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12A ané hastht dbllowing bfrettideve treat nent of cancers,
particul arly malignant nel anomas and squanous cel
carci nomas (SCCs). The conpounds are sel ected from

j atrophanes, pepluanes, paralianes and ingenanes. The
preferred conpound is an angel oyl - substituted

i ngenane obtai ned fromthe sap of Euphorbi a pepl us.

M crogram quantities of ingenol angelgte age typically
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with 13A, as the differemg”i @ Oriiferent
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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 cells

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 cytotoxicity against several different cancer cell lines. The compounds
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i nvention envisages formul ati ons of any of the
i soforms of ingenol angelate, or mxtures thereof. At
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substantlally 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
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.

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. Tt will be understood that references to ‘ingenol angelate’ and



sol ution, such as polyethylene glycol, dissolution can
take sonme considerable tinme and this, together with
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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 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



illustrated in the acconpanyi ng Exanples. A preferred
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acidic., As the ampunt of acid increases, so the
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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. Wihile
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 jonic solution allows a suitable,
optionally aqueous, ionic solution of ingenol angelate 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
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WO 20v2/068963 condi ti ons necessary, can | ead to unPEEGBaDEP4739

high I evels of isofornms fornmkng, such is the

susceptibility of ingenol angelate to rearrangenent.

The aprotic solvent and the acid are at | east

a4l habhit oF Q8RR hBUR buiffar ! | 11992

‘the two can be. ‘faor nmed. rl‘h‘gﬁg}(l:?eg% g%% @8?%%§%§éélyﬂeremunless

pthervdseanpprent.sisiadtied. Bweh tharaet pf dfssolationyinprett fbd)l@elﬁg, given the
ratios. In rticular, it is generall referred |

R’ aRSsna ooBBions, fikediet son g Spsicairadly Figh evels of isoforms

B inpgsuchris #RRaubdeytiBilityest inS@lol Ridelsiatd RBrrockiifi.

i ngenol angelate, in order to Keep the apﬁ%rent pH at

arelatively low |level. Subsequently, it may be

[ e._sol.ubi li sed .i ngenol .angel at e
RS LR, Sl Qa0 b Rl R LSS0RH 0S8 AT o s
preparatiin eftheibid caebd formedit Bld £i@ARPSITRNt BRSHIERE®HRriscible, and
wth _an . excess of buffer are illustrated i'n Exanple
ae Pisderably muscile ot al) satios o I parkicwlar, s enaralls pisfestedrto edd a small
j . be heient | i Sci bl e..to.
B Rbre Bet & B et P pp oy ol B pE e togenor
aggelptgs &n nidseitbkesp theaipparetspHu aaeladiselyalpwoRvElr epesseghently, it

' fo of emul si on L. m cro-enul sions. Such

ik DB AR i3y aotubiioed fraaal Goedieuin an coess of the buffe
thatxaal esedf diBlgv@Btinaf s@ebBis@fon? StaBR Srepd made up with an
generally further mnimses any risk o ngel ate

exeess oh hygderaane lllustintod in Example 9abdowarti cul arly usef ul

in the present invention are those which exhibit both
hydrophilic and |ipophilic traits, such as ring '
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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
buffer, pH 3 or lower, preferably pH 2.75. In benzyl 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
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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% w/w.

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
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WO 2007/ 068963 PCT/ GB2006/ 004739 7 which can then be
Which f or
O o lePipb il pride f vdsD TR SAIRLE, afSezgripet dhpve, the
@ﬂn@lggommam llDBfrmdecurp imay elecsk of buffat (&dna}nbe:)foﬁimgbked ih® a gel, for
It has al so been found that fornulations of
e?%@l pt esent invention are generally nore stable at
| ower tenperatures. Particularly preferred )
formul ations of the present invention, such as those
It gﬁ%b plseihegn tf@wi/thahtfmwtﬂtman dfdhe peasmtbufzémmn am;generauy more
t 1.t at u es as
ST G Bt BB, P Pl B BREoPnipiSng et present
mmmonestmt ad @ngerompEeHg iRl ﬁl‘é@ﬁ%lt&fdp&'h@feuﬁﬁffé}n Ghay exhibit
\% éRTP) and t he reatest st ability
gtability gt ismpgiafiresaiphas 483 but, it ganemlemzxeagng stability
1§I that
onsraR o ABREIIAS FIOF AT 1Rkl B o bing R g he

gptadest stpbiliy sl dsérved aofterhperaturesebdlownationt 8°C. Freezing does not’
nper ature . of between

| f t t t
R0 B0 500l B S U caioerah B st kil is achieved simply
bp rpdadite forMuRkioAE 5 5tht Qﬁvéﬂﬁ@ﬁ’ 3 h an@enﬁehéitrbﬁ’%e&ftor ﬂ@ g.etgl%lserature

angel at e, rising dissolving t I ngenol” angel a
Othewesmqu@g&an@&f y acceptable, aprotic solvent,

said fornulation further conprising a pharmaceutically
acceptabl e ‘acidifying agent which is at |east
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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 after the ingenol angelate. The acidifying
agent is preferably a buffer.

It is preferred 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
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or buffer, sufficiently soon gfter addition of the |I3A
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The invention also provides the use of ingenol angelate in the manﬁfacture 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.

