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COMPOSITIONS The present invention relates to compositions of
compounds obtainable from Euphorbia species and which are useful in

the treatment of skin cancers. The compound ingenol angelate can be
isolatedons various Euphorbia species, and particularly fremrkamberiniarss
peplus and Euphorbia drummondii. Ingenol angelate exists in three
isoforms; ingenol-3-angelate (isoform "b'), ingenol-5-angelate (isoform "a’)
and ingenol-20-angelate (isof t of these is also referred to

ev~~'~~1X~x.trIrlert, Ingenol angelate has been found to be highly toxic

far,skin cancer cells via rapid ‘mitochondria) disruption and cell death b )
o e T A G I CHANEA G ALl B Sohporbia
digclosemdorhisbiantisspligsetdnirerimaetive’ grinciplesderived from plants of
the species Euphorbia peplus, Euphorbia hirta and Euphorbia :
drummondii, which show selective cytotoxicity against several different
cARB&PERP IR DErAY EBRHHEIAYS WO daisd/ GoBuETiPe HiaBkous Ansairsgand
meewmfylm%ff@gpwmaa@qwml @h@ama@r&a@@rmum#hmaligagéﬁo1 angelate
melanomas an uamous carcinomas.(SCCs)..The compounds ar
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prefeand dogompadtinddsiain Gafaioyic’ suBstithtebiithemanel shtdaned frdrrein as
the Sapioh FrRhoIBiRRERIMS: Microgram quantities of ingenol angelate are
typically therapeutically effective. However, the tendency for isoform b’ to
undergo rearrangement to isoform "a' and subsequently to isoform “c'
presents a formulation problem, where it is desired to restrict the

formulation to either a specific isoform or to a ratio of isoforms. This is
particularly a problem with I3A, as the different isﬁorms have different
solubilities. £ §

Ingenol angelate has been found to be highly toxic for skin cancer cells via rapid
mitochondrial disruption and cell death by primary necrosis, while leaving healthy ceils
unaffected.

US-A-6432452 discloses compounds present in an active principle derived from plants
of the species Euphorbia peplus, Euphorbia hirta and Euphorbia drummondii, which

show selective cyiotoxicity against several different cancer cell lines. The compounds



There is a need for an effective, topical treatment for skin cancer, as
systemic treatments involving other drugs necessarily result in exposure

of susceptible healthy cells, in non- target parts of the body, to cytotoxic
chemicals. In addition, systemic anti-cancer treatments, whether
wadninisteywd orally or by injection, have lower patient acceptenass2dbe08739
is a need to provide a stable formulation of ingenol angelate, preferably for
topical administration. It has now, surprisingly, been found that ingenol
angelate can be solubilised, substantially without rearrangement between
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actbpitid ngmtic sbiviend, Saidttersap eliBnpiurthiapepmprising a
pharmaceutically acceptable acidifying agent which is at least partially
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angelate can be dissolved in many solvents, and various solvents are
illustrated in accompanying Example 1. However, ingenol angelate is
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glycol, dissolution can take some considerable time an

‘There is a need to provide a stable formulation of 'ingeno}; angelate, preferably . for
topical administration.

It bas now, surprisingly, been found that ingenol angelate can be solubilised,
substantially without rearrangement between isoforms, in an acceptable, aprotic solvent

in the presence of an acceptable, miscible acidic buffer.

Thus, in a first aspect, the present invention provides a formulation of ingenol angelate
for use in therapy, wherein the ingenol angelate has been dissolved in a
pharmaceutically acceptable, aprotic solvent, ‘said formulation further comprising a
phaxmaceﬁtically accepfable acidifying agent which is at least partially compatible with
the solvent and which provides the formulation with an apparent pH of no greater than
4.5, '

The present invention envisages formulations of any of the isoforms of ingenol
angelate, or mixtures thereof. At present, the preferred isoform is isoform ‘b, also

referred to herein as I3A. It will be understood that references to ‘ingenol angelate’ and



this, together with the temperatures required, can also lead to
rearrangement to an extent above acceptable levels. Substances such as
acetone and acetonitrile are capable of dissolving 13A, but are not
generally pharmaceutically acceptable, and may not be suitable for long

enrsintes. More acceptable may be substances such ametnieeshyk 3o
ketone, ethyl acetate, or diethyl ether, Qut benzyl alcohol is generally

most preferred. A number of substances are suitable to dissolve 13A, but
stability is not guaranteed, and generally unacceptable rearrangement
levers niBstiste oisierved iftethseriseforanging batwesnizsditflemied? otherwise
haypsramd as much as six months or a year. In the absence of water, or -
other protic solvent, there will not be a measurable pH. Under such
conditions, and especially at elevated temperatures, rearrangement is
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citrate buffer, phosphate buffer, acetate buffer and WO 2007/068963
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will be apparent to those skilled in thie art. In particular, it'is pre
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PIf %rrggld a{'é%llé s vggrtlcularly preferred that the apparent formulation pH
be 3.8 oF Ss, preferably around 3.5, or less. An apparent pH of around 3

is useful. A buffer having a pH of 2.75 has been found to be particularly
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formulation when used in quantities as illustrated in the accompariying

EBARpE L Rt B asRie 6 1he BuciTsbpaviiddn fooleasitoresstorage.
-Préferabhephb: inaptbe Sibaagkis pieferabimaisitraie Puliehdt ethyl acetate, or

diethyl ether, but benzy! alcohol is generally most preferred.

A number of substances are suitable to dissolve I3A, but stability{is not guarmteed and
generally unacceptable rearrangement levels may be observed after periods ranging

between as little as 12 hours and as much as six months or a year.

In the absence of water, or other protic solvent, there will not be a measurable pH.
Under such conditions, and ;specially at elevated temperatures, rearrangement is likely,
Thus, it has been found that it is generally possible to inhibit rearrangement by the
presence of a suitable acid.

~ Suitable acids are generally organic acids, as it has been established that I3A can
decompose much below about a pH of 3, while rearrangement is likely to occur at
above a pH of about 4.5. Where it is intended to store the formulation for periods of
any length, such as a month or more, then it is préferred that the acid be in the form of a

buffer. Suitable buffers include citrate buffer, phosphate buffer, acetate buffer and



will be appreciated that the acid will generally be in the form of an

agueous solution, preferably in deionised water, unless otherwise
indicated. Citrate buffer is preferred. Where acetate buffer is used, this
may typically have a pH range of 3.5 to 5.5, while citrate-phosphate buffer
waypdypiesdby have a pH range of 2.75 to 7.0. It will be understaagksthad e4739
solution in which the solvent is aprotic cagnnot have a pH, as this is a
measurement of the H+ ion. However, where such a solution is at least
partially miscible with an acid, or acidic buffer, and such is present, then
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protic solvent can immediately result in the formation of the other

ispfarme. bddhissamas %ﬁﬂ%@%ﬁm @93&9@%%@&0 cannoltﬂlh ve a pH, as
PCT/GB2006/004739 5 small amaunt of acid or, acidic buffer, w ich

terms ard GBI RS AL MBS NP e FARVEYRE SKhthuithiasopinténtt least partiaily
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~isoforms” forming, such is the suscep |Balﬂ§y of mgeno]} ang fafd P P
ré’lgﬂ;igﬁ'étéq‘ﬁ@ﬁfpnns, and will generally comprise a majority of buffer, or ionic solution,
but will always comprise aprotic solvent, so that only an apparent, rather than an
absolute, pH can be measured, as the measured pH relates only to the ionic component.
A suitable means for measuring apparent pH is with the Jenway 3320 pH meter.
Accordingly, the result may not have the meaning normally ascribed to an ionic
solution, especially where the amount of acid or buffer is small, but the significance is
that, insofar as any ionic environment is present, that environment is acidic, As the
amount of acid increases, so the apparent pH becomes more equivalent to pH. While
not being bound by theory, it is likely that ingenol angelate is primarily dissolved in the
aprotic solvent, as it has very low solubility in water. Subsequent addition of the
ingenol angelate solution in solvent to an acidified ionic solution allows a suitable,
optionally aqueous, ionic solution of ingenol angelaté to be prepared, thereby avoiding
dissolution of ingenol angelate directly in a protic solvent, which is when the greatest
amount of rearrangement appears to take place, Thus, contact with a protic solvent can

immediately result in the formation of the other isoforms, but this can be minimised if a



The aprotic solvent and the acid are at least partially compatible, in that a
stable preparation of the two can be. formed. The acid and solvent are
preferably miscible, and are preferably miscible at all ratios. In particular,

it is generally preferred to add a small amount of buffer to the solvent
gsingygsshortly after, solubilisation of the ingenol angelateamopdessian4739
keep the apparent pH at a relatively lowgevel. Subsequently, it may be
desirable to make up the solubilised ingenol angelate in an excess of the
buffer that was used during the initial solubilisation. Stable preparations
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the provision of a mixture of solvent and acid as a single phase generally
further minimises any risk of angelate rearrangement. Solvents that are
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where a riate. iC (é L f)uﬁ‘er is citrate buffer, pH 3 or
lower. pre era%ly pll-fgp%tc fP %A%'Ip Ech %’8 9%'2.5% w/w quantity of pH
.2.5 citrate buffer will generally yield an unmeasurable apparent pH but, at
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phase generally further minimises any risk of angelate rearrangement.

Solveﬁts that are particularly useful in the present invention are those which exhibit
both hydrophilic and lipophilic traits, such as ring systems which are preferably
homocyclic, and which have hydroxy groups substituted thereon but separated by at
least one carbon atom from the ring structure. A. particularly preferred example of such

a solvent is benzyl alcohol.

Although it is possible to use an acid rather than a buffer, it is generally preferred to use
an acidic buffer to minimise the fluctuation in pH. As such, it will be appreciated that,
whilst the term ‘buffer’ will generally be used herein, this term also encompasses acids
and acid preparations, where appropriate. A particularly preferred buffer is citrate
butfer, pH 3 or lower, preferably pH 2.75. In benzy! alcohol, a 2.5% w/w quantity of
pH 2.5 citrate buffer will generally yield an unmeasurable apparent pH but, at higher
quantities, yields a pH of around pH 3. The relationship between pH of buffer and



acidic, and the nature of the preferred buffer at these levels is similar to

the nature of the preferred buffer when subsequently diluting the

formulation for use. It is generally preferred to acidify the solvent,

preferably benzyl alcohol, with an amount of acidic buffer, preferably
Wetwrentand 10% by weight, more preferably between 2 apdradsopsian 739

to addition of I3A. While the formulationgoes not have to be diluted for

use, it is generally the case that I3A is a potent substance, and stock
solutions of 13A in solvent, preferably benzyl alcohol, may be made up
foPEIEG & hie ferplslphis bordsennen Sug EstuRlsolutibhey maptitiendiéuffer
dikuted, @gﬁ@aﬁglymt&bmﬁ%zﬁéﬂ%iE@@iﬁ&fﬁﬁ%f@ﬁk}é@ 13PiR0Y #RAlnvironment

formulation or preparation. The amount of buffer used when solubilising
: th%cﬁ%e%a %%ﬁd@fﬁfs %éﬁ%%ﬁ%@%ﬁﬁf abBiEvIarE toBRilandhetprure of the
amx;ﬁmeié B ffeis WtefeBt&det@la:d@‘aimgity@fd&m{.ﬁ’gisﬂﬂle&%_aefte_lmﬁd@a&raﬂy
ERGRAIOGRIAISIO R SPNGOAILATARL I MICIIPC e KOO0 A, s
any rearrangemerit taking p vk, itis ggner%ﬁg/ preferred to avoid using
afieiF Pt aaber ismey thad 10Y0bbyieishunotaimeciolnbageen 2 and 5%,
disselsbendslizectyinto the buffer is generally not readily achievable. It is
- preferred to employ the buffer as a means to keep the apparent pH of the
solvent at a low level, without providing any substantial amount of protic
soNgiet darfnguiissolutioss abthievngenol dihgelate. Gade ithedaginahe case that
anggelate antially. dissol hept Is possible, and.m
e i Sl o B AP v

cAtRpReinBEifiesre ol apo matlF pRir ¢icd s trkelns. sbethatpck solutions

angibioties, Jorerampla-Rralgrediovein.ofulfer AreindDe12aion 0y fnal
O.%%-I %, and preferably between 1% and 5%, with about 2- 3% being
m

STt SPERHY e dissolution phase. The dissolution phase

comprises dissolving at least a majority of the ingenol angelate in the
saient,And %ﬁ&@?'}{s%é %%%t SRaps b Inge r%%éea?r%g%l{“&é{% the %%}r‘{z?é‘étween
more preferably at least 99% w/w. Formulations of the present invention
ey Bl sl Bt ety bt ameostored ot teprrdemed rddiditomtity of buffer
~ fommoulations elithespresantinventionmay, pevideahase omuation W e
2919&?1[, 908(? g? a%crz Ié%BaﬁggﬁégP éﬂ@gg p71ace. It is generally preferred to avoid using
amounts of buffer greater than 100% by weight of the solvent, as dissolution directly -
into the buffer is generally not readily achievable. Itis preferred to employ the buffer as
a means to keep the gpparent pH of the solvent at a low level, without providing any
substantial amount of protic solvent during dissolution of the ingenol angelate. Once
the ingeno! angelate has been substantially dissolved, then it is possible, and may even
be desirable, to make up the formulation with an excess of buffer comprising, if desired,
other optionally protic constituents, such as antibiotics, for example. Preferred levels of
. buffer are in the region of 0.5%-10%, and preferably between 1% and 5%, with about 2-
3% being most preferred during the dissolution phase. The dissolution phase comprises
dissolving at least a majority of the ingenol angelate in the solvent, and preferably at

least 95% w/w ingenol angelate in the solvent, more preferably at least 99% wiw.

Formulations of the present invention may be used directly, or may be stored for future

use. In addition, formulations of the present invention may provide a base formulation



which can then be further modified prior to use. For example, as described
above, the formulation may be made up in an excess of buffer or may be
formulated into a gel, for example. It has also been found that

formulations of the present invention are generally more stable at lower
{emprraldsses. Particularly preferred formulations of the present agnsendimarss
such as those comprising benzyl alcohel and citrate buffer, may exhibit
substantial stability at temperatures as high as 40C but, in general,

increasing stability is observed at temperatures below room temperature
arthisie sa teetRoPHY henredifipd ntisst istability os olsarredsatescribed above, the
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stability so that, in general, the greatest stability is achieved simply by
pl&HY formulations of the invention in a conventional refrigerator at a .
temperature of between about 2C and 8C. The present invention further
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dissolving the ihgenol angelate in pﬁarmaceutlca y acceptabFe, aprotic
SGRRSAT, 18 Aibhpnse sdiibnoribmigitecaerali she eregisparishibbuticathjeved simply
acesjiiable Reikfyingagent whishisnahlgashrartialiv campatibleith R rare
s%lﬁlge%aglgag/vhi%r; §ro§i§9 the formulation with an apparent pH of no :
greater ffs %5 i idifying agent being added with, before, or after
thé ingenol angelate. The acidifying agent is preferably a buffer. It is
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13A to ensure that no more than about 1%, and preferably no more than
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acidifying agent which is at least partially compatible with the solvent and which
provides the formulation with an apparent pH of no greater than 4.5, said acid being

added with, before, or after the ingenol angelate.

 In an alternative, the pfesent invention provides a process for preparing a solution of
ingenol angelate, comprising dissolving the ingenol angelate in a pharmaceutically
acceptable, aprotic solvent, said process comprising the addition of a pharmaceutically
acceptable acidifying agent which is at least partially compatible with the solvent and
which provides the formulation with an apparent pH of no greater than 4.5, said
acidifying agent being added with, before, or afier the ingenol angelate. The acidifying
agent is preferably a buffer. |

It is preferved to add the acid, or buffer, sufficiently soon after addition of the I3A to
ensure that no more than about 1%, and preferably no more than about 0.5%, of the ‘b’

isoform rearranges into the ‘a’ isoform. Preferably, the acid or buffer is added to the



8 solvent before adding the I3A, although all three ingredients may be
combined at the same time. This latter is the least preferred option. This
process may also be used for the preparation of ingenol angelate
formulations using other compounds and solvents, such as polyethylene
glpcabwhete direct solubilisation may be associated with aRcT/GB2006/004739
unacceptable level of rearrangement. Ajthough 13A can dissolve in PEG,

it takes in the region of an hour at elevated temperature, which generally
leads to the generation. of unacceptable levels of the "a' isofonn. If the

138l SsBrreerns e Bt p eRbyrelicahditiesingridients thasnbisecombined at the

ingadueed dnastiviitn the IBEGwithauttheprolonged exposure to heat.
As only enough benzyl alcohol is needed to solubilise the 13A, then the

total amount of benzyl alcohol in the final PEG formulation need only be .
in thés regiess ahby/maiswbe rdest fdEhbsepfopmetiations imaydeakepsttorormulations
sugiainedhperiofs, SRRecialy whenkertal feROLRG DY lower.
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use of a formulation OJeE-hﬁ irlvecli‘ltion in the treatmept of a SI%JR cancer. The . |
invertion also provides the uss df tngErESFERYemes Frere et istealpe 2
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aprotic solvent, said formulation further comprising a pharmaceutically
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greater than 4.5. Suitable cancers for treatment in accordance with the
present invention include squamous and basal cell cancers. It will be

appreeidteanirionyeamriehe | keptided Wereingdnohaitels, bathettighapyimndkept at
pﬁ@ﬁﬁ!{@%@s WR200HARE9E3 RG-THB2B0BANA 439 no more than about 1%, and
preferably no more than about 0.5%, rearrangement of the b’ isoform to the ‘a’ isoform

after 3 months, more preferably 6 months.

There is further provided the use of a formulation of the invention in the treatment of a

skin cancer.

The invention also provides the use of ingenol angelate in the manﬁfacturé of a
medicament for the treatment or prevention of a skin cancer, wherein the ingenol
angelate is dissolved in a pharmaceutically acceptable, aprotic solvent, said formulation
further comprising a pharmaceutically acceptable acidifying agent which is at least
partially compatible with the solvent and which provides the formulation with an
apparent pH of no greater tha.n 4.5,

Suitable cancers for tfreatment in accordance with the present invention include

squamous and basal cell cancers.

It will be appreciated that ‘treatment’, as used herein, includes both therapy and
prophylaxis. |



9 The present invention also provides a method of treating a subject
suffering from a cancerous skin condition, comprising the topical
application of a therapeutically effective amount of a composition of the
invention to the area of the cancerous condition. Suitable subjects for
{repimnentsage mammals, including humans, primates, livestagk;/appaalsosrso
(including cows, horses, sheep, pigs ang goats), companion animals
(including dogs, cats, rabbits, guinea pigs), captive wild animals, and
laboratory animals, such as rabbits, mice, rats, guinea pigs and hamsters.
The compositions of the present invention are particularly suitable for the

trepengrtak h%ﬁﬁoﬁkﬂb@%gﬁ@sIE%E@S@BP@%@%@\%}"@? suffering frorﬁ a

formulations of the present invention may be used in any suitable cancer
proBIfGTaS it ORISR AFRTISALAH taPRiSan aynbisatay itabiaerapsatically
ineliitei creamsny el ointm@sisolo iGN SPraysicacguesrs avd paits Rhcerous
topigat.:application, powders, solutions and suspensions for the airways,
solutions and emulsions for injection, capsules, syrups and elixirs for. oral
administration, and pessaries and suppositories. Other suitable

a(ﬁ'ﬂiﬁ?ﬂ&m&mﬁrmﬁ wihbereadily, ApRare %@J&lﬁgeﬂ%{é&%‘? Mﬁ&f Uivestock
and.m(%g @:Iﬂ%e transdermal patches, for examplé.” In a preferred
imen

erfibo O e Pres SRy SNTBn PigR TR SRB ARG RIERR S Atk Hacluding
aréofsrreaitatebibity; ppicalBgiiciptiationidarmdtheRsesd thboiattial farmelatiash as

B8R Al 0V BRHANL g ToFIUBIRN.MAY e IAAR PG
the fmaf_form either just before use as soon as é?e%lre(fa er preparation

offiR @RI SR fnthraeaRprahrdibuansarpkin£808e6f the invention at

all times. Formulations may comprise additional ingredients, as discussed
belaow,. It is particularl eferred to.emplpy antioxidants, as these appear

to provide SHhanced SEA By TEHE fiSHE TS EBIEca e s n any

antisxidamyderchudehptins lyrasearwoiacislnycispeie Butiated be any suitable,
Tégﬁoﬁ@ﬁﬁ@%aﬁl@g é&g,o Bfﬁ%&@m‘!}’%@&’&?/ 83@%93?31&@%1!1[56 aBn 19% SO %gr:%?c'pical
application, powders, solutions and suspensions for the airways, solutions and
emulsions for injection, capsules, syrups and elixirs for oral administration, and
pessaries and suppositories. Other suitable administration forms will be readily
apparent to those skilled in the art, and may include transdermal patches, for example.
In a preferred embodiment of the present invention, the ingenol angelate formulations

are formulated for topical administration.

In all cases, the i;:u'tial formulation is as a formulation of the invention. The formulation
may be made up into the final form either just before use as soon as desired after
preparation of the formulation, but will usually remain a formulation of the invention at
all times.

Formulations may comprise additional ingredients, as discussed below. It is particularly
preferred to employ antioxidants, as these appear fo provide enhanced stability to the
formulations.  Suitable examples of antioxidants include retinol, ascorbic acid,

lycopene, butylated hydroxytoluene, and tocopherol.



The amount of ingenol angelate required for pharmaceutical efficacy will
be apparent to those skilled in the art, and may be adapted according to
physiological parameters, such as age, weight and sex of the patient, as
well as the size of any lesion. In general, an amount of ingenol angelate

suiafledaqrovide between about 0.01 ug cm -2 to about | pRgranR-Boaaan 739
be employed, with a range of 0.1 mg cm2 to about 100 ug cm-2 being

more preferred. In the accompanying Examples, a formulation providing

15 ug cm2 was used, but formulations of 1 pig cm2, or less, have been

folfd anpebetiegoec]ipgsbta i &riprrmletiotis:bé e iyveiitionanmayent to

COMAINABAIN-ARAMOMM ,92}@95@9&9&%‘2{&9{&{}{\? 49 p@i}Jsli:’c?'_f% éWéWIgafﬂﬂé?Ers, such
preferably up, toa%%outlo.l- 0.12% (w/w). Topical formulations are a
- prétéiFRdEhbERh & Of trengtesb s Rhofeiitnief paydseion In general, an

hesetofarefinfessignisadpsapaty of theingeoelanasiales.is parisifagubout 1
- useful, i that it. has gee found that they have vasqgconstrictive o
properties Rccordigt ?gygf‘éﬂ‘rﬁcr%i[% fidnBE {18 altigRomgtedikgcra” being

mimimigedfeamingrtotsectedipeas Riopd-Apnedn dHenvicinibnitraatmers. It cm™
will be aé%imije(%ifxted Ihat the nature of the formulation will determine the
rate of permeation acroes ?Hélglﬁﬁl. AL PRV BN APHRS 19rBecisei iRt the

theltfonaitiatiGmbelapeepar the Uinlvdindta nate ofpeirmiBatidn efaideast of from
b rbd MO0 s AReNRd. HTORIS IS NO Shecial1pper it

although ﬁ?s y;onerallfl (pref(ja’rredet a%%lgsbﬁ'oﬁ é)%caeg i %ﬁu?’m&%ﬁ"’é‘ﬁ?'-z

h-1. Topical formulations may take any suitable form. In general, it is

predetced ihalthaynexhibit semeadevahebyiseasity, iopdatthatdBey6antn this
b%etazfr(aretg%eaé t'g%g desired area, without running off. Accordingly, itis .

génerally preferred to ormaTate ingeRar ahg St a0l c¥tRElE S particularly
ointehidntsn atikpaintsasGheen thisupdtehey didpgbaal angetaterripainetspoayrties.

b%@&]f&ﬁﬁé@ﬂ’ A3iihay m@%@@#ﬁ%%ﬁ@@%@éﬁﬁ‘&?@g @gaﬂﬁiégieé%qgﬁ to the

the active ir%%redlent. Poloxamers may be used in preferred formulatiorts
of tARCATlerh R Sdk. Vit aEtregpeimers which consist of a

hydrophobic poloxypropylene (POP) molecule sandwiched between two

hydroghilic molecuie f paloxyethylene, (POE). Thus, they WO

2%03;-' 580 EE I EE 8%%68@765}%@% o? thga g}ngmlamon WLﬁ‘detem:Lme the rate of
permeation across the skin. As such, it is generally preferred that the formulation be
prepared such that a rate of permeation of at least about 11 ng cm™ b7 is achieved.
There is no special upper Hmit, although it is generally preferred that this not exceed

‘around 1 pgem® Rt

| Topical formulations may take any suitable form. In general, it is preferred that they
exhibit some level of viscosity, in order that they can be targeted at the desired area

_ without running off. Accordingly, it is génezally preferred to formulate ingenol
angelate as creams, gels, ointments, and paints. Given the potency of ingenol angelate,
paints may be employed, as they may be applied sparingly, depending on levels of the

active ingredient.

Poloxamers may be used in preferred formulations of the present invention. They are
co-polymers which consist of a hydropﬁobic poloxypropylene (POP) molecule
sandwiched between two hydrophilic molecules of poloxyethylene (POE). Thus, they



11 have the ability to solubilise lipophilic drugs within the hydrophobic
core. Furthermore, poloxamer based agueous gel formulations.exhibit
thermo-rheological properties, which may be advantageous for localised,
sustained delivery of drugs. Above a certain temperature, known as the
oriical-migedle temperature (cmt), the viscosity of the poloxarpeica8hosioosrse
increases dramatically. An increase in \ﬁcosity leads to a decrease in the
diffusion of any drugs dissolved in the gel which slows down the release of
drug from the gel and leads to sustained delivery. The increase in
visesithernbijialspsphavlite lipquiviongeds lihlisad hydnobictithesiteafthermore,
aCEanJxH@; GQ&&S&QI«%EQQS&%&H@&HH&Q%ggf.l%gtvtﬁg@fplgie%lfg hxc%lsl roperties, which
o °h Ens grfycbl.

concentration of poloxamer and other additives such as propy

|d&K) Dhatrtasrstd e lealisstpristined dedivaraeth@rermuftios cagertain
berdnipatedri)tiridien esioReasraitiguidi(ens e:RhpsARIBISHRAIONhARLRY of the

contact with body temperature a.gel is farmed with the aim of achievinga .
e R e e o R B AR draeied frgrese in

loca
Uge, diffasinel gl epoloendssdl8giandipo kst arheh40dv P doxatherd88at drug

bereiin aRPESVEh 38, A GXERISRE TR AIAONS e in viscosity may also provide
(http:// .accessdata.fda.gov). Poloxamer gels have been used for
s REShoquiRrary ah Sl e @iamdiRetienet at, 1999) and other drug
delivery-systems for percutaneous use (Tobiyama et at, 1994). One
pagticular copgl r, poloxamer 407 has been administered -
su bc%tan e%#s%%%er%%hagl 5 ouv?/l?g eogg‘éa%%ggspﬁlngsa%ﬁc(’:flﬁ%Faaggﬁt?gg oloxamer and
- préteansdditiien snehusieerinmeieukiveol aridedibinidn growtiridrnone temperature.
(Mosikama ahal fkBikiilatakansa ehaled 994y FRlquing adminjstation.. of
th%i%els slowly released the en\t{ﬁﬁ ed protein molecules over a period of
1 SRS Bren SRS ARSI SRR B R ARiged vehtihmpio of
ursdervingt arknaliexcretiameR didanyess deedganaradypiegated ag listed in the
angfgx‘iﬁ@qg gﬁ@-i rif t mategials, Animal toxicjty,stugies, with an
rabbits, have %howrﬁ_opoiongngég t%nét\epﬁg?)%}iiaﬁ}%n a7r'1d glog?l}%%}ﬁléiggg}zhas q)een =
WRBH 5P fE dniprsTRenyoand Possiatipeptistmifarionideshineyids cgums
and skin. In a 14-day study of intravenous administration to rabbits, at
trati tq 0.5 g/kg/day, tad ffect re noted. A
Z%?ge%naé%é%%#%%%%eglg%eg fm{Jl )s/u!g]cg.ztg\éggusa d\cllei\f’g?y eof eigsgli\ivle(Barichello et al.,
1999) and other drug delivery systems for percutaneous use (Tobiyama et al., 1994}.

One particular copolymer, poloxamer 407 has been administered subcutaneously for the
slow release of peptides and therapeutics proteins, which included interleukin-2 and
‘human growth hormone (Morikawa et al., 1987; Katakama et al., 1997). Following
administration,'the gels slowly released the entrapped protein molecules over a period
of 1-2 days. Furthermore, a substantial fraction of this poloxamer eventually underwent

renal excretion.

Poloxamers are generally regarded as non-toxic and non-irritant materials. Animal
toxicity studies, with dogs and rabbits, have shown poloxamers to be non-irritant and-:
non-sensitising when applied, in 5% w/v and 10% w/v concentration, to the eyes, gums
~and skin. In a 14-day study of intravenous administration to rabbits, at concentrations
up to 0.5 g/lkg/day, no overt adverse effects were noted. A similar study with dogs also
showed no adverse effects &t dosage levels up to 0.5 g/kg/day. Furthermore, o

haemolysis of human blood cells was observed over 18 hours at 25°C, with 0.001-10%



showed no adverse effects at dosage levels up to 0.5 g/kg/day.

