 eqr owi niagiehoer i S b e e e SRR BPLOBh Y Syl SRRV ©

der mal - epi defapl righufGldddvetddE]) . Sebaceous (oil) gl ands and apocrine
(scent) glands are associated with the follicle. This |ayer also contains
eccrine (sweat) dhamysntiguis alseeprthy kaseben dhesbrrorergdhativitamimPreomporndsl es.
The subcut a0galS o LlifPMG kP Ank @R e hRhoANA IGARASCRLYE JLLARNE iiat houses
| ar ger bl ood vessel s and nerves. hi's Ioayer I's |rrportanat in e’ regul ation
of tenper at usenfratidnédskgd) while eskibftingrderoweh inbibytoryldfeecsbz theahme leelds dtayer
vari es throughout the body and from person to person. . Accordingly, as used
herein, 19 epr%%twﬁi%hlgh RenqraRaiof/dosags elhys. the anyeafjen Brovifise meiods aid ),

i ncl uding t B, Gk dnfEliioRE HABEhi GPbAGHAT po @A edfFell] Soal iRt Bopeci

dernal -epi d rarlra ﬁjﬁgﬁ 0 orlODEJ}S, arll](gjl sﬁg{rjn cpz?l S tehate razgéenerg eecéathe

epi der mal | awibost qaesigg pndésfrable igout thrintsbigeny eélletts. and epi dernmal stem cel | s).

In sonme enbodinments, the vitam n D conpound is topically delivered to

bndl o accaml at QI e i Rau e e OGen i TR SR A S BPH e | very
and/ or accugtivatd ANnhibit tRCexPREBIo of AflHSIE thrH8 1B in hBAnd] XBLHAES tes,
"substantially avoiding derm s delivery and/or accunul ati on” includes no
nore t hah abBwmfoR@evidingutbasBdy seleds the mosgsuhide vitaoinddysompadndatorppedéti very
t o/ accunul at,i on of the vitam n D.compound.in,the detm s, In.a preferred
enbod mant - TeR0s e s Kot SR R P m S Se ol B ¢ n
conpound t obfdiexiche hokisty. In certain enbodinments, the vitamn D
conpounds of the_ invention is adm nistered to the individual over a period

of about 1 day, XHlstnop wagyrg todisdipund by ayy parsicelapiheory. theyermulpinig of theay s
about 6 dayﬁlveﬁt@ﬁg{xﬁa; Egg%\%anta%gg%tin%r Y% ’l’nlmg]%lgﬁ i \?\egfeﬁ%?gtwi&lo days,

about 11 days, a ays,” about ays, e about 3 weeks,
about 420eeklemahatpy feagaek STh8datmalikysvadkise skaib duichIn wovdhgssebhont 4

nont hs, about .5 nt hs, apout 6 nt hs, about 7 nonths, about 8 nponths,
about 9 monfRical gRIGRENRLAG P HYS ﬂ%%@tghiia%ﬂwn@rft%aw Sy%sm%caﬂﬁ Sone

enmbodi ment s delﬁ%?ed’éﬁeﬁ‘f&ﬁ&r%ﬁeggc Fe%gﬁﬁé{ NAR1R tolABavioPARNG o RR1 PBYFERSS to cancer
adm ni stered every day during the treatnent period, on alternative days, or

once every télisee days. In certain enbodi nents, the vitamn D
conmpounds of the ,invention are adm ni stered once, dail i ce dai l or
Chree times dai | FHOBEh 1 PRCPRENT Baay oo By L § TR 082818 baa7 s
In certasn eehafl dl@fs&i%,in%ﬁ%ﬂiﬁ@ﬁhlﬂbo’iﬁ?&ﬁﬂ%p&ﬁﬂ& hémidt@irgno theponeands of

the invention is applied to the sane location, or to several different
| ocat i ons opharhwceuigplGompeisitionempapip iadberaprudicdliyeetastive avavitehg, vitemen doses

f or eac_h ! OpRld apno @%r&%ﬁt@f tote Geliyaed l?qga&g&uascg er%ulg% el? e f&%tn?srv%hi:feuc;h as
skin thickness dnd di tferences in or ug Spenetration (it any).
substantially avoiding dermis delivery and/or accumulation.
The language “substantially avoiding dermis delivery and/or accumulation”
30  includes the delivery and/or accumulation to the dermis of less than about 25% of the
vitamin D compound as compared to the delivery and/or accumulation of the vitamin D

compound to the epidermis, for example, less than about 20%, less than about 15%, less

than about 10%, less than about 5%, less than about 1% or no delivery and/or
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In certain enbodi nents, the vitamn D conpounds of the invention is
topically admnistered to the scalp twice daily each day for two
consecut iwe 208@l4g61pri or to the commencenent of chenot hepapyseotoou4ies to
prevention or reduce the severity of any CIA that may occur upon
commencenent of chenotherapy. 10The term "individual" includes those

ani mal s t hatcdvawgationeof altod Vitanyin tibcanpduad té therdeahtpeawnaoniparedrie tlerdmoaintrent |
the individyal is a |, .f exanpl e,.. cats, dogs, , prinate ice, rats,
abbi t's, cattherHS AT gt ofn CAEETIOHITAS Beweep AbQUce aRbouriLits, t ne
mamal i s ayRihBb @embelindeX AP Sed &Y/ SRRPARE G d Y RMRrmBOfdrlek@fplePONODbOS,
or angut ans, nonkeys, etc. In yet another enbodi nents, the mammal 1s a 15

human. | n sbatweenbbit dénams abohe2(hdicrvernadbois] fande nbwit 1§ % beatsonnbeus
under go ghenpt her atpent. I.n e di t, the individual has not
vet devel opddt SyaPHniERt R sen 1l T % HECEPLIRE 4 BB Wi ela® or D or

to adm ni st a@ad/bPitculmi]a$ioneo GREIdeBNIROW FaNd SmbédifehBdih¥ ivittkdin Dompbés | Ng
from cancer. 20In another aspect, the invention provides nethods of

prevent i ng &ynat delatarethansl peedraulpied am therfigimisd dapomg embpdiswnisytha@mosnsefer i ng
to the indi vigalpaoRBALIRRSHS oMo GPIPASILL AMLESTRIh St & BEAREHLLEa! | Y
ef fective amount of a"vitamn D conpouhd Tor preventing or treating

al opeci a i n0Saiglern)dhisv ttdiuaboutvi.2 hgutn® sulest tah abddty. i mi/enf.eri ng with or
reducing the efficacy of a co;adm nistered chenot herapeuti.c agent._ 25In
some_enbddi nent s,T(le HEMmBtIRSEia” HIGHI5h HIerRERUR YA 85 PRI RGP ss: fhum

| nventi on dec/ieh SHASHASdhdhdi¥icu RGN GG dcCAGYeR] (LRLARLESE RRY;
especially sfst em ¢ chenot herlalpy. I'n r(5tEers erﬁgoﬁi rr%ant(s, jt?herpmat ho és and
phar maceut i ¢4, appaisivhiverssliofA her cimnerthérapy-erdhescadspache((BA).i Adapgciof

chenot herapy. The |angyage,."w fhout inferfering with the efficacy.of a
co-adn i ot SeH HCRBEHERTREbElogodbaiae: FRET st e R e OB rher o ¢ he
vitam n D corReuRdlildMRRs Al ald et raehidbdrbacONg sOhe BRI hIGEAP8YI C
agents, does not interrupt the biological or therapeutic activity of the
one or hbr enehepwdherdipganeiic alagema Glepecigrandengendtise, ameale paldngse) or post-

chenot herangéi&hg ent.s écrioggcpg formng its desired biological or

t her apeut i ¢ “Aeti Vi 8 “PRE'T Enguage "wi t hout WD 2011/ 019617PCT/ US2010/ 044765
reduci ng the effirc@myiadf te matiadderiptien 66the NEWRF Reil apaLtht GeaD&Bodyl Ncl udes
the situation where the vitam n D conpound, when adm nistered with one or
nore chenot RePeipBeR todheagdetof baldaessnbinlie theeqgunemesticts aepilagipn gf body

t herapeuti cyactjvits r erap i .. 5The

ot hods. andPBraShecH sy Be B Blacy BhE iy BERhE Y R OB Rta, Lo ¢
any cheddt héloapeadt itanagest bocausahiy 0 pdyichol ogicalcdvermil di@r epeillt due oageows t hat

have a cytotoxic effect on the hair follicle or dernmal papilla, or is
ot herwi se céﬂaﬁr@hwﬂqnmwei% i ?fézqea.COW@H?%H@%@H@W@W@%@%&W%

agent," "ch PVyacti GE i, G; s o :
SO neyel P AP Sor TR LS G PRTRI & By by o

| dar ubi ci n, théascalpbiam pdustid hEUrel Tamoodufiens, or[hoi hat goay), [Psmhd ¢aagehlopfax o ) ,
Car bopl atin, Etopasid oxan/ | gphospham de,. Cisplatin, Erlotinib
(Tar cova) . | BBUSEShaDin CRE PR oCs SO RTTbapl FHoNAREATSE] ne, | mati ni b
(G eeveg), GCefitiwidy I{airrls@%);ursﬁ%ﬂ)k,%h Rectioasitd oRun d9aGlopBQAK&EhRA.” In
Hexamet hamel am ne (HW altretam ne), |fosfam de, bleonycin, nethotrexate,
Docet axel ( Traxen eloggcia amyianrisisnest figinnenned ¢ aleareapoyd dheleasty; uial 5 dionhidie

Cyt ar abi ne, _B han, .. Mel phal,an. . Vi nhl ine, L tin , ;. Fhi ot epa,
Gorre! ¢ abi ne S RRARR BRI R B e e o B BT bt e

6- Mer capt opyséemesyaBlpd oFR bakiness. fih ugarabémasesRaketcbhdieis@aten {pfeud e ,
Capeci t abi ne, ~and equi val ents thereof. In some enbodi nents, the

chenot her ap§nti'§ Se3}B (BAREICRENDY PP dpsentippamiderfit epsciandivshativaceut i cal
conposi gy ons of L Oy e : g hal duce the
ef fi cac%d) of chem@ﬁ%#@%i&%@%é@‘g%f é@%’%@%ﬁe@m@%}e@? %’Z)%glgi/a!.l& lb)é)%%‘r?abl y, the
met hods and spdeas e utdscadmmonpgeiof apscio hrehtadny ¢l vesttairdnssan lvanoemotdie

efficacy of chenot her :
y round spots onat}?é/ scalp. Hair may also be lost more diffusely over the whole scalp, in

which case the condition is called diffuse alopecia areata. Alopecia areata
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The net hods and pharmaceuti cal conpositions of the invention nmay al so be
used 25with any hornone therapies or biological therapies that can cause
hai r t hi rwongirdigeigone enbodi ments, the vitam n D conpo®aa/liSe010/044765
co-adm ni stered with a chenot herapeutic agent. The | anguage

"co-adm nistered with a chenot herapeutic agent” includes adm nistration of
t he vit am nnnolplaundesatibeutizddrest inainly ondhepos tremby wecuasnywkere on the head.

chenot her apeyti c. agent . r exanple, the vitamn.D c ound ymay be - 30
i i ot er od HeE e BRI TIRER fonagbl o e Rof ik Mhe BTGy be
adm ni st er efinfiiel Shiy BNk bAE G Ah&heabolt [ BEd B pthig arAAINAIREr @ hon of the
chenot her apeuti c agent or the chenot herapeutic agent nmay be adm ni stered

first, and indrediatedeyall dicl lmvedh y/hetrrealpdibie iissnseas ihon cafled Hepagia aipdta D

conpound @125011/019617PCT/ US2010/ 044765 In sonme ot her enbodi nents,
t he vita?*n'n E:Orrpound is admnistered to the individual prior to the

occurrence of al opRfiedia(8iv@rsaliPTik heh QofnPRtd 1R8:SI00 ok bhdy becu@g kindidd to
enbodi ments, the vitam n D conpound is adm nistered to the individual after

t he comrencéfwArirdessansitesey dip ghenperherppy gamatinesiiéiests ifeitiaerbedy. of

al opecia. In othe [ S i.ndi vi al .devel oped
synpt ons of al ope%flgl%ggg g?@g‘flgpg‘g@‘“ﬁg’g aﬁgﬁ&&?g%ﬁ@?}&%&%ﬁ?hgﬁgﬁlgm n D
conpound mayndregadtitad)iish eschondoinhef haidioys Ghualth &inidikesindpmialehutmns,

chenot herapy,. or concurrent with the chenotherapy. ) The | anguage

"t her api%t i ERImMRAngACs 0N 4 I mpls upas It pREECWaRo thit copditionys flaxi n D
compound neegsahK WowttfshaAb piiterh BalBh&X S RhirqL 1dsf R wall APRGId aftBrran

10i ndi vi dual . '?’ﬁe}&e foec'talcsve aﬁouerrlt %an varylrgepengll n‘a on sucﬁ)#act’ors as

t he size antegienighhbafe hdtletesnpd¢se ddver tihe, thepeirbfie iccbdross foret cchaBreerpfic
ordinary skil), in t .art uld be able_.to .stuydy. .the aforenenti oned factors
and ks ¢ hevtiahi et im Rl i srgve RG TBRa UG &B0AL TOF SPHES Ut amt n D
compound W tiaedind RS (RXR&II SR 8f iheRondifén ﬁia@mg}@@_t@ esmpKRdsaI@esd. he
invention may be topically adm nistered to an i ndi vi dual " in need thereof
at a dosage Thopattasn efjbdivkiseim weowendidiers Gooonalf paftedn paldgessf Ivwbgiensthel / cnp.
In certain enbodi nents. the range.is . about 0.01 [tg-0.5 1 .tg,0f .

cal ottt ol 1 B PR Binpdigt.o B S e AT e ubit fogFocrp A Rlrogenicr o

| anguage " dap@eda Uowuien egeliyvédde s tdtal barinedst ri ol " i ncludes that anount of
vitam n D conpound that has substantially simlar biological and/or

t herapeuti c acti Ve |angpess PRuCpiieg Yepecat inpladesrthe paestipe of pesupeiassipe 9f as
0.001 jig-54i; | .ci tri P ge "effective

concentrati 8%1]‘11&%%?1%?8883{568?%}{% ccéangr%oétt??){g%%%umﬁ(z@vi tamn D conpound in a

t opi cal 26 or mul at iTha ldngaigel ‘Srentcedspacya”dnclsddsfrediciy the eeverigyefithe air loseat

al opecia in an | ngi Vi dl.ia| ..In certain enbod(ie)frrﬁnés, t he co,ncgnt-rati on of the
vitam n D c8HBERIE Wi ¥ ARty EAC HONREKERT Yrint Baiblpstipssecidied v ofo. 5, 1. 0,
2, 3, . 5, 10q Qcia.3ﬂr sonid en?lﬁjdirﬁéiltg),%eaﬁ§£al_og£@a in@[udépgle[ahﬂi@}aﬁph 1t ﬁl%?&&é.n
enbodi nents, the total dose of the vitamn D conpound 1s equivalent to
about 0. 025-400[ e ofrmc abmitistendg 7 Sickglebpabyidieg gint or oreclesdsaif thevibodinent s,

the range is about, 0.1-.1Q0] of calcitri.ol/75 kg body weight;. about Q.4-25
| "Cg of “cal EPEPTEH9SGIRES! fagRsinbPirehiyg fo ibg of ues iceisg Bpliegl o

cal ci trp9ol/ {@mkistRASY red Bk ¢i\38 Iphote &l R hdmBRGLABNILR. vitahén DAWRIpouamge of
the total dose is equivalent to about 0.025, 0.05, 0.1, 0.2, 0.5, 1, or

21..tg of catcasceitangdzsy tgseddediaitighart using eamERlionabAPBEE detrmainationatepts gh
range of t h?o;ﬁcgltc%:d vxglasr%fg!%rﬁ.tg %;Je%g%(lglg %g{%@o@\}e%?étﬁi[néou%hzgcg Qhe plaQtCI)Culz?ro’ 25, 10,

5 2, or 1 ro
compositions formulated, the mode of application, the particular site of administration
and the like.
30 The language “topically administering” includes delivering one or more doses of

the vitamin D compound to the skin of the individual in an amount effective to treat or

prevent alopecia.
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WO 2011/ 019617PCT/ US2010/ 044765 In still another aspect, the

i nvention provides nethods of preventing or treating alopecia in an

i ndi vi duawvolwittapiical | y adm nistering to the individual paTalsarmmeses i cal
conposition conprising a therapeutically effective amount of a vitamn D
conpound, wherein said vitam n D conpound, when topically adm nistered to
t he indivi dual aflhaskinsorthineatanyepenalced el andrstrof turdslindaipe whri&® [t g/ i,

does not cause toxi.city after at |east about 25 consecutive days. of drug
Qi ni St r at PBROEH Fns oo R o1 e e B OO RO Rt OE Ty B ¢ or -t

| east about efyifARRAE Welpfe @AM Hn@ln HE BERAPNIY RhpahahRE. gaﬁ’fé%i%%@éﬂ%ohp?(i c side
effects caused by the adm nistration of a vitam n D conpound, may include,
for exanpl einfhypeioodlae teeenvishiroenthas! Myyipg ansctivagbledi fiy itDanersgxta; bone

pain, tifedness, -yom.ting. diahhreg constipation, polyurea, pruritus,

Penal fallure, aTNeCamMrEtyaCRE f e utnierpasr P itontists  cast s,
azoteri or matapidainic it ehdkr Bt 8Mkin. Its thickfless ¥Re IO RN Ses df REInVilE ami n
D conmpound is fornmulated to be delivered to/accunul ated in hunman epiderm s,
especi al | y &pheléripaest of theggelidsaut bt (e andghe thickestmpnyfhe palms ndsalss pal | y

avoi di ng deljvery. lat i ' .M - f J ' art
woul d readi %ff/%ge} 'Sa%fyé aﬁ}g&g}é&tﬁgb{n%%ﬁ%b’? %éeag(rir%ﬁ{r’%ﬁ((ﬁﬁalﬁgve\%ay gljr%‘l J#agngg%r%geﬂ nd, or
| ack t her eottratdel spitesed, dtohas gramilcat@dstiaturh hieidder @pdodadd comé fien@pinder m s
using Exanple 1. The | anguage "vitam n D conpound” includes conpounds of
Formul al?:  SEUPOPIMesH-wherein a and b are each independently a single or
doubl e bond,; 1+Sm- i : : i 3 n or a
hydr oxyl substitg?ggﬁgﬁﬁv%kaﬁgﬂﬁgbﬁghglﬁfﬁgfgﬁﬁgﬁﬁggsHgme%pﬁénﬂ%%ﬁ?gg

hydr ogen, hyadponsyble faldooxtyt]y tenewimklepldesndlycellor Tlab kayer coptinojual éne row of

bstituted 25with one to three h . hydr oxyl -\R R
oi ot i 08 RIMIECHPHRBGSHOTEN TRy EL Tt ¢ e Vel e aF RYIeelat Koyl or

al kenyl, optimfiaitaie SdRasV tHiRInd R ePRdBL hb hRCRHP88Rss NYHE 8%¥t hal€yano
or -NR R" noieties; WD 2011/019617PCT/ US2010/ 044765 R3 i s absent

when b 13 astdpibthe boemdnysr amRBdivilehgrbategbnto riplamislx the bapal dyiey| Celby thigmard R1

together wt he carbon_at t i t are,attached .ma e lipked to
form 57 neiberborbRrgBToR P, (Rt MR 5o o8 Sl ReME Coltanat R, 1P

absent whenpblyksnad UPHIN 18ydrOMe colldyish aggnthebiat RgaAn OThoyelrsax e sagim b is S5a
single bond ;granulosum, or granular layer, have lost their nuclei and are characterized by dark
clumps of cytoplasmic material. There is a lot of activity in this layer as keratin proteins
20  and water-proofing lipids are being produced and organized. The stratum lucidum layer
is only present in thick skin where it helps reduce friction and shear forces between the
stratum corneum and stratum granulosum. The cells in the stratum corneum layer are
known as corneocytes. These cells have flattened out and are composed mainly of
keratin protein which provides strength to the layer but also allows the absorption of
25  water. The structure of the stratum corneum layer looks simple, but this layer is
responsible for maintaining the integrity and hydration of the skin - a very important
function.
The dermis also varies in thickness depending on the location of the skin. It is
about .3 mm on the eyelid and about 3.0 mm on the back. The dermis is composed of
30  three types of tissue that are present throughout - not in layers: collagen, elastic tissue,
and reticular fibers. The two layers of the dermis are the papillary and reticular layers.
The upper, papillary layer, contains a thin arrangement of collagen fibers. The lower,

reticular layer, is thicker and made of thick collagen fibers that are arranged parallel to
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R5 is absent when a is a double bond or R5 is hydrogen, hal ogen or hydroxyl
when a is a single bond, R6 is al kyl, al kenyl, alkynyl, cycloalkyl,
het er ocycWwoeyi1jo1edikyl - 0- al kyl , al kyl CO2- al kyl opti onal | pCTaisgtioowt7esl wit h
one to five, hydroxyl, oxo, hal ogen, alkoxyl, aryl, 10heteroaryl, cyano,
nitro or -NR R' noieties; R7 is alkyl optionally substituted with one
to t hree hytheoxythge d)fahogién Taé klelxryii; goraaiyh mahgsm@éilzyd cellsyaad etructites oF ar
-NR R' noieties R' are each, inde ent |y, hydrogen,
yr oyl -t ORI DIGyis5ed A R cou A Ral i Bt JGrrg delist B0 e s
thereof. 15k SQIR (BNPALE VBB erBdiof FiliMNcRXMho atfRéhds So BYArBORE. 4 BMEBBOXY'
a is a double bond, R5'is absent, Xis -CH2, b is a double bond, &3

are absent, Of?@elhglrefbllklyle E) C@ntalrrﬁeﬁttm c§lls Catn@blR?if jegr stlhg dahegayl epl@rrms

Subst €Ut o0ty WIRYORF L 8, Bl Do AR’ BBy AES St o
- (CH2) 3COH( %ﬂ?—émc&fpo@hﬁ@@%ntl Saflds, are Q‘dﬁ@h@(\)@ﬂﬁh%l%) Zhis lgﬁ& Alseertain

enbodi nents, the vitamn D conpound is represented by Formula (11): R6a R7a
R8a Réa Rapntaingeqige snyvaoelandsnartahey e nat assesizied withhawselbirles-bond:

Ria is hydr N r I h one
T e o S Dby tloftr o s AR GNEL LSRG SR
2011/ 019617P&Eél@Sﬁ@ﬂﬂfv@ﬂMﬁBld?Bﬂsh&pbﬂdﬂ@g&m reqatiomofltempdraturd ofl thy kkisi | yl |
or al kyI al koxyl r al kenyl, optionally substituted with one to three

hal ogen!0 hy #dkind tﬁ‘é}?&% ‘Be siggroipaisipicat piss: thigyahot: dhorbedv e TR BRTOUKen
is a double P@&F or are each independently hydrogen, hydroxyl, hal ogen,

al koxyl or g Kyl optionally substituted with one to three 5 hydroxyl or

hal ogen noi et i es Ashedingly, 85 asesiihdsgdiﬂ, ‘fepiddrmis” includes alRBlve oRktsb],ayRSeﬁwhﬂﬁa R7a

and RBa are each nd ent o) hydr ax hal.ogen, oxyl or
Kyl opt1 oRERTH-LBEERE HEamsierAonEgGes AREETHy Hbsg ot Seh
noi eties, OkpiaByndl \¥hcAbn BEBEIREAI Bk R tHABMoBeerhtb MR dplderhanMeds @:of,
menber ed car%oc clic ring, and phar maceut i cafgl y accept abI e salts thereof.

10l n an1énb6dh¢rémsternhellsc@ﬁmpma@tqr@pﬂéséent ed by Formula (I1), wher ein

R a, R3a and R4a are eacg
conmpound i s represen %% Oc{]%ents V](t"lnflnDV\ﬁmP 8‘imr§1t ls(%Ope“ﬁ)arl sdcefj:r%Wmctl tosélmn e

bond. accumulated in the epidermis while substantially avoiding delivery and/or accumulation
in the dermis. As used herein, the language “substantially avoiding dermis delivery
and/or accumulation” includes no more than about 20%, about 15%, about 10%, about
20 5% or about 0% delivery to/accumulation of the vitamin D compound in the dermis. In
a preferred embodiment, there is no detectable delivery/accumulation of the vitamin D
compound to the dermis.
In certain embodiments, the vitamin D compounds of the invention is
administered to the individual over a period of about 1 day, about 2 days, about 3 days,
25  about 4 days, about 5 days, about 6 days, about 7 days, about 8§ days, about 9 days, about
10 days, about 11 days, about 12 days, about 13 days, about 2 weeks, about 3 weeks,
about 4 weeks, about 6 weeks, 8 about weeks, about 3 months, about 4 months, about 5
months, about 6 months, about 7 months, about 8 months, about 9 months, about 10
months, about 11 months or about a year. In some embodiments, the vitamin D
30  compounds of the invention may be administered every day during the treatment period,
on alternative days, or once every three days.
In certain embodiments, the vitamin D compounds of the invention are

administered once daily, twice daily, or three times daily in each treatment day.
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In yet anot her enbodi ment, the conpound is represented by Fornula (I11), 15
wherein R6a and R8a are both nethyl. I n one enbodi nent, the conpound
is represwoted/dygeiFormula (11), wherein Ria is hydrogenPCT/US2010l0m78h10t her
enbodi ment, the conmpound is represented by Forrmula (I1), wherein Ra is
hydr oxyl . 20l n anot her enbodi nent, the conmpound is represented by Formul a
(11), wherein R7& ¢gtanyeinbodiinents, each almingetatianof therviwmo B cveroundshef the
conmpound i s.represent ed ormula (J1), wherein.R5a is hydroxyl .

' one enbodl Bl SRPRI T GeRC A0 1§ SEAHGUEH CBr SFYRPSROT ¢ i s a

si ngl e 25bofyhiyik3a, Wil apfifled roldkfferent locations, the dodés Bt-cadithciiagh Rheveaeh
hydr ogen, R6a and R7a are each al kyl (e.g., nethyl) and R8a is hydrogen or

hydroxyl . same, or he adjosthe bassdtvodictentsuctRisskinsthiskdevged difRrendes ihgidegogen or
hydr oxyI5 C iﬁetraﬁdotlplr?)bond, R3a and R4a are absent, R3b and R4b are

hydr ogen;, RBSGSMAT y'f1 %e.g., met hyl ), R6a and R7a are each al kyl (e.g.,

met hyl ) and R8a iscdiadt @gBsii@entye 9xdhin I3Qbiponelsemaednv@ition i fopicdilyami n D
conmpound is selected fromthe follow ng structures, or stereoisoners or

phar maceut i edminystered épthaseadp suice dailheaca gy fonioxorsecot oW sae PHoSEOhe/ 044765

In certain I I ] . 1S - Chi y\i tam n D3;
51, 25- i hydtaug peransob ot A B R Bt ML AR e
chol ecal ci f €1Althatin@xyhyedtoxpovi coatmancedentl o cRémothbygdy.oxyvi tamin D3, or MC
903. I n other enbodi.nents, the vitamin D conpound i s . not

1, 25- di W dr oxyvi taRIAMDEIAIYId9E. iRqhyss diare temanethohay diccabliedasuisrdram ;

1, 25-di hydr 2 k6- - i .al -1 a- i - :

o 24~ i hydr SIS s RSP EREn G i S PR S P s does

met abol i t es pricetesviaideyies, sabbiftercattienhasesogoars, sherpnpis,complovsnds | ncl ude, for

exanpl e, 1,25-di.hydroxyvitamn D3 .(al sa known as .calcitriol), .

1, 25- di hydr _8@9%@%%@3}%@%8@@%@%??rmmpleaﬁwnmaﬂwsmm’%ﬂ%a| ogs,
honol ogs, MhEhdbs, GFRthuERls] MBhlkeet@f InWet aRdtRerRniRURAHII ShSMaRnAS isthose
described in the follow ng paténts, each of which is incorporated by
referent® i huinpg entirety: U S. Pat. 15Nos. 4,391,802 (la-hydroxyvitamn D

derivatives); 4,717,721 (| a-hydr.ox erivatives with 17 side chain
greater 1 n 1 engt A iimacphemlraBy b Bl & Bodleolilfnl)"

4,851, 401 ( ey@h@paappieatich@mhdnPembadia@s), thedind88d0# Basand yBt, de4Blopdb
(vitam n D3 anal ogues with al kynyl, al kenyl, and al kanyl si de chains);
5, 120, 722 ( SYPRPEPOK ploRPER PRSI ajopesiadiay nofprpnymenged pLiHE|adBrpisgtiong In

ds): 5. 4 | Jbst it vitann D: 5,411, 949
(23 oxa dbr onf PeCSRoLBER GEHRGSLU L Rk AR Bl id) T 4 857, 518

(hydrox20 at ed 24Ihamoheriatgedet, shddndedtionglrovidss) metbdrest Benendbg or gxaingl es
i ncl ude TROL. (Roc eé)ql;‘aborat ories); . CALCI JEX inject al?l e calcitriol;
i nvesti gat i BIRRFCIYHLYSIFPEHAL BY IOPHAHN AH@IHRIF AP 10 e ide A rhaigageu

2011/ 019617 E&Eﬁ&%@n%ﬁ?&sa therapeutically effective amount of a vitamin D compound for

preventing or treating alopecia in said individual, without substantially interfering with
or reducing the efficacy of a co-administered chemotherapeutic agent.

25 In some embodiments, the methods and pharmaceutical compositions of the
invention do not substantially reduce the efficacy of chemotherapy, especially systemic
chemotherapy. In other embodiments, the methods and pharmaceutical compositions of
the invention enhances the efficacy of chemotherapy. The language “without interfering
with the efficacy of a co-administered chemotherapeutic agent” includes the situation

30  where the vitamin D compound, when administered with one or more chemotherapeutic
agents, does not interrupt the biological or therapeutic activity of the one or more
chemotherapeutic agents or prevent the one or more chemotherapeutic agents from

performing its desired biological or therapeutic activity. The language “without
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(24a, 26a, 27a, tri hono- 22, 24-di ene-1 a, 25- (OH) 2- D3, KH 1060

(20- epi - 22- oxa24a, 26a, 27a-tri honol a, 25-(0H) 2-D3), MC 1288

(1, 25- (OHy@-220/08pi17D3) and MC 903 (cal cipotriol, PCT/US2010/044765

| a, 24s( OH) 2- 22- ene- 26, 27- dehydr o- D3) ; Roche Phannaceutical drugs that
i ncl ude 1, 25-(OH) 2-16-ene-D3, 1, 25-(0OH) 2-16-ene-23-yne-D3, and

25- ( OH) 2- 16+@ineingSixSef{inasyRd;a c@lfadgramstewqmwhelrmhec Q@nﬁMaclaltics thei ol

22-oxa-1la, 2 m.t he . Uni.ver of Illinois; and
o o Bt g B LR e Bpo LD BB FIeR g TSIl bite 2K

161422 ( 20- pRdditierk e%r%rc(a%kﬁtg cQ@Q n@tr&écégse]{ﬁg B é_cﬁza@br therapeutlc act1V1ty of the
nmet hy1l- 23-ene- 1, 25- % ; 2; , D4]
25-(C}D-E2;OQSOKMEWiQBdeWdﬂQEUQ@¥m$D4 Addltlonal exanples i ncl ude

| a, 25- 2- 26, 2 25- 2-22-
12 25- (O 2. oo~ 1R Fniey 9t Byt Uk SR ar hRah R g,
la, 24, 25- ( Owifh-a B? chérﬁotﬁl cﬁﬁ-z@@&, orkoabGdior bf Ehhiotd@afeti} agént&Bat have a

| a, 24- (OH) 2-D4; [a, 24- (OH) 2-D3; | a, 24- (OH) 2-D2; | a, 24- ( OH) 2- 25- FD4;
| a, 24- ( OH) 2cPstoxpRetieraom dhe(haptolliph: qrgprmal papBla( ey ptheevisg campblext indysings:

2, 255, 26. ( G5 T arangfte SRstalbip g hnfle o 308 oy p.
2255 26 (92 D30 LA, ?4%?6‘83)‘%]33%““&@“5' o GE 3 2b. 27" Fo- 23- yne- 08
la, 25R- {OH) bauwbislPlr&‘acwsldzglb(lm‘éalﬁém%a S8 (G 2ies. lsheisdiy ne. 08,
la, 24R, 25- (%lﬁa@(T&%l)ég?l(b%ﬁ Z@toégs E@C%%ng ggg)ﬁho%)hamlde Cisplatin,

la, 25R- (OH) 2- 22- ene-
la, 25R- ( OH) ExIpBridG T26¢ 20 biﬁf;lmlz@tpﬁﬁ@é(n@ﬂ)aﬁm%staﬁro@@rﬁﬁyd]&nsam Tmatinib

| a, 25R- 6 6-d3 addi.t e a es can be found in
Us pat %@G%%V%Eﬁfgg@zb 25 dtatenify DapBai g A S R aRed by
ref erence gﬂmm a1§&ﬁmﬁlezqfos@arﬂlde bRecPny P@tmetﬁ@@exa@ 5&%&931 (TAx 48,812,

441, 207, 410,523, 6, 399, 797, 6, 392 071, 6, 376, 480, 6, 372, 926,
, 372, 7351, 6/ 1@@91n@5‘21noe:11329 135)¢tec@1 sﬁzesasors«e C}Q@ra@nallﬁnszman eleasalzm,g

103, 700, &GHBEFoR IR, dri bl G GiRONDy
, 017,907, ®4i@dBardbhe, Mit8%4cid 2 Pr&:aQJa@m%BéM@czgﬂé’pLﬂﬁlz Siep@46t0dih0,

' 939 406, 5.936. 105, 5. 935 565 5 929 056. 5 919 986, 5 905 074
' 883 271, FligpbinegRaltiigwate {Bunudsxg £apeaignbing, gaczequpailents Garpofo7

, 840, 938, 5, 830 767,111,
756,733, 5. 7167 baine EnEfmid: mehgodimey Biyem{heribherhy o7

, 637, 72@, 5, 612 TB2mettmdS88d Alfdkmabeuti8hl, BadhosHiob83f the oyvebti@OEprefBLhly does

, 565, 442, 5,554,599, 5, c245 633,. 5,532, 228, 5,508, 39%1 5, 508, 274,

478, 955, BOumpstaqtiallygeduee tapoificacy of gheraathespycepeadly sysguc 940,

, 384,313, M0 20415 0 1861TRET/ hSRERUO4AT B Ratoutid,bbositiBRs She T €

di scl osures of each of whi ch’ are I ncorporated by reference herein. 10Yet
ot her conpoundstievhérdlanermyhdefioadyl afzbempthetapge vitamin D m nmics such as

oubl ot i on 2005155 e pRE Fhpmhew i croat Qs S GE AL TGRT Ry el 4 ascd
lnCOprQﬁteQmm%n&%Bﬁﬁ&ﬁQﬁmﬁﬁkﬁbﬂbmﬁ%ﬂhlH@H@kx&%ﬁﬁﬁﬁ6&m@hmﬂﬂﬁn&ﬁ§05terOlda
vitamin D mi m c conpounds suitable for the present invention can be found

in US. Pat. Nosln@nggamh@Bmests the vitasin @ 5emegendis po-agmimgerrdsyithea 288, 249;
6, 184, 422, the. .en ures of
each of whic mggggg%%%gpgggt§%§$H%H%¥ereﬁhgn%§?gﬁﬁNu %hlﬁﬂgm% eu?%able

vitam n D3 agalrogsludeeidiiaisthesn ofe A imieD icvapbiieBatwhbgintiagy theesatiei tlhe ed

i nclude those identified in U S Patent @jlpation Publ i cati on No.
2006/ 01773733 therBeaphpiageyicsageis Jios extmplai B vitamimle sppepatdeaanye ¢&f er ence

herein. 320Thgy| ﬁﬁ&‘é%%th e E%&h@aﬁéﬁgk ?g nnt‘ e IVngFﬁl 1% %gﬁgg@ﬁ?dmégﬁé are

simlar to vitamn in structure ction t he
vitam n D andhmogstérsd éirstj dndriimmeditalp ddlogyodenygthe adamﬁmsrtmnumdf theat is simlar

to vitamin D3 in structure and function). The | angu "vi.tam
met abol i t e" Ch%?thﬁége%ﬁgﬁuﬁaéhet%ﬁfma}e ARS8 B8 adminisicred firs. ana

immediately followed by the administration of the vitamin D compound.