Suitable cancers for treatment 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.
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In all cases, the initial 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 to provide enhanced stability to the
formulations. Suitable examples of antioxidants include retinol, ascorbic acid,

lycopene, butylated hydroxytoluene, and tocopherol.
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| 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 génerally 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 hydrophobic poloxypropylene (POP) molecule
sandwiched between two hydrophilic molecules of poloxyethylene (POE). Thus, they
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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/kg/day, no overt adverse effects were noted. A similar study with dogs also
showed no adverse effects -at dosage levels up to 0.5 g/’kg/day. Furthermore, no

haemblysis of human blood cells was observed over 18 hours at 25°C, with 0.001-10%
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Ols may also be used in the present invention. The
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- 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 uptake 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 utilised
in many different dosage forms in efforts to achieve systemic and localised delivery of
drugs through the different mucosae. These dosage forms include tablets, patches,

tapes, films, semisolids and powders.
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Suitatild ippésenatieesd walh thef apgaing to those skilled in the art, and include the
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Preservatives employed solely for that purpose will generally form 1% (w/w) or less of

the final topical formulation.

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

Preferred compositions of the invention comprise:
a) I3A;
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preservative; d) gelling agent; and e) buffer;
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R L e S Syt st ool
1|g1(l:r%hZ? IP;ercentage 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, R'fP and 40 °C.
Figure 5: Percentage I3A ‘b’ in 100% phenoxythéﬂol 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 formﬁlation 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 valueé for Formulations 4, 14, 15, 16 and 17
Figure 9: Plot of mean amount released after 26 h (ng/em®) of I3A b’ from 0.1% wiw
poloxamer gel and PEG 400 formulations, (n=3 + SE).
Figure 10: Plot of mean amount released after 26 h (ug/cmz) of I3A ‘b’ from 0.1% w/w

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



d) 1.5% (ww) hydroxy ethyl cellul ose; and e) 67.5%
(Ww) citrate buffer pH 3, preferably pH 2.75. The

w0 poogiesden wi ||l now be descr ibed with referenk€r/Ga2106804739
acconpanyi ng Fi gures, whereiniz Figure 1: shows a
schematic representation of a Franz cell. Figure 2:
Percentage of isoform " b' in isopropanol gel (pH 6.5).
Figure 3: Percentage of 13A "b' in 30%IPA/citrate
buffer (pH 3). Figure 4: Percentage 13A "b' in 100%
b pygsen m’i‘?ﬁ’”a?iltbe ﬁligtgf/ﬂﬁlﬁmnatedﬁﬁi&l relaga'rcng Qléé :g)uog%g, non-

e b in o phenoxyt hanol at 2- '

gﬁg&%%%’pﬁsgure 6: shows a flow chart for the
preparation of 0.1 %w w 13A Fornul ation 16 and the
respective placebo. *For the placebo fornulation 0.25
g of benzyl al cohol was added to 24.75 g of base
formulation. Figure 7: Relative G and G' val ues for
Fornmul ati ons 4, 14, 15, 16 and 17 (n=5 SD). Figure
8: Corresponding tan d values for Formul ations 4, 14,
15, 16 and 17 Figure 9: Plot of mean anount rel eased
after 26 h (g/cm of 13A "'b' fromO0.1% w w pol oxamer
gel and PEG 400 formul ations, (n=3 SE). Figure 10:
Pl ot of mean anount rel eased after 26 h (g/cm of 13A
b fromO0.1 %ww oil HEXAMEEEBOO fornulations, (n=3
SE). WD 2007/ 068963 PCT/ GB2006/ 004739 15 The present
invention will be further illustrated with regard to

Theestitslityoud THA wiRMnvdstiThtki N9 EXBIPLES: Ei ot
stabjlity of |3A was i %esti gated 1 n %nat%l(%{glls’sbc\l/ugn g acetone,

agsfepigilg, mefeneliwaier. awmearoRdISO auwspimitt buffers (pH range 4.5 to 7) and

I O, 0Ss te buffers H. -
R o Bl 4 3 R T (el st DMSO,
phhsphatet buffee 18 &S end AnasationebuRs ghANL LI T1R ¢ ement of the
.phosphat e buffer pH 4.5 and ammonium butfer (pH 4 51313 .
1%?8"? W%W tgfoceuidn thegslab Pt ispget dY scarpgingad ismmer ‘a’

ok QL-d ' M S r i.ng to jsoner
o o B b S Ry g B B Sbolai B, che
mpaaure iof stebiliey ofiteicomposntbehavaeulundds thevatio of the area of peak ‘b’

to the area of peak ‘a’.



measure of stability of the conmpound was cal cul ated as
the ratio of the area of peak "b' to the area of peak
WO 2007/084962007/ 068963 PCT/ GB2006/ 004739 16 MMAERGBRB6/004739
Table 1. Suppliers of materiajgs used in this Exanple
Materials Supplier 13A (ingenol angel ate) Supplied by
Peplin Limted, Batch No. 080402 and Batch No. 300502
Australia (3-Cyclodextrin sul phobutyl ether, 7 sodium
o salt %dex I ncorporated, USA (Captisol(r)) Lot No.
MATDBRIALS0244 2- Hydr oxypr opyl - (3-cycl odextrin -
(Cavasol (r) W Wacker-Cheme GrbH & Co., HP) Batch
No. 74B008 Gerrrany M gl yol 810N Lot No. I980_4|03L e
Pabley. 84 P nRatisle um 11121%@9]@132 jgeral ol 0
128%113695 gﬁr‘}a Chem cal Co. (%I c acid Batch No.
736588428 Span 80 Lot. No. 120HO454 Tween 80 Lot No.