Furthermore, no haemolysis of human blood cells was observed over 18
hours at 25C, with 0.001-10% WO 2007/068963 PCT/GB2006/004739 12
w/v poloxamer solutions (Wade and Weller, 1994). However,

WPsipigseia in rats has been reported when an intraperitpe@lgiiRloo4730
injection (1.0 g/kg) of poloxamer 407 was introduced (Wasan et at, 2003).
Oils may also be used in the present invention. The use of an emulsion

based intralesional formulation has been reported for the treatment of
pstifarsiogan st wintioaedfVRisomd Bithimid®adibn Favenicléypudipidemia in rats
palyoxysthdaaccRaiar ol ig-parmally %'1'#&@;%1&@&5&15&'!6‘ 2/&% f%%cmﬁ{amer 407

emulsjon. However, our studies have shown that dilution of 13A wit

noS TSt Tt esERe tHe WiNersion of isoform “b' to "a’. This ‘
- conversion may be minimised if the administration time of the formulation

is short, . Ih re a number of lipophilic products.that are formulated as,
o b B e R e A BB el
EriFis s B Asto et Sias datisbierpived, ébicles (bithusad vadeswidelffo e ol
fragpyegetablegilssueiasiarachinpibifusedWith RepeWReNZRa1RIRor ofl, is

Dimercapral Injectign B,P.) and sesame oil (used in depot injections of

Fib gf?@%i%é%&%}@&?&ﬂ BpyrAR s o ote g pBUL iR shown
méytsidutiahsdrfiowithebaiélayiad patttioning abthesiigdr omithe o to a*.
oL O MR RO, INITD NSRRI AL EBIERD i< shon.
environment (such"as muscle tissue) a relative thpophl ic drug Such as

I3A, dissolved in an oil phase, will have a tendency not to leave the oil

andeipsiRNARLABSYoPAHIBNINIG DR AMMRO USPRASEI M4 thiISIN@YsBlutions for
susﬁalned release effect can %%{ chieved. Buccal formulations may also ‘
b&empioyed HmiEicE AN ey SPBPA TR AokRETE ﬁaaﬁ% Myers

'a&qﬂih“slraﬁbn fohin/dbeiBusednvaceusiigmiiranesgrebielativalych as arachis oil
p%ﬁﬁ@@%ﬁ‘!ﬁ' @HQ}WWQ&% fﬁggc%%}%k %%cﬁo%%%‘ﬁ%%&@gs%ﬁgﬁ] Gsed in depot
circulation and "avoiding first pass metabolism. Trai smucosa?pro_ ucts
caNBEWESGREePRs e R reivRt e ThBYal Thtitesand orayingseayehicles
rauie usingu¥iieaaslesivesiipdg.davalapment Akibesa dnd.delivehqueous
S%%tdeyn%l%ﬁég ?lg&%(,j *185? JBn &E}Qneir%gc\:/tlgc? g?&@glgége%}g environment (such as muscle

tissue) a relatively lipophilic drug such as I3A, dissolved in an oil phase, will have a

- tendency not to leave the oil and ‘instantaneously’ partition into the aqueous phase. In

- this way a sustained release effect can be achisved.

" Buccal formulations may also be employed. Transmucosal delivery of therapeutic
agents is a popular administration form, because mucous membranes are relatively
permeable, allowing for the rapid upteke of a drug into the systemic circulation and
avoiding first pass metabolism. * Transmucosal products can be designed to be
administered via the nasal route and oral/buccal route using mucoadhesives. In the
development of these drug delivery systems, mucoadhesion of the device/formulation is
a key element. The term ‘mucoadhesive’ is commonly used for materials that adhere to
the mucin layer of a biological membrane. Mucoadhesive polymers have been ufilised
in many different dosage forms in efforts to achieve systemic and localised delivery of
drugs through the different mucosae, These dosage forms include tablets, paiches,

tapes, films, semisolids and powders.



a key element. The term "'mucoadhesive' is commonly used for materials
that adhere to the mucin layer of a biological membrane. Mucoadhesive
polymers have been utilised in many different dosage forms in efforts to
achieve systemic and localised delivery of drugs through the different

W%%gsg'gyese dosage forms include tablets, patches, tapeg;diseoo4730
semisolids and powders. WO 2007/06%%63 PCT/GB2006/004739 13 To

serve as mucoadhesive polymers, the polymers should possess
physicochemical features such as being predominantly anionic with
numerous hydrogen bond-forming groups, suitable surface properties for

weting-guesimeanal ssys silaces AR sulfigenrfISKolly and Jong .

(molecular weight) to penetrate the mucUs NGtWOrk OF - treSUS Crevices, o

DS Jus &8 BFiseIprmere navdrhesanispoite dumepotehtidlogen bond-forming

m@tﬁﬁ@gh?ﬁm wéa@s Iﬁ@ﬁeﬁﬁ?lﬁrﬁfp%fat ajﬁlgfliﬁ@ﬁ%hcbyﬁdr%m Oéeﬁffﬁces and
me ellulose. as well as natur ccurring polymers, such as

~ hya u%"r#c%éﬁ%?%% %“ﬁ%&% (E?E% RSB S RO B gretvork or

© withiivetecsidtisof tHoserie thizmrs arfd sulitatsle  &xcipibnts fepineldsien fotential
amnshiehdornuiationdnclude.far caRmple aglants, yiseosifier

penetration enhancers, rese?];\(/aa_\gg/es, suéﬁqgg%Z’%’ﬁi%%ﬁgy%ﬁumﬁ%ﬁ%?mse

aRd CAsAastrehgF Y SERHTERE SOV Hin ereb iU lsoSe peisl angeitepan.

agents include: water soluble cellulose derived polymers, such as
hygd lkyl eellulose pol rs (e.q. hydrax hylcellulose, ool
T LTS (A oD IBCSMnaY Tose e rt,and st

hg¥dssRofyimethipicalliosey, sashosymethiiboetivloge, for example, gellants,

Metbyddioxyethulies! Bﬂ@éﬁ&@,%?@@é%ﬁ%@?'&éﬁ' Sarhomer (€84 antifungals,
carhopol); and cafrageenans. The gelling agent may be added in any
sﬁﬁ’l%%?é %%iﬂﬁfegﬁa%a?@ﬁ%cmﬂlﬁ?qﬁé@%&sgelling agents are

cellulose derived, most preferably hydroxyalkylcellulose, particularly

DU S SRR L L O
bhigrysatkzbieckelasame sy alcdishoRmstniatiids enipidyasicsotilyifidose,
;lg?aﬁ?tsi%@@gzw&hﬁ&@@f@iw fQH AWM RSE L INeTARLIORIGAN celtutose,
me yﬂiy%?dxyethyl cellulose and methyl cellulose, carbomer (e.g. carbopol); and
carrageenans. The gelling agent may be added in any suitable amount, such as 1-5%
(wiw). Preferred gelling agents are cellulose derived, most preferablf,r

‘hydroxyalkylcellulose, particularly hydroxyethyleellulose.

Suitable preservatives will be apparent to those skilled in the art, and include the
parabens (methyl, ethyl, propyl and butyl), benzoic acid and benzyl alcohol.
Preservatives employed solely for that purpose will generally form 1% (w/w)'or less of
the final topical formulation.

- Suitable penetration enhancers include isopropy! alechol, sulphoxides (such as
dimethylsulphoxide, DMSO), Azones (e.g. laurocapram), pyrrolidones (for example 2- |
pyrrolidone), alkanols (e.g. decanol), and glycols (for example propylene giycol).

Preferred compositions of the invention comprise:
a) I3A;



Suitable penetration enhancers include isopropyl alcohol, sulphoxides
(such as dimethylsulphoxide, DMSO), Azores (e.g. laurocapram),
pyrrolidones (for example 2- pyrrolidone), alkanols (e.g. decanol), and
glycols (for example propylene glycol). Preferred compositions of the
ngentoreemprise: a) 13A; WO 2007/068963 PCT/GB2006raaA73d0dd4739
b) penetration enhancer; c) preservativeg d) gelling agent; and e) buffer;
wherein the composition has an apparent pH of between 3 and 4,.
inclusive. A particularly preferred composition comprises: a) 0.1% (w/w)
13°A; b) B@%rmf%ﬁ%byl alcohol; c) 0.9% (w/w) benzyl alcohol; d)
1.59% (Wingsbairoxy ethyl cellulose; and e) 67.5% (w/w) citrate buffer pH
3 referatﬁyn H2. ¥5 The invention will now be described with reference
e actom g |ngaf3|gures wherein: Figure 1: shows a schematic

rep}eserhaff@h of a Franz cell. Figure 2: Percentage of isoform “b' in
iIsepaeanel l %
- IPA/citrate bg%g%‘;hﬁ}%}lgﬁ%% 433%% %%?a%qé% f Légéhm 106
alcohol at 2-8 C, RTP and 40 C. Figure 5: Percentage 13A b in
108 papiretariy thabotatand6sitkh Roandidd:C. Figure 6: shows a flow chart
fog the PreRa (@ﬂv@ @f O 1% w/w 13A Formulation 16 and the respective

Iacebo *For cébo formulation 0.25 g of benzyl alcohol was added
ton4 753§%f(!5é§’é1ﬁ@nmlfdtré¢phﬁigure 7: Relative G' and G" values for

- Fesmulabions @y dfndmry 8 aadil7 (n= 5f SD). Figure 8: Corresponding

tan d values for Formulations 4, 14, 15, 16 and 17
o) & VLSS, (Wrow) hiytroxy etiny] sellilose: and

e) 67.5% (w/w) citrate buffer pH 3, preferably pH 2.75.

enzyl

ﬁl& invention will now be descﬁbed with reference to the accompanying Figures, wherein:
Figure 1: sho‘\'?vs a schematic representation of a Franz cell.

Figure 2: Percentage of isoform ‘b’ in isopropanol gel (pH 6.5).

Figure 3: Percentage of I3A ‘b’ in 30% IPA/citrate buffer (pH 3).

Figure 4: Percentage I3A ‘b’ in 100% benzyl alcohol at 2-8 °C, RI"P and 40 °C.

Figure 5: Percentage I3A ‘b’ in 100% phenoxythz;ﬂol at 2-8 °C, RTP and 40 ‘°C.

Figure 6: shows a flow chart for the preparation of 0.1% w/w I3A. Formulation 16 and
the respective placebo. *For the placebo formullation 0.25 g of benzyl alcohol was
added to 24.75 g of base formulation.
Figure 7: Relative G* and G’ values for Formulations 4,14, 15, 16 and 17 (n=5 £ SD).
_ Figure 8: Corresponding tan d values for Formulations 4, 14, 15, 16 and 17

Figure 9: Plot of mean amount releaéed after 26 h (ug/em®) of‘I3A ‘b’ from 0.1% w/w
poloxamer gel and PEG 400 formulations, (n=3 + SE).

Figure 19: Plot of mean é.moun’t released after 26 h (ué/cmz) of I3A b’ from 0.1% w/'w

oil and PEG 400 formulations, (n=3  SE).



Figure 9: Plot of mean amount released after 26 h (g/cm) of 13A'b’ from

0.1% w/w poloxamer gel and PEG 400 formulations, (n=3 t SE). Figure

10: Plot of mean amount released after 26 h (g/cm2) of 13A 'b' from 0.1%

w/w oil and PEG 400 formulations, (n=3 SE). WO 2007/068963
RéobirRefR$/004739 15 The present invention will be furthggldgtiateshvss
with regard to the following, non- limitin gExampIes. EXAMPLE | The

. stability of 13A was investigated in various solvent systems, including
acetone, acetonitrile, methanol/water, water, DMSO, phosphate buffers

(pH range 4.5 to 7) and ammonium buffer (pH 4.5) and Was shown to be _
staplg 'ﬂ‘é@&t%n?igﬁt%ﬁ” %R%%Pﬂlggra%&p a bUﬁer 2 ?(n]? ing, non-
ammaonium buffer (pH 4.5). The rearrangemento he® mgeno angeﬁa ’

' H&a?&a ¥SGHAET in the order of isomer "b' rearranging to isomer "a' and
then to isomer V. Owing to the small quantities of active substance used,

the measure of stability of the compound was calculated as the ratio of

the area of peak 'b' to the area of peak "a'. WO 2007/068963
PCT/GB2006/004739 16 MATERIALS Table 1. Suppliers of materials

used in this Example Materials Supplier 13A (ingenol angelate) Supplied

by Peplin Limited, Batch No. 080402 and Batch No. 300502 Australia
$3-Cyclodextrin sulphobutyl ether, 7 sodium salt Cydex Incorporated, USA
(Captisol(r)) Lot No. CY-03A-010244 2-Hydroxypropyl-(3-cyclodextrin

(Cavasol(r) W7 Wacker-Chemie %ggg &gﬁi HP) Batch No. 74B008

Germany Miglyol 810N Lot No. 98

The stability of I3A was investigated in varjous solvant systems, iuchiiinw acetone,
acetonitrile, methanol/water, water, DMSO, phosphate buffers (pH range 4.5 to 7y and
ammonium buffer {(pH 4.5) and was shown to be stable in acetone, acetonitrile, DMSO,
phosphate buffer pH 4.5 and ammonium buffer (pH 4.5). The rearrangement of the
ingenol angelate appéared to oceur in the order of isomer ‘b’ rearranging to isomer ‘2’
and then to isomer ‘c’. Owing to the small quantities of active substance used, the
measure of stability of the compound was calculated as the ratio of the area of peak ‘b’

to the area of peak ‘a’



Propylene Glycol Batch No. 286991 Mineral oil Lot No. 128H0136 Sigma
Chemical Co., UK Oleic acid Batch No. 9736588428 Span 80 Lot. No.
120H0454 Tween 80 Lot No. 44H0121 Polyethylene glycol 300 Lot No.
60H0463 DMSO Sodium Hyaluronate (HA) Kyowa Hakko

Rhpnnasagticals Batch No.KX00282 Japan Monopotassiunsphegsniaiess e
Batch No. 14286 Aldrich Chemical Co.,
A147753001 BDH Laboratory Supplies, UK Glacial acetic acid
Acetone-HPLC grade Rathbum Chemicals Ltd, UK Acetonitrile-HPLC
grade Methanol-HPLC grade Deionised water (Elgastat Option 3A) Elga

K Ammonium acetate Lot No.

fim(r) American National Cam TM USA WO 2007/068963

L A¥Resad

PCT/GB2006/004739 17 All excipients used in the final formulation of
13A of compendial grade. METHODS Stability study of 13A in
- solnsrlsiesajpiee:s 4 slakiibtsiueyaf i/ eimhgidollowing -

solvent/excipients/excipient combinations was performed over 14 days

ratiira: Acotona
IRATOT 7 YCCturie

(e
g\xetonltrlfe Methanol Methanol/ water (70/30)

a,

+ I tharmina tatad) +
ﬁvlult:lc otnerwise-statea)at foom te

upplier

I3A (ingenol angelate) _
Batch No. 080402 and Batck No. 300502

Supplied by Peplin Limited,
Australia ‘

(Captisol®) Lot No. CY-03A-010244

B-Cyclodextrin sulphobutyl ether, 7 sodium salt

Cydex Incorporated, USA

HP) Batch No. 748008
Miglyol 810N Lot No. 980403
Propylene Glycol Batch No. 286991

2-Hydroxypropyl-B-cyclodextrin  (Cavasol® W7

Wacker-Chemie GmbH & Co.,

Germany

Mineral oil Lot No. 128H0136

Oleic acid Batch No. 9736588428

Span 80 Lot. No. 12010454

Tween 80 Lot No. 44H(121

Polyethylene glycol 300 Lot No. 60H0463
DMSO

Sigma Chemical Co., UK

Sodium Hyaluronate (HA) Kyowa Hakko Pharmaceuticals
Batch No.KX00282 Japan
Monopotassium phosphate Batch No. 14286 Aldrich Chemical Co., UK

Ammonium acetate Lot No. A147753001

(Flacizl acetic acid

BDH Laboratory Supplies, UK

Acetone-HPLC grade - Rathbum Chemicals Lid, UK
Acetonitrile-HPLC grade

Methanol-HPLC grade

Deionised water (Elgastat Option 3A) Elga Ltd., UK

Parafilm®

American National Cam™,

USA




Water Phosphate buffer pH 4.5, pH 5.5, pH 6.5, pH 7.0 DMSO* Mineral
oil Miglyol 810 Polyethylene glycol 300 Propylene glycol Oleic acid
2-Hydroxypropyl-(3-cyclodexrin (Cavasol(r)/H20)
2-Hydroxypropyl-(3-cyclodextrin (Cavasol(r)/P04 pH 4.5) Tween 80/Span

8UBA9, Jagen 80/Span 80/P04 pH 4.5 (3-cyclodextrin sulphabybyk &HiR64730
(Captisol(r))/H20" (3-cyclodextrin sulphgbutyl ether (Captisol(r))/P04 pH
4.5** Sodium hyaluronate (HA)/ P04 pH ‘4.5 Sodium hyaluronate (HA)/
H20 pH 4.D 10 days study ,= 7 days study 2 days study WO 2007/068963

- PAT/ 6BRO664084T B80thd 8] Gdbrmiiiidlstd ks ohuiapeiddArtmiacetonitrile
was prepared. Aliquots of 1.0 ml were transferred to individual glass

‘ samEIe vials by a burette; the solutions were dried by air jet and then 1.0
g Qﬁective solvent/excipient/excipient combination was added. to

the vials. On Day 0, Day 5 and Day 14, aliquots of the stability samples

were. removed fo C analysis using the chromatographic conditions
d(&%@ﬁb@gﬁ ¥r°{§|r§6ﬂif§ai?’ﬁrﬁ%6p?ﬂgﬁow. Stability was expressed as
the ratio of peak "b' to peak "a' (and peak “c' if present), with a high ratio

indicatingstability #:3 RRsticWal sxsipient. HPLC. Analysis.for the stabilit
of 13A ingte?xcip#gnts study An altoerna%)eg?fz%ﬁ é}ﬁgllé)tﬁ%tq\%gl C 358 (%%e ?ﬁo% was

oI YBREE P gt B es Rl PTe afprRinsgais Pakiots thmpwasseen
with some preparations of 13A.

Acetone
Acetonitrile
Methanol
Methanol/ water (70/30) -
Water
Phosphate buffer pH 4.5, pH 5.5, pH 6.5, pH 7.0
DMSO’
Mineral oil
Miglyol 810
Polyethylene glycol 300
Propylene glycol
Oleic acid :
2-Hydroxypropyl-8-cyclodextrin (Cavasol®/H,0)
2-Hydroxypropyl-B-cyclodextrin (Cavasol®/PO, pH 4.5)
Tween 80/Span 80/H,O
Tween 80/Span 80/PO, pH 4.5
B-cyclodextrin sulphobutyl ether (Captisol®)/H,0™
~ B-cyclodextrin sulphobutyl ether (Captisol®)/PO4 pH 4.5"
Sodium hyaluranate (HA) PO, pH 4.5 ™
' Sodium hyaluronate (HHAY HO pH 4.5 ™"

e

* 10 days study 7 days study ™2 days study



The chromatographic conditions employed for the excipients stability

study were as follows: Column: Hypercarb (ThermoQuest, Phenomenex)
(S/n0.3-34070) Column length: 100 x 4.60 mm Column temperature: 25C
Guard column: C18 Columbus (Phenomenex) (S/no. 202678) Guard

i IRRgE: 50 x 4.60 mm Mobile phase: 50% v/v phosphate,SriiRE M0
4.5/ 50% v/v acetonitrile Flow rate: 1.-Olgillmin UV wavelength: 230 nm
Injection volume: 10 p1 Run time: 35 mins WO 2007/068963
PCT/GB2006/004739 19 Preliminary in vitro diffusion study Once the
statbility of/t8Atinktheleieipit s ansepeaiialions ophRReEISIRAGDEEN.0 ml were
e i , Iml n Vi iffusion experiment could be conduct .
o B R e et by e
sinthRfotiRtIfiohel theeTsrarivaslisioveaeibiesntestipiod tomiimitichevas added

ph}éStﬁk)gEQBl @ww@mﬁﬁl §%Q'119£5§ m,sg{lﬁuﬁissgf" dikiSanay/ g%les were
phr%%%étgtl&c?_ypoﬂglggaefomprlses dopor compartment, receptor
compartment and-a & S gifgS R FeRy e reopfitipr fesmyibed under
- excrgeuliskin EVESsitibried.bitsbddn the txorhables ithdiestratlim’ o peak 2’
C g .th NQE.1C, | r.drug application. An '
RS i S R s e R
miglyol was performed. There was no flux of the drug at all across the

SEARIN Garaigs fosuBgesbmenatthe i3 wiaasetiampulated at its
maximum thermodynamic activity in the miglyol. This formulation was

used in later diffusion cell experiments as a negative
An altemate_ HPLC method was developed in order to separate out a “shoulder”

appearing on peak ‘b’ that was seen with some preparations of I3A.

The chromatographic conditions employed for the excipients stability study were as

follows:
Column: Hypercarb (ThermoQuest, Phenomenex)
| (S/n0.3-34070)
Column length: 100x 4.60 mm
Column temperature: 25°C
Guard column: Cis Columbus (Phenomenex)
(S/no. 202678)
Guard column length: 50 x 4.60 mm
Mobile phase: 50% v/v phosphate buffer pH 4.5 / 50% v/v acetonitrile
- Flow rate: 1.0 ml/min
UV wavelength: 230 nm
Injection volume: 10 pl

Run time: " 35 mins



control and also served to confirm the integrity of the stratum corneum, as

if there is no diffusion of drug from this formulation, it can be assumed

that the stratum corneum remains intact. Manufacture of formulations A
formulation of 13A was prepared in phosphate buffer (pH 4.5) with
wacyetadextrins (Captisolo) added with a view to increasing¢irecsahabiityyso
and stability of 13A, and the flux of the;grug. A second formulation in
DMSO, a known penetration enhancer, was also prepared for

comparative purposes, as well as a formulation in miglyol, which served

as a negative control. The diffusion of I3A across the stratum corneum

fremithesa-yormatnms dRsSsHyestigated. WO 2007/068963
PCT/GB2006/004739 20 The following formulations were prepared:

Formulation Description 1 13A / Captisol(r) (30.mM) / phosphate buffer pH
4 B Chptisa( B0 o). phinstixate: biptierpkHnd. paentitbn3 i3k ddvig vl deen
Miglyial goatrol 5134, 39 te buffer pH 4.5 6 DMS :

Iphosphate’ b(l)JILffer pHAﬁgA cﬁégﬁ%g&%a%%ﬁ%%gﬁ Cg%ﬁvﬁ)‘;& 1ééa??: B gmne

inGFeRfERtalisTe sE AET M ETBIHM A ORS fine: Megredionts loreladeuralibly Franz

weifechaullinidasalable elask vialp R RIAGH MO WV EBBitions of skin

R I e

0receP@Ia i@ and a side arm sampling port (see Figure 1). Surgically excised

~ skin is positioned between the two halves with the stratum comeum facing the donor
compartment to allow for drug application. |

An initial in vifro diffusion experiment using a simple formulation of I3A in miglyoel
was performed. There was no flux of the drug at all across the stratum comeum
suggesting that the I3A was not formulated at its maximum thermodynamic activity in
the miglyql. This formulation was used in later diffusion cell experiments as a negative
control and also served to confirm the integrity of the stratum corneum, as if there is no
diffusion of drug from this formulation, it can be assumed that the stratum corneum

remains intact.
Manufacture of formulations

A formulation of I3A was prepared in phoéphate’ buffer (pH 4.5) with B-cyclodextrins
(Captisol®) added with a view to increasing the solubility and stability of 134, and the
flux of the drug. A second formulation in DMSO, a known penetration enhancer, was
also prepared for comparative purposes, as well as a formulation in miglyol, which
served as a negative control. The diffusion of I3A across the stratum comeﬁm'from

these formulations was investigated.
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WO 2007/068963

PCT/GB1006/004739
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The following formulations were prepared:

Formulation

1
2
3
4
5
6

Description

I3A / Captisol® (30.mM) / phosphate buffer pH 4.3
Captisol®(30 mM) / phoéphate buffer pH 4.5 control
13A / Miglyol

Miglyol control

13A /DMSO / phosphate buffer pH 4.5

DMSO / phosphate buffer pH 4.5 control

Table 2 shows the % w/w of each of the ingredients present in the formulations. The

ingredients were accurately weighed out into sealable glass vials and stirred vigorously

with a magnetic stirrer bar for several hours at room temperature.



MOwtipMOOO .aa.HuOa0OaO ON WO"~"a+ NMC'viWO
2007/068963 PCT/GB2006/004739 22 Choice of receiver fluid
2-Hydroxypropyl-0-cyclodextrin (Cavasolo, 1.38 mM) in X O4 buffer (pH
4.5) was the receiver fluid used in this study in order to try to maintain

SiBk aReitigNs. A restriction on other reservoir fluids such 3$-r/gg2006/004730
ethanol/water systems was imposecsince "back diffusion’ of ethanol
through the stratum corneum might have degraded the I3A present in the

formuldtions. SKiri préparatio ally excised sample of
human|skin Wagobtai %d &ire& alhdominoplasty. The donor
was a $6-year-gd norlSmekis » Europid. Subcutaneous fat
was carefully removes sing forceps and a scalpel,
and th %the pogtion oﬁk water at 60C for 45 s. The
skin i then ginngd de a cork board and the
epidernpis{comiprising ~sti ] viable epidermis) gently
removed from te underlying deriis.| The dermis was discarded and the
epidermal memﬁrane floated pnt the@u%ce of water and taken up onto
Whatnan no.1iiter paper. The resulfént|€pidermal sheet was thoroughly
dried apsl stored flat in alymirjium foillat -RQC until use. A section of the
epiderrgal sheeﬁ(wj_‘gh filter paper side@p)ﬁvas clamped and incubated for
4 h at 48 immeFsedn 0.1% wiv rypsia sokution. The skin was then further
incubated for 1Q at 37C. [The straium cofneym was physically removed by
gently S Q=
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shaking the clamp with lateral movements. The resultant stratum comeum
layer was washed twice with deionised water followed by 0.1 % w/v
anti-trypsin solution to block enzyme activity and further washed twice
with deionised water. The stratum corneum was dried and stored flat in

algmipiimdail at -20C until use. Franz cell diffusion study Ingiviggaibe 004739
calibrated Franz diffusion cells with an gverage diffusional surface area of

0.56 0.05 cm2 and an average receiver volume of 1.79 0.06 ml were

useddpcondest dhadiffusion experiments. The stratum comeum
(prepared as described above) was WO 2007/068963

PCT/GB2006/004739 23 washed with phosphate buffer (pH 4.5), cut with

a DThbeyAofIMDURAON (T ivanz celis:llyst aediodioyr 4)5?1% the
receiver f|HId ersryalgﬁ was ﬁg%oxypropyl- (3-cycladextrin (Cavasol(r))/

phlggeplﬁgte T (PHASTER, A% TR S PaAERs i dreiionh Ao et triction

sti?ﬁe@fbemg@amiwmmidmmghe@; stinmi/aatmaystained.at 3foskheince ‘back
malﬁbéﬁ%e%ﬁ’!ﬁ{ﬁ;@ﬂ'@M&Qﬁ%@%ﬁ%@ﬁ?&%ﬂ&%ﬁ@ IV Qr%%%?f%e§9A presen’c' .

mires before applying thé formulations. An infi ose ofea
fotth ﬁ?&ﬁ%@%plied onto the membrane surface using a positive
displacement Finpipette(r) and the donor chambers were protected with

P%rﬂ'{lg}(% Ei¥;‘% sampling times were investigated (1, 2, 4, 6 and 24 h)
whereby 0071 OF the receiver fluid was carefully withdrawn from the arm of

the Franz cell; each sample removed was replaced by an equal volume of

- fresh@i Clurgesiverfitids Thraughoutthe. exneH t’o%@!n'gésﬁf%éﬂ after an
regejver fluid due to evaporation from the Franz cell were replace t

e
mATRETPEPEE R  tah BV SIERAR Y88 A pIes saict! avaryasinor famale fbistdjuropid.
FiRbGanalysisfowin vitrefdifusinnst dythechiomatogiankic £endiians.d a
ergbgi Megn‘ﬁ’?ﬁ f Ié W, :%olg{rj:nn: Hypercar .Thermo%;@ t, .
Phen%rﬁenex)grégﬁg).%ﬁlo B\iﬁsm%ﬂféeﬁsg% 3 86 4% n?rﬁob%?ﬁnghe skin
tewﬁgépgﬁjgém@gcdemﬁs side down, on a cork board and the epidermis (comprising
stratum comeum and viable epidermis) gently removed from the underlying dermis. -
The dermis was discarded and the epidermal membrane floated onto the surface of
water and taken up onto Whatman no.1 filter paper. The resultant epidermal sheet was
thoroughly dried and stored flat in aluminium foil at ~20°C until use.

A section of the epidermal sheet (with filter paper side up) was clamped and incubated
for 4 b at 4°C tmmersed in 0.1% wiv trypsin solution. The skin was then further
incabated for 1 h at 37°C. The stratum corneum was physically reméved by gently
shaking the clamp with lateral movements. The resultant stratum comeurn layer was
washed twice with deionised water followed by 0.1% wiv anti-trypsin solution to block
-enzyme activity and further washed twice with deionised water. The stratum corneum
was dried and stored flat in aluminium foil at —20°C until use.