- T UTaUIgno o oo,
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and the products involved in the nmetabolismof vitamn D. In one

enbodi nent, the 25vitamn D netabolite is a vitamn D3 netabolite (e.g., a
conpound wbabviwvedan i nt er nedi ate or product invol ved i nPChaSaemAgbS sm of
vitam n D3). The | anguage "vitam n D derivative" includes conpound
that can arise froma parent conpound (e.g., vitamn D) by replacenent of
one atom wi t h andt frene ethenenorodgmentp, thé visdromd) cémpaune ie pthodhisiend to thhe

vitamn D derjvative is vitam n derivative 30 (e.qg., .compound t hat
U s | Felig Rk R BA P Bhfe Sone a? ompon e i ot BEr TR e or
group of at _@fﬁ_%))dim-@ﬂ%, {h%R&Hﬁﬁ?D"c\bh{p%HM‘istﬁiiﬁ‘iist‘éFedi iehidesicameyngs that can

chemcally imtate vitamn D in a biological process. In one enbodi nent,
t he vitam nconmiengamdns ohchepdtixgapy, 0198 17 PCTHeYSAOQKERNATES aldpeeird W OB ni ¢

(e.g., a.co und t hat ca hem cal imtate vitamp D3 .in a hiological
b ocessyd - TRBBAG e SRV EOATEBpt T} b8l Sonkts PP DR FodeiPe ol s
or irradi at edpy&ashs ndtlcamhfenadty. aRt MBAMBOD L6@PoGNIAY Be Adthinididred toxhet i ve

vitam n D precursors, 7- 5dehydrochol esterol or ergosterol.
7- Dehydr ochéidegtel sitheroprior & digmasharspy. eksencarantowi be chono@eRey by sunl i ght

i itamin D3, ‘ " : , ‘
o Vitant n DO, ISORNELe: MMARSGCIGRRERG, Shol ¥ TRAY il LraviaLR:
met abol i t es vitMhindricompPBuridsneeegsulrdradfficien? Se pydenxyraleat flopdcid fneanol by |i ver

enzynes. Then in the ;iﬁgne s two conpounds 1, 25-di hydyoxychol ecal ci f er ol

. y Y,
and 24, 3% 1WA T 8K FHABINECHIUNT ENOr A PeRGAOR SUThECHS Btk SiEr 88t i ve
et abol |t es JRIAY oPfhe sIRRL! @l fliSithdls (R GROGE Rbinfy Qi GARELHUAJIPBL L he
intestinal tract, one depOSI ¥I on and bone reabsor pti on. The vitamn
D conpounds ablf t¢ ktedy theexfiviemensdrad dactens taad make throdetdyindhatigh cedardiog thei t i es,

such as the gbility to vent apoptosis in. keratinocytes, partly via their
abi 1ty 15t §EeamouBlel Peyiiat farpar Y e g sPeBre8iotng i n. for
exanmpl e, normal Keg athARCY 8BS pb@rdd-of tHdEKIntioh MedyeieQbFicallyladifinfs®réd to an
enbodi nents, the vitam n D conpounds of the invention may exhibit a simlar

or i dent$ caindyadeal iegeddadheront gractosigs vaduraheqyvalenite aboua fidmtngot neeaf citri ol
in, for exanple. norxmal keratinocyte e.g., .HEKa d herein,

"equi val ent rggalﬁ%fﬁ%l{qm rﬁ?zfﬁ%el% e?ﬁg&élaeﬁgs’ nﬁlr%[}gee{sngtﬁorll% Oidf%s‘fgfl'ﬁeg% O\(T/?i tamn D
conpounds hayeitselsi’ant dbdlut §.1143€0.5 aEwf olci®@laim’bi ol ogi cal or therapeutic
activity in substantially the sane nolar anount. However, when different
vitam n D conpour8s laagragsoidosags sokmg eauivalent & eaeiodr insldas thahapewit 8§ cal
or therapeut IRV nequl. nt_. Yo es...t hat
arount oo rAEY cpptand 66 1R BRA G bR AT b B HARAVIR
anount 26 bhothedidagicarantlfoe Hapeietiic aa/ty\uk 002 peepatcddttia/ca’r ef er ence
vitam n D conpoun e.g., calcitriol). . . The |anguage "gene regul ation
profile" incl udegﬂF ﬁ?@gp?&et egf'Pc N Ciaaathiesia d@ﬂ@@@%ﬁhﬁfﬁ%ﬁ@ﬂ%@%ﬁé@? &%mly

si gni fi cant ycdnd@ind iPa opfl DrmRHsh L% AReGary SRuffRied WPl &AW 8Lad) when
conparing to appropriate controls. For exanple,” upon contacting a cell with

a vitam n Dabpepoungh indrviduapr b-atethi@rambyddnges,itodcakcentiaton O thg. vitagdn Bour s) |
a target cell 30 nmay displ a spectrum of igo o) of ei

oxpr easi on PRIV AP PRRgon (30000 Bt gdh et aay 1onbaPet g mock
/- vehi che-t ne@tientocepts®)ig/mihe 1ist of genes nodul ated (e.g., up- or
down-regul ated) at the tine of detection constitutes a snapshot of the gene

expressi on profi lecefain ¢rabedimentss the prdal dopeel the yitamirelRtcomppymd is equivalent

2011/ 019617 U /04476 o e | anguage simlar regul ation
orofi Le" 1 nid DSSEOLRS 00 el FuR i Pl AR Lh b oS0Re s "o0% o
more of therdngta abouter100fud dErcgritrigeTEBe BodBNvEight; ebditbi4 25 upst antial ly the
sane direction of %ene expression (e. P , _both up-regul ated or )

calcitriol/75 kg body weight; or about T, 2, 3, 5, or 10 pg of calcitriol/75 kg body weight.

30  In certain embodiments, the lower range of the total dose is equivalent to about 0.025,
0.05,0.1,0.2, 0.5, 1, or 2 ng of calcitriol/75 kg body weight. In certain embodiments,
the high range of the total dose is equivalent to about 400, 200, 100, 50, 25, 10, 5, 2, or 1

ng of calcitriol/75 kg body weight.
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bot h down-regul ated, although the magnitude or extent of up- or
down-regul ation in 5each gene may differ). The | anguage "identica
gene reguweatnamipslefi | e” includes the situati on where nearius2@blos47as get
genes exam ned exhibit the sanme direction of gene expression (e.g., both
up-regul ated or both down-regul ated, although the magnitude or extent of
up- or down-r egullmstilbaother asght, geneveraipngirdfides)methOd sofgmeveatibg di mering a
vitam n D cojrpound of. the igventiOﬂrpronDtes t he. expr essi on, of one.oLDnDre
ga H@' unt

e
target gened “RATRE TXPFRALRLRY (Rl y (M HFRDHRS BN diiad dehganasnttic
of a referepg@pydiiGHdingis ERgedifally effé@veiahidufll of a Yithnh TeEcBFRR! MENt S,
the vitam n D conpound of the inventioh inhibits the expression of one or
nore genes whewe sipriéaindn compednsl, when tapidaby ndaimsterzd tethgiivdivisiuel Aappunt  of

a referepnce lbyitanm n conpoun e lcitriaol). ... lp certain
abod et s et AR T EoRpdanaPegt 0 Herieht hreineyonstvr B atind
expressi on @boydngicehdRsutive Ak BRiruk HAIAiNeLhESs: (2 hisout 20Q ﬁg@ﬁ,‘d@@ﬂndtat e
expression of proteins” includes the up-regulation and the down-regul ati on
of pr ot ei nsciyse HOneHY affes phlepi gbgute/sconpesus verays b Gei cnasiisistratien. vi t ani n D
conpound nodul at : i . | . E%WA . r DNAJC6
MRNA. For exanpl g,gss?@gg%g%gé%fg%ﬁgn%ﬁfgb){_@g%\a/ﬁlg%ﬁﬁw CSWBEE‘E up-regul at es
t he expr esstcompoindHibRA2ncdudeliBir4x ampla, hgretd/atverdaowhictelasl gingsorhhidckedpigessi on
of HSPB1 or DNAJC6 nmRNA in normal keratinocytes (e.g., HEKa). In certain
enbodi meht s 0FCYRL R, EEHBSINtC B INg i K Gonoidi BPRLES. PHEtpsrenal

expr essi on @it G riddic KPR A, BreBletted? rifphi kA6t REOBToR nidacfiffe T8l
keratinocytes. I'n sone enbodi nents, e vitam ne D conpound may up-regul ate
t he expresscdnifiohti@.C 1A1, KCNB2, or KCNN4 protein, and/or down-regul ate

t he expression of SLC1A3 protein in normal keratj.nacytes (e.g., . HEK3). In
cortanh enbodr moft SPEADPERERS he SBUHA B PoR f vEHIREh A T at ed 30
one or mor e @iRtfiul$ed i hidthpRieimRNEpdabiepddedmiff the X@MPbeneck Re A6

enbodi ment, the vitam n D conpound may up-Tegul ate the expression of one or

nmore pr & ei mdile gubRednitiellgavaiding dglivdrg sfaccabwiation-if ledlermisd (e dchull-indlgul at e
t he expression of . one.o r roteins in Tapble 3-2 by at |east, about

2 rord i o S SHLe BB Bl TsabhelBPoidnd faupi T pomB iR, BORH

2011/ 019617 Biekd dSR0ILEVeQ 4ddE&mulated inl the @€&idiahit/eniBe dpideimiis usidg Fixh@apien . D
conpound of the invention may induce over-expression of one or nore
proteins in any dhciagpegs “yitamimDgomponndyyingugdes coptpopngrfutorpuladyyr
exposure of normal keratinocytes (e.g., HEKa) to the vitam n D conpound. In
certain enbodi nents, a vitam n D conpound of Rhe invention may induce
5over-expression in normal keratinocytes [e/g., HEKa) of one or nore of:
GST, Keratin 1, Keratin 17, Galectin G@ A9 (Cal protectin), or S100
Al3. As used herein, the term"a i ncludes fully saturated
branched or unbranched (e.g., straig@t chain or |inear) hydrocarbon noiety,
conprising 1 to 20 carbon atons, foffxanple,1 to 7 carbon atons, on to 4
carbon atons. Representative exanpl @& |bR°3/ kyl 10 nvieties include nethyl,
ethyl, n-propyl, iso-propyl, n-butyl G- butyl, iso-butyl, tertbutyl,
n-pentyl, isopentyl, neopentyl, n-h 3- met hyl hexyl , 2, 2-di met hyl pentyl,
2,3- di methyl pentyl, n-heptyl. R’ Rfver, fhe term"al kyl" includes
bot h "ug@ubsé%tuted al kyl s" and "substituted al kyls." Representative
exanpl es’ of YSi6i5&t i t uents for al kyl noieties are hydroxy, 15hal ogen, cyano,
nitro, cycloal kyhap@bk@ncn il?deEé(rméhtly alskQxYor RukRMEhE@XY, al kynyl oxy,

hal ogen or am no (including al kyl anino, di-alkylamno, arylam no,

di -aryl am no). Xis-CHs whsed ihedeihic bere or ¥risrchydibkoxer"a hysedxyd egbstititsd - O |,
wherein al k 1 Lshdefined qehei, above. Representative exanpl es of al koxy
moi eties i nEIYHEMChTES BYREREP i nited to, nmethoxy, ethoxy, propoxy,

2- propoxy, but oxR,' id Bfdiodeut Bydtox R EAkyyPXHi-allE XM Y1006 a1k y2 o peis G418 RYY - ,
cycl ohexyl oxy- and the |Iike. In sone enbodi nents, the al koxy groups have
about 127 catithoms to theee kategepl bydroxyl caiapo as-NRike’ meietiesal koxy i ncl udes
substituted

R? is hydrogen, hydroxyl, -O-trialkyl silyl, or alkyl, alkoxyl or alkenyl,

optionally substituted with one to three halogen, hydroxyl, cyano or -NR’R” moieties;
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al koxy. Exanpl es of substituted al koxy groups include hal ogenated al koxy
groups. Exanpl es of hal ogen substituted al koxy groups are fl uoronethoxy,
difIuoronﬁohomynmﬂnifluoronethoxy, chloronethoxy, di chl ecorastéony476and
trichloromethoxy. 25The term "al koxyal kyl " includes al kyl groups, as
defined above, in which the alkyl group is substituted with al koxy.

Mor eover, the teRmis @iskawanibyilsa dlonblbllnde@ obBt Iy Hydrgabstyidtaxtyédr dkk]omyﬁf kyl "

and ' substltu d al resent ve exa s . of ts for
a1 Koxyal kyl oifbelqB R Hih Hecartslh farms cr e Brovidt Wt ich ety S kbibGgen

cyano, nitreg.,7 @bk¥éred eXGLORIK ¥ing vHMY b sindle/bbHd; al koxy, al kenyl OXY:

al kynyl oxy, halo%ﬁn 30or a@m no (including al kyl am no, di-alkylam no,

aryl ani no, amhedt. whene is edenblg beadpihydiagen uéageh oahgdredylovhen b is
unbr anchgd h¥ gq9r ons having at | east one carbon-carbon doubl e bond.
Repr esen at 'VE'ES les of al kenyl noieties include, but are not Iimted
to, vinyl, prop-REieabnt villdnylis alagtigeybad blspbfsq@afbxglen QHalogé®or hydroxyl
2011/ 019617PCT/ US2010/ 044765 |sobutenyl Moreover, the term"a kenyl

i ncl udes boten aasypsgietbendd al kenyl s” and substi tuted al kenyls.

Representat i ve e?@’f&’%ﬁgf OLerEH ﬁﬁ%%né‘é‘,ﬁc%%a&ﬁf h ﬁ%&é‘ﬁcyglo%( 1'(?%11334‘ 1{&-;’ | but

are not limted
al kenyl , akmlalkﬁlobﬁdmllya;hkﬂnmk@wnh aak ky fiyé,axdroxlgaloag dml(ﬁg’enaﬂkml aryl,

(|nclud|ng ﬁlkyl am no, di- 5a|kﬁ%an1no, arylam no, di-arylamno). The term
"al kynylY i REPpded BRa%dhEl bR RoradEHEH hydr ocar bons haV|ng at | east one
A Do Cal bon L L RPLCaRAMioFRR/ @AM UG GEATRLESHAfo A IYlen LSS

i ncl ude, but are notaF?ggfggﬁB; yny pr op- o propa %utynyl

i sopr opynyl ao, heswbaryly nydno, mmpamvHRJTfmeuﬁesnmdalkynyl |ncludes both

"unsubstituted alkyn and, 10" sub t|tu al k res ative
exanpl es of subsbl¥ﬂ¥gn€§ ?ﬁ?’ﬁ?%?ﬁ%? #3&9 %H%Pﬁﬂehd ﬁﬁﬁfﬂbt limted
to, hydroxya1kb§1§1ogﬁﬂpha@ma¢rwucm¢arc@ept%wéus teeboal kyl, al kenyl, akynyl,

al koxy, al kenyloxy, al kynyl oxy, hal ogen or am no (|nclud|ng aIkyI am no,

di al ky! & no, aryn mm@nb@ilmantwl&ms medirox ms RO seleydiegeaion hydivayk eina double
cycloalkyl sudes sa s t nocycl i c 6b| l.ic or
tricyclic hyandt;c(ﬂar1 %bnserétr (B)dljﬁgéﬁf b3 S c@r %on g?anérﬂlfa(rﬁ beSQIéthpl ?%ﬁé Sor 3-7

carbon at onmettXgaid R }s AN OEYS hls@bslﬁyldé@ﬁﬁiﬂ@eﬂst@mtw@&yl wd;td@plef ar exanpl e,
cycl opent enyl, cycl ohexyl and

| | | obuty cl .
SSAUEARI A I A A §cwiwa1@e AF b Sl SR ude o K eyt e

bornyl, indy Lo ydr onapht hyl ,
blcyclo[2 1. q?ﬁg%iﬁmxﬂﬁgﬁggg%g ?% n%?h g@ﬁﬂkﬂ% cygﬁﬁﬁg 2. 1]hepteny|
6, 6- d|n@@hylblcyhioﬂﬁmﬂmﬁbMﬁp&yk1handmﬂnﬁDﬁeﬁ¢bmmimyﬁhe@yeﬂm&gbhnﬁkhﬁptyI
bi cycl o[ 2. 2. 2] octyl. An exanple of a trlcycllc hgdrocarbon group includes,
for exanpl e, adamantyl . The term' cycIRka% |ncludes bot h
"unsubstituted cycl oal kyl" and substltutq@acyr aIk Representati ve
exanpl es of substitutents for cycl oal kyl
limted to, hydroxy, halogen, cyano, nitréo,
akynyl, al koxy, al kenyl oxy, al kynyl ox AW
am no, dial kyl am no, arylam no, di-3 0) . The term"aryl"
i ncl udes nonocyclic or bicyclic arongtit _Jydrocarbon groups having 6-20
carbon atons in the ring portion. Rep|eﬁentat|ve exanpl es of aryl noieties
30i nclude, but are not limted to, phenyl, naphthyl, anthracyl phenant hryl
or tetrahydronaphthyl. Moreover, th=|tern1aryl |ncludes both ' unsubstltuted
aryl" and "substituted aryl." RepreSegfati ve exanpl es of substitutents for
aryl noieties include, but ar 1ot i ted to, hydroxy, hal ogen, cyano,
nitro, alkyl, cycloal kyl, aIkeny@ 2Ky, WO 201111p19617PCT/ US2010/ 044765

2t es |nclude, 25but are not
dbkyR? cycl oal kyl, al kenyl,
ogem or ami no (including al kyl

wherein
c is a single or double bond;
R"™is hydrogen, tri-alkyl silyl or alkyl, optionally substituted with one to three
25  halogen, hydroxyl, cyano or -NR’R” moieties;
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al koxy, al kenyl oxy, al kynyl oxy, hal ogen or am no (including al kyl am no,
di al kyl am no, arylam no, di-arylamno). The term "heteroaryl" includes
nonocycl iwoantiiilgsacl i ¢ heteroaryl noieties, containi ng PCOMS20100447651Q
menbers selected fromcarbon atons and 1 to 5 heteroatons, 5 selected from
0, Nor S. Exanples of heteroaryl groups include, but are not limted to,
t hi enyl, furyl, ﬁ&?mmymbgaideazglyOtﬁp&ybﬂbmyhgmwhmﬁzmwyordkandhiazonI,
oxa- 2, 3-di azol. Z0 0 5-di azoly 4-.di azol yl

Chi a2, 3 o avtupty SR e M ERRs &t et R Doyt o VR K bz ol 1
3-, 4-, or 5-iSoRM A@RY hre dvent When @fis RUONAL B6M, or Fre-eabht md@ﬁen@eﬂltﬁpxazm yl,
3- or 5-1,2,4-triazolyl, 4- or 5-1,2, 3-triazolyl, tetrazolyl, 2-, 3-, or
4- 10pyri dy hyd@gero ﬂlydmpsylr h@lazfrmylkoxsl qr alkyl ODfrlorallwwaszututsd with-opy teathivesy | |
2-,4-, 0 %f ay eet'les %grx %1 R Xbe nmono-, bi-, tri-, or
pol ycycli |% pﬁg?g} V‘ Furthehs) %@Pudes groups in which a

het er oar omat icr Rﬁ‘g R'S RPUREY H%armr[eSa @fe ¢ABH, @nd¥pyhdendly CHydad depidjdréxyl OF

het er ocycl yl rings where the radical or poi nt of attachment is on the

het er oar onafpleger. ﬁB(oesyl rilipheptionadla sabsﬂtut@cﬂ Wéth ons e fhresssidranyl pehaeegpl es of
such heter Oﬂ{o\!{é i€ 4 ea]H/ ?\%o f' bauﬁe‘ ﬁnﬁLﬁSa Al bF?EﬂQJ:d t%'ffn%q at3o{ meﬂl%glleﬁl

i soi ndol yl , azo I ndo |2|n ur| ur nol'izin qU|noI|nyI
i soqui nol i nyhrbo@cm@hqngd ph[ahhzlit&hﬁdallly)ak:cepﬁﬂ@éﬁidhlwth@edfyl qui nazol i nyl ,

Shenoxalbrt - ECREELGAFABEHy SIS 6] 2 it LSOl p SUBERIAS o
SH pyri do[ 2y SL QOXREL Y 1H pyrazol of 4, 3-d] -oxazolyl
4H—|n1dazo[4 5- ] tﬁ%ﬁzd? * ?}a2|no[2 3- d] pyri dazi nyl, |n1dazo[2 1- b]

t hi azol yl, |nldaho@kﬂﬁ%bhﬂmdﬂndﬁuh¢axnmymg1§Hmbﬂﬂmw@b}FhHRMyKH)\Wﬁxmnc

benzoxazoly g benzi m dazo benzot hi azol yl , benzoxapi nyl, benzoxazi nyl,
1H pyrr ol of KPESHIP RS %%Qéblny| benzof uryl, benzot hi ophenyl,

benzotriazol yl, myéﬂah&[hzr énmcpmemdmaxebm BYAid @Ir@;ﬂrsse%te@]@yfrdrfﬂmydm

pyrroIoEB 2- c]p ridinyl, 25 yrrol of 3, 2- bfpyrldlny ,

i m dazoll% Swm]b‘myrr R&uan9R gr @I@zrm[thyl5 c] pyri di nyI pyr azol o[ 4, 3-

d] pyridi nyl, pyrazol o Y idin razol o n la;

pyr azol of 3, 4 d] %i/ ?rlle dlm%@trg e CPn‘%gl’h}fp %]r ppyrese | ny Ppollll%ﬁ/lfa ((#Il) \¥hérem R™is

i m dazo[ 1, 2hghﬁg&1dlﬂy| pyrazol o[ 1, 5-a] pyri di nyl,

pyrrolo[ 1, 2-b] pyridazinyl, imdazo[1,2-c]pyrimdin

pyri do[ 3, 2- d] pyr errmtlpﬁqembggm%[the gomwﬁpme@rqq?mted by Formula (II), wherein

pyridol 3, 4- gp b Og$nyl pyrido[ 2, 3-d] pyri m di nyl,

30pyri do[ 2, ﬂ% graz nyl, pyrido[ 3, 4-b] pyrazinyl,

pyrim dof 5, 4- d] pyr andtlehreydbodipyna zhe edrZp Emld]ipyepezemtyd by Hormula (IT), wherein

pyr|n1d0[4 5-d] pyri m di nyl . Nbreover, t he ternl"heteroaryl" i ncl udes both
unsubstltupedsﬁﬂﬁg¥ﬂaryl and "substituted heteroaryl. VO

2011/019617PCT/ Ug204Q4 0dé/ Grbohie & AR toh‘fg)o{n'lcpﬂ 1Ofre @A tedWitorm@la (et er oaryl "

group can be unsubStituted or subsfltute at one or g ring positions

Wi th substi twherisRi nchydtoxyd, for exanpl e, hal ogen, hydroxy cyano nitro,

al kyl , cycl oal ky al kenyl. Ky oyl ryl, _bet ar het e al koxy,
yel oal kol oxy. - atkeRRARYmaR Iy Budfoteit R ok PrORET PRIy & @Sitelé

Shet er ogycl yh@kR* &Y IRt P R et @ichAKMloabk R ©%yd Rﬁ%@éa‘éﬁ)éﬁdyy ab Kyl oxy,
ket ones (|nclud|ng alkylcarbonyl cycl oal kyl car bonyl , alkenylcarbonyl

al kynyl car barjyD) andRT Is lmdmﬁhl@ym@fpﬁﬂnyl het er oaryl car bonyl ,
het erocyclyl carb ancfther e%nb%dﬁne(nl laysqryiag%%l k}Q)Q{sC ﬁlf&%g néfll or hgdro'xyl cisa

cycloalkyloxycar ony onycdr on teroar carb

het er ocycl yloayie sk Ryt andaRﬂ%ﬁfeCaa;rsaQnR?b@w R‘”tmelhgall@gb@ aISerhmk;Qw g,
aryl car bonyl oxy, 1gpetergarylcarbongloxy, het er ogycl yl car bonyl oxy),
car bonat es me,thﬂl)J are each alkyl (e.g., methyl) and R™ is hydrogen or hydroxyl.

30 In one embodiment, the vitamin D compound is selected from the following

structures, or stereoisomers or pharmaceutically acceptable salts thereof:
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al koxycar bonyl oxy, aryl oxycarbonyl oxy, heteroaryl oxycarbonyl oxy),
carbamat es (i ncluding al koxycarboxyl am no, aryl oxycarbonyl am no,

al kenyl oxwyoantiemydiam no, al kynyl oxycar bonyl am no, aryl opgtarshanphns no,
am nocar bonyl oxy, al kyl am nocar bonyl oxy, di -al kyl am nocar bonyl oxy,

aryl am nocar bonyl oxy), carbanmoyl 15(i ncl udi ng al kyl am noacar bonyl ,

di - al kyl am nocar bonyl , aryl agingcarbonyl, aryl al kyl am\nocar bonyl ,

al kenyl am nocar bonyl ), am do /(i nettding al kyl car bg C
al kyl car bonyl al kyl am no nn}arbon | ami no, hete
aryl al kyl , heteroaryl al ~Ubret erocycl oal kyl, a cl udi ng al kyl am no,
di -al kyl am no, arylam noj| di-arylam no, and al kyl §ryl am no), sul f onyl

(i ncluding al kyl sul fonyly 20aryl sul fonyl, aryl al kyl suf onyl ,

het er oaryl sul f onyl, al kjoxysul fonyl aryloxysulfohyl het er oar yl oxysul fonyl ,
cycl oal kyl sul fonyl , het erfocycl yl sul fonyl), sul 7yl , sul f onam do,
phosphat e, phosphonat&, ghosphi nat o, thi oether dcl udi ng al kyl t hi o,

aryl thio, heteroarvpthio), urei do, inino, aRfdino, t hi ocar boxyl (i ncl udi ng
al kyl t hi ocar bonyl, arylthiocarbonyl), sulfinyl (includjng alkylsulfinyl,

@i no) ,

arylsul finyl), 25 carboxyl, ersi-meach of the aforg -oned hydrocar bon
groups nmay be optionall S\ i th one or (froNe § | kenyl ,

al kynyl, cycl oal kyl, hallgogen, /hydr oXy ~0or al koxy ¢ Q As used
herein, the ternl"heteroq.clyl" or "heterocycl 0" H cl udes unsubstituted or

substituted, saturated qr unsaturated non-aromatieg’ ring or ring systens,
e.g., whichis 30a 4-, %-, 6-, or 7-nenbered nongcyclic, 7-, 8-, 9-, 10-,
11-, or 12-nenbered bige c or 10-, 11-, 12-, 14- or 15-menbered
tricyclic ring system contains at | east ong eroatom sel ected fromO,
S and N, where the HP'and” S@an al so opti onalHy b¥ oxi di zed to vari ous

oxi dation states. In one enbodi nent, heterocyclyl noiety represents a WO
2011/ 019617PCT/ US2010/ 044765 sat urated nonocyclic ring containing fromb5-7
ring atons and opi tetaad Enibaditmeats Ntha gitémfnuD ich@polnet i@ r1 st dinydrseyvaaibga D3t om 0,
S or N. The heterocyclic group can be attached at a heteroatomor a carbon
atom The hét’erdpyPyy-lesheLhonergolecidetrrel Lgprtiudory-hosne¥nGel | as
spirocyclic.fd . anp het. W 041 i f exanpl e,
5di hydr of ur 3%‘%}?‘%%&{65%@%5%&@1%%{3% X%i%&lg@;%w%lﬁ%ﬁer?g?i ny ngg’r rolidine,
di hydr opyr anyl , dxathhi @hlaodyinentdi théiviodramed) caxpddridanybt 1.2 hiddrydrgxdyeitamin,

oxi ranyl, aziridinyl, oxetanyl, _ oxep |, .azetidinyl, tetrahydrofuranyl,
ot r ahydr ot FrobHETYHAE oA he Chat vl faTobys Aot Erta iy
nor phol i no, cpi1R&N@RE-aY | a-hdd@R{¥min PSRREIYULdihRESAARRANY D3, attucany!

t hi epanyl, azepanyl, dioxéepanyl, and di azepanyl. "10The term "heterocyclyl"
i ncl udes$0 het er oc{hdrsuidgabtdupmless, mefaboletds. erigitives had/ommymige ob vitwpintlyt ed wi t h

1, 2 3 substituent h =0, , =S,..hal h ., nitra,
ai k1 " cyor SRS Dicuy R eBBoRli 1 2R A RS Bty PR B e it O oy,
cycl oal kyl 0Xy5-dhy@oyy-06¥ne-abKyieheisyalciddiyl, oxd/othBiedi@haayAmdXyes, homologs,

het er ocycl yl oxy, aigiajkyloxy,‘heteroarylalkyloxy, het er ocycl yl al kyl oxy,
ket ones (i nEHwsn#dedaiypideasisd yithmimI3 cppipgundeysreinahibasa desgitedriy thear bonyl |

al kynyl car b?cﬂ}()' in@@%ﬂs, ALY B%F%Mﬁ?g?rﬁé%agﬁ fefdd c%'ﬁlif,flE by U S. Pat.

het er ocycl yl carbo esters (I nc xycar
cycl oal kyl oxysat, Boing02 (1@hydioxydantio Myderivagtan 087 yl, iXycahpdioyy derivatives

het er ocycl yl oxycar honyl , al kyl car bonyl oxy, cycl oakyl carbonyl oxy,
aryl car bony P2 Uhdeerhsit siceisr BoRygtkipan tﬁ%@@%ﬁéﬂg@h 31 eé%ﬁ%ﬂﬂ%%ﬁ}nsﬁ

carbonat es ﬁ!S’S‘iM@@“(f}fl ! é%ﬂ'tdﬁ%&%ﬁﬁﬁx‘?ﬂ%ﬂa%){); |4§8r§¥6!09,§ %ﬁ@"sh@@)@hg@ﬁtaﬁmm D3

het er oar yl oxycar bon carbamat es (i'ncluding al koxycarboxyl am no,
ar yl oxycar bemlbares moth dkyoghyllexyk andahyhydidechaiabk gD gy car bonyl am no,

aryl oxycar bonyl am no, .am.n yl.oxy, -al kyl am nocar bonyl axy

i 21 ko am noEhrBEmpRS G L P st oo L SReateg - o HECad gy

al kyl ammoacaysBand vithialmoy 5 am ves arbnyderivafhiydsg s, TCANREYNbr-vitamin D
compounds); 4,857,518 (hydroxylated 24-homo-vitamin D derivatives). Other suitable
examples include ROCALTROL (Roche Laboratories); CALCIJEX injectable calcitriol;

investigational drugs from Leo Phannaceuticals including EB 1089
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25aryl akyl am nocar bonyl , al kenyl am nocar bonyl ), am do (i ncl uding

al kyl car bonyl am no, al kyl carbonyl al kyl am no, aryl carbonyl am no,

het er oar yWwoantianydiam no), aryl al kyl, heteroaryl al kyl, heCeruseyoloyizas kyl ,
am no (including al kyl am no, dialkylam no, arylam no, diarylamno, and
al kyl aryl am no), sul fonyl (including al kyl sul fonyl, aryl sul fonyl,

aryl al kyl su(MyZ6;a,2ﬁe,trdirounm 92 .3dHdiemayté, 25 4 OkD 2B KD h§d 0, (2Arepi-8Rypsed f onyl

cul Tanoyt . o Bho SR Shadb At b IRALEAY Raa) TV Mt

(i ncluding @iaﬂ}%tﬂbpla ?éfs}’d)Hl)'E 92- eﬁ@?@ﬁ?’—@%ﬂ}dﬁ]@); RYERI T anndcBh A1 dﬁlg!s tHapo,
t hi ocarboxyl (i ncl udi ng al kyl t hi ocarbonyl”, aryl't hi ocarbonyl), sul finyl

(i ncl udi ng aickydesh? Y- (9131}2 lGaend-Bal F.2omygOH)2- 16\@@@1%@@’6@@@7{(@@2@16{6@%765
b I f b
Car Doyt Rl s LGRS B PO

cycl oal kyl DiFakég @it URiyelisRx b Dlindib; l@ﬁ&)ﬂl’%s&lctﬁﬁ theliRgtith@ronvidieé 2 Caepmeduyt al kyl "
is an al kyI substituted with heterocycl The term 5i ncl udes unsubstituted

and substit §€1wlnl§e‘}@rﬂ@%ynﬂhgﬂeaﬂ@61%(891%11%12&((}%)9 DD apdidt i1 9 1A0Bd2% t h
R T e

groups. The carbon rnc ‘i es
whi ch cont akf-(@Hydhand QM@H)I[M Mtdifosal deathples behdell@251083-36127 alcaDB;

a1 Tows 1he CoRpOMMEOrTERS: TeSnDRGhITD |esr DR AL EricoRibn: e%f%c\tlvihio(r:\h For
exanpl e, canfonyls. (@ﬁ{)gt]ﬁfﬁsia%y%b@)ﬁ)%%ﬁ' M’if@'s YOLRB-BUKYY-foH

al kynyl's, aryls, oxy, am nos, etc. of "noi et es \Ml%l ch cont ain a
car bonyl i n(iDHﬁi@S{HHi% Hyd€37)- %eFlaﬁdg 24e(é)H»@xD4 ile,24¢ Diib2-Ditrilaes-(OH32-ex2s,

e an - Gt T S tHee LR PR Y oo SR 1opRgiE Rt PS

chlorine, i@diNeneah?.1¢,25(0H)In6 2vqr6nbjnar2f5@l(@ﬂgaazt6e1d3 DBNf 2esH R £FDes i N
which all hydrogens are replaced éu?t en atoms. The vitamin D conpounds

of the Ihve bnis%26-{ORIT2phar-Ric 19" bebptabie|a0ta0IL? 8ol val o o
d h h
G ve rise t S endOtP Rt Br ol e e B Rl OB e B B R

that may be(OHHI- D@dmzmz teH 2 5H- D@b$@Q§II(©H$2JQBQGCH"68m §hé-13; szR)(OHn (S) -
or, as (D)- or (L)- for am no acids. The present invention is meant to

i ncl ude al | 2§1FérP 0953 1t & (PHoRE s 1 0.3% (QBENE- Lagne-Rdivne iyt d #i2¢Rad( Qpredd | y
pure forns. g’g b>é6 L83 %n%“ ra? b3p: (ﬁ)@f% 22808 AP 1.p30Fy %(@H)zaﬁj (L)-

i somers may pre are using ¢ 'Synt or chiral rteagent
resol ved us emzmammnm (@H%DB%&%Q&S&B; ho.,aSSHPHR - @2 @B yald col um.