WF@@El PoI yet hyI ene gI ycol 300 Lot| $Npplie®HO463 DVSO
V\ln\l\n l—|:1|1|1 Dha[ na{"ﬂllfi cals

@é@um a' u ;l jab:;r?} l\/bnopot assi u@"éﬁ@%‘bhh}’erﬁfthimited,

Blerch N%ZS@OM%H%’[@I@&"%@E K | Ao um acet at e
‘Lot No._A147753001 BDH La oratorv Supplies, UK

BCyelodextrinetipboutytethareT estturhiRRIE gr @ﬁieﬁgﬁdﬂipﬂrated, USA
' K Acetonitril e-HPUC grade
I Sot N e Ss aZ5 000 J

2-Hydroxypropyl-B-cyclodextrin  (Cavasol® W7 | Wacker-Chemie GmbH & Co,,
HP) Batch No. 74BO08 _ Germany

Miglyol 810N Lot No. 980403
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 Pharmaceuticals
Batch No.KX00282 Japan

Monopotassium phosphate Batch No. 14286 Aldrich Chemical Co., UK
Ammonium acetate Lot No. A147753001 BDH Laboratory Supplies, UK -
Glacial acetic acid ‘

Acetone-HPLC grade Rathburn Chemicals Ltd, UK
Acetonitrile-HPLC grade

Methanol-HPLC grade

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

Parafilm® American National Cam™,

USA




Met hanol - HPLC gr ade Dei oni sed water (Elgastat Option

3A) Elga Ltd., UK Parafilnm(r) Anmerican National CanlTM
wWQSA7/0862007/ 068963 PCT/ GB2006/ 004739 17 Al | PCT/GB2006/004739

excipients used in the final formulation of |3A of

conpendi al grade. METHODS Stability study of 13A in

sol vents/excipients A stability study of I3Ain the

halaoiones ok HPME REXCHRMGRIiS) BXBIPOANEARRI gkl ons
was perfornmed over 14 days (excep are othervi se
stated) at roomtenperature: Acetone Acetonitrile

]&ﬁt{ﬂg@ﬂ Met hanol / water (70/30) Water Phosphate
u |c§-|4.5, pH 5.5 pH 6.5 pH7.0 DVBO* M neral
oil Mglyol 810 Polyethylene glycol 300 Propyl ene
lycol deic acid 2-Hydroxypropyl-(3-cyclodextrin
g‘egﬂﬁxétl’(db’)qfllﬁé)iﬂ solvepidfesgippmepy | - (3- cycl odextrin
(Cavasol (r)/ P04 pH 4.5) Tween 80/ Span 80/ H20 Tween
80/ Span 80/ PO4 pH 4.5 (3-cyclodextrin sul phobutyl .
Atstability Cady iof @3 A fin) JHeH30EWing solvent/excipients/excipient combinations was

performed over 14 days (except where otherwise stated) at room temperature:

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-B-cyclodextrin (Cavasol®/H,0)
2-Hydroxypropyl-B-cyclodextrin (Cavasol®/PO, pH 4.5)
Tween 80/Span 80/H,0
Tween 80/Span 80/PO, pH 4.5
B-cyclodextrin sulphobutyl ether (Captisol®)/H,0""
B-cyclodextrin sulphobutyl ether (Captisol®)/PO, pH 4.5"
Sodium hyaluronate (HA)/ PO, pH 4.5 ™"
~ Sodium hyaluronate (HA) H,O pH 4.5 ™

*

10 days study "7 days study ) days study



0-cycl odextrin sul phobutyl ether (Captisol(r))/PO4 pH
4.5** Sodi um hyal uronate (HA)/ P04 pH 4.5 *** Sodi um
whyahnesosnt e (HA)/ H20 pH 4.5 *** * 10 days stRdyGB2006/004739
days study *** 2 days study VY 2007/068963
PCT/ GB2006/ 004739 18 A 0.5 ng/m stock sol ution of
13A in acetonitrile was prepared. Aliquots of 1.0 m
W) $m m&@&@&ﬂ%&&mm |

a bur egt/t e, the soluti onshégérigﬁgmg V%§%rgp%% ghgtlo QHEP% ml Were'
Kfﬁ@fﬁﬁﬁd?o gn<bf'1duhleg/lass$pmpte| vials br}r,b a burette the SOluﬂOélg vgere dried by air

t i pient/excipie i natjon was added. to

BRI 36 ey rgpaiy Salvet SRR s e

ot thbi \l'laIEYO‘ilaDQ& @ DB § andepRyad. kA u(;f L 50 %lc%ﬁiti 3amp1es were

usi ng the chr omat ographi ¢ conditions describ
Feetoa% P JIELEC BREDS Usdigothe Stramatqgtqphmsomhtpxtmsmdrﬂaeﬁ under

it b DTS OF B o tab e S stesset A helis of Hepki tg pealk “a
(pad péadaflctif pessent)) \ﬁulfli a highf?ht( ﬂﬂiﬂaﬂﬁg StabiBiky h[h%pa?ﬁcﬁﬁér J,'xtﬂblent

of 13A in excipients study An alternate HP net h
was devel oped in order to separate out a "shoul der”

