| MPROVED TESTOSTERONE GEL AND METHOD OF USE 1001] This application
claims priority to U.S. Provisional Patent Application Serial No.
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damage from al cohol or heavy netals, and general disease (renal
failure, liver cirrhosis, diabetes, myotonia dystrophica). Patients
with primary hypogonadi sm show an intact feedback nmechanismin that
the | ow serumtestosterone concentrations are associated with high
FSH and LH concentrations. However, because of testicular or other
failures, the high LH concentrations are not effective at stinulating
t est ost erone production. WD 20071044976PCT/ US2006/ 040481 [ 8]
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conpound of simlar structure by the replacenent of substitution of
one atom nol ecul e or group by another. For exanple, a hydrogen atom
of a conpgigd)RyeRe substituted by allcyl, acyl, am ngergbfosodoii
produce a derivative of that conpound. VO

2007/ 044976PCT/ US2006/ 040481 [27] As used herein, the term"I| ower

al cohol ," alone or in conbination, means a straight-chain or
branched-chai n al cohol noiety containing one to about six carbon
atoms. I n one enbodi nen CO s one to about 4
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enbodi nent, the present invention is directed_ t hod f ar.

per cut an &?@%ﬁcﬁﬂﬁﬁqﬁrgﬁkﬁﬁvﬁﬁ %le%@ttﬁé‘%sﬁ%ﬁéevehognﬁﬁ’m el .
The gel qa)zpéf@%gme e PRS0 LiONRenfHl QI this GifAl @y%leeiﬁ&ﬁfr‘%w@{ler

i sopropanol ; a penetration” enhancing agent; a thickener; and wat er .
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1.60 73.5 1.00 1.0 7.00 15.9 [39] In one enbodinent, the
conposition conprises fromabout 1.22% testosterone to about 1.62%

t est ost er ap@ 20098440 7AS, €.g, about 1.22% testosterone, abouk20bsidi1
testosterone, or about 1.62%testosterone. [40] In another

embodi ment, the conposition conprises fromabout 1.15 %to about 1. 22
% (W w) testosterone. WD 2007/044976PCT/1JS2006/ 040481 [41] In

anot her. enbodi nent, the conposition conprises fromabout 1.30%to
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24,000, Z4] D0Koavabatddshd f?éét&@&ter&ﬁa@@@n g?&té?%ntﬁ;‘ofaﬁ%tota’f %es{%ggrone '
32, 000, 33,.00 g a&ﬁﬁ{ I n one enbodi nent of present

i nvent i ofesgade 3’@5 &§tivgatad that appyeRimResly Y% obhealthy ﬁ@névb@(wn the3@6% afo
about 1. 4% 286 (Whitde 160N KD

i sopropyl nyri st atee about 67[]&?}36324 %%ﬁ%@?ag/&?m@ %ﬁané’%ﬁlﬂl ttJt
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present :dnv ﬁ%ldon {nﬁe colr?p\éfgs e rﬁjzéb(%%ﬁal A E 5 PR ﬁ’b‘&‘é‘b
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hands. Applaceméittheraply. t he gel- results in an increased testosterone

| evel having a desirabl e pharraacol dnetic profile and is effective to
treat or prevent hypogonadi smand/or |ow testosterone, or the

synpt ons associated with, or related to hypogonadi sm and/ or | ow




I nt roduct i on [69] In order to devel op a new testosterone gel
formul ati on, a nunber of exploratory studies were conducted to
prepare arghi@sbaa@g! formul ations containing differentpdpyehesbsst

t est osterone, isopropyl nyristate and ethyl alcohol. Prelimnary
studi es have-denonstrated that viscosity of the gel can be increased
by slightly increasing the concentrations of gelling and neutralizing
agents. A statistical programwas used to generate a design to study

the effect of 3 ingredi egg@g#ﬁggﬁggwplal cohol and

i sopropyl nyristate on v nmeat i on of ‘
testost epppe from b fh r88LS to dmpldve® LREKERA hBoRtBiies

wer e coﬁgg(gt ed us'@é%f’?%%ﬂ‘%}g@gg el g) The conqent?gti on of

t est ost epaosterpresed fitrmutative tepprovides apbregsotherdhingn pyssublsy HPLC

techni que or beta.scintillatjon r or radiol abel ed techni que).
Based orP%aF’é%"ﬁ}%Pgth omo%%rggies%dﬁﬁeg@«ﬁﬁrf ggee' optimzed fornul ati ons
were prepared and tested for skin perneation using HPLC net hod. All
three optim zed for mBREEFODESEROMEXON Of ) VINGsHvenent in
viscosity and in vitro skin perneation conpared to currentl é@nrrar ket ed
f or mul atjonty ( 1% t &Gokiserstandardizbd ParGiojGuttidewenstiating thylseq pbaht

di scl osuge symmari zes. st udi.es conduct : el
For mul at PORCAFAIERe HPSPUa T BRotr eyt PR hrke Rl iasd
appl i catjoesy, and iRIGr Disedtindardiztd Parsioi Chapelemeadtiating the wffacted tes
currently marketed formul ation, (1% testosterone gel and potentially
reduce tReordrsiosterane, FAPORY Sy fi%%ﬁ‘.e%‘}ﬂ?@}&@&ﬁ PB P%P“éi‘%ﬁf%?‘?‘%%‘fc{?oesi gn
[71] A sfas) sti calpidesisaistaasrateeries (Rttaefonphiiag thileffsctdf fest t 0
study the effect of 3 ingredients, testoster one&ﬁé%al cohol and

i sopr opyfacteysrtestestarensy popiogdaryrisiatesd othyl gicehd) op n of
testostefape 1 oMetudly AhaRlRkiA RiGlohse SRACERIL Ahb@inglestiftedt her

i ngredi ent's, Carbopol -980 and 0. IN"sodi um hydroxi de sol uti on were
kept conssmmse (Ratib[CAR)fgr # givetheonehimitign of isatagtetpne mckipopionsfl guygistate for

Response_S rg}%?@ts(%g}vggo,?grﬁﬁg%ﬂ%hnken desi gn Nunber of

experime?ﬁ Fo%°a continudous) Nunber of blocks: 1; Nunber
of runs: [015] (r and @Gz & ik)a Comaur Pite gllwsesting thé cavausef e Estimated

Fact or sL % Hi gh) Testo ronel. 332.0 I sopropyl nyristate0.51.0.

Al cohol Vlsgl)"g?‘f@? 1@:&?0@21The fol l owing table summarizes the

i ngredi eqjig] of t eIGE OlisaIgrati MosirRshe cumiladd myotrh ¢esg@atans réleambd as a
design. These formul ati ons were prepared at K L ze and .packaged in
o ob ass APRE: FOImeHA A MPORREE RGP REST SF L0 Gt SIParig) & .

| ngr edi eplrgfRBIREHicherag)el d Test Fornulations and Control

Formul ation (% w)_ F4 (Formulation) T (Testosterone) Al cohol. §95°0

VI V) | sopdpyl M rFI6: Aike gapihdewingraenudatvramgents pfertpiiegn at
1.665 74,3, RilRonotinte BPfotmuBtidfrsy. 665 72.5 0.50 1.0 7.00 17.3 43

[018] FIG. 8 is a graph 'show'i.ng the cumulative amounts of testosterone

permeated as a function of time for formulation F58.
[019] FIG. 9 is a graph showing the cumulative amounts of testosterone
: perrheated as a function of time for formulation F59. .
[020] FIG. 10 is a graph showing mean serum concentration-time proﬁles for
* observed testosterone on Day 1. '
[021} FIG. 11 is a graph showing mean serum concentration-time profiles for

observed testosterone on Day 14.



1.665 76.1 0.50 1.0 7.00 13.7 44 2.000 74.3 0.50 1.0 7.00 15.2 45
1.330 74.3 0.50 1.0 7.00 15.9 46 1.330 76.1 0.75 1.0 7.00 13.8 47

2.000 74. 3wd 20030496 7. 00 14.7 48 1.665 74.3 0.75 1.0 7.pe@/ubosohs1
1.330 74.3 1.00 1.0 7.00 15.4 50 2.000

DETAILED DESCRIPTION OF THE INVENTION

[022] While the present invention may be embodied in many different forms, -
several specific embodiments are discussed herein with the understanding that the present
disclosure is to be considered only as an exemplification of the principlés ofthe
invention, and it is not intended to limit the invention to the embodiments illustrated.
Where the invention is illustrated herein with particular reference to téstosterone, itwill
be understood that any other steroid in the testosterone synthetic pathway can, if desired,
be substituted in whole or in pait for testosterone in the methods, kits, combinations, and
compositions herein described. ,
[023] ~ The present invention relates to an improved testosterone gel formiilation
and methods of use. | ' '

[024] v In one embodiment, the present invention is directed to a method for
percutaneous administration of testosterone in a hydroalcoholic gel. The gel comprises
teétosterone (or a testosterone derivative), one or more lower alcohols, such as ethanol or
isopropanol; a penetration enhancing agent such as isopropyl myristate; a thickener; and
water. Additionally, the present invention may optionally include salts, emollients,
stabilizers, antimicrobials, fragrances, and propellants. _

[025] The present invention also includes kits, methods, combinations, and
pharmaceutical compositions for treatiné, preventing, reversing, halting or slowing the
progression of hypogonadism or other low-testosterone-associated disorders in a subject
once it becomes clinicaily evident, or treatiﬁ.g the symptoms associated with, or related to
the hypogonadism or low-testosterone-associated disorder. The subject may already have
a diagnosis of hypogonadism and/or low testosterone at the time of administration; or be
at risk of developing hypogonadism and/or low testosterone. The present invention |
preferably is for treatment of adult 'subjecté over 18 years of age. Even more preferably
the present invention is for treatment of adult subjects over 21 years of age. ‘ '
[026] The term “derivative” refers to a compound that is produced from another
compound of similar structure by the repiacement of substitution of one atom, molecule
or group by another. For example, a hydrogen atom of a compound may be substituted

by alkyl, acyl, amino, etc., to produce a derivative of that compound.



72.5 0.75 1,0 7.00 16.8 51 1.665 76.1 1.00 1.0 7.00 13.2 52 2.000
76.1 0.75 1.0 7.00 13.2 53 1.665 72.5 1.00 1.0 7.00 16.8 54 1.330

72.5 0. 75v&)9)@&99m17 4 55 1.665 74.3 0.75 1.0 7.00 15p81/862006004s10! )
1.000 72.5 0.50 0.9 4.75 20.4 Li. Analytical Testing [0731A] test

fornmul ati ons and control sanpl es were anal yzed for physical

[027] As lised herein, the term “lower alcohol,” alone or in combination, means
a straight-chain or branched-chain alcohol moiety containing one to about six carbon

| atoms. In one embodiment, the lower alcohol contains one to about 4 carbon atoms, and -
in another embodiment the lower alcohol contains two to about 3 carbon atoms.
Examples of such alcohol moieties include methanol, ethanol, ethanol USP (i.e., 95%
v/v), n-propanol, isopropanol, n-butanol, isobutanol, sec-butanol, and tert-butanol. A
[028] As used herem the term “‘ethanol” refers to C;HsOH. It.may be used as
dehydrated alcohol USP alcohol USP, or in any common form including in combination
-with various amounts of water. '

[029] The composition is used in a “pharmacologically efféctive amotint.” This

‘means that the concentration of the drug administered is such that in the composition it

results in a therapeutic level of drug delivered over the term that the drug is to be used.
Such delivery is dependent on a number of variables including the time period for which
the individual dosage unit is to be used, the flux raté of the drug from the composition,
for example, testosterone, from the gel, surface area of application site, etc. For
testosterone, for example, the amount of testosterone necessary can be expeﬁmentally
determined based on the flux rate of testosterone through the gel, and through the skin
when used with and without enhancers. '
[030] In one embodiment, the preéent invention is directed to a method for
percutaneous administration of testosterone in a hydroalcohoﬁc gel. The gel comprises
oné or more lower alcoﬁols, such as ethanol or isopropanol; a penetration enhancing
agent; a thickener; and water. In one embodiment, the gel comprises an anionic polymer
thickening agent precursor neutralized with a hydroxide releasing agent, such as, e.g,

~ sodium hydroxide; Additionally, the present invention may optionally include salts,
emollients, stabilizers, antimicrobials, fragrances, and propellants.

-[031] Included in the methods and pharmaceutical compositions of the present
invention are the isomeric forms and tautomers of the described compounds and the
pharmaceutically-acceptable salts thereof. Illustrative pharmaceutically acceptable salts
are prepared from formic, acetic, propionic, succinic, glycolic, gluconic, lactic, malic,
tartaric, citric, ascorbic, glucuronic, maleic, fumaric, pyruvic, aspartic, glutamic, benzoic,

anthranilic, mesylic, stearic, salicylic, p-hydroxybenzoic, phenylacetic, mandelic, -



(appearance, pH and viscosity) and chem cal (assays for testosterone,
i sopropyl nyristate and al cohol) attributes. c¢c. In vitro Skin

Per meat i oRy&hotdjoed7d 074] Per neati on of testosterone was pgiribddclos0481
gquantitatively with human skin placed on the Franz diffusion cell.

The skin was nounted horizontally between the donor and receptor
hall'. The surface area of the skin exposed to the formulation in the
donor chanber was 0.64 cnR2, and the receptor volunme was 5.0 niL
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(radi ol abel ed) formul ation - cont ai ning 0.125-0. 250-

el
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Per i odi ¢ @%H%ﬁ‘ﬁ clfde néutm%zecflmﬁn }?01)&!}195 g&h@@?ol,y%ﬁ%ﬁ@ac‘merﬁ ﬁg@&ef rom

the receptor cell to neasure t oact 1 vi unt of
per neat edhacarbwsertpotyasiylin acifls; espddinkly thnsetmaieamb gold by Nowvewti I@ba:tfel / dr ug

Fur chor | qaetie oh e Re bt (e BSRe Tl EPa e SO ed i
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fresh buffer. Later a |quots were anal yzed for testosterone content. -
Further deelads @sarbﬁXYPﬁ@@ét ¥epeadrarhogymethypelaesy tAdsoyuiable arsoticsd i n-
Exanpl e pBﬁ;’ia?e in
correspoi’gll ng ‘e arrprﬁA glt%fg%%%%ﬁlh r{é%ﬂll(% gltgglleﬁgﬁlgu{ig%%r %rlgitjhods
was anal yliwoﬁ@pbb@arbmlubt Atddﬁmndalmclgﬂrmgragmw Shbencers pid %Shu‘lamﬁsnﬁﬁ’ 1) .
St at Gr aphi cs .2 i :

di fferent® @ggﬁ%ﬁg%%% mﬁ%‘%ﬁ%“ Sr OVI lgn%aagﬂr?ﬁu%%n?ée)&ﬁ%glé&?ﬁ su(}ts and
Di scussi OFubﬁaahg Cb g ahitébStates Phalﬁx]aco@leia/N mhalf}'tmnuihm albivsonperageddiessan
and have IP ?etween 5.68-5.82. The contents of testosterone,

i sopropyl Pnt¥€F&t e and al-cohol were close to the target. The

fol I owi ng[ osﬁbl € SUIRTBfd &miodanaltythé fo@ﬂnulaﬁ&ﬂmraeg&lﬂaﬁism&ﬁ,ra &eamam :
storage at 40C 75%H. WO 2007/ 044976PCT/ US2006/ 040481

Anal yt i capeighediy %On?%#sedf%%tﬁs"‘l’fé‘?fﬂ’%ﬂ’ appesiation gr%ﬂentFB‘?"’%?F é?PP’E?HVl F#
( For mul at i, 2&5‘3( agehitlsidhSE Q%bﬁﬁal&&?@boﬁ%?%@eﬁ #ohol, such as
Assay- Al ConoTateaRRlrs A%ssay- 41 Cear gel .5 79 23567 1

73.8 0. 67eth@obbresnpr@@nol5mw6wat@900 1 66 71.8 0.45 43 dear gel 5, 82

[034] In another embodiment, the formulation contains an anionic polymer

thickening agent precursor such as a carbomer which has been combined with a
neutralizer in an amount sufficient to form a gel in the course of forming the composition.
[035] In another embodiment, the formulation contains an anionic polymer

- thickening agent precursor such as a carbomer which has been combined with a
neutralizer in an amount sufficient to form a gel with a viscosity greater than 9000 cps'as"
measured by a Brookfield RV DVﬂ+ Viscometer with a spindle eql;al 10 RVG, RPM
(rotations per minute) equal to 10, and the temperature maintained at 20°C.
[036] In yet a further embbdiment, the formulation contains an anionic polymer |
thickening agent precursor such as a carbomer which has been combined with a

neutralizer selected from the group consisting of sodium hydroxide, ammonium
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23000 1.69 75.5 0.44 44 Clear gel 5.75 26700 2.00 74.1 0.44 45 O ear
gel 5.76 25467 1.32 73.7 0.44 46 Clear gel 5.69 30233 1.40 74.5 0.74

47 Clear @&l B3788024733 2.02 73.3 0.92 48 O ear gel 5. P ilfilosbas O
74.3 0.68 49 O ear gel 5.76 24300 1.33 73.8 0.93 50 Ol ear gel 5.