When the co scri bed contal ol efi nic doubl e nds or_ ot her
centers of é,“p §§Bt<ﬁ@3£§ﬁﬂ¢&% 38 25@3 c{?m%f‘é@ digepsleraarist rat Y éng in Uik

i ntended that N&%%ngyﬁﬂéeﬂtﬂghﬁ%sﬁ@%@“ﬁﬁﬂgu%o%?a{{&iB fefbs AR cSein,
leemnse all tautoneric forns are also intended to be 30included. The term

"st er eoi somSee alsocd g1deS. BonSoutd®)3r0d e6,d92,812, ol 1 et .4t @HB3, 6,399,797,
6,392,071, 6,376,480, 6,372,926, 6,372,731, 6,359,152, 6,329,357, 6,326,503,
25 6,310,226, 6,288,249, 6,281,249, 6,277,837, 6,218,430, 6,207,656, 6,197,982,
6,127,559, 6,103,709, 6,080,878, 6,075,015, 6,072,062, 6,043,385, 6,017,908,
6,017,907, 6,013,814, 5,994,332, 5,976,784, 5,972,917, 5,945,410, 5,939,406,
5,936,105, 5,932,565, 5,929,056, 5,919,986, 5,905,074, 5,883,271, 5,880,113,
5,877,168, 5,872,140, 5,847,173, 5,843,927, 5,840,938, 5,830,885, 5,824,811,
30 5,811,562, 5,786,347, 5,767,111, 5,756,733, 5,716,945, 5,710,142, 5,700,791,
5,665,716, 5,663,157, 5,637,742, 5,612,325, 5,589,471, 5,585,368, 5,583,125,
5,565,589, 5,565,442, 5,554,599, 5,545,633, 5,532,228, 5,508,392, 5,508,274,
5,478,955, 5,457,217, 5,447,924, 5,446,034, 5,414,098, 5,403,940, 5,384,313,
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bonded by the sane bonds but having different three-dinmensional structures,
whi ch are not interchangeable. The present invention contenpl ates vari ous
st er eoi sowore11ZNgIND 2011/ 019617PCT/ US2010/ 044765 m xt uP€s/ush@odef7emnd

i ncludes enantioners, which refers to two stereoi soners whose nol ecul es are
nonsuperi nposeabl e m nor inmages of one another. The present invention
i ncl udes al b,3HARHETER0@RB137 12484 Hbl %, 52602008893 74%6308@30i tami n D

came. at om o rdtigen. 5tk i a0 RS, SRR Rn i ST FRatEH T om the
atom c mass50R5BESs SUNPRY, 5WSHabh Y5 H 0wt , 530350 £246,925, 4, 9% &8R] es of
| sot opes suitable for inclusion in the conmpounds of the invention conprises

i sot opes of SIydr/dgeh?2slich 4894 2PL.ahed BH,8, d80bIA |, 8This 48413C23C and 14C,

chl ori ne 3 o) 1231 and
55 i1 r oddns SRk b I3 B RERM S gath koS S HG 39 na 350,
phosphor us, 4388152854 32;3204anc71911b9m689 530;1,585,986S, 7@ut$1t utsepioom, Wit h
heavi er i sotopes such deuteriu fford certain t herapeutic

advant ages ﬂé@&ﬂ?&rfb%%% gridasét rgn‘é%a?flﬁ Mléﬁééﬁ QK17 6336:48Mp! e,

i ncreased | V9 f d

| sot opi cal | 33?égbe12eégééth g 3%g2§g’ﬁ%§%(ég0%§%§ 4£)§3F%(he§§{;§@7r9§2graél

convent i onal,248a8 itu thelestirk ddstostues bheaga of sdlkiéh dredlcbfpotrehed By tefusncftgheadfln
appropriate isotg |c |y Iabeled reagent in plac? of .the non- | abel ed
reagent 19r evi ousl¥y! & ‘%‘l%%&?un Fhwhicarpay bsrizag Sclydq o ames DaBimyeties 28 hat
may be convegytg gldéﬁ@%ve@*a%%ho%@g@aé Pl b6 ﬁ@%@ran@wvgguméaxl%hs to a

bi ol ogi cal |y active conpoun he i nvention.’ Thus term " prodrug
refers to a2ﬁ%/@l)ﬁl5i5cthp|eem@rdsmosofes af cminmﬁuﬂdclnireml:ommatbahbgmfemncet hat is

phar maceut i I e bl e. odru i nactive when adm ni st red to
et Bt T e R S T R A R Y
of the i nvemrltf?@ reE¥R HveaBoRER BMBLERIN .St 2R Sy, Ggﬁnﬁ%osrmé 7b% vivo to
yield the parent corrpound of the invention, for exagy hydrolysis in

bl ood ot5 comp8P9L2aro.p48.1He 6g?u§18 24p; 6.1 §b22, ﬁk{b”;ﬂ()ad@ 8 é%imo@ﬁdﬁ&;@ﬁ%,rth@f fers
advant ages Oftlr%%lSCPO rets%f S?U %1 g?n tOI'BQCCli{) grre de CI‘ ed release in a
manmal i an oF%anl SUNESTY d) élc i 1'gn of E'Igro Fugs 31985) pp. 7-9,

21-24 (El sevier, YAUSﬂh@Iffdﬂtﬁ‘bl): vitamin D3/An@lbgs;tmse$aba)ma@farmmdreugames whii@vi ded in
H guchi, T., et al., "Pro-drugs as Novel Dellver%ws ystens," A.C S
Synposi um SEryde utiiged inglude &mae identified anléSs Pert ApplicréensPytlicatieryNpesi gn,

ed. Edward Gi er ganon
rose " gog7 00FNATL OGS ERRGTRE SR IndRRRELF by P RRL SheilE) 02700
and base0addi ti offhs ddngsage™ RitamiraDewtlogaincjudas cappatnde thac hid sadidarttdo oitamal t
refers to those salts \é\{hl ch retain the bh]g;lptog} i cal effectiveness and

properties &insHECHfndggRGon. \Ipopfegped oV BgHR &) 3nplagis pyitamin D3
2011/ 019617RCRAUS2010L Q4 ﬁtﬁ’atthﬂlmllﬁﬁtouﬂﬁﬁﬁh Dahh &ru@bd ARiseling f or med

wi th inorganic acids suc S, but not imted to, hydrochloric acid,
hydrobrom c aci dy C.1.AC i ke,
and organi c aci dshg Egnﬁﬂg Vg[&lp%n]g?h %t‘%oq ted thd&gC%e gﬁgscﬂlgt drg,@%ehﬁ?es

di chl or oacehn@tln@r@ﬂucadnmlceM| the matahblisre ofiCitahnind3. chr@wcmalﬁddnerastmart ic
aci d, 5?§nzenesul fonic acid, benzobg acid, 4-acetam dobgnzoi c acid,

canphor ¥t ad{@Mndamstreliers agifpminPé metabpliteiers i xoomRpoynd Mabisine aci d,
caprylic acigenfaldon ﬁo&?dtﬂwo‘Ne'ariﬁ"Eﬂecrné’tﬁbéilsn%ftsﬁiaﬁuﬁ‘@ﬁ’ cyclam c acid,
dodecyl sul furic acid, ethane-1,2-disulfonic acid, ethanesulfonic acid,

2- hydr oxyet hanesihé mmguagcivdamimbrdeuvawed Jndudmlcompamddhatgahausafrom acid,
gentisic acid I ucohe %eonl C. aci q%)t% ni ¢ aci.d, gl ucuronic, acid, 9I utam c
acid, 10g| uP&rFP CoRdY? %x?ﬁ“ad{“&t F?fnelljloyf/%"r Ro¥ihanqther algrp gt
glycolic ac ofbupl¥f RRIM, On dGE Embb&ARUL, Yid Fitadtih ® ddrAatil€isaClifimih BB RBVRINL
acid, lauri¢ acid, maleic acid, malic acid, malonic acid, nandelic acid,

met hanedQl f éng.ca sehpoundiibateaneris frepapieman BAdy remactinant ploeriectemivith

napht hal eneagoﬂslurlgté)rpllog %%l d f%‘rrp%droxy_ 2- napht hoi ¢ acid, nicotinic acid,

ol ei ¢ acid, *orotic acl &, 8 cid, palmtic acid, panoic acid, propionic

acid, pyr ogl ut aniée &@igbage “vitamin D mimic” includes compounds that can chemically

imitate vitamin D in a biological process. In one embodiment, the vitamin D mimic is a
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15pyruvic acid, salicylic acid, 4-am nosalicylic acid, sebacic acid,
stearic acid, succinic acid, tartaric acid, thiocyanic acid,

p-t ol uenewolzbaniigetaci d, trifl uoroacetic acid, undecyl eniPCTASR@)/084765 t he

i ke. "Pharnmaceutically acceptable base addition salt” refers to
those salts which retain the biological effectiveness and properties of the
free acids, vithmohDanemnote. 2Cbicotgingd dlat yarocheotitediyvinsteuneesn D8bbhe. These
salts are p%eeaneq fro§$addition of an inorganic base or an organic base to
the free acPtf °%dl PLGEYi ved frominorganic bases include, but are not
limted to, the SQEIHAD3ROLRSSHM tef inloBitidMof FHBRENs of Fr&distBy yeRgNesi um
iron, zinc, copper, manganese, alum numsalts and the like. Préeferred

i nor gani ¢ s&lants andanirhd sawirenéantain gokyi therinapoteag imimD pratwham7-and nagnesi um
salts. 25Sal;ts derived from argani ses jnclud ut . ar ot limted to,
28 ts of pr PHRDSOISRiaP STRLERT, SRR AEHEOT s ity T B ah ahi FuL B

i ncl udi ng nabnifeatkd Yy @GALLNE indg vEAhiBtD3I. UHER?F] WRSherGigdsted cabmasl Bnd basi ¢

i on exchange resins, such as annDnLa,‘isoEropéLanine, trinmet hyl am ne,

di et hyl ani n&ltrayiqlettifgdiaiemia the skinr biggmiady Aes todedangtaanethinteactidehanol ani ne,
deanol, 2-di MAQek - di am . gﬂgj- I | am ne,
| ysi ne, arghﬁﬁﬁgﬁkﬁisfl Hggsq%%ﬁﬁﬁﬁﬁggﬂ%i@%%?ﬁgﬁgﬁeﬁbgﬁanlh@*ﬁgﬁ ﬁ%é,

bet ai ne, befMathanhakidnbenzat dinpeunét hes-ditsdiaytndecadifecdandi2ng;s-

met hyl gl ucanj. ne, theqgbronine, triethanol am ne, tronetham ne, purines,

pi per azite, dﬁiyﬂ@xiyﬁiog‘éia?qq}éf%ﬁrepﬁoﬁﬁ?‘?-dTﬁ*FeYlt%P}%?ﬁtWQ m@‘é%%sm the |ike. WO
2011/ 019617 RETS UL AROL RS 10Rrption of HIHER fORYHE Hekdtmat i-RASDRE AHESiH M@l vate
of the conp&ﬁ%dkgf t%e ﬁhven{?gﬁv)ﬁécusedgﬁgrein, %%ertérn1"so va%e" refers
to an aggr epancereabtptoonpri ses one or nore nol ecul es of a conpound of the
invention with o or. more nol ecul es of. solvent. The .sol vent n be wat er,
" whi oh case t ha T8 SIVATED AP BE g AT oA L P REEHD PP BEE vent may
be an or ganh&ig@dsy Sith-as ThUsbility he pFBRAPBHSsi9fin kd18tRIcOREVarfl PVRNAiPIHITBRY

exi st as a hydrate, including a nonohydrate, dihydrafe, hem hydrate,

sesqui hy@r ateyp-taridhyerragdate cettain ityrdetpene expiessivas i, ket examplg npriaal t he
correspondi ol vated f . e _conpaound .of the. i nyention nay be true

ol vat os.  whrraniol o e PERLs TERETORSETHE ar TS Pen e Bay “rer oty
retain advebbimpo@ids oVeieahivedkioR enag eXhibitl @mdhr svati@itichl dede seuvatibgEdfaEptab t i ous
sol vent. The | anguage "pharmaceuti cal conposition" includes fornul ations of
a conpound 8% cgw¥alp\psHNbRf qagcigiol ing forjexample. moEHkeRHBICY e & v alm
general |y accept i art . i Ve f i ] nd to an
i vi dual - Sach 2 Bhoifnt iR ARphiP e s BiS oA bR R
carrier3) divltueintld compexcispiaentubstahealbothe sdrb¢ or spiakbiedyixdi oethesipeiitize
conpositions of the inventiaon can be topically adnin'stg&éd t o, any

epi thelial StiFfidB subgantially theepmemalpngmapuat. HRwPYde VA SfEEnoyidniidde t hat

covers ext ephdboiil hACRR sMstdhilRFhe Qe kqih1 il Hl%ﬁ)gl'ilfél Bpéﬂel%&éélﬂ&t LGy,
including, but not limted to, cutaneous and nucosal surfaces. Such

epi thelial sherlhepege ‘aivatiat emalint” pivdudes ged hmoestofhagealin Dpadnpmoad that

ocul ar, aural, nasal,. buccal,. |ingual agj nal , 20cervical, genitourinary,
ol ary, SR e G LTy bt ameunt SP bfhsical B BRGPET 52 Yy mul at o | n
a vari epvy Oonﬁpﬂwﬂiéfé@@flenéeoxfiﬁﬁliﬁmﬂdm%ﬁnagégl, efkigad).adm ni stration. These
include, for exanple, sem -solid and |'iquid dosage forms, such as |iquid
sol utions or suspéndingnage ‘gensregeiatiamprotiggmuineludessthe lightdrepestrugl eir genesthat
powders, spr .k : tes, oint S | v bal ns,, or dr .
BsConvent ona Ty BT sPARLRE ¢ & P eod i R T B 0a@hadeBieL o,

gel atin andwaen cymparigsiotapproptifite cpRirylk aBbt éxaafpld updn Pellty@ingaellGvigcd d

pol ymers or copol yners thereof, cellul ose derivatives such as nethyl

cel I ul ose, FHABEMY FRORGINISr P Preodecrnypecigripd Al dimeeleisul ddwurgimiargtfsl! acaci a
gum kaggya : i : g l; ck
A S A S R

i spaghul a hgsk,uppot gawvmyqputatad)icdopered 3o hiock / aetdcld ercatnatnt vestrdl h@he tikt, of

xant han gum Kkaol i t&% c, stargh and enivatives tp&reqf, araffin, water,
veget abl e algﬁleéﬁrilq@ilate e.g., up- or down-regulated) at the time of detection constitutes a

snapshot of the gene expression profile of the cell at that specific moment.
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oil's, polyethylene, polyethylene oxide, polyethylene glycol, polypropylene
gl ycol, glycerol, ethanol, propanol, propylene glycol (glycols, alcohols),
fixed oi lwp2endiigery WO 2011/ 019617PCT/ US2010/ 044765 potrasdiseent/oad7esri num
magnesi um or calciumsalts (such as chloride, carbonate, bicarbonate,
citrate, gluconate, |actate, acetate, gluceptate or tartrate).

St andard conposi fThetngtagt ‘sonits gkoe repolaiica profidEninsludesthb eitwpioh ivdere motehe

vitamin D c ds.in d t nhance t.he persistence and residence, tine
of ¢ e dr ug e ook affo8lee ot poanagch s BEL AR TR whene

Topi cal trapggles TbstRALLNER SHRY ddbS&RH T MaeekprddsNSde!, Wih RRGIREIGVe the
added advantage of providing controlled delivery of the conpositions of the
i nventi on t bothiewrortgulagdcHthpogathe magnisde anextent whde- drydoglinstegiafipiginor

di sper sigg %hczl agent icfnfftrﬁe proper nedium 10Powders and sprays can
contain,” i n“&Addi Tt OHY{S The vitanin D conpounds, carriers such as | actose,
talc, aluni num hyde @ioGgse ‘G@inticalrPest tdoGRties pastile Paklasd te sPQudarwheas

m xtures of these substances. Sprays can additionally contain customary
propel | ant s neaglycl tageet Benss 6XA0HES By PG S BN Sigadon @ 200P PEPIaFHeUb$is thethed
hydr ocar bons, é i iV, e r osol
2 Tmde by PEYoLAef G buh 88En 0t REERANG T RRde of Pl AU RoBR 7D
conpounds t agetdien inmeddh ceanvaptdifferal phar maceutically acceptable carriers
and staﬁ)i lizers. The carrjers and stabilizers vary with the requi rements of

y.
the part?cul ar cHhPRFEOOGENt §BitREIN |y comppyferiHBhinyRRIONRIPRAIE MRt s (e. g. ,
Tweens, Pl ULOIE GSon FYn¥ &) okl ¥ cR! det dnk€del F&hoed by kg serum
al bum n, ZO%rEant annesters, o% elgc agslzl%,@ FeﬂgigstsLinn, easmﬁiel% ac?%s guch as
gl yci ne, butferdentsaldusf oSugéarsnervitogaP @ngpolod é.¢.Aeiasalls Igetleral |y are
prepared fromisotonic solutiqons. Generation of the.aerosol or. any other
Teane of dePTyRrgear the it DpmeRURLet Bh The) i LB Crea By 4Ry St
t he met hods nghOWehek BvhboEedidssionvedX A8 RIEbitdd byt M qeAIRNPAMBRItRF Qlre Rty ery,
the conpound is supplied in a finel i/) di vided formalong with any suitable
carri er 19 t Nitam@gp copepinghie.s., calcitrioDi quef i ed propellants are typically
gases at anbi ent s condi! | ansanch A &, GN4CASEL HAdSTH AL ESI o TS e
propel | ant nmay be any accep%%]ile’ and Khown TR Phe A% " HEl ud]ilﬁg propane and
butane, or eich&prdsSivRbf plokeditein notglikedginbb@se e ldPetage 5m@dlﬁlbtérb3(f)reﬁ16n
conposition is held within a container with an appropriate propellant and
val ve, and Sbpmisimiipdedesttherricpulagiopaad grdowiniegtlatien alhpreteinsin Aermdn of

t he val ve. - o] ' t ' ' be

adm ni stere erstrné%%sagﬁ F%P@b@%&ngf@gﬁ%%@% O@Bgﬁlﬁgg@? ?@ﬁ%?ﬂ}ehe vitamn D
conpoun@0 canxressampdfi HSP A2, IHSF4 R piot, HBREA ordDNpEC6 amRNAe Foir exangplefin
application can bg@cci),ptim' ed-to,maxin‘ize%éhe WO )

2011/ 019617 PR SB20101F044TES BRIPRYERPIR Bptesutatcrdhedariand Hiiameh D
conpound. Th&FYIARKG Qﬁd/&p&ﬁw&?égh&%s%é éxp\f@srsb()nqg@m "G IPVATOE nfREE if

adm ni stration, doses, the stability and effectiveness of conposition, the
frequency ohotird kdasagetesdeg., HisKagl e application or nultiple dosage. One

skilled in the art will b ble to det.ermmne th st. appropri tinme
K erval B 1 oou TLetta smbodis B P gy ALt e e BB e e i 1 b
compoungs - TheprtishHUT I COIMRENIE ERNATRSE@IH ori ) I ADPBES frf RSHmivd | |

generally be present in an anount from about 0.000001% to about 100% nore
preferably keernedytst 10s@od ombedigisaist ths ¥gmined rowpoyndanay wbrsguatomeabout

0.01%to ab%ﬁ%res% 00{? ocffSLté)ltﬁll K’&hﬁ ,to'r Ié&gﬂﬁ 9(?[&%0%;({/&0 o%vngrfeg{[ﬂ,[gge {E esent
i nvention conprising a carrier, The conposition conprisesy for exanple,

from about 2%tai@baSL(A% potedi BY dohyi] Edrifoabeute. 20PEKR).about 99% and
nost preferably from about 75%to about 99% by wei ght of at |east ane

carrier. Al so, tHecaEiheablipshcheiind) cemprowgph o inygHindray madylaigdnt i on

may be 305 one or more proteins in Table 3-1 and Table 3-2. For example, in one embodiment, the

vitamin D compound may up-regulate the expression of one or more proteins in Table 3-
1 by at least about 2-fold, and/or down-regulate the expression of one or more proteins

in Table 3-2 by at least about 2-fold in, for example, normal keratinocytes (e.g., HEKa).
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15 prebl ended or each conponent nmay be added separately to the sane

envi ronnent according to a predeterm ned dosage for the purpose of

achi evi ngwohetidaséiired concentration | evel of the treat meot/useomponent s and
so long as the conponents eventually conme into intinmate adm xture with each
other. Further, the present invention may be adm ni stered or delivered on a
conti nuous or i nfrecariaint enboddmsnts. a Pifnmndheorepdmdiofghet invéttienfroaynfatei on

i ncl udes the vitanin D active | di ent t 40% (W
bropyl ene. YR PHHORAE0R HOUER i Sy JuReet-at s Bt R SHSHORY oof
US), opt i onallyuiitids@t Beho I REraBRG: ARG YL IHIaLd) Yo BRCEREAR hﬁ&f@hﬁhent s,

carriers, or diluents, such as about "0.4% (w v) of Phospholipon 90G In
anot her enbodi meﬁn certaheemb@dmleauﬂ a)wtanmelllrd@quqmé of itheainiventon aetyi ipduce

ingredient, 25 fornulated in Iene ly 0%
(oo B o gfardariof it S RS b Mt BB P e oG TR el 3P
et hanol (20&epitiaof7, Galektin QP$ 100N&d t(Yal}rMo'td&tlﬁI besmo A0B. pharmaceutically
acceptable exci pients, carriers | uents, such as about 0.4% (w v) of

Phosphol i pon 9ooAsru|ﬁeib¢reme%é@mféﬁrlﬂoé” inchidesflyreiurited hisrghedsusmhpadicdt e
200 proof (i) tra‘f@g %h%@gea‘?ﬁr@f&}%mﬂ \Shbiet JﬁQSm HE hag QQ@ar}%g?ﬁﬁ)%{s o?d

her ei n provr enetrat | |ver e ac
vitamn D cemmopledso 7aatbopramgesl @il e@fb@cdtome. Relaesantmvpeempbs af ﬂpﬁcr a

or to reduce the severity of al opecia, especially chenotherapy-induced
al opeci ig ( cmée}etles rb%ﬂ?tbzﬂge@ybewreeédiopmd gisPutyl, sec-iyle sprbaion. rert-

o opyl one. gl yeor NG Srads) Do aTR e csu5e (o ety ut b REHOF 2% hanol

(200 proof,dhﬁﬁhﬂpudﬂhaﬂmpeﬁ USP In sone enbodi nents, the pharmaceutica

conposition conptj ses ab ut 40%,5(, ropyl.ene % w de or
better), and aboUtC"BY¢d: ¢ meaﬁfﬂ‘?'g \é\@d u‘f@%ﬁﬁéﬁ%fﬂk gogn% %‘gftlt%‘f‘g
undenat ur ed (k9150 Refsl%E’ergrtaréex%pb%f bktituents for drm%daareser@wh BNt s, the
pharmaceuti cal conposition conprises about 30% (W w) propyl ene egcoI

about 1086 (‘WilegerEtdyorg:diited, yccfolloaldﬂrl ﬂkanele@ﬂkmwl alek yabanylegpoatiovhywloxsin hydr ous
absol ute et han 200 f t,.ot.her nbodr

phar maceut | SaPeebouEl Buaimand auti, Qi Rrfng AR, S5 Rgh® o o
0.7, 0.8, 0.9, OrAsll%chflerEiﬁioﬁlef&hi ROxyS lﬁﬁ:f[u@S aRYOEPWhdrpi@n1IB0G defined | N
other enbodi nents, the precise percentage (W w _ of propylene glycol and/or
anhydrous abeisinabevet Repistentatiye ssapples lb%zeféaoeﬁe& Weludedaus e noaippted For

be. 20: o; S5 GEN 5@ RLORNECEpIEE bl R DMEISYE pEBSRY: S So, ™
42:58; 23: 5¢ycldgoppx#ocydoheayioxy-Tarel thé fiket invenessntolisertt) tiod dkeoxy groups

formul ati on be verrfre usrng and art recogni zed the techni ques, such
as the proc arﬁ%oateé&caﬁ)ea& éarcarbons Thy ferafloxy indptrs gPRAREd ¢ he

anhydr ous aQ&%kﬁt Exﬁhﬁl@é‘@ﬁ su'bEhth{é@ ail&;&?%k %lﬁ@%aﬁ’c&gﬁ@c% él‘l‘(@g){ otug .95%

et hanol, 96% ethanol,” 97% et hanol, 98% et hanol, or % et hanol © 20l n

certain enbﬁdmmphssfhﬂhgmpmamnm@éu&w&agﬂnmnpnﬁmwﬂomemmy%aﬁ&mnﬁmdmodg trace
exci pients, or,.co nents. The

1 f t 1
Bresence of TR AEbaY Culr Eh e M GG Pa ST i g PR e

ef fectiyeness of ThBeri ti®BxPalldylc SRR AR YPErdubs, ad@EABId above, in which the
penetration/accunul ati on behavior. The vitam n D conpounds ‘of the invention

are fornul apkal giepp @Eeﬂwbs/tetmedgwﬂbalk% dppgerer teviginl ‘éallﬁac\yralﬂrgl”sto@gdesrhqtlal |y
no penetrat i OnuBftlt aﬁ%%g%ﬂg\bll %Xc? l’su,b'Aﬁ {ee\é;lkoolflrgalg f o %re Pets Ve ex :QPes O&I A

devel oped by was I ne ‘protec |ng agal

when used atsutaudeﬁe for alabqralkﬁﬁ{bletlei%@ﬁe, bg a&eﬁotammkddqathﬂboxyaﬁao saised
dermatitis in the mgjority of the human subjects i n Phase study. The sane

Roche  or muFEton ) 9k srdletkylotiei. oy hakpay %ﬁnwpérabbaﬁ%y%egen
(infra)sy30 f gy%aéﬁ S, .Of Qe can be
prepared acgggﬁﬁhéh?§1 ﬁiﬂ?§9{6&§gﬁ on-]ﬂB m?hnﬁ S’ J?g?

The term “alkenyl” 1ncludes branched or unbranched hydrocarbons having at

least one carbon-carbon double bond. Representative examples of alkenyl moieties

include, but are not limited to, vinyl, prop-1-enyl, allyl, butenyl, isopropenyl or
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WO 2011/ 019617PCT/ US2010/ 044765 Forrmula |: Calcitriol at 1 2 [tg/g (1.2
ppm Ingredient %ww 100 ppm Calcitriol concentrate 1.2 200 Proof Ethanol
58. 8 Propybena/@eicol 40 Total 100 Formula | is pcepse@doases ol | ows:
the calcitriol is dissolved in the ethanol; the propylene glycol is then
added and m xed until the resulting solution is clear and 5 uniformin
appear ance. isbhetesyle Mdreoveayr the idryn ‘atkenhiE iacbmdﬁs bodr franlsaltstioned gkappy”’omdmat el y

0.875 g/ nlL. “Thetar t ncentration of t e.for expressed in wv
st 1o08 [ Boen R Reb Rintivs s BP RS oh S Yo sl FRERGn ont. b6
w w 100 ppmn@ﬁldé' Bﬁt'a@é n&%ﬁﬁ?e!@ltt()aﬁﬁr&cﬁhglggef"c%o ﬁttﬂ%aﬁll‘kbl 5?016211%105116&1%@6

@ ycol 40 Tot al
akynyl, alkoxy, alkenyloxy, alkynyloxy, halogen or amino (including alkyl amino, di-

5 alkylamino, arylamino, di-arylamino).

The term “alkynyl” includes branched or unbranched hydrocarbons having at
least one carbon-carbon triple bond. Representative examples of alkynyl moieties
include, but are not limited to, ethynyl, prop-1-ynyl (propargyl), butynyl, isopropynyl or
isobutynyl. Moreover, the term “alkynyl” includes both “unsubstituted alkynyls” and

10 “substituted alkynyls.” Representative examples of substitutents for alkynyl moieties
include, but are not limited to, hydroxy, halogen, cyano, nitro, alkyl, cycloalkyl, alkenyl,
akynyl, alkoxy, alkenyloxy, alkynyloxy, halogen or amino (including alkyl amino, di-
alkylamino, arylamino, di-arylamino).

As used herein, the term “cycloalkyl” includes saturated or unsaturated

15 monocyclic, bicyclic or tricyclic hydrocarbon groups of 3-12 carbon atoms, for example,
3-8, or 3-7 carbon atoms. Exemplary monocyclic hydrocarbon groups include, for
example, cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl and
cyclohexenyl. Exemplary bicyclic hydrocarbon groups include, for example, bornyl,
indyl, hexahydroindyl, tetrahydronaphthyl, decahydronaphthyl, bicyclo[2.1.1]hexyl,

20  bicyclo[2.2.1]heptyl, bicyclo[2.2.1]heptenyl, 6,6-dimethylbicyclo[3.1.1]heptyl, and
2,6,6-trimethylbicyclo[3.1.1]heptyl, bicyclo[2.2.2]octyl. An example of a tricyclic
hydrocarbon group includes, for example, adamantyl.

The term “cycloalkyl” includes both “unsubstituted cycloalkyl” and “substituted
cycloalkyl.” Representative examples of substitutents for cycloalkyl moieties include,

25  butare not limited to,hydroxy, halogen, cyano, nitro, alkyl, cycloalkyl, alkenyl, akynyl,
alkoxy, alkenyloxy, alkynyloxy, halogen or amino (including alkyl amino, di-
alkylamino, arylamino, di-arylamino).

The term “aryl” includes monocyclic or bicyclic aromatic hydrocarbon groups
having 6-20 carbon atoms in the ring portion. Representative examples of aryl moieties

30  include, but are not limited to, phenyl, naphthyl, anthracyl, phenanthryl or
tetrahydronaphthyl. Moreover, the term aryl includes both “unsubstituted aryl” and
“substituted aryl.” Representative examples of substitutents for aryl moieties include,

but are not limited to, hydroxy, halogen, cyano, nitro, alkyl, cycloalkyl, alkenyl, akynyl,
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10 Formula Il is prepared as follows: the calcitriol is dissolved in
the ethanol; the propylene glycol is then added and m xed until the

resul ti ngweabutiieé7i s cl ear and uniformin appearance. Phe/Usp@oiofi4765 gravity
of the above fornulation is approximtely 0.875 g/ niL. The target
concentration of the above formula expressed in wv is 3.15 15[tg/nlL.

The reagent slkosgdllangloaly) alkigR1@Gyatdogeagemiiso (imeletingglityhemiegdi-r enent s of
the U. S Pha%gf\cogei a\}l. . . [ ng the formnmulation of the invention, a
dosage of aBeYRIEIS AYIaRIno,diFyfaRiERled as 1001AL of 2 [tg/nL topical

sol ution) is protrgetdend@abadal ifditiick iRl bidtlic Rasdry? hotdfehi s
information, one of skill in the art can readily adjust thé proper dosage
| evel basedceamaining faare Salgeritmagmpeis ghlectod frohecapamaipms andé ta » betersdtonFor

exanple,.in_hu subject s t ot al se of calcitrio r _other . i val ent
arount of | vPORTRN RN ST 5o E G Ra sbiR st 5Py Ml e, g Ay 507
75 pg, or 1E}ﬁény-l,tfﬁryr,%rﬁﬂyluﬁﬁdazo?ﬂ,e[bjrﬁidlﬂ[ thiadlyIEkothRX6IGD bREY, 3Sdideblyls hows

that a dose of about 1001..tg caused no dernal irritation, 25and exhibited

excel | ent epkrndirzhen@ta 20 ihrrolilt oot +gipsebvhrhiaal. 3 devakl. thieret-fgrloh WO
2011/ 019617RCTAHUS2010/( 0 e g1, 2 ext -| tratd i's).
%91255%920%1 %‘1‘5—@%641?%&8%1 ]%-‘?g- ro?g‘-%ké’th Qc‘ﬁ’%fé?f‘,‘%-,ro%g-(%%{ﬂgl derm s)

See descriptionabove’ for a al ’ddsage 1 nfor i‘on. S "5The

foll owi ng exafidaeazdlll Bsérmrail 2, 4etatkalyh 4asp@dis 3afiatdig, tenvuesiyl, 00 3-a0nd-ar e not
limting. in any respect. Wiile the exanpl es have been described in_saone

det ai | ST or Pb%%ﬂo%‘él% SoRYtREYE ¥ - AP TP P Y P EATAZBhE _216?-» PrettPY iRy lar ¢
Wil | apprec%qg&ergg]ﬁ %‘xr(%ﬁ{’E‘%%C%M%"Itﬁ"fo%)ﬁ%c%@ details can be nade

wi t hout departing e’'true scope of e I'hvention. 10 Exanpl e
1. Eval uati on of {Ihe tdPar heatcarneydil Surflizs oxghides grapips @awbich miheterodrometi¢ ring isUsi ng

the Franz Hyman Skin Finite Dos el Thi.s. exanpl e was .desi gned to
eval uate t h& eI ERGNEBUS a%s%&e?{ﬁﬁatﬁh%l}ﬁémxc 1S R QTS i t i ol
fornul at i ongeinfBSAtRhER iV8S tHFEREH680mhflc AHEBRoA Beddavearylskien, in vitro,
using the finite dose technique and Franz D ffusion Cell’s. ‘?he invitro

human calavBeprgkintativegahmhles op suphdwterenrpamneietiefl inelbfa bupale nopimithé tast udy of
per cut aneous orptign, and _the.det.erm nat.ign of the pharmcoki netics of
Popi oal 1y apsera-apg. HRe G saEEldl PRt bt B ARGt ea 1
speci al |y deshginedng] dihttgingD) phetalsidyatpiathleaadl, thiaasHingl, qeinagalmgi,nt ai ned
at a tenperature and humdity that 20match typical in vivo conditions. A
finite dosephenagthridinyy. phgnathipjingk phenagiyhphertpthiagndpphaneyazieylt he out er

surface of .sking. I i (. ) btopiNng its rate
of  anpear antaTi A RURPE afitiE S RE A A RS ATESPEE LU R BT 1 B
skin. Daba dedzimingd{petaabloph3-dipkaibyl, 4EtimidEoRksay thiazolyl, pysazmed[2,3as skin
content was the accurat% ieter-n‘i qed-ni&ig thi§ nodel . . The net hod has

e Haireidpend! ;

historic pr é_lPé i _Fﬁm?lo}mlé tt@!ﬂgﬂa _ ?Pé #]%ﬁh%azb@flcht aneous
absor ption Bé&%Lﬁ]ﬁﬁenyI*HéﬁzoﬁaQ@lyl, Bedibi Rz biyN itk R, ARSI P& 0 RApikMaN ki n
permtted the characterization of the percCutaneous absorption
phar macoki nétizosazfiyly 1 HgryineldDl 2ertfpdbendszapsyt heasofonil.dienzotbiophenyl,
benzotriazolyl, pyrrolo[2,3-b]pyridinyl, pyrrolo[3,2-c]pyridinyl, pyrrolo[3,2-c]pyridinyl,
25  pyrrolo[3,2-b]pyridinyl, imidazo[4,5-b]pyridinyl, imidazo[4,5-c]pyridinyl, pyrazolo[4,3-
d]pyridinyl, pyrazolo[4,3-c]pyridinyl, pyrazolo[3,4-c]pyridinyl, pyrazolo[3,4-
d]pyridinyl, pyrazolo[3,4-b]pyridinyl, imidazo[1,2-a]pyridinyl, pyrazolo[1,5-a]pyridinyl,
pyrrolo[1,2-b]pyridazinyl, imidazo[1,2-c]pyrimidinyl, pyrido[3,2-d]pyrimidinyl,
pyrido[4,3-d]pyrimidinyl, pyrido[3,4-d]pyrimidinyl, pyrido[2,3-d]pyrimidinyl,
30  pyrido[2,3-b]pyrazinyl, pyrido[3.,4-b]pyrazinyl, pyrimido[5,4-d]pyrimidinyl,
pyrazino[2,3-b]pyrazinyl, or pyrimido[4,5-d]pyrimidinyl. Moreover, the term

“heteroaryl” includes both “unsubstituted heteroaryl” and “substituted heteroaryl.”
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In this experinment, six formulations containing calcitriol were tested on
three replicate skin sections per formulation on each of three different
cadaver sworrodened1g, for 30 the percutaneous absor pti orCofUSec@bnit765 ol over
a 48 hour dose period. At pre-selected tinmes after dose application, the
dermal receptor solution was renoved in its entirety, replaced with fresh
recept or sol uti offhe arhagin ragiodfaot ‘aiyéived hberoasylb gegpaent banatupsiitwted| ax
addition, the strafum corneum. epiderm s, and.derms re.recovered and
aval uated { JFSHSSHY DP6 26 BORRK RPN PRSI e B o SFAEPEanpl o5
were anal yZgflobQl, hg@oklldyhRd, ng@n a8, Q¥1ohikgh aBeh{ORIRREarHl Bbtédaryl,