BPLEAhAPsi€ fo @??Rkﬁl Jﬁg \'%@%x gl%ﬂsw hdy SOme

preparati ons rorra condi tions
enpl oyed for the exci pi ents st abi I ity study were as

A i, B e R e %%o?é?ritt%@epl?a‘?#t%&ﬁﬁﬁé"‘shouldew

SRR Vnlietk B2 That GHA', m
a%ghengnenwex) (S/tno Sg%lg%}i%g&?ﬁ?% colum Tength: 50 x

4. 60 mm Mobi | e phase: 50% v/v phosphate buffer pH 4.5
0 . 1
'I/he\sl&lf&}ﬂét}’)ﬁgg%o&nd{tiolns em'i)ll(%\f,\eldr%tr E%he %:X(gpgn{sn;t&i% study were as

el eng
follows:
Column: Hypercarb (ThermoQuest, Phenomenex)
| (S/mo.3-34070)
Column length: 100 x 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

Run time;: “ 35 mins



Injection volune: 10 | Run tinme: 3 5 mns WO

2007/ 068963 PCT/ GB2006/ 004739 19 Prelimnary in

WO a0 068963 f usi on study Once the stability of 1BAI/GB2G0k©04739
exci pients and penetration e ncers had been

established, a prelimnary invitro diffusion

experinment could be conducted to determ ne the
perneation of stratum corneum by |I3A from sone sinple
formul ations. The Franz diffusion cell is designed to
Pehiminatyoinplitys diffwiprcsthdpnd anat ori cal condi tions of

skin in situ. It is an air/fluid phase static cell

whi ch conprises a donor conpartnment, receptor :
Omuepdict BRBilitAnet BASIiHehar ARSI £ P&{ehag&g%nﬁb&léfse had been
1&%,Surg|caLly excised skin is positioned between the
astpblishedy @ proliptinary frevigordiffusior expesiment emildbe tdeludied oo determine

SO 8l O 1150 PSS Sl Al

diffosion edll srdesfzgnd@# indmfd Gk x)ﬁ%rsiol‘d@ﬁa]pﬁfdf DatPRfical WOBARions of skin
was nq flux of the drug at al|l across the stratum
R 1% 8 getivid gphase iStatisecell3 Aviiglhs capriSes mudomoe dompartment,

rbd &%h{pé' Phde i @ﬁf [ h 1\gkyol. . .
Theltb; for mul at ?ﬁ%ﬂ?\i\ggﬂgs@gg Anrlifi i’}l’ﬁo(? Ak f&‘&?‘%em)c gﬁglcauy excised
skbpisrnosisionsd hetwaem ¢lggatvios Ralveowithahe afgtuml SEnERs ¥&find the donor
Cconfi rmtttheui ntfe,fg ity of the stratumcorneum as if
PREFIFL 14 sllowitpr drug aRPigetighug from this formul ation,

it can be assuned that the stratum corneum renains

intact. Manufacture of fornulations A fornul ati on of

A it gn gitep difesiamepedsshiising afsimple(fotindlaBion wf 134 in miglyol
- XEL 1 NS Captisol.(r)), added. with a viewto
Vfaﬁe?%%??%% ThireSy Sl(JBﬁ futl‘t"iz OSHB‘J' Srdihat ieflyacgess g stratym corneum
stdestifd that the BAewal 1. foneiaeand itk Makithahl tB8nidilyPIVBR acBivity in
kno efe_t ration enhancer, was also prepared for
ﬂb"oﬁﬁ‘&}“ﬁt Bs formylaicaswasgaseddn faterdifusion aell expevimeints as a negative
B ' MEfh A8 lwve.control . The . .
COMBIYRN alst 3PP 15 EniEth 83 8B B B e i there i no
diffistm dfodmg| faerh chis feasulativiesit icga be hssuARRORY HRESEHEN comeum

PCI/ (38%096/ 004739
remains 1ntact.

Manufacture of formulations

A formulation of I3A was prepared in phdsphate buffer (pH 4.5) with B-cyclodextrins
(Captisol®) added with a view to increasing the solubility and stability of I3A, 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 corneu.m‘ﬁom

these formulations was investigated.