26133

hydroxide, potassiﬁm hydroxide, arginine, aininomethyi propanol, tetrahydroxypropyl
ethylehediamine, triethanolamine (“TEA”), tromethamine, PEG-15 cocamine,
'diisopropanolamine, and triisopropanolamine, or combinations thereof in an amount
sufficient to neutralize the anionic polymer thickening agent precursor to form a gel in
the course of forming the composition. Suitable neutralizing agents and their use with
selected anionic polymer thickening agent precursors are disclosed in “Neutralizing
Carbopol® and Pemulen® Polymers in Aqueous and Hydroalcoholic Systems,”
Commercial Brochure TDS-237 (October 1998) by Noveon Inc. of Cleveland, Ohio,
incorporated by reference herein.

[037}

thickening agent precursor such as a carbomer which has been combined with a

In yet a further embodiment, the formulation contains an anionic polymer

~ neutralizer which is an aqueous solution of sodium hydroxide such as 0.1 N sodium

hydroxide, or 1.5 N sodium hydxoxide, or2.0 N'sodium hydroxide or any other
convenient strength aqueous solutmn inan amount sufficient to form a gel. In one
embodiment, the composition was prepared using between about 1.0% and 10.0% 0.1 N
sodium hydroxide. Accordingly, embodiments employing any percentage between about
1.0% and about 10.0% 0.1N NaOH may be used, such as, e.g., 1.0%, 2.0%, 3.0%, 4.0%, -

'5.0%, 6.0%, 7.0%, 8.0%, 9.0% or 10.0% 0.1N NaOH. | |
[038] In one embodiment the formulation is a gel and is obtained by combining
the following substances in approximate percentages:

Table 2. Ingredlents Combined to Yield Testosterone Formulations (Yow/w)

Alcohol
- T 5% Isopropyl | Carbopol| 0.1N | Purified
(Testosterone) v/v) Myristate - 980 NaOH | Water
1.20 73.5 1.00 1.0 7.00 16.3
1.40 73.5 1.00 1.0 7.00 16.1
1.60 73.5 1.00 1.0 7.00 15.9

[039]

In one embodiment, the composition comprises from about 1.22%

testosterone to about 1.62% testosterone, such as, e.g, about 1.22% testosterone, about
1.42% testosterone, or about 1.62% testosterone.
[040]

about 1.22 % (w/w) testosterone.

In another embodiment, the composition comprises from about 1.15 % to



2.02 71.7 0,68 51 Clear gel 5.82 20700 1.75 75.4 0.93 52 C ear gel
5,83 19733 2.00 75.5 0.68 53 Clear gel 5.72 26033 1.68 71.7 0.95 54
Cl ear gel wWoGsh7@d886s 1.34 71.9 0.69 55 Cear gel 5.77 28233820b6/64b48i4. 0
0.68 56 (control) Clear gel 5.59 22033 1.01 72.4 0.44 *test results
after 1 nonth storage at 40Cl75%RH T = testosterone, PM = isopropyl
myristate [079) As one of the objectives for this study is to.increase
the viscosity of the gel, statistical analysis was perfornmed to
assess t [E1pff ect Infanbihst enfiltadinoems, thesngwsiion panprissofemphouthdOistoat e

and, o1l £989, ORYSERBRSE, Lo 20 o, cost 1Y, The Tol Lo ng 1o ar

for Visceamiiy In another embodiment, the composition comprises from about 1.50 % to
about 1.70 % (w/w) testosterone. ; ‘
[043] : In one embodiment, the composition comprises about 1.15 % to about 1.8
% (w/w) testosterone; about 0.6 % to about 1.2 % (w/w) isopropyl myristate; about 60 %
to about 80 % (w/w) alcohol selected from the group consisting'of ethanol and |
isopropanol; a sufficient amount of a thickening agent to giife the composition a viscosity
in excess of about 9000 cps; and water. | ‘ o
[044] In another embodiment, the composition comprises about 1.15 % to about |

1.8 %,(W/Wj testosterohe; about 0.6 % to about 1.2 % (w/w) isopropy! myristate; about

67 % to about 74 % (W/W) alcohol selected from the group consisting of ethanol and
isopropanol; a sufficient amount of a thickening agent to give the 'composition a viscosity
in excess of about 9000 cps; and water. | ‘
[045] . The composition of the present invention can comprise about 1.15 % to
about 1.25 % (w/w) testosterone, about 1.30 % to about 1.45 % (w/w) testosterone, or
about 1.50 % to about 1.70 % (W/W) testosterone. | '
[046] ~ In an embodiment, the viscosity of the composition of the present
invention is about 13,000 cps to about 33,000 cps. Accordingly, the viscosity of the
composition of the pfesent invention may be any amount between about 13,000 cps and
33,000 cps, such as, e.g., 14,000, 15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 21,000,
22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 28,000, 29,000, 30,000, 31,000, 32,000,
or 33,000 cps. '
[047] In one embodiment of the present invention, the composition is obtained
by combining about 1.30 % to about 1.45 % (w/w) testosterone; about 0.6 % to about 1.4 |
% (w/w) isopropyl myristate; about 67 % to about 74 % (w/w) ethanol; about 0.6 % to |
about 1.4 % (W/w) carbomer; about 6.5 % to about 7.5 % (w/w) 0.1N NaOH; and (
additional water. | ’
[048] In another embodiment of the present invention, the composition is
obtained by combining about 1.50 % to about 1.70 % (w/w) testosterone; about 0.6 % to
about 1.4 % (w/w) isopropyl myristate; about 67 % to about 74 % (w/w) ethanol; about

9



Source Sum of Squares Df Mean Square F-Ratio P-Value A'T 9.41613E6 1
9.41613E6 1.58 0.2488 B:|1PM 3. 16945E6 1 3. 16945E6 0.53 0.4892 C. Et OH
1. 94337E7 wo 1009433%E7 3.27 0.1137 AA 1.43962E6 1 1. 43962H6sReddh0as1
0.6379 AB 3.37413E6 1 3.37413E6 0.57 0.4760 AC 3.50601E7 1 3, 50601E7
5.89 0.0456 BB 1. 00605E6. 1 1.00605E6 0.17 0.6933 BC 1.95303E6

0.6 % to about 1.4 % (w/w) carbomer; about 6.5 % to about 7.5 % (w/w) 0.1N NaOH;
and additional water. ‘

-[049] In yet another embodiment of the present invention, the cofnposition is
obtained by combining about 1.15 % to-about 1.25 % (w/w) testosterone; about 0.6 % to
about 1.4 % (w/w) isopropyl myristate; about 67 % to about 74 % (w/w) ethanol; about -
O.‘6 % to about 1.4 % (w/w) carbomer; about 6.5 % to about 7.5 % (w/w) 0.1N NaOH;

- and additional water.

[0s0] . The gel is rubbed or placed onto an area of skin of the subject and allowed

-to dry. The gel dries rapidly, i.e., within about 30 seconds to about 3 minutes after
application. Illustratively, the gel is rubbed onto an area of skin, fof example, on the
upper outer thigh and/or hip once daily. Following application the subject washes his or
‘her hands. Application of the gel results in an increased testosterone level having a
desirable pharmacokinetic profile and is effective to treat'or prevent hypogonadism
and/or low testosterone, or the symptoms associated with, or related to hypogonadism
and/or iow testosterone in the subject. The composition is thus useful for treating a
number of conditions or diseases. '

[051] In one embodiment, the present invention employs a packet having a
polyethylene liner compatible with the components of a testosterone gel, as described
below. The packet may hold a unit dose of multiple dose. '
[052] In another embodiment, the methods and compositions employ a
composition that is dispensed from a rigid multi-dose container (for example, with a hand
pump) having a larger foil packet, for example, of the composition inside the container.
Such larger packets can also comprise a polyethylene liner as above. In one embodiment,
" the multi-dose container comprises an airless pump that comprises a polyethylene lined
foil pouch within a canister with a hand pump inserted. In one embodiment, the '

-polyethylene lined foil pouch comprises 44 g or 88 | g of product. In one embodiment, the |
pump is capable of dispensing a total amount of about 75 g of gel. In one embodiment,
the pump is primed before use, such as, e.g., by fully depressing the pump three times

- and discarding the gel. In one embodiment, the pump contains enough product to allow
for priming and a set number of precise doses. In one embodiment, each full pump

depressicjn delivers 1.25 g of testosterone gel. In this embodirrient,-a 3.75 g dose of gel

10




1 1.95303E6 0.33 0.5847 CC 286812.0 1 286812.0 0.05 0.8325 Tot al
error 4.16608E7 7 5.95155E6 Total (corr.) . 1.17733E8 36

[ 080] Ref ey b 708 0 FIG 1, where in the chart A reppes®Bio86/040481
testosterone, B represents isopropyl nyristate, C represents EtOH,

and joint letters represents a conbination of factors, it is clear
that the conbination- of al cohol and testosterone (i.e., AC) has a
significant negative effect on viscosity. This observation is

consi st efpuldiredpiredanumpedepttienseh b dpsecf gelivonid reguinerk prng depressions.

vi scosi t V&l ( - | S . '
possi bl e¥ ﬁng rdré%toﬁg ﬁ%‘tﬂ%&agg%? g{ﬁgﬂ g?pr?sggﬁéﬁi %Bg 8 ?%%%%L‘?ﬁﬁg 5?%1ng

f rom t wo8 depressmnsyemné seigedOf courde; sach punly defFessivncamildyenaryi aatwivhi ¢fy

bet ween i e t.h O ta. %]l abel .per ted (94P), fromtest
For mut at e ciraE EATRRLDe 81 Gring e ABiten B il Pone b o

cor ][ esp ogidj:emgemmthe &dhwa%y vtk et ped ﬂquessioatafelsﬁo't Himitedittthsts iembvéiments
performed on the ratio of: % test/contraol, Ratio %.P) to obtain
trends afff Bt ?%ﬁwan%méﬂwtaf FOdH?tSFWE‘_iStC’g&eé%% pOP/f‘éaiﬂno py!

nyristat gsand et hyrheah&BdRland E@thpRMoRE of e hlaGen R EMPInSr&HAT Bih¥ced abl e
6. Radi ol abel Data Table used for Statistical Analysis * Fti

( For mul afteasmypnippHens for ety reiesting osyossipgraliagormignies Gg progressionp of
1.665 0. Kﬁ»ogéna%isfln &nB8R10wHestBstédbne-associated disorder in a subject, for example,

a man, as compared to those currently available.

[054] In one émbodiment, the pharmaceutical composition of the present

invention is administered once, twice, or three times a day, or as many tﬁnes necessary to

achieve the desired therapeutic effect. In another embodiment fhe composition of the

present invention is administered once, twice, or three times a day on alternate days. In
another embodiment the composition of the present invention is administered once, |

-twice, or three times a dayon a weekljr, biweekly, or monthly basis.

[0551 In one embodiment, a therapeutically effective dose is between about 1.0 g
and 10.0 g, preferably between about 1.25 g and 6.25 g.
[0656] Besides being useful for human treatment, the present invention is also

useful for veterinary treatment of mammals, reptiles, birds, exotic animals and farm
animals, including mamrﬁals, rodents, and the like. In one embodiment, the mammaly
includes a primate, for example, a human, a monkey, or a lemur, a horse, a dog, a pig, or
a cat, In another eniEodiment, the rodent includes a rat, a mouse, a squirrel or a guinea
pig.
[057] - The composition is capable of releasing the steroid after applying the

* composition to the skin at a rate and duration that delivers in one embodiinent_of the
present invention at least about 10 pg per day of the steroid to the blood serum of the '
subject. |
[058] ~ In another embodiment of the present invention, the composition is

capable of releasing the testosterone after applying the composition to the skin of a

11



1. 665 0.

2. 000 O.
1. 330 O.
1. 665 O.

50 72.5 3.45 0.59 43 8127 1.665 0.50 76.1 2.7 0.46 44 8127
50 74.3 3.8 0.65 45 8300 1.330 0.50 -74.3 3.51 0.46 46 8300

7%6%0&/0@9%7 0.84 47 8300 2.000 1.00 74.3 3.57pBrfd0fhi8890
75 74.3°5.38 0.71 49 8300 1.330

subject at a rate and durati'on that achieves a circulating serum concentration of )
testosterone greater than about 300 ng per dl serum. ' '

[059] In another embodiment of the present invention, the composition is
capable of releasing the testosterone after applying the composition to the skin of a
subject at a rate and duration that achieves a circulating serum concentration of ‘
testosterone greater than about 300 ng per dl serum during a time period beginning about
0.5 hours after administration and ending about 24 hours after administration.

[060] In another embodiment of the present invention, the composition is
capable of releasing the testosterone after applying the. composition to the skin of a
subject at a rate and duration that achieves a circulating serum concentration of the .
testosterone between about 298 ng testosterone per dl serum to about 1043 ng
testosterone per dl serum. '

[061] In another embodiment of the present invention, after admlmstratron of the
composition the serum testosterone concentration is maintained between about 400 and
1050 ng testosterone per dl serum. |
[062] " In yet another embodiment of the present invention, after administration of
the composition, the serum testosterone concentration is rnamtamed between about 200
and 1800 ng testosterone per dl serum.

[063] In another embodiment of the present invention, after administration of the . -
composition, an obtained Crmax 15 between about 300 and 5000 ng/dl.

[064] - In another embodiment of the present invention, the composition is
provided to a subject for daily administration in about al2s g to about a 3.75 g dose,
such as, e.g., about 1.25 g, or about 2.50 g, or about 3.75 g. Any other suitable dose may
be also be administered. } ‘ - '
[065] In yet another embodiment of the present invention, the subj ect in need of
treatment has a serum testosterone level before the first application (pretreatment) of the
composition of the present mventlon of less than about 300 ng/dl. . "
[066] In another embodiment of the present invention, where after at least about
30 days of daily administration of the composition of the present invention the serum
testosterone concentration in a subject is at least about 300 ng/d1 to about 1050 ng/dl,
such as, for example, about 300 ng/dl to about 400 ng/dl, about 300 ng/dl to about 500
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1. 00 74.
1. 00 76.
1.00 72.
0,75 74.

47 1.25 50 8300 2.000 0.75 72.5 5.69 0.75 51 8300 1.665
73 0.89 52 8300 2.000 0.75 76.1 2.22 0.29 53 8300 1.665

3 0.
1 6.
5 wo 6d070446% 54 8300 1.330 0.75 72.5 4.33 0.57 bbr/88M0sde0ss5
3 4.33 0.57 56 (control) 8127 1.000 0.50

ng/dl, about 500 ng/dl to about 700 ng/dl, about 700 ng/dl to about 900 ng/dl, about 400
ng/dl to about 500 ng/dl, about 500 ng/dl to about 600 ng/dl, about 600 ng/dl to about 700
ng/dl, about 700 ng/dl to about 800 ng/dl, about 800 ng/dl to about 900 ng/dl, about.900
ng/dl to about 1000 ng/dl, about 1000 ng/dl to about 1100 ng/dl, about 400 ng/dl to about
1050 ng/dl, about 500 ng/dl to about 1050 ng/dl, about 600 ng/dl to about 1050 ng/dl, or
about 700 ng/dl to about 1050 ng/dl.

[067] In still another embodiment of the present invention, where after daily
administration of the composition of the present invention the total testosterone
-concentration in a'subject is greater than about 300 ng/dl. In one embodiment, the total
serum testosterone concentration in the subject is greater than about 400 ng/dl, about 500

ng/dl, about 600 ng/dl or about 700 ng/dl. In one embodiment, the total testosterone

- concentration is measured after 24 hours of administration. In one embodiment, the total

testosterone concentration is measured after more than 2 days of daily administration,
such as, for example; after 10 days, 14 days, 20 days, or 30 days.

[068] In another embodiment of the methods, kits, combinations, aﬁd
compositions of the present invention, the composition of the present invention is
administered once, twice, or three times daily to a subject for at least about 7 days. In one

embodiment, the composition is administered once a day.

Example 1: Development of Improved Testosterone Gel(s)

Introduction ’

[069] In order to develop a new testosterone gel formulation, a number of
exploratory studies were conducted to prepare and test gel formulations containing
different levels of testosterone, isopropyl myristate and ethyl alcohol. Preliminary

studies have demonstrated that viscosity of the gel can be increased By slightly increasing -
the concentrations of gelling and neutralizing agents. A statistical program was used to
generate a design to study the effect of 3 ingredients, testosterone, ethyl alcohol and
isopropyl myristate on viscosity and in vitro permeation of testosterone from
hydroalcoholic gels. In vitro permeation studies were conducted using Franz diffusion
cells. The concentration of testosterone present in receptor samples was analyzed by

HPLC technique or beta scintillation counter (for radiolabeled technique). Based on
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72.5 5.87 1.00 56 (control) 8300 1.000 0.50 72.5 7.56 1.00 *%.P data
from Exanple 2. Ratio %P cal cul ated from %P val ues. Thtestosterone,

| PM=i sopr Qay boofWdubfst at e, LP= I abel permeated Tabl e 7.pAMedsodidabas:
Ratio of % Label Perneated (Ratio %.P) Analysis of Variance for

Vi scosity Source Sum of Squares Df Mean Square F-Ratio P-Value AT
0.213314 1 0,213314 7.19 0.0315 B: 1PM 0.107294 1 0.107294 3.62 0.0990
C. Et OH 0, 00430679 1 0.00430679 0.15 0,7145 AA 0.119589 1 0.119589

4. 03 0. 08#FulBroin BdcIBRlics thred Stigized{onBuioti @B 3@ e prepared and tested for skin

permeation using HPLC method. All three optimized formulations showed significant
improvement in viscosity and in vztro skin permeation compared to currently marketed

formulation (1% testosterone gel).