Franz cell diffusion study

Individually calibrated Franz diffusion cells with an average diffusional surface arez of
0.56 +0.05 cmt® and an average receiver volume of 1.79 + 0,06 ml were used to conduct

the diffusion experiments. The stratum corneum (vrepared as described above) was



Guard column: CI8 Columbus (Phenomenex) (S/no. 202678) Guard
column length: 50 x 4.60 mm Mobile phase: 50% v/v ammonium buffer pH
4.5/ 50% v/v acetonitrile Flow rate: 1.0 ml/min UV wavelength: 230 rem
Injection volume: 10 ul Run time: 35 mins WO 2007/068963
RO LGR&IH/004739 24 Results Stability of I3A in solventg@ndB2606/064739
excipients Table 3, below, provides an idication of stability of 13A in the
various solvent systems. The stability of I3A in the solvents and
_exwhml&ﬂt&v?ﬁ@h&ép%ysb@ﬁdf he%p}pmng&%e vﬁtﬁtadl)ﬂatﬁ&@ma@mﬂ@[ﬁ%&%nm the
W. uantifi terms qf the rati isoform.. 0_is

%SE%Z Qﬁ &nﬂj.l&r % % rl %‘1(1)%0 SFa%eF g EEn V&E}%az %ygroxypropyl-

with & predominance ot equ ting heé:fl

subrevelnidedin ctabasaz‘@wt mcashambciffm(pféma) anctibientininehiphraiBAiiso the
notsiabley atherdike excin %?%%Wé”rﬁg g sujiable,, Jable 3. eHmaP“f‘fyc"f The

the results of the stabll?g udy of I3A Ih various solvents an ex0|p|ents

SvRskeipiet Shemre-te sawHerts wibidireaiteniptirse NistRnsine before

|S@f@[mng3’cﬁé)ﬁr{ﬁ§3tﬁ&ﬁﬁi@n @lfmaf@mg 0630)x baeforERma =8N was Iiftied onto the
Water x Isoform “a' then ¢’ farm @) Phos hate bugfergH 4.5
PROSPHATS ;e P PR EATRRET Fiipipetie ank o donor chaer

were protected with Parafilm®. Five sampling times were mvest1gated (1,2,4, 6 and 24
h) Whereby 200 pl of the receiver fluid was carefully withdrawn from the arm of the
Franz céli; each sample removed was replaced by an equal volume of fresh (37°C)
receiver fluid. Throughout the experiment, any losseé in’ receiver fluid due to
evaporation from the Franz cell were replaced to maintain a constant volume. Samples

were analysed via HPLC (supra).
HPLC Analysis for in vitre diffusion study

The chromatographic conditions erﬁployed were as follows:

Column: Hypercarb (TilerrnoQuest, Phenomenex)
| (S/n0.3-34070) ‘

Column length: 100 x 4.60 mm
Column temperature: - 25°C
Guard column: Ciz Columbusg (Ph_enomenex)

* (S/no. 202678)
Guard column Jength: 50 x 4.60 mm ‘
Mobile phase: 50% v/v ammonium buffer pH 4.5 / 50% v/v acetonitrile
Flow rate: 1.0 ml/min |
UV wavelength: - 230nm
Injection volume: 10ul

Run time: 35 ming



Phosphate buffer pH 6.5 x Isoform "a' then “c' form Phosphate buffer pH
7.0 x Rapid formation of isoform "¢’ Ammonium buffer pH 4.5 '1 Mineral
oil Viscous nature makes it difficult to extract I3A for HPLC analysis WO
2007/068963 PCT/G82006/004739. 25 Precipitation of I3A Miglyol 810
wolyptndere glycol Propylene glycol x Formation of “a' andpcr/isefanmns4739
Oleic acid x Difficult to quantify due to-gany interfering peaks in
chromatogram. isoform "a' present, shoulder on "b* ('c' forming)
2-Hydroxypropyl-(3-cyclodextrin x Large peak for isoform “c' :

((é@é SI(r))/H20 2-Hydroxypropyl-(3-cyclodextrin 'J Some precipitation of
13A % avasol(r))/P04 pH 4.5 Tween 80/Span 80/1120 Tween 80/Span
80/P0O4 pH 4.5 (3-cyclodextrin sulphobutyl ether x Isoforms "a' and "¢

(Gapbisei(opH20:PEpReREs Gidyelgsiextdn sulphobutyl ether '1
(Captisol(r))1P04 pH 4.5

Table 3, below, provides an indication of stability of I3A in the various solvent systems.
The stability of I3A in the solvents and excipients after 14 days (unless otherwise
stated) at room temperature was quantified in terms of the ratio of isoform ‘b* to
isoforms ‘a’ and ‘¢’, with a predominance of ‘b’ equating to stability. The results are
summarised in Table 3. It is assumed that for an excipient in which I3A 'is not stable,

other like excipients will not be suitable, - -

Table 3. Summary of the resulis of the stability study of I3A in various solvents and

excipients

Solvent/Excipient . Stable? | Comments

Acetone ~

Acetonitrile N

Methanol , X Isoform ‘a’ forms

Methanol/water (70/30) X Iscform ‘a’ then ‘¢’ form

Water X Isoform ‘g’ then ‘¢’ form

DMSO" N

Phosphate buffer pH 4.5 Y

Phosphate buffer pH 5.5 X Isoform ‘a’ forms

Phosphate buffer pH 6.5 X ‘ Isofofm ‘a’ then ‘¢’ form

Phosphate buffer pH 7.0 X Rapid  formation  of

- isoform ‘¢’ |

Ammonium buffer pH 4.5 4

Mineral oil Viscous nature makes it
N difficult to extract I3A for

HPLC analysis




Sodium hyaluronate/H20 x Isoform "a' present Sodium hyaluronate/P04

pH 4.5 10 days study 7 days study 2 days study Preliminary in vitro
diffusion study Table 4 gives a comparison of the flux between

formulations of 13A as determined from the cumulative amount of I3A
REsMRAIRIper unit area. DMSO is one of the earliest and mgust widel¥ 004730
investigated penetration enhancers, and it has been shown to enhance

the percutaneous penetration of many rugs in vitro and in vivo
eXperiments. As suct, DMSOwasauseful-comparat feﬁ%ﬁ'f ?}HLOHJA
canfirm-the penetration of stratum WO 2007/068963

PCHIEEobBEL004739 26 comeum by I3A. Rowever, given the highly
toKENAEIIRAL BN s0IVentand the fact thatjj produgesfrreversibte-skin
damage, DMSO would not be used in a final formulgtion. There was no

o] rPrekeRe ad e observed with the miglydlformulatiberpossiblés’ and ‘c’
explanation for this lack of diffusion of BA ffom miglyqlagrass the stratum

CClB?U:n is—that-13A-s hnghl\/ soluble in this PYPIhIPhT Tahle 4

ChMSAHEBR of the flux between formulationd of 13A a8 dataHiregidue to
the cumulative amount of 13A permeated per unit arem(me@ﬁeg@ugg REld in
and 4, respectively) Formulation (ug/cm2/h) 13A/C tls #O hcé)sfﬁhate \
buffer pH 4.5 1.92 1.02 13A/DMSO / phgsphate bu er P

0413 The results show that 13A diffuses acfoss the stratesmtcoimetder on ‘b’

(V‘ hich forms the main barrier for the diffugion of mastdrugs) 4t
deteetablelevels—Stabilib study at 4-8C The stabiliti, of 13A in Various

sc)lggkégF%%yﬁfYﬁ%%@ed A stock!sblution pf- 4wl GF isplamase’

weigheskafi/and dissolved in 2 ml acetone, This stock solution was used

tOWQ fﬁ"f\\l\lQ AliqllﬂfQ £.100 In1 f:)f.q'“:)(‘k
softi Bt drtdads Haividual glass HPLC v algmfeprecipitation of 3A

(Cavasol®y/PO, pH 4.5
Tween 80/Span 80/HLO ' N
Tween 80/Span 80/PO; pH 4.5 \f
ﬁ-cyclodexﬁm sulphobutyl ether | x Isoforms ‘a’ and “¢
(Captisol®y/H,0 present
P-cyclodexirin sutphobutyl ether | +/
(Captisol®yPO, pH 4.5 ™ |
Sodium hyaluronate/H,O X Isoform ‘a’ present
Sodium hyaluronate/PO, pH 15 N
" 10 days study **'/f days study. 2 days study

Preliminary in vitro diffusion study

Table 4 gives a comparison of the flux between formulations of I3A as determined from
the cumulative amount of I3A permeated per unit area. DMSO islone of the earliest and
most widely investigated penetration enhancers, and it has been shown to enhance the
percutaneous penetration of many drugs in vifro and in vivo experiments. As such,

DMSC was a useflll comparator excipient fo confirm the penetration of stratum



a Hamilton syringe, with careful rinsing and drying of the syringe between
each sample. The samples were dried down by air jet and then 0.5 ml of

the appropriate test solvent system added. The solvent systems were

tested in triplicate and are listed below: 1. 100% v/v acetone WO
407068963 PCT/GB2006/004739 27 2. 100%v/v acetonitiq 2pdQiRfe 730
v/iv methanol 4. 70% v/v methanol: 30% g'v/w water 5. 100% w/w water

Blank samples were also prepared in triplicate using 100 p1 of acetone in
Placeehhey lackisoiion:TeRiagiaAmRlesNere Asn diied.down. 2nd: oo
0.5 ml acetone added to ‘each vial. The vials were a crlmpeci sealed with
pallATRAEaAResrably SHn-denrer(MEGY strvdoTetne steastiny sy fenpulgtion.
ariBlisiswiasip eEeneacdroptimisamples OB aY OmiaRy i lidRay Rian dPasible

14 of the stahility study. ampl ere prepared for the HPLC assay
R o B RS Rl soaon s o i
lefibat Benbidvehbragleritdnatfore3dptans. Aliquots of 100 41 were -
transferred to fresh glass HPLC vials using a Hamilton syringe, with

C %EI, rinsing and drying of the syringe between each sample. To

faag? fetufyPmtparime gé%ﬁ|§§?&W@Bf%§€%ﬁ§%ﬁ§%&%@%@@%ﬁm@i from
antidhamtheicamplas e Airchalona B AlliAtate SRMPIES WET 8= 3 and 4,
re{c;é)sn%g%gftg with 1 ml of acetonitrile and analysed by HPLC using the
chror’%atogrg hic conditions specified above. Thus, 13A is stable in

acetone and acetonitrile at 4-8C, as reflected in the predominance of

peak b’ i

formatiop of isomer “a' and then isomer “c' increases réf di?/’i @ ability a

Various [pH's The stability of 13A was investigated at pH 4.5 in two buffers

I.e. mon mg@wopﬁ%}gﬁgé mgwgosphatel%}i lLafﬁﬁiclacid /

ammonium acetate for hat room

|4

I3A /DMSO / phosphate buffer pH 4.5 : 0.6120.13

The results show that I3A diffuses across the stratum corneum (Which-forms the main

barrier for the diffusion of most drugs) at detectable levels.
Stability stedy at 4-8°C

The stability of I3A in various solvents at 4-8°C was investigated. A stock solution of
1.26 mg of I3A was weighed out and dissolved in 2 ml acetone. This stock solution was

used to prepare the stability samples as follows:

Aliquots of 100 pl of stock solution were transferred to individual glass HPLC vials via
a Hamilton syringe, with careful rinsing and drying of the syringe between each sample.
The samples were dried down by ‘air jet and then 0.5 ml of the appropriate test solvent

system added. The solvent systems were tested in triplicate and are listed below:

1. 100% v/v acetone



temperature. HPLC analysis showed that I3A is stable in both buffers at
pH 4.5 i.e. there was still a predominance of isoform "b' (Figure 1) after 24
h. WO 2007/068963 PCT/GB2006/004739 28 The stability of I3A was
investigated at pH 5.5, 6.5 and 7.0 over 14 days at room temperature,

Wasdaund to decrease with an increase in pH i.e. the fosmaian@fioosrso
Isoform "a" and subsequently isoform * '7occurs by Day 14. Stability in
DMSO 13A was investigated for stabili% in DMSO at room temperature

andl af s Avera, 1 day time period. A control sample. of I3A in
acetonitrile was kept under the same conditions as the test sample. The

sampl8 R&fe B#kRSEd by HPLC at the start of the experiment (Day 0),

after 48honrsday.2) wog-againafter 10 days. The chromatographic
conditi employed were as follows: Column: Hypercarb (ThermoQuest,
Pr%né‘%dg’n‘é"?‘f‘%%ro.s-34o70) Column length: 100 x 4.60 mm Column
temperature: 25C Guard column: Cis Columbus (Phenomenex) (S/no.

2 I ) 4 m_Mobj ase: 50% v/v
B O B AT LM RUB P8P Sent b of he
wét?@%ﬁfg}tﬁ%ozsﬁhﬁﬁiwewmiwmme&m Fiier daviimrand3® ramsicetone added to

Retention. tme+ ke @w@a@w@%@@m%a&gmgm %mama&&aé for the
room temperature and at 37C for 10 days. WO 2007/068963
pgﬁ;fé‘%ﬁ %ﬁﬁ%@' sgdy. HPLC analysis was performed on the samples on Day 0,

Day 1, Day 5 and Day 14 of the stebility study. The samples were prepared for the
HPLC assay as described below: ‘

The stability samples were removed from 4-8°C and left at amBient temperature for 30
mins. Aliquots of 100 pl were transferred to fresh glass HPLC vials using a Hamilton
syringe, with careful rinsing and drying qf the syringe between each sample. To
facilitate drying of the samples, 0.5 ml of acetone was added to each vial and then the
samples were dried down by air jet. The samples were reconstituted with 1 ml of
acetonitrile and analysed by HPLC using the chromatographic conditions specified

above.

Thus, I3A is stable in acetone and acetonitrile at 4-8°C, as reflected in the
predominance of peak ‘b’ for both solvents over the 14 days. In protic solverts, the

formation of isomer ‘a’ and then isomer ‘¢’ increases rapidly.
Stability at Various pH’s

The stability of I3A was investigated at pH 4.5 in two buffers ie. monopotassium
phosphate / disodium phosphate and acetic acid / ammonium acetate for 24 h at room
temperature. HPLC analysis showed that I3A is stable in both buffers at pH 4.5 ie.
there was still a predominance of isoform ‘b’ (Figure 1) after 24 h.



EXAMPLE 2 Isopropanol gel pH 6.5 The stability of 13A "b' in an

isopropanol gel preparation (pH 6.5) was investigated. The protocol was

as follows: Composition of the isopropanol gel (pH 6.5) Excipient Target
mass Actual mass % w/w Glycerin 5.0000 g 5.0000 g 5.02
vyetomstagsone 0.5000 g 0.5000 g 0.50 Isopropyl alcohol 28008005/004739
25.0000 g 25.10 Carbopol(r) 934 0.308¢ g 03018_g 0.30 Propyl alcohol
25.0000 g 25.0000 g 25.10 Water 43.7000 .g 43.7000 g 43.87 :
Etfiengibitiivect d3pH@S B:Ee0gD A0 A Ba; 4508,dThe ¢rebopols)yWasSroom
- di ' ter and glycerin and.dissolved by heating to 40C in a.
wl_gt&eﬁr)r %%%?T%}gﬁ%ﬁéfa go%o Wasthén aaadleﬁl%zée?‘f%s%cﬂ%{gi 7. G gormation of
cyBire thicetesuRsesuistniseim thieosopsdmyPajcbhol and this second
solution was mixed well with the carbopol(r) solution, and then water was
aggagggwithﬁ irring, to 100%. The pH of the gel was brought to 6.5 with
th a'/\}% ion of ethanolamine. The isopropanol gel was stored at
2-8C until use. To investigate the stability of I3A "b" in isopropanol gel (pH

6 2% 3A. bilisopr | gel formulation was prepared and
e G e e o S e AL g g » 10
tiffe peiateeiedain prosoleranatalfisEthin uphtaisiforte kstatbilityeo tlia Aame
Roiutesmsotbadqarmation pldsaiopms deWiRSILRYISpANVER N KIGWIS: e
2.13A.’b're rragges to isoform “a' and subsequently iSoform V. This WO

2B ITREIES PO EELHBIYEAPIY BerdresBsdisn! Béatiributed to the

higher pH and presence of water in the isopropanol gel facilitating this

C?Hé’@ﬂ?é%‘(%@ﬁ@h@ Eé%dﬁl%fn%r@ﬁp\l%fgg gverce as follows:

Columm: Hypercarb (ThermoQuest, Phenomenex)
(S/10.3-34070) |
Coluran length: 100 x 4.60 mm
Column temperature: 25°C
Guard column: Cig Columbus (Phenomenex)
(S/no. 202678)
Guard column length: 50 x 4.60 mm .
Mobile phase: 50% v/v Phosphate buffer pH 4.5/ 50% v/v acetonitrile
Flow rate: 1.0 mVmin
UV wavelength: 230 nm
Injection volume: 10 pl
Run time: 35 mins
Retention time: 15 mins, 24 mins

I3A appears to be stable in DMSO at room temperature and at 37°C for 10 days.



13A 'b1 in 30% w/w isopropy! alcohol/citrate buffer pH 3.0 The stability of
13A 'b' (Batch no. 240902) in 30% w/w IPA/citrate buffer (pH 3) when
stored at 2-8C and 40C was investigated in duplicate, with the results
given in Figure 3. Preservatives Various preservatives were investigated
a0 tagirsstitability for use in the formulations of 13A b’ at cepernisasnmg73s
likely to pass a preservative efficacy tesfg Initially the preservatives were
prepared in citrate buffer (pH 3) and analysed by HPLC to check for
peaks in the chromatograms that gightipieiere with the assay for 13A
isoforms. The results are summarised in Table 5. Table 5. HPLC analysis
of preservatives Preservative % w/w Comments Benzyl alcohol 1.0 No
infecfprapgpd akb Wctdy| paraben (M.P.) 0.2 Large peak over isoform "a'
region Propyl paraben (P.P.) 0.02 Large peak over isoform "a' region M.
P./P.P.0.2/0.02 Large peak over isoforn "a’ region Phenoxyethanol 1.0
 Srim SRR R TOnin £ SBr e b aslopRes b GG Nb)inter frngigated.
peRksotbtsdadtdesiyablede have many interfering peaks in the
chromatograms from the preservatives, as this leads to difficulties in the
analysis of the drug in formulations, and could necessitate the
infroupesivhrod & iseisepatpeasisz) (pHthe preservatives. 13A “b' (0.05%
w/w) was dissolved separately in the preservatives selected (benzyl
alcohel.and phenoxyethanal), stared at 2-8C, RTP and 40C and checked

foFSHEFRY WO 2007/6E0B3PCTIGB2E06e08739 31 in|dapitate in
temj&@ﬁihe formatl DR @jfog(gform a" atfeqiged jhtervals. The fesults of
th m ot auh' AL o+unl a_aivan in Elnurne and- 5. The results indicate.that
beﬁzy? achﬁoTlls the ngpﬁutable pres @rélg?gg of those tekel.
Pleparatibalahl8A “p2f0bfiutations 25,0000 g 25.10

Carbopol® 934 0.3000 g . 103018¢g 0.30

Propyl alcohol 25.0000 g 25.0000 g 25.10

Water 43.7000 g 43.7000g 43.87

Ethanolamine TopH®6.5 0.1000 g 0.10

Total: 100

The carbopol® was dispersed in the water and glycerin and dissolved by heating to 40°C
in a water bath. The propyl alcohol was then added to this solution, The cyclomethicone
was dissolved in the isopropyl alechol and this second solution was mixed well with the
carbopofi@ solution,.and then water was added, with stirring, to 100%. The pH of the gel
was broug'ht to 6.5 with the dropwise addition of ethanolamine. The isopropanol! gel

was stored at 2-8°C until use.

To investigate the stability of I3A ‘b’ in isopropanol gel (pH 6.5), a 0.02% (w/w) I3A
‘b*/isopropanol gel formulation was prepared and divided into three samples for storage
at 2-8°C, RTP and 40°C. At regular time points the samples were analysed in duplicate
for the stability of I3A °b® in terms of the formation of isoform ‘@’, with the results

given in Figure 2. I3A ‘b’ rearranges to isoform ‘a’® and subsequently isoform ‘c’. This



The following three formulations and their respective placebos were
prepared: A. 0.1% (w/w) I3A "b'/macrocetyl ether cream with 1.0% (w/w)
benzyl alcohol as preservative B. 0.1% (w/w) I3A "b'/30%0 (w/w)

IPA/1.5% (w/w) HEC/I.0% (w/w) benzyl alcohol/citrate pH 3 C. 0.1% (w/w)
RA Wi-2a%e;(wiw) cyclomethicone/ 9.5% (w/w) IPM/ 1.0% (WiW)cRaRENb4739
alcohol/ Elastomer 10 A stock solution %I3A “b' was prepared in benzyl
alcohol (Table 6) and this stock was used to prepare the formulations. For

th%ﬂ%%@?ﬁ?’ﬂ%%&%%@ﬂgﬁe% éﬁ%grgge%?ég%? \Qgtg}%t%@iso?r anol gel
la the

“b'/benzyl alcohol stock. The accurate masses 0 the components o
13 ARG dhitieniy srioaofiied T trdp& sy el fstmulations and their

respective placebos were prepared as follows: Formulation A: 13A
‘b'{magrocetyl.ether cream T rocetyl 'i%%ere és'fying'ointment was
acﬁ:gl}}a%eli/n v%ééh%%%ﬁ?ﬁﬁ?gggﬁgs%v%% %¥ﬁ§ 1] ﬁ?&u d in a water bath
at 60C. Freshly prepared citrate buffer (pH 3) was accurately weighed

into1R SERBAlS Bass,vialWeunehi darivater RANBALIED RN when

incorporated into the molten emulsifying ointment with constant stirring
untiPredsh 2rhis prod&Lss previvret srtsdiacturiingiceividh Bremmits giprapaidgure
tha.formulation, 13A "b'in benzyl alcohol was accurately weighed out into

a glass vial and the macrocetyl ether cream was gradually and accurately
weighed out onto this, with constant stirring. WO 2007/068963
PET¢SB20E6/004739 32 Formulation B; BA W/30% IPA gel The 13A

~ “b'/benzyl alcohol was accurately weighed out into a glass vial. The

remaining components were accurately weighed onto this solution in the
ordAH O PRSTHEH Gt BurrsHgrerhe T rEc Aty Biowus fidagormulations
- beitvisen ach additenatFosmiHalion GadsA siicans Fha3A0/nenZNY the

AIGNRI AR AGLHIAIE WS NS QRS B S SN P DS ISR o checie for
peaks in the chromatograms that might interfere with the assay for I3A isoforms. The

results are summarised in Table 5.

Table 5. HPLC analysis of preservatives

Preservative % wiw Comments

Benzyl alcohol _ 1.0 No interfering peaks |
Methyl parabén M.P) 0.2 Large peakl over isoform ‘a’ region
Propyl paraben (P.P.) 0.02 Large peak over isoform ‘a’ region
M.P./P.P. 0.2/0.02 Large peak over isoform ‘a’ region -
Phenoxyethanol 1.0 Small peak over isoform ‘a’ region
Citrate buffer control . 0 No interfering peaks

It is not desirable to have many interfering peaks in the chromatograms from the
preservatives, as this leads to difficulties in the analysis of the drug in formulations, and

could necessitate the introduction of a separate assay for the preservatives.

I3A D (0.05% w/w) was dissolved separately in the preservatives selected (benzyl
alcohol and phenoxyethanol), stored at 2-8°C, RTP and 40°C and checked for stability



components were accurately weighed onto this solution in the order of
Elastomer 10, then cyclomethicone and then IPM, with vigorous mixing
between each addition. Formulation analysis The formulations were
analysed at the start of the study to confirm the concentration of I3A 'b’
Wehapimtbs Formulations and were found to be ca 0.1% (w/wIB2s2bos@f4739
this total 13A "b' content, there was lesg than 0.7% of isoform "a’ and no
‘isoform “c' in the formulations. The formulations were checked for the

appeaptioge of iselosn ia Rrthgcimeiiithe conglusionohibe Siudyandults of
were S%ahgl\(v g(r)ugave less tha?.O.S% (g{i@%form "a' when stored at 2-8C.
Isaform ¢ was not astected neﬁ'% € formulations. WO 2007/068963
PCT/GB2006/004739 330 3000 OM rnO .- nObD bbFitDto.to
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Preparation of I3A ‘b’ Formulations
The foHowing three formulations and their respective placebos were prepared:

A, 0.1% (wiw) I3A ‘b’/xnaérocetyi ether cream with 1.0% (w/w) benzyl alcohol as
preservative .
B. 0.1% (w/w) I3A ‘D’/30% (w/w) IPA/1.5% (w/w) HEC/1.0% (w/w). benzyl
alcohol/citrate pH 3 '
C. G.I% (wiw) I3A b’/ 9.5% (wiw) cyclomethicone/ 9.5% (wiw) IPM/ 1.0% (w/w)
" benzyl alcohol/ Elastomer 10

A stock solution of I3A ‘b’ was prepared in benzyl alcohol (Table 6) and this stock was
used to prepare the formulations. For the placebos, benzy!i alcohol alone was used in
place of the I3A “b’/benzy! alcohol stock. The accurate masses of the components of the
IBA b formulations are detailed in Tables 7-9. The formulatioﬁs and their respective

placebos were prepared as follows:
Fermulation A: I3A ‘b’/macrocetyl ether cream

The macrocetyl ether emulsifying ointment was accurately weighed out into a glass vial
“and then melted in a water bath at 60°C. Freshly prepared citrate buffer (pH 3) was
accurately weighed into a separate glass vial, warmed. in the water bath and then
gradually incorporated into the molten emulsifying ointment with constant stirring until
cool. This process produced the macrocetyl ether cream. To prepare the formulation,
IBA b’ in benzyl alcohol was accurately weighed out into.a glass vial and the
macrocetyl ether cream was gradually and accurately weighed out onto this, with

constant stirring.
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Formulation B: I3A ‘H°/30% IPA gel

- The I3A *b’/benzyl alcohol was accurately weighed out into a glass vial. The remaining
‘components were accurately weighed onto this solution in the order of IPA, then citrate

buffer and then HEC, with vigorous mixing between each addition.
Formulation C: I3A ‘b’/silicones

The I3A “b*/benzyl alcohol was accurately weighed out into a glass vial. The remaining
components were accurately weighed onto this solution in the order of Elastomer 10,

then cyclomethicone and then IPM, with vigorous mixing between each addition,
Formulation analysis

The formulations were analysed at the start of the study to confirm the concentration of
I3A °D’ (w/w) in the formulations and were found to be ca 0.1% (w/w) I3A ‘b’. Of this
total I3A b’ content, there was less than 0,7% of isoform ‘a’ and no isoform ‘¢’ in the
formulations. The formulations were checked for the appearance of isoform ‘a’ by the
time of the conclusion of the study and were shown to have less than 0.3% of isoform

‘a’ when stored at 2-8°C. Isoform ‘c’ was not detected in any of the formulations.
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The stability of I3A isoforms "a’, "b' and “c' in the three sample systems

over 72 h (equivalent to the maximum possible length of time the samples
might be held in the autosampler during a long HPLC analytical run) was
confirmed as follows. Standards of the three isoforms of I3A
vappooxissately 100 g/ml) were freshly prepared in acetonitrib€r/GB2606/004739
acetonitrile/citrate buffer (pH 3) and acefonitrile/ammonium acetate buffer
(pH 4.5) and analysed immediately by HPLC. The standards were then

e gd'v'de into I%Eree egual volumes and placed at 2-8C, room
o R e A 0 P b S I STy by HPLC
The results of this study are presented in Table 10. The largest

cometsiongl dBfs bidrisalony & akipom (PMRSWIE ACRIURLNILL ,
-sample prepared in 100% v/v acetonitrile whereas the 13A b’ Standard In
a£%hYﬁ378 ditr£R8 TR SHeRERLc LRy et efcima dhsi oAl rsordelt by beldrin the

at0Ggliggstingthat Y Solventisybien) Wightim:ihe Mast APPIORA@RIS of
O R B b DR 460 § BTSN IS Ryt in
" orpetpuinReCR @it/ Ot A bd{T® BN )Y ahduQthiO e o @iBnQekiné-buffer
G(BHI 4:)5)% \énh)%e?d '_ﬁnﬁgdq)a{&}sj S %H,(E 9]:169 s@ancaé%pvperg t@ez? e%)chhdivided
into three equal volumes and placed at 2-8°C, room temperature and 40°C for 72 h and
were then again analysed by HPLC. The results of this study are presented in Table 10,
The largest conversion of I3A ‘b’ to isoform ‘a’ at room temperature occuired with the
sample prepared in 100% vy acetonitile whereas the 134 b standard in
acetonitrile/citrate (pH 3) showed very little conversion to isoform "a’ even at 40°C,
suggesting that this solvent system might be the most appropriate for ensuring the

samples remain stable over the sampling time.
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WO 2007/068963 PCTIGB2006/004739 38 EXAMPLE 3 A pH stability
study of 13A "b' in IPA gels prepared with citrate buffer in the pH range

2.5 to 4.0 was conducted at 2-8C and 40C (accelerated stability).
MATERIALS Materials Supplier 13A "b’ (ingenol angelate) Peplin
wigitededsistralia Batch No. 070303 Batch No. 0319 Sodiuprdibypdrateos739
~ citrate (USP grade) Batch Raught Ltd, 3K R009243 Citric acid
monohydrate (USP grade) Batch R11115 Glacial acetic acid Lot
K2953917 BDH Laboratory Supplies, UK Sodium acetate Lot TA1044704
Benzyl alcohol (USP grade) Lot Nez 1 Merck, Germany

ISopropyl alcohol (USP grade) Lot No. K31802995310 Natrosol(r) 250

gran(%?'gr Flsh%&h%%lca H&QH gc%gnl %%V\?étfel?%/l%&b %%omﬁr#%Hp b range

P?e?)@ré@owa@mrmcwdgél%&‘iﬁ“dap%é‘lﬁb@mhgam&a@mr in the pH
range 2.5 to 4.0. The compositions of the active and placebo IPA-gels
prepared f rthe pH range stability study are given in Tables 11 and 12,
é\élg@c% arge quantities of placebo were prepared to facilitate the
measurement of the pH of the placebo gels at T|me 0. Smaller guantities

nnnnnnnnnnnn mnt af. dro

) Jml% %&r |VU gCI I C. QU U Of Cabh WweTreprepa siA n\., Lll\., 2ROUHRTO1 Ttuy—
0 2007/068963 PCT/GB2006/004739 US?’“ et
I3A b’ (ingenol angelate) Peplin Limited, Australia

Batch No. 670303
Batch No. 0319 :
Sodium dihydrate citrate (USP grade) Batch | Raught Ltd, UK
| R009243 - |
Citric acid monohydrate (USP grade) Batch
RI11115

Glacial aceﬁc acid Lot K2953917 BDH Laboratery Supplies, UK
Sodium acetate Lot TA1044704
Benzyl aleohol (USP grade) Lot No.K31593981 Merck, Germany
Isopropyl alcohol (USP grade) Lot No.

K31802995310

Netrosol® 250 HHX Batch No. Z-0177 ' Honeywell and Stein, UK
Acetonitrile-HPLC grade Fisker Chemicals, UK
Deionised water MilliQ, UK

METHODS

Preparation of I3A. ‘b’ gels and placebos using citrate buffer in the pH tange 2.5 to 4.0.