20 The followi ng formnul ati ons were prepared:
Fornmul ati on Description 1 I13A/ Captisol” (30.mV) /
w@besptsase buffer pH 4.5 2 Captisol (30 mV) / PODEBh@6M04739
buffer pH 4.5 control 3 13A 4, Mglyol 4 Mglyol
control 5 13A / DVMSO / phosphate buffer pH 4.5 6 DVSO
/| phosphate buffer pH 4.5 control Table 2 shows the %
w w of each of the ingredients present in the
formul ati ons. The ingredients were accurately weighed
Bl follawingsfeannlatiensyvers prapiazdds and stirred vi gorously
Wth a magnetic stirrer bar for several hours at room
tenperature. WO 2007/ 068963 PCT/ GB2006/ 004739 21 Qo

Bfnfilatdn 0 0 O Rs&igdon© O O OO 00 O'd OMM 00 EO
0l - OO0OO0OO0O 1,39 (NN NNN occl~c 0OO 00 Ncd

b I3A / Captisol® (30.mM) / phosphate buffer pH 4.5
2 Captisol®(30 mM) / phoéphate buffer pH 4.5 control
3 I3A / Miglyol

4 | Miglyol control

5 I3A / DMSO / phosphate buffer pH 4.5

6 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.
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M H WO 2007/ 068963 PCT/ GB2006/ 004739 22 Choi ce of
recei ver fluid 2-Hydroxypropyl-0-cycl odextrin
W@ Gavaesobd, 1.38 mM) in PO4 buffer (pH 4.5) waBCT/B82006/004739

receiver fluid used in this sjudy in order to try to
mai ntain sink conditions. A reslt/rl ction otn ot her

' i such as ethanol /water systems was
F‘rﬁ%g%éégkéﬁey@gm%%ck di ffusion'" of ethanol through the
stratum corneum m ght have degraded the 13A present

In_the fornulations. Skin pr%parati on A fresh,
%—ﬁyg‘rwrgpywwg@éeganﬁ%vml hlP8rmVEkin P Quetsuffeb t(plil Mes) was the

%&%ig&tﬂlﬁd ﬁgédellh tFi stu@? glg (r)n)'fdnﬁ&l tg§§ W&Pa%b ?'10 i((z,él_lcﬂlggnsz.jl A restriction

ear - ol d non-sno _
Bu lpthet arsrusir ftidsvascic as efitnbywhRFRYSEmb 948 tilﬁ?%sgh' dince ‘back

le u iﬁ]g orceps and a scal pel, and then

%%pl&’noéqi %19[ Froigh thersEtamForneuwamight Aavesdegrided tHdSBSAI( present
i j ; t hen pinned, derm s side down, on a cor
l-ltl)iglger%hgﬁldaupﬁsz epiderm s (conprising stratum corneum

and vi abl e epiderms) gently renoved fromthe

nder | ing dermis. The derm s was discarded and the

e M’&%ﬁlﬁ frbrane floated onto the surface of water

and taken up onto Whatman no.| filter paper. The

resul tant epidermal sheet was thoroughly dried and
Atfgrskd spigigally nexeisedi saimple fo6i Hunzn ‘siaGvantobtainegledirdstly after an

iy, e LR, St (uutn Ler papet el

Subc@ariélusi/fit ey RatefulBotdtidven. frdh&hs kkdth WaspIE NRthe forceps and a
g\%rther i ncubated for 1 h at 37C. The stratum cor neum
S

Belopdsthen the portion o £ skin yag émﬁnaysledsin atelan gt fﬂ"él Er . rr"fhe skin
' I t T fant stratum.,cor.neu . .
s e Bhiicd, dARNENROl Biny B 4 SE PR aR Y A GRS fiimprising
sgiudn ¢Gmenta aadt viahle yepidenmizp Igehilyp Rerhovddl 86l the NAMBRying dermis.
T'ﬁct('ivit an .furt&qer shed twice wth dei oni sed
Wt EFsTRES discadgdyap \ﬁﬁ%&mdewa%l membpng fipatadoprid the surface of

v%a!ﬂ*%rf&htl Rakeh %r@é) Wimard 861 Yiitel lpafk?.e 'Th%rrg’ﬂﬁtaﬁteé;)lidermal sheet was
i ffusion stu
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 h at 4°C immersed in 0.1% w/v trypsin solution. The skin was then further
incubated for 1 h at 37°C. The stratum corneum was physically rembved by gently
shaking the clamp with lateral movements. The resultant stratum corneum 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 aluminium foil at —20°C until use.
Franz cell diffusion study

Individually calibrated Franz diffusion cells with an average diffusional surface area of
0.56 + 0.05 cm? and an average receiver volume of 1.79 * 0.06 ml were used to conduct

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



Individual ly calibrated Franz diffusion cells wth an
average diffusional surface area of 0.56 0.05 cnR
w@nw7mes9ex er age recei ver volume of 1.79 0.06 PET/aBR@®6/004739
used to conduct the diffusi experinments. The

stratum corneum (prepared as described above) was WO

A 0 4739 23 .washed with
%ﬁ%lsegg‘g@g %gaggé{recﬁé%r %)%) 4Zg Jut wiifh,a &Ial gwreg Andrmgynged onto the
Fonntelih @lisaatetién Fiugd). CElel récdivdr! s | RaEb AR ]
The (r ecseiaver flui dz)en'pl or ?ad v{/as %Fl%g)rggig}%gr:gpyl - Xypropyl

1).

lé*?s‘«yelyé@@é@ LewvapolC X phasbeterbuffer (11 4 h and tisifvhencombirated into the
d .t hi incorporated into the Franz cell, .