Objectives ,

- [070] - The present disclosure summarizes studies conducted to develop
testosterone gel formulation(s) with improved viscosity, reduced volume of application,
and improved in vitro skin permeatlon compared to currently marketed formulation (l%

testosterone gel), and potentially reduce the volume of gel application.

Procedure

~ a. Statistical Des1gn
[071] . A statistical design was created (StatGraphics Plus 5. 1) to study the effect
of 3 ingredients, testosterone, ethyl alcohol and isopropyl myristate on viscosity and in ‘
vitro permeation of testosterone from hydroalcoholic gels. Concentration of two ofher
ingredients, Carbopol 980 and 0.1N sodium hydroxide solution were kept constant.
Following is the design summary: ‘ ' ' -

Design class: Response Surface

Design name: Box-Behnken design

Number of experimental factors: 3 (all continuous)
Number of blocks: 1; Number of runs: 15 (randomized)
Error degrees of freedom: 5

Factors Low(%) High(%)
Testosterone 1.33 20
Isopropyl myristate 0.5 1.0
Alcohol (95% v/v) 72.5 76.1
[072] The following table summarizes the ingredients of test fonhulations as

created by the statistical design. These formulations were prepared at 1 kg size and

packaged in to glass jars for analytical and skin permeation tests.
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AC 0. 0554353 1 0.0554353 1,87 0.2140 BB 0.00724917 1 0.00724917 0. 24
0. 6363 BC 0.0800686 1 0.0800686 2.70 0.1445 CC 0.00941549 1

0. 009415499 202/0449908 Total error 0.207716 7 0.029673¢cT/USMOEI40481
(con.) 0.947084 16 [82] The Pareto chart in FIG 2 shows that
the |l evel of testosterone has significant negative effect, and the

| evel of isopropyl nyristate has a positive (not statistically
significant) effect on % | abel pernmeated. Above anal ysis suggests -
that the maxi mum | evel of testosterone in gel formulation should be

| ess than hi ghest |evel studied. This analysis al so suggests that the
maxi mum | evel of isopropyl nyristate in gel formulation should be
close to the highest |evel studied. Perneation Data: HPLC Techni que
[83] Sane ski Wabladplingrefients Conbinsd tai¥iell Test Farinwlatined amt Qagtraler e
used in this study. To m ni m z&oymulation (Vawwhet ween skins, perneati on
data (fl yx orgcumilari Vg amunkicdikl ©R&gre ehUN ULggrens -
Was nor m“@‘tﬁ-ﬁ atidR) "m;tgsga'ronte)or mﬂ%a&tﬂ’)o )gﬁlf‘?éj_\ \Ma@%b%co”ﬁw ndi Higke OL]OI’

skin. Adgitiofalr statiidgss cal] analaySi § Wags per 1 orgged on Agge [ atke Ol
CAR (test//condarol, | Ratigss CAR) tm.5Dbt ai nofa ends amd opt 1ml 173
concentrati o of testigsserane, 76.1soplf op§.b0 nyy i stiadk e and.oet hyl 13.7
al cohol . {Fol [¥wi nglis 20@ anal y#iis sunm®fdy: | Tablde 8. HRAOC Datla2Tabl e
used for [Stat45stical Afdlysils *743% (For®¥f atj on)l9Dongr 7001 BM APLohol
(95% V/ \/ 46 1.330° 76.1 0.75 1.0 | 7.00 13.8
/ 47 2.000 74.3 1.00 1.0 7.00 14.7
48 1.665 743 0.75 1.0 7.00 153
49 1.330 74.3 1.00 1.0 7.00 15.4
50 . 2.000 72.5 0.75 1.0 7.00 16.8
51 1.665 76.1 1.00 1.0 7.00 13.2
52 2.000 76.1 0.75 1.0 7.00 13.2
53 1.665 72.5 1.00 1.0 7.00 16.8
54 1.330 72.5 0.75 1.0 7.00 17.4
55 1.665 74.3 0.75 1.0 7.00 - 15.3
56 (control) 1.000 72.5 -~ 0.50 0.9 4.75 20.4

b. Analytical Testing ' :
[073] All test formulations and control samples were analyzed for physical
(appearance, pH and viscosity) and chemical (assays for testosterone, isopropyl mynstéte
and alcohol) attributes. '

¢. In vitro Skin Permeation Studies
[074] . Permeation of testosterone was studied quantitatively with human skin
placed on the Franz diffusion cell. The skin was mounted horizontally between the donor
and receptor half, The surface area of the skin exposed to the formulation in the donor
chamber was 0.64 cmz, and the receptor volume was 5.0 mL. Temperature was
maintained at 37°C with the help of a double water circulation jacket surrouﬁding the

lower part of the cell. The donor chamber was open on the top.

Radiolabel method
fo7sy . Test formulations were spiked with *C labeled testosterone. Spiked

(radiolabeled) formulation (5-15 mg of gel containing 0.125-0.250 uCi) was applied over
the surface of the epidermis gravimetrically. Periodic samples (0, 1, 2, 4, 6, 8, 10, 22 and
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CAR Ratio CAR 41 8127 1.665 0.75 74.3 189.81 1.02 42 8127 1.665 0.50
72.5 188.21 1.01 43 8127 1.665 0.50 76.1 50.11 0.27 44 8127 2.000

0.50 74. 3W&i00951467682 45 8300 1.330 0.50 74.3 74.13 0. pOr/é&osifabus:
1,330 0.75 76.1 117.87 1.09 47 8300 2.000 1.00 74.3 114.61

241h) Wé;e taken from the receptor cell to measure the radioactivity/amount of drug
permeated across the skin. In addition the amount of radiolabel/drug remaining on the
skin, in the skin samples was also determined. Further details of these experiments and

results are presented in Example 2.

HPL.C method : '

[076] Formulation (300 mg # 5% which contains 3000 pg of the drug based on -
1% gél) was applied over the surface of the epidermis gravimetrically. Aliquots 'were
collected periodically (0, 1, 2, 4; 6, 8, 10, 22 and 24 h) and repiaced with fresh buffer.
Later aliquots were analyzed for testosterone content. Further details of these expéeriments -
and résults are presented in Example 3. -

_ d. Data Analysis
[077) In addition to data reported in corresponding examples, data from both
radiolabel and HPLC methods was ahalyzed further by statistical program (StatGraphics
Plus 5.1). StatGraphics program was ‘also used to predict optimum levels of different -

factors which could provide maximum response.

Results and Discussion .

Analytical Data '
[078] ~ All test formulations were clear and have pH between 5.68-5.82. The

contents of testosterone, isopropyl myristate and alcohol were close to the target. The

following table summarizes analytical test results after 1 month storage at 40°C/75%RH.
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1.06 48 8300 1.665 0.75 74.3 208,82 1.94 49 8127 1.330 1.00 74.3
298.76 1.61 50 8127 2.000 0.75 72.5 94.71 0.51 51 8127 1.665 1.00

76,1 254. 3%02003/6487 8127 2.000 0.75 76.1 113,93 0. 61 SBcBHENdooeh
1.00 72.5.326.46 1.76 54 8127 1.330 0.75 72.5 200.45 1.08

Table 4. Analytical Results for Test Formulations and Control Formulation®

F# - , . Viscosity | Assay-T | Assay-Alcohol | Assay-TPM
(Formulation) Appearance pH {cps) (%) (95% v/v) (%)
41 Clear gel 5.79 23567 1.69 73.8 0.67
42 Clear gel 5.76 26900 1.66 71.8 045
43 Cleargel . 5.82 23000 1.69 75.5 0.44
44 Clear gel - 5.75 26700 2.00 74.1 0.44
45 __Clear gel 5.76 25467 1.32 73.7 0.44
46 Clear gel 5.69 30233 1.40 74.5 0.74
47 Clear gel 5.78 24733 2.02 73.3 0.92
48 Clear gel 5.79 24767 1.66 74.3 0.68
49 Clear gel 5.76 24300 1.33 73.8 0.93
50- Clear gel . 5.72 26133 2.02 71.7 0.68
51 . Clear gel 5.82 20700 1.75 75.4 0.93
52 - Cleargel | 5.83 19733 2.00 75.5 0.68
53 Clear gel 5.72 26033 1.68 71.7 0.95
54 Clear gel 5.69 28267 1.34 71.9 0.65
55 Clear gel 577 23233 1.67 74.0 0.68
56 (control) Clear gel 5.59 22033 1.01 72.4 0.44
© *test results after 1 month storage at 40°C/75%RH ~
T = testosterone, IPM = isopropyl myristate
[079] As one of the objectives for this study is to increase the viscosity of the

gel, statistical analysis was performed to assess the effect of test factors testosterone,

isopropyl myristate and ethyl alcohol on rési)onse variable-viscosity. The following is an

analysis summary:
Table 5. ANOVA for Viscosity

Analysis of Variance for Viscosity

Source Sum of Squares Df  Mean Sqguare - F-Ratio P-Value
AT : 9.41613E6 1 9.41613E6 1.58 0.2488
B:I'M : 3.16945E6 1 3.16945E6 0.53 0.4892
C:EtOH . 1.94337E7 1 1.94337E7 3.27 0.1137
AA , 1.43962E6 1 1.43962E6 0.24 0.6379
AB 3.37413E6 1 3,37413E6 0.57 0.4760
AC 3.50601E7 1 3.50601E7 5.89 0.0456
BB ] ' 1.00605E6 1 1.00605E6 0.17 0.6933
BC 1.95303E6 1 1.95303E6 0.33 0.5847
cC 286812.0 1 286812.0 0.05 0.8325
Total error 4.16608E7 7 5.95155E6 - -

Total (corr.) " 1.17733E8 16

[080] Referring now to FIG. 1, where in the chart A represents testosterone, B

represents isopropyl myristate, C represents EtOH, and joint letters represents a

combination of factors, it is clear that the combination of alcohol and testosterone (i.e.,

AC) has a significant negative effect on viscosity. This observation is consistent with
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55 8127 1.665 0.75 74.3 240.61 1.30 56 (control) 8127 1.000 0.50 72.5
185.71 1.00 56 (control) 8300 1.000 0.50 72.5 10739 1.00 *

T=t est oSt g @NR7/0d4sPNF1 sopropyl nyristate, CAR= cunul at i yey/a§biAi104s1
rel eased Table 9. ANOVA for Ratio of Cunul ative Ampunt Rel eased

(Ratio CAR) Analysis of Variance for. Viscosity AT 0.452519 1
0.452519 3.27 0.1135 B:1PM 1.01713 | 1.01713 7.35 0.0302 C: EtOH

0.18431 1 0.18431 133 0.2864 AA 0.164241 1 0.164241 1.19 0.3120 AB
" earlier studies with alcohol; to maximize the v1s0051ty the Tevel of alcohol should be at

the lowest level possible.

Permeation Data: Radiolabel Technique .
[081] Skin samples from two donors were used in th1s study. To minimize

variability between skins, permeation data, % label permeated (%LP), from test
formulations was normalized to control formulation tested with corrésponding donbr
skin. Additional statistical analysis was performed on the ratio of %LP (test/éonfrol,
Ratio %LP) to obtain trends and optimal concentrations of testbsterone, isopropyl

myristate and ethyl alcohol. Following is the analysis su‘inmary:

Table 6. Radiolabel Data Table used for Statistical Analysis *

Alcohol
Fg - . 95%
(Formulation) | Donor T IPM v/Vv) %LP Ratio %LP
41 8127 1.665 | 0.75 74.3 4.86 0.83
42 8127 1.665 0.50 72.5 345 0.59 :
43 8127 1.665 0.50 76.1 27 046 -
44 8127 2.000 0.50 74.3 3.8 0.65
45 8300 1.330 - 0.50 - 743 3.51 - 046
46 8300 1.330 0.75 76.1 6.37 0.84
47 8300 2.000 1.00 74.3 .3.57 © 047
48 8300 1.665 - 0.75 74.3 5.38 0.71
49 8300 1.330 - 1.00 74.3 1947 1.25
50 8300 2.000 0.75 72.5 5.69 0.75
51 8300 1.665 1.00 76.1 6.73 0.89
52 8300 2.000 0.75 76.1 2.22 - 0.29 -
53 8300 1.665 1.00 72.5 4.61° 0.61
54 8300 1.330 0.75 72.5 433 0.57
55 8300 1.665 0.75 74.3 4.33 0.57 -
56 (control) 8127 | 1000 | 050 725 587 | 100
56 (control) 8300 1.000 0.50 72.5 7.56 1.00

*%LP data from Example 2. Ratio %LP calculated from %LP values.
T=testosterone, IPM=isopropyl myristate, LP= label permeated
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0. 0291287 1 0.0291287 0.21 0.6603 AC 0.0600202 1 0.0600202 0. 43

0. 5312 BB 0.000234383 1 0.000234383 0.00 0.9683 BC 0.0737582 1

0. 0737582 vPp 56h70446%91 CC 0.200542 1 0.200542 1.45 0. 26p81/94084/0404810"
0.968701 7 0..138386 Total (con.) 3.03859 16 [084] The results in
Table 8 were subjected to a regression analysis and generated the
following algorithm Ratio CAR= 5.1239 - 0.4403*T + 1.5781*1PM -

0. 0607*Et OH where T is an ampunt of testosterone % (wWw, IPMis an

anount of aPWprﬂ?WW lgatlawé%/&ewl\ﬁfrmaﬂad fRafio)” ‘ﬂlgp an am)unt (wW-w)

enbodi n’eﬁ?uquf t hp i nvent i on Sumzsrﬂsms of TDf] DMICaﬂiﬁﬁuaFt QH Eﬁi‘l@ QpJPﬂ’rat‘léd

f.romwtg%%t he ranges given b %?@ﬁuch tbat tgr%(l),/%;tiove §11§Orltglg§ 4

grves a ¢ I‘?

0.00430679 . 0.00430679 0.15 - 0.7145

AA 0.119589 1 0.11958% 4.03 0.0847

AB ‘ 0.131132 1 0.131132 442 0.0736

AC 0.0554353 1 0.0554353 1.87 0.214¢0

BB 0.00724917 1 0.00724917 0.24 0.6363
. BC 0.0800686 1 0.0800686 2,70 0.1445

CC 0.00941549 1 0.00941549 0.32 0.5908

Total error 0.207716 7 0.0296737 -

Total (corr.) ‘ 0.947084 16

[082] The Pareto chart in FIG. 2 shows that the level of testosterone has

- significant negative effect, and the level of isopropyl myristate has a positive (not
. statistically significant) effect on % label permeated. Above analysis suggests that the
maximum le\tel of testosterone in gei formulation should be less than highest level
studied. This analysis also suggests that the maximum level of isopropyi myristate in gel

formulation should be close to the highest level studied.

Permeation Data: HPL.C Technique
[083] . Same skin samples (two donors) used in radiolabel study were used in this’

study. To minimize variability between skins, permeation data (flux or cumulative

amount released, CAR) from test formulations was normalized to control formulation
tested with correspondtng donor skin. Additional statistical analysis was performed on .
the ratio of CAR (test/control, Ratio CAR) to ebtain trends and optimal concentrations of

testosterone, isopropyl myristate and ethyl alcohol. Following is the analysis summary:
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CAR val ue greater than 1, preferably greater than 1.1,
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fornul ati ons were sel ected for further perneation studies. Again for
conveni ence these 3 fornul ati ons were tested by BIPLC net hod only.
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Water 57 8RB0 /3.5 1.00 I.0.07780 16.3158 1. 401738.5 735 0.0302
C:EtOH 0.18431 1 0.18431 1.33 0.2864
AA 0.164241 1 0.164241 - 1.19 0.3120
AB 0.0291287 1 0.0291287 0.21 0.6603
AC © 0.0600202 1 0.0600202 0.43 0.5312
BB 0.000234383 1 0.000234383 0.00 0.9683
BC 0.0737582 1 0.0737582 0.53 0.4891
cC 0.200542 1 0.200542 145 0.2678
Total error 0.968701 7 0.138386
Total (cort.) 3.03859 16
[084] The results in Table 8 were subjected to a regression analysis and

generated the following algorithm:
Ratio CAR = 5.1239 - 0. 4403*T + 1.5781*IPM - 0. 0607*EtOH

where T is an amount of testosterone % (w/w), IPM is an amount of isopropyl myristate

% (w/w), and BtOH is an amount (w/w) of alcohol 95 % v/v.
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1.00 1.0 7.00 16.1 59 1.60 73.5 1.00 1.0 7.00 15.9 56 (control) 1.00
72.5 0.50 0.9 4.75 20.4 [090] The follow ng table summarizes initial

(after prepghabjo9R)s anal ytical test results for sel ect @gdyus2006/040481
formul ations. Table 12. Analytical Test Results for Sel ected

Formul ati ons and Control - Formul ation F4  Viscosity Assay-T
Assay- Al cohol Assay- (Formul ation) Appearance pH (cps) (% (95% v/v)
IPM (% 57 Clear gel 5.66 24500 1.21 73,1 0.94 58 Clear gel 5.71
25533 1. 498510 7 In one embodiment of the invention, values of T, IPM and FtOH are ‘
selected from within the ranges given below such that the above algorithm gives a Ratio
- CAR value greater than 1, preferably greater than 1.1, or most prefetably greater than 2.
The ranges are: between 1.0 and 2.0 % (w/w) testosterone, preferably between 1.15 and
1.8 % (w/w) testosterone; between 0.2 % and 2.0 % (w/w) isopropy! myristate, preferably
between 0.6 and 1.2 % (w/w) isopropyl myristate; and between about 60.0 % and 80 %
© (w/w) alcohol 95% v/v, preferably between about 72.5 % and 76.1 % (w/w) alcohol 95%

viv.