The compositions of the active and placebo IPA-gels prepared for the pH range stability
study are given in Tables 11 and 12, respectively. Large quantities of placebo were
prepared to facilitate the measurement of the pH of the placebo gels at Time 0. Smaller

guantities of the active gel ie. 30 g of each were prepared since the amount of drug



39 available for the study was limited. Previous stability studies conducted
on the I3A IPA gel, in which the apparent pH of the placebo and active
gel were monitored over 12 months, have shown that there is no
noticeable difference between the two. Furthermore, the same apparent

Rig Wasgmasasured for both the active and placebo gels. Thyg98hsiRER30
of the placebo gels was measured, to d¥termine the apparent pH of the

gels at the start of the stability study. After overnight hydration, the gels
were  analysed for the T=0 time point and the apparent pH values of the

ol ZLERbe i e mug TanlimHads Rrapiess wie hiithfadis st o thel I3A TPA
sogt, glassiviakhdopnic: EIMBLRiUSe:Esdlingdof de: npaterial WhehRored over 12

T Bl ST O o AR oHHeF 28 moBRo s een the v
PEHEBR006/004789 aNp@OdI0vas mpapredfor balotohadtioe bhOpiadEhe gels.
:)nrﬁ:lﬂl_%re\l/jv-@ olﬂhﬁ/l@()@fl\lﬁ&%é%e@o%gﬂ PR30 57 aHerh B8 agp!a.%nq pH of
e gels at the start of the stability study. After overnight hydration, the gels were
analysed for the T=0 time point and the apparent pH values of the placebos were
measured. The samples were divided equally into 7 ml soda glass vials to avoid
temperature cycling of the material when sampling at the different time points and the

vials were stored at 2-8°C and 40°C (accelerated stability), respectively.
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Measurement of the apparent pH of IPA placebo gels prepared using citrate buffer in the
pH range 2.5 to 4.0 '

The apparent pH of the IPA placebo gels prepared using citrate buffer in the pH range

2.5 to 4.0 were measured using a Jenway 3320 pH meter.
Extraction of I3A from the IPA gels

The drug was extracted from the IPA gels as follows. One gram of each of the gel; or
their respective placebos was accurately weighed into a 10 ml volumetric flask in -
duplicate or triplicate. The samples were first mixed with 1 ml of citrate buffer (pH 3)
by vigerous and repetitive mixing on a vortex mixer set to maximum speed and then Jeft
shaking on an orbital shaker for 30 mins at 400 rpm. The volumetric flasks were then
made up to the volume mark with HPLC-grade acetonitrile and the samples were again
suﬁjected to vigorous mixing by repetitive mixing on a vortex mixer set to maximum
speed and then left shaking on an orbital shaker for 60 mins at 400 rpm. Aliquots were
transferred to HPLC vials for analysis.

The extraction of I3A from the gel was performed in triplicate ie. three separate
weighing-outs with duplicate injections for the Time 0 and Time = three months (2'-8"(3
samples) points and in duplicate ie. two separate weighing—outs' with duplicate

. injections for the Time = one week and four weeks (40°C samples).
HPLC Analysis
The analysis was performed using the following systems and conditions:

Instruments

Waters Alliance 26935 Separations Module (S/no. B98SM4209M)
Waters 2487 Dual ), Absorbance detector (S/no. M97487050N),
Waters Alliance 2695 D Separations Module (S/no. G98SMB8039N)
Waters 2487 Dual A Absorbance detector (S/no. 1.02487106M)
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PCT/GB2006/004739 42 Measurement of the apparent pH of IPA
placebo gels prepared using citrate buffer in the pH range 2.5 to 4.0 The
appakenkatdsof the IPA placebo gels prepared using citrate lffarsnotia@os739
pH range 2.5 to 4.0 were measured usmig a Jenway 3320 pH meter.
Extraction of 13A from the IPA gels The drug was extracted from the IPA
gels as follows. One gram of each of the gels or their respective placebos
was accurately weighed into a 10 ml volumetric flask in duplicate or
trilicpee T e e Empltosrit Se firstimixed with 1 ml of citrate buffer (pH 3)
by vigorous and repetitive mixing on a vortex mixer set to maximum speed
and then left shaking on an orbital shaker for 30 mins at 400 rpm. The
voltfrfessegiageanfisromiivnsrmplasdortre sofoleasark with
HPLC-grade acetonitrile and the samples were again subjected to
vi%%[ous mixing by repetitive mixing on a vortex mixer set.to maximum

speed and then left shaking on a T F’?ﬁ%%ﬁ@ﬁ%@@ﬁ)m.

Aliquots were S/Mmo.3-34070 and S/no. 1034024A. .
Colurnn length: 100 x 4.60 mm
Column temperature: ambient

Guard coluznns:‘

C1g Columbus (Phenomenex)
S/no. 202678 and S/no. 74554-7

Guard column length: 50 x4.60mm | . _

Mobile phase: | 50% v/v sodiwm acetate buffer pH4.5/50%
acetonitrile (v/v) |

Flow rate: 1.0 ml/min

UV wavelength: 230 nm

~ Injection volume: 30 pl
Run time: 35 mins
Autosampler temperature: 8°C +2°C
Retention \ﬁmes: 13 mins + 2 mins isoform ‘a’; 22 mins £ 2 mins
| isoform ‘b’; 23 mins * 2 mins isoform ‘¢’ ;

unassigned peak with relative retention tizﬁe to
isoform b’ of 0.93 +0.02.

RESULTS

Measurement of the apparent pH of the placebo gels at Time 0

The results for the measurement of the apparent pH of the placebo gels are given in

Table 13. No pH measurements were taken at any of the stability time points.



transferred to HPLC vials for analysis. The extraction of I3A from the gel

was performed in triplicate i.e. three separate weighing-outs with

duplicate injections for the Time 0 and Time = three months (2-8C

samples) points and in duplicate i.e. two separate weighing-outs with

Wepligalssbiections for the Time = one week and four weeksd4Q@2006/004739

samples). HPLC Analysis The analysis4#as performed using the following

systems and conditions: Instruments Waters Alliance 2695 Separations

Modul S/no. B98SM4209M) Waters 2487 Dual k Absorbance detector
heergstnpentphtb e Rnpicas 89S masthed@digsts Kasdule (S/no.

6988M8039N) Waters 2487 Dual X Absorbance detector (S/no. '

118248706 M)-WO-2007/068963-PCT/GR2006/004739-43 Empower Pro

\JUIVII

UIVI} A LUUI \YAYJ

B u%"go"\f/@?ﬁ@ {relr chf%?ﬁ%%‘&r%% T T employed were as
folldWws: Columns: Hypercarb (.TDErmoQuest Phenomenex) S/no.3-34070
I‘.Ifll Sno—1t034024A CG:UIIII | th=—100-4-66-mm-Column
emperature: ambient Guard © umns C18 Columbus (Phenomenex)
5/h80202678 and S/no. 74584-B2Guard column length: 50 x 4.60 mm
VgRie phase:r50% viv sodium; geetate buffer pH4:5750% acetonitrile
(Mo Elow rate: 1 0 ml/min W wavelength: 230 nm__Injection volume: 30 Al
AP %ime: 35 mins 4.74 |

~—+

n

Determination of percentage peak purities of I3A isoforms in the active gels

The percentage peak pnrities‘ of I3A *b’ ‘iji the active gels at the start of the stability
study (T=0), and after one week of storage at 40°C, four weeks of storage at 40°C, and
after three months storage at 2-8°C, are given in Tables 14, 15, 16 and 17, respectively.
The percentage peak purity of I3A. ‘b’ was greater than 98% whilst the percentage peak
puﬁty of isoform ‘a’ was less than 1.2% for all the gels after three months of storage at -
28°C. For the accelerated stability study at 40°C, the greatest decrease in the percentage
peak purity of ‘b’ over the four weeks was observed with the gel with apparent placebo
value of 4.74. Since I3A ‘b” has been shown to convert to isoform ‘a’, the formatioﬁ of
isoform ‘a’ was also examined as a stability marker. The increases in the percentage
peak purities of isoform ‘a’ from Time 0 after one week and four Weeks storage at 40°C,
and after three months storage at 2-8°C were calculated, with the results given in Table
18.



Autosampler temperature: 8C 2C Retention times: 13 rains 2 mins
isoform "a’; 22 mins 2 rains isoform "b'; 23 rains 2 shins isoform “c’;
unassigned peak with relative retention time to isofonn b’ of 0.93 0.02.
RESULTS Measurement of the apparent pH of the placebo gels at Time
Qd %%%Ig for the measurement of the apparent pH of the.plagabr@&ls:30
are given in Table 13. No pH measuressents were taken at any of the
stability time points. WO 2007/068963 PCTIGB2006/004739 44 Table 13.
Measurement of the apparent pH of placebo IPA gets (n=1) pH of Citrate
~ Blftdviq DIOBymprasemeal piyiticclfogéh B0 BI04 2. TheR8iva3eel 362, mean £
3 30:thrs 800 Aof h RREHNRIIANPLRACRRAOG AR RUIER P1h at Time 0
isoforms in the active gels The pércentagé peak purities of I3A b'in t
active gels at the start of the stability study (T=0), and after one week of

OO A@@Iégurmgéﬁga@g&gt 4OC and after three months

terg% ZHSC gfr en- ”I 4; hlac .|.—r,‘ nd ;_?’ rnenanfnml\) T'féi’ m
yercantag® peak pur y CIST B 10 9\% gﬁcﬂ%ﬁ‘déo Wsﬁ%\g otar othet
pédéntagelpesik purity of isofgrm “a’ was less than 1.2% faraflisthe Yeis

after thre églonths bf storage at - 28C. For the acceleratgg stability study

at 40C, the greatest decrease i the percentage peak purity of “b' pver
th&48Lr weeks was observed with the gel with apparent placase3/alue of
173%0SInte BA D NasReenSNPYghE CONVERLIR 1S9t No 8o 16 JRTHATPE 0.7
of isoform "a' was also examingd as a stability marker.|The increasges in

the percgntage peak purities of fsbform “a'ifrom Time Q after one week

andyfour yveeks stofagenaletf6] 99.70 £ 0.000.00 | 0.02£0.02 | 0.04 2 0.04

wn..-N

-

0.09

3.00 3.62 0.52+£0.01 | 99.16 1000000 | 0142002 | 0.19+0.06
0.06

3.50 422 0.47 £0.02 | 99.36 +1000+000 009003 |0.08£0.04
0.10

4.00 474 0.44+£0.03 | 99.30 +£10.00£0.00 | 0.10x£0.01 | 0.16£0.07

0.10




and after three months storage at 2-8C were calculated, with the results

given in Table 18. WO 2007/068963 PCT/GB2006/004739 45 Table 14.
Percentage peak purities of isoforms of 13A in the active gels (n=3, mean
standard deviation, UAP = unassigned peak, RRT= relative retention time)
onJHﬂ‘?/Q 8;%134 of Apparent Percentage peak purity Citrate pH.of lspiffiRoss
Isoform soform "c' UAP RRT Total ather buffer placebo to isoform

UAPs (+ gel 0.05) 0.93 0.02 2.50 3.07 0.44 0.03 99.20 0.000.00 0.20

0.04 0.16 0.07 0.112.753:340.24 0.06 99.70 0.00 0.00 0.02 0.02 _
0.0ble(4. §0e330:3p62k0pHRRIG109 %6 r1000 BG.0nl 4. 02 B §8s0G=2, mean *
0. Op A 2.0. ; 9 0. 030.08.0.04 010 -

4 O3 s S B el T S SR gl cpted me weelc of
2087868%6 Y BET/GB2006/004739 46 .Table 15. Percentage peak

purities of isoforms of I3A in the active gels (n=2, mean range, UAP =

upassighee-peak R.\T%W
%oc Blﬁ SRR A e BERHEBE HBI Surity Citrate pH of Isoform "a

|gétrate b} mdformolt| WARRRIT Thtsbother biddésplacebtAPiSRRYM Total other

UARSer placebo to isoform | UAPs
(+0.05) | gel - b |
| 0.93 £ 0.02

2.50 3.07 i.012+0.02 | 98.83 10002000 0.04+£0.01 |0.1320.03
0.05

2,75 3.34 0.53 +6.34 19906 + 0.00x=0.00 { 0.06 £0.01 | 0.35+£0.31

| 0.06 |

3.00 3.62 1.61+0.05 1 98.26 4 0.00+0.00 0.05+0.01 ; 0.07£0.04
0.09

350 1422 2.56+0.04 1 97.27 £ 0004000 ] 0.04+£0.04 | 0.12£0.15
0.22

4.00 4.74 4.68+0.03 | 95.12 +1]0.00+£000 | 0.08+0.02 | 0.12 +0.04

0.07




(- 0.05) gel b' 0.93 0.02 2.50 3.07 1.010.02 98.83 + 0.000.00 0.04 0.01
0.130.03 0.05 2.75 3.34 0.530.34 99.06 + 0.000.00 0.06 0.01 0.35 0.31
0.06 3.00 3.62 1.61+-0.05 98.26 + 0.00 = 0.00 0.05 0.01 0.07 0.04 0.09
3.50 4.22 2.560.04 97.27 + 0.00-0.00 0.040.04 0.12 0.15 0.22 4.00 4.74
4.68 0.0395.12 0.00 0.000.08 0.02 0,12+-0.04 0.07 WO 2007/068963
WPENTEE2006/004739 47 Table 16. Pgrcentage peak purifiés B iSEIES>
of 13A in the active gels (n=2, mean
RRT= relative retention time) after four weeks of storage at 40C pH of
%EW@B\I Parcaniag @htal Rty Sl il Q)fflﬁﬂic_)f@tix%l é%ﬂ(%rgél\sb'(n=2, mean
Isoform "¢’ UAP RRT Total other_buffer placebo to isoform UAPS ( gel <b’
0DEB SR 20081 56 B0 Bt AdNR) 6fbaplosr weeks of
Bt0rde2£5 3.34 2.91 0.02 96.44 0.00 0.00 0.06 0.02 0.59 0.11 0.14

- 09%fo!

3§3¢.3.624.74 0.0294.75 0.00 0.000.08 _0.020.44=0.09 0.12

range, UAP = unassigned peak,

pH  of | Apparent | Percentage peak purity

Citrate | pH of | Isoform ‘2’ | Isoform ‘b* | Isoform ‘c’ | UAP RRT | Total other

buffer | placebo to isoform | UAPs

(* gel ‘b’

0.05) 0.93 + 0.02

2.50 3.07 2.70£0.01 | 96.24 10002000 10.07£002 0.99£0.06
0.09 | |

2,75 334 2914£0.02 96.44 + ] 0.00x£0.00 | 0.06 £0.02 0,59 011
0.14

3.00 3.62 4.74£0.02 | 84.75 +[0.00+0.00 ;0082002 | 0.44+0.09
06.12

3.50 422 7.68 £0.02 | 92.01 +10.00£0.00 ;0072004 | 025%£0.08
0.12

4.00 4.74 13.34 =1 86.47 t:000+0.00  0.06%0.03 | 0.13+0.09

0.02 0.14




3.50 4.22 7.680.02 92.01 + 0.00 0.00 0.07=0.04 0250.08 0.12 4.00 4.74
13.34 =86.47 + 0.00 0.00 0.06 =0.03 0.13 0.09 0.020.14 WO
2007/068963 PCT/GB2006/004739 48 Table 17. Percentage peak
parities of isoforms of 13A in the active gels (h=3, mean standard
dayialionslAP = unassigned peak, RRT= relative retention ggagg; ait@E004739
three months of storage at 2-8C pH of Apparent Percentage peak purity
Citrate pH of Isoform "a' Isoform b’ Isoform "¢’ UAP RRT Total other

buff
0 bl

99&%&3@@&@5&9@&%%%&@?
0.00 0,00 0.00 0.000.12 0.01 0.01

0.089 bt 2858 85 0.01 0.01 4.00 4.74.1.160.09 98.73 0.000.00
0.000.00 0.110.05 0.13 WO 2007/068963 PCT/G|32006/004739 49

lacebo to isoform UAPs (0.05) gel b’ 0.93 0.02 2.50 3.07 0.56
37 Beoesndnge peel rougo . abisofonme o347 513184n0tin Bloga=3, mean *

eﬁ{lﬁﬁ'@gﬁlg&g fedekdh g&réjsafter three
50 4.22 0.91 0.01 99.00

ot 4 Q. oo lotadd T v oo i s o e e ano nan ritince AfF. 12 A ieanform
R A TR %%45 PRiorent Increase n percentage
peﬁi@rptgrity igbfornpfa’ Iﬁqﬁmm a’ | Isoform ‘b’ | Isoform ‘c® | UAP RRT | Total other
buffer placebo ‘ ‘ to isoform | UAPs
(£0.05) | gel ‘b’ |
| _ 0.93 £0.02
2.50 3.07 0.56£0.01 199.34 x| 0.00+0.00 | 0.00£0.00 | 0.10£0.03
‘ 0.03
2.75 3.34 0.202:0.08 | 9971 - +£10.00+0.00 ! 0.00x£0.00 ; 0.09 £0.05
0.13
3.00 3.62 0.73£0.01 |99.15 £]0.00% 0.00 0.60£0.00 | 0.12£0.01
0.01 |
3.50 4.22 0.91£0.01 199.00 £|0.00x£0.00!0.00+0.00 | 0.09+0.01"
0.01
4.00 4.74 1.16 £0.09 1 98.73 £+ 0.00£0.00 | 0.00=0.00 | 0.11 £0.05
0.13




Citrate pH of Time 0 (Table 5): buffer placebo Stored at 40C Stored at

2-8C (10.05) gel T=1 week T=4 weeks T=3 months 2.50 3.07 0.57 2.26
0.12 2.753.340.29 2.67 0.00 3.00 3.62 1.09 4.22 0.21 3.50 4.22 2.09
7.210.44 4.00 4.74 4.24 12.90 0.72 The data suggests that the pH has
anslipalthe formation of isoform "a’ even when the gel iscsteief@loosrso
2-8C for three months. An increase in th& percentage peak area of

isoform "a' of 0.21% was measured with the gel prepared with citrate

buffer of pH 3.00 compared to an increase of 0.44% in the percentage
pebiblitds dakoraiad inciepthdogedrpreisaccppolithwittiercof Bffbrigfiprng &, from
Byrizd 0Neeks Bi400s the differences between the gels in terms of the
increases in the percentage peak purities of isoform "a' were amplified.
WO 2007/068963 PCT/GB2006(004739 50 EXAMPLE 4 Oil
Raihulatiofs AvparéeR | AkSeMaianetShpptieeakIA-Batetrdda. ‘@382nPoplin

Li@iig[ec&ie Australia B LPh.Ear, BP, NF Batch No. K31593981
e Sl |

301 Merck KiGaA, Germany GTC/C (Medium chain
trigWESrides) BAseRe Sirerodes 48%Ech No.GE03907 Stored at 2-8°C
(£ 0.05) gel :
T=1 week T=4 weeks T=3 months
2.50 3.07 0.57 2.26 o1z
2.75 334 1020 . 2.67 0.00
1300 - [362 1.09 422 0.21
3.50 4.22 2.00 7.21 1044
4.00 474 424 12.90 0.72

The data suggests that the pH has an effect on the formation of isoform ‘a’ even when
the gel is stored at 2-8°C for three months. An increase in the percentage peak area of
isoform ‘a’ of 0.21% was measured with the gel prepared with citrate buffer of pH 3.00
compared to an increase of 0.44% in the percentage peak area of isoform ‘a’ for the gel
prepared with citrate buffer of pH 3.5. By T=4 weeks at 40°C, the differences between
the gels in terms of the increases in the percentage ‘peak purities of isoform ‘a’ were

amplified.



Sodium dihydrate citrate Merck Chemicals, UK Lot No. 27833.261 Citric
acid Lot No. 111K0142 Sigma Chemical Co., UK Glacial acetic acid BDH
Laboratory Supplies, UK Sodium acetate Lot 102363P Acetonitrile-HPLC
grade Fisher Scientific, UK Trifluoroacetic acid (TFA) Lot n0.0392851

wdeipnigegk water Millipore, UK METHODS Selection of sutatites2o06/004739
oils/eacipients Sesame oil, fractionaté® coconut oil (medium chain
triglycerides), soybean oil, com oil, and peanut oil, were identified as

~ vehicles for parenteral administration. Each can be used up to a level of
100%. WO 2007/068963 PCT/&%@&&% 51 Other excipients,
which may be included in parenteral oil formulations, are shown below,
toge_ther with the ma>_<imum cQRg t@}'{ﬁnﬁ Lf}ged Excipient (use)
Maximum concentration used (%) Benzyl alcohol
(solubiliser/preservative) 3.0 Ethanol (solubiliser) 70 Butylated
adrenanisple (antioxidant) 0.03 Butylated hydroxytoluene (antioxidant)
.0.03 Preparation of I3A and placebo formulations for preliminary stability
studies Sterilisation of fractionated coconut oil Approximately 50 g of the

fragtignated coconut oil (CRO%MQ}_ GTCIC) was weighed into a 100 ml
conical flask (borosmcate glass), stoppered (borosilicate glass stopper)

idAd placed inside a pre- heatl‘}g ove Gallenkam f Hot box Oven with.
fannSizeoRpat 173 5C for 1 & the oil was allowed to

coolto-room

Benzy! alcohol Ph Eur, BP, NE

Merck KGaA, Germany
Batch No. K31593981 301

Crodamol GTC/C  (Medium

chain triglycerides) Croda, Singapore
Batch No GE03507
Sodium dihydrate citrate Merck Chemicals, UK

Lot No. 27833.261

Citric acid Lot No. 11 1K0142 Sigma Chemical Co., UK

Glacial acetic acid BDH Laboratory Supplies, UK
Sodium acetate Lot 102363P

Acefonitrile-HPLC grade Fisher Scientific, UK
Trifluorcacetic acid (TFA) Lot -
no. 0392851

Deionised water Millipore, UK

METHODS
Selection of suitable oils/excipients

Sesame oil, fractionated coconut ol (medium chain triglycerides), soybean oil, com oil,
and peanut oil, were identified as vehicles for parenteral administration. Each can be

used up to a level of 100%.



temperature before use. Addition of 13A to the sterilised oil Approximately
10 mg of DA was accurately weighed into a 28 ml glass vial and added to
approximately 200 mg of benzyl alcohol (exact weight noted), which had
previously been filtered through a 0.22 um MILLEX-GV filter. This mixture
Wasdededigally vortexed for approximately 2 h until the I3A&aegs2006/004739
dissolved in the benzyl alcohol. To thisitnixture approximately 9.79 g of

the sterilized oil was added and vortexed for approximately 5 mins until a
homogeneous solution was obtained. The placebo was prepared in a
SiMIRSE rrsipien e SR AT B riwivite jromerpigsd aﬁpggéaiﬁa@szga@ grown
thiesRietiticedhei Witkaks welghtmaietenpsiusesig.compensate for I13A.
Exact weights and percentage compositions are shown in Tables 19 and
20 for active (13A) and placebo formulations. WO 2007/068963

PEWERRODEM04739 52 Table 19 Target and pbfadhamowntsanibemsed (%)

WIKRIQT MM@&M@M%QH&%gel werght T arget % wiw Actuat wergtt
*Actual % w/w 13A 10mg 0.10 10.15 mg 0.101i Benzyl alcohol 200 mg 2.0

2&PsRoMaelbdise ractionated 9.79 g 97.9 9.80884 g 97.901 coconut oil

Tetaklagd BEHIOLE3%: 6400k dRaynded Up to Bphp- Table 20 Target and

amoy and 04 vwhn) far the nlaceha.oilliformiulation Taraet weiaht
V)-1QFHRe formiation—-arget-welght

actual vrts-fand-%-wind-fg placebo-oil
'rgilgf%’%%%m‘?\’éf@%%@ﬁ‘i@é?&é\ % wiw BehZyPalcohol 200 mg 2.0

- 200.89 mg 1.971 Fractionated 9.8 g 98.0 9.99313 g 98.029 coconut oil
T?%&Q&ngg Qf]IQA]agﬂ%ﬂ&l}{Q _orr’;m?al‘él%%g(}olfl %J%l%ﬁa?y stability studies

Sterilisation of fractionated coconut oil

Appmxi_ﬁzately 50 g of the fractionated coconut oil (CRODAMOL GTC/C) was
weighed into a 100 ml conical flask (borosilicate glass), stoppered (borosilicate glass
stopper) and placed inside a pre-heated oven (Gallenkampf Hot box Oven with fan, Size
2yat 173 £ 5°C for I h. After this procedure, the oil was allowed to cool to room

temperature before use.
Addition of I3A to the sterilised oil

Approximately 10 mg of I3A was accurately weighed into a 28 ml glass vial and added
" to approximately 200 mg of benzyl alcohol (exact weight noted), which had previously
been filtered through a 0.22 um MILLEX-GV filter. This mixture was periodically
vortexed for approximately 2 h until the I3A had dissolved in the benzy! alcohol. To
this mixture approximately 9.79 g of the sterilized oil was added and vortexed for
approximately 5 mins until a homogeneous solution was obtained. The placebo was
prepared in a similar manzer except that approximately 9.80 g (as opposed to 9.79 g) of
the sterilised oil (exact weight noted) was used to compensate for I3A. Exact weights
‘and percentage compositions are shown in Tables 19 and 20 for active (I3A) and

placebo formulations.



Storage conditions for 13A and placebo formulations Aliquots of each
formulation (placebo or active) were dispensed into 2 ml screw cap
amber glass vials (borosilicate glass), sealed and stored at two storage
conditions namely 2-8C and 25 2C. The formulations were tested using
ths methad.described below at storage times up to and inClpghng3ng 004739
month. Preliminary stability of 13A in fr@@tionated coconut oil Table 21
summarises the stability of I3A in fractionated coconut oil stored at 2-8C
and 25C over 43 days. The stability data indicates that there appears to
be no increase in the percentage of isoform "a’ during storage at 2-8 and
25ﬁa§f&ﬂ®4®%¥§aﬁﬂma&%@lﬁoﬁﬁt@&ﬂ?f%%?%g%%@f;@ﬂ%ﬁ%i’iﬁﬁlﬂion
fresh batch of I3A at t=0 and t=43 days. WO 2007/068963
PCT/GB2006/004739 53 Table 21. The percentage of isoform "a' as a

percentage of isqf@iumgeaivaiptit]l I Tabgestaredat wietcaineitights foF Adual % wiw

=T I HOA-E—Z2-L K-

10 ALl — 1 1 IO A i A + o ] at NN - Tivaa 0
. [OAd FItSl [TTPTETSA™ tOTTtrreayit €O Z 7 oU Tl
KUK b1t
M’ .

0 Time 5 day (2-8C) 1.86_Time 5 days (25 7'Fime 20 days

» Byl deohipime 20 éys (25C) 203 Time 28 (a9 1048¢) 1.931 Phfe 28

~

Wfadiorated 97| $HOG 43 0aAYS (GB8) 1.95™ TG deeays (25G ok G
resh sample 13A in Acetonitrile at time 43 days 2.14 RESULT|S There

/8RB hificant difference (p>0.05) in peak afea and retentioh time of

|

<=

BAcigiofonns "a’ andigh' between ting samples m{;qgtgplggs%cetomtm@ or

“O’Egﬁg 'Itg’];i)I’co 3dop.

Table 20 Target and actual amounts (and % w/w) for the placebo oil formulation

Target weight | Target % w/w | Actual weight | *Actual % w/w
Benzyl alcohol | 200 mg 2.0 200.89 mg 1.971
Fractionated 98¢g 98.0 9.99313 g 98.029
coconut oil
Total 10g 100 10.19402 ¢ 160
*Rounded up to 3 d.p.

Storage conditions for I3A and placebo formulations

Aliquots of each formulation (placebo or active) were dispensed into 2 m! screw cap
amber glass vials (borosilicate glass), sealed and stored at two storage conditions
namely 2-8°C and 25 + 2°C. The formulations were tested using the method described

below at storage times up to and including one month.

Preliminary stability of I3A in fractionated coconut oil

Table 21 summarises the stability of I3A in fractionated coconut oil stored at 2-8°C and
25°C over 43 days. The stability data indicates that there appears to be no increase in
the percentage of isoform ‘a’ dﬁring storage at 2-8 and 25°C after 43 days, comparable
to the percentage of isoform ‘a’ from a fresh batch of I3A at t=0 and 43 days.



From the list of oils available two were deemed suitable for formulation of
I3A namely, fractionated coconut oil and sesame oil. The recommended
sterilisation of sesame oil is 2 h at 170C whereas for fractionated coconut
oilitis 1 h at 170C. This has advantages with regards to the amount of
Hine@nesenergy spent preparing the formulation. Due to thedénstailityeod 3o
I3A to heat (experimentally proven, data3not shown), the oil has to be
sterilised separately and the BA added aseptically (filtered) as a solution
dissolved in benzyl alcohol. A filter medium has been identified to be
suitable for filtration of the 13A/benzyl alcohol mixture namely a 0.22 m
MITAHEXC G VItikeselooneses! thefoadsarpiian mid3m-g8 thesbiiermemnbiana v’
Sti ires_investigation. )t desired, due to the relatively low viscosity of
th%ﬁﬁ%ﬁ%ﬁ%&?&%@%ggr‘%@fg S(iompared to sesame oil WO 2007/068963
PCTJGB2006/004739 54 which has a viscosity of approximately 44

mPas) the formulation could also be prepared in situ Vigiif{gAtbenzyl
alcohol and the complete formulation sterilised by filtration. EXAMPLE 5
Oral FormuldtefissarmigdBérnPerepishessivns selectddIdr the buccal
formulations;rgad d 7 non-aqueous formulations were prggared anc
visually evalle i ' i /mers
was as pote e desathésive vehicles. Due to the inBéiént insta bility of
I3Ain aqueque:RystRmSpiIe)formulations investigated yefe non-agqueous,

substituting %gwﬂwwmewmm&aque@w
phase. MATERFASHiStératSupplier 13A Batch No.[b3419 Peplir

Limited, Ausmﬁiazagaygydﬁ@hol Ph Eur, BP, NF Mer¢ckdg¢GaA, Germany

21E0Q020091.201 P
BatchNo. K3 olyethylene g!yco! 400(REG

Time 28 days (2-8°C) 1.93
Time 28 days (25°C) 1.94
Time 43 days (2-8°C) e
Time 43 days (25°C) 1.91

Fresh sample I3A in Acetonitrile at time 43 days|2.14

RESULTS

There was no significant difference (p>>0.05) in peak area and retention time of I3A

isoforms ‘a’ and ‘b’ between the samples injected in acetonitrile or acetonitrile/oil.