froftd U ARSI Rttt i oeifned at 37°C. The

meinbtaaks edrablldned td ReuiliBRb R@ﬂﬁ&e%&&v&g}g}%\éﬁ@ Gof 80 mins before

equi.librate with the recei ver phase for 30 mns befor
%P%P% iy ufagppgs | At ingite dage ofifeheli foemulagion ofasespplied onto the

i [ ito th nb f
A L ol i B BB S G cumber
was Protehiadrieth Parafm®, Fied @atBile Wi WRas ﬁlfvéétiga{e)i -(51,52 Y€6 and 24
ling tines were investigated (1, 2, 4, an 4

sa
) wherelyeBYO 2bOf He wteivérefluid ceasveareflly ivdthdrsvic foef Gk la¥m of the
he arm of the Franz cell; each sanple

Bt S Ok Al erfvil s alasrd B3 anse1l Vo heenol Bpd) (B7°C)

reefedrVaGid | UlidougHdupUad %beﬂhﬁ@nt,e%?ri Uin rﬁc@«r L 98§85 due to

in receiver fluid due to “evaporatifon fromthe Franz

vapqraijpn Bomethe Feang aell wierk merdiceddo cumisthiard constantreolume. Samples
- | ysed via HPLC (supra). HPLC Anal ysis

Vﬁggmlldﬁ%veﬂﬁ%ﬁg???(ﬂ%rgﬂ study The chronat ogr aphi c

condi ti-ons enpl oyed were as follows: Colum: Hypercarb

}ﬁgﬂ rl{gu es}, Phenonenex) (S/no.3-34070) Colum
gt 1alysipior iy vigsry dikfusiongstwdy enper at ure: 25C Quard
col um: C18 Col unbus (Phenonenex) (S/ no. 202678)

Guard colum | ength: 50.x 4.60 mm Mbil e phase: 50%
The ¢hromesodraphib odridtionstdnthlGyel ved8@y folloaget oni trile

Column: Hypercarb (ThermoQuest, Phenomenex)
(S/m0.3-34070) ‘
- Column length: 100 x 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 ammonium buffer pH 4.5 / 50% v/v acetonitrile
Flow rate: 1.0 ml/min
UV wavelength: - 230nm
Injection volume: 10 ul

Run time: 35 mins



Flowrate: 1.0 m/mn W wavel ength: 230 nm |njection
volunme: 10| Run tinme: 35 mns WO 2007/ 068963

WO/ BRR6D6/ 004739 24 Results Stability of 1BET/GB2006/004739
sol vents and exci pi ents Tabl , bel ow, provides an
i ndi cati on of stabil ity of 13Ain the various solvent
systens. The stability of I3A in the solvents and
exci pients after 14 days (unless otherwi se stated) at
Resultst enperature was quantified in terns of the ratio
of isoform b'" to isoforns "a" and "c', with a
predom nance of "b' equating to stability. The results
Stabilith S S Sslvddis Iﬁ@lefmﬁlen{s is assuned that for an
exciprent in which 13A 1s not stable, other like
excipients will not be suitable. ,. Table 3. Sumary

ility. f 13A
’g%)rl{z %Soseﬁoggllﬂ\;é% flgsf aé}nlgaglcz{}abl - %%#g%%g‘q%%gg ;@V@Fllﬁa%mlvent systems.

BieabhbifityCoMIBAL & théCRIRAG AREEapiehis! &ter Mal H%@o({[unﬁess otherwise
soform "a' forns Methanol/water (70/30) x I'soform

stafed); ffeppomy terpparaire BRE quAntifingf By tarma’ Oftiﬂnerratlc offispfiorm ‘b’ to
%ﬁ)nf ho ﬁaEe VQHI %g)'ied%hln os F%)E ?’h Lﬁ? Jé%s ﬁme results are

.5 X I'soform a
Sluamﬁzufrsml im Tablaeh It 5’ asfuonen theh s pRadxeipM fiﬁ‘ wﬂdﬂ B.Ainot stable,

or. rmt sof.orm "¢’
OE% T lﬁi<e exc1p1en S W111 not i)e suitable. -

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

excipients

Solvent/Excipient Stable? | Comments

Acetone | ‘ ‘ ~

Acetonitrile .

Methanol ‘ X Isoform ‘a’ forms

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

Water X Isoform ‘a’ then ‘¢’ form

DMSO" N

Phosphate buffer pH 4.5 ~

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 N

Mineral oil Viscous nature makes it

) difficult to extract I3A for

HPLC analysis




Ammoni um buffer pH 4.5 Mneral oil Viscous nature

makes it difficult to extract 13A for HPLC analysis
wWOD0206896D68963 PCT/ GB2006/ 004739 25 Preci pi t BCT/GB2aH/004739
I3A Mglyol 810 Pol yet hyl eney,(gl ycol Propyl ene gl ycol

X Formation of “a' and‘c' isoforms Oeic acid x
A A g |n+ arfari na neake Ih
u | | | LUI l l U qud.lll [ | y UUC O TTailyy Tt 1

chromatogram isoform a' present, shOL}Tra%IPﬁ%ﬁPn(}:ﬂ?’A
(Miglydl®101 ng) 2- Hydroxypropyl (3-cyclodextrin x targe
neggkyfor isoform ¢ (Cavasol(r)Sb/I—IZO R f
Zl)dhmhm}qgl | -(3-cycl odextrin me prieci pitation o
A /}gmmewr\slprzl pH 4.5 Tween 80/ Span 80/ H20