- [086] Referring now to the Pareto chart in FIG. 3, statistical analysis clearly

- shows that the level of isopropyl myristate has significant positive effect and the level of
testosterone has negative (not statistically significant) effect on Ratio CAR. FIG. 3
suggests that the maximum level of testosterone in gel fdnnulation should be less than
highest level studied. This analysis also suggests that the maximum level of isopropyl
myristate in gel formulation should be close to the highest level studied. Permeation
results from HPLC method are qualitatively consistent with results from radiolabel

method.

Response Optimization

[087] Permeation restlts from HPLC method are qualitatively similar to those
from radiolabel method. For convenience, data from HPLC study was used to predict
‘(statisﬁcal optimization) optimum levels of testosterone, isopropyl myristate and alcohol
for a given response. The statistical program produced the foliowing combination of

factor levels which maximizes the ratio of cumulative amount released (Ratio CAR).

Table 10. Optimized Factor Levels for Cumulative Amount Released (Ratio CAR)

Goal: maximize Ratio CAR Optimum Value = 1.81748
Factor Low High Optimum
T 1.0 2.0 : 1.28995
M 0.5 1.0 1.0
EtOH 72.5 76.1 © 73.7366
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0.94 59 Cear gel 5.68 24800 1.61 73.3 0,94 56 (control) C ear gel
5.57 20267 1.02 71.8 0.43 [091] The following table and FIG 6

sumari ze yWehiealdan data from 3 sel ected fornul ati onspégggﬁ()@@b@tls
for FIG vpgnd /'?ﬁ‘e tabl e were obtained from Exanple 4, Tables 17-20).

Table 13. HPLC Data Table used for Statistical Analysis* Time (hr)
F56 (1 /0 gel) P57(1.2%gel) PS58(1.4%gel) P59(16%gel) CAR SD CAR
SDCARSDCARSDOOOOOOOOOOOOOO100050700

[088] FIGS. 4 and 5 illustrate estimated response (Ratio CAR) for a given

combination of testosterone and isopropyl myristate at an alcohol 95% Vv level of 74.3
% (wiw). ' |

a.-  Formulation Selection
[089] Based on response surface plots and predicted optimum factor levels, the
following 3 formulations were selected for further permeation studies. Again for

convenience these 3 formulations were tested by HPLC method only.

Table 11 Ingredients Combined to Yield Selected Formulatlons and Control
Formulation (%w/w)

Alcohol . :
F# T 95% Isopropyl Carbopol 0.IN Purified
(Formulation) | (Testosterone) v/v) Myristate 080 . NaOH Water
: 57 1.20 73.5 1.00 1.0 7.00 16.3
58 1.40 73.5 1.00 1.0 7.00 16.1°
- 59 1.60 73.5 -1.00 -1.0 7.00 15.9
56 (controf) 1.00 72.5 0.50 0.9 4.75 20.4
[090] The following table summarizes initial (after preparation) analytical test

results for selected formulations.

Table 12. Analytical Test Results for Selected Formulations and Control

Formulation
F# Viscosity | Assay-T | Assay-Alcohol | Assay-
(Formulation) | Appearance pH (cps) (%) (95% viv) IPM (%)

57 Clear gel 5.66 - 24500 1.21 73.1 ' 0.94

"58 Clear gel 5.7 25533 142 72.7 0.94

59 Clear gel 5.68 24800 1.61 : 733 0.94
56 (control) Clear gel 5.57 20267 1.02 71.8 0.43.

[091] The following table and FIG. 6 summarize permeation data from 3

selected formulations (data points for FIG. 6 and the table were obtained from Example
4, Tables 17-20).
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0.000.002001.30.51.31.20.5
2.91.361.52 0.3 14.2 4.5 11.0 2.7
3.4 5

35.9 11. 0%2&)7/1;52‘9% 10 18.35
48. 20 - e

0.340.400.1 4.3 13 4.01.0
13.8 4.6 8 6.96 1.5 38.0 11.5
0

7.0 17.9 65.4 14. 3pbfuS2086)0464812

Table 13. HPLC Data Table used for Statistical Analysis*

Time | F56(1%gel) | F57(1.2%gel) | F58 (1.4% gel) | F59 (1.6% gel)
(br) CAR SD CAR SD CAR SD CAR sSD

0 -0 0 0.0 0 0.0 0.00 0.0 0
1 0 0 . 0.5 0.7 0.0 0.00 00 4 O
2 Q Y 1.3 0.5 1.3 1.2 |* 05 0.3
4 0.40 0.1 4.3 1.3 4.0 1.0 2.9 1.3
6 1.52 0.3 14.2 4.5 11.0 2.7 13.8 4.6

8 6.96 1.5 380 | 11.5 35.9 11.0 43.5 10.8
10 1835 |34 57.0 17.9 65.4 14.3 64.5 10.4
22 48.20 12.5 1182 | 51.0 129.1 11.8 137.5 30.6
24 |- 5076 | 123 { 1297 | 504 137.0 13.9 156.3 36.4

*Data points obtained from Example 4, tables 17-20. .

[092] All 3 selected formulations showed significantly improved permeatlon (2—
3x cumulative amount released) than control. These results further support the

observations from initial screening of formulations and formed the basis for selection of

final formulations. -

Conclusions ‘
093] Statistical program was used to design the experiments based on 3 key

factors i.e., testosterone, isopropyl myristate and ethyl alcohol. The program was also
used to analyze the analytical and in vitro skin permeatioh data, and identify treuds and
optimum levels of each of the factors to maximizé response (permeation).

[094] Three selected testosterone gel formulations have hlgher viscosity (~

4 000 cps) than control formulation.

[095] Significantly improved in-vitro permeation of testosterone (2-3 times than
control) through the dermatomed human skin was observed with the three selected

testosterone gel formulations.

Example 2: In vitro Percutaneous Absorption of Experimental Testosterone Gel
Formulations through Human Skin by Radiolabel Method

Materials '
[096] Formulations were prepared and supplied by Solvay Pharmaceuticals.

Testosterone (**C) was procured from American Radiolabeled Chemicals Inc, (St Louis,
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123 119.2 51.0 129.1 11.8 137.5 30.6 24 50.76 12.3 129.7 50.4 137.0
13.9 156.31 36.4 *Data points obtained from Exanple 4, tables 17-20.
[92] Al 3ygebepimsk fornmul ati ons showed significantly ppPi9286os04s1
perneation. (2- 3x cumnul ative anount rel eased) than control. These
results further support the observations frominitial screening of
fornmul ati ons and fornmed the basis for selection of final :

f ornmul ati ons. . Concl usi ons [93] Statistical programwas used to

desi gn tkMO&xAdéoﬂmEmemldatssaed reaagerBs werg prerutedifion approved wendost andovees
i sopropyl t at et.h ohol . The program was-al so used to
anal yze t‘?fg’y %I ﬁtg QBW%‘/‘%&@{’][CTO skin perneation data, and
identify trends and optinmum | evel s of each of the factors to maxi m ze
response Mpthodeat i on) [94] Three 'sel ected testosterone gel

formul ati ons c05| t 0] than control

f or mul ati on. '}? %‘]’pg‘?‘bﬁrt{ ﬁ'f'ﬁ‘al d\{ff‘{g’rl%nvceg ?’Rg Yo perneation of
testoster[oa‘q (2-3 tﬁhﬁm:ansdlaamaldrffwmnlcﬁl aﬂpaamgrusedmthiesméy (Reede@raran
ski n was e e. selected. tes sterone Lo

For mul at 1 GFE Chobkanolts B b ot B i G4 BRuEPEE i iy
Exper i mengainadesic ®sheit@0e rize! Pehtdibditabsnstidntin om@hwdsstmiedSki n - by

Radi ol abel Method Materials (096)Fornmul ati gps .wer red and
suppl i ed Wynidatively Wih Jrmae shit plagiddn thedpmgdidpsionce fll %ﬁfﬁ?%é"aﬁmwﬂffﬂ%d

from Amer¢o0. &b ahadeahe dotdh o fé@ép?orlh'aﬁres 65he b@fkidn celMAhe sittheeQldaer

chem cal s and reagents were procured from approved vendgrs and were
of hi ghesof thrigkin exposgsicto e fornyulatiomin His| denonvbembersvas B piddhe of

t ransder f I aratus [97] The transdernal diffusion
cel | appggr%g?pg(g E@gb n%%IhSOaerudy (PermeCear, Bethl ehem PA) hol ds up
to 9 diff@98pon cel I’Ehe|r¢:cep‘®r caupagnunt Was ﬁl@d@pﬂxphosphated)uﬁsredtsalme@ai by

t he magne ad .at 6 m NeQus._a v

st udi ed qﬂé@? \%qpy C‘?Mmimé%ﬁ gt ae Sgsﬁatg{slogg/ Eh)[a‘r?zdotﬁi‘{)gf Uusi on
cell. Th eclﬁclmaﬁom@skmmﬁcwhdmnaszmafeabﬂm d&HtuwendBr tolheveliha ekin dengperature
receptor halves of the di.ffu a of the, skin

T f
exposed tBankEned gt H’i}fs@g‘?gb‘f#eﬁ'ﬁ &H% ‘EP(?HBIF ea%%?paeﬁg‘éwﬁ BECEREAh g t he

recept or &ﬁflnjom’ﬁ%tbﬂﬁﬁs éﬁ@‘ésﬁg fheRrfacelof e sitigo &%&ﬁﬁbﬁ{dnig(mmrthm nt Was
filled with hospr ate buffered saline pH 7. PBS) and p{)@@éj}l

gl ycol ( 1labgratery The g dmpmidiiy %Hépéﬂ*esw Arch Gupg sion cell
circul ati g;sbqlﬁn r 8 be inthOFadBd ot 33 thave
the skin %@%g@é%ﬁ&@ﬁgﬁg at %hélsﬁt%ﬁ%%g&ﬁngvm The d%anor :
chanber wh¥ dpedl thospedsienthe ext ernal environnment, thus exposing the
surface of the skin to the surrounding air of the |aboratory. The
relative humdity (RH) of the experinental area (around the diffusion
cell setup) waSkimpermentiva stwwly every experinent and this was found to -
be in the ge of MEdgl on
st udy [99 Jg?ﬁman sk}?lgn{ntsn (f{ﬁl%ﬂ){ §d %t ﬁ@%g (55h1§1§lgwwﬁﬁ%kness

was obt ai freh dftiseua tank (1SS (]‘ssthaﬂd (Iell]SSél[t Isaﬂqeéllazndtaﬁb&bm cBddvers Bheeskdi t y,

Utah) fromca was col.l.ect ed h| n f daon at h
and frozel® ?quﬁfe A)WW%SJ? 9’@9’81 afang earm gla]1 W/Vﬁgﬁ'gem nr? Was Sgl %r ed
at -80C umhé fkinees st&led at Jso?mmﬁtmsedls‘kﬁxefranttwdatfmmumrmmusemntﬂhe ,

experinents. Each experinent was carried gﬁ% wi.th - ach forﬂi:st%“ on

for at | eferigeptsEach FXPHEMEI &vag RITHSY YY1 %W atiqy, for 2f jepst 6 times

per meat i o aaﬁ’gaﬁlé sﬁh o HAs BhbOTEe VS p&ARRMEM b ABmiN@tono tvapedmigadd on
of 1% marketed gel (in 6 replicates) tested on the skin of sane donor

as test f withiheaps peameation o[l Vo marketeheeldinfoientigateskigsied on the skisrad sape e
ket ed SIELA o :
gggfzu fG| g QCIEI V%Ltafélﬁ‘gg?}h&%‘pgi \A{/avgljeglge f‘é%?s pu{?(%ose £Iggﬁl S is

supplied lﬁqnnAhBom can Radi ol abel ed-Chem cal s and is 99.5%pure as
ascertained by Il PLC. [0101] Radi oactive gels were prepared in vorder
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[01041The application area was then wiped with a cotton wool stick
(Qtip). The washings, cotton stick and the donor cell were collected
in 20 M G{oefhedets and all owed to extract all radi oacheyigkioddiois?

et hanol . The exposed area was col |l ected by a.biopsy punch. To account
for lateral diffusion, lateral portions of skin were collected and
counted for radioactivity to account for Mass bal ance for the

experinments. [0105] The skin of the agtive.diff.usi r as . wel | ‘as
the | at el®00kki n V\%?‘(EOIP&E#I Sfoﬁtle’fﬂmﬁfleé’egge ??‘Fug‘%%g&ﬁ&gﬁgw)pwﬁoi nt
di ssect i fek 56+ HEPuPpds I s@ﬁﬂéxﬂbﬁﬁﬁfeﬁé’m@di&éﬁefed@hleﬁh[baﬁfand is

radi oactivity, th 3 nl of Soluene 350Tm ( PACI CARD) . f or overni ght.
[ 0106] Th&9s%dpuwsaes aspertajned bifHilCed in the sanpl es obtained as .
previ ousl scri bggs: Lidqt b Y.195 td 0296 q

Bl auot o WRS S Rfolipe BRESH Rkl ek ob Ay 0125 ﬁéﬁ‘ﬁ”&‘-“?h
dedi cat eahisiofunwameunt pOthe gpiThat spreadssid ant ofidis diusiar areaiofipanzidel (0.64

standards (.0 nLl5: i of | uor40T t r : kde(1.0
in1110 m9n‘|(:‘i- Eg? e {15 S F‘%Fasér%b%??%gﬁgg%égﬁﬁ&%?%h@éggf t he
et hanol i g &@lcttd RRogABhAL IS itpee1 258 i BBamd) WesrdvapdrSedindliobndr

Pi cof | uor 4CFr3ﬂ.; [0108] For the epiderm s and derrnis, .af he

di gest i ofottars fiesk el ke solyert irparenletglypvpopses eARBIsSd P S 2Rl 500mme
backgr oung 8f4 é;@ forfiiAbn lyss AALO TR | fRkd VoS ket aRBwEd S cqaliBlat]
rate of each sanple 1n counts per mnute (dpnm). Data anal ysis:

[ 0109] Theversghti($2 teeltdh) sips g seasl firfhenvaiered 1%é§0 BHntes tpeblgnt ages of
appl i ed testosterone,f Ny i G OUE . i
gquantiti MOENo8e 5% tHeor 00%9?/1\%’?)5 h%gff) Igllr‘Jrlr% tﬁoél ?}%(rhg%g?ﬁ% %Vg%%?fnﬁlg&ﬁeyl vtg?j S

of dil ut egusingneat o89 exmatweightsl (~ § ep) eseples(stahdardspan val ue of 6

experinmental deterpjnations, and jis soci ated w i error
of prrean. (01021 1 7hae HoERery 35fd‘at“éeg'?%g(‘[og}atgﬁlger\gﬁ%ﬁh?}h%%%%g?ﬁ%dsﬁgnd%ose
absor bed gnfbiddd &nfREARE & abbiti30 td 95 maacd. Thiswaywbee it eithavee tas
follows: % (Q/Q) x 100 where Q& re r§s§r)]t4s %bsmibed mount, at tinme
t, and Qrsamaﬁpglvwlqﬂﬁrﬁqwa%?ﬁwwg‘? pH 7.4 and ggnt &?%‘aﬁ“‘&t”éﬁs ghtity
and corr 6{3&9%[%9&)%% tb RétnSleSoaRiaradl. ase Habiitiekinams tudud bt

ed val ues),

(cunul at ' 3. The nean flux. of testosterong perneated
was cal culels snpréximatelydd minbise befpretthranplieation o dedprladonsntbQ ver sus
time plot.a ] - epidafn YairhéticaARd %
of the ad n%ﬂgtf&éﬂégé%@gﬁaﬁ?@%%@gi%ﬁwgaﬁeﬁ f’?%eplski n and in %hl(;yd
washi ng ssingentysinge (for eadthéetermiiniation yufGeientgs! wesdisneaseddn eeves thetigst

bal anci ng the radi oactj vi i.ch i ' L £ | es
(this suritePTeAL %W%‘ﬁf&mff@y%\é@@é?%@s‘&%‘%%%&ég’g%eﬁlé&s‘% ?%@%%,@%ﬁpgo%
and 110%jiafentfhen tlepédeptr ciibie neafes tHetamoanichbfGougctranspating 146 iredire 14
shows that fornul ations Egi}] F47, F52, F53, F54 and F55 perneate
signi fi caﬁ%t%ﬁ’ﬁ&f\ép’&ﬁﬁlﬁ f testosterone than F56 (P <0.001). For "
formul ations P41,42, 43, 44, 46, 48, 50, 51 the perneated anmounts
appear to be | nd PRStedid@s: However, the difference between these

formul ati ons. and F56 were not statistically significant.(P.> 0.05).
However F#303er meat’ddberngioé Fhett??&@“ﬁ‘f%rs&di‘e %ﬁ’é“%idf‘i‘?erre@ﬁ’é’éégoaéfl?ﬁe%ﬁgge

these t oudl Gl #hl QB vAPTPwiingThabirfbi ohbBo p amiftbeqnblveitz0. 05) .
The mass bal ance data indi‘cate variable levels of skin retention of
t est ost er maerdinBio thedphawiag proticsl:dat a al so denonstrates that the total
mass bal ance is in e oW %i0%14 Anitial quantity of 14C .
Test ost erone appl i elgﬁ%é"égb:@g&?% . %%%ﬂ’?%é%ug of formulations FA41,
P42, 46, F49 and F5 I {t@Ppearing to be higher than F56, the
di fferences were n%?dg‘{ag?i s%lélgal ly significant (P > 0.05). The fl ux
of the all other fariuhali@ifionteaRoRiiNQYOhvARPEaring to be | ower