From the list of oils available two were deemed suitable for formulation of I3A namely,
fractionated coconut oil and sesame 0il. The recommended sterilisation of sesame oil is
2 b at 170°C whereas for fractionated coconut oil #tis 1 h at 170°C. This has advantages
with regards to the amount of time and energy spent preparing the formulation. Due to
the instability of I3A to heat {(experimentally proven, data not shown), the oil has to be
sterilised separately and the I3A added aseptically (filtered) as a solution dissclved in
benzyl alcohol. A filter medium has been identified to be suitable for filtration of the
I3A/benzyl alcohol mixture namely a 0.22 um MILLEX-GV filter, however, the
adsorption of I3A on the filter membrane still requires investigation. I desired, due to

the relatively low viscosity of this oil (approximately 30 mPas compared to sesame oil



400) Merck KgaA, Germany Batch no. 8.17003.1000 Glycerol Sigma
Chemical Co., UK Batch no. 121K0152 Citric acid Batch No. | 11K0142
Porcine Mucin - Type Il Batch no. 68H7480 WO 2007/068963
PCTIGB20061004739 55 Carbopol 934 Serva, Germany Batch no.
Wdﬁg%{gﬂ@;hylcellulose (MC) Fluka, UK Batch no. 4040065t T/GB2006/004739
Hydroxyethylcellulose HX Hercules, 88A (IBC) Hydroxypropylcellulose
(HP) HPLC grade Methanol Fisher Scientific, UK Trifluoroacetic acid

FA) Lot n0.0392 ?%1 Deionised water (18.2M ohm Millipore, UK cm)
&%‘F@*&fﬁlﬁﬁ%}% AR S MRS Fin dReB Fen iAo be prepared

Bevemabiplasebel tocnivlatidnk-werepiitiaty-pirpareskancyisudllyation.
screened for consistency and solvation (Table 22). Briefly, the required
amounts of PEG 400 and carbopol 934 were stirred in 28 ml glass vials
for 10 mins with a spatula and the other ingredients were added in the
following order, glycerol, benzyl alcohol and methylcellulose or HEC or
HPC. The formulations were th%n mixed with a Silverson

: XAMPLE 3

Oral Formulations

A number of excipients were selected for the buceal formulations, and 17 non-aquecus

formulations were prepared and visually evaluated for consistency and solvation.
A variety of polymers was as potential mucoadhesive vehicles. Due to the inherent
instability of I3A in aqueous systems, the formulations investigated were non-aqueous,

substituting glycerol and polyethylene glycol (PEG) for the aqueous phase.

MATERIALS

Material Supplier

BA

Peplin Limit i
Batch No. 0319 eplin Limited, Australia

Benzyl alcohol Ph Eur, BP, NF

Merck KGaA, G
Batch No. K31593981 301 ereke » Germany

Polyethylene glycol 400 (PEG

400) Merck KgaA, Germany
Batch no. 8.17003.1000

(Glyeerol Sigma Chemical Co., UK
Batchno. 121K0152

Citric acid

Batch No. 111K0142
Porcine Mucin -- Type 11
Batch no. 68H7480




14RT stirrer at approximately 10,000 rpm for approximately 2-3 mires. All
the mixed placebo formulations were left to solvate overnight (>24 h)

before visual screening. WO 2007/068963 PCT/GB2006/004739 56 o O
t'D6ohEn Enol;~~OOOENOCI-rNt-.-i-.-footoNOO--EnO

tiNI~~ EnOMDOOIO OONcoOONnv 'Nt"'+%9r/8é20@%8799
YHRYEB0 NOoOOO ENOOGOV bWOyY-0ONC,

Carbopol 934 Serva, Germany
Batch no. 15885
Methylcellulose (MC) Fhika, UK

Batch no. 404006/1

Hydroxyethylcellulose HX | Hercules, USA

(HEC)
Hydroxypropylcellulose (HP)

HPLC grade Methanol Fisher Scientific, UK
Trifluoroacetic acid (TFA) Lot
no. 0392851

Deionised water (18.2M ohm | Millipore, UK

cm)

METHODS

Preliminary visual screening of placebo formulations

Seventeen placebo formulations were initially prepared and visually screened for
consistency and solvation (Table 22). Briefly, the required amounts of PEG 400 and
carbopol 934 were stirred in 28 ml glass vials for 10 mins with a spatula and the other
mngredients were added in the following order, glycerol, benzyl alcohel and
methyicellulose or HEC or HPC. The formulations were then mixed with a Silverson
14RT stirrer at approximately 10,000 rpm for approximately 2-3 mins. All the mixed

placebo formulations were left to solvate overnight (>24 h) before visual screening.



AC'N-C--ON ~.UOOQcOOOO WwW30O0OOOyYyNnNCc*i,-i Ca
syoV-000OnO t--4 NOOZMNOONO dOOOCV,jOOOO
NNt~--~"-+m oCO"I+O00O0O0 Vvf=iNh.-a.-iNtiOp UNO
c-dUO FWa-)UWO 2007/068963 PCT/GB2006/004739 57
g}be%w%késcreening of placebo formulations (mucoadhesigp)RRRqs/064739
approach to the study of mucoadhesign is rheological characterisation of
mucoadhesive interface. It is based on the assumption that the extent of
interpenetration can be detected by measuring differences in rheological
parameters between polymer
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gels and their mixtures with mucin. The synergistic increase in viscosity

has been proposed'as an index of bioadhesion bond strength. From the

visual screening, five placebo formulations were chosen based on

viscosity and solvation, for further rheological assessment using porcine

WWe-diedormulations chosen are listed in Table 23. Tabler2@:82006/004739

Formulations chosen for rheological scédening Formulation Number /

%w/w excipient added Excipient 4 14 15 16 17 PEG 400 26.5 26,.5 26.0

26.5 26.0 Glycerol 70.0 70.0 70.0 70.0 70.0 Benzyl alcohol 1.0 1.0 1.0

1. Bacplogieahyreenninsed plocely fampyfdions(murqadkesiops HEC 1.0

HPC 1.0 1.5 Preparation of samples for theological assessment

Préparatimnahparcihe nudin BfieflycdAigabpokcidesinitinlpondersasion of

wel i . 0.g.using deionised water to .

T e b B B trrion

atoeusks feiesiist Simmstaryine i prepy i ahsalpgirehpaam Alrth SetaReRarplymer

\évigmgaimwi:aeﬁ m@t@&Th_ 49 @h}f@@ﬁ?a,mn%@g{%niﬁéﬁ%?wé%&% glas been
eionised water. This was left to, hydrate overnjght.in the fridge at 2-8C.

W58 /6%@&%#%@5&@%%?% %rﬁnﬁﬁep F%??oﬁ?eo?“g“a screening, five

foptaethtiofumusitionsixvihe sbtecteddstinvlatiohe{Fable?3pvatien, for further

prﬁ;@@f@ﬁ'e@? Q@%ﬁ%ﬁg tﬁ% 80&%8%%%“%@%%@5‘6?&% &N aé!re listed in
w&lght of 10% wlw mucin was added and gently stirred with a spatula.
Thi

&3 left to hydrate at 2-8C overnight. In addition, the selected

Table 23. Formulations chosen for rheological sereening

Formulation Number / %w/w
. excipient added

Excipient 4 14 15 |16 |17
PEG 400 26.5 {26,.5|26.0 | 26.5 26,0
Glycerol 70.0 1 70.0 1 70.0 | 70.0 | 70.0
Benzyl aleohol (1.0 (10 11.0 11,0 11.0
Methylcellulose 1.0 1.5
Carbopol 1.5 |15 115 |15 115
HEC 1.0
HPC 1.0 |15

Preparation of samples for rheological assessment -
Preparation of porcine mucin

Briefly, 15 g of porcine mucin powder was weighed into a beaker and made up to 150 g
using deionised water to give a final concentréﬁon of 10% w/w mucin, This was
allowed to hydrate at 2-8°C for approximately 2-3 h. The hydrated mucin was further
diluted with deionised water to obtain a final concentration of 5% w/w mucin in’

deionised water. This was left to hydrate overnight in the fridge at 2-8°C.



formulations were also diluted (50:50 whv) with deionised water and left to
hydrate overnight in the fridge at 2-8C. Dynamic (oscillatory) rheology
testing procedure The theological screening was carried out using a
Carrimed CSL2 rheometer. Approximately 0.5 g of the test sample was
placed’hetwsaen the platform and parallel plate geometry. ORCE@B2006/00473%
sample was compressed between the ;ﬁ%tform and plate any excess
sample was carefully removed using a spatula at right angles to the
geometry. Each sample was tested a total of five times resulting in
mechanical spectra. The resultant parameters obtained G', G" and tan

- wéreendiog abfusauiaEoniieciheiive strength of the formulations,
where G' is the elastic modulus, G" the viscous modulus and tan S the’

ratibedelacial ErmQpHBis AR 209 Prepdrapinerfselesisthatiive. afidleach of the
pl (g:l%pﬁ'foormulatéogi Folglgw%lﬂép olﬁ{%lcal testing two formulations was

se%ecteci1 TP TUa ot (go‘?’ TAHER YEsateal e g puicied with a
prﬁﬁéﬁbﬁion’%ﬁﬂaa{\t@m loftfdomigtdtion &br%ﬂ%(bil&iyeﬂﬂghtopﬂmi;ﬁﬁtion, the selected
MaRHRGHHIRGRIOGESS MARH TS 40 RIGRASPAGNES %&%@feal%ggéﬁat'é' tirate

13A) and placebo formulatgons (25 g of éach). Figure 6 shows
prepArARS A IfBHE St R Ane placebo Formulation 16 with the target

amounts of excipients/drug used. Briefly, the required amount of carbopol

9 W&gig(g(g%%t%ﬁ% A{)Q‘Q in a o;osilic e bottle and heated to 50C for
approximately 2-h UHtl the Tt e L i Solvated. This mixture was
cooled to room temperature; the required amount of glycerol added and

theixbsRioRisd hesasering approsemiatlPBOEsinga wdterrivaet f61S17 tmtiheter.

a hopregeneds pasianas tesmadpiheequited amauntal BEGWRASa parallel
adtgé%d and tlrreéi met\%%le cooled mixture usmg a Silverson L4RT mixer

s&t at approxXimartelf Wo B8 A EEIE S PESFRE BEGEL b 505y awsiairse any
rpp¥ctes Sawplinute saEhid mbduredvasithensatived tipfislbhglab/aiahe geometry.

ovarighl (2 whe fkak fgqe%aie@%%étﬂ{z%s’*%sﬁi ure,0 SHOWS P crecira.  The
produced a ‘Base formulation’. The active formuldtion was preparga by~
el sssmaig el eBrd{Defz) kafcbinolverh asalquisdeasibentuwhadhesive

| Aenzyl @ﬁ@%ﬁﬁﬂ@%ﬁg daghio the sglvated:p ﬁﬁ%&ﬂly) HatR0 viscous modulus

and tan & the ratio of G to €3,

Optimisation and preparation of selected active and placebe formulations

Following rheological testing two formulations was selected for further optimisation
(Formulation 16 and 17) with respect to preparation of batch of formulation for
stability. The optimised manufacturing process was used to prepare baiches of active
(containing I3A) and placebo formulations (25 g of each). Figure 6 shows the
preparation of the active and placebo Formmulation 16 with the target amounts of
excipients/drug used. Briefly, the required amount of carbopol 934 was added to PEG
400ina borosilicate bottle and heated to 50°C for approximately 2 h until the mixture
was fully solvated. This mixture was cooled to room temperature; the required amounf
of glycerol added and the mixture was heated to approximately 60°C in a water bath for
2 h until a homogenous paste was formed. The required amount of HEC was added and

stirred into the cooled mixture using a Silverson L4RT mixer set at approximately



and gently stirred with a spatula to give a final concentration of 0.1% w/w
13A. Similarly, the placebo formulation was prepared by adding the

benzyl alcohol to the solvated mixture and gently stirred. Formulation 17

was prepared in a similar manner. Table 24 shows the target %w/w of
WXCIISHESASA in the active and placebo formulations. Apprékifyziai)cioes739
of the placebo and active formulations were aliquoted into 2 all screw cap
vials and placed on stability at 2-8C, 25C and 40C (the latter temperature
wag s ot shortaim asslerated otabllty stdie) Table 24, Target o,
%w/w (to1 d.p.) in the optimised active anda placebo formatations g
FdFdiahibif 1S RdrmpRERBI- 12 Elmipidrmionmise ivelRiste iBascfiverulation’.
Placebo PEG 400 26.5 26.5 26.0 26.0 Carbopol 1.51.51.5 1.5 Glycerol _
69B{)l 70.069.9 7Q0.0 HPC 11.011.01.5,1.5 Benzyl alcohol 1.01.01.0 1.0

137 (0FTOF IO T ARAY S HPERASH bt niiiatis Feahdesdiedp4am hawirbeobol
activerégnmedativmForitie\ furpbel aftdiugpradudte val satiar@base formulation
exjract ELMR Jate. the degradation of I3A b, to , -
isofor'rgla‘%i éé%dl%gﬁggrzdp%ic pea XS%yr?tey)at Eggei(gt?g%%a%w& gn%}" % Wil 134,
20U 065 et rtsRBODE iRy 3OS GBS A Trefditie the thradrmiethtibfp the
washas:ibawsrdhedisame pipeedursiMasalso1uses fediaea9iar maner.

f latign)., Briefly, about 1 g of the formulation was accurately weighed
igt?o% ;felg%m Polma i CHEek ?%Wg\’;(/e%gb)eﬁf”rﬂ’leﬁ%%téno ﬁ%@raﬁ;ﬁ%ﬁ‘gh jlacebo

wasTgelatipnshaken by hand for approximately 5 nuns until homogeneous
and made up to volume with HPLC grade methanol. The flask was then
shaken on a mechanjcal ' shaker for approximately 2 h. The contents of

tfé@é%?@tﬁe% sidheralrethroamd gstire formulations were aliquoted into 2 ml
screw cap vials and placed on stability at 2-8°C, 25°C and 40°C (the latter temperatire

was utilised for short term accelerated stability studies).

Table 24. Target %w/w (to 1 d.p.) in the optimised active and placebo

formulations

| Formulation 16 Formulation 17
Excipient/drug Active Placebo | Active Placebo
PEG 400 ' 26.5 26.5 26.0 26.0
Carbopol 15 15 15 15
Glycerol 69.9 70.0 69.9 70.0
HPC 1.0 1.0 1.5 1.5
Benzyl alcohol 1.0 1.0 1.0 1.0
13A (0319) 0.1 Ho 0.1

Analysis of I3A in formulation
Extraction of EI3A from the active formulation

For the purpose of drug product evaluation an extraction method was set up to evaluate

the degradation of I3A “b’ to isoform ‘a’ (chromatographic peak purity). The extraction



polypropylene tube and centrifuged for 5 mins at 2200 rpm. The
supernatant was aliquoted into HPLC vials and analysed. Preliminary
recovery data (not shown) indicated that ca. 80% or more of 13A "b' was
recovered from the active formulation and more significantly, there was no
woesieressss from any of the excipients in the formulation. HRITG riedbioe: 739
The method of analysis for the analysé(bf 13A in the buccal formulation is
shown below. Column: Symmetry Cis - 5 m (Waters) (S/no.T636515 07,

AT05 205). Calumn length: 150 3. mCqumnt erat
e et e R o O D P TGE Ao wsed
Glrarthe planshdeingnl2don)3. Soindly Muobitelphasette. 6R%buldtchFAamn accurately
- WRBEHA) QP20 W TR RGNS (B \9% 1BnPOF QRASBIHAG (nH 3). This

composmon GRADIENT, see table below) Flow rate: 1.0 ml/min"UV
WG B SBaksTh Y (spsaiorn ﬁ}@é@fﬁﬁl@@ﬂéﬁéﬂ% Rt Bemosseeramegvionde up
Z(ﬁﬁﬁﬂ])ﬁﬂ@ﬁﬁtﬁmm&ﬁﬁﬂﬁﬁ&l 6ThAdtesamplerderpeeature: 8Gchanical

é? B m%ipog&ggggf\y%r esgggtgs}ttlnﬁhe te%gkAt aIp R{;\OXIQ at?e%ed %0 a 15ml

S sa es storedat4 were also tes INn oraer tO obtain som
a@éé@(&t@@@d@hﬁyﬂ@@tg_@ﬂﬂ@gmm 5 mins at 2200 rpm. The supema’cant was

aliguoted into HPLC vials and analysed.

 Prelimipary recovery data (not shown) indicated that ca. 80% or more of I3A b’ was
recovered from the active formulation and more significantly, there was no interference

from any of the excipients in the formulation.

HPLC method

The method of analysis for the analysis of I3A in the buccal formulation is shown |

below.
Column: Symmetry Cyg— 5 um (Waters)
- (S/n0.T636515 07, Plno. WAT(G54205)
Column length: 150 x 3.90 mm |
Column temperature: 30°C
Guard column: Symmetry Cis— 5 pm (Waters)
(P/no. WAT054225)
Guard column length: 20x 3.0 mm
Mobile phase: 0.02% v/v TFA in water (A); 0.02% v/v TFA in
Acetonitrile (B) |
A 1 B; 50: 50 (starting composition)
(GRADIENT, see table below)
Flow rate: 1.0 ml/min
UV wavelength: | 230 nm (PDA)
Injection volume: | 10

Run time: ‘ 20 mins



Visual screening The visual screening was carried out qualitatively and
provided a relatively efficient method of pre-screening a number of
formulations with regard to viscosity and solvationi Placebo formulations
were assessed by two independent assessors and rejected on the basis
Habieoviseosity was either too high or too low. FurthermoreCamys2006/00473¢
formulation, which had not completely §blvated, was also rejected. It was
quite apparent that according to the method of preparation a carbopol

934 concentration greater than 1.5% w/w produced non-aqueous gels

W %@%@P&f&%@?&%ﬁ@zand/or not fally solvated. A reduction in the

amount of carbopol 934 to 0.5% w/w and addition of methylcellulose at a
C@gﬁ&n; ' f 2.0% wiw produced a gel of |ow viscosit oyever
increaéir%g%h %g%rg%{)‘gleé%t SE%%%%%&}gt%rnoto[ﬁﬁg WIW gﬁygé%i%er%léaﬁwples
retiieshy fReCnyetnalisligisEiz onlee trrelisin tohOacwvwistIsgbilidy alge!

which was low in viscosity. From the visual observations it would appear
t%%ﬁt ition of methylcellulose did not influence the viscosity to a

great extent compared to the addition of carbopol 934. However,
methylcellulose has been shown to have mucoadhesive properties and
thérsrdrecfeetiiag formulations were prepared which contained 1.0 and

1.5% w/w methylcellulose in combination with 1.5 %w/w carbopol 934. :
Vigual resessnamokRese /o maians.ahoryeddhab ey Wetatively officient
hom geneous and had the required consistency for further evaluation.
STHHy P SRS it TSRS F e o thel Heeftisrend
ofdmrtiopol BBgeboeneiytincendirCabasscalSoybeen indplieatest assassors and

‘ gl [ ' tions containing HPC at 1.0 and 1.5% ‘
e O VB MR e B g b, any

Bre. rhighed rReblesgiedtakss ssliriedt. Formishaticededvasialses quite

feppadn: heavisbalitiaceentabiewith respeehignyiscosiband solvatian.angion
this |pclﬁged ?EC (‘éfanoth r potential mucoadhesive polymer). Therefore
five formutations (ESHRUGHEH A0 TATIR @S 2o icEgBA00 Viscous and/or ot

Pty GR2006/00 478016214 thanddit)wererthpolagically ass egsethdordtisin of
rﬁ%ﬁ’ﬁ@&ﬁﬁﬁé@ St ei‘lgg?x&éﬁjﬂf%&ilgop"ﬁlﬁ% w/w produced a gel of low viscosity.
However, bincreasing the carbopol 934 concentration to 1.0% w/w and concomitantly
reducing the methylcellulose concentration to 1.0% wiw still gave a gel which was low
in viscosity. From the visual observations it would appear that the addition of
methyleellulose did not influence the viscosity to a great extent compared to the
~ addition of carbopol 934. However, methyleellulose has been shown to have
mucoadhesive properties and therefore further formulations were prepared which
contained 1.0 and 1.5% w/w methylcellulose in combination with 1.5 %w/w carbopol
934. Visual assessment of these formulations showed that they were homogeneous and
had the required consistency for fimther evatuation. Simﬂéﬂy, I—IPC was found not to
affect the viscosity relative to the addition of carbopol 934. However, since HPC has
also been implicated as a potential mucoadhesive, formulations containing HPC at 1.0
and 1.5% w/w together with carbopol 934 at 1.5 %/w/w were found visually acceptable
for further rheclogical assessment. Formulation 4 was also found to be visually
acceptable with respect to viscosity and solvation and this included HEC (another

potential mucoadhesive polymer). Therefore five formulatiens (Formulation 4, 14, 15,



Rheolod cal assessment of Formulations 4; 14, 15, 16 and 17 The elastic
modulus G' is a measure of sample resistance to elastic deformation (i.e.

a reflection of the polymer network connectivity) and 0" is a measure of
sample resistance to viscous deformation. The mean G' and G" at 5 Hz,
averagredsoyer 5 samples were extracted from the resultantrdatigbocadion739
comparisons between different formulaffbns. An expression that allows

for the determination of synergistic differences, in terms of G' and G";

belt ee% 1t@e formu#atiri)n/,mﬁi%in mixg%e ang%the indivi(agéall components of |
that Akture i iten IOEGRt SIS The Migher, TeePatifvy GPVgigts tHge pie
gresatan.the interaction of the formulation with the mucin. Relative G'= .
Gi(roimulation/Mucin) - (G'(Focmulation) + G'aucin)) Equation 1 G’
(Fonnuiation) + G' (muck) A similar equation can be used to calculate G".
TaHeojpgicabssostmanih§areretsnme4d9ans & srdulds using Equation

2. mean Relative G" tan S = Equation 2 mean Relative G' Figure 7 shows
theheelddbre GlodnhGG Vialues:fotalbilvedptatddations: testedtanck RightoB(.c. a
S h reesponding tan 8 values. B on the,theological

O B e O & S s of semnle
folRgtesIseoraptiedpr?isiFormulation 16 > Formulation 14 >

Formulation 15 > Formulation 4. However, Formulations 14 and 15

diggla ed large variations_(as observed with the large standard

d %r%?@ hEEotild Be HEAS TRESROR Mo fnRiGh S¥ite FASHGRS grom the
theesed trorndatatiomowi thomueinnk britvann diéfcibet GrAMORH67/A6826 ssion that
P / I ormulations.in.geiqnised .
W%Eﬁqﬁ%s%%%%%f ﬁ?ﬁg&%%?@tgg tf\é)ac}%ﬁf) i é%ﬁﬁ% Jtl%g%(sz ati ng (tgﬁxg%hés? gtween

foltndiratiorsionsprsie are I endoge iediyisiual components of that mixture is given

n Equatidn 1. The higher, the relative &° values the greater the interaction of the

formulation with the mucin.

. Gt{F uiﬁnfMucin“G" lati ‘+“ng'
Relative G = — ) (G omien D)) Equation 1

G'1 (Formulati on) ~+ G! {Muginy

A similar equation can be used to calculate G**. Tan [ was calculated using the relative

G’ and G*’ values using Equation 2.

_ mean Relative G"
mean Relative G'

tan &

Equation 2

Figure 7 shows the relative G’ and G*° values for all five formulations tested and Figure

8 shows the corresponding tan 8 values.

Based on the rheological assessment, the order for the increase in mucoadhesive
strength was found to be Formulation 17 > Formulation 16 > Formulation 14 >
Formulation 15 > Formulation 4. However, Formulations 14 and 15 displayed large
variations (as observed with the large standard deviations). This could be due to the

non-homogeneous interactions of these formulations with mucin. Furthermore, the G°



hydration. Formulation 4 was found to have the highest G' values when
mixed with the mucin, however, the relative G' value was significantly
lower (p< 0.05) compared to all the other formulations tested. This was
attributed to the fact that the G' values for Formulation 4 dispersed in
watsfsRassonsiderably higher compared to all the formulditforigB2006/004739
dispersed in water. It would appear that Formulation 4 produced a
relatively good viscoelastic gel in water (compared to the other :

fogmydationg,in fﬁ’@tﬁfﬂnﬁ&%ﬁﬁe{nﬂ}ﬁﬁ&%@@%‘?& to.de %Eslﬁﬂxgayén%awe large

interaction with mucin since the relative G' value, which eliminates the

effEEEbFH e RoFmindiratings ikl Bestheitratiations cispiagedighfficdifmpeeneous
lowekBascrbandhddelative GuraldasvE arenlations kelasdwhenshRe®dith the

the largest interaction, with pig mucin inferri tt}?t hese twa formulation
BB B ey fO e A P FEega o e
artbe18hsh dwani stk teredactidis wits siatintedoweberfthethat the G values for

hyeratiopiieraciionr.efdhgseiarmylations, gasidhRe IRHAMAGRRCRUS @Sall the
Ju?ged by the large standard deviations, Formulation 4 showed the lowest

rel SHOREE0R3 dEnsgdhBr et thH oWt inreRstibat TREHsHUs phRERfigred @
_targlstixaly@@fe_dacnella;m gakeasutep{dhepascos|asticiter tfa;enknwebﬂamSvater),
Ingb%@é %é%l %;%g%eq I%hbeg a? petf?iﬁ}%? ms?nn Iaig er%ggc\)/ $ rWSEﬁ/ rxtlh %ugl Isgrrx]c%r %rlle ative
indicates a reldtively Tow entang ement (due to-a I‘e?atlvely ?arger VISCOUS

cdmpaiientylasil dhuéiaiep Berefe of Bedorvatleie Optimibasidkeanerin offect)

Prepacadionehseiralier asiveans placeheforapulgiions FEha PRIBNISAIARd 17
pr%Ce%gﬁlﬁﬁyv sUcarrjed out in order to reduce the time of preparation for -
the TR e o AP P HEWH S T S EBR RGBT T8 fgnyations

We@eiddma fopoptitisationadhebistafitinubttidies FRiELGAmalysisofl Bhowed
fogni %H&FL%J&M%&%&EL?%{‘,’% ePe?f&j%”ﬂr?(?%ﬁﬁ%ﬂ%%%%ﬁ f%' 430 f%%ﬁg jons
well as percentage area,of isoform ‘a’ arid other unassigned peaks §

foraultbriisheme ecans &y iudasd by tihtelzersimdp Seviciassa Formulation 4

CempRBioE iIgdhespaanade PeakdUHY alactilYmwW/\widd IRAMBn.  The
2007/068963 PCT/G§§006/004739 64 gel sample at time zero. All peaks

foP IR RATICE PR CTHEM &R B FE RIS R ARy TG rifescoelasticity, the lower tan 3

indicates a relatively higher entanglement and conversely the higher tan § indicates a
relatively low entanglement (due to a relatively larger viscous component) and thus

supports these observations.

Optimisation and preparation of selected active and placebo formulations.

The optimisation procedure was carried out in order to reduce the time of preparation
for the formulations from ca. 24 h down to ca. 12 h. Formulations 16 and 17 were

chosen for optimisation and stability studies.

HPLC Analysis of I3A formulations

Table 25 shows the percentage peak purities for I3A b as well as percentage area of
isoform ‘a’ and other unassigned peaks (UAP) for Formulations 16 and 17 taken at time

zero. Also shown as a comparator is the percentage peak purity of a 0.1% w/w I3A IPA



and compared to the respective placebo formulations. Table 25.
Percentage peak parities of formulations at time zero. Formulation %

Peak purity I3A "b' % isoform "a' % Total UAP 16 99.6 0.3 0.1 17 99.7

0.3 0.0 0.1% w/w IPA 99.2 0.5 0.3 gel Table 26 shows the percentage
Yeakyienthes for 13A “b" as well as percentage area of isof 8fh/CR28p04739
other unassigned peaks (UAP) for Formulations 16 and 17 taken at
approximately two weeks after storage at 2-8C and 40C (accelerated

stgbili Isa;tabulate [ i

005 e L AIEA ool St Ao e LA S BRI et
biEESrrBRMelRdhe Tarsinankaameifegatiantompared to the respective
placebo formulations. Table 26. Percentage chromatographic peak
purities.qf fagrmulations at time. ca. 1-2 weeks stored,at 2-8C and 40C. %
Ptaktat!ﬁ&%tygfé?f“ “‘gf%"“f‘ét% 6‘#%‘%‘“5"3%‘2 8%&7%‘5‘&%" HIREETHSN 2-8C 40C
2-8C 402-8C 400C - ™ 16 99.899.20.20.40.00.4 17 99.89930.2 0~4

7 PSRl VO BRI NOOLIRipelPeak pyriigaltenge
weelk; ND - not.determined There appears to be no apparent difference in

‘ h%ﬁpercentage p%%ﬁ purity of 13A in afy? of the formulation®lat time zero
oithe initial vall@®n receipt (99.3% 134z b, report WO 209 (/U68963
PCHGB2006/004739-65-RB21001/24) Furthermore -the percentage area
ofbi‘sig%vr"r@ gy 1 ?ggeipt was 0.40%, '\I?Ti%h is similar to the %ércentage

gek area for igoform “a’ at time zero (Table 25). There was no noticeable -

u AIHEAMHE-O-

increaseimthe-percentage of isoforni—a-afterapproximatety-1-

.+ —+

Table 26 shows the percentage peak purities for I3A ‘b” as well as percentage area of
isoform ‘2’ and other unassigned peaks (UAP) for Formulations 16 and 17 teken at
approximately two weeks after storage at 2-8°C and 40°C (accelerated stability). Also
tabulated as a comparator is the percentage peak purity of 0.1% wi/w I3A IPA gel stored
at 40°C for one week. All peaks for the buccal fonmjﬂations were manually integrated

compared to the respective placebo formulations.

Table 26.  Percentage chromatographic peak purities of formulations at time
ca. 1-2 weeks stored at 2-8°C and 40°C.

% Peak purity I3A ‘D> | % isoform ‘a’ % Total UAP
Formulation |2-8°C | 40°C .4 |2-8°C [40°C = .| 2-8°C | 40°C. i
16 998 99277 102  [04° 100 |04 .