Chr onat ographyfg(HPEC).yAylgri ef deg{c}lrliégti or%{g'of thg protocol used ﬁ’erei nis
provi ded behewrocylranlkoagayeloatkyloxly. akenylaiyt hdonyobyi opoxyi kpteoaylogki n

di sease, . obtained wthin 24 - hou f death used in this study.
The oki 1 el GRENE Sy B e bdr et sl Cafletir PR a0 FoiokBer noabi &
pl astic bag(inalndingtalliy@chriinyk cydi@&kyRbibonyihelkeayic@bortyellepnyRiaitvagt, ard3i,i or to
use, the skin was thawed in -37C water, then rinsed in tap water to renove
any adher entryfaledearbenyds hesgrograicartioayl. heteracyelelcaiponsle.csteskiinely¢ingn a singl e

donor was c [ LRl i ' n
10static 2. gﬁ(g%géa%roggiztcg@f) ?lljgll%g#aceﬂ@@%&ﬂﬁ%&g}bﬁb@g?P%%foé@g%&a@gh%g wer e
tested for aaetchdyiviyatrbaiyl, allhécaBsnyidxyc kacibatylsuaisoryidxyearylaartmaphayf y Wit h
a reseryoir _solution of phosphate-buffered isotonic saline (PBS), pH 7.4
0.1, and’t h@eté’fﬂa&é?%‘Pnyé‘?i%YnE%tFr%%lyll‘?éﬁanﬂBéW’ egbatEsdclydor at or y

envi r onnent hs &Bno-' i LAcrease the
aqueous sol S]tl)ﬁgﬂlc'%go 0(519 Oggb? @X\X/‘éa?tér M;ﬁ@@%%@%&%@hﬂﬁg Y\g%rk%ggtgged to
PBS. Vol po (inclubimgrésayvaboxydohind oploxpsubay]anihd umkarylesiyndbaoyiaintnoons
during percu anﬁous bsorpt.ion, .and i.s known not. to aff{act the barrier
properties BKYPHEXY@Lonylamino.Andoxyaonylaming. dapnegatholyloxy. o di f f usi on
apparatus i BlthhﬁHoéa%n‘?ﬁfx??dﬁ-dll@yﬂ%%bﬁrb§g}lbliy, QR 1R fo8Arbbk Bk yRmeim Sl | Y
at -600 RPM and its tenperature naintained to achieve a sKin surface

t enper atur e (o¢ludpg@lkylamigoadmnyh slsakkelantirodaghasgt. iatyfamnoeartbpnydki n secti on,
s per meabll b4y, Qb bbACA URL S WaR S e LIAICH BEor SRRl b ian, of

t he test produc % Elgf?ovm%g brier fad_%qy ’ﬁour% equi I'F Brey aim period, ’3H20
(NEN, Bost oalkyMavboaiplalkAtdmino, DylRaibd&lamiino, Wersroa ANEIBshyamiiass aiamﬂkylpp of the
skin by dropper so that the entire exposed surface was covered

(appr oxi mat Eﬁtyrozadalky%b@el[wgloalwlt anin GRchigipgsalkylpmigppd-aligilaning. | ayer was
renoved. 25 i 1 i i and

anal yzed {ofOusiRe M ERind, 4R HRPAEH R o SRt Ry RBLBRA o
speci me28 i aryiifohylamstilpglsidonydf heddddtryisalfbed salkbrasultonsd, drflox equlioan? ar e
consi dered acceptable. Al skin_ s es used had 3H20 absorption of |ess
than about gf?tst?ary/.k%Yéalé?Wyeiﬂégafsgﬁjom hetmroarylyls e Dastianstr at i on and
Sanmpl e Col | WaTek o) i : Cﬁﬁf%’% t aken and
t he reser vo?@hg%%ﬁlgﬁgﬁgﬂe? %lbﬁsglé(g%%\i\/i@tg %spgnﬁ%’élﬂé?itg?ﬁﬁ on o ﬁl(§§.ﬁ?x§¢<io’PBS Wi th
0. 2% Vol po ¢altho, ketewwnardthidl eehio20ning, anidinoothiecashoxfh@tamdingised t o ensure
mscibility of the drug in an ueaus solution). T i me renoved
from the B aistbdfybhs T elPrafiSg Sl Rt e R AsF T S IR Bt e
skin. Abs feiBukal vRASin MEh SPhdafleedenRElddIRAPIQU AL WREEDLL biRTbnalp! | ed
to the skin sections using a positive displacenment |Pette set to deliver
101AL f or nubelsiisrigdwith omper m@@ealhvésalkwéaﬂ&mhwgmﬁ@ dalogaeydiaxy arhe
Teflon tip gfko%hgo%i rEiette. Five to ten mnutes after application, the

chi mey por iron 6f the Franz Cell was repl aced. At pre-selected tinmes after
dosing, (6, 12, 24usé&hkerdi, thelwrd) “HeR@ody@BET MOTHetcbs@cldl liRudBIInbEsTaN@ | N
its entirety, replaced with fresh reservoir solution, and a predetermn ned
vol une al i q@btubsttpésd. saspratedios aptatiated RanpEemaatic ring or rmesyA§MS. ki Whishds i on

[rom eagy dQnors WS oPURLAR- MG RSLES 743- GO VB! P10 1 AR biclRRE of O

eval uate for t’he’ appearance of substances using out o e whi ch
may represend-,éahddgerniduddeat ti-tmeimberedAfitedictring slystein andrphteinsasleastionect ed,

the skin 10surfaces were shed. twice (1.0 n. vol.unme each) with 80; 20
Et hanol : Wt 8FteT3' @ leed %ﬁm&%f@’eﬁ WY b ks o R %lmﬂe/ge@xwﬁzqdhg
_Sk' n. FP' ' o4 %i&@%xiﬁﬁﬁ& sthie€ kR e\‘}%dfrﬁém,vl%@erf)éﬂg)ltnlflﬁet?!?ﬂﬂpﬁhtsaand split
into epiderms and derms. Each layer was extract’ed overhight in 80:20

Et hanol : Wat er.
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Quantification of calcitriol was by H gh Performance Liquid Chronatography
15 (HPLC). Briefly, HPLC was conducted on a Hew ett-Packard 1100 Series
HPLC systwm2eittdiv@an Agi l ent 1100 Series LC/ MSD. A sol velrCTAg2M100M476R1Si St i ng
of A) 0.1% Amoni um Acetate in Water and B) 0. 1% Ammoni um Acetate in

Met hanol was run through a Phenonenex Luna C18 (2) colum (100A, 31,i, 100
X 4.6 nm asatarafddononcaydicfin®cdBOnimg fronnS-7Regkatame asd ogionalyamitiiingd t o

concentratign _using an external. standar urve prepared dail romthe
eat ot andafeBiRarh st R by BBon of e Thayreisrosblit Seup st R LRSIy o
or bel ow - 2@&eroatom or 4 Barb&€addhd. OFheslfe%Eiié(cycgrl ShinGlcRidE OBl loabHAgk iNatk he

group was dosed to six chanbers at about | AL/ cn2 dose on a single donor.

Recept or somgtliagnpiregeckc Hogd. dotaaplestof hietepocydlyl gioietips imziude 3fr exsanapld.8 hour s.
Fol | owi ng t l.ast receptor sol.ution ml e, .the.surface was 25washed and
the ski ngco ﬁlgg{oiléra?lglr glgﬁgllar;@i %loﬁgnyé’r%@lirl%ﬁglpilpe&%zé%yﬁi BEPTIS sanpl es were
processed aathyarplyyaeH ok&hiotalytidithioMneCOaiigRlyl, thiomorpHdlgiof bxigdnytlesi gn of

t he pivotal study was based on the results observed in the Ej | ot study, in
parti cul ar, 2@pginyb@xei@sy,; oxepary etidvyli tetephydighpgrivigieg atheliethiophed sanpl e

processi ng L fhcati r . i,m_ze. ction
Brd- 30 quantrp gy HERRGRR0Y Rb AR FOBISERF HR PR AR LS A
exanpl e, al bhaughanyhexmnlaayl, giiedadeb hzephagleSiokb@inyl, asediaedépanglanpl es wer e
taken at 2, 4, 8, 12, 24, 32, and 48 hours, it was determned after the
pilot st@dy, that'hf &s@rhsteoyslyh| Belugicerpeyclig@inmpaes defined hesen thahpayg
hours Lo fagt LingheDlh ¢ 2 de8 colliRmnlsaual 2 05, Laliideth Hyatdkyl Aanb EifHY O 1
sanples. In WO 2011/ 019617PCT U82010/S044765 additi on, fgl ow rig a pilot
study, it wakydeydpakpledkemd: aldosi, agylttet2oayR hefetdey@dQl Alkokgogicloglkytmaynt was
then 10 I AL/ ¢cnP). woul d i hprove detection of calcitriol in.t reservoir
Sotut i on safFREON S vRRRY BB LB g Gy e re et ar 1 cre.
The fol |l ow ﬁ&eﬂﬁfﬁﬂﬁ§rl%&§, HARSScye Bl AKYIBL £ detchbs fiRdladind RRQIRIHRYL, (sum of al |
reservoir 5solutions); D) rate and extent of penetrati on across the study

peri od; landcyloatgsarbandndkenylcartrayh piyngldaibosy. aipplk, atjdalkyleukbudt i on, a) if
any sanpl e s <L Lower Limt  of ntificatiaon), ,then that sanple may
bt ronted Hetiwanr bl b e hudoiil s F DR Ak atiedSEabg ™ P hervat or

integrity tegdldalk{lbQareondehiyied cabohlich@eedsienhmeaylmean background of
bl ank sanples. At the discretion of the investigator, all values <LLQ
10wer e decl Aptepcndyosyerbenbedobrarbeayleny. oyilepkykatonyloayfaylcuhenyorpose of

cal cul ating 5@{2 X utli irmed if it is
greater thag&? ﬁ)eapﬁrréagn (%%r Pg{%@gygyﬁﬁﬁgﬁgg)ﬁ@’ {:/%Pﬁl{eaggﬁgng}ﬁ% set of

remai ni 2Q¢ r efiok gaitnyhayhaybxyorrbas/iaat eetatoaedobyaibbaylbegn cabamilexon
Qutlier test. At the discyretion of the investigator, values declared as
outliers wetBEuHEsgleyFHBRTHEINGAY B yCLbRARATIR Do YeRPenY#itnOar e

noted as Suﬁﬁkyllr?l)gyéa%n %in&rarﬁaky?’cahﬁﬁgﬁﬁ)iﬁo,%}nn‘{\&cfamo'ﬂ RxGhanber, if a
gi ven tinme-point value has been declared a non-data va?ue, or is mssing
due to ot henlkykasormsbanyxyj dretkgimboocadionglorgsarykpliasedonytony prarbamoyl

i nt | at | | cul at | evant .S. The jnt | at ed
val e s cal BUREAIOH AP o b UHBLE e eV oy GOUMC VA tke. as 1 ol | ows:
G ven 3290i BhikylahdinédarbdnlZ aRlendchifobdrtfehyM drhidb Binc Mdf® MgylcABonMiahio] =

Time and A-C = neasured data values Estimated B = A - [((AQ/IT1-T31) x (
| T1-T21)] Felkykadonghalkyimiag.aryigibonylamays, hetaroasyledrbdiytangionb peylalisyle

aver aged an an yi at i;on,cal cul at. for each ke I ter. Wthin
donor aver ag%%}oar g%{(?‘hgﬁe@g ‘f@%"‘%‘ﬁéﬁﬂ“?hﬁ%@% g g‘yﬁ%“r?br‘r‘)y%%g‘ﬁ% 1ithg’n nmean wth

standard er agflandias, diadyCathiab ethd altyi firgrene®suliehyemoludbieskylantdngl,es were
eval uated using the Student's t-test. Using this protocol, the follow ng
t est for nmul abilaHenyepeyladkydsuianyd gheteroarylsulfonyl, alkoxysulfonyl, aryloxysulfonyl,

30 heteroaryloxysulfonyl, cycloakylsulfonyl, heterocyclylsulfonyl), sulfamoyl,
sulfonamido, phosphate, phosphonato, phosphinato, thioether (including alkylthio,
arylthio, heteroarylthio), ureido, imino, amidino, thiocarboxyl (including

alkylthiocarbonyl, arylthiocarbonyl), sulfinyl (including alkylsulfinyl, arylsulfinyl),
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A (1 ppm:dissolve 0.2 nL (1% (W v)) of 100 ppmcalcitriol concentrate
(lot nunber H, below) into 19.8 nmL (99% (W v)) of 200 proof ethanol (1
[tg/ ). wB20W/q@pey: first, dissolve 0.2 nL (1% (W v)) eCTABR10OM765
calcitriol concentrate 30(lot nunber H below) into 11.8 nL (59% (w v)) of
200 proof ethanol; then add 8 nL (40% (W v)) of propylene glycol, and m x
until cl ear cahdxylnwHeoginmedch dftthy afoje- m‘dﬂcﬁﬁdh&@rb@ﬁbaﬁmsmy%@@aaﬁﬁly C (1
ppm: first, di.sso 19 v mcalcitrio oncentrate
(ot nurber SSUBERGIG Pit o TorearThl Y- iyY: SHOBBRT ket yiReer | nen
add 6 nL (3Qfkeduhs. of propylene glycol and 2 nL (10% (w v)) of

et hoxydi gl ycol,”and m x until clear and uniform (1 i.tg/nL). 5 D (3 ppm:
first, dissolve Ohetamn hegydonthy)akdf lslmﬂgﬂﬁvbﬁllﬂdﬁd witb hetsorryehyl.r Bheste(mot

nunber bel int 1 5 roof e noI then add 6
L (300/HEw/ vﬁ\@cﬁ? B ;%“ teﬁeanéf‘gbs i hetdbe KR ROBREs ShiRdfisiust m finally
add 2 b (109stinied Vit bnebhexedilighy embnandi piyx, %Idalkyﬁ IhaRge@ iy didxyfoer m (3

.tg/nm). 10 E (1 ppm: first, dissolve 0.2 % (W V)) of 100 ppm
cal citriol ebagegtouase (| ot number H, bel ow) |nto 11.72 nmL (58.6% (W v)) of

200 proof ethano ;, he, ne

gl ycol and m x UEP‘(:EDC gg}r%%gl Ohnlq?b&r%]d [?Cf%en %g%é‘g&;ﬁ %%E(S%Le(‘tper Qﬁ{&?

Transcut ol Pomtnig amdaxbamrdonhectddedith addubiaibbad @ arf oxyakh ytoma@E=®). Oherchrbolyld %

(W v)) of Phosp l'i pon 90G concentrate 15(l ot nu el ow), and dj sperse

nto softti 61 Diuxthgintubstityieg ayithaity fﬂﬂ]iefyo‘?’]h*(:li lowgtfmcympowtsyf vejongt

di ssol ve 0. ( i t nber H,

bel ow) int o§O g@'r f&%n/;%_s 1}%}{21% ﬁ%‘wﬁ) of 2 % éraé%(ﬁlyéﬁﬁanoFMﬁtb%esgi)Sgﬁng&l

(2 3210_/0 E% B//) % va?tﬂl qﬂ{w?yqlljenglsgdl}{w?zﬂs ar}dlsd railooxy,ry;r?lh?&:Iee;arEmnqbéasmffn%mmest\fmh I2|0add
0 0 ra 0 m x unti ear. .an niform finally,

add 0.08 mc?lﬁz‘%i%c(a\r/\‘/)%‘/?% dﬁﬁ@&'ﬁ%@‘? 1&6?Pe§ff®ﬂl:°6‘%{}%ﬁ‘flf1§a€8“ Pot*'Abtder G

beI ow) and dhRIeuse ekt 0 sol ut| on m x until clear and uniform (31

.tg/nm). G mx 50 g (50% ( ) of 200 proof ethanol with 50 g (50%
(w/v)) 63 Phosphdhg pom dxoxandr rihyxlrcmﬂ incloesagromprowithipft gPhor 2. H;
conpl etely disso 1% f cal cjtr.iol |n10rrL(99 99%
(wv)) of 200 prloré? é]tnh:}lal nol éesﬁw reage Ares ﬁisﬂté) f loihﬁl sgstudy wer e

anal ytical reagemhe @rr@ld@eﬂfaldgeﬁztt@d”. inSagésciBoiefiedini vetieh alengﬁagehs\md tepleedot ed
after the first nmention of each chemcal within the text of the final

report. 30TR®hplegeN #teMsf this study are summarized in the Summary table
pel ow VO 20111 0340 Lkl Bsl0uRA b Ar @Hﬁg%ﬂﬁ&t arfiEL YA ERbLBe
Across Donors for ro nten piderms rms
Absor pt 2on Retscsdlenieonprédhags picteof) nmafy dcakain bme @l mogi amgfnhietrmreﬁfmlsaamirm@kl n
over 48 hours froma Single Appljcation. M SE as. Total _Mass Qng) Test
Article Epi B rﬁqw ﬁ@f)ntlomers diastereomers, an other stereoisomeric forms that nidy be
defined, in terms of absolute stereochemistry, as (R)- or (§)- or, as (D)- or (L)- for amino
acids. The present invention is meant to include all such possible isomers, as well as
their racemic and optically pure forms. Optically active (+) and (-), (R)- and (S)-, or
25 (D)- and (L)- isomers may be prepared using chiral synthons or chiral reagents, or
resolved using conventional techniques, such as HPLC using a chiral column. When the
compounds described herein contain olefinic double bonds or other centers of geometric
asymmetry, and unless specified otherwise, it is intended that the compounds include
both F and Z geometric isomers. Likewise, all tautomeric forms are also intended to be
30  included.
The term “stereoisomer” includes compounds made up of the same atoms

bonded by the same bonds but having different three-dimensional structures, which are

not interchangeable. The present invention contemplates various stereoisomers and
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Derm s (ng/cnR) Total Absorption (ng/cn2) Lot A 0.98 0.19 0.11 0.11 9.85
0.62 Lot B 1.63 0.44 0.19 0.19 9.84 0.67 Lot C1.89 0.54 0.00 0.00*
9.74 0. A30Lot1/@¥@744 0.74 0.00 0.00 PCT/US2010/044765

mixtures thereof and includes enantiomers, which refers to two stereoisomers whose
molecules are nonsuperimposeable mirror images of one another.

The present invention includes all pharmaceutically acceptable isotopically-
labeled vitamin D compounds in which one or more atoms are replaced by atoms having

5  the same atomic number, but an atomic mass or mass number different from the atomic
mass or mass number usually found in nature.

Examples of isotopes suitable for inclusion in the compounds of the invention
comprises isotopes of hydrogen, such as ’H and 3H, carbon, such as 11C, BC and 14C,
chlorine, such as 36Cl, fluorine, such as 18F, iodine, such as 1231 and 1251, nitrogen, such as

10 “Nand 15N, oxygen, such as 15O, 0 and 18O, phosphorus, such as 32P, and sulphur,
such as *S. Substitution with heavier isotopes such as deuterium, i.e. *H, may afford
certain therapeutic advantages resulting from greater metabolic stability, for example,
increased in vivo half-life or reduced dosage requirements. Isotopically-labeled vitamin
D compounds can generally be prepared by conventional techniques known to those

15  skilled in the art using an appropriate isotopically-labeled reagent in place of the non-
labeled reagent previously employed.

The term “prodrugs” includes compounds that may be converted under
physiological conditions or by solvolysis to a biologically active compound of the
invention. Thus, the term “prodrug” refers to a metabolic precursor of a compound of

20  the invention that is pharmaceutically acceptable. A prodrug may be inactive when
administered to a subject in need thereof, but is converted in vivo to an active compound
of the invention. Prodrugs are typically rapidly transformed in vivo to yield the parent
compound of the invention, for example, by hydrolysis in blood or conversion in the gut
or liver. The prodrug compound often offers advantages of solubility, tissue

25  compatibility or delayed release in a mammalian organism (see, Bundgard, H., Design of
Prodrugs (1985), pp. 7-9, 21-24 (Elsevier, Amsterdam)).

A discussion of prodrugs is provided in Higuchi, T., ef al., “Pro-drugs as Novel
Delivery Systems,” A.C.S. Symposium Series, Vol. 14, and in Bioreversible Carriers in
Drug Design, ed. Edward B. Roche, Anglican Pharmaceutical Association arid

30  Pergamon Press, 1987.

“Pharmaceutically acceptable salt” includes both acid and base addition salts.

“Pharmaceutically acceptable acid addition salt” refers to those salts which retain the

biological effectiveness and properties of the free bases, which are not biologically or
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10.51 0.10 Lot E 2.19 0.14 0.00 0.00 9.96 0.32 Lot F 4.83 0.42 0.00
0.00 8.80 0.25 Non-Dosed Blank Cells 0.37 0.37 0.00 0.00 13.75 0.59**
* Zero vawvoesitmgéicated results below the lower [imt ofPCaatSecviostiss 5**
Presunmed to be endogenous calcitriol being released fromthe skin.

The data indicate that calcitriol did penetrate into, but not necessarily
t hr ough, huvctherwiacandesirstde,mndiwhieh 4re dornfadomith inergaestacidsrsoch ad, botisot

eval uat ed. Bl ank, non-dpsed, skjn, sections. fr eac donor nstr.ated an
PG NG coe TLRAE BB BAE P RS G o B SO CHITE 1okt STOPRRES anun
present in thg hERRURL hinP Wik 98ids BRIhNG, K8 $8ntiinabd ¥, hagitikkab cacross al |
test fornulations, and simfar to the non-dosed skin sections, was nost

likely the dichfaredcetc adid endeing eqidud giom asid. pasirbibefidgaspetticasisid fr om t he s ki n
secti onsg IZ| tt d1 fa& rge 8. vas eaecg acr ass Otlhe .Lest or(r:n%{C gtions a
he. non- o BeMhEEar S Rk AT R R Rt gbghe i b
reservoir sobutifédic beps @@ﬁﬂ'fa&d, caproic acid, caprylic acid, carbonic acid, cinnamic acid,

citric acid, cyclamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic acid,

ethanesulfonic acid, 2-hydroxyethanesulfonic acid, formic acid, fumaric acid, galactaric

acid, gentisic acid, glucoheptonic acid, gluconic acid, glucuronic acid, glutamic acid,

10 glutaric acid, 2-oxo-glutaric acid, glycerophosphorirc acid, glycolic acid, hippuric acid,
isobutyric acid, lactic acid, lactobionic acid, lauric acid, maleic acid, malic acid, malonic
acid, mandelic acid, methanesulfonic acid, mucic acid, naphthalene-1,5-disulfonic acid,
naphthalene-2-sulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinic acid, oleic acid,
orotic acid, oxalic acid, palmitic acid, pamoic acid, propionic acid, pyroglutamic acid,

15  pyruvic acid, salicylic acid, 4-aminosalicylic acid, sebacic acid, stearic acid, succinic
acid, tartaric acid, thiocyanic acid, p-toluenesulfonic acid, trifluoroacetic acid,
undecylenic acid, and the like.

“Pharmaceutically acceptable base addition salt” refers to those salts which
retain the biological effectiveness and properties of the free acids, which are not

20  biologically or otherwise undesirable. These salts are prepared from addition of an
inorganic base or an organic base to the free acid. Salts derived from inorganic bases
include, but are not limited to, the sodium, potassium, lithium, ammonium, calcium,
magnesium, iron, zinc, copper, manganese, aluminum salts and the like. Preferred
inorganic salts are the ammonium, sodium, potassium, calcium, and magnesium salts.

25  Salts derived from organic bases include, but are not limited to, salts of primary,
secondary, and tertiary amines, substituted amines including naturally occurring
substituted amines, cyclic amines and basic ion exchange resins, such as ammonia,
isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine,
diethanolamine, ethanolamine, deanol, 2-dimethylaminoethanol, 2-diethylaminoethanol,

30  dicyclohexylamine, lysine, arginine, histidine, caffeine, procaine, hydrabamine, choline,
betaine, benethamine, benzathine, ethylenediamine, glucosamine, methylglucamine,
theobromine, triethanolamine, tromethamine, purines, piperazine, piperidine, N-

ethylpiperidine, polyamine resins and the like.
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15calcitriol comng fromthe topically applied test fornulations.

Evi dence of calcitriol absorption was observed, as dernmal contents, in

t hose skiwozettiioslg t hat were dosed with two fornul ati oRsT(US2a004855 | S
seen in Figure 1. As no neasurable levels in the dermal skin |layer was seen
fromthe non-dosed skin sections, the nmeasurable dermal |evels fromthese
two test fornul atOfensratadlizanbey produed, sdtwee eff the epmPOuitdoofrtepmes@nin. As
absorption fromthe |ied dose. dn addition, all epidermal sanples dosed
With test arPICERdRS Faenony el ater carEpearaie MaleiePhraaies po%y to - 17x)
than the nopgiQeRd ofKicBmpeetd GMke infatkorOk B8 bANS: BBRaH1HANE SRLARKITEIhe
calcitriol content arranges the test formulati ons as: D>F>E>CB>

A>>>Non- Dos edv@Kinmy2BCuatsl, g1 whichwaserthe holsate andy boradedrite. AHatmatihdy tthet

for mul at | ons lgeqonéstt;eaat iong t.hgO génef\ag,ﬁr ei do%g I’g%|n ScotPt ents, vt\hr?vree itrtlmse t hat
contai n 1 he A GHEPDSHEHETHT PR t‘%g‘?ni jRoungs’y é?ﬁ{_e)s BEERI ol (D
and F). A vexiyt &iamyldadte,liad1kdiap defonod y@heedhedratd) hthhyatitd, aeRuitgaintd,esul t s

(recovery of residual test article fromthe surface of the skin). No

calcitriol Viydraeiefrghydrateangd the Hke agaeH asfthe ¢paregpendingsody atdaliorms ke

sections. 0 : 44 t L [ Key
Proteins i x\?%%ge ‘%%@:ﬁ%@?ﬁ&% %gﬁﬁartée?’( G}I@é gno%%l %I] g&Cg{ecC:B iog]I[‘1d 81f Real
Ti me PCR ( RieGR)entibhinsayanérelyhetairoddvesitivghsSemaralbe exaixplre sf patey ple some
additional information 5regarding the identity of proteins or genes in the
activat1dn PRAYRHEYY Y0¥ Eal citriol . These experinents allow the

| dent i fi cati on ofnt i FRRNAAMHMOIIAPLIAMAN iy ohaliR{deReS | nvol ved

in the cellular response of epiderm s to vitam n D conpounds.
Speci f | ca! | yompoundas tlﬁeoi_mnd_ltto_tma(te.gempmwmh@Dtdwmpoan@)tdnd@ayecﬁum@ehemllyle HEKa to
Local el L e SRt AL AT RIS aR e R AR S BLRSRRIEE, Bk o s
genes that wedfinh ¢RIEEI pRarfRb&lHAI Phecepbie @ fia g 8dntd &&@Eﬁimm@f&ﬂnel
transport and changes in regulation of heat shock proteins. Real -tine

pol yrer &%e chai nlr st ¢robodiREMSRhe gemperdsonset ¢heeinpésipadan he tapicallgxanpl e t o
identify changes.in.the |evel..qf 's. for.genes .involyed in ion.channels,
15t ansport {1 BV ?;%nﬁaﬂ t@gleﬁgﬁ%%' X L;[)A?n(z);eé)ilﬂﬁgial i tﬁl&ﬁ poriledglac o
screeni ng U @it covrkrsSH@Ehhlltrfatesridla®ody adr wiaEgBhes aw 6 sRedledih b ault Y
offer an insight to the node of biological action of calcitrjol V\ngthin t he

cel I's were 89blHekE; cethaoyeand HugRRisUBGey Sus epithalia] ttases wsiudgoradal - ti me
PCR quanti fi i t ey | 0.1p [ L set ont ai ni ng
80 pat hway. J00ueh e fARET M RS SR RRE b REP R PO

uti |l i ze@0 t woergicalgsniafurigerye slimeiithigs end aloadced stidaddeat Shock Prot ei ns

( SABi osci ences), and those related to Neuroscience |Ion Channels and
Transporters (SABCBYEHERRE AN be formulgfejin g Nprely gf cEpieRUInA HFPa S TeHEE [ ol
kerati nocyt esdaiEahni WakiSn Teh & 26, F4 eﬁ%blef SnBliHTh ﬁ@ﬁﬁ%@ag@'f@ﬂnﬁ’g' Ccs,
Inc., Portland OR) along with Human 25Kerat| nocyte G owt h Suppl enment
(Cascade Bi etahgisdsjuid sotutionPor susperdiddR) gel Celdamsyenealsignpntiats, 7diewi t h 5%
C2. D3 tf.ireat mantf of HEKa ceItI S: HEI1<a cells ngre treated with 0.1
[tg/nL of cBPYPTFira¥rOPRE RASKEBHMGBH: AYES §8MG; &0, 1 [tg/nL fi nal
concent pation of Coal&Gitlohhl®) used cABietS foRlpidal hpcati&iis iﬂélﬁ&@%ééﬁﬂ, dellatrh dHd Of
ethanol, and |i AL of the resulting stock was 30 added to 5 nL of nedi a.
Vehi cl e congdewvatiyeoilipreof. pobilacsicweideortpobigl egligiaeid pslymiersretéapoboraratherand | i AL
SI arez thoi h g u:’l{)aSZCt en %%tiv@: rsﬁ/c%sz;[senqetﬁyl c%llul%?é, cgfkbx%eth%rcefl%lo@é),uorr%xﬁfci}e%r the
cellulose, guar gum, acacia gum, karaya gum, tragacanth gum, bentonite, agar,

carbomer, bladderwrack, ceratonia, dextran and derivatives thereof, ghatti gum,

30 hectorite, ispaghula husk, polyvinypyrrolidone, silica and derivatives thereof, xanthan
gum, kaolin, talc, starch and derivatives thereof, paraffin, water, vegetable and animal
oils, polyethylene, polyethylene oxide, polyethylene glycol, polypropylene glycol,
glycerol, ethanol, propanol, propylene glycol (glycols, alcohols), fixed oils, sodium,
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WO 2011/ 019617PCT/ US2010/ 044765 RNA isolation: Cells were |ysed for
RNA isolation at different treatnment tines using the RNeasy Mni kit

(Q agen, wooenivowedienci a CA) foll owi ng the nmanuf act urer' ®Crrseoosi7ens. RNA
was quantified by nmeasuring optical density at 260 nm First Strand
Synthesis: First strand cDNA was synthesized fromli_tg of total RNA using
5the RT2 Fi psttasﬁnmaaidmﬁyum hmhssimhtorcsmmmﬁsémhss phlEriéd@atbohath/D) as per
manuf act urer. s reconmendat.i ucts fromthe

first stran §§h‘?f1?1t8’s‘flt§at\%e$18c‘?ﬂafeu{a&?t‘?/\naf%atﬁiaﬁl}é‘f‘eptartr‘? S%retar%t? h the SYBR green
master mx (SABi @86HSAGR 8Rs156§g@£té K Mp}ogi@ﬂi abQrdes B%rhi)ghg’cgg thé LAMRin Real

time PCR was run on the PCR Arrays (Heat Shock Protein Arrays, and
Neur osci enc® eompouods Greaderdd emliiaﬂa?ﬁye ESABnys @né nesedencdtimd ef theldripjang o a

Bi or ad X96 Dat g anal,yses. e d using the PCR array data
anal ysi s sofqlB\/g?%ﬁ]a\PéoEﬁé'Eﬁczlcmﬁ{%aﬁga@Aﬁ‘ ggm ences website. Table 2-1
bel ow shows the gepisl @dhsddihateatheShnskalfy e @ed. Beimeddmabyattitsthadd e

regulated in HEKa cells after calcitriol treatnent. Results show only those
genes that &lededuantagn ofarevding conoliaddishspryen thesapnasiient of thrabieation Genes

B S e
regul at ed aprop8r mediugm. DNAJC6 DnaJ (Hsp40) honol og, subfam I y C, menber 6
Downr eg&l(l) ated Hsgé%dyr% %Ld g}?rggskcagoclér[l)gmp rlr? ;[1 ciltrllonZtol% é 31 zijnln%t])egon%i[)oé%s hour's HSF4
carriers such as lactose, talc, aluminum hydroxide, calcium silicates and polyamide
powder, or mixtures of these substances. Sprays can additionally contain customary
propellants, such as chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons,
such as butane and propane.

15 Ordinarily, an aqueous aerosol is made by formulating an aqueous solution or
suspension of the vitamin D compounds together with conventional pharmaceutically
acceptable carriers and stabilizers. The carriers and stabilizers vary with the
requirements of the particular compound, but typically include nonionic surfactants
(e.g., Tweens, Pluronics, polyethylene glycol and the like), proteins like serum albumin,

20  sorbitan esters, oleic acid, lecithin, amino acids such as glycine, buffers, salts, sugars or
sugar alcohols. Aerosols generally are prepared from isotonic solutions. Generation of
the aerosol or any other means of delivery of the present invention may be accomplished
by any of the methods known in the art. For example, in the case of aerosol delivery, the
compound is supplied in a finely divided form along with any suitable carrier with a

25  propellant.

Liquefied propellants are typically gases at ambient conditions and are
condensed under pressure. The propellant may be any acceptable and known in the art
including propane and butane, or other lower alkanes, such as those of up to 5 carbons.
The composition is held within a container with an appropriate propellant and valve, and

30  maintained at elevated pressure until released by action of the valve.

In one embodiment, the vitamin D compound may be administered
prophylactically. For prophylactic applications, the vitamin D compound can be applied

prior to potential alopecia. The timing of application can be optimized to maximize the
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weight.

10 For compositions of the present invention comprising a carrier, the composition
comprises, for example, from about 1% to about 99%, preferably from about 50% to
about 99%, and most preferably from about 75% to about 99% by weight of at least one
carrier.

Also, the separate components of the compositions of the invention may be

15  preblended or each component may be added separately to the same environment
according to a predetermined dosage for the purpose of achieving the desired
concentration level of the treatment components and so long as the components
eventually come into intimate admixture with each other. Further, the present invention
may be administered or delivered on a continuous or intermittent basis.

20 In one embodiment, the formulation includes the vitamin D active ingredient,
formulated in about 40% (w/w) propylene glycol and about 60% (w/w) anhydrous
absolute ethanol (200 proof, US), optionally with other minor pharmaceutically
acceptable excipients, carriers, or diluents, such as about 0.4% (w/v) of Phospholipon
90G. In another embodiment, the formulation includes the vitamin D active ingredient,

25  formulated in about 30% (w/w) propylene glycol, about 10% (w/w) Ethoxydiglycol or
Transcutol, and about 60% (w/w) anhydrous absolute ethanol (200 proof, US),
optionally with other minor pharmaceutically acceptable excipients, carriers, or diluents,
such as about 0.4% (w/v) of Phospholipon 90G. In some embodiments, the ethanol is
anhydrous absolute 200 proof (U.S.) undenatured ethanol (USP). The formulation

30  described herein provides a level of dermal penetration and delivery of the active
vitamin D compounds, and provides an effective means to prevent alopecia, or to reduce

the severity of alopecia, especially chemotherapy-induced alopecia (CIA).
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Exanpl e 3. ltddamal pemttiadnn/e¢cukeyatimdtebavisr.i nvol ved i n Epi dermal Cel |

Cul t 20 R to Calcitri - Anti body A . ' f
orot e n changes. AbR A EPmBPUEkiA R oRa Lyt dTER PRl bugh

utilizaps onepilic@dit WAAEHathe k@REANRy n¥Pbirafb € oL R ABHSIs My CAGRAIHG f Or
changes in over 700 potentral target proteins.
different formulation developed by Roche Dermatology was ineffective in protecting
against CIA when used at a dose of about 500 - 1000 ng per application, and caused
dermatitis in the majority of the human subjects in Phase I study. The same Roche
formulation also failed to work in the rat chloroleukemic model (infra).

30 One of the exemplary formulations of the invention can be prepared according to

the following (non-limiting) procedure:
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0.875 g/mL. The target concentration of the above formula expressed in w/v is 3.15
15 pg/mL.
The reagents used are all USP Grade reagents (meeting the requirements of the
U.S. Pharmacopeia).
Using the formulation of the invention, a dosage of about 0.2 pug (administered as
100 pL of 2 pg/mL topical solution) is protective against CIA in neonatal rat. Based on
20  this information, one of skill in the art can readily adjust the proper dosage level based
on the average body weight of the mammal to be treated. For example, in human
subjects, a total dose of calcitriol (or other equivalent amount of vitamin D compounds)
of about 2.5 ng, 5 pg, 10 pg, 25 pg, 50 pg, 75 pg, or 100 ug may be used. Preliminary
animal toxicology study shows that a dose of about 100 nug caused no dermal irritation,

25  and exhibited excellent epidermal penetration without substantial dermal penetration
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(e.g., extremely low penetration to dermis). See description above for additional dosage

information.