[

than control, the erences anong the fornul ations versus F56 were
not statistically siygRibdii Gamd except for F45 (P >0.05). [0112] From
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SD % I N WASH 72. 84 19.88 82.63 12.27 95.46 8.71 92.22 3.68 92.01
13.45 % LATERAL SK. 1.15 2.14 0.27 0.18 0.31 0.41 0.36 0.29 0.59 0.40

% CTRL S| QbS5 50 6.38 5.27 4.18 1.14 5.80 2.28 BebRsRodfol
PERVEATED 4. 86 1.53 3.45 0.43 2.70 0.70 3.80 2.05 5.87 5.05 % TOTAL

89.42 92.73

| 5th wash | water.
[0104] The application area was then wiped with a cotton wool As.tick .(Q-tip). The
washings, cotton stick and the donor cell were collected in 20 ml of ethanol and allowed
to extract all radioactivity in to ethanol. The exposed area was collected by a biopsy |
punch. To account for lateral diffusion, lateral portions of skin were collected and
counted for radioactivity to account for Mass balance for the experiments. ‘
[0105] ~ The. skin of the active diffusion area as ﬁrell as the Iaterél skin were
minced into pieces with a pair of sharp point dissecting scissors (Sigma) and digésted for
extraction of radioactivity, with 3 ml of Soluene 350™ (PACKARD) for m;ernight, -
[0106] ~ The radioactivity contained in the samples obtained as previously
~ described, was measured in the totality or in weighed aliquots using a scintillating liquid
" beta counter eqﬁipped with dedicated software. ‘ '
[0107] The evaluation was performed for the standards (0.5 mV/S ml
picofluor40™), for the receptor fluid (1.0 ml/10 ml Picofluor 40™) and for an aliquot |
exactly weighed of the ethanolic solution containing the washing solvents (0.5 ml/5 ml
Picofluor 40™), | } -
[0108] For the epidermis and dermis, after digestion, 15 ml of Hionic Fluor 30™
(PACKARD) were addedT The background of the count is automatically deducted from

the counting rate of each sample in counts per minute (dpm).

-Data analysis:
[0109] The results were expressed in quantities or in percentages of applied
testosterone, found in the different compartments. Applied quantities of testosterone were
determined from the counting levels of diluted standards. Each result represents the mean

value of 6 experimental determinations and is associated with its standard error of mean.

1. The quantity of testosterone and the % of the dose absorbed in the receptor .

ﬂu1d for each tnne were calculated as follows:

%=(Qt/Qi) x 100
where Qt represents absorbed amount at time t, and Qi, applied quantity at time 0,
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102. 65 102.18 101.99 DONOR 8300 F45 F46 F47 F48 F56 Mean SD
Mean SD Mean SD Mean SD Mean SD % I N WASH 95.41 5.29 86.91 3.16 87. 98

13. 59 79. &80 Z00did448% 08 3.67 % LATERAL SK. 0.24 0.14 0. f21Rsiés/odst
0.08 0.25 0.10 021 0.09 % CTRL SKIN 4.09 2.05 '

2. The total quantity and corresponding % of the dose absorbed as a function of _'

the time (cumulated values),

3. The mean flux of testosterone permeated was calculated from the slope of the

linear portionbof the Q versus time plot and expressed as pCi/cm2/h

4. The quantity and % of the administered dose, which was found in the skin and

in the washing solvents.

w The validity of the test was checked by balancing the radioactivity which is found
in the different samples (this summarization should be comprised, for each test, between
- 90% and 110% of the applied dose). ‘

Results and Conclusion

[0110] Table 14 shows that formulétions F45,F47, F52, F53, F54 and F55 ‘
permeate significantly lower amount of testbsterone than F56 (P < 0.001). For
formulations F41, 42, 43, 44, 46, 48, 50, 51 the permeated amounts appear fo be lower -
than F56. However, the difference between these formulations and F56 were not
statistically signiﬁcént (P > 0.05). However F49 permeated ‘higher.than F56 but the
difference between these two formulations were not statistically significant (P>0.05).

The mass balance data indicate variable lévels of skin retention of testosterone.
Furthermore, this data also demonstrates that the total mass balance is in between 90 to
110% of the initial quantity of '*C Testosterone applied (Table 14). | ,

[0111] The flux of formulations F41, F42, 46, F49 and F50, albeit appearing to be
higher thaﬁ F56, the differences were not statistically significant (P > 0.05). The flux of
the all other formulations, were élthough appearing to be lower than control, the
differences among the formulations versus F56 were not statistically signiﬁcanf except
for F45 (P > 0.05). ,

[0112] From this study, it is clear that the rate and extent of permeation of

testosterone through human skin of all the test formulations were lower (or similar in
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4.67 1.84 2.29 0.84 4.88 2.76 4.07 1.59 % PERVEATED 3.51 1.65 637
3.98 3.57 1.25 5.38 3.81 7.56 1.78 % TOTAL 103.25 98.37 93.98

90.19 97492 2007hXKR 8300 F49 F50 F51 F52 F56 Mean Shrifpsfiosiddean
SD Mean SD Nean SD %I N WASH

some céses) than the reference formulation and none of the test formulation demonstrated
s1gn1ﬁcant1y higher permeation than the reference formulation (F56).

- [0113] Constraints for Flux studles The studies conducted here were based ona
finite dose kinetics where the rate limiting step is amount of gel used. Due to our using a
finite dose, a non-linear permeation profile was obtained for most of the formulations
which made us difficult to calculate the steady state flux. Nevertheless, a 2-10 h time
points were used to calculate the flux yahies which is an assumption of a Hnéar :
progression of flux but in actuality, the steady state was not achieved in these
experiments. Hence the AUC values are a better repreé@ntaﬁon to compare the '

formulations than flux values.
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79.64 5.61 88.34 230 91.04 8.28 95.51 4.07 86.08 3.67 % LATERAL SK
0.41 0.24 0.29 0.25 0.54 0.59 0.23 0.21 0.21 0.09 % CTRL SKIN 8. 29

2.69 5. 70 wo 36158 1.92 2.67 0.84 4.07 1.59 % PERVEATESrBsAdsRodks
5.69 1.72 6.73 2.28 2.22 0.40 7.56 1.78 % TOTAL 97.82 100.01 104.89

Table 14: Mass Balance Studies

DONOR 8127 _
F41 F42 F43 F44 ' F56
Mean SD Mean’ SD Mean SD Mean SD Mean SD
% IN WASH 72.84 | 19.88 | -82.63 | 12.27 | 9546 8.71 92.22 368 | 92.01 | 13.45
% LATERAL SK. | .1.15 2.14 0.27 0.18 .| 031 0.41 0.36 0.29 0.59° | 040
% CTRL SKIN 10.57 4.50 6.38 5.27 4.18 1.14 5.80 2.28 3.52 239
% PERMEATED 4.86 1.53 345 0.43 2,70 0.70 3.80 205 | 587 5.05
1 % TOTAL 89.42 92.73 102.65 102.18 101.99
DONOR 8300
' "F45 F46 F47 F48 F56
o Mean “SD Mean SD Mean SD Mean SDh Mean SD
% IN WASH 95.41 5.29 86.91 3.16 8798 | 13.59 | 79.68 7.41 86.08 3.67
% LATERAL SK. | 0.24 0.14 0.42 0.17 0.14 0.08 0.25 0.10 0.21 0.09
% CTRL SKIN 4.09 2.05 4.67 1.84 229 | 084 4.88 2.76 4.07 1.59
% PERMEATED 3.51 1.65 6.37 | 3.98 3.57 1.25 5.38 3.81 7.56 1.78
% TOTAL 103.25 98.37 193.98 90.19 97.92
DONOR 8300 .
F49 F50 ) ~Fs1 F52 F56
: Mean SD Mean | SD Mean SD Mean SD Mean SD
% IN WASH 79.64 5.61 88.34 2,30 91.04 8.28 95.51 4,07 86.08 3.67
% LATERAL SK. | 041 0.24 0.29 0.25 0.54 0.59 0.23 0.21 0.21 0.09 -
% CTRL SKIN 8.29 2.69 5.70 2.12 6.58 1.92 2.67 0.84 4.07 1.59
% PERMEATED | 9.47 2.14 5.69 1.72 | 6.73 2.28 2.22 0.40 7.56 1.78
% TOTAL 97.82. 100.01 104.89 100.64 9792 | -
DONOR 8300
F53 F54 F55 F56 ]
Mean SD Mean SD Mean SD Mean SD
% IN WASH - 85.33 4,58 87.39 437 90.02 2.64 86.08 3.67
% LATERAL SK. 0.20 0.08 0.35 0.33 0.09 0.05 0.21 0.09
% CTRL SKIN 9.14 2,93 5.88 3.69 437 3.29 4.07 . 1.59
% PERMEATED 4,61 0.62 433 0.68 433 0.68 1.56 1.78
% TOTAL 99.28 97.95 98.81 .97.92
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100. 64 97.92 DONOR 8300 F53 F54 F55 F56 Mean SD Mean SD Mean SD
Mean SD % I N WASH 85. 33 4.58 87.39 4.37 90.02 2.64 86.08 3.67 %

LATERAL 8@0%0;@4497608 0.35 0.33 0.09 0.05 0.21 0.09 % 14
2.93 5.88 4.37 3.29 4.07 1.59 % PERVEATED 4. 61 0. gﬁb”ﬁﬁ’m‘&l

Exam;ile 3: In vitro Percutaneous Absorption of Experimental Testosterone -Gel
Formulations through Human Skin by HPLC Method '

Methods . ‘ :
[0114) Human Skin: Human frozen skin was supplied by U.S. Tissue and Cell
(C'incinnati, OH). Skin was shipped over dry ice a:hd once reéeived, it was stored at
-80°C until use. The average thickness of the dermatomed skin was 540 gm. Bach
experiment was carried out in replicates of six (n=6) using the same donor for aﬁy given
formulation. Also, each donor was tested for permeation of 1% marketed gel (F 56)in
triplicate and all data was normalized to this measurerment.
fo115) Formulations: Formulations were prepared and supplied by Solvéy
Pharmaceuticals. Formulations were blinded except for control/marketed product

- formula (F56). -
[0116] Transport Stadies: Percutaneous absorption in vitro was studied
quantitatively with human skin placed on the Franz diffusion celi. The skin was mounted
horizontally between the donor and receptor half, The surface area of the skin expo»sedA to
the formulation in the donor chamber was 0.64 cm?, and the receptor volume was 5.0 mL.
Temperature was maintained at 37°C with the help of a double water circulation jacket
surrounding the lower part of the cell. This enabled the skin temperature to be maintained
at physiolo gicai level. The donor chamber was open on the top. ‘ |
[0117] The receptor compartment was filled with receptor fluid consisting of
phosphate buffered saline pH 7.4 (PBS) and propylene glycol (1:1). The skin was
mounted on the cells approximately 30 minutes before the application of the
formulations. Formulation (300 fng + 5% which contains 3000 ug of the drug based on
1% gel) was applied over the surface of the epidermis gravimetrically. Samples of 0.3 ml
were cbllected periodically (0,1, 2, 4, 6, 8, 10, 22 and 24 h) and replaced with fresh
buffer. ' ‘
[0118] Assay: Samples were analyzed for testosterone content using HPLC assay.

The conditions/details were as follows:
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4.33 0.68 4.33 0.68 7.56 1.78- % TOTAL 99.28 97.95 98.81 97.92

WO 2007/ 044976PCT/ US2006/ 040481 Exanple 3: In vitro Percutaneous
Absor pt i oORy@hooksiaeid ment al Test ost erone CGel Fornul at i op&T/Auli00s/60481
Human Skin by HPLC Met hod Met hods [0114] Human Skin: Human frozen
skin was supplied by U S. Tissue and Cell (G ncinnati, OH. Skin was
shi pped over dry ice and once recei ved it was stored at -80C until
use. The ave g glckness of t lvg 25@ @kl n was 540 jun. Each
experi ment SPP8d out pegerfoU op &ﬂwg%o LiSI ng the sane
donor for an n for rrulat JERCHAHITE sthsted for
perneation o ipeed gel (”#56) |n tri.plicate and all data was
normal i zed t °E"Hia measureme Vg 151 For mul at | ons: Formul ations were
prepar ed andUéf Ciggy by Sofd¥MMhar maceutical s. Fornul ati ons were

bl i nded except for control / marketed product formula (F56).

[0116] Transport Studies: Percutaneous absorption in vitro was studied
quantitaﬁéﬂ&&y wi th human skin placed on the Franz diffusion cell.

The ski npy@s; mount Rék‘eﬁf?xrg't@ ?ﬁﬁlé‘h.‘k YhdRING %ré Q&)réé%odﬁ cﬁ‘tﬁglaﬁ@é:&%ﬂfs

hal f, The surface area he skin exposed formulation in the

donor chafiseipstoigne nerawatéfﬂrﬁs a Geticnnd timecfepthe rilffemrng frsmptagons. (Theitable
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buf f er ed vashd tife plok ahdﬂexfuﬁﬁ’s%h a@{igc@?/ﬁ PYh&ReulWeObxphdssek) as a TRy Stkdux Was

mounted on the cells approximately 30 m nutes before the application
of the f of et famngatipn apéﬂmﬁrdtfpmuk(tmdteﬁ@onaw wWhhetuwnodativaiameudedo ug

opi dor m e pRERA kol S8k p4AR By S B o BB i 68 el

peri odi cédrhplafion dnd &prebsedas aSatloJ((ﬁs;sflé’omt) Iheﬂa)’ora reachr fophidatéoh wast h

f h buff d f i est

Lortont sefhired A CEEISRY o MesRud B s Bt hPledg S M RRE LR

g 8;)72:8?49@@%%{1@?@ g&?gage@aﬁ gﬁﬁbllbem@aﬁ%arx@&el &ﬂr{al):ﬁ forth@latioN¥bties | ( 50
umm mm eno nex ucl e | e n VO urre

30 il FI“B‘WeFeéltpé‘“%‘ft oA “La\?@%féissg‘fqr ﬁm§t i Wélgwtlég SNoVA 12

[ 1711191 Rgfepdncbdgitht P <203 Werd SonstdRRed’t6 Sé'!stﬁt%n\éﬁlyem ﬁﬁﬁ&ﬁ@ Sl@éiw éata for
curmul ati ve anmounts of testosterone@germ&a ed function of tine

for the @hrferanationgelativede memlstedmy qcamu@wb%sm&;aam Flrand Ratiamount
per neat e¢h Al AL Live %@st&t%%eﬁ%ﬁéﬁ?s{ gted product fornnml a using the sane
human ski n donor. ‘IL e nean ux of testosterone perneated was :
calculated fromthe slope of the |inear portion of the CAR

(Cunul at Genclasiannt rel eased) versus tine plot and expressed as

Figlcn/ lgipgpe eswrﬁ@atwo? té%%&@(ef‘o%% eodeh e B&Hdafnfid hfuﬂéﬁ s8h v{a@St

formul ation and Control formulation (test/control). The cumnulative
armount obbatried vpdratidhe gmilationsgind phimneskomrapged fem 1¢<r:n7%r\te1d1 vasus| so
corrparedf%/}amturk) %@t of marketed fornul ati on and expressed as a ratio
(test/con herefore, each fornmul ati on was conpared to the .-
mar ket ed [(2dHuct fRefoming afon ta Table Uik iatliowa tpﬁrimpa:tvbmpermeducfﬂ m]:atlval ue -

andtheresuts ar & iled in_ Tabl.e 15. The co i son of each

f or mul at fOHEEEEE RE H@%‘g IOBraBE}EPSIim]f‘ %0%8‘512‘? fiyg pmount of
statisti galg p%n@emd‘dl ABRITEh ahdigr ANV AtatidvRaNly SlichifiesiR MSRE wiks obsapvedFo0
were congidered tQ be statjstically significant. Raw data for each

f or nul at B‘ﬁn'%l@}"af}g\f’ >]f§9ﬁ%i}rﬁ‘ié%ed product formula shows the Ratio Flux
and Ratio CAR as well as the statistical conclusions. Conclusions