Rreevienaglyeeln 807 P04 pH 4.5 (3- dycl odexthamation of ‘@ and ‘C’
sul phobutyl ether x Isoforns -'a and -
(Captisol (r))/H0 ** present (3-cycl oddSQiPsms

Slsfaoist yl ether T (Capt i Sof (1)) POT HIhifidl{To quaityhue to
hyal uronate/ H20 x Isoform "a' present |Sodium . ]
hyal uronate/ PO4 pH 4.5 - many interfering peaks in

chromatogram. isoform ‘a’

present, shoulder on ‘b’

(°c’ forming)

2-Hydroxypropyl-B-cyclodextrin X Large peak for isoform ‘¢’
(Cavasm@)/Hzo

2-Hydroxypropyl-B-cyclodextrin v Some precipitation of I3A
‘(Cavasol®)/PO4 pH 4.5 ?

Tween 80/Span 80/H,0O ‘ <

Tween 80/Span 80/PO, pH 4.5 v

B-cyclodextrin sulphobutyl ether | x Isoforms ‘a’ and ‘¢’
(Captisol®y/H,0 ™ present

B-cyclodextrin sulphobutyl ether | v
(Captisol®)/PO, pH 4.5 ™

Sodium hyaluronate/H,0Q ~ X Isoform ‘a’ present
Sodium hyaluronate/PO, pH 4.5 N
10 days study **7 days study ) 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 is one of the earliest and
most widely investigated penetration enhancers, and it has been shown to enhance the
percutaneous penetration of many drugs in vitro and in vivo experiments. As such,

DMSO was a useful comparator excipient to confirm the penetration of stratum



* 10 days study ** 7 days study *** 2 days study
Prelimmnary in vitro diffusion study Table 4 gives a

we opaesosdn of the flux between formul ati ons oPCT/BB2@s/004739
determ ned from the cunul ati anmount of [|3A

pernmeated per unit area. DMSO1s one of the earliest

i nvest enet r at | en ancers
e TN
poretuced irvesfbléreiiy ddidgs DMSY wb@IdaHd bk hsdd ¥0a ﬁnal formulation.

iﬁ%erl ments. As such, DVSO was a useful conparator
P oYasrito peymestion Pﬁlﬁiﬁé)bé@ﬁéd weth the ofelwal rfanmniam A possible
04 6. Cco um by, |

e Rt ke Ao, R P AT AT Bfe Sy spenm is
thatl3Ahie hightyt saltide in this excidesges irreversi bl e skin
damage, DMSO woul d not be used in a frmal fornul ation.
There was no perneati on of 13A observed with the
- Talgk MO Co t I i Q
FAIgk O Cobao o U, B NRRILA KruARUER foxdlhified trom
the cammlativer meommt of [3Ahpérnicated perhmgh hyeaS@héal £ sefin, {2 § and 4,
exc%ﬁl gﬁ Tabl e 4. Conparison of the flux bet ween

ons of 13A as determned from the cumulative
anount. of 13A permeated per unit area (mean s.e.m n=
3 an ~respectively) Formulation (g/cn2/h) 13A/

Capt i| Fermuwlptiophosphat e buffer pH 4.5 1, O2ug/dmBB) T13A ]
DVSOH+—phesphatebuffer pH 4.5 0. 61 0113 Thp results

show!t hat 13A diffuses acr 0oss the strat um cor neum

(whi ¢ ' r the n of
nost glgr%gst)%tét ﬁ%{eﬁ%cp ﬁ?gﬁg@ﬁgﬁ% St abi |l %/Qgt dy at
4-8C| The stability.of 13A in various salvents at 4-8C
was mvez égat ed. A stock solution of [1.26 ng of 13A
was DYIA{ phosphatebueneid 4in 2 m dcdb6bnéd.13Thi s
st ock soI ution was used to prepare thg stability
sanples_as follows: Aliquots of 100 I gf stock
solution were transferred to individual glass HPLC

ials. vi t.on syringe, with careful rinsing
Ti‘ﬁdesd‘#?isﬁ%wgkaﬁﬁé diffpses perase theewraten ehrmsamp(vdiich forms the main
barrier for the diffusion of most drugs) at detectable levels.

Stability study 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



The sanples were dried down by air jet and then 0.5 ni

of the appropriate test solvent system added. The

WG 00ve6R963ySt ens were tested in triplicate andP@r/6B2006/004739
listed below. 1. 100% v/v acejpne WO 2007/ 068963

PCT/ GB2006/ 004739 27 2. 100 v/v acetonitrile 3.