17 998 |93 % 1102 (94 . |00
*01% ww ND |93 ;. | ND |16 | ND
IPA gel S

*Peak purity after one week; KD — not determined

There appears to be no apparent difference in the percentage peak purity of I3A in any

of the formulations, at time zero to the initial value on receipt (99.3% I3A b’ report



2 week storage of the buccal formulations, at 2-8C (Table 26), whereas an
increase in the percentage of isoform "a' was observed for all buccal
samples stored at 40C. However, the increase in the percentage of
isoform "a' observed for the 0.1% w/w IPA gel was higher (1.60%) after 1
weoekogtaimage at 40C. Based on the percentage peak puritid$;Tigi82006/004739
preliminary data would appear to indicaté that the DA buccal formulations
" are at least as stable as the 0.1 % 13A IPA gel and possibly even more
stq@gl A%E’IFE 9 g&; xamer Formulations Eour. poloxamer . o
formgla@ns .' ere |n%/estl%’ate%l.p eﬁﬁ%l%ﬁ% a e%rla S%p%xﬁé?c??,& b 0'40_ s
BateF NG 63197 epincrsmmiess, prakwedtaforGiioracie pidimohyareféable 20t
no. R11115 Raught Ltd, UK Trisodium citrate dihydrate BP Lot Raught
Ltd, UK no. ROO92]bAg Deionised water Millipore, UK Poloxamer 407
(LOBGPF2) BRER G BiTFranG 1 e ifmeey 86 PR a ot appyximately 1-
- 9% At E0Yeumtw dfiahB Bidedl Kormnlddtizhd 00 2 Redy cikiyle peglvieel<H8 Q4 PicGase in
409) g@&%hf SURANol0 RO SO P e P S0 BB stored ar d0vc
PCTIGB20061004739 86 Propylens glycol - o Jiccal SEmpIes stored at 40°C.
However, the increase in the percentage of isoform ‘a’ observed for the 0.1% w/w IPA
gel was higher (1.60%) after 1 week storage at 40°C. Based on the percentage peak
purities, this preliminary data would appear to indicate that the I3A buccal formulations

are af least as sfable as the 0.1% I3A IPA gel and possibly even more stable.
EXAMPLE 6

Poloxamer Formulations

Four poloxamer formulations were investigated.

MATERIALS

Material Supplier

I3A ‘D :
Batch No 0319, Peplin Limited, Australia.
Citric acid monohydrate BP

R t Ltd, UK
Lotno.R11115 angh

Trisodium citrate dihydrate BP Lot
no. R0092143

Raught Ltd, UK

Deionised water Millipore, UK
Poloxamer 407 (Lutrol F127)

BASF, Germany
Lot no. WPTYS562B
Ethanol (Analar) 99.7-100% w/w Lot

BDH, UK
no. L.354007
Polyethyleneglycol 400 (PEG 400)

Merck, Germany

Lot no. 53820403 312




Lot no. 1(32254378 336 Merck, Germany Acetonitrile (ACN) HPLC

Gradient Fisher Scientific, UK Grad

e Lot no 0309807 Trifluoroacetic acid

(TFA) Fisher Chemicals, UK Lot. no. 0263747 Benzyl alcohol Ph Eur, BP,
NF Batch No. 1(31593981 301 Merck KGaA, Germany METHODS

CRARE B8Eipients Prior to preformulatjon studies, several RS tEriGRo06/004735
excipients for poloxamer formulations were identified, and are listed

below, together with maximum recommended concentrations. Excipients

D

N

V): 18
sddinf-&ie g“ﬁ.&%ﬁw/v (IM) *Use

(,@ggﬁng@t g)cdfropyiene glycol 752 %wWiv (V)6 0.0 %6viv (V) PEG 400
5.0 %wly (I %v/v (IM) Benzylsleskolarthaw/v (IV) Citric acid

d for control formulation Preparation

of AeemiationA oKy heploy i cad-ghaslie

—h

valuate ogical behaviour.

FMpsigissptanehkpoloxamer 407

JE%MQ '((t)) Islovpl%%éﬁrfepared using thie excipients listed above in order to
he rheo

WO 2007/068963

PETEe200Ge04A3EA67 Preparat

doncentration of 0.1 M._A_solution o

mppohydsatgtMwt 211g/mole) was p?

an of citrate buffer pH 3 Citric acid
har&dsmiselorided water at a

tri-sodium citrate dihydrate, 0.1 M

,\W@ Algohol Ph Eur, BP, NF

Batch No. K31593981 301

Merck KGaA, Germany

METHODS

Choice of excipients

Prior to preformulation studies, several

suitable excipients for poloxamer formulations

were identified, and are listed below, together with maximum recommended

concentrations.
Excipients Concenfration
FPropylene glyeol 75.2 Y%ow/v (IM); 60.0 Y%oviv (IV)
*PEG 400 65.0 Yew/v (IV); 18 Y%v/v (IM)
Benzyl alcohol 3.0 Ywlv (IV)
Citric acid 1.0 % w/v (IM)
Sodium citrate
’ 2.85% wiv (IM)

*Used for control formulation

Preparation of formulations for rheological studies

Various placebo poloxamer 407 formulations were prepared using the excipients listed

above in order to evaluate the theological behaviour.




g/mole) was also prepared in deionised water. Citrate buffer solution pH 3
was prepared by mixing 40% v/v citric acid monohydrate solution (0.1 M),
10% v/v trisodium citrate dihydrate solution (0.1 M) and 50% v/v

deionised water and the final pH was measured using a pH Meter (3320
WERARTA$ Preparation of poloxamer 497 “base’ solutions PYERMFER] 047>
studies indicated that poloxamer 407 solutions at a concentration range
between 18-20% w/w were suitable, for providing a range of viscosities

Withefandfign GiniiMaldenifigpoloxamer solutions were prepared using
the cold method reported by Schmolka (1972). Briefly, the required

a nts of polox r. 407 (T 2 re added either to.citrate _buffer
prl—l?%ng %crlc{ipﬁgﬁ% g%%actgll&r%faegbﬁﬁ%%épeﬁ FH 1PRPBoTb St agger at a
Dapasebatinsofithié Mopylenretigly obitditatampufientp dilydras pevidugigwt 294.1

prepaes hyswaighing. e apRIapriata amaunt etprapylene dyGeLaNdr 3 was
citrate b%ffer pH 3 (Table 27) and shaken for 1-2 mins until visually

h&RTBYERBUSTE SHranfofic BritimAreRE g Aothtints (drd Baphéel v/v
andspiiwed-itrandistinateronatbnfop. 4 Myvithifseesent shakiad wxeraddihe final

m'!_@fwlég | (éjsgééolut'on ZEN solutions were stored at
2- 8C unti erequireu %nét%ﬁllsa#%crg Qr%%g ureﬁpé%r?f'e the gels are required for

intralesional therapy, sterilisation is important. In order to achieve

stpriisatiennibeRieRared arisnyare.aligsiaved using the BP method,
where approximately 100 g of each of the gels listed in Table 27 was

placed in 100 ml Duran bottles and autoclaved for 15 mins at 121C. After
-th"?éeﬁ%l@é‘ﬁfurs@ 55 B PRI R8BP A o q?éweﬁaﬁ@namr?ﬁlgﬁ range

e gels were

steriEcean 2880%nitvegeriretitvie, 200 71068863-RETEHGE 0064004 738h 68rving

Vidz: G0 Orhd 901&‘(&1&9 R ions were prepared using the cold method reported by
Schmolka (1972).

Briefly, th.e required amounts of poloxamer 407 (Table 27) were added either to citrate
buffer pH 3 or propylene glycol/citrate buffer pH 3 in 100 ml borosilicate glass Duran
bottles. The propylene glycol/citrate buffer pH 3 was previéusljr prepared by wei;ghing
the appropriate amount of propylene glycol and citrate buffer pH 3 (Table 27) and
shaken for 1-2 ming until visually homogeneous. The Duran bottles containing the
ingredienfs were capped and placed in an ice/water bath for 4 h with ﬁequent shaking
every 15 mins, until clear solutions were produced. These solutions were stored at 2-

8°C until required.

Sterilisation procedure

Since the gels are required for intralesional thérap_y, sterilisation is important. In order
to achieve sterilisation, the prepared gels were autoélaved using the BP method, where
approximately 100 g of each of the gels listed in Table 27 was placed in 100 ml Duran
botiles and autoclaved for 15 mins at 121°C. After this procedure, the gels were left to

cool at room temperature, and then stored at 2-8°C until required.
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Preparation of placebo poloxamer formulations for rheological evaluation

Due to the instability of I3A to heat sterilisation, formulations containing I3A should be
prepared by dissolving the I3A in an appropriate soivent followed by aseptic addition
(i.e. aseptic filiration) to autoclaved ‘base’ poloxamer solutions. The solvent of choice
was benzyl alcohol. However, for rheological assessment only placebo poibxamar

formulations were prepared containing benzyl alcohol due to the limited availability of
I3A.

Preparation of benzyl alcohol/citrate buffer pH 3 solution

The amount of citrate buffer addcd to benzyl alcohol. was 2.5% w/w, which was below
the solubility of citrate buffer pH 3 in benzyl alcohol. Briefly, approximately 0.5 g of
citrate buffer pH 3 was added to 19.5 g of benzyl alechol to give a final percentage of

 citrate buffer of 2.5 %w/w in benzyl alcohol. This solution was then filtered through a
Millipore filter (0.22 um MILLEX-GV, MILLIPORE) to mimic the condition of aseptic
filtration. '

Addition of benzyl alcoheleitrate buffer pH 3 solution to poloxamer ‘base’

solutions

Placebo formulations (Table 28) were prepared by adding the required amount of
filtered benzyl alcohol/citrate buffer pH 3 to the sterilised poloxamer “base’ sclutions
prepared above. Briefly, approximately 9.90 g (exact weight noted in Table 28) of each
poloxamer ‘base’ solution was weighed into a 20 mi soda glass vial and this was cooled
in ice/water to form a liquid (at room temperature these solutions form gels). To the
cooled poloxamer ‘base’ approximately 0.10 g (exact Wéight shown in Table 28) of
filtered benzyl aicohol/citrate buffer pH 3 was added and vortexed for 2 mins until a
Visually clear, homogeneous solution was cbtained. These formulations were then

stored at 2-8°C until required.



NOC)a3'~ .C'a-xOIOO1N rEaa-1Po0Ca, WUHWO
2007/068963 PCT/GB2006/004739 70 Preparation of placebo poloxamer
formulations for rheological evaluation Due to the instability of 13A to heat
sterilisation, formulations containing 13A should be prepared by
diesolvingddse I3A in an appropriate solvent followed by aseptic/asaitiom4739
(i.e. aseptic filtration) to autoclaved ‘badé’ poloxamer solutions. The
solvent of choice was benzyl alcohol. However, for theological
assessment only placebo poloxamer formulations were prepared
containing benzyl alcohol due to the limited availability of I3A. Preparation
of Beepdggigidoivelndtiere buffer pH 3 solution The amount of citrate buffer
added to benzyl alcohol was 2.5% w/w; which was below the solubility of

- citrate MR RA Stniensy| algohalBiiefly approximalely Qb 84f Cilfaigeter.

buffer pH 3 w 3 de%t 19.5 g of benzyl alcohol to give a final
per@gﬁg}éﬁéa%g citrate’ LE%FGF& FBRS R iR BT EEShie PR grparale!

watthercfitined @meuhh sanddilliperechitter¢:@Ptrthtnl hXpGMorm and plate any
M 1]l ] -aseptic filfration, Addition of benzyl
ORIt DU o e R M8 Bl e e i e
foRRTIARBRY (TaiRs o8 pirirk Pribisr temes ad dhegemiiveljisesitenoiem wEorded
filteret:benzybalsahekiciteate buffer pH 3 to the sterilised poloxamer “base’
solutions prepared above. Briefly, approximately 9.90 g (exact weight

noted in Table 28) of each poloxamer "base’ solution was weighed into a
2(FPrebsniinylafsatiak dnhistivas eodleelaiivicpla@iarsté fosmbdliliguidd atlease
rogquigmperature these solutions form gels). To the cooled poloxamer ‘
"base' approximately 0.10 g (exact weight shown in Table 28) of

Following on from the rheological assessment, active (I3A) and placebo poloxamer
formulations were prepared for stability and release studies. Furthermore, placebo and
active (0.1% w/w I3A) PEG 400 formulations were also prepared as control

formulations for release testing.

Preparation of stock I3A in benzyl alechol/citrate buffer

Approximately 50 mg (target amount) of I3A was accurately weighed into a 7 ml glass
bijou vial together with 500 mg (target amount) of benzyl alcohol/citrate buffer pH 3.

This mixture was periodically vortexed for 5 mins until the I3A had dissolved.

Preparation of active and placebo polexamer formulations

Placebo formuletions were prepared as described above (Table 28). Active (I3A)
poloxamer formulations containing a target concentration of 0.1% w/w I3A ‘b’ were
prepared in a similar manner to the placebo formulations except that the extra weight
due to the addition of I3A b’ was compensated by a similar reduction in the amount
poloxamer ‘base’ solution added (Table 29). Briefly, approximately 110 mg (exact
weight noted) of I3A/benzyl alcohol/citrate buffer pH 3 was édded to 9.89 g of the

cooled, sterilised poloxamer ‘base’ sohition and vortexed for ca. 2 mins until a visibly



filtered benzyl alcohol/citrate buffer pH 3 was added and vortexed for 2
mins until a visually clear, homogeneous solution was obtained. These
formulations were then stored at 2-8C until required. WO 2007/068963
PCT/GB2006/004739 71 Rheological evaluation The theological
wyaluatigrowsas carried out using a Carrimed CSL2 rheometeCT/GB2006/004739
Approximately 0.4 g of the test sample Was placed between the platform
and parallel plate geometry. Once the sample was compressed between

the, platform and plate.any excess sample.was carefully removed using a
o B S L, S e B TASEee ey o o
thebeviimed aid 2Pe resultant viscosities were recorded as a function of
temperature. Preparation of active formulations and relative placebos for
stability and release studies Following on from the theological '
assessment, active (I3A) and placebo poloxamer formulations were
prepared for stability and release studies. Furthermore, placebo and
active (0.1% w/w 13A) PEG 400 formulations were also prepared as
control formulations for release testing. Preparation of stock 13A in
benzyl alcohol/citrate buffer Approximately 50 mg (target amount) of I3A
was accurately weighed into a 7 ml glass bijou vial together with 500 mg
(target amount) of benzyl alcohol/citrate buffer pH 3. This mixture was
periodically vortexed for 5 mins until the 13A had dissolved. Preparation
of active and placebo poloxamer formulations Placebo formulations were
prepared as described above (Table 28). Active (13A) poloxamer
formulations containing a target concentration of 0.1% w/w I13A b’ were
prepared in a similar manner to the placebo formulations except that the
extra weight due to the addition of I3A "b' was compensated by a similar .
reduction in the amount poloxamer "base' solution added (Table 29).
Briefly, approximately 110 mg (exact weight noted) of I3A/benzyl
alcohol/citrate buffer pH 3 was added to 9.89 g of the



cooled, sterilised poloxamer "base' solution and vortexed for ca. 2 mins
until a visibly WO 2007/068963 PCT/GB2006/004739 72 clear,

homogeneous solution was obtained. The exact weights and target
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Rieparatiansof PEA G400 control formulations Following a siroitags2006/604739
procedure, 12.5 mg of I3A was added té*125 mg benzyl alcohol, which
had been previously filtered through a Millipore filter (0.22 pm
-MILLEX-GV, MILLIPORE). This solution was vortexed for approximately
5 fRRAGREP B Egé‘f?a?om@émbf@fé‘wlﬁg%‘fved. To prepare the active

control formulations approximately 110 mg of this mixture was added to a
sofetiorring 2. 912ilgrREGD0:and. 1 8ZSf Bicirateddeffer (4 3ndbenzyl alcohol,
plagebos.were prepared | imi ngr.except that oximately e~
7.92¢ ofaPE(%4 %ﬁ% %%n%%éﬁcﬁgpegg&%dﬁg %%.é%lteﬁ’l t%is erilise BX-GV,
beviB L HictHo Weisesolsdian Feactonelghtdnanbrardgenitightsnaranshwidis had
Tahlefetory Riagehedandos agtive-PES 400umpationsIAsRRCHMEMimately 110
Storagf onditions for a oloxamer formulations Aliquots
0

tive and placebo S
i o b e B Aol A o v i

intovffer pH 3. The placebos were prepared in a similar manner except that approximately
7.92 g of PEG400 and 1.98 g of citrate buffer and 100 mg of sterilised benzyl alcohol
were used. Exact weights and target weights are shown in Table 6 for placebo and

active PEG 400 formulations, respectively.

Storage conditions for active and placebo poloxamer formulations

Aliquots of each of poloxamer 407 formulation (placebo or active)'were dispensed into
2 ml screw cap amber glass vials (borosilicate glass), sealed and stored at three storage

conditions namely 2-8°C, 25 % 2°C and 40 + 2°C for stability studies.

Stability testing of I3A in the poloxamer formulations

For the purpose of drug product evaluation an extraction method was set up to evaluate
the degradation of I3A ‘b’ to isoform ‘a’ (chromatographic peak purity). The extraction
of I3A from the active formulation was as follows (the same procedure was also used
for the placebo formulation). Briefly, about 0.5 g of the formulation was accurately
weighed into a 5 ml volumetric flask and made up to the mark with HPLC grade
acetonitrile/citrate buffer pH 3 (90:10 v/v). The solution was aliguoted into HPLC vials

and analysed.

Preliminary recovery data (not shown) indicated that ca. 80% or more of I3A ‘b’ was
. recovered from the active formulation and more significantly, there was no interference
from any of the excipients in the formulation. Formulations were analysed at t=0 and

accelerated stability studies (40°C) were conducted at t=5 weeks.



2 nil screw cap amber glass vials (borosilicate glass), sealed and stored at
three storage conditions namely 2-8C, 25 2C and 40 2C for stability
studies. Stability testing of 13A in the poloxamer formulations For the
purpose of drug product evaluation an extraction method was set up to
wyaioeEtesstse degradation of 13A "b' to isoform "a' (chromatdgrepRAY(seak’3?
purity). The extraction of 13A from the Ltive formulation was as follows
(the same procedure was also used for the placebo formulation). Briefly,

a%ﬁ&é}%}%i@: %jgﬁrggéa}ﬁgpe was accurately weighed into a 5 ml

volumetric ffas e up to the mark with HPLC grade
acetonitrile/citrate buffer pH 3 (90:10 v/v). The solution was aliquoted into

BRET Vikrseand dddiydediipielitindpyreletioary eaess(fordignmenbrane was

indicedgschifinl sag 8RM ArfagEe edil3AnkrWasuiesoualaghfom the active
formulation and more significantly, there was no interference from any of

the excipients in the formulation. Formulations were analysed at t=0 and
adcediranddapiitfieididies (40C) were conducted at t=5 weeks. WO
2007/068963 PCT/GB2006/004739 75 Preliminary 13A release studies

Thedeleasepdn Brfaetheformulaions aaessisYNINREGMEMRANGy, vy

was inyestigated using Franz diffusion cells under occluded conditions,
cﬁ%%‘é?‘@i?@%%b%ﬁ% D RGeSy i drERIpISYed Bt e ritaan stirred
sinbasenjtiont was20%: wirretanbifdittatathbifier {pldid Mean dothiscwdsn 13A
iNco d_into the Franz cell irr nstantly with agneti o
e B o T, TRSBGhee pek
ethandifcresratbistionp R 20yral BT Gvevéruod. 10 Sh VRt péieeitagepealof the

aneadneEpasedp daeferm cohaftetd & Rowasifound o he 0. 2604 F05 e in 20%

purpose of the Franz cell study this was considered acceptablée. The
kit aBRHSIR Db Talkri P EGYH) W@tﬂ%ﬂéﬁﬁ&té@bﬁ%&r%&ﬂ@@} #a8°C.

determined to be 509.7 f 3 g/ml at 25C. In Vitro release studies (F.ranz_
gg%?fé}f%%‘g%%%%%gg%%dlﬁusm cells wlth an average diffusional
Individually calibrated Franz diffusion cells with an average diffusional surface area of
0.53 cm® and an average receptor volume of 1.85 & 0.02 ml were used to conduct the
1'élease study. The regenerated ceilulose membranes (MWCO 12000-14000) were
prepared, cut and mounted onto the Franz cells. The membranes were allowed fo
equilibrate with the receiver phase for 30 mins before applying the formulations. An
infinite dose of 0.5 g of each formulation was applied onto the membrane surface using
a positive displacement Filmpipétte@). One sample reading was investigated (26 h after
gel application) whereby 200 pl of the receiver fluid was carefully withdrawn from the
arm of the Franz cell. Throughout the experiment, any losses in receiver fluid due to
evaporation from the Franz cells were replaced to maintain a constant volume. The
experiment was performed under occluded conditions (the top of the upper donor wells
covered with Parafilm®); for all formulations {(n=3 Franz cells per active formulation
and n=1 Franz cell per placebo formulation). Samples were analysed vig HPLC, as
described in Example 1, and the.concentration of I3A ‘b’ released evaluated using a

series of calibration standards prepared in 80% v/v citrate buffer / 20% v/v ethanol.



0.53 cm2 and an average receptor volume of 1.85 0.02 ml were used to
conduct the release study. The regenerated cellulose membranes
(MWCO 12000-14000) were prepared, cut and mounted onto the Franz
cells. The membranes were allowed to equilibrate with the receiver phase
viar B0wvedpsbefore applying the formulations. An infinite dosewBEO2Bog/@H 739
each formulation was applied onto the flembrane surface using a positive
displacement Finnpipette . One sample reading was investigated (26 h
after gel application) whereby 200 | of the receiver fluid was carefully
withdrawn from the arm of the Franz cell. Throughout the experiment, any
|08E&dT T8 ceiver fluid due to evaporation from the Franz cells were
replaced to maintain a constant volume. The experiment was performed

ugg@n@g@l&;@ggﬁq&@gﬁ@sﬁgg ioRafihe upper donor wells covered with
0

Parafilm); for all formulations (n=3 Franz cells per active formulation and

n=1 Franz cell.per placebo formulati n%é{ﬁam les were analysed via
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ce 1(%ooled in_ice/water these solutions became clear, homogeneous
p as% CLOICIIon

owever, the "base' solutions containing propylene glycol,
Polox-pg-01 and Polox-pg-02 showed no phase separation immediately

afigtsitRiiliaatian.shggesting that the addition of propylene glycol inhibits
this phenomenon. Rheological assessment Rheological studies were

ried qut on%%Ploxamer placebo formulations and the  viscosity (Pa.s)
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viscosity with increase In
For all placebo formulations there was a small increase in viscosity with increase in

temperature until at a certain point, at the crat, there was a dramatic increase in viscosity
with a small increase in temperature. The cmt value was found to be concentration
dependent, ie. the lower the poloxamer 407 concentration, the higher the cmt value,
Furthermore, the addition of propylene glycol to the poloxamer placebo formulations
further reduced the cmt. Howsver, above the cmt, the viscosities for the same samples
increased approximately 1.5-2 fold compared to the respective propylene glycol free
formulations. For example, at 37°C the viscosity of Polox-01-placebo was found to be
ca. 1.2 Pa.s whereas the respective propylene glycol placebo formulation (Polox-pg-01-
placebo) was found to be 2.4 Pa.s. Therefore, the addition of propylene glycol Would
appear to increase the viscosity above the cmt value, however the actual cmt value is
reduced. Table 31 summarises the emt values and the viscosities at 37°C for el

formulations.



temperature until at a certain point, at the cmt, there was a dramatic
increase in viscosity with a small increase in temperature. The emt value
was found to be concentration dependent, i.e. the lower the poloxamer
407 concentration, the higher the cmt value. Furthermore, the addition of
wolRkepyleng glycol to the poloxamer placebo formulations #uriher1edueedo
the cmt. However, above the cmt, thé’viscosities for the same samples
increased approximately 1.5-2 fold compared to the respective propylene
lycol free formulations. For example, at 37C the viscosity of

TABlEd1 plSCBbO RSSOl Y5 B8, 25 FE G lufiuiotl prdespecilecehy
fprapideinesglyedbyi@ndpo formulation (Polox-pg-01- placebo) was found to
be 2.4 Pa.s. Therefore, the addition of propylene glycol would appear to
increase the viscosity above the cmt value, however the actual cmt value

is reduced. Fabte-81-summarises the curt vRiles-aad the viscdgitiesato2-
37C for all fosmulasions. W 20031068968 PCTIGB20061004739 17

31. Curtvalues and.viscosities (at . 37¢€) for_all poloxamer placebo

G tniations 783 8ET1) F PAI8EG123Polox-RBg-0F-OB®lox-pg-025 Bladebb

4+-0.00 18 2 f 0.03 Viscosity (Pa.s)1.2 0.08 2.9 =0.06 12.4f0.01 3.4t

"0.04” at 37C Stability studies of 13A in poloxamer formulations; Table 32

WW@@?QMM@C%O placehod-mt 7 C128.24.0107 21.9 008+ 0.04

shows the percentage peak purities for I3A b’ as well as the percentage

- selBRPISH igA%% atharinassioned peaks (UAP) for all active

poloxamer formulations taken at time zero. Also shown as a comparator
the percentage peak purity of a 0.1% w/w 13A IPA gel at time zero. All

i
Tg&sﬁ& EHRERTRes e g aHiF L Bih Pate § 16 he rasheckivecplace Bise
ofdsofiuiatiohsnd athler 32adfigredniage geak puritissefformlationsattimgons

o ; Oy N3
tkEh %t E}&r&%lr%tl%lsé) slﬁg% ] I%n]igaAra or {g g];%rrgen agé)p-gglg%u%@y%f a0.1%
wiw I3A TPA gel at time zero. All peaks were manuaily integrated and compared to the

respective placebo formulations.

Table 32. Percentage peak purities of formulations at time zero.

Formulation % Peak purity 134 ‘b’ % isoform ‘a’ % Total UAP
Polox-01-active 69.8 0.2 0.0
Polox-02-active 59.8 . 0.2 0.0
Polox-pg-01-active G9.3 102 0.0
Polox-pg-02-active 99.8 0.2 0.0
0.1% wiw [PA gel 862 0.5 0.3

Table 33 shows the percentage peak purities for I3A ‘b’ as well as percentage area of
isoform. ‘a” and other UAP’s for all active formulations taken at five weeks after storage
at 40°C (accelerated stability). Also tabulated as a comparator is the percentage peak
purity of 0.1% w/w I3A IPA gel stored at 40°C for four weeks. All peaks were

manually integrated compared to the respective placebo formulation.



Polox-0l-active 99.8 0.2 0.0 Polox-02-active 99.8 0.2 0.0 Polox-pg-0 |
-active 99.8 0.2 0.0 Polox-pg-02-active 99.8 0.2 0.0 0.1% wi/w IPA gel
99.2 0.5 0.3 Table 33 shows the percentage peak purities for I3A "b' as
well as percentage area of isoform 'a’ and other UAP's for all active

woformudagions taken at five weeks after storage at 40C (ackeleEaads/ 004739
stability). Also tabulated as a compa? tor is the percentage peak purity of
0.1% w/w I3A IPA gel stored at 40C for four weeks. All peaks were

lly.integrated compared to.the respective placebo formulation. W
R b s BE UL UDICA T 76 A Sg oot dgione o6 it T
vigsisnstoetap A peak purifies of formulations at time five weeks, stored
at 40C. Formulation % Peak pur ty A W % isoform 'a’ % Total UAP

ve.93.3283.9

FemNeRER01-active 6225 PP 1bi8x-pg-02- 46 ii7ECe3. 33,0 3.7 Vo Total UAP

Pilok0whsikRA gell 94.8 4.7 0.5 *Tested after foug weeks storage at40C
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peak purity of I3Alin"any of poloxamer formulations. At time zero;

Thoweneet] thaipercetitdge of isoform "a' is lowge?-For these formula‘iid)ns

el ‘é@?—é&’h‘s’/bﬂ 134 iPAgetl,possibly asaTegyit of the additionof a

small amount of cjtrate buffer pH 3 added to henzyl alcohol during the

“hbraraeiie St tHefotmulations. An increase r the percentagel 8fisoform

+Resas R genyesdpt allactivespatoxamanpiotmuaiians arter five weeks
storage at 40C. However, the increase in percentage of isoform "a’

observed for the 0.1% w/w IPA gel was higher (4.7%) after four week -
There is no apparent difference in the percentage peak purity of I3A in any of

poloxamer formulations. At time zero, however, the percentage of isoform ‘a’ is lower
for these formulations compared to the I3A IPA gel, possibly as a result of the addition
of a small amount of citrate buffer pH 3 added to benzyl alecohol during the manufacture

of the formulations.

An increase in the percentage of isoform ‘a’ was observed for all active poloxamer
formulations after five weeks storage at 40°C. However, the increase in percentage of
isoform ‘2’ observed for the 0.1% w/w IPA gel was higher (4.7%) after four week
storage at 40°C. Based on the percentage peak purities, these data would appéar to
indicate that the stability of the I3A poloxamer formulations are comparable to the 0.1%
[3A TPA gel.

Preliminary release studies

Figure 9 shows the amount released (ug/om®) afier 26 h, of I3A from 0.1% wiw
‘_pol{):a:amer gel and PEG 400 formulations. No significant difference in release was
found (p>0.05) between any of the poloxamer formulations, however, the release from
all the poloxamer formulations was significantly slower (p<0.05) than the release from
the PEG400 conirol formulation. The amount of I3A ‘b’ released averaged for all
poloxamer formulations was ca. 16 ng/em® whereas the amount released from the

contrel PEG 400 formulation was ca. 53 (ig/om?; this represents a reduction of ca. 70%



storage at 40C. Based on the percentage peak purities, these data would
appear to indicate that the stability of the I3A poloxamer formulations are
comparable to the 0.1% I3A IPA gel. Preliminary release studies Figure 9
shows the amount released (g/cm2) after 26 h, of I3A from 0.1% w/w
wolen@amesaggel and PEG 400 formulations. No significant differeaees/004732
release was found (p>0.05) between dfly of the poloxamer formulations,
however, the release from all the poloxamer formulations was

signjficantly slower, (p<0.Q5) t the g&ease from the PEG400 control
fo%m’%?a i %x.n?ﬁgl[g gﬂnlie% Fe;};g r%]ﬁe &S9N P SRR to the
foremiidtidtas 3gds ca. 16 g/em?2 whereas the amount released from the
control PEG 400 formulation was ca. 53 g/em2 this represents a reduction

of ca. 70% WO 2007/068963 PCT/GB2006/004739 79 in the amount of
1I3REPUEelased from all the poloxamer formulations compared to the

control after 26 h. RESULTS Four poloxamer formulations were
inPestigetedriritHismtusyorkhese polexanet gelthigausan MNeseastdiamer gels

visgosity.(at 37C) where the vi ity of polox-0l-placebo. < polox-
e S B R Bt < polor
adaifiowletcpropyréne Gydetaho dltcdppranioilerbasd thberisersilye abdivien of

the G HRIURBPWEVRI afhe-aciual e vallg i Jequanste Thecstiahlity ofowever
th poloxflmer els, appears to be comparable to the 0.1% 13A IPA gel
u

S RELETE SR LoiditiSis. Release studies showed that there was no

significant difference in release (p>0.05) between any of the poloxamer

f lans; e Il the polo er formulati
S . H S AR THETR S o
cHAf IERsARTAREsTLAGeRRrmore, a reduction of ca. 70% in the amount of

-13A “b' released from all the poloxamer formulations was observed

compared to.the  control, after 26 h.
%@]gase studies showe tlha‘[ t%ere was no significant difference in release (p>0.05)

between any of the poloxamer formulations; however, the release from all the
poloxamer fo:imulations was significantly slower (p<0.05) than the release from the
PEG 400 control formulation. Furihermore, a reduction of ca. 70% in the amount of
I3A ‘B’ released from all the poloxamer foﬁnulaﬁons was observed compared tothe
control, after 26 h. '

EXAMPLE 7

The in vifro release of I3A b’ from oily-based intralesional formulations compared to

the PEG 400 control formulation was investigated.