[ 01201Per neati on of testosterone through the dernmatonmed human skin
was observed with all the formul ations and perneation ranged from1l
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_Example 4: In vitro Percutaneous Absorption of Three Testosterone Gel
Formulations through Human Skin by HPLC Method

Methods A ‘ ‘
[0122] Human Skin: Human frozen skin was supplied by U.S. Tissue and Cell
(Cincinnati, OH). Skin was shipped over dry ice and once received, it was stored at -
80°C until use. The average thickness of the dermatomed skin WaS about-700 pm. Each
experiment was carried out in replicates of six (n=6) using the same donor for any given ’,
fonnulation. Permeation of marketed formula testosterone gel (1%, F56) was also carried
. out in replicates of six (n=6) and all data was normalized to this measurement.
[0123] * Formulations: Formulations were prepared and supplied by Solvay
Pharmaceuticals. Formulations were blinded except for control/marketed product
formula (F56).
[0124] Transport Studies: Percutaneous absorption in vitro was studied
quantitatively with human skin placed on the Franz diffusion cell. The skin was mounted
horizontally between the donor and receptor half. The surface area of the skin exposed to
the formulation in the donor chamber was 0.64 cm?, and the receptor volume was 5.0 mL.
Temperature was maintained at 37°C with the help of a double water circulationj'acket
surrounding the lower part of the cell. This enabled the skin temperature to be maintained
at physiological level. The donor chamber was open on the top.
[6125]‘ The receptor compartment was ﬁlied with receptor fluid consisting of
phosphate buffered saline pH 7.4 (PBS) and propylene glycol (1:1). The skin was
mounted on the cells appfoximately 30 minutes before the application of the
formulations. Formulation (300 mg = 5% which contains 3000 g of the drug based on
1% gel) was applied over the surface of the epidermis gravimetrically. Samples of 0.3 m!
were collected periodically (O 1,2,4,6,8, 10, 22 and 24 h) and replaced with fresh
buffer.
[0126] Assay: Samples were analyzed for testosterone content using HPLC assay.

The conditions/details were as follows:

Mobile phase : Acetonitrile : Water'(SO :'50)

Column : C18, 3u, 150mm Phenomenex (Nucleosil)
Injection volume - 30ul
Flow rate : 1 mUmin
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UV detection { 239 nm

Results

- [0127] . Referring to FIGS. 7-9 and Tables 17-20, the results were expressed as "

cumulative amounts of testosterone permeated as a function of time for the different

formulations. Each table shows the cumulative amount perméafced relative to

- control/marketed product formula using the same human skin donor. The mean flux of

testosterone permeated was calculated from the slope of the linear portion of the CAR
(Cﬁmulative amount released) versus time plot and expressed asp cm?/h. The result

was expressed as a ratio of flux of test formulation and-Control formulation (test/control).

The cumulative amount of drug permeated through the skin per sq. cm area was also

- compared with that of marketed formulation and expressed as a ratio (test/control).

Therefore, each formulation was compared to the marketed product formula for its
cumulative permeation and flux value and the results are compiled in Table 16. The
comparison of each formulétion to the marketed product formula was assessed for |
statistical significance using ANOVA, Mean differences with p < 0.05 were cbnsidéred o
be statistically significant. A

Conclusions

[0128] Permeation of testosterone through the dermatomed human skin was
observed with the three fonnﬁlations a;nd permeation was about 3% (CAR)

[0129] Improved perrneation relative to marketed product formulation as
determiﬁed by a comparison of cumulative amount of drug permeated after 24 hrs and/or
flux at statistically significant levels was observed for all test formulations F57, F58 and
F59.

[0130] Accordingly, utilizing the teachings of the present disclosure, a
hydroalcoholic gel comprising testosterone, isopropyl myristate, ethahol; water and a
sufficient amount of a thickening agent to give the gel a viscosity in excess of about 9000
cps can be prepared such that when is appiied to human skin mounted in a Franfz céll in
an amount of about 300 mg, after 24 hours the flux ratio is in excess of 1, or preferably in
excess of 1.5 where the flux ratio is the ratio of flux of testosterone expressed in amount

per unit area and per unit time which permeates the skin when the gel is so tested to the
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Per eut aneous Absorption of Three Testosterone Gel  Formul ati ons
t hrough Human Skin.by HPLC Met hod- Met-hods [0122] Human Skin: Human
frozen skin was supplied by U S. Tissue and Cell (Cincinnati, -OH).
Skin was 068 and ceiv it was stored at -
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n formul atjon. Perneati-on of

using the. s onor, for. any

mar ket ed F??f%ﬁ ?’ droplce lﬁﬁ@ﬂzj’égﬂ(@@}el E5ed 8% (srwgesiesterpusy betweer n
repl i cat e9.60indSi. X% (7H) lsalmdpﬁlnhyzﬂ@%eaaﬂmm&ﬁ%bﬁt%% 4n@ 78 0lo% (ot '
measur enent . [0123]Fornu|at|ons Formul ati ons wer'e prepar € 3
supplied B§°@8ﬁ§é®vﬁharnaceutlcals Formul ati ons were bllnded except
for control/marketed product fornmula (F56). [0124] Transport Studies:-
Per cut aneous absorption in vitro was studied quantitatively with
human skin placed on the Franz diffusion cell. The skin was nounted
hori zontal | y between the donor and receptor half The surface area of
t he skin exposed to the fornmulation in the donor chanber was 0. 64
cn2, and the receptor volunme was 5.0 nlL Tenperature was naintai ned at
37Cwith the help of a double water circulation jacket surroundi ng
the lower part of the cell. This enabled the skin tenperature-to be
mai nt ai ned at physiol ogi cal |evel. The donor chanmber was open on the
top. [0125] The receptor conpartnment was filled with receptor fluid
consi sting of phosphate buffered saline pH 7.4 (PBS) and propyl ene -
glycol (1:1). The skin was nounted on the cells approxi mately 30

m nutes before the application of the formulations.. Formul ati on (300
ng 5% which contains 3000 jig of the drug based on 1% gel) was
applied over the surface of the epiderm s gravinetrically. Sanples of
0.3 mM were collected periodically (0, 1, 2, 4, -6, 8, 10,22 and 24 h)
and replaced with fresh buffer. [0126] Assay: Sanples were anal yzed
for testosterone content using HPLC assay. The conditions/details
were as follows: Mbile phase: Acetonitrile : Water (50 :50) Col um:
C18, 3a, 150mm Phenonenex (Nucleosit) .Injection volune: 30 al Flow
rate: 1 minmn WV detection: 239 nm Results [0127] Referring to FIGS
7-9 and Tables 17-20, the results.were expressed as cunul ative
amounts of testosterone permeated as a function of time for the
different fornulations. Each table shows the cumul ative anount
perneated relative to control/nmarketed product fornula using the sane
human skin donor. The nean flux of testosterone perneated was
calculated fromthe slope of the linear portion of the CAR

(Cunul ative anount rel eased) versus tine plot and expressed as

pg/ cn2/ h. The result was expressed as a ratio of flux of test
formul ati on and Control formulation (test/control). The cumul ative
anount -of drug perneated through the skin per sq. cmarea was al so
conpared with that of marketed.fornulation and expressed as a rati-o
(test/control). Therefore, each fornulation was conpared to the
mar ket ed product formula for its cunul ative perneation and flux val ue
and the results are conpiled in Table 16. The conpari son of each
formul ation to the marketed product fornula was assessed for
statistical significance using ANOVA. Mean differences with p <0.05
were considered to be statistically significant Conclusions

[ 0128] Per neati on of testosterone through the dennatomed human skin
was observed with the three fornul ations and perneati on was about 3%
(CAR) [.0129] I nproved perneation relative to marketed product
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the gel awdsm9sdsb¥ i n excess of about 9000 cps can bep@fgpRbFrdosEch
that when Is applied to human skin nounted in a Frantz cell in an
amount of about 300 ng, after 24 hours the flux ratio is in excess of
1, or preferably in excess of 1.5 where the flux ratio is the ratio
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2007/ 044976PCT/ US2006/ 040481 Exanple 5: The Single and Multiple Dose

Phar macokiyigba®€ms40%s Test ost erone After Adm ni stration e¢rsnddhioast
Hydr o- Al coholic Cel ’

NO OL Go oo

to oo oo 1-61) C; WO

at Dose Levels of 1.25, 2.50, 3.75, 5.00, and

6.25 g i n_Hypogonadal WNales Objectives [0131] To determi ne the single
and rrultiplh‘diosa hannaciok| netiics of testosterone after
adm ni st fatf|on| o eqtasterpne, gel 1.62% at doses of 1.25 g (20.3
mg), 2. 5QxCE|(@NE 5818)| 7 | 75| 5| £60. 8 ny), 5.00 g (81.0.ng), and 6.25 g
(101.3 ngF.gn[?)l%Z]"' dsisep3| the |dose proportionality and accunul ation
of testogteglone over {the dose|range of 1.25 g (20.3 ng) to 6.25 ¢
(101.1 ny st dstierene—getr—1. 62% Methods [0133] Fornul ati ons:
For nul atijons; wer ¢ prepargd.apdsuppl i ed by Sol vay Pharnmaceuti cal s.
For nul at ilops| &8¢ XY @Ieﬁ gx®e@| for control / marketed product
formul a. |[§1pA] Besi|gh: ™ IsT™ngl|& lcenter, open-1abel, random zed,
single and nul tiyg ske+parat-tHel group study in hypogonadal nal e
subj ects.| Qubj ¢ct|s wef e| randoni zed to one of five treatnent groups.
Each group gwas | b9 Whies Pomposed qﬁ; 12 subjects, for a total of 60
subj ect s. | ¥0135 ES0bj®Lfsimed Siabsent ed to participate in this study
and rref;‘%M%inclusion excliugion -griteria were random zed to one of
the fofl oWing tlreatreht grodpst—iabl e 21: Treat nent G oups Treat nent
G oup (&l | Dose |(g) [Test ¢stierjone Dose (ng) A 1.25 20.3 B 2.50.40.5 C
3.75 6(E 8| X5 0L Bl Q| Elslg|adls
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6.25 101.3 [0136] Each subject received single (Day 1) and multiple
(Days 2-14) doses of testosterone gel 1.62% over a 1l4-day treatnent
period. StlgYeedhtgienas applied topically once daily i npéﬂgsm({/d}b&g
The total duration of the study was 17 days, not including the
screening period. Subjects were confined to the clinic for the entire

17-day StU bef1 ad.| The|folljowng table lists the ingredients
conbi ned tgl yleld|the study fiorjmul ati on used. WO
20071044978RETEUSAG0G: (40288 Tabl e 22: I ngredi ents Conbined to- Yi el d
St udy Fo at 80 |(+ oo W) =CFMFonent  Function % w w Test ost er one
Active phagmageuytijcal nﬁhredi ent 1.62 Al cohol (95%v/v)* Absorption
enhancer| 73| 5|1 opr opyl iyl e Absorption enhancer 1.00 Car bopol
980 Thitckeni ng |agent precdrsor| 1. 00 0. IN Sodi um hydr oxi de
Neutral i zg} 2led | &l BdMat|et| Sol vent 15.9 * Equivalent to about
68. 1% of | &hsel|t|es | cb+0& |FdM uf huou. [0137] Subj ects: Fifty-six (56)
hypogonag¢gal {nal gs.| [D138]iMAin. Criteria for Inclusion: Male subjects
18- 75 year s|off age ngl ysijve] serumtotal testosterone < 300 ng/dL
at scr eeniég as neps J&E‘% Qy ghejclinical site laboratory; and
subj ects | t| @ |& Bot% | Mags d rwleg | (BML) of 20-35 kg/nf'2, inclusive.
Pr ocecgjresg and Assessfhent|s | TPT189] Dose Adninistration: Testosterone
gel 1.%2%%ds lappl { ed todi callylonce daily in the norning on Days
1-14. Zhe sift e of appli caTti pn s either the shoul der/upper aim area
or theﬁatd’@nen. The st udy @rygawas applied in 1.25 g increnents unt|I
t he togal .ar?rei 30%&00 Feacked usi ng maxi num surface area
possi bge. EO 20T Thently |(2PJ | m{Autes prior to the targeted time of
dose agplli Tatipn| subjects showered and washed the application site
W th sgap and at er]. |Supj ects {wdre not allowed to remain in the
shower &f or @ longel tlhan 10 mQLkes. The designated area for gel
appl i cgtijolk WasSt Ko hE y2dEiled. [0141] Site personnel directly
i nvol vigd wgt 1t e “dosi np™ pPoceadur es wore gl oves when handling the
st udy gel . FA fresgh (pali r|{ of gl avels was used far each subject. Each
increrr%nt r—gel dose of | L25|g{-1}/- 0.02 g was wei ghed on a sheet of
wei ghi paper |on a bpl ance.| linnedi ately after neasuring the .
approprd at & aBoBniE |6t g«aE, 1iifel i ghi ng paper with the nmeasured gel
dose wes yiPed | gi relct | J|ontd the| subject’'s designated site of
appl i c@i on by |t he st udy perijsonnel . The subj ect - then rubbed the
productg i mtothe [SKj n{off tihg des|gnated application site using his
hand. Thi$ nodesls Wwas nepeatepg.tntil the total target dose (1.25 go
to 6. 2559 Ma g S e s | 2 .\2@:’2 '044976PCT/ US2006/ 040481
[0142] F§1ar nBq GKiThiet | T | Safl'T g} "ol e bl ood sanpl es (10nL each) were
obt ai negl fir'em gach subj gct| for|determ nation of total testosterone,
di hydr gtk estosterone; and estyadi ol at the followng time points: Day
-1. predogeg |0.15,| 1} 2, 14,| 6} 8, 110, 12, and 16 hours relative to the
proj ectgd |t B of | mek appg'ia;a‘ﬁi an on subsequent study days; Day 1:
predoseg C.?, alsps| 4|66 87| ¥0=|12, and 16 hours post dose;
=S ‘ S
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Days 2-13: predose; Day 14: predose, 0.5, 1, 2, 4, 6, 8, 10, 12, 16,
and 24 hours postdose. [0143] Bi oanal ysis: Serum concentrations of
total testyweh@r@N@7s di hydrot estosterone, and estradi ol p@f182006/040481
determ ned using validated LC M5/ M5 net hodol ogy. Criteria for

Eval uation [0144] Safety: Vital signs, ECG physical exam nation,
clinical |aboratory determ nations (including PSA neasurenent), DRE

and | PSS, gapfab ¥. HaRIGRAe Lo fnifitte BRIPhRS L oMRaT It Tolhs: ‘.
oo it R e,
Ttnin anass' réx) derd vé%“%"ugS’h? Wlﬁbser(/ed and basel i neI adj urs]t Sd,
.l f : . [0146] Stati stical nethods:
?):;g;nl S?wgﬂ%: g?iscsozna,[ eﬁégﬁf e.rSc[)),neC,\/,[ mad? anfi IgZolmatri c nmean,

m ni num [B83d]nun)  diedlegramhitieatinglepdasdtipla ioepharniaabltifet 8 of I\S/Ebj ect
' Me .Tr eat t & Ag ears

(g ) oeendsd Gt Eandbba g leslgleiongsat ol ooty o e B s yme),

50( 31- 66)2.81g G10(2ngh) 336 g150.€ 3, 760 918110lmER £idB6.85) (B9:33nfp 1. 8- 35. 3)

5. 00 5.(37-68) 29,6 (22.6-34.0) E (6.25 % 11 48~(27-68) 30.
E 27. 3- g)z . [ﬁ”id | ( G Jﬁﬁ)ése%ths {pss propoytionglity a{léaqcsms tign) of tegpgsterone over

20071044 SR REGEAESEI00 40T T w85 211 Sy i ekosionk B S0 S (N

N O

(%) Treatnment Goup N t Hi spanic or

Methods

[0133] | Formulations: Formulations were prepared and supplied by Solvay
Pharmaceuticals. Formulations were blinded except for control/marketed product
formula. A

[0134] Design: A single center, open-label, randomiied, éingle and multiple

dose, parallel group study in hypogonadal male subjects. Subjects were randomized to
one of five treatment groups. Each grbup was to be composed of 12 subjects, for étotal
of 60 subjects. |
[0135] Subjects who consented to participate in this study and met the
inclusion/exclusion criteria were randornized to one of the following treatment groups:

Table 21: Tfeatmeﬁt Groups

Treatment Group Gel Dose (g) Testosterone Dose (mg)
A 1.25 ' 20.3
B ' 2.50 40.5
C 3.75 - 60.8
D 5.00 ' 81.0
E 6.25 . - 1013
[0136] o Each subject received single (Day 1) and multiple (Days 2-14) doses of

testosterone gel 1.62% over a 14-day treatment period. Study drug was applied topically ‘
once daily in the morning. The total duration of the study was 17 days, nét including the
screening period. Subjects were confined to the clinic for the entire 17-day study period.