Examples
5 The following examples illustrate certain aspects of the invention, and are not
limiting in any respect. While the examples have been described in some details for
purposes of clarity and illustration, one skilled in the art will appreciate that various
changes in forms and details can be made without departing from the true scope of the
invention.
10

Example 1. Evaluation of the Percutaneous Absorption of Calcitriol, in vitro, Using

the Franz Human Skin Finite Dose Model

This example was designed to evaluate the percutaneous absorption
pharmacokinetics of various calcitriol formulations. Absorption was measured in human
15 cadaver skin, in vitro, using the finite dose technique and Franz Diffusion Cells.
The in vitro human cadaver skin model has proven to be a valuable tool for the study of
percutaneous absorption and the determination of the pharmacokinetics of topically
applied drugs. The model used human cadaver skin mounted in specially designed
diffusion cells that allowed the skin to be maintained at a temperature and humidity that
20  match typical in vivo conditions. A finite dose (e.g., 4-7 mg/cm?) of formulation was
applied to the outer surface of the skin and drug absorption was measured by monitoring
its rate of appearance in the receptor solution bathing the inner surface of the skin. Data
defining total absorption, rate of absorption, as well as skin content was then accurately
determined in this model. The method has historic precedent for accurately predicting in
25  vivo percutaneous absorption kinetics. Thus, the in vitro finite dose model on human
skin permitted the characterization of the percutaneous absorption pharmacokinetics of
vitamin D compounds, such as calcitriol.
In this experiment, six formulations containing calcitriol were tested on three
replicate skin sections per formulation on each of three different cadaver skin donors, for
30  the percutaneous absorption of calcitriol over a 48 hour dose period. At pre-selected
times after dose application, the dermal receptor solution was removed in its entirety,
replaced with fresh receptor solution, and an aliquot saved for subsequent analysis. In

addition, the stratum corneum, epidermis, and dermis were recovered and evaluated for
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provided below.
Human cadaver trunk skin without obvious signs of skin disease, obtained within
S5 24 —48 hours of death, was used in this study. The skin was dermatomed,
cryopreserved, and sealed in a water-impermeable plastic bag, and stored at < -70°C
until the day of the experiment. Prior to use, the skin was thawed in ~37°C water, then
rinsed in tap water to remove any adherent blood or other material from the surface.
Skin from a single donor was cut into multiple smaller sections large enough to fit on

10 static 2.0 cm® Franz diffusion cells. Three replicates per donor were tested for each
formulation. The dermal chamber was filled to capacity with a reservoir solution of
phosphate-buffered isotonic saline (PBS), pH 7.4 = 0.1, and the epidermal chamber was
left open to ambient laboratory environment. Volpo (Oleth-20), a non-ionic surfactant
known to increase the aqueous solubility of poorly water soluble compounds, may be

15  added to PBS. Volpo in the reservoir solution insures diffusion sink conditions during
percutaneous absorption, and is known not to affect the barrier properties of the test
skin. The cells were then placed in a diffusion apparatus in which the dermal reservoir
solution was stirred magnetically at ~600 RPM and its temperature maintained to
achieve a skin surface temperature of 32.0 + 1.0°C.

20 To assure the integrity of each skin section, its permeability to tritiated water was
determined before application of the test products. Following a brief (0.5-1 hour)
equilibrium period, *H,O (NEN, Boston, MA, sp. Act. ~ 0.5 uCi/mL) was layered across
the top of the skin by dropper so that the entire exposed surface was covered
(approximately 250 - 500 pL). After 5 minutes, the *H,O aqueous layer was removed.

25 At 30 minutes, the reservoir solution was collected and analyzed for radioactive content
by liquid scintillation counting. Skin specimens in which absorption of *H,O is less than
1.56 pL-equ/cm” are considered acceptable. All skin samples used had *H,O absorption
of less than about 0.50 pL-equ/cm? (results not shown).

Dose Administration and Sample Collection: Just prior to dosing, a pre-dose

30  sample was taken and the reservoir solution was replaced with a fresh solution of 0.1x
PBS with 0.2% Volpo (also known as Oleth-20, a non-ionic surfactant used to ensure
miscibility of the drug in an aqueous solution). The chimney was removed from the

Franz Cell to allow full access to the epidermal surface of the skin. All formulations
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di Melys4 A single skin section from each donor was mounted onto cells which were not
dosed but used to evaluate for the appearance of substances diffusing out of the skin,
which may represent endogenous calcitriol. After the last sample was collected, the skin

10 surfaces were washed twice (1.0 mL volume each) with 80:20 Ethanol:Water to collect

un-absorbed formulation from the surface of the skin. Following the wash, the skin was
removed from the chamber and split into epidermis and dermis. Each layer was
extracted overnight in 80:20 Ethanol:Water.

Quantification of calcitriol was by High Performance Liquid Chromatography

15 (HPLC). Briefly, HPLC was conducted on a Hewlett-Packard 1100 Series HPLC
system with an Agilent 1100 Series LC/MSD. A solvent system consisting of A) 0.1%
Ammonium Acetate in Water and B) 0.1% Ammonium Acetate in Methanol was run
through a Phenomenex Luna C18 (2) column (100A, 3p 100 x 4.6 mm) at a flow rate of
0.550 mL/min. Peak areas were quantified to concentration using an external standard

20  curve prepared daily from the neat standard. Samples not assayed on the day of
collection were stored at or below -20°C.

In the pilot study, a single formulation from the group was dosed to six chambers
at about 5 pL/cm? dose on a single donor. Receptor solutions were collected at 0, 2, 4,
8, 12, 24, 32, and 48 hours. Following the last receptor solution sample, the surface was

25  washed and the skin collected for analysis as previously described. All samples were
processed and analyzed for calcitriol content.

The final design of the pivotal study was based on the results observed in the
pilot study, in particular, applied dose, receptor solution sampling schedule, and sample
processing methods. These modifications were made to optimize the detection and

30  quantification of calcitriol in the pivotal study samples. For example, although the pilot
protocol states that reservoir samples were taken at 2, 4, 8, 12, 24, 32, and 48 hours, it
was determined after the pilot study, that reservoir samples would be taken at 6, 12, 24,

and 48 hours to facilitate better detection levels of Calcitriol in the reservoir samples. In
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i n regul ati enthefapplidd ddi3k eF6Eddta PV 06£D5EH iSIYTRple was <LLQ (Lower Limit of
Quantification), then that sample may be treated as a non-data value. For radioactive
samples (e.g., the water integrity test), LLQ was defined as the predetermined mean
background of blank samples. At the discretion of the investigator, all values <LLQ
10 were declared as zero values or actual value measured for the purpose of calculating key
parameters; b) a suspected outlier were confirmed if it is greater than the mean + 3SD
range of the same values from the set of remaining replicate chambers, or as determined
by the Dean and Dixon Outlier test. At the discretion of the investigator, values declared
as outliers weree removed from the overall summation of the data (but are noted as such
15  in the text or data tables); c) within a chamber, if a given time-point value has been
declared a non-data value, or is missing due to other reasons, the time-point value was
replaced with an interpolated value to calculate the relevant parameters. The
interpolated value is calculated on a line that connects the adjacent values as follows:
» (Given 3 points: (T1,A), (T2,B) and (T3,C) with (B) missing,
20 *  Where T = Time and A-C = measured data values
= Estimated B = A - [((A-C)/IT1-T3l) x (IT1-T2l)]
For statistical evaluation, replicates within donors were averaged and standard deviation
calculated for each key parameter. Within donor averages were then collated and the
across donor population mean with standard error was calculated. Differences between
25  test articles were evaluated using the Student’s t-test.
Using this protocol, the following test formulations were evaluated:
* A: (1 ppm):dissolve 0.2 mL (1% (w/v)) of 100 ppm calcitriol concentrate (lot
number H, below) into 19.8 mL (99% (w/v)) of 200 proof ethanol (1 pg/mL).
* B (1 ppm): first, dissolve 0.2 mL (1% (w/v)) of 100 ppm calcitriol concentrate
30 (lot number H, below) into 11.8 mL (59% (w/v)) of 200 proof ethanol; then add
8 mL (40% (w/v)) of propylene glycol, and mix until clear and uniform (1
pg/mL).
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a kinase that plays a regulatory role in various cell signaling events
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and mix until clear and uniform (1 pg/mL).
5 * D (3 ppm): first, dissolve 0.6 mL (3% (w/v)) of 100 ppm calcitriol concentrate
(lot number H, below) into 11.4 mL (57% (w/v)) of 200 proof ethanol; then add
6 mL (30% (w/v)) of propylene glycol and mix until clear and uniform; finally
add 2 mL (10% (w/v)) of ethoxydiglycol and mix until clear and uniform (3
pg/mL).
10 * E (1 ppm): first, dissolve 0.2 mL (1% (w/v)) of 100 ppm calcitriol concentrate
(lot number H, below) into 11.72 mL (58.6% (w/v)) of 200 proof ethanol (DP-
04-099); then add 6 mL (30% (w/v)) of propylene glycol and mix until clear and
uniform; then add 2 mL (10% (w/v)) of Transcutol P and mix until clear and
uniform; finally, add 0.08 mL (0.4% (w/v)) of Phospholipon 90G concentrate
15 (lot number G, below) and disperse into solution, mix until clear and uniform (1
pg/mL).
* F (3 ppm): first, dissolve 0.6 mL (3% (w/v)) of 100 ppm calcitriol concentrate
(lot number H, below) into 11.32 mL (56.6% (w/v)) of 200 proof ethanol ; then
add 6 mL (30% (w/v)) of propylene glycol and mix until clear and uniform; then
20 add 2 mL (10% (w/v)) of Transcutol P and mix until clear and uniform; finally,
add 0.08 mL (0.4% (w/v)) of Phospholipon 90G concentrate (lot number G,
below) and disperse into solution, mix until clear and uniform (31 pg/mL).
*  G:mix 50 g (50% (w/v)) of 200 proof ethanol with 50 g (50% (w/v)) of
Phospholipon 90G, and mix until clear and uniform.
25 * H: completely dissolve 0.01 mg (0.01% (w/v)) of calcitriol in 100 mL (99.99%
(w/v)) of 200 proof ethanol.
All reagents used in this study were analytical reagent grade or better. Source of
unique reagents will be noted after the first mention of each chemical within the text of
the final report.

30 The results of this study are summarized in the Summary table below:
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3-5. Over - expressed Proteins 1 elfatgfidetRis APOP RS Inds CINtioell AkbFstioed Hours
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Lot B 1.63 +0.44 0.19+£0.19 9.84 +0.67
Lot C 1.89+0.54 | 0.00 +0.00* 9.74 +£0.43
Lot D 6.44 £0.74 0.00 £ 0.00 10.51+0.10
LotE 2.19+0.14 0.00 £ 0.00 9.96 +£0.32
Lot F 4.83+0.42 0.00 £ 0.00 8.80 £ 0.25

Non-Dosed Blank
Cells

* Zero values indicated results below the lower limit of detection.
5 ** Presumed to be endogenous calcitriol being released from the skin.

0.37+£0.37 0.00 £0.00 13.75 + 0.59%*

The data indicate that calcitriol did penetrate into, but not necessarily through,
human cadaver skin, in vitro, from the test formulations evaluated. Blank, non-dosed,
skin sections from each donor demonstrated an HPLC/MS coeluting peak consistent

10 with endogenous calcitriol. The amount present in the reservoir solution, being
essentially identical across all test formulations, and similar to the non-dosed skin
sections, was most likely the diffusion of endogenous calcitriol being released from the
skin sections. As little difference was seen across the test formulations and the non-
dosed chambers, it is unlikely that the amount seen in the reservoir solution represents

15  calcitriol coming from the topically applied test formulations.

Evidence of calcitriol absorption was observed, as dermal contents, in those skin
sections that were dosed with two formulations (A and B), is seen in Figure 1. As no
measurable levels in the dermal skin layer was seen from the non-dosed skin sections,
the measurable dermal levels from these two test formulations are interpreted, therefore,

20  to represent absorption from the applied dose. In addition, all epidermal samples dosed
with test formulations demonstrated calcitriol levels greater (~3x to ~17x) than the non-
dosed skin sections. Rank ordering based upon epidermal calcitriol content arranges the
test formulations as:

D>F >E > C>B > A>>>Non-Dosed Skin

25  Consistent with this rank order is that the test formulations demonstrating the greater
epidermal contents where those that contain the higher concentrations (3 pg/mL vs. 1
pg/mL) of calcitriol (D and F). A very similar rank order is observed in the surface
wash results (recovery of residual test article from the surface of the skin). No calcitriol
was found in the surface wash of the non-dosed blank skin sections.
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Spemflcally, it was found that exposing the keratinocyte cell line HEKa to
10 calcitriol caused a significant impact on cellular processes. The experiments described
herein focus on the identification of key proteins / genes that were involved in calcitriol
induced changes in calcium channel transport and changes in regulation of heat shock
proteins. Real-time polymerase chain reaction (RTPCR) methods were employed in this
example to identify changes in the level of mRNA’s for genes involved in ion channels,
15  transport proteins, and heat shock proteins.

Using PCR arrays as a screening tool, a spectrum of molecular targets that would
potentially offer an insight to the mode of biological action of calcitriol within the cells
were evaluated. Changes in mRNA levels were evaluated using real-time PCR
quantification to assess mRNA levels in preselected subsets containing 80 pathway

20  specific targets (see Appendix). The PCR array analysis utilized two groups of genes -
those related to Heat Shock Proteins (SABiosciences), and those related to Neuroscience
Ion Channels and Transporters (SABioscience).

Cell culture: Primary human epidermal keratinocytes (HEKa) were maintained

in Epilife Medium (Cascade Biologics, Inc., Portland OR) along with Human
25  Keratinocyte Growth Supplement (Cascade Biologics, Inc., Portland OR). Cells were
grown at 37°C with 5% CO,.

D3 treatment of HEKa cells: HEKa cells were treated with 0.1 pg/mL of

calcitriol or the control vehicle. To give a 0.1 ng/mL final concentration of calcitriol, 1

mg of Calcitriol was dissolved in 2 mL of ethanol, and 1 pL of the resulting stock was
30  added to 5 mL of media . Vehicle control group of cells were treated with 5 mL media

containing 1 pL of ethanol. Cells were harvested 3, 6, 16, 24, 48, or 72 hours after the

start of the treatment.
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software available on the SABiosciences website.
Table 2-1 below shows the genes on the Heat Shock Protein Gene Array that are
regulated in HEKa cells after calcitriol treatment. Results show only those genes that

15  were regulated in two independent experiments.

Table 2-1 Genes in the Heat Shock Protein Array Regulated by VitaminD3

Treatment .

Gene symbol | Protein Regulation Pattern

HSPB1 Heat shock 27 kDa protein | Down regulated at 48 hours
1

DNAIJC6 Dnal (Hsp40) homolog, Downregulated
subfamily C, member 6

HSPA2 Heat shock 70kDa protein | Upregulated at 48 hours
2

HSF4 Heat shock transcription Upregulated at 48 hours
factor 4

20 Two of the genes that were regulated at the mRNA level by calcitriol treatment

in HEKa cells were HSPB1 and HSPA2. HSPBI is a 27 kDa protein that is expressed
not only in the cell membrane, but also in the cytosol, mitochondria, and the golgi
bodies. HSPA?2 is a 70 kDa protein present in the cell membrane and nucleus, and is
regulated by HSF1. Both HSPB1 and HSPA?2 have been implicated in apoptosis. HSF4

25  isregulated by retinoic acid, and is involved in cell differentiation. DNAJC6 belongs to
the HSP40 group of proteins. It is present in clathrin coated vesicles and in the

cytoplasm.
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Table 2- Genes in the Neuroscience and Ion Channels Array Regulated by Vitamin
5 D3 Treatment
Gene Gene Regulation
Symbols Pattern
Solute Carrier family 1 upregulated at 16
(neuronal/epithelial high affinity hrs
SLCIAT glutamate transporter, system Xag),
member 1)
KCNB2 Potassium voltage-gated channel, Shab- | upregulated until
related subfamily, member 2 24 hours
Potassium intermediate/small upregulated at 48
KCNN4 | conductance calcium-activated channel, | hours
subfamily N, member 4
Solute carrier family 1 (glial high downregulated at
SLCI1A3 | affinity glutamate transporter), member | 48 hours
3

Changes in glutamate transporters and in potassium channels was consistently
observed. SLCI1A1 (also known as EAACI or EAATS3) is known to be primarily
responsible for transport of the excitatory neurotransmitter glutamate across the

10 membrane. This solute carrier protein has been found outside of the nervous system in
tissues such as the heart and skin. In rat keratinocytes, there is evidence showing the
involvement of glutamate signaling and SLC1A1 in wound healing (Genever et al.,
1999). Inhibition of SLC1A1 by Riluzole, a drug currently in clinical trials for
melanoma (Clinical Trials.gov, Mosby’s Drug Consult, 13th Edition) is indicative of a

15  biological role of SLC1AT in skin cells. Given that SLC1A1 has been implicated in
anti-apoptotic mechanisms in injured motor neurons (Kiryu-Seo et al., 2006), the
observation in this experiment that SLC1A1 is upregulated by D3 treatment in HEKa
cells suggests a potential protective mechanism pathway link.

SLCI1A3 (also known as EAAT1 or EA6) is another solute carrier which allows a

20  sodium-dependent glutamate and aspartate transport. Typically found in glial cells in
the brain, this transporter is involved in cleaning up the synaptic space of glutamate,
thereby preventing prolonged depolarization of post synaptic neurons. SLC1A3 is
known to interact with glial derived neurotropic factor (GDNF) and phosphodiesterase

6B (PDE6B). It is possible that SCL1A3 is involved in reducing cytotoxicity.

53



internediate filament cytoplasm 8 Keratin 17 KR17 down at 24 hours
I nternmedi ate filanment cytoplasm 10 S100 A9 (Cal protectin) S100A9 down at 6
and 24 howp=ogalieéiam bi ndi ng protein cytoplasm 14 S100 AC3/US:0AIBZ6up at 6
and 24 hours Cal cium binding protein cytoplasm?27 Galectin 1 LGALS1 up at 6
and 24 hours beta- gal actosi debi ndi ng protein Extracel |l uar

KCNN4 is a potassium intermediate / small conductance calcium-activated

channel, subfamily N, member 4. Following its activation, the cell membrane is
hyperpolarized and there is increased calcium influx into the cell. This potassium
channel is localized in many tissues outside of the nervous system.

5 KCNB2, potassium voltage-gated channel, Shab-related subfamily, member 2, is
upregulated at about 24 hours post calcitriol treatment. This potassium channel is
important in regulating neurotransmitter release, insulin secretion and smooth muscle
contraction.

Although calcitriol was used in these experiments, one of skill in the art will
10 readily understand that other vitamin D compounds of the invention (such as those
described herein above) may also exhibit similar activities in regulating target gene
expression. It is contemplated that, in certain embodiments, the vitamin D compounds
of the invention exhibit a similar or identical gene modulation profile as that of calcitriol
in these experiments, e.g., up-regulating the expression (mRNA and/or protein) of one or
15  more target genes similarly up-regulated by calcitriol, or down-regulating the expression
(mRNA and/or protein) of one or more target genes similarly down-regulated by

calcitriol.

Example 3.  Identification of Kev Proteins involved in Epidermal Cell Culture

20  Response to Calcitriol - Antibody Array

Evaluation of protein changes upon calcitriol stimulation was also evaluated
through utilization of antibody microarrays, which are capable of screening for changes
in over 700 potential target proteins.

In this experiment, an antibody microarray (Panorama XP725 Antibody Array,

25  Sigma) encompassing antibodies against over 700 target proteins was utilized to assess
changes in protein concentration/level in HEKa cells treated with calcitriol for about 3,
6, or 24 hours, respectively. Briefly, the treated HEKa cells were first harvested and
then extracted to obtain a soluble protein supernatant. Two portions of the extracted
protein sample (~1 mg total) from each sample (at 1 mg/mL) were each labeled with

30  fluorescent dye (Cy3 and CyS5, respectively). The excess dye was removed from the
protein sample, and the resulting labeled protein samples were used for microarray

incubation.
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Table 3-2. Target Proteins with Decreased (>2-fold) Protein Levels Following Calcitriol
Treatment

Crk I

Growth Factor Independencel

Phosphatase 1b

Serine Threonine Protein

Cathepsin D

Transforming Growth Factorb pan

WAVE

Protein Tyrosine Phosphatase PEST

CD40

Evaluation of calcitriol treated HEKa cells at 24-hour with the same protein

antibody array method identified about fifty proteins that were significantly upregulated.

These proteins generally fall within four catagories: (i) transcriptional and cell cycle

control (Table 3-3); (ii) structural, cytosckeletal and adhesion proteins (Table 3-4); (iii)

apoptosis regulation proteins (Table 3-5); and (iv) nerve cell differentiation and

10

Alzheimer’s disease (Table 3-6).
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ligand dependent nuclear
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signaling
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transcription regulator, in
development of brain, lung, gut

HDAC2

regulates gene expression

MAP Kinase Activated
Protein Kinase2
MAPKAPK?2

A kinase involved in many
cellular processes (stress and
inflammatory responses,
nuclear export, gene
expression regulation and cell
proliferation). Heat shock
protein HSP27 was shown to
be one of the substrates.

MAP Kinase ERK1

acts in a signaling cascade that
regulates various cellular
processes such as proliferation,
differentiation, and cell cycle
progression in response to a
variety of extracellular signals,
phosphorylates nuclear
proteins

Melanocortin3 Receptor

hormone receptor

Proliferating Cell Protein
Ki67

proliferation marker

S100 calmodulin-like calcium
binding protein involved in
regulation of multiple cell
processes

SHPTP2 a kinase that plays a regulatory

role in various cell signaling
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i € o £ ool b G Rur v RS b » SR B e b Peteb PP cent Ty

used alopecbgcﬁ@@nntheraples i ncl udi ng cycl ophospham de, doxorubi cin,
20paclitaxel, etoposide, and cytarabine, and conbi nati ons thereof. VMen
testing protective agents for chenotherapy-induced al opecia, it is
paramount t e dereram nghetRen L Ne oh ®tadbEiE God | Protect the hair
follicles amo arso the

A series of HEKa cultures were treated with different concentrations of calcitriol,

15  and the growth behavior of the HEKa cells analyzed after a pre-determined growth
period. All experiments were conducted in 96-well plate format. Each well contained
the same amount of HEKa cells in about 100 pL of media (usually between 2,000 —
5,000 cell/well). Calcitriol was dissolved in ethanol to make a stock solution. The stock
solution was serially diluted 1:2 in the growth media, covering a range of between 4.0

20  pg/mL to about 15.5 ng/mL (9 test concentrations). About 100 pL of each test
concentration of calcitriol was added a corresponding test well, resulting in a final

volume of about 200 uL/well. The tested calcitriol concentrations are in the range of
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cancer cells fromthe chenotherapy and/or interfere with therapy. The
neonatal rat nodel of |eukem a, devel oped by Jinenez et al., provides an
opport uniwg 200/@%a7mul t aneously test any effect of the wcraseoobsehpound
on the devel opment of |eukem a, the treatnent of |eukem a, potenti al
interaction with chenot herapeutic agents, and the effect of the vitamn D
conmpound onbpmeeedtli-o0008 uehdnt= ¢ ndureporaled pecilamn hitlsongdH) ingths 86-avedwer s

t he questi on, of ther multiple cycles of the test t in.the sane
e e Pl SRR | et b ab i ep el PO cfifiaf &M eapRimpss Bfos. 1 n
addi tion, by RRckaiindudiigieRi gnented Long Evans rat, the study al so all ows

the determ nation of ether the test agent protects hair color. The
cal citriol fornukatshown isFigure dagalcitiohyds tusted injoitEkeoretlaioméney USP- gr ade

calcitrigl in a vehicle containi - gr.ad opyl e | yeal, .(40% w w) and
cahydrous  GeSnt T uTetaS Rl ARty YRR, TP RS LR U o et
(60%V w) . Thelleolbfedtihakd HAKAfceBlad tltalholiappédreeemBtlydiigmldes HEKY c2ll

[tg/ 1001AL (2 [tg/m_%. The test article is received on ice, and is
i mredi at el y 25v6h édl (a20%). sHovayramtgalcitiial congepdratigns of about he yeel ouBiRierded

into 4.5 nL i ' [ i ' Eﬁﬁ [ will
be no snall 8%19?%§Vﬁ%dh%g?gg\i/2?? %eg%lﬁ%%ggesﬁgggeéﬁfhgm S %P : ﬁ%alﬁ{erg)}tmzdrs ticle
wi Il be packeggderntover geliypobiiyittesieiniegradait e4paGnaits bvdrhageliod ofabduesix The
4.5 mL tubes of test article will be kept in dark boxes and only the anmount
needed per EEPETIABMO MM Vbe taken out of the refrigerator. A sanple of
test article packaged in 4.5 nL tube will be assayed at a regular interval
to determine calcitriol levels. At the tine of the experinments, tubes wll
be kept on Esenpkif.e Effest adilenldtiol eatCadcer Cell Growhle vehicle is conprised of
USP- gr ade propyl | ycol ( O%WIW%J,hand USPgr ade an ous and _.undenat ur ed
absout e et hanel CRIEVBROHE REH da e PRI RHErERe (o1 HEKa: SXPERRENS & ne
control  vehigfdy@h ipforhGid! &%r&?&@lclhh%itﬂ% difets R obiehiealfsr mBatdnddher t est
article as well as the vehicle itself are tested. Each test group

15consi $1s ohmegalizedregll dinesvebtedh inguding SkBr3dhichst adprpeafoinsas canoer, HaiZs
study. This _nunber inc el.attrjti and accounts fo

cvent ual | 1y VRS Edu kIS rbBh el Pt aROCRic il NS AP0t
wi th M ACS51 andRIHI38Y irdmertbliAdbhréfladQeOnddxétnpidy sediehRuRRIABIbite Bl KBS ar e
tested: cycl ophospham de, cycl ophosphan de/ doxor ubi cin,. ) )

cycl ophosph s#Hcae/ gunetal seld ilﬁqzsclf, shevgbhimEigure 3 for the pancreatic carcinoma cell line

cycl ophosphanpde/ |4 e j . o
bdowor by oF R Backs Ak ARERCEUPRARICID s affected gver a wide pange pfealeiol
chenot h2p apyodentigtjonshenot her apy + vehicle, chenotherapy + test article =
160 ani mal s per chenot herapy regi nen. Therefqgre, the final estimated nunber
of animals used &8 ™48 of B1° RS CQ@CE&?H;{WSLN _ﬁFﬁh@rﬁ%trrélP%lerhe@ﬁ%H@UQn 160
ani mal's = 8004 PUPGH (Mes calf@]), SXRBAL TERbSdddSh REICHAS RGN AL VidhRS e
adult rat nodel, only animal's that are 25cancer-free (e.g., those who have
survi ved ché&doohesnapyipnsai0e)Sus sl pgintdi)l endagulerrlod ildwbidemet ngh edcityolsi gns  of

| eukem a are eut h%ni z?d 5Cul/t lﬂge of 1 he Z?hay' s Chl orol eukemi a M AC51 cel |
line: M ACSEOREMEHIS 25 HeRldopesBiIgRe Eibat or with 100% humidity at 37 C

as prevpously deggedchRth {uD6ke e thb28Kject23Binkr DPeddthoun&e Wen ApSlidrewn in
non-tissue culture-treated fl asks é Fal con) in 30 RPM 1640 medi um (G bco

| nvi t r ogen, noErdl kpradnoAys (seghyss Ve teiatdertpingioneeaiipnen hme, 10yPe ablgito
bovi ne serum (G bgo | nvitrQgen, ;S Prior t he ;i nj.ecti on of
col | 6 i nt o Prayd itk GV G gl SRR e il i b Pk Byt BhFbEs i
coni cal tubesncefadll Goatie EXteadifg Merdohtgratiah 1000 1@ viamid O ddnipsuess @by froom
tenperature, and resuspended WD 2011/019617PCT/US2010/ 044765 at a

concent r at i &t Inhibit e erey thofmomed dre@tinpoiies: f et al bovi ne serum The cel |

30
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suspension is then transferred to 29 gauge (ga).
I njection of MAC51: All

under

sterile conditions.

pups are

1/2 cc insulin syringes

five days old

upon i nj esoizon/ape1M AC51 and 5S5are manual |y restrai ned. Ph@/usc@low4d7ed) i s

gently pulled and the area is cleaned with an al cohol
injected intraperitoneally. The needle,

swab.

M AC51 is then

path and cells in the syringe are

steril e andEaafmplsh s¥PritegeeiEffeasefd flatricdaoHEK) edlsiAogrinsD¥asbopment of

early signs
bl ood snear

;gf I&ukenia @

re usually observed during Days 21-33. Therefore,

n Days 23 and 31. Only animals that are

cancer-free are SHaWRBmpRAURFAYIds thW) Wi fEWRxEGRond ke AT Z8Hpounds

Test and control

neonat al
toplcall Qg h
6- day oId r3¥ iX0)

article admnistration in the first anagen stage in the
rapf thEamrcntlpm tar pnogcatlﬁmnnrrmléqewnecxtﬁeﬁsu%m HERapreatssthearticl e

e T s raaors or e e W Tilh o M

account for sgRfictn shakAREr &ﬂugewe@tsitecafot dvahRteothe WaPdce becdisitridapmhd ed with a

calibrated mcropipette usin

2000_,

sterile tips.

Once test article or

vehicle i s 6rotore effact alcibesstdrigie Hieattug pamessand [agie tespeeting mechadvedof i nger

until fully fter, another aliquot is applied to the
head and thga9%§c§§@ﬁ$gﬁqﬁgkﬂ% émﬁﬁtl| 1000 , total test article or vehicle
is applied. Ch 7-, 8- 9- and 10- day-ol d aninmals, 500 _, aliquots are applied
twice. Ip older animals c n be applied in .20 one dose, plication
of the t@sti ﬁblegrhc@rvgsﬂaﬁﬁfrf%& hergonmisC e RFtiaHY ohedlRitrielie HERGSEHS i n wi th
a solvent-resistant ni rliﬁ.gqg&@dror 10 secgﬂgﬁaﬂkﬁp the 1ight index

finger. The rationale
ages,

or vehicle may also dif

I

the saturation rat

DEJITTIU . ULIT S AP

Xﬂﬁ@“@?ffer,

d.l.l UTI1 lUgl LLLSELIRS) l.lld.
CX AOX ﬂn deli \lnr\l of ¢t

at different

the test article

pdtU (nce the

Sorigifieg ahfa@e@bwﬂrs et el

penetrated the

skin, pups will be naif

nffamopeien sol at g

hinds to age@gemréd&pto% sp

eci al 'y desi gned

i sol ated conpartnents

RindfReddQUrs. Py

R& &E&nér'&'é’enl Wabiese W t

nmld

| aborat ory hand soap ($

R Lt G

7 lltOth 1351%%5% Onal ) an(]

carefully dried

w th paper towels. Adnm-
in the neonatal rat: Fq

af
IIIDLI LIUII UI

1@‘1(}30!9 A8 r ocej

r n
ICII LIICIa y III LIIC II

\,IANA;?J]F‘B’I?‘I Berapy r

st anagen stage
egi e, 40

recei ve each chenot her:

1ﬁvﬁw@dhne 30an

dop@Esimerngei Bcilnbi,bitanblj 40

recei ve each

chenot her apy regi me ang

I CyelobBdsPharfled

agienitidl aged0 ani mal s d

D not receive

chenot herapy. An aver a(

J%lﬁ)ﬁatfnne Vel gh

[Nl AT JLhET TS O

bt ai ned and i s

used to prepare a suitat
are injected intraperitg

1mgnlll6 i ent

ameyi

PR typsine Kinase iRibpU

Kinase 1nl

enot her api es
1000_, WO

2011/ 019617PCT/ US2010/ (

GemsHakioe or di

Pyrionigine appinglebolise t he

ani mal s using

29 ga. 1/2cc insulin sy

Staagsporivhen i

njoagiecity, kihdve inhibjlnir | e

j of each pup is

gently pulled and the angﬁxhgngleane Mckduiifl idhieabe! swab. | Test and
control article adm ni stratrom im th t?l%g o ARt @ of the adult
S5rat: Survivors that hamnmﬂngngeVC %ﬁl ége canc ree on day 31
according to the henat otogical MHJ? . bl-oo6 anears arei manual | y
restrained and shaven i SCDHBIOHEEHA N tﬁpﬁ%@k@a%”PW@“m7V|ne days | ater
when rats are 40 days ol d to 45 days |dbesinakinas¢ whibier (R&fr yehicle or test

article is applied to

Rerafierall and t N

eViieEiR Zacdat, PRGFEakpunt

applied in one dose to

t he head and n

10sol vent -resi stant nif

Dak&ingh ove for

agtosinaméhaseiibédtorn W t
(BORIaBONds with the r

of 1000_, is
N a
ght i ndex

finger.

are maintained isolated in cages.