MATERIALS
Material Supphier
BAY
Peplin Limited, Australia.
Batch No 03109.
Citric acid monochydrate BP
Raught Ltd, UK
Lotno. R11115




EXAMPLE 7 The in vitro release of 13A "b' from oily-based intralesional

formulations compared to the PEG
investigated. MATERIALS Material

400 control formulation was
Supplier 13A'b' Batch No 03 19 Peplin

Limited, Australia. . Citric acid monohydrate BP Raught Ltd, UK Lot no.

R HUTHIRIG 2007/068963 PCT/GB20QH004739 80 TrisodilirH ERIAE!+7
dihydrate BP Lot no. R0092143 Deionised water Millipore, UK Crodamol
GTC/C (Medium chain triglycerides) Croda, Singapore Batch

(G GEERRC 3 aE aerAnatar)
BDH, UK Polyethyleneglycol 400, (

99.7-100% W/W ot o 1-354007
PEG 400) Lot no. 53820403 312
Eur, BP, NF Batch No. K31593981

i Acei90ikrle (ACN) HPLC Grad

N
E
MEPERCGHIRAH? Benzyl alcohol PH
q

scientific, UK Trifluoroacetic acid (]

q&guggqget}kot no 0309807 Fisher
[FA) =

Crodamol GTC/C (Medium chain
triglycerides)
Batch No.GE03907/3270

Croda, Singapore

Ethanol (Analar) 99.7-100% w/w
Lotno. 1354007

BDH, UK

Polyethyleneglycol 400 (PEG 400}
Lot no. 53820403 312

Benzyl alcohol Ph Eur, BP, NF

| Batch No. K31593681 301

Merck, Germany

Acetonitrile (ACN) HPLC Gradient
Grade

Lotno 0309807

Trifluoroacetic acid (TFA)

Lot. no. 0263747

Fisher Scientific, UK

Butylated Hydroxy Toluene (BHT)
Lotno, CHASMP115

Jan Dekker International, Netherlands

METHODS

Preparation of I3A (active) and placebo formulations for release studies

Three oil formulations were prepared with there respective placebos. The amount of

benzyl alcohol was kept to 1% wiw.

The preparation of two formulations involved

either the addition of an antioxidant prior to heat sterilisation of the oil or addition of

antioxidant after sterilisation of the oil.




Lot. no. 0263747 Butylated Hydroxy Toluene (BHT) Jan Dekker

International, Netherlands Lot no. CHASMP115 METHODS Preparation

of 13A (active) and placebo formulations for release studies Three oil
formulations were prepared with there respective placebos. The amount of
hanznyd-alagahol was kept to 1% w/w. The preparation of two fermyaledionse4739
involved either the addition of an antioXidlant prior to heat sterilisation of

the oil or addition of antioxidant after sterilisation of the oil. WO

2007/068963 PCT/GB2006/004739 sl Preparation of oil formulation (as
reported in PB23001/2) "Croda-BA' Sterilisation of fractionated coconut oil
ApPrepamaialys 1 6D fy:0b thaife chiongietcDEOPBLBIH{R ARAMMBILGTC/C)
was weighed into a 100 ml conical flask (borosilicate glass), stoppered
(byasificate olass, SiopRey @ndplaggd inside a pre-heated oven
(Gallenkampf Hot box Oven with fan, Size 2) at 170 2C for 1 h. After this
procedure, the oil was allowed to cool to room temperature before use.
AJORRSRBRABK tthe Serfieed6omBRrberatuly b (MG QP LARpE TC/C) was
acwrg]ne&yxmelgh@d mimmﬁﬁlrﬁlaglas&mﬁhmﬁ atided stﬁppﬂféﬂ)&iﬁﬂaiﬂiyate glass

o8l heurdaale (SreLueial A0 R HIRARIMOU i fn, Sise

|S mixture was
pe?bé‘idaﬂva%fﬁeﬁ@dlfbr apheothivapedpedihay rilib thié YBA. hlebatidsolved it room

thehenzylRlgeR0L. 40 this mixture approximately 14.835 g of the
sterilised oil was added and vortexed for approximately 5 mins until a
homogeneous solution was obtained. The placebo was prepared in a
simidalinoannes £xseps shatinparaximately 14.85 g of the sterilised oil
(exact weight noted) was used to compensate for I3A. Exact weights and

p%%p&ggsatagrm %5%%%’1?;9%% Wit ahle,34 and 3mifon agtive (30 Laged

o a ass V1
and placebo f ations
to appro};lmately 150 mg of benzyl alcohol (exact weight noted), which had previousty

been filtered through a 0.22 pm MILLEX-GV filter.
- vortexed for approximately 2 h until the I3A had dissolved in the benzyl aléchol. To

This mixture was periodically

this mixture approximately 14.835 g of the sterilised oil was added and vorteﬁced'for
approximately 5 mins until a homogeneous solution was obtained. The placebo was
prepared in a similar manner except that approximately 14.85 g of the sterilised oil
(exact weight noted) was used to compensate for 13A. Exact weights and percentage

compositions are shown in Table 34 and 35 for active (I3A) and placebo formulations.

Table 34. Target and actual amounts (and % w/w) for the I3A Croda/BA oil

fermulation

Target weight | Target % w/w | Actual weight | *Actual % w/w
I3A (0319) 15mg 0.10 15.56 mg 0.104
Benzyl alcohol | 150 mg 1.0 159.98 mg 1.065
Fractonated | 14.835 3 93.9 14.84625 38831
coconut oil
Total 15g 100 15.02179 ¢ 100

*Rounded up to 3 d.p.




Table 34. Target and actual amounts (and % w/w) for the 13A Croda/BA

oil formulation Target weight Target % w/w Actual weight *Actual % w/w
13A (0319) 15 mg 0.10 15.56 mg 0.104 Benzyl alcohol 150 mg 1.0 159.98
mg 1.065 Fractionated 14.835 g 98.9 14.84625 98.831 coconut oil Total
W5 geaD@&®5302179 g 100 *Rounded up to 3 d.p. WO 2007/068968006/004739
PCT/GB2006/004739 82 Table 35. Ta@et and actual amounts (and %
wi/w) for the placebo Croda/BA oil formulation Target weight Target %

w/w Actual weight *Actual % w/w Benzyl alcohol 150 mg J 1.0 149.84 mg
0.999 Fractionated 14.85 g 99.0 14.85161 g 99.001 coconut oil Total 15 g
10trkE: 361 FEnrgepandRetmad etrops S P refvar&tiothobliktbmitiedoB A oil
“CradarBAlANtiox' Long term storage of oils may lead to rancidity, which
may degrade the drug product. Therefore, an antioxidant may be included
in the formulation (after heat sterilisation) in order to reduce this effect.

Placebo and activEdgemutagions| dentatriingan antiexidantgatter haatual % wiw

P b £oplad ol S P e A 0 tihha Fallavaiin ey
.blﬁlll LIﬁF(I}IOH{I)iLIIL SD%CIC Pprep I-?.\O-Clbbululllld LJf&gg‘X!‘h\%\.’ulg 0‘999
methotology. Preparation of antioxidant/benzyk alcohol mixture

\Fprebiontigély 60 Mg dEantioxida?®-0BHT) was (iss8M&d in 2 g|didéHzyl
lleghelapd filtered through a 0,22 m MILLEX-GV filter. Addition of 13A to

i

he-sterilised oil Approximately 15 mg of I13A (Batch.0319). was accurately
/ditfikd into a ZDTr%gglass 100 15.00145 ¢ 100

s &+ )

*Rounded up to 3 d.p.

Preparation of oil formulation ‘Croda-BA/Anfiox’

Long term storage of oils may lead to rancidity, which may degrade the drug product.
Therefore, an antioxidant may be included in the formulation (after heat sterilisation) in
order to reduce this effect. Placebo and active formulations containing an antioxidant

after heat sterilisation of the oil were prepared according to the following methodology.

Preparation of antioxidant/benzy! alcohol mixture

Approximately 60 mg of antioxidant (BHT) was dissolved in 2 g of benzyl alcohol and
ﬁ}‘geréd through a 0.22 pm MILLEX-GV filter.

Addition of I3A to the sterilised oil

Approximately 15 mg of I3A (Batch 0319) was accurately weighed into 2 20 ml glass
vial and added to approximately 154.5 mg of BHT/benzyl alcohol prepared as above.
This mixture was periodically vortexed for approximately 2 h until the I3A had
dissolved in the benzyl alcohol. To this mixture approximately 14.8305 g of the cooled
sterilised oil was added and vortexed for approximately 5 mins until a homogeneous
solution was obtained. The placebo was prepared in a similar manner except that

approximately 14.8455 g of the sterilised oil (exact weight noted) was used to



vial and added to approximately 154.5 mg of BHTIbenzyl alcohol prepared
as above. This mixture was periodically vortexed for approximately 2 h

until the 13A had dissolved in the benzyl alcohol. To this mixture
approximately 14.8305 g of the cooled sterilised oil was added and
vastexedsosapproximately 5 mins until a homogeneous soletiorEBzss/004739
obtained. The placebo was prepared in% similar manner except that
approximately 14.8455 g of the steriised oil (exact weight noted) was used

toé{)VO 2007/93%?23 }%I %3121(306/0 4739 83 compensate fo

r |I3A. Exac
weig SRnd percentage Composifiond Ars eRs AT PALTES$6° g??dvﬁ'}nfiﬁhlﬂ 36
activb3(13m)aghvesiddabodptmeiationsuftibie. 36. Target and actual
amounts (and % w/w) for the 13A Croda-BA/Antiox oil formulation Target
weight Target % w/w Actual weight *Actual % w/w 13A (0319) 15 mg 0.10
15 4 fdPo. Toisetind rsaherrsnimnGado e/ vy figthedss. SrriuBiigntdox
0.6 fhbuhgéy030 Fractionated 14.8305 g 98.87 14.83014 g 98.814
coconut oil Total 115 g 100 15.0081 g 100 *Rounded upto 3 d.p. Table
37. Target and actual amounts (and % wi/w) for the placebo Croda-

BA/Antiox oil formiékagsnEighiet Wiaigiet Tanget YAvinaletigitwaigattual % wiw

=

A YooWIW - Befzyl Alconot T . 0569y 4904 BHT 45 mY

- 0.034.55-mg.0.030 Fractionated 14 8455 g 98197 14.84591 g 98.966
ddesrit dfePstal 12480 15.001b9 g 100 *Roumdeamipdo 3 d|p.055

BHT 4.5 mg 0.03 14.55mg 0.030
Fractionated 14.8305 g 98.87 14.83014 ¢ 98.814
cocomt ol ' -

Total 5g 100 150081 - |100

*Rounded up to 3 d.p.

Table 37. Target and actual amounts (and % w/w) for the placebe Croda-
BA/Antiox oil formulation |

Target weight | Target %o w/w | Actual weight | *Actual % wiw
Benzyl alcohol | 150 mg 1.0 150.56 mg 1.004
BHT 4.5mg 0.03 4.55 mg 0.030
Fractionated 14.8455 ¢ 98.97 1484591 g . 58.966
coconut oil -
Total 15¢ 100 15.00102 ¢ 160

*Rounded up to 3 d.p.

Preparation of eil formulation ‘Croda/Antiox-BA’ -

Dry heat sterilisation of oils may also lead to rancidity, which may degrade the drug
product. Therefore, an antioxidant may be included in the formulation . in. order to
reduce this effect prior to heat sterilisation. Placebo and active formulations containing
an antioxidant prior heat sterilisation of the oil were prepared according to the following

methodology.



Preparation of oil formulation "Croda/Antiox-BA' Dry heat sterilisation of
oils may also lead to rancidity, which may degrade the drug product.
Therefore, an antioxidant may be included in the formulation in order to
reduce this effect prior to heat sterilisation. Placebo and active
dmladiepss containing  an antioxidant prior heat sterilisatiorcafdiaecoslons73s
were prepared according to the followi#¢ methodology. WO 2007/068963
PCT/G82006/004739 84 Sterilisation of antioxidant/oil mixture
Approximately 15 mg of antioxidant (BHT) was dissolved in approximately
50 g of oil ina 100 ml conical flask (borosilicate glass), stoppered
(meosiltesienglbastatogperhangxplased inside a pre-heated oven
(Gallenkampf Hot box Oven with fan, Size 2) at 170 2C for 1 h. After this

ProGEAVIR.the @Q%&%ﬁﬁ?ﬁi&t\é@g gg | ngggt%ﬁé/?i%l&gdr&o zﬁéﬂ}%ﬁf? g of oil

before use. Addition of 13A to t pproximately 15 mg o
1303t eorspidksiademetisiovdignb dnrers 2 (Prpglicst glataseprer) and

aggdeddosrproyimalel kRongathenayk alcobol which hrd.Rrevieushy: 170 +
0.22 m MILLEX-GV filter. This mjxture was

bgg(g&filtered thr ugl%% GV, , _
pértodiattyvortekEd o PHSHTBR AT A2 Rl tHe s AR AR SRR frocm
thenyenaytralechal uio this mixture approximately 14.835 g of the cooled
sterilised antioxidant/oil mixture was added and vortexed for

approximately 5 mins until a homogeneous solution was obtained. The

pladdBiakigre frfbeisterdlisethndr manner except that approximately

14.8455 g of the sterilised oil (exact weight noted) was used to ‘
coppensaie:-fon B Agorashwaighissand) Rescentage CnRRsIIRRS AP mi glass

shown in Tables 38 and 39 for.active A) and.placebq .formulations.
e i LT MO
Clidgegd\fitioxgB A 0GR fpnmMIAAGK ARy &l twrei §hisTakgetdXsa/vedetically vortexed

Wi%@%p%ﬁﬁﬁg{e% Wﬂ%ﬂ%ﬁﬁe(%s& ggu%élgg&x%&% %]?6 %%n%g 396:%891 To this mixture
approximately 14.835 g of the cooled sterilised antioxidant/oil mixture was added and
vortexed for approximately 5 mins until a homogeneous solution was obtained. The
placebo was prepared in a similar manner except that approximately 14.8455 g of the
sterilised oil (exact weight noted) was used to compensate for 13A. Exact weights and
percentage compositions are shown in Tabies 38 and 39 for active (I3A) and placebo

formulations.

Table 38, Target and actual amounts (and % w/w) for the I3A Croda/Antiox-BA

oil formulation

Target weight | Target % w/w | Actual weight | *Actual % wiw
I3A (0319) 5mg 0.10 15.09 mg 0.100
Bengzyl aleohol 1 150 mg 1.0 146.92 mg 0.979
BHT 4.5 mg 0.03 4,42 mg 0.030
Fractionated 14,8305 g 98.87 14.83568 ¢ 98.891
coconut oil
Total 15¢g 100 15.00211 ¢ 100

*Rounded up to 3 d.p.



Benzyl alcohol 150 mg 11.0 146.92 mg 0.979 BHT 4.5 mg 0.03 4.42 mg
0.030 Fractionated 14.8305 g 98.87 14.83568 g 98.891 coconut oil Total
15 g 100 15.00211 g 100 *Rounded up to 3 d.p. WO 2007/068963
PCT/GB2006/004739 85 Table 39. Target and actual amounts (and %
Wwishdendheplacebo Croda/Antiox- BA oil formulation Targepweagihios/oo4739
Target % w/w Actual weight *Actual %8&/w Benzyl alcohol 150 mg 1.0
153.9 mg 1.025 BHT 4.5 mg 0.03 4.67 mg 0.031 Fractionated 14.8455 g
98.97 14.85901 g 98.944 coconut oil Total 15 g 100 15.01758 g 100
*Rounded up to 3 d.p. Aliquots of all the formulations were stored for
prEfinazy Taleesasiuditgiontd dines remaing erwena- alig poieshint-2damintiox-
am egipfg];oslilliggte glass vials, capped and stored at 2-8C and 25C for
stability studies. B‘reliminary 13A release studies The release of 13A b’
from the formulations across synthetic membrane was investigated using

Franz diffusion cefis Bqes ARCI R PV IANST & RRie R I FECe |V IR v/

he-receiver fluid emploved to try and maintain'sink caondifions.iwas 20%

e Gtrakd WUMEr (pH 3.0)And this was [iédrdBigted into'th&SFranz

calkrind stirred  ¢carsstantly with agyagnetic stirreg. grediminary stalpiity

ritetead on-1.240 .10 ’7(\0//0 vivi.othanolleiteatoe hiaff

styches-were-coth oR-1+3A wi-ethapeol te-buffer-{pH-3-6
a?léaf 0(1)1§"}%ee‘rfca. Lg%;gﬂflyﬁeg percen?gégg peak areal%%\?gg\j‘sé inis J?c?r"l?ﬁid’a" ’
afiesor8tivivas fqund to be 0.26%. For the purpose of the

Total 15¢ B 15.01758 g 100

*Rounded up to 3 d.p.

Aliquots of all the formulations were stored for preliminary release studies and the
remainder were aliguoted into 2 ml amber borosilicate glass vials, capped and stored at
2-8°C and 25°C for stability studies.

Preliminary I3A release studies

The release of 13A “b* from the formulations across synthetic membrane was

investigated using Franz diffusion celis under occluded conditions.

Choice of receiver fluid

The receiver fluid employed to try and maintain sink conditions was 20% v/v
ethanol/citrate buffer (pH 3.0) and this was J'ncorpofated into the Franz cell and stirred
constantly with a magnetic stirrer. Preliminary stability studies were conducied on I3A
in 20% v/v ethanol/citrate buffer (pH 3.0) at 37°C over ca. 18 h. The percentage peak
area increase in isoform ‘a’ after 18 h was found to be 0.26%. For the purpose of the
Franz cell study this was considered acceptable. The kinetic solubility of I3A in 20%
v/v ethanol/citrate buffer (pH 3.0) was determined to be 509.7 & 3 pg/ml at 25°C.



Franz cell study this was considered acceptable. The kinetic solubility of
13Ain 20% v/v ethanol/citrate buffer (pH 3.0) was determined to be 509.7
3 g/ml at 25C. WO 2007/068963 PCT/GB2006/004739 86 In Vitro
release studies (Franz cell) Individually calibrated Franz diffusion cells
withrar/@serage diffusional surface area of 0.53 cm' and anr&EEEQeD6/004739
receptor volume of 1.85 0.02 ml were 88ed to conduct the release study.
The regenerated cellulose membranes (MWCO 12000-14000) were
prepared, cut and mounted onto the Franz cells. The membranes were
allowed to equilibrate with the receiver phase for 30 mins before applying
th&rbFraiations smdidnfieadedd of 0.5 g of each formulation was applied
onto the membrane surface using a positive displacement Finnpipette .

Onelsamgle rersingdasinvestigaled (20 afier gebapplicationwherehy, of
‘ 2%0 of thgﬁcﬁceiver fluid was carefully withdrawn from the arm of the

Frans 28I 2 AU BFROMRAEC ERIBRFPHERE Unk fossdsth M caferirdidedsadaet the
evepesatituifrohtheckeanztee iciitoer aplachd:1es RGN aBWISE00) were
% The. e E.HHEH as, performed under gecluded conditions (the

t(%%g%%’ rllc?)lzf‘)eﬁr%%%nor WEé s né%%é?eﬁ%ﬁﬁ‘u Barafim (r}ﬁ?% Falf formu Iatli%r‘ivs‘3 d to

(reSiEpaHy vetlhs therereives fwsrifanicl? s heforranplvol Per frlenabtons. An
formulation) samnies wereraRalsed viasHRhfeArddhe. ceneeniation afsings

13A "k’ released evaluated using a series of calibration standards

5 b

PP R TR itr AP BSHEr-/ SgesamnleriardinaweE Exvsisrer (Re h after
HE Gopirdiod previenslyodqaaited ie-Examnle lwasuaad thewn fom the

determination of 13A. Results Preliminary release studies Figure 10
qge%ranz 154

ShOWS e atioGror 1SR HBrRIE AL FETEMS ArErDE R Shie v wWiddine to
antPEGA00 Jorrthd dfiens . cAlbs significaitcdiffecemaaminmeleasemas doung The

(3PP hetvesn Ay of the-Pldgumuations; ';lgg{ﬁ‘gfor Weelease of 130 s
b' from all the oil formulations was S|gn|f|canﬁyl SS <0.05) than the
rélevsaedi ity tﬁ@qﬁ@@@’hd@roﬁhfﬁ@mﬂaﬁom (n=3 Franz cells per active formulation

and =1 Franz cell per placebo formulation). Samples were analysed via HPLC and the
concentration of I3A ‘b’ released evaluated using a series of calibration standards

prepared in 80% v/v citrate buffer / 20% v/v ethanol.

HPI.C method

The HPLC method previously described in Example 1 was used for the determination of
BBA. |

Resulfs
Preliminary release studies

Figure 10 shows the amount of I3A ‘b’ released (ug/cm?) after 26 h, from 0.1% wiw oil
and PEG 400 formulations. No significant difference in release was found (p>0.05)
between any of the oil formulations. However, the release of I3A b’ from all the oil
formulations was significantly less (p<0.05) than the release from the PEG 400 control
formulation. The amount of I3A ‘D’ released from all oi! formulations was ca. 3.4

pg/em® however, the amount released from the control PEG 400 formulation was ca. 16



formulation. The amount of 13A b’ released from all oil formulations was
ca. 3.4 .tg/cm2 however, the amount released from the control PEG 400
formulation was ca. 16 WO 2007/068963 PCT/GB2006/004739 87 fold
greater (53 g/cm). Furthermore, it would appear that the addition of BHT
fantvtsiant) did not significantly affect the release of 13A "lpdmoasthe oilk 739
formulations. EXAMPLE 8 Stability of #A Gel Formulations The stability
(T 12 months) of 13A "b'in IPA gel formulations prepared using different
c trate buffers was determined. The pH range was from 2.5 to 4.0.

BIRFS (W ateffss) SuE‘ﬁﬁ%W@tdg it e mPpergibm heiapiion of BHT
.C[’lﬁﬂ’tlﬁﬁi&tﬁlﬂd BatelamocQ4i4497%2: GivvielAzidMaonghydrate (SR eradedtions.
‘Batch no. K9129642 Merck, Germany Deionised water (MilliQ) Millipore,

UK I3ADb (ingenol angelate) Supplied by Peplin Limited, Batch no. PEP
0401 Australia Tri-Sodium CitrateEXiAydFdtE 8 JSP grade) Batch no.
K9125363 Merck, Germany Trifluoroacetic Acid (HPLC grade) Fisher
Scientific, UK Batch no. 0434753 METHODS HPLC Instrumentation and
g8 GGG EeBIHRi®Svere analysed for percentage peak purity
by HPLC. The chromatographic conditions for the HPLC Method 2 are -

dﬁ?g'&gbﬁﬁipffizm months) of I3A D’ in IPA gel formnlatiqr.ls prepared using different
pH citrate buffers was determined. The pH range was from 2.5 to 4.0.

. MATERIALS

Materials ' Supplier

Acetonitrile (HPLC grade)

Fisher Chemicals, UK
Batch no. 0444972 isher Lhemicals,

Citric Acid-Monohydrate (USP grade)

Merck, G
Batch no. K9129642 erex, Lermany

Deionised water (MilliQ) Millipore, UK
I3Ab (ingenol angelate) Supplied by Peplin Limited,
Batch no. PEP 0401 Australia

Tri-Sodium Citrate Dihydrate (USP grade)

Merck, Ge
Batch no. K9125363 erex, ermany

Trifluoroacetic Acid (HPLC grade)

Fisher Scientifi
Batch no. 0434753 isher Scientific, UK

METHODS

HPLC Instrumentation and Methodology

Sample solutions were analysed for percentage peak purity by HPLC, The
chromatographic conditions for the HPL.C Method 2 are detailed below:



WO 20071068963 PCT/GB2006/004739 88 Instrumentation: Waters
Alliance 2695 Separations Module plus Autosampler (SN: L96SM4656N)
Waters 996 PDA detector (SN: MX7AM7987M) Millennium32 Software,
Version 4.00 Chromatographic conditions: Column: Symmetry C18 - 5 gm
Woatergs@N: T70641T 12) Column lepgth: 150 x 3.90 mmPEGeRagfe/ 004739
temperature: 30C 2C Guard column: metry C18 - 5 m (Waters) (PN:
WAT054225) Guard column length: 20 x 3.90 mm Mobile phase: 0.02%

viv TFA in YNateria)0-02% viv TFA in Acetonihile (B) A:B, 50:50 '
(startlng composition) Flow rate: 1.0 ml/min Autosampler temperature: 8C
2C UV wWatelengtHianse nAfhjetapiafionimeMedula Relpstinfastogmes (SN
Gradientﬁgﬁméﬁm;q Flow %A %B Curve 1 1.00 50.0 50.0 2 2.00 1.00

50.0 50. %ﬁ 8’ %&&%R%g@g@?%%%}&gﬁ%Zo .080.06 516.00

1.00 20.
Millennium®™ Software, Version 4.00

Chromatographic conditions:

Column: Symmetry Cig — 5 um (Waters)
' (SN: T70641T 12) .
Column length: 150 x 3.90 mm
Column temperature: 30°C+2°C
Guard column: Symmetry Cig 5 um (Waters)
(PN: WAT054225)
Guard column length: 20x3.90 mm
Mobile phase: 0.02% viv TEA in Water (A); 0.02% v/v TFA in
Acetonitrile (B) " A:B, 50:50 (starting composition)
~ Flow I‘;’:L'EGI 1.0 ml/min

Autosampler temperature:  8°C +2°C

UV wavelength: 230 nm

Injection volume: 10 pul

Run time; 20 mins
Gradients

Step | Time Flow - | %A %8B Curve
1.060 50.0 50.0
2.00 1.60 50.0 50.0
5.00 1.00 40.9 60.0
12.00 1.00 20.0 80.0
16.00 1.00 20.0 80.0
16.50 1.00 50.0 50.0
20.00 1.00 50.0 50.0

=1 Oh) W) | W DI e
A O Oy N SN O




6 16.50 1.00 50.0 50.0 6 7 20.00 1.00 50.0 50.0 6 WO 20071065963
PCT/GB2006/004739 89 Extraction of I3Ab from the IPA gel formulations
I3Ab was extracted from each of the IPA gel formulations as follows;
approximately 0.5 g of each active or placebo gel formulation was
aasusaighgayeighed into an A-grade 5 ml volumetric flask. ThiSnws2006/004739
performed in triplicate for each formula#8n. Citrate buffer (pH=3.0, 0.5 ml)
was then added to each gel sample and vortex mixed at maximum speed
for 1 min and then transferred to an orbital shaker and shaken at 400 rpm
for 30 mins. HPLC grade acetonitrile was added, up to volume, to each of
th&x¢oiutivatntTHASKS-andhwoifek gelifedmdaita@ maximum speed for 1
min. Finally, the volumetric flasks were transferred to an orbital shaker

angd g9 %%”eﬁ&éh%h rREQL G0  FHS AN C#é?%z‘%%ﬁ%&?s”a&@&%% eé{sﬁ?ox;mately

HPLC vials for analysis. Measurement of apparent pH of placebo gels The
appareht piPorcthe Piaiatibyer RERTHER RPaaHca JErws] J8oaphrerade
meteﬂwdtmmrﬁbmatrpmsowaeleamﬁdedaﬂeﬁyﬁa@@@mmameﬂwﬁaﬁag@f Citrate

eablpfig V\E\S‘,’t&a ﬁe red tO 355 Vlalsc%nd ?Howe 9 %Ia\,%g“ﬁ:ex mixed at

room te peratdre Ieast E:n e com Ina ec rode was
plagednin sheedHar demhgn@ﬂgeaﬁremmmémMambﬂ@f skl eetroiéwand 400

' Cq\f%ei@rVWU‘n%E Therreading oRdhg:pit mgtesas allowead iaRetle.dal ar e
minimum of 1 min and the apparent pH of the gel recorded. RESULTS

MELERERE TP (R Qo P GEBfcb BRGEIEArPEIS fihd The Foally. the
apnémamtlm-ﬂamhevmmheﬁﬂéﬁgelsmbfﬁaﬁi ahalE= A2 nalonths AO0 pm for 60

PC GBZO%‘é%gSJf%%%gg % OA%%%%%QS /IQ%%%@ ?)?ifacebo IPA gels

at T=0 and T=12 months Apparent pH of Apparent pH of Placebo
Measurement of apparent pH of placebo gels

The apparent pH of the placebo gels was measured using a Jenway 3320 pH meter with
a combination pH electrode. - Briefly, approximately 0.5 g of each gel was transferred to
25 ml glass vials and allowed to stand at room temperature for at least 1 h. The
combination pH electrode was placed into the IPA gel ensuring all of the membrane of
the electrode was covered With gel. The reading on the pH meter was allowed {o settle

for a minimum of 1 min and the apparent pH of the gel recorded.
RESULTS
Measurement of the apparent pH of placebo gels at T=12mths

The apparent pH of the placebo IPA gels at T=0 and T=12 months after storage at 2-8°C

is shown in Table 40,



pH Citrate Buffer (0.05) Placebo Gel T=0 Gel T=12 (n=I) months (n=1)
2.50 3.07 2.97 2.753.34 3.19 3.00 3.62 3.57 3.504.22 4.23 4.00 4.74
4.75 The data in Table 40 show that there was no significant change in
apparent pH, after 12 months storage at 2-8C, for the placebo IPA gels
wepargsadish pH 3.00, 3.50 and 4.00 citrate buffers. Howevem/ a2 he004739
- placebo IPA gels prepared with pH 2.580and 2.75 citrate buffers there

was a slight reduction in pH observed after 12 months storage at 2- 8C.
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The data in Table 40 show that there was no significant change in apparent pH, after 12
months storage at 2-8°C, for the placebo IPA gels prepared with pH 3.00, 3.50 and 4.00
citrate buffers. However, for the placebo IPA gels prepared with pH 2.50 and 2.75
citrate buffers there was a slight reduction in pH observed after 12 months storage at 2-
8°C. The reduction in pH observed for these gels may be attributable to the evaporation

of IPA from the gel either during storage or during sample analysis.