The following table lists the ingredients combined to yield the study formulation used. -

41



Latino Wiite Hispanic or Latino Black Asian A 11 550 B
é155(}0D125700E112900AIIGroup55622(39301/c)156 ¢
1(2)(57. 1% wo beb78761(1. 8%9  Screeni ng Testosterone Basgét/fgoydabis

1471AI 1 subjects at screening had testosterone concentrations < 300
ng/dL, confirm ng the hypogonadal status of all subjects prior to
exposure to study drug. The | ocal clinical Iaboratory used
basel | nelabkr s (ng %@%@gﬁgmawm i tﬂs"!/ cd 1 om 218

in ilngr s medde ¢ ’\ﬁ'g

232 ng/dL for the five individual dose Nf{?\‘i{ﬁ o4 aNged from 215hteo

26—pr-ovi-des
S P N OO S NI,
Basel i neTdsstareicer one ((ng/ dL) Active pharmacedt{égf ﬁlgr utp N 'V‘i%a
Alcohol (95% v/v)* Absorption enhancer 73.5
Isopropyl myristate Absorption enhancer 1.00
Carbopol 980 ' ‘Thickening agent precursor ‘ 1.00
0.1N Sodium hydroxide Neutralizer 7.00
Purified water Solvent 15.9

* Bquivalent to about 68. 1% of absolute alcohol in the formulation.

[0137] Subjects: Fifty-six (56) hypogonadal males.
', [0138] Main Criteria for Inclusion: Male subjects 18-75 years of age, -
inclusive; serum total testosterone < 300 ng/dL at screening as measured by the clinical

site Iaboratory, and subjects witha Body Mass Index (BMJ) of 20-35 kg/m 2, inclusive.

Procedures and Assessments

[0139] Dose Administration: Testosterone gel 1.62% was apphed toplcally once
daily in the morning on Days 1-14. The site of application was either the shoulder/upper
arm area or the abdomen. The study drug was applied in 1.25 g increments until the total
target dose was reached using maximum surface area possible.

[0140] . Twenty (20) minutes prior to the 'téxgeted time of dose application
subjects showered and washed the application site with soap and water Subj ects were
not allowed to remaln in the shower for longer than 10 minutes. The designated area for
gel applicatmn was thoroughly dried.

[0141] Site personnel directly involved with the dosing procedures wore gloves
when handling the study gel. A fresh pair of gloves was used for each subject. Each
incremental gel dose of 1.25 g +/- 0.02 g was welghed on a sheet of weighing paperon a
balance. Immediately after measuring the appropriate amount of gel, the welghmg paper
with the measured gel dose was wiped directly onto the subject’s designated site of
application by the study personnel. The subject then rubbed the product into the skin of
the designated application site using his hand. This process was repeated until the total

target dose (1.25 g to 6.25 g) was reached.
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Range 11 215 73-286 11 231 132-293 C 11 230 93-295 12 232 132-293
E 11 225 158-282 Al 56 227 23-295 Testosterone Concentration-Tinme
Dat a [ 0148} dbhe& 7kt concentration-tine profiles for obgeingshoso40481
testosterone on Day 1 and Day 14 are provided in FIGS. 10 and 11,
respectively. [0149] Referring to FIG 10, on Day 1, a continuous
increase in testosterone concentrations occurred in all treatnents

for approximtely 8 hours§ peostdose.. Ntdca wes then.
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Test ost erasbrsdolmgYr maeoki netic Results [0152] The phar macoki netic
results for observed and basel i ne adjusted testosterone are provided

i n Tabl ecdferiagbPByvalhihtion subj ects received a single dose of 1.62%

t est ost eFone gel on. Day..1.. . WD BPCT 1 QBodkty Table
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(SD) o

Arithnetic Mean
© hematocrit measurements, , '

[0145] Pharmacokinetics: For this preliminary report, pharmacokinetic
parameters (AUC(0-24); Crax, Cavgs cmin; peak to trough fluctuation, Trin and Timax)
derived from both observed and baseline adjusted serum concentrations for testosterone.
[0146] Statistical methods: Descriptive statistics (n, mean, SD, CV, median,

geometric mean, minimum, maximum) and graphical representations.

Table 23: Subject Demogrziphics (Mean (range))

Treatment Group N . Age (years) BMI (kg/m"2) A
AQ25g 11 50 (27-69) . 30.4 (25.6-33.6)
.B(.50g) 11 50 (31-66) 310 (25‘.9-36.1)
C(3.75¢g) 11 o 52(38-65) | 29.3(21.8-35.3)
D(5.00g) 12 : 55 (37-68) 29.6 (22.6-34.0)
E(6.25 g) 11 48 (27-68) 30.2 (27.3-32.7)

-All Groups 56 '} 51 (27-69) 30.1 (21.3-36.1)
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N Observed N Baseline Adjusted AUC(0-24) A 1.25 20.3 11 7376 (1465)
11 1934 (1005) (ng*h/dl) B 2.50 40.5 11 9112 (3354) 9 3168-(1845) C

3. 75 60. 8 Wd 174f10%2831) 10 3330 (1875) D 5.00 81 12 i.é%gzo(@%& 12
5329 (3296) E 6.25 101,3 11 11137 (3024) 11 5573 (2602) Cave A 1.

20. 3

Table 24: Ethnicity of the Subjects (N (%))A

Tlé?-g::;nt N White NI(:; tIillllf)pamc or Wh]teL]iléﬁ:m'c or Black' Asian
A ! 5 5 0 1,
B 11 5 ' 6 0 0
C 11 5 5 1 0
D 12 : 5 7 0 -0
E 11 2 9 0 0
All Groups 56 22 (39.3%) 32 (57.1%) 1(1.8%) | 1(1.8%)
- Screening Testosterone Baseline Values
- [0147] All subjects at screening had testosterone concentrations < 300 ng/dL,

conﬁrm;'ng” the hypo gohadal status of all subjects prior to exposure to study drug. The
local clinical laboratory used chemiluminescence methodology for these evaluation.
Mean screening baseline serum total testosterone concentrations ranged from 215 to 232
ng/dL for the five individual dose groups. Table 25 provides the screening baseline mean

(range) by treatment group.

Table 25: Mean Screening Testosterone Baseline Values

Treatment Group N | Teslzg:?;(ﬁ:‘:((ag;fﬂ) - Range
A Y 215 73286
B 11 231 132-293
C 11 230 93-295
D 12 . 232 132-293
E 11 . 225 158-282
All 56 227 23-295

Testosterone Concentration-Time Data

[0148] The mean concentration-time profiles for observed testosterone on Day 1

and Day 14 are provided in FIGS. 10 and 11, respectively.
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7)
11 307 (61) 11 81(42) (118/dl) B 2.50 40.5 11 380 (140) 9 132 (7
3.75 60(8 11 363 (118) 10 139 (78) D 5.00 81 12"497 (133) 12 222
(137) E 6y82005@d40%k 11 464 (265) 11 232 (108) C "., (n@cihb00s8i0ds125
2.50 20.3 40.5 11 11 387 (SO 479 (161) 11 9 : : '

[0149] Refefring to FIG. 10, on Day 1, a continuous increase in testostefone
concentrations occurred in all treatments for approximately 8 hours postdose.
Testosterone concentrations then remained consistent over the remainder of the 24-hour
dosing interval. Based on the mean concentration-time profiles, all treatments provided
sufficient testosterone ekpos'ure to increase levels above the lower limit of the eugonadal
range (> 300 ng/dL) after a single dose on Day 1.
[0150] _ Consistent testosterone levels were observed throughout the majority of
the 24-hour concentration—time proﬁles after multiple dosing of testosterone gel 1.62%.
The exceptlon to this is Treatment D, 5.00 g, where a significant peak was observed at 6
hours postdose . This increase in the mean profile was due to the results of one subJect

- whohada reported testosterone concentration of 4980 ng/dL at 6 hours postdose.
[0151] Referring now to FIG. 11, the mean profiles on Day 14 demonstrate
testosterone concentrations remain above the lower limit of the eugonadal range (>300
ng/dL) over the 24-hour dose interval for all five doses. An increase in testosterone
exposure was observed with increased dose over the 1.25 g to 6.25 g range, with the )

exception of the second profile peak in Treatment D, 5.00 8.

Testosterone Pharmacokinetic Results

[0152] The pharmacokinetic results for observed and baseline adjﬁsted
testosterone are provided in Table 26 below after subjects received a single dose of

1.62% testosterone gel on Day 1.

45

C



159 (57) 234 (102) C 3.75 60.8 11 533 (211) 10 305 (178) D 5.00 81
12 698 (231) 12 424 (200) E 6.25 101.3 11 657 (215) 11 424 (210)

T[a] A 1. 12 (4 -24) 11 12 (4 - 24) (h) B 2. 2
(£1a]- 24) 55%%&(7@44%24) (c 3. 723 60.8 11 16(8 -.24) 10 12 '%92056/&)3483’

Table 26: Single Dose Pharmacokinetic Parameters for Testosterone Gel 1.62% on
Day 1

vParameter Treatment Gel Dose  ~Testosterone Arithmetic Mean (SD)

Group ' (2) Dose (mg)

‘ , N  Observed N Baseline Adjusted
AUC(024) . A 125 203 1 7376(1465) 11 1934 (1005)
(ng*h/dl) B 2.50 40.5 11 9112(3354) 9 3168-(1845)

c 375 60,8 11 8719(2831) 10 3330 (1875)
D 5,00 81 12 11933(3188) 12 5329 (3296)
E 6.25 101.3 11 11137(3024) 11 = 5573 (2602)
" Cue A 125 1203 1 307 (61) 1 81(42)
(ng/dl) B 2,50 40.5 11 380(140) 9 . 132 (77)
: C 375 60.8 11 363(118) 10 139 (78)
D 5.00 81 12 497(133) 12 222 (137)
B 6.25 101.3 11 4640265 11 -~ 232(108)
Coe A 125 203 11 387(80) 11 159 (57)
(ng/dL) B 250 - 405 11 479(61) 9 234 (102)
C 375 608 - 11  s33(@i) 10 305 (178)
D 5.00 81 12 698(231) 12 424 (200)
E 6.25 101.3 11 657(215) 11 424 (210)
Tas[2] A 1.25 203 . 11 12(4-24) 11 12 (4 - 24)
- (@) B 2.50 40.5 11 12(4-24) 9 16 (8 - 24)
C 375 60.8 11 16(8-24) 10 . 16(8-24)
D 5.00 81 12 1202-24) 12 12 (6 - 24)
E

6.25 101.3 11 12 (8 -24) 11 12(8-24)
[a] median (range). )
[0153] Observed mean C,y; on Day 1 wés in the eugonadal range of 300 — 1000
ng/dL for all dose levels. Mean AUC and C,y, generally increased over the 1.25 g to 6.25
g dose range, with similar values for Treatments B and C, and Treatments D and E,
respectively. Mean Ciay increased with dose from 1.25 g to 5.00 g, then leveled off,
Median Trmax for all groups, except 5.00 g, was 12 hours and ranged from 2 to 24 hours.
[0154] Observed Crax values on Day 1 for 1.25 g, 2.50 g, and 3.75 g remained
below the upper limit of the eugonadal range (<1000 ng/dL). In treatment D, 5.00 g, one
subject had a Cyax value of 1070 ng/dL. In treatment E, 6.25 g, one subject had a Cyay
value of 1020 ng/dL. All other Day 1 Cyax values were <1000 ng/dL in Treatment
groups D and E.
[0155] Bas.eline adjusted mean AUC and C,y, parameter values increaséd with

dose over all five treatment levels. Baseline adjusted mean C,y, indicates endogenous
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D5.00 81 12 12 (2 - 24) 12 12 (6 - 24) E 6.25 101.3 11 12 (8 - 24)

11 12 (8 - 24) [a] nedian (range). [ 0153] Qbserved nmean Can on
Day 1 was w8 dinspponadal range of 300- 1000 ng/ dL fopcahls20d@8R481

| evel s. Mean AUC and Can generally increased over the 1.25 g to 6.25
g dose range, with simlar values for Treatnents B and C, and ‘

Treatnments D and E, respectively. Mean C. increased with dose from

1. 25. g t OteStofbkofls crd@itrati é[ pt

128 9t uBofltososbaatsihed el frond) 29, Jolgiecth WiEBHRER EEE”
Canmm val u@Bswaftepaipgle dpey administrajion2f Betogieroangel3.62%.g r enai ned bel ow

t he upperyg t of n <100 /dL rrent D,
5.00 gp‘ 0] gsgubj ectﬁh}g]%dﬁ %ﬂ%ﬂ&%@h@oﬁ%yéesu&%%ogﬁ%veg E’
6 25 g, onigustadiipstasterbrmchrapiOniied irelabis 27 beldd2fdr Regfoserondlghl 106396 6n Day 1
, ", valyes were <1000 ng/dL in Treatnent groups D and E.
[0155] Basﬂfl ne adj usted mean AUC and- Cavg parameter val ues increased
with dose over all five treatnent |evels. Baseline adjusted nean Can
i ndi cat es do e WO 2007/ 044976PCT/ US2006/ 040481 t est ost er one
concent r al #R% Wﬁ’r“é%% Qpse FlsrmeacokigetioPanggregers farckestasteranoGeldl 62866 25
g dose raagpaﬁu er single-dose adm nistration of testosterone gel
1.62% [0Q156]The multiple dose pharmacolcinetic results for observed
and. basel Prametdtj u E‘Eﬁﬁe'ﬁesﬁe@l"éﬁr orfestesteeonpr ovi ded | mfﬂa@IﬂeMEa?l(ﬁ@I ow for
testosterone gel 1828 on Oy .14, Dyslr® 27 Miltiple Dose

Phar maeoki neti c Par aneters for Testoster on«%I Gel ) 600 on DayBase]meAd_]usted

Par amet erfiEgbiyent Group—Sgis 5o 3 { 3149 (2900)
Arithneti g, . 11 9232 (4146) 3174-(2628)
c 3/75 60.8 11 11132(2950) 11 5346 (3834)
D 5.00 81 8  16115(11345) 8 9646 (12002)
E 6.25 1013 10 15250 (4123) 10 10005 (4474)
Cavg A 1.25 203 11 322 (121) 9 131 (121)
(ng/dl) B 2.50 40.5 11 385 (173) 11 132 (110)
C 375 60.8 11 464 (123) 11 © 223 (160)
D . 5.00 81 8 671 (473) 8 . 402(500)
E 625 1013~ 9 . 634(182) 9 413(197)
Conax A 1.25 20.3 11 464 (158) 9 293 (170)
. (ng/dL) B 2.50 405 11 506 (195) 11 266 (119)
C 3.75 60.8 11 750 221) 11 523 (241) .
D 5.00 81 8 1422 (1450) 8 1145 (1466)
B 6.25 1013 10 1179(520) 10 965 (527)
Tuax[a] A 1.25 20.3 11 8(0 - 16) 9 4(0.5-16)
(h) B 2.50 405 11 4(0-16) 11 8. (0.5 - 24)
c 3.75 . 60.8 11 8(1-12) 11 1(1-12)
D 500 81 8  15(0.5-24) 8 1.5 (0.5 - 24)
B 6.25 1013 10 6(05-24) 10 6(0.5 — 24)
Conia A 1.25 203 11 209 (91) 9 46 (77)
(ng/dl) B 2.50 40.5 11 263 (138) 11 29 (70)
C 375 60.8 11 310 (106) 11 89 (152)
D 5.00 81 8 414 (184) 8 154 (203)
E 6.25 1013 10 351 (43) 10 102 (74)
Fluctuation A 125 20.3 1i 81 (20) 9 271(166)
B 2.50 405 11 66 (18) 11 262 (188)
o 3.75 - 60.8 11 97 (43) 11 252 (149)
D 5.00 81 8 129 (66) 8 355,(306)
E 6.25 101.3 9 117(52) © 9 201 (69)

[a] median (range).
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N Baseline Adjusted AUC(0-24) A 1.25 20
. : .3 11 7731 (2914
(2909) (ng*h/dl) B 2.50 40.5 11 9232 (4146) 11 31721 (26)28§9 3%:43/ 75

60.8 11 14§2bedof) 11 5346 (3834)
D 5.00 81 8 1611
(12002) E 6.25 101.3 10 15250 (4123) 10 10005 (4474} S%ﬁ%}}m"‘%@%

20.3 -11 322 (121) 9 131 (121)

[0157] Observed AUC, Cayg, and Crax parameter values on ]jay 14 increased
across the dose range of 1.25 g to 5.00 g, with an apparent leveling off with the 6.25 g
dose. In the 5 g dose level group, one subject (#25791) on Day 14 had Cpax and Cayg
values of 4980 ng/dL and 1801 ng/ dL, respectively. These values were approximately 4-
fold higher than the other subjects in this same treatment group. The cause of elevated -
levels in this subject is unknown. When this subject’s values are removed from the group

. mean presented in the table above, the pharmacokinetic parameters for the 5.00 g dose
roup are reduced from 1422 to 914 ng/dL for Csxand 671 to 510 ng/dL 0 Cavg, |
respectively. Using these rewsed mean values, a trend of increased Cavg and Cpax values

- over the entire dose range 0of 1.25 g to 6.25 g is observed.