Once the solution has conpletely penetrated the sSK
Rats are then washed with m|d | aboratory

n, single rats

hand soap (Soft - Gi the TET, sehtARfiempenmentts, canain)beanﬂkmaseeihhlilbityr baseé drugss twergpaper

Adm nistratio

t owel s.
used 1n assays

rat: Each

Qes1gnea

henot he

tO assess tflg' 93’111

b 0P SRC0 AN ProtiRge adul t

protective effect on HEKa cells. These include: erlotinib (Tarceva), an EGFR Tyr

15

kinase inhibitor; gefutubib (Iressa), an EGFR Tyr kinase inhibitor; sorafenib, inhibitor of

several Tyr kinases (Raf, VEGF-R2, c-kit, PDGR-R); Dasatinib, a BCR/ABL Tyr kinase

inhibitor; and staurosporin, a relatively nonspecific kinase inhibitor.
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15group receives 1 of 5 different chenotherapy reginens, starting on day 47
and endi ng on day 53 for those receiving conbination cytarabine. An average
of the wewghvs/i13616bt ai ned and is used to prepare a sui rabltS2@onesns r ati on
of chenot herapy. Chenotherapies are injected intraperitoneally in a volune
of approximately 1000 _, according to the weight of the aninmals using 29 ga.
1/ 2cc insulin syfhadesng EoveL@aanedinsthesciengerchenothiver aggneralatesd aag, atanual | y

restrai ned usi np anesthesia. The injection area i.s cleaned wi.th an

Al cohol | swafiw drlie dosdieJRYels Gt ikt narerabier i the sk of paiieie kR i ol e ar e
appl i ed der gRdnyicalNEIRERAIARINBEeRDS), IcRlcRAbEF ol iDEd 8RENA ERURRLiIMulafibeAMENCY
and duration of adm nistration and dose |evels and vol unes: The test
25articl e anwtectdd b ElEcaecelldfioifigunesd-Dailn gddiven, 6t apayas flot ceoitiiplthhgaf i r st
and seco§1d ana err(lmc%{ccl 8. (;I;ecsﬁt %gftitcal e. ctontr%isnsc.ﬁ %oggee.n}nr at irsoan Cof 2reht g/ L
calcitriol I"'The B%Sylpéneé dley ST & RANOPS *BRdt AE'Ye |(%)I1 COPaPAS “onl y

t he propyl enemgleyicnl dpetifia@asy Bhnitgioes. Chenot her api es are given based on

wei ght in a volume of approximately 100 i.t1 , intraperitoneally. 30Visual
Observation and Giadirthy C@if?ltlwl(ﬁé?@cqxélbltFétadllOd(eh%%@V PietegiongRapistioMet e body

al opecia is i f i : = i@ It 1 .0-25%
Al opeci a; Zgggzaﬁggqugafﬁﬁ 3})%@?51%%2\@58%@@@%% }ﬂ %Se%ﬁ%? ﬂﬁﬁqg&%gg#&%ﬂ Ha

Al opeci a. The).vi sual observation scale is used daily to grade al opecia
whil e perform ng routine cage WD 2011/ 019617PCT/ US2010/ 044765

observatd ons. | nlEppdean presUBRPY lglalan%Cf'ébﬁﬁW&h@mvs%Htlﬂ@raﬁHew aphi ¢
docunent at i @,RGRALBE. RMPdsltfe prdtt@lye AbfelaRdtiihofefiswheM e biRghelhgai -
Exanpl e 11. ODermrsﬁrS Abs rBttlﬁSrIl) St;t ugf,’; %o%%gg’l ApB{ei cavtv?%% o!? CgvleciltFHFOI
Sol uti on i npBEGatceiofiganithdliFguge (). and Quantification of Calcitriol in ex
vi vo Porci ne Ski . . Pigs .are.frequyently used_.in toxicity.studies
vol ving the dePReierdit brgpIgEmivisry Beeimeteohe ey Rloh hafplgers very
simlar to bhatdedonYrBRstyve IRCRIQhRst IRixUfixEMMgmead)i n this study to
evaluate the dermal tolerability and dermal penetration of the calcitriol

t opi cal 1 or nul at PgrimidinGatimaeigaditarbaseddygsryuch apd{Fbudrowyictl Gahld). o¢t ider mal
adm ni stration. ,100On r eat. t_agroup. t hr mal.e .and .t.hr epal e

ot t1 ngen- mPeEt gaorye b SRR & BRIt R T RC s BRERETR Ger i 1y
to five sepagfih&iadthythilidedh@h isidg@EedfordMSA regRaaoi. I AisdIBluefoudacil has

(placebo), 1, 3, 10, and 30 [tg/nlL. An additional treatnent ?rou of one
nmal e mi ni pi §esRaused snpisllytier Eepting acting {sokyr) kgraiosssaing seme typeg 6F el $elk o t wo

separate ad %@fn%h{a%{ 1 SF{}{[ E@’le%& ﬂﬁ rgfg?t(f eéf{e%girl%%:ﬂ'gsf 9IF[918(SQ(l: ﬁgﬁ)@.land

100 [tg/ L, respective he pl acebo e was adm nistered at
an appl 2eat waml af ealaifrict wig/peasBnt(EFigureddent to 144 ng in a 6 cmx 6 cmtest
area, or 166 1AL of test solution, which contains the active ingredient at
various concent r SCMHaPIARE 4 coside aa@%amﬂ@é@% r3gNABs OBt gr oups

twi ce daily appsosd d¥Bk _indﬁieQ?éer?la@&?Mr flub®e oy Sintt kO udldErasi YAY -
20Qbservations for norbirdity, nortality, injury, and the availability of

food and wabther wealegues ntipyoiredirtess eenakabing répdaceabhe afnthebhddingbloakcalf

observati ons re conducted . daily. Eval uation skin r.eactj on.was .

conduct ed_ prediEeacERavhED Fy iTsasY s tauey iy Tredbg SaPeiel RePe RS i ed and
recor degs pr gtisih tl@é"@eaftxﬁéﬁf! dJf %r_i&@@dércﬁomﬁh M%-@ﬁhl_l XA [nB 2hh @A aNElesic 0 nduct ed
at pretest. At study termnation, necropsy exam nations 25 were perforned

and sect i onsanser, thfaddeeinggrdanshlireasacanges ki iguvge F e shoots| thattag thagiridnpd eser ved.

e Y Ny e Nt
adm ni stration oDnttheotat Bdrdl ctitridRicCadt abpeaidd pitovide adignificant protective
effect against the cytotoxic effect of doxorubicin (Figure 16). In addition, any
30  protective effect against tamoxifen is weak (Figure 17). Tamoxifen binds competitively
to estrogen receptors on tumors and other tissue targets, producing a nuclear complex

that decreases DNA synthesis and inhibits estrogen effects.
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concentrations of 0, 1, 3, 10, 30, and 100 [tg/nmL to Gottingen m nipigs(r)
was well 30tolerated. No effect of treatnent was seen on survival, clinical
fi ndi ngs,woeptml19é1rri t ati on, body wei ghts, nacroscopi ¢ ®CTMSCE109¢4TpF C

exam nation of the skin at any of the treatnent sites (data not shown). The
data fromthe tissue distribution study indicate that calcitriol was
measur abl e i n noSbnsttest with therdaguaboan datt ihdiigy=@rli8shotv thitdllda MavtimdcytedD

2011/ 019617PCT/ US2010/ 0447 S l.es, but not in.the dermal. s le (with
Che simale ssteordnraand oy oalnnh md HndRiehff bidfec B MEnad SR Reb o &
mnipig). |BpddNe if®le HEK@’&QE{.iIﬂ%’i‘ésﬁngl@}?n&ﬁre@@&%&%ﬁcéﬂ%eﬂ%ﬂ@s’]ﬁe@@ﬁ greater

calcitriol tissue levels than femal es. "The cl earest applied dose
corr el at i onPpGa-fj sslSKMéilel8, WasEBhswirvas doi hFUhecagpénde waiesnot wigniicanthear

i near ipgcr e W.th bincreasin | ci.triol.concentrat s fr t 0,100
egrm. Spedtreiiil RoRChS? BRk 6 fa bl cBleniS iR 0 Ry \Gr P piRe>

gl ycol ( USPrelanglere g ktirhulngamatodlcaehl @eyiehitoii its 300U mmeturve Widhot USP) ,
and the calcitriol topical formulation, were used at the pre-fornul ated
concent r at i e¥Rstagtially clmngq gyergip theapigsengo of eagigjiolThe test article was

adm ni ster ed nea; fynd] Lubel)e oRI MIbALLONRBh L%, PLRAERO HAaA8 Hiesly
articles were di spensed r each requir concentration once for ‘daily use,
and were st @Cedlamt Pa@om-tte fdersinllr«f calcitriol foAtw@palsaget didui@altemthe rapond hr ee
femal e experinental |y nave CGottingen m nipigs(r) (approximtely 4 to 5
mont hs & ageieifescdls fee@rydyss éeo?m ShaFin. Eﬁﬂﬂé@&&é@égt,m%rth Rose, New
York. An additi ongleladifis GBRRY kLR Yaiditrdol IV S telf hadSril KERGRbRMIy WS
15l at er transferredsei nu?trsom t hS(eEl)‘égtoc}El ca(l) (t)ny. Usllnntge at s?np e rangoﬁl&zsati on
procedure, fswh anHEKaadarindeleendtlemsye(using FalfS, fonex apiplelgwitou? Bnthgorli&ng5 kg

and 14.50 tq 16.65 k re ctivel at .random zation) were assigned to the
pl acebo and(alere %F%??gésg‘?féﬁ‘g .e%ﬁerﬁya%g@w?meﬁ@gﬁ articles were

admi ni stered der WalcdhYikeWHae wd#bbyraRRh CHKPEBL YealiHOVAR R apfeaf & 7 days
during the study. The dose concentrations were 0, 1, 3, 10, 30, 20 and 100

[t g/ mL, 1andaprintiabls alertte aytotoricagipict ebPpxmubigineagefnstcamggrd iRnjogiglieatislseelt t o

144 ng or 166 f | Ut on i i ot Hat i-on o 1ni stration
(Days -4 and’ g@?%’ﬁ@?ﬁfbﬁ Fﬂ g'ﬁ%’ yfﬁés@@%‘%ﬁ@@ﬁ) %ICQ'I%}’ %ﬁI Ir\ﬁ[_dl\/\/!al]}s113 C(Fﬁ:epped
fromthe appidgwatibpn sites using an electric clipper. Care was taken to

avoi d abrading the skin. The dorsal surface of each animal was divided into
five appli cati onlspddidorn. ppssehle synergigtireettane ofihs summpisinl drugs yvithgralopsioty oup

2. Each appl] i i p i i I 2 cm
space bet Wegdr??%g%: &é)?(%ljgg ﬁﬁ@e%%@g@gg@%? Széleeg%éaacr Pﬁﬁ%@a%%ru%agﬁ fgl(%)&ryg/av\ere

uni for my apgphteedtoiieg at henspeacitioh ddiagytiploatthanths fihel dekirdd @ongé@ssiosforr ri ng
rod or approprjate instrunment. Prior to dosing, the residual, te article
from the pr&v B8PH08e Meaavidnta o Fel i ?@Clgl‘gd‘fats PEEREAd: e (i.e.,

WPall10) npjisdLRel M ehall @@ 1ned @Eu% é?tgai%fgﬁg be1andTed dﬁlgﬁaﬁﬁtﬁgymi;&ﬁ&% wisi N was

reflected froma ventral mdline i n, and sections of treated and
unt r eat ed skien ineibeted do1l & d¢aed] Samchupese set wedaddsSe ¢a ihermsll ofedea@ha Bitie of 166n

dosing site r i rst.thorough surface shed with a njld soap and water
m xture (e. b‘ﬂ,etoi@é F\i‘?}r ;ﬁgogﬁqﬂﬁh éﬂ‘fl_grr“ﬂc‘f?n“ee\éﬁia@% Bt §'1_t“§/r?qtérmve any resi dual
WO 20115919617 PCihbardli/a8Adnt Berib®@Rhas aduali§$hred @4y¥UI AtthOfhd offiBe WRSRGs sKi N
sections were then V\A@Ped clean with ethanol, and were exci sed down to and

i ncl udi ng t He tadkgosed OB\rthe P§-weHelaie s readiae 28k ainsbefoies2( 1de gkthet han t he
dosed area, .the s s. demar k ] i ndel ishl e i nk l.ineate the
skin area t hgéhs\t/{/g%s@gls@ﬁ@?\r@qufggsn@% SQIEW%IE gf’na egejlgt i oonrge%%g?v 35 ?%(?eg % Ie%i%,

wr apped i n Sino Thayelswad rehahedtowha 7 (Oinceishtdry ahEitd PDandob haswad fead edrhi n
liquid nitrogen. The sanples were stored at -70C and shi pped on dry ice via
over ni ght c88 Wil p PDhpfappsedmaehichS svas feashed: | Bif WAST HEFaPs Vad as

appr opr @t e . f€ Gred b @Lﬁ@icxihg‘a{%(&EJsﬁ@sttﬂa%D%&H%{gé”“”ber’ date, etc). Upon
arrival at the analysis sitég, In sections were placed in water tight
pl astic The impact of the drug on the cells was calculated by comparing the OD at

different concentrations in relation to the OD of the control wells (without the drug).
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10 bag and thawed by enmersion in warmwater (-30C - 35C). Each skin section
was gently rinsed with distilled de-ionized water to renove any residual
test artiwDeomndddirood. Al subcutaneous tissue (e.g., &dirpsseE)/owassrenoved
by manual scal pel ablation. Wthin the central region of the dosed area,
four individual 1 cnR circles (replicates) were demarked, and each site was
subsequent | {fhe denits 61 the NenO@Lt dvsen faottial ofalreacoreentra®d. wakPlbtedrandlusedatoe t est
sites were then excised fromthe skin sheet using a 1 cn2 punch. The skin
sections wefECHRNGHEM XHH°% he wei ght recorded. Each replicate denarcated
area was tape stnnRREH of HANERA CaMbsufMhdRufel itk BRte &indBRtefacdOh betwdld until
approxi mately 10% - "25% of the area's surface denonstrated glistening. This
process renmodeidriellrad sasadiwgs tesiedeinaivding by, desinduein, wmokdes idesecan,
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altered in their general morphological appearances. However, the HEKa cells stopped

25  growing after prolonged calcitriol exposure, and their morphology changed into one that
is elongated in one direction, as opposed to a more branched appearance prior to
calcitriol treatment. For this cell line, a new batch of cells were started and were
exposed to only a single passage in the presence of calcitriol, prior to testing in the
presence of the chemotherapy drugs.

30 Three commonly used chemotherapy drugs (doxorubicin, cisplatin and erlotinib)
were selected to evaluate calcitriol treated cells. The possible synergistic or protective
effects of the commercial drugs with calcitriol were explored. In these experiments, the

commercial drugs were serially diluted, starting at a concentration 4-times higher than
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0 3 was prepared and added to the serially diluted drug (at a 1:1 ratio). The mixture of drug
and calcitriol was incubated for at least 15 minutes, and was added to the cells (at a ratio
of 100 puL to 100 uL). Thus, the final calcitriol concentration was 0.1 pg/mL.
5 The assay was carried out according to the previously described method in order
to provide consistency and allow direct comparison. The result was based upon
measurement of the total number of viable cells. The results (not shown) indicate that
calcitriol pretreatment was not necessary for the chemoprotective effect on the cell
cultures. The results were nearly identical between the pre-treatment group and the
10 simultaneous treatment group. Thus, a topical application of calcitriol could be applied
at the same time as the systemic delivery of the chemotherapy. A staged application is

not required.

Example 9.  Protection from Chemotherapy-Induced Alopecia (CIA) by a Novel

15 Calcitriol Formulation

Alopecia is one of the most distressing side-effects of chemotherapy, for which
there is no current therapeutic intervention. The neonatal rat has been demonstrated to
be an excellent model in which to study Chemotherapy-Induced Alopecia (CIA), since
the anagen hair follicle pattern is similar to that of humans.

20 In the present study, the secosteroid calcitriol (USP grade) was delivered in a
topical formulation (40% (w/w) propylene glycol, USP; and 60% (w/w) dehydrated
alcohol, 200 proof, undenatured USP) to treat / prevent CIA, in a dose and time-
dependent manner.

Specifically, Long Evans and Sprague Dawley rats with pups were purchased

25  from Harlan Laboratories, Inc. They were housed and fed according to applicable
animal handling rules and regulations. Pups were allowed to acclimate for 48 hours
prior to the start of experiments. The secosteroid calcitriol formulation (supra) or
vehicle control (no calcitriol) was applied topically over the head and neck area daily,
starting on day 5 for 6 consecutive days. Rats were isolated from their littermates and

30  mother for 6-hour periods of time. Subsequently, the treated area was cleaned with soap
and water and pups were returned to their litters. On day 13, rats either received
etoposide (1.5 mg/kg daily for 3 days) or cyclophosphamide (CTX) (37.5 mg/kg once)
or combination cyclophosphamide (35 mg/kg once) and doxorubicin (2.5 mg/kg daily
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Treatment intraperitoneally (i.p.) in a total volume of 0.1 mL. Alopecia was recorded 10 days after

the last dose of chemotherapy.

For experiments in which rats were transplanted with chloroleukemia, on Day 5

5 after birth, rats were randomly divided into three groups of 45 each. All rats received 1
x 105 chloroleukemic cell line MIACS51 (i.p.) in 0.1 mL of serum free (SF) RPMI.
MIACS51 were cultured in RPMI 1640 supplemented with L-glutamine and 10% fetal
bovine serum at 37°C in a 5% CO,, 100% humidity incubator. Cells were grown to 50%
confluency (1.5 x 106 mL) collected in 50 mL conical tubes, centrifuged at 600g x 10

10 min. at room temperature and resuspended in SF-RPMI at a concentration of 1 x 106
/mL. Group 1 rats received no further treatment. Group 2 rats received topical vehicle
and CTX on day 13. Group 3 rats received the topical calcitriol formulation (0.1pg) and
CTX on day 13. Topical applications were performed as described above.
On day 23 after birth, a sample of blood was taken from all rats and differentials
15  performed. Rats with leukemia were sacrificed, rats without leukemia were kept and a
second differential performed on day 31, at any point if leukemia was detected, animals
were sacrificed by CO, asphyxiation.

Results demonstrated that full body alopecia was observed in the group that
received etoposide. In contrast, in the rats treated with 0.1 pg of calcitriol for 6 hours,

20  partial localized protection was observed in all the animals. In the group receiving 0.3
ug calcitriol, total body protection was achieved. See Figures 20A and 20B.

In the group that received cyclophosphamide, control rats became totally
alopecic, while the rats that received 0.1 pg calcitriol achieved similar protection as
observed with etoposide. Likewise, administration of 0.3 ug calcitriol resulted in full

25  body protection in cyclophosphamide-treated rats. See Figure 21. Similar results using
other chemotherapy or combination chemotherapy regimens are shown in Figures 22A,
22B, 22C and 23.

In a separate experiment in which rats were transplanted with chloroleukemia,

preliminary results have not shown protection of the cancer cells from cyclophophamide
30 by the topical application of calcitriol. See Figure 24.
In conclusion, pretreatment with calcitriol in the subject formulation offered

protection against CIA without protecting cancer cells. Topical calcitriol prevented

CIA, in a dose dependent manner, from CIA induced by single as well as combination
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chemotherapy. In addition, topical calcitriol prevented CIA while not protecting the

cancer cells from the cytotoxic effects of chemotherapy.

Example 10. Protection of CIA by Topical Calcitriol in Chloroleukemic Rats

Receiving Multi-Chemotherapy Regimens

This study verifies the protective effect of the topical calcitriol solution in an
animal model of multi-course chemotherapy-induced alopecia. The rats used in the
study bear MIAC51, a rat chloroleukemia cell line developed by gastric instillation of
20-methylcolanthrene and subsequent injection of the chloroleukemic cells into rat
neonates. The MIACS] cell line causes malignant myelogenous leukemia with features
of human chloroleukemia (leukemia, leukemic ascites and chloroma formation). See
Jimenez er al., Science 238: 1278-1280 (1987).

To date, there is no effective in vitro or non-vertebrate model to test
chemotherapy-induced alopecia (CIA). Amongst the most used models, the neonatal rat
developed by Jimenez et al. has demonstrated a direct correlation with human (Int J
Cancer 1996; 65: 97-103, incorporated by reference). Subsequently, a rat model was
developed in which a second anagen stage can be induced by clipping hair and thereby
allow for testing multiple courses of chemotherapy. This model can be used to test
frequently used alopecic chemotherapies, including cyclophosphamide, doxorubicin,
paclitaxel, etoposide, and cytarabine, and combinations thereof.

When testing protective agents for chemotherapy-induced alopecia, it is
paramount to determine whether the test article will protect the hair follicles and also the
cancer cells from the chemotherapy and/or interfere with therapy. The neonatal rat
model of leukemia, developed by Jimenez et al., provides an opportunity to
simultaneously test any effect of the vitamin D compound on the development of
leukemia, the treatment of leukemia, potential interaction with chemotherapeutic agents,
and the effect of the vitamin D compound on prevention of chemo-induced alopecia.
This model also answers the question of whether multiple cycles of the test agent in the
same animals will result in the protection of hair follicles multiple times. In addition, by
using the pigmented Long Evans rat, the study also allows the determination of whether
the test agent protects hair color.

The calcitriol formulation is a clear, anhydrous liquid containing USP-grade

calcitriol in a vehicle containing USP-grade propylene glycol (40% w/w) and anhydrous
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absolute ethanol, 200 proof (60%w/w). The concentration of calcitriol in these studies is
~ 0.2 pg/100 pL (2 pg/mL). The test article is received on ice, and is immediately stored
at 4-5 °C upon arrival. The lot will then be subdivided into 4.5 mL tubes while being
maintained on ice. Since animal groups will be no smaller than 40 per variable, each 4.5
mL units of the test article will be packaged in a polypropylene tube at 4-5°C with the
lot number. The 4.5 mL tubes of test article will be kept in dark boxes and only the
amount needed per experiment will be taken out of the refrigerator. A sample of test
article packaged in 4.5 mL tube will be assayed at a regular interval to determine
calcitriol levels. At the time of the experiments, tubes will be kept on ice while rats are
treated.

The vehicle is comprised of USP-grade propylene glycol (40% w/w) and USP-
grade anhydrous and undenatured absolute ethanol, 200 proof (60% w/w). At the time
of the experiments, the control vehicle is handled exactly as the test article.

Both the test article as well as the vehicle itself are tested. Each test group
consists of 40 animals, which is statistically significant for this study. This number
includes model attrition, and accounts for any eventuality which reduces the number of
animals. All animals are injected with MIACS51 when they are 5 days of age. Five (5)
chemotherapy regimens are tested: cyclophosphamide, cyclophosphamide/doxorubicin,
cyclophosphamide/doxorubicin/cytarabine, cyclophosphamide/paclitaxel/etoposide and
doxorubicin/paclitaxel/etoposide. Test groups are: no chemotherapy, chemotherapy
alone, chemotherapy + vehicle, chemotherapy + test article = 160 animals per
chemotherapy regimen. Therefore, the final estimated number of animals used are as
follows: 5 combination chemotherapy regimens x 160 animals = 800 pups/rats. For
experiments using the second anagen phase adult rat model, only animals that are
cancer-free (e.g., those who have survived chemotherapy) are used, while animals
evidencing early signs of leukemia are euthanized.

Culture of the Shay’s Chloroleukemia MIACS1 cell line: MIACS1 is cultured in
a 5% CO; incubator with 100% humidity at 37 °C as previously described (Science
1987; 238:1278-80). Cells are grown in non-tissue culture-treated flasks (Falcon) in
RPMI 1640 medium (Gibco Invitrogen, Carlsbad, CA) supplemented with L-glutamine
and 10% fetal bovine serum (Gibco Invitrogen, Carlsbad, CA). Prior to the injection of
cells into the animals, they are grown to 50% confluency and collected in conical tubes.

Cells are then centrifuged at 600 g for 10 minutes at room temperature, and resuspended
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alcohol swab. MIACS] is then injected intraperitoneally. The needle, path and cells in
the syringe are sterile and a fresh syringe is used for each injection. Development of
early signs of leukemia are usually observed during Days 21-33. Therefore, blood
smears are performed on Days 23 and 31. Only animals that are cancer-free are shaven

10 onday 31, while the rest are euthanized.

Test and control article administration in the first anagen stage in the neonatal

rat: Each litter is administered either vehicle or test article topically on the head and the
neck area of approximately 2 cm®. For 5- and 6-day old rats, 100 pL is applied in 4
aliquots of 25 uL 4 times to account for their smaller size. Test article or vehicle is

15  applied with a calibrated micropipette using 200 pL sterile tips. Once test article or
vehicle is on the surface of the head, it is rubbed in with gloved finger until fully
absorbed. Immediately after, another aliquot is applied to the head and the process is
repeated until 100 pL total test article or vehicle is applied. On 7-, 8- 9- and 10-day-old
animals, 50 pL aliquots are applied twice. In older animals, 100 pL can be applied in

20  onedose. Application of the testing article is applied to the head and neck, and rubbed
in with a solvent-resistant nitrile glove for 10 seconds with the right index finger. The
rationale behind this application regime is that at different ages, the saturation rate may
differ, and the delivery of the test article or vehicle may also differ. Once the solution
has completely penetrated the skin, pups will be maintained isolated in cages with

25  specially designed isolated compartments for 6 hours. Pups are then washed with mild
laboratory hand soap (Soft-Cide EC, VWR international) and carefully dried with paper
towels.

Administration of chemotherapy in the first anagen stage in the neonatal rat:

Forty pups receive each chemotherapy regime, 40 receive each chemotherapy regime

30  and test article, and 40 receive each chemotherapy regime and vehicle. As a control, 40
animals do not receive chemotherapy. An average of the weights of each litter is
obtained and is used to prepare a suitable concentration of chemotherapy.

Chemotherapies are injected intraperitoneally in a volume of approximately 100 pL
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cycle. Test article contains a concentration of 2 pg/mL calcitriol in the propylene
glycol/ethanol, and the vehicle contains only the propylene glycol/ethanol vehicle.
Chemotherapies are given based on weight in a volume of approximately 100 pL
intraperitoneally.
30 Visual Observation and Grading of alopecia: Total (head and neck) or complete
body alopecia is graded using the following scale: 0 = No Alopecia; 1+ = 0-25%
Alopecia; 2+ = 25-50% Alopecia; 3+ = 50-75% Alopecia; 4+ = 75-100% Alopecia. The

visual observation scale is used daily to grade alopecia while performing routine cage
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15  respectively. The placebo or test article was administered at an application rate of 4
mg/cm” (equivalent to 144 mg in a 6 cm x 6 cm test area, or 166 pL of test solution,
which contains the active ingredient at various concentrations and vehicle, per
application site to both groups twice daily approximately 6 hours apart, for 7 days during
the study.

20 Observations for morbidity, mortality, injury, and the availability of food and
water were conducted twice daily for all animals. Clinical observations were conducted
daily. Evaluation of skin reaction was conducted pretest and daily prior to dosing. Body
weights were measured and recorded pretest and terminal (Day 7). Physical
examinations were conducted at pretest. At study termination, necropsy examinations

25  were performed and sections of treated and untreated skin were collected and preserved.
Microscopic examination of each of the skin sites, as well as an untreated skin site near
the treated sites, was conducted.

Results show that dermal administration of the calcitriol topical formulation at
concentrations of 0, 1, 3, 10, 30, and 100 pg/mL to Gottingen minipigs® was well

30  tolerated. No effect of treatment was seen on survival, clinical findings, dermal
irritation, body weights, macroscopic or microscopic examination of the skin at any of
the treatment sites (data not shown). The data from the tissue distribution study indicate

that calcitriol was measurable in most stratum corneum and other parts of the epidermal
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Specifically, the placebo (a 40/60 mixture (w/w) of propylene glycol (USP) and
ethanol (undenatured) anhydrous, 200 proof - U.S., USP), and the calcitriol topical
formulation, were used at the pre-formulated concentrations of 1, 3, 10, 30, and 100
ng/g. The test article was administered neat (undiluted). Formulations of the placebo

10 and test articles were dispensed for each required concentration once for daily use, and
were stored at room temperature.

A total of three male and three female experimentally naive Gottingen minipigs®
(approximately 4 to 5 months of age) were received from Marshall BioResources, North
Rose, New York. An additional male (approximately 4.5 months of age at receipt), was

15  later transferred in from the stock colony. Using a simple randomization procedure, four
male and three female animals (weighing 11.75 to 15.55 kg and 14.50 to 16.65 kg,
respectively, at randomization) were assigned to the placebo and treatment groups.

The placebo and test articles were administered dermally twice daily approximately 6
hours apart for 7 days during the study. The dose concentrations were 0, 1, 3, 10, 30,

20  and 100 pg/mL, and administered at an application rate of 4 mg/cm? (equivalent to 144
mg or 166 pL of test solution). Prior to initiation of administration (Days -4 and -5 for
Groups 1 and 2, respectively), the hair was clipped from the application sites using an
electric clipper. Care was taken to avoid abrading the skin. The dorsal surface of each
animal was divided into five application sites for Group 1 and two application sites for

25  Group 2. Each application site was approximately 6 x 6 cm with at least a 2 cm space
between each site. The placebo and test article formulations were uniformly applied
over the specified application site with a glass stirring rod or appropriate instrument.
Prior to dosing, the residual test article from the previous dose was gently removed using
a soft paper towel (i.e., WyPall®) moistened with tap water.

30 At the end of the study, the skin was reflected from a ventral midline incision,
and sections of treated and untreated skin were collected and preserved. Sections of
each 6 x 6 cm dosing site were first thoroughly surface washed with a mild soap and

water mixture (e.g., 1% Ivory Soap in water or equivalent) to remove any residual
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topical test formulation. The washed skin sections were then wiped clean with ethanol,
and were excised down to and including the adipose layer. If the area to be excised is
larger than the dosed area, the dosed area was demarked with indelible ink to delineate
the skin area that was dosed. The 1.5 cm x 1.5 cm sections were laid flat, wrapped in

5 two layers of Saran wrap (or equivalent) and flash frozen in liquid nitrogen. The
samples were stored at -70°C and shipped on dry ice via overnight courier for analysis.
Each skin section was identified as appropriate (e.g., animal identification, study
number, date, etc).

Upon arrival at the analysis site, skin sections were placed in water tight plastic

10 bag and thawed by emersion in warm water (~30°C — 35°C). Each skin section was
gently rinsed with distilled de-ionized water to remove any residual test article and
blood. All subcutaneous tissue (e.g., adipose) was removed by manual scalpel ablation.
Within the central region of the dosed area, four individual 1 cm? circles (replicates)
were demarked, and each site was subsequently identified and the actual area recorded.

15  The replicate test sites were then excised from the skin sheet using a 1 cm? punch. The
skin sections were weighed and the weight recorded. Each replicate demarcated area
was tape stripped (Transpore™, 3M) sufficient times (~10 — ~20) until approximately
10% - 25% of the area’s surface demonstrated glistening. This process removed the
stratum corneum and any residual surface dose.

20 Following tape stripping, the skin was separated into epidermis (sans stratum
corneum, simply referred to herein after as “epidermis”) and dermis by heat exposure to
60°C for approximately 1-1.5 minutes. The skin layers were then teased apart using
fine-tipped forceps or scalpel. The epidermis and dermis were weighed and the weight
recorded.

25 For extraction, all skin samples were extracted in 1 mL of absolute ethanol
(Sigma-Aldrich, USP/NF Grade). Tape strips were extracted in 5 mL acetonitrile
(EMD, HPLC Grade). All extractions were conducted at room temperature for
approximately 24 hours. An amount of 500 pL of the tape strip extract was dried by
vacuum centrifugation and reconstituted in 100 pL absolute acetonitrile. The epidermal

30  extract was also dried and reconstituted in 100 pLL 80:20 ethanol:water.

Quantification of calcitriol was by reverse phase High Performance Liquid
Chromatography (HPLC) with ultra-violet and mass spectroscopy detectors. Lower

limit of detection is estimated at 0.4 ng/mL.
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5 in two different units, ng/cm?, to reflect the amount of calcitriol recovered in the tape
stripped samples as a function of the sample area, and as estimated pg/mg tissue.
However, the concentration reported, as pg/mg, is determined by the differential total
sample weight before layer separation minus the weights of the epidermis and dermis for
that sample (rather than by actual weight due to its adherence to the tape strips).

10 Epidermal and dermal samples are reported as tissue concentration (ng/mg) using the
amount measured from the sample divided by actual wet weight of the skin layer.

Table 11-1 Stratum Corneum (ng/cm;) Mean + SD of Calcitriol Recovered (n = Number

of Animals [4 replicates / animal])

Trsatment Male Minipigs Female Minipigs
Lintreated g4 (1 na
Flaoeha 3E 2+ 350 (4) T8 {2
t pdmil 581 % 47 .4 {3 07821343
I pndml B34+ T8 {3 AT £ 1A
T pgimi 558+ 14143 185 + 1.80 {3}
30 ugimi 5454 325 {3 AR S 5
100 paiml IAL:ENE-RER {‘E'}r na
3 i zzulis Dizteation.

15

Table 11-2  Estimated Stratum Corneum (ng/mg) Mean + SD of Calcitriol Recovered
(n = Number of Animals [4 replicates / animal])

Treatment Male Minipigs Femade Minipigs

Unitreated 0 {1 5

BE3 1 167 G2 {3}

5{3) Q63 £ 0BS5S {3

2{3) G0 £ 008N

1y 543 Q65 + 804 {3}

33 §.J§}f§“ 151 £ 5.8543) 06t £ 837 {3
AR+ 121 {1 na
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The data indicate that calcitriol was measurable in most stratum corneum and

epidermal samples, but not in the dermal samples (with the single exception of the 100

10

ng/mL dose application to a single male minipig). This is consistent with the results

obtained in Franz human skin finite dose model described above in Example 1.

Across tissue samples evaluated, male minipigs appeared to demonstrate, in

general, greater calcitriol tissue levels than female minipigs.

The highest concentrations of calcitriol were observed to be in the stratum

15

corneum. Though the stratum corneum content is an estimated value, its higher

concentration may reflect the presence of calcitriol deep in the pores of the skin, not

removed by the surface wash process, or could be attributable to the solubility of

calcitriol in the very lipophilic matrix of the stratum corneum.
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The clearest applied dose correlation to tissue level, however, was observed in

the epidermis with a near linear increase in calcitriol concentrations from 3 to 100

pg/mL applications.

5 Example 12. A Topical Solution Study in Chloroleukemic Rats Receiving Multi-

Course Chemotherapy

Long Evans Rats (Harlan Laboratories, Inc) were 3 days old upon arrival. The
weight of the animals was obtained upon arrival and every day until the conclusion of
the experiments using an electronic scale (American Scientific Products TL 410s). Rats

10 were housed for two days prior to the beginning of experiments. Animals were then
randomized in four groups. All rats received MIACS]1 as described below.
*  Group 1 (n=27) received no further treatment.
*  Group 2 (n=40) received chemotherapy only.
*  Group 3 (n=40) received chemotherapy and topical vehicle as describe below.
15 *  Group 4, (n=40) received chemotherapy and topical calcitriol

Treatments were started on day 6 after birth. A 0.1mL amount of topical
calcitriol was applied topically on the top of head and neck of the rats. For the first
anagen cycle, on days 6 and 7, either vehicle or calcitriol was applied in a volume of 25
pl four times to avoid saturation. On days 8§, 9, 10 and 11, a volume of 50 pl was

20  applied twice. For the second anagen cycle, rats were treated with 0.1 mL of vehicle or
calcitriol daily on days 40 to 45. Each application entailed rubbing an area of 2 cm? for
10 seconds with right index finger covered with a nitrile exam glove. After the
completion of the treatments, each rat was individually separated for 6 hours.
Subsequently each rat’s head and back was washed with mild hand soap (Soft CIDE-EC

25  from VWR International) and distilled water. Pups where then placed back with their
mothers and taken back to the animal rooms. For the second anagen cycle, adult rats
were placed back in their cages with their littermates and taken back to the animal
rooms.

On day 5 after birth all rats received 1x105 MIACS1 intraperitoneally in 0.1ml of

30  serum free (SF) RPMI. MIACS1 were cultured in RPMI 1640 supplemented with L-
glutamine and 10% fetal bovine serum at 370 in a 5% CO2, 100% humidity incubator.
Cells were grown to 50% confluency (1.5x106 ml) collected in 50ml conical tubes,

centrifuged at 600 g for 10 minutes at room temperature and resuspended in
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The extent of alopecia on each rat was determmed by the following scale:
10 0 = no alopecia
1+ =0-25% alopecia
2+ =25-50% alopecia
3+ =50-75% alopecia
4+ ="75-100% alopecia
15

Experimental Compounds

The 2.3 pg/g calcitriol formulation was diluted with the vehicle (40% by weight
propylene glycol and 60% by weight anhydrous 200 proof ethanol) to a final
concentration of 2pg/ml. Vials of ImL were subdivided and kept in the refrigerator at

20  4°C. For each experiment, one vial of 2.3ug/g calcitriol and vehiclewere taken out and

placed on ice during the experimental procedure. Unused preparations were disposed of.

A. Cyclophosphamide Alone

Administration of Chemotherapy

25 Young rats: On day 13, all rats received cyclophosphamide (CTX) (Sigma
Aldrich, Lot #068k1131) 37.5 mg/kg intraperitoneally using a Y2 cc insulin syringe 29G
12” (B-D) in a total volume of 0.1 mL of H,O/mannitol mixture.
Adult rats: For the second course of chemotherapy, 150 mg/kg
cyclophosphamide was administered to 47-day old rats to anesthetized (50 mg/kg
30  ketamine/5 mg/kg xylazine) intraperitoneally using a %2 cc insulin syringe 29G 12 (B-D)
in a total volume of 0.1 mL of H,O/mannitol mixture.
Results are seen in Tables 12-1 and 12-2. Specifically, after the first round of
chemotherapy (Table 12-1 and Figure 27), all rats receiving cyclophosphamide alone or
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Table 12-2. Extent of Alopecia in Rats Treated with Cyclophosphamide (CTX)
after Second Round of Chemotherapy
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Further, this experiment indicated that the survival rate of the rats receiving the
15  topical formulation of calcitriol was substantially similar to those rats receiving
chemotherapy alone or in combination with the vehicle. As shown in Table 12-3, the
survival rate of those animals treated with cyclophosphamide and the topical formulation
of calcitriol (25%) was similar to those rats treated with cyclophosphamide alone (20%)
and those rats treated with cyclophosphamide and vehicle (23%).
20
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In summary, in the cyclophosphamide group, calcitriol offered 100% protection

from CIA in both cycles and did not interfere with the cure rate which was in the range

of 20-25%.

B. Cyclophosphamide and Doxorubicin

Administration of Chemotherapy

Young rats: On day 13, all rats received Cyclophosphamide (CTX) (Sigma
Aldrich, Lot #068k1131) 37.5 mg/kg intraperitoneally using a Y2 cc insulin syringe 29G
127 (B-D) in a total volume of 0.1 mL of H,O/mannitol mixture. On days 13, 14, and 15
rats received doxorubicin hydrochloride (Sigma Aldrich, Lot # 038k1349) (ADM) 2.5
mg/kg I.P. in 0.1 ml distilled water.