Percentage peak purity of I3A isomers in active IPA gels at T=12 months

Table 41 shows the percentage peak purity of I3A isomers for the different active (0.1%
w/w) IPA gel formulations after storage for 12 months at 2-8°C and Table 42 shows the
comparison of percentage peak purity of I3Aa at T=0 and T=12 months.



4.00 4.75 4.92 0.0594.84 0.07 0.24 0.04 Data analysed using HPLC
Method 2 The data in Table 41 show that, after 12 months storage at
2-8C, there is an increase in percentage peak purity of isoform a with
increasing apparent pH of the respective placebo gel formulation. For
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Data analysed using HPLC Method 2

The data in Table 41 show that, after 12 months storage at 2-8°C, there is an increase in
percentage peak purity of isoform a with increasing apparent pH of the respective
placebo gel formulation. For example, an IPA gel produced with pH 2.75 citrate buffer
has a percentage peek purity of isoform a of 1.07%‘ compared to an [IPA gel formulation
prepared with pH 4.00 citrate buffer which has a percentage peak purity of isoform a of

- 4.92%. These data highlight the increased stability of I3A b in IPA gel formulations
prepared with lower pH citrate buffers.



the increased stability of 13A b in IPA gel, formulations prepared with

lower pH citrate buffers. As such, the IPA gel formulation prepared with

the lowest pH citrate buffer appears to remain within specification (<1 %
isoform a) for 12 months at 2-8C. Thus, after 12 months storage at 2-8C,
6 IhARgldprmulations that provided the better stability fop{3Adaamemos739
those that were prepared with lower pHZitrate buffers (pH=2.5- 3.0). WO
2007/068963 PCT/GB20061004739 93 EXAMPLE9 Stability of 13A "b'in
Gel Premix Solutions of Varying pH.and Temperature Methods
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p
Clomponent Concentration wiw Amount to be Weighed (g) Citrate’ ,
pH3Zx75 69.0 13.80 Isppropyl Alcohal 80100600 Benzyl Alcghed 990.18

3.50 423 0.47 £ 0.02 12092017

4.00 4.75 0.44 £ 0.03 492 0.05

1=0 data analysed by HPLC Method 1 and T=12 months data analysed by HPLC
Method 2 '

The data in Table 42 show that there is an increase in percentage peak purity of isoform
a in all of the active IPA gel foﬁnuiaﬁons after 12 months storage at 2-8°C. However,
the TPA gel formulation prepared with pH 2.50 citrate buffer showed only a slight
increase in percentage peak purity of isoform a (0.22%) compared to, féz' example, the
IPA gel formulation prepared with pil 4.00 citrate buffer Whic}ﬁ showed the largest
increase in percentage peak purity of isoform a (4.48%). Again, these results highlight
the increased stability of J3A b in TPA gel formulations prepared with lower pH citrate
buffers. As such, the IPA gel formulation prepared with the lowest pH citrate buffer

appears 1o remain within specification (<1% isoform a) for 12 months at 2-8°C.

Thus, after 12 months storage at 2-8°C, the IPA gel formulations that provided the better
stability for I3Ab were those that were prepared with lower pH citrate buffers (pH=2.5-
3.0).



13A'b' 0.1 0.02 WO 2007/068963 PCTIGB2006/004739 94 Table 44 Gel
premix solution 2 Component Concentration wiw Amount to be Weighed

(g) Citrate Buffer pH 3.00 69.0 13.80 Isopropyl Alcohol 30.0 6.00 Benzyl
Alcohol 0.9 0.18 3A'b' 0.1 0.02 Table 45 Gel premix solution 3 Amount
odPaWsighed Component Concentration w/w (g) Citrate BuHesptdod: @730
69.0 13.80 Isopropyl Alcohol 30.0 6.003Benzyl Alcohol 0.9 0.18 13A “b'

0.1 0.02 Table 46 Gel premix solution 4 Component Concentration w/w
Amount to be Weighed (g) Citrate Buffer pH 4.00 69.0 13.80 Isopropyl
Alcohol 30.0 6.00 Benzyl AlcoholBXd P83 A “b' 0.1 0.02 WO

2007/068963 PCT/GB2006/004739 95 Table 47 Gel premix solution 5
Amo i o ’d'n Gel Premix Solutions of Varving pH and Temperature

Methods
Preparation of Gel Premix Solutions
The gel premix solutions were prepared according to the following procedure:
1. Weigh the citrate buffer directly into a clean dry Duran bottle.l
2. Weigh the IPA directly into the Duran bottle from Step 1.
3. Weigh the correct amount of I3BA b’ into a clean dry sample bottle.
4. Weigh the correct amount of benzyl alcohol into the sample bottle from Step 3.

5. Place the sample bottle from Step 4 on an orbital shaker and shake at 400 rpm
until all of the I3A ‘b’ has dissolved.

6. Addthe I3A ‘b’/Benzyi alcokol solution from Step 5 to the Duran bottle from
Step 2.

7. Still the mixture until 2 homogeneous solution is obtained.

The compositions of the gel premix solutions to be prepared and placed on stability are:

Table 43 Gel premix solution 1
Amount to be Weighed
Coemponent Concentration w/w

(®
Citrate Buffer pH 2.75 69.0 13.80
Isopropy! Alcohol 30.0 6.00
Benzyl Alcohol 0.9 0.18
I3A ‘W 0.1 0.02




Component Concentration w/w fig) Citrate Buffer pH 2.75 69.09 69.09
Isopropyl Alcohol 30.00 30.00 Benzyl Alcohol 0.90 0.90 I3A'b' 0.01 0.01
Table 48 Gel premix solution 6 Amount to be Weighed Component
Concentration w/w (g) Citrate Buffer pH 3.00 69.09 69.09 Isopropyl
wlsahnledth0 30.00 Benzyl Alcohol 0.90 0.90 I3A'b' 0.01 0 &3r/GablesABs730
Gel premix solution 7 Component Conc&htration w/w Amount to be
Weighed (g) Citrate Buffer pH 3.50 69.09 69.09 Isopropyl Alcohol 30.00
30.00 Benzyl Alcohol 0.90 0.90 I3A "b' 0.01 0.01 WO 2007/068963
PCT/G82006/004739 Y8er¥4ble 50 Gel (frehi%esdkRIABTImponent

s [ Amount 1 Weigh rate Byffer pH 4,00 69.09
Concentration w/w Amount {o be Weighed (g) Citrate Buife g‘b“ C e%’eighed

69.09 IsayrpMIgohol 30.00 30:00 BanaihAlsapol 0.96&51;
| (@
Citrate Buffer pH 3.00 69.0 - 13.80
Isopropyl Alcohol 30.0 6.00
Benzyl Alcohol 0.9 0.18
BA Y 0.1 0.02
Table 45 (el premix solution 3
Component 'Concentratien wiw | Amountfo be Weighed
(g
Citrate Buffer pH 3.50 69.0 13.80
Isopropyl Alcohol 30.0 6.00
Benzyl Alcohol 0.9 0.18
I3A D’ 0.1 0.02
Table 46 Gel premix solution 4
Component Coneentration w/w Amount to be Weighed
(g)
Citrate Buffer pH 4.00 69.0 13.80
Isopropyl Alcohol 30.0 6.00
Benzyl Alcohol 0.9 .18
BA b’ 0.1 0.02




13A "b'0.01 0.01 Stability Testing of Gel Premix Formulations The gel
premix solutions prepared above were placed on stability at 2-8, 25 and
40C and were tested at time points T=0 and 2 weeks. At each time point
the premix solutions were assessed for 13A "b' content according the
ReSEAUgdstailed below. 1.1.3 Stability Testing of Gel Prepyi¥,ggaa06/004739
Formulations The gel premix solutions pfepared were placed on stability

at 2-8, 25 and 40C and were tested at time points T=0 and 2 weeks. At
each time point the premix solutions were assessed for 13A'b' content by
calculating the perceraifedfiPLC peak &febpotmBysolbtimaidtive to the peak
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Table 48 Gel premix solution 6
Amount to be Weighed
Component Concentration w/w
(2)
Citrate Buffer pH 3.00 69.09 69.09
Isopropyl Alcohol 30.00 30.00
Benzyl Alcohol 0.90 0.90
BA D 0.01 0.01
Table 49 - Gel premix solution 7
. Amount to be Weighed
Component Concentration w/w
&
Citrate Buffer pH 3.50 69.09 69.09
Isopropyl Alcohol 30.00 30.00
Benzyl Aleohol 0.90 0.90
I3A Y 0.01 0.01




(Gradient, see Table 51 below) Flow rate: 1.0 mUmin Autosampler
temperature: 8 C 2 C UV wavelength: 230 nm Injection volume: 10/40 ul
Run time: 20 mins Table 51 Gradient Table for HPLC Method 2 Step

Time Flow %A %B Curve 1 1.00 50.0 50.0 2 2.00 1.00 50.0 50.0 6 3 5.00
190:440,6:6950 6 4 12.00 1.00 20.0 80.0 6- 5 16.00 1.00 20.0:,89818.6 /004739
1650 1.00 50.0 50.0 6 7 20.00 1.00 508650.0 6 Stability data for 13A "b'in
gel premix solutions pH range 2,75 to 4 00 at 2-825 and 40 C (7nean.

n=3) Gel Storage Time % Peak % Peak Purity % Peak Purity Premix
Temperature (weeks) PRHtSLof 13A of is&tekpremissidatims ¢’ # (C) b’

elative to Relative to 13A Relative to I3A VI B iSoform c isoform— &,
isoform a:aiagldaeferm isoform et-and iegfgr anand JAPBRREONETGeehed
98.98 1.02 0.00 2 N/A 098,96 1.04 0.00 WO 200//068963 (@)
T7TGB2006/004739 983 N/A098:971:03-6:66
Citrate Buffer pH 4.00 69.09 69.09
Isopropyl Alcchol 30.00 . 30,00
Benzyl Alcohol 0.90 0.90
I3A b’ 0.0 0.01

* Stability Tesﬁno of Gel Premix Formulations
The gel premlx solutions prepared above were placed on stability at 2-8, 25 and 40°C
and were tested at time points T=0 and 2 weeks. At each time point the premix
solutions were assessed for I3A b’ content according the procedure detailed below.

1.1.3 - Stability Testing of Gel Premix Formulations

The gel premix solutions prepared were placed on stability at 2-8, 25 and 40°C and
were tested at time points T=0 and 2 weeks. At each time point the premix solutions
were assessed for I3A “b® content by calculating the percentage HPLC peak area of I3A
‘b’ relative to the peak areas of the 13A “b’ related substances isoform ‘a’ and isoform
‘¢’ as described below.

HPLC Instrumentation and Methodology

All samples to be analysed for I3A “b’ were analysed using HPLC Method 2. The

instrumentation and chromatographic conditions for HPLC Method 2 are as follows:

Instrumentation:
Waters Alliance 2695 Separations Module plus Autosampler
Waters 996 PDA detector

‘Empower Software, version 2.00

Chromatographic conditions:

Columnmn:
Column length:

Symmetry Cig — 5 pun (Waters)
150 x 3.90 mm



4 N/A 098.91 1.09 0.00 5 N/A 099.09 0.91 0.00 6 N/A 0 98.99 1.01 0.00
7N/A098.99,1.010.00 8 N/A 0 99.00 1.00 0.00 12-8298.77 1.23

0.00 22-8 2 98.65 1.35 0.00 3 2-8 2 98.61 1.39 0.00 4 2-8 2 98.50 1.50
0.00 52-8 2 98.80 1.20 0.00 6 2-8 2 98.57 1.43 0.00 7 2-8 2 98.44 1.56
0,00,8,2:8,2,98.03 1.97 0.00 1252 98.69 1.310.00 2 25 2,98,51.1.49
0.00 325 298.19 1.81 0.00 4 252 97942 2.58 0.00 5 25 2'98.78 1.22

0.00 625298.551.450.00 7 252 98.39 1.61 0.00 8 252 97.71 2.29
0.00 140297.77 2.230.00 240 2 96.99 3.01 0.00 3 40 2 96.48 3.52
0.00 WO ROBTI088963RET/GB208BAIDAT39 99 4 40 2 96.02 3.98 0.00

5 40 2 93,02 d.81,9,00 6402 97'%%}9&%1‘9@8; — 5 pm (Waters) (PN:

WAT054225)

Guard column length:

Mobile phase:

- Acetonitrile (B)

Flow rate:

Autosampler temperature;

UV wavelength:

Injection volume:

Run time:

20x3.80 mm

0.02%v/v TFA in Water (A); 0.02%v/v TFA in

A:B, 50:50 (starting composition)

(Gradient, see
1.0 ml/min
§eC+2°C
230 nm

10/40 i

20 mins

Table 51 below)

Table 51 Gradient Tabie for HPLC Method 2

Step | Time | Flow | %A | %B | Curve
1 1.00 | 50.0 | 50.0

2 2.00 | 1.00 | 50.0]500|6

3 500 11.00 4006006

4 12.00 { 1.00 | 20.0{80.0 |6

5 16.00 | 1.00 | 20.0 | 80.0 | 6

6 16.50 1 1.00 | 50.0 | 50.0 6

7 20,00 ] 1.00 | 50.0 1 50.0 | 6

Stability datg for I34 b’ in ,qel premix solutions pH rapee 2.75 to 4.00 at 2-8. 25 and V

40 °C fmean, n=3)

Gel Storage Time % Peak Ye Peak Purity | % Peak Purity
Premix | Temperature | (weeks) | Purity of I3A | of isoform ‘a’ | of isoform ‘¢’
# O ‘b’ Relative to | Relative to [3A Relative to
I3A °b%, ‘b*, isoform ‘¢’ isoform ‘a’,
isoform ‘a’ and isoform iseform ‘¢’
- and isoform ‘a’ and [34A ‘B’
Ccl !
1 N/A 0 08.98 1.02 0.00
2 N/A 0 98.96 1.04 (.00




740297.232.77 0.00 840 296.43 3.57 0.00 Conclusions: Storage of

all gel premix solutions at 2-8 C provides the best stability for 13A "b’,
based on the higher percentage peak HPLC purity obtained for DA V
compared to the storage of the gel premix solutions at 25 and 40 C. The
WMo getpremix solutions that provided the best stability for 18&r/b's asewk 739
on percentage HPLC peak purity, were #fumbers 1 and 5. These premix
solutions contained the citrate buffer at the lowest pH used in the study
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1. éfor ulation of Tnganol angéate Tor use in tperapy, wheremjthe
ingenol nqela8 has eenzdissolved?ﬁ'%lgpharrnaceu%t?glly acceptabﬁ(}:?O

i

apgptic solvent,said fofmulation further comprising a rmacegjtical
le_acidifying agent which is:greast pdrtially ggrér‘matib with%tlﬁg

solvent and which provides the formulation with an apparent pH of no
grgﬁlfé}“ﬁﬁ%ﬁﬂs and no less than 2.5. 2. A formulation according to claim

1, wherednsthe-a¢idifyingagenthasheenagdded, susemdentiQuabinty for 3A

preparation of a solution of ingenol angelate in the aprotic solvent. 3. A
For AT PR R RFEITER 8PS Mo R RGBRE S EaRs Rompared to

ingenci3geatigelate phiiieomtilaiion 2reaidingcio any preceding claim,
whern i YSILSBE Pl e ean o RO
ingfepvicentasg &ffie peak purity, were numbers 1 and 5. These premix solutions
contained the citrate buffer at the lowest pH used in the study (pH=2.75). |
" The two gel premix solﬁtions that provided the least staBility for I3A “b’, based
on percentage HPL.C peak purity, were numbers 4 and 8. These premix solutions
contain the citrate buffer at the Highest pH used in the study (pH=4.00).
Lowering the temperature and the citrate buffer pH in the gel premix solutions
provided the best stability for I3A *b° where the percentage HPLC peak purity of I3A

‘b’ was used as an indicator of stability in this study.



5. A formulation according to claim 4, wherein the amount of ingenol
3-angelate has percentage purity as established by UV absorbance
(HPLC-UV) of at least 99.5%. 6. A formulation according to any preceding
claim, wherein the aprotic solvent is selected from the group consisting of

RRivBihyens glycol, methyl ethyl ketone, ethyl acetate, diethyhethtosioo4730
benzyl alcohol, and mixtures thereof. 7108 formulation according to claim

6, wherein the aprotic solvent consists of benzyl alcohol. 8. A formulation

according to any preceding claim, wherein the acidifying agent is an acid.
Q.W%@Wgéccording to claim 8, wherein the acidifying agent is an

organic acid. MCSLLP WO 2007/068963 PCT/GB2006/004739 103 10.

A HrivdlaGaftaiecORNN EIbsaliy, prapediig, cleituahere Nt latidifyi0goper XD,
agggﬂ id,Ruffer, 11. A formulation according ta claim 10, wherein

the bu%’ ?iglggafédc%é %3%1]%% %%‘ﬁﬁaégrg:%ls ?ﬁogﬁ%?ga‘{gt@a’tﬁ? L%ijfer,

phosphate buffer, acetate buffer, and citrate- phosphate buffer. 12. A

formulation aseerding, i Glaimn HQ-wherrinthebylferds gitate.bulier dlden (Bd
A ul t|$n cCo cﬂ) g to any of claims 10 to 12, wherein the pH of the
butter, upﬁ‘i) : ‘é%ﬁﬂ TS RS HRALEBN 1€ between pH 2.5 and pH 4,

inclusive. 14. A formulation according to claim 13, wherein the pH of the

bUffer IS DEVGRNePS] 2 AT nglus fonmstadian. i
according to clairﬁ 14, yvhere?%ﬁ%%ﬁ%ﬁ%%?ﬁ@ﬁ%{%genﬁgﬁ %’.ﬁal?%man
pHIB B HEHiKHA Feciaipsnasitisatercbding to any preceding claim,

having an apparent pH of between pH 3 and pH 4. 17. A formulation

aggording t im 16,.having an apparent Hof?;.g< é}%éfA formulation |
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benzyl alcohol and pH 2.5 citrate buffer, wherein the buffer is present in

an amount of between 1 and 10% w/w of the formulation. 19. A

formulation according to any preceding claim, further comprising an
antioxidant. 20. A formulation according to claim 19, wherein the
&dienidassbis selected from the group consisting of retinol, ascodimesias73s
lycopene, tocopherol, butylated hydrox§tbluene, and mixtures thereof
MCSLLP 104 21. A formulation according to any preceding claim,

olyen ing agent are capable of forming a sing
phafem%%] R %ﬁﬁﬁ&{%ﬁ%&g? PRTGHE R DPECRTITY i oRifther” 331 or he
cotrpstistmg d rese ridiive:seldetad Brams aSparztienstienzoic acid, benzyl
“alcohol, and mixtures thereof. 23. A formulation according to any
preceding claim, further comprising a penetration enhancer. 24. A
formulation according to claim 23, wherein said penetration enhancer is
selected from the group consisting of isopropyl alcohol, a sulphoxide, an
azone, a pyrrolidone, an alkanol, a glycol, a fatty acid, water, a surfactant,.
a terpene, a phospholipid, and mixtures thereof 25. A formulation
according to any preceding claim, further comprising a mucoadhesive.
26. A formulation according to any preceding claim, in the form of a
preparation suitable for topical administration. 27. A preparation
according to claim 26, comprising a majority of an acidic buffer by weight.
28. A preparation according to claim 26 or 27, further comprising a gellant.
29. A preparation according to any of claims 26 to 28, in the form of a gel,
cream, ointment or paint. 30. A preparation accordlng to any preceding
claim, wherein the |ngenol angelate has



percentage purity as established by UV absorbance (IIPLC-UV) of at least

99% ingenol 3 -angelate and wherein no more than 1% rearrangement to

the 'a’ isoform as established by UV absorbance (HPLC-UV) takes place

after 3 months. MCSLLP 105 31. A preparation according to any MCSLLP
preceding claim, wherein the ingenol dfigelate has percentage purity as
established by UV absorbance (HPLC-UV) of at least 99% ingenol

Glainyelate and wherein no more than 0.5% rearrangement to the ‘a’

isoform as established by UV absorbance (HPLC-UV) takes place after 3
months. 32. The use of a formulation according to any preceding claim for

thé ifaRurasrebiRgRrRaR st for vee treBieramt ofbetsin bsnisgeng angelate
HdseQhingauetanaelatenindhe manufacius, olid-medigrmentiar &1 formulation

treatment or_prevention of a skin cancer, wherein the ingenol angelate is
YRR IV Hh drrBrareaiy dbeapeaplabsprsid e ARcahidhich is al least

Formuatiomnuiiber GORMPEHSING B dAharmaceiticabhs rre piabl G aeldifvNg with an
agent which js at least partiallg compatible with the solvent and which

BREURIL & the PRt AORAA 2R MbpAreH B ot Pro greater than 4.5 and

no less than 2.5. 34. Use according to claim 32 or 33, wherein the

formuylation is as defined in any of claims | to 30. 35. Use accordipg to
Tty O OS85 2 i e s EHeP T & QIR G DB dgen added

welcapaeto 36pAptocestdosiprepariigaaformulationiafiinggnel angelate,
comprising dissolving the ingenol angelate in a pharmaceutically

acceptable, aprotic solvent, said process comprising the addition of a
PhartmacautioallcaccEpgaiole lacidifying aghatavhith isg@hdeast@artiallyngenol 3 -

a({f)rglggtible with the solvent and which provides the formulation with an
aﬁpare'nt pH of no greater than 4.5 and no less than 2.5, said acidifying

agent being added with, before, or after the ingenol angelate. 37. A

ég :%%gs%%%%%géggo%%%gl{g gn%f’ ;\)Ar/er:]ce ercﬁg'pgtc %ﬁ%{%@%‘%ﬂﬁ% %S ggr?gllnf?n%é?ate present
in the formulation has percentage purity as established by UV absorbance (HPLC-UV)

of at least 99% ingenol 3-angelate.

5. A formulation according to claim 4, wherein the amount of ingenol 3-anpelate has

percentage purity as established by UV absorbance (HPLC-UV) of at least 99.5%.
6. A formulation according to any preceding claim, wherein the aprotic solvent is
selected from the group consisting of polyethylene glycol, methyl ethyl ketone, ethyl

acetate, diethyl ether, benzyl alcohol, and mixtures thereof.

7. A formulation according to claim 6, wherein the aprotic solvent consists of benzyl

alcohol.

8. A formulation according to any preceding claim, wherein the acidifying agent is an

acid.

9. A formulation according to claim 8, wherein the acidifying agent is an organic acid.



38. A process according to claim 36 or 37, wherein the ingenol angelate is

ingenol 3- angelate, and the addition of acidifying agent and conditions

are so selected as to MCSLLP 106 prevent more than 1% of the ingen®dfcSLLP

3-angelate as established by UV absorbance (HPLC-UV) rearranging into

g a0 tarkogm. 39. A process according to any of claims 36 {@-3%:svheleiyss

the ingenol angelate is ingenol 3-angeléte, and the addition of acidifying

agent and conditions are so selected as to prevent more than 0.5% of the
ingenol 3-angelate as established by UV absorbance (HPLC-UV) )

’ reiprangf‘hggfﬁ?ﬁlﬁ%naa%%?ﬁi?%ﬁyﬁ?%é%%&rﬁm Bhye ggent is

36Gtm39, budferein the acidifying agent confers an apparent pH of between

pH 3 and pH 3.5 on the formulation. 41. A process according to any of

claims 36 to 40, wherein the acidifying agent is added in an amount of

bebiveen4 apientlsionwaicotding forakilatibh. wleraipthedsdieactordiereth amy the

of glaipe3Ritahl ovvheraindheormulation is.-made U With apldhend citrate-
co%gonentﬁ %eflned in any of claims 36 to 41, prior to addition of any
fuRREPEEEPBE Fomponents. 43. A process according to claim 42 wherein

a further desired component is an excess of acidic buffer. 44. A process

acgording fo.clajim 42 or 43 wherein g further desired component |
polyethylene g yco?, 4a5. ?A 6!?80essalé%i1§F |%8r%1 at%%/%(])lﬁél)rallsr%é f&ei%?%ﬁ{'
wherein a further desired component is a gellant. 46. A process according

tosany ofichaimsidotodWhetsiminsrtosmdation is, smbsed %H%'Bﬁ Stedysrer,

at a.temperature of between freezing and 8C,
prior to%%d?ttion to the form atgon, le b%tween pH 2.5 and pH 4, inclusive,

14, A formulation according to claim 13, wherein the pH of the buffer is between

pH 2.7 and pH 3.5, inclusive.

15, A formulation according to claim 14, wherein the pH of the buffer is betwéen_
pH 2.7 and pH 3.0 inclusive.

16. A formulation according to any preceding claim, having an apparent pH of
between pH 3 and pH 4. |

17. A formulation according to claim 16, having an apparent pH of 3.5.

18. A formulation according to any preceding claim, consisting of ingenol angelate,
benzy! alcohol and pH 2.5 citrate buffer, wherein the buffer is present in an amount of

between 1 and 10% w/w of the formulation.

19. A formulation according to amy preceding claim, further comprising an

antioxidant.

20. A formulation according to claim 19, wherein the antioxidant is selected from
the group consisting of retinol, ascorbic acid, lycopene, tocopherol, butylated

hydroxytoluene, and mixtures thereof.
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21. A formulation according to any preceding claim, wherein the solvent and acidifying

agent are capable of forming a single phase.

22. A formulation according to any preceding claim, further comprising a preservative

selected from: a paraben, benzoic acid, benzyl alcohol, and mixtures thereof,

23. A formulation according to any preceding claim, further comprising a penetration

enhancer.

24. A formulation according to claim 23, wherein said penetration enhancer is selected
from the group consisting of isopropyl alcohol, a sulphoxide, an azone, a pyrrolidone,
an alkanol, a glycol, a fatty acid, water, a surfactant, a terpene, a phospholipid, and

mixtures thereof.

25. A formulation according to any preceding claim, further comprising a

mucoadhesive.

26. A formulaticn according to any preceding claim, in the form of a preparation

suitable for topical administration.

27. A preparation according to claim 26, comprising a majority of an acidic buffer by

weight.

28. A preparation according to claim 26 or 27, further comprising a gellant.

29. A preparation according fo any of claims 26 to 28, in the form of a gel, cream,

ointment or paint.

30. A preparation according to any preceding claim, wherein the ingenol angelate has
percentage purity as established by UV absorbance (HPLC-UV) of at least 99% ingenol
3 -angelate and wherein no more than 1% rearrangement to the ‘a’ isoform as established

by UV absorbance (HPLC-UV) takes place after 3 months.
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31. A preparation according to any preceding claim, wherein the ingenol angelate has
percentage purity as established by UV absorbance (HPLC-UV) of at least 99% ingenol
3-angelate and wherein no more than (.5% rearrangement to the 'a' isoform as

established by UV absorbance (HPLC-UV) takes place after 3 months.

32. The use of a formulation according to any preceding claim for the manufacture of a

medicament for the treatment of a skin cancer.

33. Use of ingenol angelate in the manufacture of a medicament for the treatment or
prevention of a skin cancer, wherein the ingenol angelate is dissolved in a
pharmaceutically acceptable, aprotic solvent, said formulation further comprising a
pharmaceutically acceptable acidifying agent which is at least partially compatible with
the solvent and which provides the formulation with an apparent pH of no greater than

4.5 and no less than 2.5.

34. Use according to claim 32 or 33, wherein the formulation is as defined in any of

claims 1 to 30.

35. Use according to any of claims 32 to 34, wherein the skin cancer is a squamous or

basal cell cancer.

36. A process for preparing a formulation of ingenol angelate, comprising dissolving the
ingenol angelate in a pharmaceutically acceptable, aprotic solvent, said process
comprising the addition of a pharmaceutically acceptable acidifying agent which is at
least partially compatible with the solvent and which provides the formulation with an
apparent pH of no greater than 4.5 and no less than 2.5, said acidifying agent being

added with, before, or after the ingenol angelate.

37. A process according to claim 36, wherein the formulation is as defined in any of

claims 2 to 29,

38. A process according to claim 36 or 37, wherein the ingenol angelate is ingenol 3-

angelate, and the addition of acidifying agent and conditions are so selected as to
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prevent more than 19 of the ingenol 3-angelate as established by UV absorbance

(HPLC-UV) rearranging into the 'a’ isoform,

39. A process according to any of claims 36 to 38, wherein the ingenol angelate is
ingenol 3-angelate, and the addition of acidifying agent and conditions are so selected as
to prevent more than 0.5% of the ingenol 3-angelate as established by UV absorbance

(HPLC-UV) rearranging into the 'a’ isoform.

40. A process according to any of claims 36 to 39, wherein the acidifying agent confers

an apparent pH of between pH 3 and pH 3.5 on the formulation.

41. A process according to any of claims 36 to 40, wherein the acidifying agent is added

in an amount of between 1 and 10% w/w of the formulation.

42. A process according to any of claims 36 to 41, wherein the formulation is made up
with only the components defined in any of claims 36 to 41, prior to addition of any

further desired components.

43. A process according to claim 42 wherein a further desired component is an excess of

acidic buffer.

44. A process according to claim 42 or 43, wherein a further desired component is

polyethylene glycol.

45. A process according fo any of claims 42 to 44, wherein a further desired component

is a gellant.

46. A process according to any of claims 42 to 45, wherein the formulation is

subsequently stored at a temperature of between freezing and 8°C.