- [0158] Observed mean Cyyn values remained above the lower limit of the
eugonadal range (>300ng/dL) with multiple dosing at the 3.75 g, 5.00 g, and 6.25 dose
levels. Observed mean Cayg for all dose levels ranged ﬁom 322 to 671 ng/dL and were in
the eugonadal testosterone range of 300 to 1000 ng/dL.

[0159] Observed Crex vValues on Day 14 for the 1.25 g dose level remamed below
the upper limit of the eugonadal range (<1000 ng/dL). Tn the other dose groups a total of
12 subjects had observed Crax values above 1000ng/dL. At the 2.50 dose level, one
subject had a Crmax value of 1010 ng/dL. At the 3.75 dose level, one subject had a Crax
value of 1070 ng/dL. At the 5.00 g dose level, four subjects had Ciax values >1000 ng/dL
ranging from 1050 to 4980 ng/dL. At the 6.25 dose level, six subjects had Crax values
>1000 ng/dL rangmg from 1110 to 2080 ng/dL. These observations are based on the
bioanalytical results from the LC-MS/MS assay. These values were not identified during
the predose testosterone safety testing conducted at the clinical site.
[0160] Baseline adjusted mean Cyyg values increased with dose across the entire
dose range. Baseline adjusted mean Cavg indicates endogenous testosterone
concentrations increased from 131 to 413 ng/dL over the 1.25 g to 6. 25 g dose range after

fourteen days of multiple dose administration of testosterone gel 1.62%.

Conclusions
[0161] Based on the preliminary review of adverse event data, safety testosterone
and hematocrit laboratory measures, and application site evaluation, testosterone gel

1. 62% was safe and well tolerated at dose levels ranging from 1.25 t0 6.25 g of gel (20.3
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464
ng/dl) B 2.50 40.5 11 385 (173) 11 132 (110) C 3.75 60.8 11
ElgS) )11 223 (160) D 5.00 81 8 671 (473) 8 402 (500) E 6.25 101.3 9
634 (182) Wo4dodnfd%’) Cmax A 1.25 20.3 11 464 (158) 9 283/usioi6h40481
(ng/dL) B 2.50 40.5 11 506 (195) 11 266 (119) C

tolOl..l mg of testosterone). After single and multiple dose administration of .
testosterone gel 1.62% at dose levels ranging from 1.25 g10 6.25 g (20.3 to 101.1 mg of
testosterone), mean Ciy, values in the eugonadal range of 300 — 1000 ng/dL are obtained.
[0162] At the highest dose leveis 0f5.00 g and 6.25 g (81.0 and 101.3 mg of
testosterone, respectively) a greater incidence of C;y values exceeding the upper limit of
normal for eugonadal men was observed. Appropriate monitoring in Phase 3 clinical

development is indicated.

[0163] All references, including publications, pAatent applications, end pafenis,
cited herein are hereby incorporated by reference to the same extent as if each reference
were individually and speciﬁcally’indicated to be incorporated by reference and were set
forth in its entirety herein.
[0164] The use of individual numerical values are stated as approximations as
though the values were preceded by the word “about” or "approximately." Similarly,‘the
numerical values in the various ranges specified in this application, unless expressly
indicated otherwise, are stated as approximations as though the minimum and maximum
values within the stated ranges were both preceded by the word “about” or
"approximately." In this manner, variations above and below the stated ranges can be
used to achieve substantially the same results as values within the ranges. As used
herein, the terms “about” and “approx1mate1y’ when referring to a numerical value shall
have their plain and ordinary meanings to a person of ordinary skill in the art to which the
particular subject matter is most closely related or the art relevant to the range or element
atissue. The amount of broadening from the strict numerical boundary depends upon
many factors. For example, some of the factors which may be considered include the
criticality of the element and/or the effect a given amount of variation will have on the
performance of the claimed Subj ect metter, as well as other considerations known to those
of skill in the art. As used herein, the use of differing amounts of signiﬁcant di.gitsAfor
different numerical values is not meant to limit how the use of the words “about” or
“approximately” will serve to broaden a particular numerical value. Thus, as a general

matter, “about” or approx1mately” broaden the numerical value. Also, the disclosure of
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3.75 60.8 11 750 (221) 11 523 (241) D 5.00 81 8 1422 (1450) 8 1145
(1466) E 6.25 101.3 10 1179 (520) 10 965 (527) T[a] A 1.25 20.3 11 8

(0 - 16) Swd2400p976 16) (h) B 2.50 40.5 11 4 (0 - 16) pé18s2006040481
24) C3.7560.8 11 8 (1 - 12) 11 1 (1 - 12)- D 5.00 81

ranges is intended as a continuous range including every value between the minimum and
maximum values plus the broadening of the range afforded by the use of the term “about”

V ~or “approximately.” Thus, recitation of ranges of values herein are merely intended to
serve as a shorthand method of referring individually to each separate value falling within
the range, unless otherwise indicated herein, and each separate value is incorporated into
the specification as if it there individually recited herein.

- [0165] Use of the phrase ‘the invention’ or ‘the present invention’ is not meant to
limit the élaims in any manner and no conclusion should be drawn that any description or
argument associated with a particular use of the phrase ‘the invention’ or ‘the present
invention’ applies to each and every claim. The use of the phrase ‘the invention’ or ‘the
present invention’ has been used solely for linguistic or grammatical convenience and not
to effect a limitation of any nature on any of the claims. -

[0166] Alternative embodiments of the claimed invention are described herein,
including the best mode known to the inventors for carrying out the claimed invention.
Of these, variations of the disclosed embodiments will become apparent to those of
ordinary skill in the art upon reading the foregoing disclosure. The inventors expect
gkilled artisans to employ such variations as appropriate, and the inventors inten& for the
claimed invention to be practiced otherwise than as specifically described herein.
Accdrdingly, the claimed invention includes all modiﬁcatiohs and equivalents of the
subject matter recited in the claims appended hereto as permiﬁed by applicable law.
Moreover, any combiﬁatipn of the above-described elements in all possible variations
thereof is encompassed by the claimed invention unless otherwise indicated herein or
otherwise clearly contradicted by context. ' 4

[0167] It is to be understood that any ranges, ratios and ranges of ratios that can
be formed by, or derived from, any of the data disclosed herein represent further
embodiments of the present disclosure and are included as part of the disclosure as
though they were explicitly set forth. This includes ranges that can be formed fhat do or
do not include a finite upper and/or lower boundary. Accordingly, a person of ordinary
skill in the art most closely related to a particular range, ratio or range of ratios will

appreciate that such values are unambiguously derivable from the data presented herein.
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8 1.5 (0.5 -24) 8 1.5 (0.5 - 24) E 6.25 101.3 10 6 (0.5

_ . . . .5 - 24) 10 6
(0.5 - 24) Quin A 1.25 20.3 11 209 (91) 9 46 (77) (ng/dl) B 2)50 40.5
11 263 (138 2db0287¢ 70) C 3.75 60.8 11 310 (106) 11 89chisaisodds. 00
81 8 414(184) 8 154 (203) E 6.25 101.3 10 351 (43)

[0168] . _ The use of the terms "a" and "an" and "the" and similar referents in the
context of this disclosure (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. All methods described herein can be performed in any

- suitable order unless otherwise indicated herein or otherwise clearly contradicted by

“context. The use of any and all examples, or exemplary language (e.g., such as, -
preferred, prgferably) provided herein, is intended merely to further illustrate the content
of the disclosure and does not posé a limitation on the scope of the claims. No language
in the specification should bé construed as indicating any non-claimed element as

essential to the practice of the claimed invention.
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10 102 04) Fluctuation A 1.25 20.3 11 81 (20) 9 271 (166) B 2.50
40.5 11 66 08) 11 262 088) C 3.75 60.8 11 97 (43) 11 252 (149) D
5.00 81 8 129 (66) 8 355,(306) E 6.25 1013 9 117 (52)' 9 201 (69)

[ a]

medi an (range).
W( ge)

hat is claimed is:

1. A hydroalcoholic gel pharmaceutical composition comprising:
1. from 1.50 % to 1.70 % (w/w) testosterone;
1i. from 0.6 % to 1.2 % (w/w) isopropyl myristate;
1ii. from 60 % to 80 % (w/w) of an alcohol selected from the group
onsisting of ethanol and isopropanol,
iv. a sufficient amount of a thickening agent to give the composition a
viscosity in excess of 9000 cps; and

V. water.

2. The composition of claim 1, wherein the composition comprises from 67.0 %
to 74.0 % (w/w) of an alcohol selected from the group consisting of ethanol and

1sopropanol.

3. The composition of claim 2, wherein the composition comprises about 1.62 %

(w/w) testosterone.

4. The composition according to any of claims 1 to 3, wherein the composition

comprises from 0.6 % to 1.4 % (w/w) of a thickening agent.

5. The composition according to any of claims 1 to 4, wherein the thickening
agent is formed by combining a precursor polyacrylic acid with a neutralizer in the

course of forming the composition.

6. The composition of claim 5, wherein the thickening agent is a neutralized
carbomer.
7. The composition according to claim 5 or 6, wherein the neutralizer is selected

from the group consisting of sodium hydroxide, ammonium hydroxide, potassium

hydroxide, arginine, aminomethyl propanol, tetrahydroxypropyl ethylenediamine,
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WD 2007/ 044976PCT/ US2006/ 040481 [ 0157] Gbserved AUC, Cavg, and Cmax
paraneter val ues on Day 14 increased across the dose range of 1.25 g
to 5.00 g, with an apparent leveling off with the 6.25 g dose. In the

5 g dose Ievellgroup, one subject (#25791) on Day 14 had Ca. and Cavg
val ues of TEB8BOREIRG  arftPABEPMiAg/ dLPEFelopeceospBle. THESEPIPAMMANIRES o
appr oxi nattrﬁéo}’)r&pb'anéIQJn%eiHnQQ%ﬁlbﬁrﬁ@iBﬁ fi8r ‘BF.her subjects in this same
treatnent group. The cause of eIevateg evels in this subject is
unknown. Wen this subject's values are renoved fromthe group nean

5 00 g dove or b SRSy B Btpik S ADE RNl BRREF Sl 7

to 510 ngfwily) DriN Na@g,. respectively. Using these revised nmean val ues,

a trend of increased Cavg and Cra., values over the entire dose range

of 1.25 g to 6.25 g is observed. 101581Cbserved nean Crain val ues

W Uh Tl € pl e doay i bl ol b GLAARRT0 &R TR P don

Wi mul tiple dosing a e 3. g, b. g, an : ose | evels.

oser ved hesarvigasity of 135000 ¢hsde 38,80@kps.r anged from 322 to 671 ng/dL

and were in the eugonadal testosterone range of 300 to 1000 ng/dL.

[ 0159] Qbserved Cmax values on Day 14 for the 1.25 g dose |evel

remai ned Hel ovllich@mpppetonlacairdingfto tineoftigianddal9, canpesifg1000 ng/ dL) .

In the other dose groups, a total of 12 subjects had observed Cm

val ues above 1000ng/ dL. At‘thg6§%58*ﬁ%§8ﬂ@€Vel, one subject had a Cm

ax value of 1010 ng/dL. At _the 3 77,0986 bSYel~) one subject had a Cm

val ue of 1070 ng/dL. At the 5.00 g dose level, Tour subjects had Cnax

val ues >1000 ng/dL rangi ng-fr bi0%GaB@sopoopddB8Qringfedl. At the 6.25 dose

| evel , six subjects had G a. §8Q?e§ ﬁiooq dL ranging from 1110 to
Ohotsadenolshid,

2080 ng/ dL. These observation e bioanal ytical results
fromthe LC- M5/ M5 assay. ThesgoyaldfesNedRum @l dicdent i fied during the
predose testosterone safety testing conducted at the clinical site.

[ 0160] Basel i ne adj ust ed mean Ga¥%% ofanuéed watsreased with dose across
the entire dose range. Baseline adjusted nean Can indicates
endogenous testosterone concentrations increased from 131 to 413

ng/ dL ovell.t heTle @mmppsttonGceddmgdosey béngenal tel 0.fwhartiaghe daypsositfon
mul tiple daose %?nigistratﬂon.of testosterone gel 1.62% Concl usions
[ 0161] Bas@dUToF AR NERAEOPAT NG 2 Al W adverse event data, safety
testosterone and hematocrit | aboratory neasures, and application site
eval uation, testosterone gel 1.62% was safe and well tolerated at
dose | evel% rah sRjnpassianiotdainy 16, pherginothe gubjechlisz pwtreyiment serum
2007/ 044 t of testosterone). After
singl e aﬁégﬁﬁﬁ@y§%§9%%§§9§§%$ﬂﬁét%@ﬁ%%ﬂpof testosterone gel 1.62% at
dose levels ranging from1.25 g to 6.25 g (20.3 to 101.1 ng of

t est ost erppe) ,,.ne vg val.ues in the eugpnadal r.ange of..300- 100
gl ol L ar B obt Ynad Py Tess At e b BRedt 98 Setpeu L Sespratty ga
6.25 g (8daithsan® 100dr BedtthelypbSsiladisintihAnBale k@BACt i vel y) a greater

i nci dence of C val ues exceeding the upper Iimt of normal for
eugonadal nen was observed. Appropriate nonitoring in Phase 3
clinical gdevelggneniesioitetdidl BRIHRINadu@AeR LA b cﬁﬁ%ggiﬁgﬁgécordiﬂg ki ngr
publications, patent applications, and patents, cited herern are
her eby i ndainpol &t €0 flaytreasingrhypogontadistthef & anjeetxtagitg apreaticatesnh serum

reference re individually and ifically indicated to be

i ncor por af 8“9?“?8@5?&%%5”%&&%%&5%% ng%grth inits entirety herein.
[ 0164] The use of individual nunerical values are stated as
approxi mati ons as though the val ues were preceded by the word "about"
or "approximately." Simlarly, the nunerical values in the various
ranges specified in this application, unless expressly indicated
otherwi se, are stated as approximations as though the m ni nrum and
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conprises fromO0.6 %to 1.4 % (ww of a thickening agent. 5. The
conposition according to any of clains 1 to 4, wherein the thickening
agent is fornmed by conbining a precursor polyacrylic acid wth a
neutralize 'nUthe course of formng_the cgnp05|t|on Hpe

conposi tilon of U39 & thsi8stergRe fyi b c HEU R 8 ? FEMAGEHEN pCORIRB IR P 9z ed
car bOmer . oifimthetCAMRPSiehi A ACORAKAY HRrbhal ilbapQliicRlly WHSE Bold 6t
neutralizer is selected fromtHhe group conS|st|n% sodi um
hydrOX|ddheammpmnmmlhydnmmsweﬁ(mﬂyasémGHMthrOX|de, ar gi ni ne,

am nonet hyl propanol, tetrahydroxypropyl ethylenedi am ne,
triethanol am ne, t ronet ham ne, PEG 15cocamme, di i sopr opanol am ne,
triisopropanol @8 feedbdeofdfh 1k nRRSfChSE 8P4 cm%pos-[h@n Q&@Rﬁﬁ td Qgr
claim5, wherein the neutralizer is from6.5 %and 7.5 % (

NaOH.  9.claims bmﬁb&rttﬁe@hnahmgdnm;sm,owmmof th@taaeuts:auy teﬁeglvem@ a n

the conposj t.i o sSCcQs 0 cps. 10. The
conposi ti BT 36? I}% ttwdcea%h%%{e térflgﬁ ?%dégqo{ %ﬁ SE gb 9%37 g?’shg 1. 62% of
testosterone 73.5% of al cohol (95%v/v) 1. 00% of i sopropyl nyristate
1. 00% of carbopol (r) 980 7.00% of 0.1N sodi um hydroxi de 15.9% of
purified water. 11. The conposition according to any of clainms 1 to
10, wherein the conposition is for treating hypogonadismin a nale
subject. 12. The conposition of claim1l, wherein the subject has a
pretreatment serumtestosterone concentration | ess than 300 ng/dl.

13. Use of testosterone for the manufacture of a conposition
according to any of clains Ito 10 for treating hypogonadismin a male
subject. 14. Use of testosterone for the manufacture of a
conposition according to any of clains 1 to 10 for treating
hypogonadi sm of a subject having a pretreatnent serumtestosterone
concentration of |ess than 300 ng/dl. 15. Use of testosterone for

t he manufacture of a conposition according to any of clains 1 to 10
for treating hypogonadi sm wherein a therapeutically effective dose
of the conposition is admnistered daily to the subject. 16. Use of
testosterone for the manufacture of a conposition according to any of
claims 1 to 10 for treating hypogonadism wherein a therapeutically
effective dose is adm nistered once, twice, or three tines daily for
at | east about 7 days.
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