Adult rats: For the second course of chemotherapy, 150 mg/kg
cyclophosphamide to anesthetized (50 mg/kg ketamine/S mg/kg xylazine)
intraperitoneally using a %2 cc insulin syringe 29G 2 (B-D) in a total volume of 0.1 mL
of H,O/mannitol mixture on day 47. For the second course of chemotherapy, rats
received 20 mg/kg ADM on days 47 to 49 as described above.

Results are seen in Tables 12-4 and 12-5. Specifically, after the first round of
chemotherapy (Table 12-4 and Figure 29), all rats receiving cyclophosphamide and
doxorubicin alone or in combination with the vehicle had severe alopecia (+4). In
contrast, all rats that received cyclophosphamide and doxorubicin in combination with
calcitriol did not exhibit any signs of alopecia, similar to the control group. Similar
results were obtained after the second round of chemotherapy, as shown in Table 12-5

(see also Figure 30).
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Table 12-4. Extent of Alopecia in Rats Treated with Cyclophosphamide (CTX) and

Doxorubicin (ADM) after First Round of Chemotherapy
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5  Table 12-5. Extent of Alopecia in Rats Treated with Cyclophosphamide (CTX) and
Doxorubicin (ADM) after Second Round of Chemotherapy
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Further, this experiment indicated that the survival rate of the rats receiving the
topical formulation of calcitriol was substantially similar to those rats receiving
10 chemotherapy alone or in combination with the vehicle. As shown in Table 12-6, the
survival rate of those animals treated with cyclophosphamide and doxorubicin in
combination with the topical formulation of calcitriol (50%) was similar to those rats
treated with chemotherapy alone (53%) and those rats treated with chemotherapy and
vehicle (55%).
15
Table 12-6. Survival Rate of Rats Treated with Cyclophosphamide (CTX) and
Doxorubicin (ADM) after Two Rounds of Chemotherapy

Caved % Total |Growps / Prob.  Growps ¢ Prob.
1. Control {No chemotherapy) ] 9 46
2 U7X + ADM 1 3} AT |fwsd p<001 2vg3 p=REBIEE
3. CT o+ DM + Vehicle 22 5% 40 |tvsd p=091 Z2vsd p=C82W
4. {TX + ADM + Calcitriol 5% 4 |fved pedO 3ved p=08E36
TOTAL 5% 28 160

In summary, in the cyclophosphamide and doxorubicin group, calcitriol offered
20  100% protection from CIA in both cycles and did not interfere with the cure rate, which

was in the range of 50-55%.
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40 vs 2pi. 0Ol 23 p= .E5a23 3. CTX + ADM + ARA-CVehicle 30 75 40 :vs 3p 2 vs
4 p= 4, CIX + ADM+ ARA-C + Calcitriol 31 18 40 "S4p]::1 3. vs 4 or .0.7a27
TOTAL 93 %6 20819617 PCT/US2010/044765

C. Cvclophosphamide, Doxorubicin and Cytarabine

Administration of Chemotherapy

Young Rats: On day 13, all rats received Cyclophosphamide (CTX) (Sigma
Aldrich, Lot #068k1131) 30 mg/kg intraperitoneally using a %2 cc insulin syringe 29G
5 %7 (B-D) in a total volume of 0.1 mL of H,O/mannitol mixture. On days 13, 14, and 15
rats received 2.0 mg/kg doxorubicin hydrochloride (Sigma Aldrich, Lot # 038k1349)
(ADM) intraperitoneally in 0.1 ml distilled water and on days 13-19, the ras received 50
mg/kg cytarabine.
Adult Rats: For the second course of chemotherapy, 100 mg/kg

10 cyclophosphamide was administered to anesthetized rats (50 mg/kg ketamine/5 mg/kg
xylazine) for one day, 20 mg/kg doxorubicin for three days and 100 mg/kg cytarabine
for seven days.

Results are seen in Tables 12-7 and 12-8. Specifically, after the first round of
chemotherapy (Table 12-7 and Figure 31), all rats receiving cyclophosphamide,

15  doxorubicin and cytarabine alone or cyclophosphamide, doxorubicin and cytarabine in
combination with the vehicle had severe alopecia (+4). In contrast, all rats that received
cyclophosphamide, doxorubicin and cytarabine in combination with calcitriol did not
exhibit any signs of alopecia, similar to the control group. Similar results were obtained
after the second round of chemotherapy, as shown in Table 12-8 (see Figure 32).

20

Table 12-7. Extent of Alopecia in Rats Treated with Cyclophosphamide (CTX),
Doxorubicin (ADM) and Cytarabine (ARA-C) after First Round of Chemotherapy

. Groups | Prob,

1. Comtrol {No chemotherapy} a0 qu |18 2 pxGEY 2y 3 o= 1000
2 CTK + ADM + ARAC 8 40 [1ved g vz d pe.01
A CTX + ADM + ARA-C + Vehicle A 40 [Twsd p=fA00 Fwved el

4 CT¥ + ADM + ARAC + Calcitriol 4 Rl

83



In summary, in the cycl ophospham de, doxorubicin and cytarabi ne group,
calcitriol offered 100% protection fromClI A in both cycles and did not

i nterferewoizbtvtib@7cure rate, which was in the range of PCIABROLW/0206D.

Cycl ophospham de, Paclitaxel and Etoposide Adm nistration of Chenotherapy
Young rats: On day 13, all rats received Cycl ophospham de (CTX) (Sigma
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vol ume of 0.3 %HL &M HAB6F rdMii™ ol ni xture on day 47. For ¥he*s€€dntd"eour se
of chenot herapw + Acattregadhivieid 10 ng/ kg Taxolstand 15 ng/ kg V46 omodays 45
to 48 as described above. Results are seen in Tables 12-10 and 12-11.

Speci fical |y, af Ferth¢rhéhisdxpstimeaindicattd dhae fhetshenwpyat¢ Datdleeats 2eckd/imntheFi gur e

33), all rats.receiving cyclophasphan de,. 10paclitaxel and et.oposide al one
or cycl opholici Bl iRey Fasiiolihay \abupian ST ¢ MR E SRRIEn ¢ he

vehi cl e had BeN&h&ap) ABEE bAin(cbbinatidn GAM thaSéhicie! IAsIsBb®n i @hblE ool MRd
cycl ophospham de, paclitaxel and etoposide in conmbination with calcitriol

di d not exhiwivivahriye ¢fi thess apimals opeted avithgiypiophesphamideedombich agd oup.

Simlar results,wer.e obtained ter, the second round .of t her.a as
Shown i ' TabraRpRe PRLRLASE A b RR% Rl Bk Blo) RFEDIARTAR:
Al opeci &0 i 1A satTfreatEditwichémEMelapp hoap (B0% Oerd(thds¥)rats Bagdet tagel and

Et oposi de after First Round of Chenotherapy 1+2+3+ 4+ T4:-A d ow
Pr ot ?Gr oups chemotherapy and vehicle (75%).

Table 12-9. Survival Rate of Rats Treated with Cyclophosphamide (CTX),
Doxorubicin (ADM) and Cytarabine (ARA-C) after Two Rounds of Chemotherapy

RN "
OREAR \

Cured % Total |Groups { Prab. Groups § Frab,

1. Contral {lo chemotherapy} a & 48
2. CTX + ADM + ARA L 32OBR 48 |tvs2 peDdOt 2wl p=5EER
3.CTX + ADM + ARAC + Vehicle W O7F A8 |twsd pxDQY FTwsd pm OG0
4, CTX + ADHY + ARA-C + Calcitriol 31 FB 48 |Tvsd peoQ01 3vsd p=RTRET
TOTAL 53 58 160

15

In summary, in the cyclophosphamide, doxorubicin and cytarabine group,
calcitriol offered 100% protection from CIA in both cycles and did not interfere with the

cure rate, which was in the range of 75-80%.

20  D. Cyclophosphamide, Paclitaxel and Etoposide

Administration of Chemotherapy

Young rats: On day 13, all rats received Cyclophosphamide (CTX) (Sigma
Aldrich, Lot #068k1131) 37.5 mg/kg intraperitoneally using a Y2 cc insulin syringe 29G
127 (B-D) in a total volume of 0.1 mL of H,O/mannitol mixture. On days 11 to 13, rats

25  concomitantly received 2.5mg/kg paclitaxel (Taxol) in 0.1 mL dimethyl sulfoxide
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f

(Sigma Aldrich, Lot #078K1428) and 1.5 mg/kg etoposide (VP-16) (Sigma Aldrich, Lot

#047K1162) diluted in special solvent (see Standard Operating Procedures) and HBSS.
Adult Rats: For the second course of chemotherapy, 150 mg/kg

cyclophosphamide to anesthetized (50 mg/kg ketamine/S mg/kg xylazine)

5 intraperitoneally using a %2 cc insulin syringe 29G 12 (B-D) in a total volume of 0.1 mL
of H,O/mannitol mixture on day 47. For the second course of chemotherapy, rats
received 10 mg/kg Taxol and 15 mg/kg VP-16 on days 45 to 48 as described above.

Results are seen in Tables 12-10 and 12-11. Specifically, after the first round of
chemotherapy (Table 12-10 and Figure 33), all rats receiving cyclophosphamide,

10 paclitaxel and etoposide alone or cyclophosphamide, paclitaxel and etoposide in
combination with the vehicle had severe alopecia (+4). In contrast, all rats that received
cyclophosphamide, paclitaxel and etoposide in combination with calcitriol did not
exhibit any signs of alopecia, similar to the control group. Similar results were obtained
after the second round of chemotherapy, as shown in Table 12-11 (see also Figure 34).

15

Table 12-10. Extent of Alopecia in Rats Treated with Cyclophosphamide (CTX),

Paclitaxel and Etoposide after First Round of Chemotherapy

T
G 4+ 2 B+ & TolslGmags TProln youps {Prob.
1. Lomtrod Ko chematherapy} e ik
2, CTH + PFACLITAXEL + ETOPOSIDE ad o [Twsd
3 DX+ PACHITARKE] + ETOPUSIDE + Vehiole & S
4, OTX + PACLITAXFL + ETePOSIDE + CALCITRIOL &8 R

20 Table 12-11. Extent of Alopecia in Rats Treated with Cyclophosphamide (CTX),
Paclitaxel and Etoposide after Second Round of Chemotherapy

TN N

G by 3+ 3+ 3+ Total|Groups ) Prob.

2. CTX + PACLITAKEL + ETOROSIDE g8 33 [7vaz
3. CTX + PACLITAXEL + ETOPOSIDE + Vehicle R e

4. CTX + PALLITAXEL + ETOPDSIDE + CALCITRIOL 33 33 |3ve d

Further, this experiment indicated that the survival rate of the rats receiving the

25  topical formulation of calcitriol was substantially similar to those rats receiving
chemotherapy alone or in combination with the vehicle. As shown in Table 12-12, the
survival rate of those animals treated with cyclophosphamide, paclitaxel and etoposide

in combination with the topical formulation of calcitriol (83%) was similar to those rats
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15
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treated with chemotherapy alone (83%) and those rats treated with chemotherapy and
vehicle (78%).

Table 12-12. Survival Rate of Rats Treated with Cyclophosphamide (CTX),
Paclitaxel and Etoposide after Two Rounds of Chemotherapy

0t
%
%
o
A2
wh

N

Cured % Total |Groups ! Prob.,  {Groups { Froeb.

1. Controf Mo chemotherapy} t # 448
82 48 Nws2 p<id
8 48 |tws 3 p< O
33 48 |twd padd

2. CTX + PACLITAXEL + ETOPOSIDE
3. CTX + PACLITAXEL + ETCPGSIDE + Vehicle
4. CTX + PACLITAXEL + ETOUPUSIDE + CALCITRIOL 3.

Ll

2vs % p=BETEZ

[ B 95
poch

2vsd p= 1000

[X8]

dved p=057E2

o

In summary, in the cyclophosphamide, paclitaxel and etoposide group, calcitriol
offered 100% protection from CIA in both cycles and did not interfere with the cure rate
which was in the range of 78-83%.

E. Doxorubicin, Paclitaxel and Etoposide

Administration of Chemotherapy

Young rats: On day 13 through 15, all rats received doxorubicin hydrochloride
(Sigma Aldrich, Lot # 038k1349) (ADM) 2.5 mg/kg in 0.1 ml distilled water
intraperitoneally using a %2 cc_insulin syringe 29G 2 (B-D). Concomitantly, rats
received 2.5 mg/kg paclitaxel (Taxol)_(Sigma Aldrich, Lot # 078k1428) and 1.5 mg/kg
etoposide (VP-16) (Sigma Aldrich, Lot # 047k1162).

Adult Rats: For the second course of chemotherapy, the above chemotherapies
were started on day 47 through 49 on anesthetized rats (50 mg/kg ketamine/5 mg/kg
xylazine) intraperitoneally using a %2 cc insulin syringe 29G Y2 (B-D) in a total volume
of 0.1 mL. Dosages for the second course were as follows: 20 mg/kg ADM, 10 mg/kg
Taxol and 15 mg/kg VP-16.

Results are seen in Tables 12-12 and 12-14. Specifically, after the first round of
chemotherapy (Table 12-13 and Figure 35), all rats receiving doxorubicin, paclitaxel
and etoposide alone or doxorubicin, paclitaxel and etoposide in combination with the
vehicle had severe alopecia (+4). In contrast, all rats that received doxorubicin,
paclitaxel and etoposide in combination with calcitriol did not exhibit any signs of
alopecia, similar to the control group. Similar results were obtained after the second

round of chemotherapy, as shown in Table 12-14 (see also Figure 36).
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I ndi cated that the survival rate of the rats receiving the 25topical
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12-12, the survival rate of those aninmals treated with cycl ophospham de,
paclitaxel and etoposide in conbination with the topical formulation of

lcitriol 839 L M. t hose ., WO 2011 9617PCT/ 0/ 044765
Created wi th ortanl ks bxshEalabSom ib Ml miculd st Bous bt ATED;
chenot herapy and velphgli@xél @@ Etoposide aftdPPirst Réudd of CHEMbURYapt € of Rats
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5
Table 12-14. Extent of Alopecia in Rats Treated with Doxorubicin (ADM),
Paclitaxel and Etoposide after Second Round of Chemotherapy
B i v 3+ 3+ Totad|Groups ¢ Frob.
7, AL + PACLITAXEL + ETOPOSIDE 3 32 [Fvsd p= 10000
3. ADM + PATLITANEL + ETOBOSIDE + Vihicke 33w [2vsd peli
4. ADM + PACLITAREL + ETOPOSIDE + Calcitriol 2 32 |2wsd peB T
10 Further, this experiment indicated that the survival rate of the rats receiving the

topical formulation of calcitriol was substantially similar to those rats receiving
chemotherapy alone or in combination with the vehicle. As shown in Table 12-15, the
survival rate of those animals treated with doxorubicin, paclitaxel and etoposide in
combination with the topical formulation of calcitriol (80%) was similar to those rats

15  treated with chemotherapy alone (80%) and those rats treated with chemotherapy and
vehicle (83%).

Table 12-15. Survival Rate of Rats Treated with Doxorubicin (ADM), Paclitaxel

and Etoposide after Two Rounds of Chemotherapy

Cyped % Toial [amoups{ Prob,  Groups | Prob.

1. Controt {No chemoatherspy [ ¢ &

2. ADN + PATLITAKEL + ETOPLISIDE 32 86 48 |1we:
3. MO + PACHITAXEL + ETORPORIDE + Velicls 33 OB3 49 |Twed
4. AD + PACHTAXEL + ETOPORIGE + Calcitriol 32 86 49 |Twss

20

In summary, in the doxorubicin, paclitaxel and etoposide group, calcitriol offered
100% protection from CIA in both cycles and did not interfere with the cure rate which

was in the range of 80-83%.
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Example 13. A 4-Week Dermal Toxicity Study of Topical Calcitriol in Gottingen

e e ®
Minipigs

Control, Vehicle, and Test Article Preparation: Fresh control article, 0.9% Sodium

Chloride for Injection, USP, was dispensed for use on study weekly and was stored
5 refrigerated. The vehicle, a 40/60 mixture by weight (w/w) of Propylene Glycol, USP

and Ethanol (undenatured, anhydrous) 200 Proof USP, and the test article, containing
Calcitriol, USP, with a specific gravity of 0.875, was used as received from and no
adjustment was made for purity. The test article was received at concentrations of 5.07,
10.31, and 55.34 ng/mL. The test article was administered neat (undiluted). The vehicle

10 and test article were dispensed for use on study weekly and stored refrigerated. On
occasion, additional test material was dispensed as necessary during the course of the
study.

Administration: Prior to administration, the hair was clipped from the back of the

animal. The control animals had two test sites; site 1 was treated with the vehicle and
15  site 2 with saline. Each site was 450 cm®, bilaterally divided by the spine, and marked at
the corners with indelible marker. The two test sites for the control group were evenly
divided. Repeated clipping of the hair was done as necessary. Care was taken to avoid
abrading the skin. The control article, vehicle, and test article were administered twice
per day approximately 6 hours apart for 4 weeks (29 consecutive days) during the study
20  dermally. The formulation was uniformly applied over the application site with a glass
stirring rod or appropriate instrument. Any residual test material was gently removed
prior to the next dose with a Wypall, wet with tap water. If necessary, sites were dried
with a clean, dry Wypall. The dose administered to all animals was 1800 mg of the
appropriate formulation. The dose concentrations were 5.07, 10.31, and 55.34 pg/mL
25  and administered at a dose volume of 2.1 mL. The control article and vehicle were
administered to the control group in the same manner as the treated groups. The dosing
volume for the control animals was 1.0 mL of the vehicle and 0.9 mL of saline. Due to
the severity of clinical signs observed, all animals at 55.34 ng/mL were not dosed on
Day 23. Dosing resumed for all animals on Day 24.
30  Results: This study was conducted for to evaluate the potential subchronic toxicity of a
calcitriol topical solution, when administered twice daily via dermal application for 4
weeks. Three treatment groups of four animals/sex/group of Gottingen Minipig® were

administered the calcitriol topical solution at respective dose concentrations of 5.07,
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In summary, in the cycl ophospham de, paclitaxel and etoposide group,
calcitriol offered 100% protection fromClI A in both cycles and did not

i nterferewoizbtvtib@7cure rate 10 which was in the range eCTAB2@88d4765
Doxor ubi cin, Paclitaxel and Etoposide Admnistration of Chenotherapy
Young rats: On day 13 through 15, all rats received doxorubicin
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determination of the plasma concentrations of the test article were collected from all
surviving animals at designated time points on Days 1 and 27. The toxicokinetic (TK)
parameters were determined for the test article from concentration-time data in the test
20  species. At study termination, necropsy examinations were performed, organ
weights were recorded, and selected tissues were microscopically examined.
One male at the 55.34 pg/mL concentration was euthanized in extremis on Day
28 of the study. This animal was observed with decreased activity, inappetence, and
tremors prior to euthanasia. The cause of the morbidity of this animal was considered to
25  be the high calcium blood levels that were close to the lethal level. All remaining
minipigs survived to their scheduled termination on Day 30 of the study. Decreased
activity, inappetence, emesis, and tremors were observed in most minipigs at the 55.34
pg/mL concentration during Weeks 3 and 4 of the study. Mild irritation was observed in
males and females at the 55.34 ng/mL concentration during the last week or two of the
30  study. Mean body weights and body weight gains for the treated males and females at
5.07 and 10.31 pg/mL were comparable to controls. All males and females at the 55.34

pg/mL concentration lost a significant amount of body weight during the last 2 weeks of
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(No ¢ hen?t he fofd }llge qualitative electrocardiogram abnormalities, but there was a mild increase in

the group mean heart rates at the terminal predose and postdose intervals. This increase
in heart rate is undoubtedly related to the marked increase in calcium levels in these
minipigs during the study. There were no other dose-related effects of the calcitriol
topical solution on quantitative electrocardiogram parameters. No calcitriol topical

10 solution-related hematology, coagulation or urinalysis alterations were observed in
males or females at the terminal evaluation. Some clinical chemistry alterations
were seen at the 55.34 ng/mL concentration, the most notable was the high calcium
levels observed that were near the lethal level. The other changes seen were lower
chloride values, and higher cholesterol, glucose, urea nitrogen, and triglyceride values.

15 Calcitriol topical solution-related macroscopic pathology findings were limited
to the stomach mucosa of one female at the 55.34 pg/mL concentration consisting of a
mild, irregular surface. Absolute and relative increased weight of the kidney and
decreased weight of the thymus were seen in both sexes at the 55.34 pg/mL
concentration compared to controls. Direct calcitriol topical solution-related

20  microscopic findings were present in the bones, kidneys, heart, treated skin, thymus, and
thyroid gland. In addition, direct calcitriol topical solution-related findings included
multicentric vascular changes and multicentric mucosal mineralization. Indirect test
articlerelated microscopic findings were noted in the pancreas. These microscopic
changes were present in both genders and were limited to animals dosed at the 55.34

25  pg/mL concentration.

The microscopic changes of the femoral, sternal, and costal bones were limited
to the diaphyseal cortical bone and to the bone cavity. They were characterized by
osteodystrophy and by the deposition of basophilic matrix. The renal microscopic
observations were characterized by mineralization, tubular degeneration/regeneration

30  and by a subacute inflammation. The microscopic observations of the myocardium were
myofiber mineralization, subacute inflammation and vascular changes. In addition, one
male and one female had endocardial mineralization. Multicentric mucosal/epithelial

mineralization was observed in decreasing order within the stomach mucosa, lungs,
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larynx, trachea, prostate gland, salivary mandibular gland, and within the urinary
bladder. Calcitriol topical solution-related vascular changes were widespread and
affected primarily small to medium-sized blood vessels. They were primarily observed
within the heart and the bone cavity and sporadically in different organs/systems. The
S5 microscopic changes of the treated skin were characterized by epidermal hyperplasia and

hyperkeratosis and perivascular mixed cell inflammation with the superficial dermis.
The microscopic changes of the thymus, thyroid gland and pancreas were characterized
by lymphoid depletion, follicular cell hypertrophy and hyperplasia and single cell
necrosis respectively.

10 On the basis of the results of this study, the no-observed-adverse-effect-level
(NOAEL) was considered to be 10.31 ng/mL based upon the clinical chemistry and

microscopic changes seen at the 55.34 png/mL concentration.
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Small interence RNA targeting heat shcok protein 27 inhibits the growth of prostatic cell
lines and induces apoptosis via caspase 3 activation in vitro BJU Int 2006.

30 Marenholz I, Heizmann CW, Fritz G (2004). S100 proteins in mouse and man:
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In summary, in the doxorubicin, paclitaxel and etoposide group, calcitriol
of fered 100% protection fromCl A in both cycles and did not interfere with
t he cure wetzeimhp@h was in the range of 80-83% WO PCT/US2010/044765

2011/ 019617PCT/ US2010/ 044765 Exanple 13. A 4-Wek Dernmal Toxicity Study of
Topical Calcitriol in Gottingen Mnipigs(r) Control, Vehicle, and Test
Articl e Prefdaiatsi on: Fresh control article, 0.9% Sodi um Chloride for

I njection, USP, was dispensed for use on study weekly and was stored 5
refrigerated. The vehicle, a 40/60 m xture by weight (ww of Propyl ene

G ycol, USPjand &t Ramel of %gd&ﬁﬁfg_LHrQﬁati%ﬂ%ﬁéc@cﬂi%)angggvﬁﬁﬁ}?f:oﬂajﬁ%ing'"nd the
test article, containing lcitriol, USP, with a specific gravity of 0.875,
was used as topeadlywdonifistormatecthe indadilval tarpbatmaggsticrh dempenitignugonprisinpree t est
article s received at.concentratjons of 5.07. 10 31,  and.55,34.[tg/m.
The testar sy BsFArEar g o RN Rinder foedit Simud0di B d T oo
article wer epidesfiensad siifandsRy evoisigdyriteakliyerand stored refrigerated. On
occasion, additional test material was di spensed as necessary during the
course of the study. Adm nistration: Prior to admnistration, the hair was

clipped fromthe f -ani Rl T . anj - -

sites; si te@'l Wagl‘H ??Aé%g%gd)tf\?\nﬁtuﬁqt’ @el\‘/eé @glpggﬁ]%gﬁt@ gl&@%ltv%dﬁ?%ﬁgw%ﬁ%&ukach
site was 45a0@n®,/whplopyenaklygoldindiatiedt 4o (kv )sph pdrouastdohms kishod{2(0he
corners with indelible marker. The two test sites for the control group
vere evéhl y PEIY ded: ORPELIEA (WY hseRyerRt elyrdl. et 1VasWashehesydndyed o5y y .
Care was taken. 1 a%aifoa¥0as s Lifydbhhbs e GRIHE Rloodibdicliss ) vehi cl e,
and test arti@ﬁce vOereaa(()jm' ni s{ere)(tﬂl ?%lﬁce pesr %ay app?jox?{rrmt’e y )6 hour s
apart for 4 weeks (29 consecutive days) during the study 20dermally. The
formul ati on_was iformy .applied over the a ication site w a gl ass
SCirring rodor ABprEHRCERndy FuRER e Adg b bIaCor: SR Dac
gently renmoyggnphiQr to the next dose with a Wpall, wet with tap water. If
necessary, sites were dried with a clean, dry Wpall. The dose adm ni stered
to all animals was 1800 ng of the appropriR{te_formnulation. The dose
concentrations were 5.07, 10.31, and 55. 3¢ / mL 25and admi nistered at a
dose volume of 2.1 nL. The control art and vehicle were adm nistered to

the control group in the same manner reated groups. The dosing
volume for the control animals was 1.0 *‘ﬁo the vehicle and 0.9 nL of
saline. Due to the severity of clinr&al’signs observed, all aninals at
55.34 [tg/nL were not dosed on Day %3.b @si ng resuned for all aninmals on
Day 24. 30Results: This study was cone &d for to evaluate the potenti al
subchronic toxicity of a calcitriol €al sol ution, when adninistered
twice daily via dermal applicatiomgifo weeks.IThree treat nent groups of
four animal s/sex/group of Gottingen M nipig(r) &%re adm ni stered the
calcitriol topiegal solution at respective dose concentrations of 5.07, WO
2011/ 019617PCT/ US2010/ 044765 10.31, and 55.34 [tg/nL. One additional group
of four ani mal s/ 3a%d Bapigh JlepHIchBne FHEICATAINBRAIVAA t he vehi cl e, a 40/ 60
m xture by wei ght,

VW, ofien BTLOPYE ARELEA 6K is HifroBliloi S ARGy CRARRAY T ed
anhydr ous) 200 Pr oof Eﬁﬁ and t%e control arti rg, ?‘9%0 0 |yumﬁ%hﬁgr| de for
I nj ection, bEKI wherea sad Gngle bohd;t opi cal sol uti on or vehicle was
S5admi ni stered to_all groups, vja ﬁer | ~appljcation, twce a da forgeﬁ9
consecu ({)ve daysR ﬁhér?ﬁfgeh%? a_‘lg‘?axyﬁ’_t C Hé)ﬁrﬁh%]\fgrau%‘/wﬂ)@oﬁ %/“@_étftu te.
Coser vat i ongifhQne ORI YeenRYdrak 1t Hpand BF WIR BREiclife availability of food
and water were corzlqluct ed tw ce daily for all animals. dinical observations
were conduct ed wBeld lydr@medyhyded it -©-werlleyl wpls or dllylanilioxd cortienylneekl y.
Dermal irri tog"cgén%ﬂyssu Sdtitited with one to three halogen, hydroxyl, cyano or -NR’R” moieties;
R’ is absent when b is a double bond or R” is hydrogen, hydroxyl or alkyl, or R
25 and R together with the carbon atoms to which they are attached may be linked to form
5-7 membered carbocyclic ring when b is a single bond;
R* is absent when b is a double bond orhydrogen, halogen or hydroxyl when b is
a single bond;
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10 was done after each dose during Week 1 and then tw ce per week (after
the second dose) during Weks 2 through 4 for changes in the application
site. Ophwbabnmeeapi c exan nati ons were conducted pret epCTASA01I0M478%Ir Vi VOr S
prior to term nal necropsy. Physical exam nations were conducted pretest.

El ectrocar di ographi c exam nati ons were conducted pretest, predose, and 1 to
2 hours post theRfiiyatsedogenarnis Baypulile Anod duR] isdhytiiveed Siakmgen webkdrokyldosi ng.
Bl ood and urine sanples for clinical pathology eval uations were collected
fromall aniwrl?ﬁ’ilélﬁaggﬁéétboﬁﬁd prior to the termnal necropsy. Blood sanples
for determ nati oRQf aikealRbRE MK ERNCSBARY], ABRrRf clidie M183i0-alklyl, ali§1 wer e
collected fromall surviving animal s at désignatéd tinme ‘points on'Days 1
and 27. TheGQuxdllediophienally spiwituted matheine te five ryd thetyb orp rhsdo deor alkorey Lt st
article %roiptconc ntrati otn-ti_rﬁ%ﬂ{:,ta .ip the test 20species. At study

termi nat? on," HECHx ’pcsyﬂn%xnérlﬁ Aat| %lféesperfor med, organ weights were
recorded, and seRégd ARyItpHSHAR ABEEURFU GFidSaRAD et Ky ¥Ryl Me6ken, alkoxylOne
male at the 55.34 [tg/nmL concentration was euthanized in extrem s on Day 28
of the studgylistesoal granowaidrogsHRvRIMAiatEs:fer eased activity,

I nappet enceg> tr rs Rl e S| e e idity of
this ani nal nggcggoﬁs‘%%gﬁ’elg&%p%@%@g’ #’%1%8%& ghﬁl%rgg@i 1&%181 b%%ﬂ (gelj\}lzlfs H%g wer e
cl ose to thehiretabaltichiby edceptble salegmhireofig m ni pi gs survived to their

schedul term nation on Day 30 of the study. Decreased activity,

i nappet ence, enesis, and trenors were observed in nost mnipigs at the
55.34 [tg/ con | ariqn : t I

irritati onn%vés ogggﬁfg{ dicHg C%llg]fnels’ %%%ﬁrg‘ﬁgﬂ%@ﬂ‘a? C’?hgﬁ) ggd %ielft%é%efl %ﬁibq’
concentrati &nmawnily the | ast week or two of the 30 study. Mean body

wei ghts and body weight gains for the treated males and females at 5.07 and
10.31 [tg/mL were conparable to controls. RER'mples and fermales at the
55.34 [tg/nL concentration |ost a signifjigan nmount of body wei ght during
the last 2 weeks of WO 2011/019617PCT/ o230/ 044765 the study and the nean
body weights were significantly |ower n_p8l e8 and fenales during this tine
peri od. No opht hal noscopi ¢ abnoyngldtr3es were observed in any of the
animals at the pretest and term nagt” ophthal noscopi ¢ exam nations. The
calcitriol topical solution did 5nqQt _&tause qualitative el ectrocardi ogram
abnornmalities, but there was a mild|igcrease in the group mean heart rates
at the term nal predose and postdase intervals. This increase in heart rate
is undoubtedly related to the markled increase in calciumlevels in these

m ni pi gs during the study. Thereswes€ no ot her dose-related effects of the
calcitriol topical solutionma q J tative el ectrocardi ogram paraneters.
No calcitriol topical 10sol uti®n-rel @&@ed henat ol ogy, (Bbagul ation or
urinalysis alterations were observed in nales or fenales at the term nal
eval uation. ™

85 clinical chemistry alterations were seen at the 55.34

[tg/ L ¢oncent ratiPNsinblB®r ABSHle BOAADI € was the high cal cium|evels observed
that were near the lethal |evel. The other changes seen were |ower chloride
val ues, and hi gh&" ic hytiegemtidiakydbild os elkylroptiomiltyrsabeiivted mdthtaniedp Yhues i de
val ues. 15Calcitriol topical thon-rel ated macroscopi ¢ pat hol ogy

findi ngs \Necf%%l%?%nm!ht‘/%rgx?%oq%é) Ozggﬁa%hmr%eclgg’a of one female at the 55. 34
[tg/mL concent r aR*0R hg@dgers thiyax9f, -@-tithlkgl silyl,ro2 gLy ralieityf écgkenfbsol ut e and
relative increased wei ght of the kidney and decreased weight of the thynus
were seen i APHRHY sehstiduted withonstp threerkalggen, nwheahtayane %-?%Poﬁpdn@aﬂftse
control Di rect pealked t L1 I [MelatH g 20m LG JLadi ngs
wer e pr%%ent in %zhé’%o&r{élél;ggeﬁf ‘gﬁégf/gls afs]&egzlallrﬂ%el %{ﬁg é(g{ag%g%%%g@pt% ﬁ@e?rlglg?llygﬁ)éw’

t hyroi d gl ahgdrokyl, hadgdni, elkpx giaratityl optlianatly isabstitagd with ose tathrerydedxat ed
findings i ngrzll uded nul ti cgnt ric vascul a changes and nulticentric nucosal

mi ner al i zat PRREEN HAISHEL VeSS 2:10§'e PRREI at ed ni croscopi ¢ fi ndings were

noted in the’pgicRear® Riesf) BT Gf-QabIP R pERRRAS ShyMRERn |, HalodRft N

genders and were'linmted to animals dosed at t 2’e })5@%%4101%(??%; L !

concent r at i ekkoxyl or alkyl optionally substituted with one to three hydroxyl or halogen moieties, or
25 any two of R*, R™ and R®* may be linked to form a 3-7 membered carbocyclic ring, and

pharmaceutically acceptable salts thereof.
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The m croscopi c changes of the fenoral, sternal, and costal bones were
limted to the di aphyseal cortical bone and to the bone cavity. They were
char act erwoediiyo@ast eodyst rophy and by the deposition ofChamseghioki’es matri x.
The renal mcroscopic observations were characterized by mneralization,

t ubul ar degenerati on/regeneration 30 and by a subacute inflammuation. The
m croscopi ¢ observations of the myocardi um were nyofi ber mneralization,
subacute infla ion_and wvascul ar chapnges. ln_addition, o mal e and one
femal e had dndoc Mo HETAR » e TROrEPEbREPTPOHIL B T epi t hel | a

m ner al i zat yoRJMARSvRRRRMYSA Zﬂldiﬂ?@ﬂiﬁ bRGe 2R3AR-WolcAIRifEBE 1S10MMGAoRILCOS,
| ungs, WO 2011/ 019617PCT/'US20107 044765 | arynx, trachea, prostate gland,
sal i vary nan6ieberdyae-chplegadicifeaeld 1 ehydhiony vikrenio M3n d a4 tslildidery vit@aline DB r ¢ro¥IC

t opi cal sol gg?, on-rel ated vascul ar changes were w despread and affected
primarily smal’l to nmedi um sized bl ood vessels. They were primarily observed
within the heart and the bone cavity and sporadically in different
organs/systens. The 5mi croscopi c changes of the treated skin were
characteri zéd by Tépmesradedf chyipelr pihaesimtharvifapyipProeararedisqohhdSper i vascul ar
m xed cel | | Bt 1 on .t rki cial r ' '
changes of td ﬂ‘&hﬁ%‘gﬁl\tﬂ%&ﬁt% I’lgzl %&SP/‘;‘!#%? éﬁ d %%) 2% 8&1 gaéglo%g?%ﬂ%ﬁgp?cf%ﬁ?@ggy by

| ynphoi d depbehé-gne-chakbdaldferalt 1ealdroRyypentin @3y o2ddimydexplitasimDans: MCngl e
cell necrosis respectively. 100n the basis of the results of this study,

t he no- Q)se?@%d-adverse- effect-level (NOAEL) was considered to be 10.31
[tg/ m. based upon the clinical chem stry and m croscopi ¢ changes seen at
the 55.34 [tg/nL concentration. References: 15D ker-Cohen T, Koren R

Li ber man UA7. Ravilte Aethadanfichnii lpmbteedt the vénmin Paoytpesnd exdnbigpapilasers

i nduced by osnptic shock, .oxidative stress, and tunpr .necrosis factor." Ann
N 'Y Acad Sl SenBi GeRer o BRIyl A eprar SLOBUS RBSRITs. D ug
Consul t, 13kBraffbdykQn) - Genever PG MAxfield, SJ, Kennovin GD,
Mal t man J, Bowgen CH, Raxworthy 20 MJ, Skerry TM Evidence for a novel

gl ut amail®- nedi at ed signaling pathway in keratinocytes. J Invest Dermatol.
1999 Mar; 112 (3)~ 3374-42.. . Kiryu-Seo S mo K., Tachi ba T, Tanaka
<K yama 1S uni qus TH S siinde rRet T Rgmin SRR rd PEAURRE ot or
neurons. ThexibBONEWNBaL n{o2d@kes Ahoscddblessitd leveNalrt gronfAed By binb@iiRgdent F,
Roel of sen H, Weber La, Kanpinga HH In vivo 25chaperon activity of heat
shcok pr ot epmoyrt o salcitfigk not ol er ance. Mol Cel| Biol 1999; 19: 2069- 79.
Rocchi P, Jugpal P, SoA, Sinneman S, Ettinger S, Fazli L, Nelson C, d eave
M Small interence RNA targeting heat shcok protein 27 inhibits the growh
of pros2@ti 6. cel IThé nrasdaridldimndy eésreaptptvitaingn Dicanpas pdidildtsald ¢expadsson i n
vitro BJU I nt 2006. 30Marenhol z |, Hei nn ) Fri%; G (2004). S100

prot ei ns i nOhBREY MBMHG SFRF WAE IRV ICBfS £ 1PLRKE] Bramfd et smsyyt of
(including apncipgate of the nonmenclature). Biochem Biophys. Res. Conmun.
322 (4): 1111-22. Al referenced cited herein are incorporated by
reference.

10. The method of claim 1, wherein the vitamin D compound modulates the
25  expression of HSPA2 or HSF4 mRNA, HSPB1 or DNAJC6 mRNA in normal

keratinocytes.

11. The method of claim 1, wherein the vitamin D compound modulates the
expression of SLC1A1, KCNB2, oKCNN4 protein or SLC1A3 protein in normal

30  keratinocytes.

12. The method of claim 1, wherein the vitamin D compound modulates the

expression of one or more proteins in Table 3-1 and Table 3-2 by at least about 2-fold.
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WO 2011/ 019617PCT/ US2010/ 044765 Clainms 1. A method of preventing or
treating alopecia in an individual, conprising topically admnistering to

t he i ndi wouali/adghar naceuti cal conposition conprisi ng &Ch/ushe@oapsasi cal |y
effective anmount of a vitam n D conpound fornulated to be delivered to
epiderm s while substantially avoiding derms delivery. 2. The nethod of
claim1, wherein the pharnmaceutical conposition conprises about 40% (wW w)
propyl ene gl ycol _and about 0@6(m/m%?anhydrous absol ut e. et hanol (200
Loproof, U sy s aFe Qs o amIT M Io By A LDy BIPOUD BEE 006 (w v

et hoxydi gl y¢odreQredsi ANFOAL 8F modnFroaldtih 1084 Gvd W4 anhyds auseARSRk Bl Bour

et hanol (200 proof, US.). 3. e nethod of claim1, wherein the vitamn D
conpound i sexpgnesy mogdaltkeratiopantesato(spid: vitaphe Pe¢ampouadd b are each
independgntly a single or double bond Xis -CH2 when a is a double
bond, or” X is hydrogen or a hydroxyl substituted alkyl when a is a single
bond; 20R1 i1§. hydne@ehodyr@rayll, whetekO®y vitatin Daokipousd Inducedr al kyl ,
optionally substituted with one to three hal ogen, hydroxyl, cyano or -NR R’
noi eti es; R2VEISXMpuiwgemormildesippcytepattquepr are f: IGYT, Keratyy leyHferatyy kbxyl or
al kenyl , opid Ly i i t hree hal ogen, hydroxyl, cyano
or -NR R n%%%%ﬁgéjSﬁﬂp&ékéghgﬂth%Egggﬁ)%ﬁ%h b is a double bond or R3 is
hydr ogen, hydroxyl or alkyl, or R3 25 and Rl together with the carbon atons
to which th are_attached may be |inked to form5-7 nenbered carbocyclic
ring whéh b1fs aThf ﬁ@%pd%ﬁé&lm 1> WhereRgythe g lapseirt SIgReSHA HHS (APdcHEIE dond
or hydr ogen, hia A6 pdY AL AXH 2 IRDN Dorl che ofleRP SndRRd alop¥a (C1A).

Son3/ 03961 7R T hp T ER e tAT o hefoRlen B R BRRE sloplia (CIA. ond or
R5 i s hydrogen, hal ogen or hydroxyl when a is a single bond, R6 is

al kyl, al kenyl, kyn cygl.oal kyl,, heterocyclicyl | kyl.- 0- al kyl ,
Bl Kyl oo al 01 " optteoRtine SLHET | etisce o ERSGH&reeEpitydes irineaoathinn.o,
hal ogen, al kexdl alopédd are i HoRRUMkis, AYFRRM arBith MRAAOUINR, Bnd MOp&Ld BSata
R7 is al kyl optionally substituted wth one to three hydroxyl, hal ogen,
al koxyl 15 ar piarbatet eroaryl, cyano, nitro or -NR R' noieties; and, R and R
are each, independently, hydrogen, hydroxyl, hal ogen, alkyl or alkoxyl, and
pharmaceutically acceptable salts thereof. 10
17. The method of claim 1, wherein the alopecia excludes androgenetic alopecia

(alopecia androgenetica) or post-chemotherapy alopecia (PCA).

20 18. The method of claim 1, wherein the individual is a primate.
19. The method of claim 1, wherein the individual is a human.
20. The method of claim 1, wherein alopecia has not commenced in the individual.
25
21. The method of claim 1, wherein the individual is undergoing or about to undergo
chemotherapy.
22. The method of claim 21, wherein the pharmaceutical composition is

30  administered to the individual prior to chemotherapy or concurrent with chemotherapy.
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4. The nethod of claim1, wherein the vitam n D conpound is represented by
Formula (I'l): RL 1:)" wherein 15c is a single or double bond, Ri a

i s hydrog®o,2twivalrkyl silyl or al kyl, optionally substipCutusdomios4r6dne to

t hree hal ogen, hydroxyl, cyano or -NR R' noieties; R2a is hydrogen,
hydroxyl, -0O-trialkyl silyl, or alkyl, alkoxyl or alkenyl, optionally
substit ut ed2di t h Toaecttmdidirckemtid] ogemrin tﬂly@hmmalceuttcyhcrwnpnsit'}ohsﬂ% R' noi eti es;
20 R3a, R4a e.absent whep ¢ i.s_.a doubl e bond re each inde endently
nydrogen, MBI FLg SRy CuslagRy e sPmmmaRss Mt sheme Sdan et plivg

one to thre@mgﬁgﬁg%Mgngfdhﬁ&ggen noi eties when ¢ is a single bond R3b, R4b,
R5a, R6a, R7a and R8a are each, independently, hydrogen, hydroxyl, hal ogen,
al koxyl or al kyl optionally substituted with one to t hree hydroxyl or

hal ogen igties Y ked fo forma
5 menbbr edcar BBE SRS T ERY M Hma B A hacu bR Eafe Siessfinn Sk <

t her eof . Vﬁm&Q@ﬁé@ﬁ&ﬁﬁ&ﬂﬁzkﬂﬁa@;efQﬂﬁiﬁ&gqgﬁ The nethod of claim1l
wherein the vitamn D conpound is 1,25- dihydroxyvitam n D3;

1, 25-di hydr oxy- 16- ene- 23-yne-chol ecal ciferol; 1,25

B s R O

the vitam n D conpound is not 1, 25- di hydroxyvitam n D3;
1,25-dih dr xy 16 ene- 23-yne-chol ecal ciferol ; 1,25
"di hydr 8%y 180ene 1yraedis A chimile Eﬁmlq @ewmeéwvmflaﬁwne@r more of:

| a, 24-di hydA%Mé{é ggénsg e@ﬁhmg/l&tnz}%:?o@@@%n DZuno cieERPEhiah, ﬁhﬁfb i, wherein

the vitamin D co ntical gene regu at’i on
profile as &guubialnet-Fhnbambxiddn, dadatédan] ]@lchtarxeh(c'framll) Rabatlatny tyemsidel5 8.

expresst on OFBABCOFIRBIE giEs Ciisde: B ST ERP e et GBS BHOE Ry an

equi val ent mhn@ﬁmﬁahl%l(me%e) GOrifnil hBeARY, BOFAIGHib, DRhiMiS, DXMRLRIYBInt he
vitam n D conpound i nhibits the expression of one or nore genes whose

expr essidn Hewahethamelaimre (1N MY absﬁtmne)q Eﬁovfan@dﬁt bigemyain, Ufetlmaﬂew@,r i ol .

10. The net hod of a|n11 th rei V. co u tes t he 25

expression o0 CHEE amx B nYEﬁﬁﬁb a@kWE: ﬁ%ﬁﬁ'nnen r%ﬁ

ker ati nocyt B‘Elsulphan, Melphalan, Vmblastlne, Lomustine(CCNU), Thiotepa, Gemcitabine,
Carmustine(BCNU), Mitroxantrone, Mitomycin C, Procarbazine, 6-Mercaptopurine,
Sreptozotocin, Fludarabine, Raltitrexate (Tomudex), Capecitabine, and equivalents

20  thereof.

27. The method of claim 1, wherein the vitamin D compound is topically
administered to the individual at a dosage volume equivalent to about 0.1 pg of
calcitriol/cm’.

25
28. The method of claim 27, wherein the total dose is equivalent to about 2-100 ng
of calcitriol/75 kg body weight.

29. A method of preventing or treating alopecia in an individual, comprising

30  topically administering to the individual a pharmaceutical composition comprising a

therapeutically effective amount of a vitamin D compound represented by Formula (I):
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11. The method of claim1l, wherein the vitam n D conpound nodul ates the
expression of SLC 1A1, KCNB2, oKCNN4 protein or SLC1A3 protein in normnal
30ker at i /woRDE#:196112. The nmet hod of claim 1, wherein thecwiusanionsdetonpound
nodul at es the expression of one or nore proteins in Table 3-1 and Table 3-2
by at |east about 2-fold. WD 2011/019617PCT/US2010/ 044765 13. The met hod
of claim1, wherein the vitam n D conpoundr’ nduces overexpression of one or
nore proteins in Tables 3-3, 3-4, 3-5 or Bgter about 24-hour exposure
of normal keratinocytes to said vitam npound. 5 14. The met hod of
claim1l, wherein the vitami n D conmpou es overexpression in nornal
kerati nocytes of one or nore of: GST, Kefatin 1, Keratin 17, Glectin 1,
S100 A9 (Cal protectin), or S100 Al3r410Q 57 The method of claim 1, wherein
the al opecia is alopecia areata (AA), [algpecia totalis (AT), alopecia

uni versalis (AU), or chenotherapy-i gd Xal opecia (ClA). 16. The net hod
of claim15, wherein al opecia areat Pudes diffuse al opecia areata,

al opeci a areata nonol ocul ari s, al s aeat a gyltilocularis, and al opeci a
areata l15barbae. 17. The nethod of claim1l, wherein the al opecia excl udes
andr ogenet i ghateppeci a (al opeci a androgeneti ca) or post-chenot herapy

al opecia (PCA). 2018. The nethod of claiml, wherein the individual is a
primate. 19. Theaped how ochdndgpendentlywhsinglaprtdeablertondi dual is a human. 20.
The net hod of cl g .m wher ei.n_al gpeci a has .not nenced, i n e..
i v duat 25 Suo-GHa WAER otk SrRBFELR: DR R BB RTRARR D iy
under goi fig alkyhivhed a s dimgebgad;chenot her apy. 22. The nmethod of claim
21, wherein the pharmaceutical conposition is 30 administered to the

i ndi vi dual pri or Rt & yeessonkrdpyy ofkeohdiiralien silyl arllshapsondhappstituiag
2011/019617 /olf{§%99h‘?éeoﬁh‘i§{g@ﬁ,%?ué§m, hOBA ok k! Abii&d, wherein the

phar maceuti cal conpositionis adm'nistered to the i1 ndividual after the

comrencenent of ®Aénmtdnegeaplyydrimutl, 10-iraikyl eilylher dbyinelkoeytentlkefiylal opeci a. 5

24. The nmethod.of claim 21 erein_the pharnaceuti cal congﬁg' i on does not
optionally s1?bstituted with one to three halogen, hydroxyl, cyano or - "Rt’ m(gllet?es;

10 R’ is absent when b is a double bond or R” is hydrogen, hydroxyl or alkyl, or R
and R’ together with the carbon atoms to which they are attached may be linked to form
5-7 membered carbocyclic ring when b is a single bond;
R* is absent when b is a double bond orhydrogen, halogen or hydroxyl when b is
a single bond;
15 R’ is absent when a is a double bond or R” is hydrogen, halogen or hydroxyl
when a is a single bond;
RC is alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclicyl, alkyl-O-alkyl, alkyl-
COs-alkyl optionally substituted with one to five, hydroxyl, oxo, halogen, alkoxyl, aryl,
heteroaryl, cyano, nitro or -NR’R” moieties;
20 R’ is alkyl optionally substituted with one to three hydroxyl, halogen, alkoxyl,
aryl, heteroaryl, cyano, nitro or -NR’R” moieties; and,
R’ and R” are each, independently, hydrogen, hydroxyl, halogen, alkyl or alkoxyl, and
pharmaceutically acceptable salts thereof;
wherein the vitamin D compound is not 1,25-dihydroxyvitamin D3; 1,25-
25  dihydroxy-16-ene-23-yne-cholecalciferol; 1,25-dihydroxy-16-ene-yne-cholecalciferol;
la-hydroxyvitamin D3; 1a,24-dihydroxyvitamin D3, or MC 903.
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substantially reduce the efficacy of chenotherapy. 25. The nmethod of claim

21, wherein chenotherapy is system c chenotherapy. 10 26. The net hod of

cl ai m 21, weherigiipeichenot her apy i ncl udes one or nore of: PAmUSR@OWPedTEhHes

(Adri amyci n/ Doxor ubi ci n, Daunorubi cin, Epirubicin, Idarubicin, Valrubicin),

5-FU, Tanoxifen, Irinotecan, Paclitaxel (Taxol), Carboplatin, Etoposide,

Cyt oxan/ CycBophodpharilte, of Clasypl 28t ivheretr thotvitminin ID Tampewa) is répgaentedtbiyne,

St aur ospor i %8 Vlnz]irll stine, Imtinib (deevec), Gefitinib (lressa),

Sor af eni b, At )o Dacti nonycin, 15 Hexanet hanel am ne (HWM

altretamne), |fosfam de, bleonycin, methotrgxate, Docetaxel (Taxotere),

Vi ndesi ne, Vinorel bine, Topot ecan, AmsacrlFﬁ R8yt ar abi ne, Busul phan,

Mel phal an, Vi nbl asti ne, Lonusti ne(CCNU) RiThi/ot epa, Gentit abi ne,

Car must i ne( BCNU), Mtroxantrone, M tomft‘“i’ \r6Pr ocar bazi ne,

6- Mer capt opurine, Sreptozotocin, Fl udarab ng, Raltitrexate (Tonudex),

Capeci t abi ne, and equi val ents 20t el R3b2'?‘ The nmethod of claim 1, wherein

the vitam n D conpound is topicall nistered to the individual at a

dosage vol unme equi val ent to about Y.tg of calcitriol/cn2. 25 28. The

met hod of claim 27, wherein the tot dose is equivalent to about

2-1001..tg of calcitriol/75 kg body weight. 29. A nmethod of preventing or
i i i ndi vi duz gonpri sing 30topically adm nistering to

t he individual a pharnmaceut |ngl posi tion conprising a therapeutically

effective anmount of a vitam n® pednd representedy Formula (1): WO

2011/ 019617PCT/ US2010/ 044765 R6 (1) wherein a and b are each

i ndependent Weisj ngl e or doubl e bond Xis -CH2 when a is a

doubl e bgond, or X r hydr oxyl substituted 5al kyl when a is a

single bond Eid gty NIGE R e oxyl . al koxyl . trialkyl silyl or

al kyl, opti onal | R 'Siy g diokert, ed-aviyl bilyare atkgl, tdpneﬁallyadubg&ﬂted i chr ¢ )eb thréyano or

“NR R noi eti es; R2 is hydrogen hﬁdroxyl -0-trialkyl silyl, or alkyl,

al koxyl or aplpgécﬁyﬂlydroxyl cyano or -NR’R” moieties;

R* is hydrogen, hydroxyl, -O-trialkyl silyl, or alkyl, alkoxyl or alkenyl,

optionally substituted with one to three halogen, hydroxyl, cyano or -NR’R” moieties;
10 R*, R™ are absent when c is a double bond, or are each independently hydrogen,
hydroxyl, halogen, alkoxyl or alkyl optionally substituted with one to three hydroxyl or
halogen moieties when c is a single bond
R*®, R* R R® R™ and R* are each, independently, hydrogen, hydroxyl,
halogen, alkoxyl or alkyl optionally substituted with one to three hydroxyl or halogen
15  moieties, or any two of R*, R”* and R* may be linked to form a 3-7 membered

carbocyclic ring, and pharmaceutically acceptable salts thereof.

31. A method of preventing or treating alopecia in an individual, comprising
topically administering to the individual a pharmaceutical composition comprising a
20  therapeutically effective amount of a vitamin D compound, wherein said vitamin D
compound, when topically administered to the individual at an effective concentration
of:
() about 50 pg/mL, does not cause toxicity after at least about 25
consecutive days of drug administration; or
25 2) about 100 ng/mL, does not cause toxicity after at least about 7

consecutive days of drug administration.
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optionally substituted with one to three hal ogen, hydroxyl, cyano or -NR R’
noi eties; 10 R3 is absent when b is a double bond or R3 is hydrogen,

hydr oxyl wo 2altkybg17or R3 and Rl together with the carbomCatusesiooas7éhi ch
they are attached may be linked to form5-7 nmenbered carbocyclic ring when
b is a single bond; R4 is absent when b is a doubl e bond orhydrogen
hal ogen or hydroxyl when b is a single bond 15R5 is absent when a is a

doubl e bond gr s_h halo en or I .oX is a.single bond;
R 1S Cal kgl 3051 kanrmod pESRS Pitind PREME Hlombet By iy g <ompRYIE O- al kyl
al kyl CQ2- al mﬁlcaqlptaﬂﬁl’i‘lﬁhtbl}{n%ﬂﬂﬁ& it @61 W ghBrrRRRu i@l f:(')ﬁiﬁlosnlibfp(’f sing0ax 0,

hal ogen, al koxyl; aryl eroaryl, cyano, nitro or R R nnletles 20R7
is alkyl opthempaumalls/@lﬁfse@m‘tane@lrm/pf invisareint[d comp@eldrfpdpmsrnungrmltmg@mg

al koxyl , gar het er oar n|tr R and R
e onchy 1 HapaRberRR oS SoBie hyhRaRin M BRh B EPre S eyt . and
pharnaceutl@@hhﬁm@@@emﬁﬁbh@apahkggahereof mhereln the vitam n D conpound
is not 1,25-di hydroxyvitam n D3; 1, 25-

25di hydr oxy- 16- ene- 23- yne-chol ecal ci ferol ;

1, 25-di hyd 1 ' ; - | QXY Vi i :

A 24- di Kygrgéiyv?\%%%ﬁg %ﬁpl%bgl{tﬁ}%a&é8’%;‘%%0%‘46%#%%@@%%8‘?%%44765

30. The net hmjn@ﬂly(abﬁnmtaﬁng whée didivitig avphbaniceutizat oasmpcbsmibri onigpiesent ed by
Formul a in 5¢c is a single or _double b Riais

I 1
hydr ogeh(g t fheraaaekwa%mffgﬂfﬂﬁrarmw pta Bb%m]@rBFPVP%%tB?tt uted with one to
three hal ogen, hydr 0X¥J<h1Fﬁs?’ ﬁﬂﬁ’lalobr 1d§ﬁlcgl ;Féﬁ@'r%dlor | e a e&nglgﬂeJﬁHunt

hydroxyl, -0-trialk kox opti ona
substitutedoﬁ£MMUUﬂm1n@nwhkeeumaWﬁgen hydr oxyl , cyano or -NR R' noi eti es;

10 R3a, R4a are ahsent gh a doubl.e bond, or are each inde ntIy
ydrogen, hyar oxy. - NAIBHEHES T RR IO APRGT MBS FBRaN Py B LSt ¢
one to thregrehyeddx¥d bPhn BliPER AMRIudt besidMRn ¢ is a single bond

15 (3) modulatess the expression of HSPA2 or HSF4 mRNA, HSPB1 or
DNAJC6 mRNA in normal keratinocytes;
4) modulates the expression of SLC1A1, KCNB2, or KCNN4 protein or
SLC1A3 protein in normal keratinocytes;
(5) modulates the expression of one or more proteins in Table 3-1 and Table
20  3-2 by at least about 2-fold;
(6) induces overexpression of one or more proteins in Tables 3-3, 3-4, 3-5 or
3-6 after about 24-hour exposure of normal keratinocytes to said vitamin D compound;
or,
(7 induces overexpression in normal keratinocytes of one or more of: GST,
25  Keratin 1, Keratin 17, Galectin 1, S100 A9 (Calprotectin), or S100 A13;
wherein the vitamin D compound is not 1,25-dihydroxyvitamin D3; 1,25-
dihydroxy-16-ene-23-yne-cholecalciferol; 1,25-dihydroxy-16-ene-yne-cholecalciferol;
la-hydroxyvitamin D3; 1a,24-dihydroxyvitamin D3, or MC 903.

30 34 A pharmaceutical composition for topical administration, comprising a
therapeutically effective amount of a vitamin D compound for preventing or treating
alopecia, wherein said vitamin D compound is formulated to be delivered to epidermis

while substantially avoiding dermis delivery.
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R3b, R4b, R5a, R6a, R7a and R8a are each, independently, hydrogen,

hydr oxyl , hal ogen, al koxyl or alkyl optionally substituted with one to

t hree hydwoxyil/aséinal ogen 15 noieties, or any two of R6&CTRBao1ad47RBa nay
be linked to forma 3-7 menbered carbocyclic ring, and pharmaceutically
acceptabl e salts thereof. 31. A nethod of preventing or treating alopecia in
an individual conprising topically adninistering to the individual a

h t t ti [ t
D vt tan 1D cQ NP LA o £ Qi A5 BB OB cal iy
adni ni st er egrapgneh@%lyceﬁanw £l 6@L (@Mejnm&tow@os%ﬁﬁ@aﬂaﬁ&gmwpﬁaf Us}) about

50 [tg/ L, doeS nof ‘cause toxicity after at |east about 25 consecutlve days
of drug adrmmiesltatuactd onabant 30%( (@Y abptepryeoo glycgl, pboutdo%s(wiwt charwbdghyoxliasi t y

2013/ 016%17 Bt Brog b re (s PO b DR R B PPuat i

al opeci a |nu@mmh@@uy|dual, conpri si ng toplcally adm nistering to the

i ndi vi dual a pharmaceutical conposition conprising a therapeutically
effective anbunt of a vitamn D conpound for preventing or treating

5al opeci a i Rgsai , t th the
efficacy of @561 cog‘ %}%%ﬁl%(%eg 21}158”% HI% gﬁéﬁgﬁ@%l tyat oft &{Iﬁ@&% YAA nmet hod of
preventi ng dferipeeatally@iattypean@unt of amtamdn]ybdmpbundcforrpfelvsnmg dropeadad |y
admnistering to the individual a pharmaceutical conp05|t|on conprising a
10 t her dpeutioessis: Wlﬁ?lééﬁlﬁ\Yéta%QrﬂOH&’Pu ViTPRIRTGRL9S RyoriBd  hat : (1)
exhibits simlar or identical gene regula%yon profile as equival ent anount
of calcitriol in normal keratinocyte; RY nodul ates the expression of
one or nore genes whose expression le af e nodul ated by an equi val ent
anount of calcitriol; 15(3)nodul atess pr essi on of HSPA2 or HSF4 nRNA,
HSPB1 or DNAJC6 nRNA in nornal kerati g; (4) nodul ates the
expression of SLC 1Al, KCNB2, or C§m4 rbteln or SLC1A3 protein in normal
ker at i nocyt es; (5) nndulates expression of one or nore proteins
in Table 3-1 and Table 203-2 by at R&gBR°gbout 2-fold; (6) induces
over expression of one or nore protei ¥fA Tables 3-3, 3-4, 3-5 or 3-6 after
about 24-hour exposure of normnal ker. nocytes to said vitam n D conpound;
or, (7) induces overexpressﬁhn 'm MSrmal Weratinocytes of one or nore
of : GST, 25K%>at|n 1, Keratin 17, Galectin 1, S100 A9 (Cal protectin), or
S100 Al13; el herein the vitanmn D conpound is not 1,25-di hydroxyvitanin
D3; 1,25- di hydr @xid bareaeh 2iicpBiicalph 8falcCofd@iuble;bond

1, 25-di hydr oxy- 16- ene-yne-chol ecal ci ferol; | a-hydroxyvitam n D3;

| &, 24- di hydr oxyvXtiantHz: B3en gis mMbdabond, or X is hydrogen or a hydroxyl substituted

15  alkyl when ais a single bond;

R'is hydrogen, hydroxyl, alkoxyl, tri-alkyl silyl or alkyl, optionally substituted
with one to three halogen, hydroxyl, cyano or -NR’R” moieties;
R? is hydrogen, hydroxyl, -O-trialkyl silyl, or alkyl, alkoxyl or alkenyl,
optionally substituted with one to three halogen, hydroxyl, cyano or -NR’R” moieties;
20 R’ is absent when b is a double bond or R” is hydrogen, hydroxyl or alkyl, or R
and R’ together with the carbon atoms to which they are attached may be linked to form
5-7 membered carbocyclic ring when b is a single bond;
R* is absent when b is a double bond orhydrogen, halogen or hydroxyl when b is
a single bond;
25 R’ is absent when a is a double bond or R” is hydrogen, halogen or hydroxyl

when a is a single bond;
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3034. A pharmaceutical conposition for topical adm nistration, conprising a
therapeutically effective amount of a vitam n D conpound for preventing or
treati ng wbapaagilggi7wherein said vitam n D conpound is fecmiisatiem44765 be
delivered to epiderm s while substantially avoiding derms delivery. WO
2011/ 019617PCT/ USZOlO/ 044765 35. The pharmaceutical conposition of claim

34, conprising a uﬂallﬁﬂ?/alkmdyh)al]py@mplyelnelkgl newehocgolik yh bl - (B@%y( il ki) -
anhydrous a et.hanol (200 enat ure ut .30% (w
o one aR 3Bt gBhORS o & sl WS e yaTisg B AT S5 aiHens IRty A EOUYV)

60% (W W) anbyaPHScyaRs alitdd 6r IR E™hoiedl0 proof, US), undenatured. - A
phar naceuti cal conposition for topical adm nist ratl on, conprising a

t her apeuti cal | y & fisdkyloptianadlyrubsetitutgd wiithaerierio Dlr%hﬂbgmd, hadpgepr aeexitli ng or
treating 10a| ?{ e&égr w@er ei nmsaol d #dﬁ Oel[c) cao ound is represented by
Formul a d(?/lj WHEr &1 A~ MoK %’a@ i ndependently a single or

doubl e bond R’ and R are ea¥h) lﬁde&h&’emﬁyenycaog@ Bydloxyl Balb@dalkr orhlikskynda ogen
or a hydroxyl substitut ed 15al kyl when a is a single bond; Rl is
hydrogen, hybaargeuticall kasegptablersaltathRiertisi | yi or al'kyl, optionally
substituted with l I @EQ noi eti es;
R2 i s hydrogen, \x}?lgfegi%etv%%ﬁ} P?:aﬁﬁ@jpn%??ﬁ%ﬁ s dﬂ}i‘ﬁ% Hg‘%ko%% B%r al kenyl ,
optionally ﬂﬂiyétdxtywwedlevm hleeﬂmletcalctfhlroeel I@ngémxyhysdfmwle chojeasiocifanl;- NR R
noi eti e i s absent_ when is a double bond or R3 is hydrogen,

v oxy T or THIRGIOSBHaTRS Lhd i 4 BuBe REraHE B3t RV Bon at ome. t o whi ch
they are attached may be linked to form5-7 nenbered carbocyclic ring when
b is a single bond; R4 is absent when b is a double bond orhydrogen,
hal ogen or Bydr o1t piMrenacéuticsl @ngiosgios dbohadn 385Rberem thd seahinvih eompoursl a
doubl e bond. or h n,.hal ogen or hydroxyl when a is a single bond,
WO 2011/ 0196&@5@%‘7&@2@{%‘7@%3 g5 R6 is alkyl, alkenyl, alkynyl,

cycl oal kyl, heterocyclicyl, alkyl-0-alkyl, aFleggpIaCOZ-al kyl optionally
substituted with one to five, hydroxyl, oxo, Résgen, al koxyl, aryl,
heteroaryl, cyano, nitro or -NR R' noi eth%a

o™ R22 (1)
15  wherein
c is a single or double bond;
R"™is hydrogen, tri-alkyl silyl or alkyl, optionally substituted with one to three
halogen, hydroxyl, cyano or -NR’R” moieties;
R* is hydrogen, hydroxyl, -O-trialkyl silyl, or alkyl, alkoxyl or alkenyl,
20  optionally substituted with one to three halogen, hydroxyl, cyano or -NR’R” moieties;
R*, R™ are absent when c is a double bond, or are each independently hydrogen,
hydroxyl, halogen, alkoxyl or alkyl optionally substituted with one to three hydroxyl or
halogen moieties when c is a single bond
R*®, R* R R® R™ and R* are each, independently, hydrogen, hydroxyl, halogen,

25  alkoxyl or alkyl optionally substituted with one to three hydroxyl or halogen moieties, or
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R7 is alkyl optionally substituted with one to three hydroxyl, hal ogen,

al koxyl, 5aryl, heteroaryl, cyano, nitro or -NR R' noieties; and, R and R
are each,wordepasdent |y, hydrogen, hydroxyl, hal ogen, alPkylusestoakdkoxyl, and
pharmaceutically acceptable salts thereof; wherein the vitamn D
conpound is not 1,25-di hydroxyvitam n D3; 1, 25-

di hydr oxy- 16aetves &RYR" ahd RE¥cahyrbd Buleld;to form a 3-7 membered carbocyclic ring, and

1, 25-di hydr oxy- 16- ene-yne-chp] ecal ¢ci ferol ; 10l a- hydroxyvitam n D3;

| a, 24- di hydPE%&?\?F?%W%yﬁfff’Ptﬁﬁel\?@%®§r.eoé7. The pharnmaceutical conposition of
claim 36, wherein the vitamn D conpound is represented by Fornula (I1):

15 wherein c is a single or double bond; Ria is hydrogen, tri-alkyl
silyl or alR§!, &pphiaomadeuticdgbmppsitioretbruppipel edmitigrationeeonipgisogen, hydr oxyl ,
cyano or.-NR R' npi et - .R2a is hydrogen,~hydroxyl, -0-trialkyl silyl, or
kot o kodyterstoe R aR iRt SRAM RO Y b B orp R herfe

hal ogen, hydrop¥th, wity@GaidvitalR B'coffipoghd, &tien topicallyR@ininiséeedtbehabsent when
c is a double bond, or are each independently hydrogen, hydroxyl, hal ogen,
al koxyl or #dyifud gt ppefaedtiye sersniratinedd: wi th one to three hydroxyl or

hal ieti ' ' : d R8
e oach, i ndepehtnt 75 Ay BeRhER B Bl A s BB o7 2 iyt

optional | y soibstitivetdads v drbg adirioratiohes hydr oxyl or hal ogen noieties, or
WO 2011/ 019617PCT/ US2010/ 04476; agiy two of R6a, . R;E anﬁi R8a may be |inked
to form@ 3-7 nefber e@PW BB &g@Ml-doFs AR, CABITHOPSHY AHBIANGIEHRYt Bccept abl e

salts theregf,ccidfe d@?,pgp([rgggglﬂﬁﬁpalﬁoﬁonposi tion for topical

adm ni stration, conprifsing erapeutically effective anount of a
vitam n D conpound for preventing or treating al opecia, wherein said

vitamn D c ound,, when topically . adpinistered.to the individual at an
ef fective corpentriiBRcisrod cofandith s ToReatimin Jelifotoebil f ox i £y
after at | eastapRbGitily28rc6@NSAEMnt YL JANRINAD cOMPSuRIET PleSthtiia RRicaig
10(2) about 100 [tg/ mf does not cause toxicity after at |east about 7

consecul? vealpagea.ofhatiein gaid dndrapesticalty dfectiv@gmownt i drendtaun Deedmpayngosi t i on

for t opl Ca! W dmcg—la ﬁﬁnal‘%tlf:l}%a ’wiﬁloana{’eln%soltﬁ]egapaéuh? g;rée%t ,?ci‘f)tels &8 lslugstgr];t];a %/tirllt\f/:r eraem)unt
of a vitam coffpound for preventingror treating

with the efficacy of the chemotherapeutic agent.

40. A pharmaceutical composition for topical administration, comprising a
20  therapeutically effective amount of a vitamin D compound for preventing or treating
alopecia, wherein said therapeutically effective amount of the vitamin D compound:
(1) exhibits similar or identical gene regulation profile as equivalent amount
of calcitriol in normal keratinocytes;
(2) modulates the expression of one or more genes whose expression levels
25  are modulated by an equivalent amount of calcitriol;
(3) modulates the expression of HSPA2 or HSF4 mRNA, HSPBI1 or
DNAJC6 mRNA in normal keratinocytes;
4 modulates the expression of SLC1A1, KCNB2, or KCNN4 protein,
SLCI1A3 protein in normal keratinocytes;
30 (5) modulates the expression of one or more proteins in Table 3-1 and Table

3-2 by at least about 2-fold;
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15 al opecia, wherein said therapeutically effective anount of the vitamn D
conpound, when co-adm nistered with a chenot herapeutic agent, does not

subst ant inabIg1vnb@rf ere with the efficacy of the chenot reraseuvioss7agent .

40. A pharnmaceutical conposition for topical admnistration, conprising a
20 therapeutically effective anbunt of a vitam n D conpound for preventing
or treating al opé®i a, intheesedveresaiadsibhef apeatmaos|protemf ire€oblee3-anddnd-Safr t he
vitamin D c exhibits sim|ar or identical gene

ound' 1
Fegul at i on_ ST does 241 TR OaHE G APEHEY ORI HaHG Fgompound:

keratinocyt gs; (2) nodul ates the expression of one or nore genes
whose expreSS|on | evel s 25are nodul ated by an equi val ent anount of
calcitriol; (7) ( 3)ndwoechuivatexprastien axperess kontindfcydSPARNDer HSRPINENA,

HSPB1 or I dul ates the
expr essi on g%Q%EgR?%fnm@gﬁggEXBP?ngkﬁggﬁéﬁgﬁﬁxugl@iﬁg&%ég?E|n i n nor nal
keratinocytes; 3%51)dimdlulvamﬁq Dbhenf¥Rhr@BSiopn, 2§fdll%F&E%%fv1tHﬁ[rﬁDBf pbgins in
Table 3-1 and Table 3-2 at | east about 2-fold '

2011/ 019617Fbthw19s>zdﬁevr@4%y 78%-cholecalcifgioli drd by direriéxpreassichalesticiderel: or
nore protein 4, f C@Qﬁyt 24- hour exposure
of nor mal ké?é&?ﬁ%@p¥§§mﬁ%§éa§%4%P§g§¥ﬁh ﬁn@t%bédg (7) induces
overexpression in nornal keratinocytes of one or nDre of - GST, bHKeratin 1,
Keratin 17, Galectin 1, S100 A9 (Cal protectin), or S100 Al3; wherein
the vitamn D conmpound is not 1,25-dihydroxyvitam n D3; 1, 25-

di hydr oxy- 16- ene- 23-yne-chol ecal ci ferol ;

1, 25-di hydr oxy- 16- ene-yne-chol ecal ci ferol ; |a-hydroxyvitam n D3;

| a, 24- di hydroxyvitam n D3, or MC 903.
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