%001@86{3%%/%&93 (ﬂl 4. 70% v/v methanol: 30% w w wat er
er Bl ank sanpl es were al so prepared in

BrilgObcatvendthaney 100 | of acetone in place of the
on. The bl ank sanples were then dried down

t ek sol ut |

gn%%yﬁ,ﬁw ALY sdwartero  each vial . The vials were
&l 1100%4 WREHmteseal ed with parafiln(r) and placed at
4-8C for the duration of the stability study. HPLC
anal ysi s was perfor med on the sanples on Day 0, Day

é 5 and 14 of the stability study. The
]ei‘H-Ea plgs "%ef?)F‘ parengredoin triphcatepsing 4684y of ecetese in plack of the

d.f
%ﬁél@%&l@-&gtﬁg%%ﬂk ¥ tp;%p"@%%ftb% 1? ffed Q%ﬁ/eaﬁfl rQLSOHQ\IaFﬁHB? added to
@ich ¥30. Theneinls vieranl baimped sedlcd hedhpadas® dRldoelial §- -§°C for the

(gq: a%tga ton sygﬂg&s with careful, rinsing an

%‘(ﬁ‘g e siaallidy, ptudiy wealysie aen Pslafﬁm@ oriTe samples on Day 0,
i1l Dagteatd ¥ 0 f acetone

vv%g ad dgd fo ea %14\/{3%{}1'&%‘[%351‘?& dtlyhorhe Sgwﬁ?egsw%r;gepared for the

HPLEedswywn dbscribed bglet: The sanpl es were reconstituted

with 1 m of acetonitrile and anal ysed by HPLC using

the chromat ographi c conditions specified above. Thus,

T/ StALS BRIpRes Werd CGh ARG A0 % !

refl ect%rgl B the. pr edo% i g[gieltgﬁta!t%n te&g{eﬁﬁure for 30

sivbvAligetowi 0 hbwhdée dﬁ;sferrddl’toﬂ’f&hlg@asgy Q{Pmtvfajls 4465 a Hamilton
farmati o somer “a'. and then isonmer ~c' increases

SYHPRH) Yyt ﬁs‘iaéflﬂlh Fip§ing angdadiyéngs ofrhe syrege babeent sachfsample. To

thAANNBEryiBSiSthE § W Br Sl

nonopot assi um p%{@g% B;l‘ glaggﬂ aram pﬁ‘g dhtgteg‘:lémfl and then the
saraples cwere| died @mrorluyum jete (Tht esafples2dede Rbons@@ARd 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 solvents, the

formation of isomer ‘a’ and then isomer ‘c’ 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.



tenperature. HPLC analysis showed that 13A is stable
in both buffers at pH4.5i.e. there was still a
wee@doeiosmnce of isoform " b' (Figure 1) after PAI/GB2008004739
2007/ 068963 PCT/ GB2006/ 00473? 28 The stability of 13A
was investigated at pH 5.5 85 and 7.0 over 14 days
r d ecrease with
The P8y B TR Bh' e Afed Fopat P Scand T 0GR - devs et room

u:nnbeﬁamhs,eambwtah )fomrﬁiofoodd&eaﬁe VAHCA SnchhsDaY pirt f
n DMSO | 3A was investigated for stla%ltPe (})/rmatmn of

bility |
’isﬂg’ﬂ%ﬁ)%{dﬁu Besanenthisefarn e agaarsdy Byddover a 10 day
time period. A control sanple of 13A in acetonitrile
was kept under the sane conditions as the test
Stahility in DMSOanpl es were anal ysed by HPLC at the start
of the experinent (Day 0), after 48 hours (Day 2) and
again after 10 days. The chronat ographic conditions

rmhecsBicaas: QR DI INBSLEALR, DS IPG gy 1

d@}ﬂ‘u@@ peniodoAu ponttod nqampkt uf €3A 2bGeetoaitelecahsl 'IE’@{)t tdfr the same

mbus (,Phenonmen (S/n 202678) Quard co
(iogﬂ AS ag freytest ﬁ‘}n H’é"éé anﬁl(?f%dvl?X/HIBﬁgs@iHh@ start of the

dipéﬂ’ilﬁént Bag 0 a‘ftef’WhUﬁrg B ﬁ L4, te: 1 0
/mn \ngvng | engt h: 23(8 e P&{Hrﬁlj gdtl oﬁflllgﬁluirsg 10

Runtlrre 35 mns Retention tine: 15 mns, 24 mns
tabl e in DVSO at. .room tenperature

R RAB e BB o s 5o P

PCT/ GB2006/ 004739

Column: Hypercarb (ThermoQuest, Phenomenex)
(S/no.3-34070) ‘

Column length: 100 x 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

Retention time: 15 mins, 24 mins

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



29 EXAMPLE 2 |sopropanol gel pH 6.5 The stability of
13A "b'" in an isopropanol gel preparation (pH 6.5) was
WO pwestsogat ed. The protocol was as foll ows: PCT/GB2006/004739
Conposi tion of the isopropanojggel (pH 6.5) Excipient
Target mass Actual mass %ww dycerin 5.0000 g
5.0000 g 5.02 Cycl onet hi(%gi}%%o g 0.5000 g 0.50
| sopropyl al cohol 25.000 : g 25.10
Car bopol (r) 934 0.3000 g 0.3018-g 0.30 Propyl alcohol
g. 000919? 25.0000 g 25.10 Water 43.7000 g 43.7000 g
propansf gel il 8% ne To pH 6.5 0.1000 g 0.10 Total :
1100 The carbopol (r) was dispersed in the water and
%I ycerin and dissolved by heating to 40C in a water
be htabitife ofddpyb’ &l awlxlpropasolt pe prageatbnt @H BI5$ was investigated.
§§é ution Th%o‘%ﬁd onet hi cone was dissolved in the
TGRSOt Was PW&nd this second sol ution was ni xed
well with the carbopol(r) solution, and then water
was added, with stirring, to 100% The pH of the gel
(epoTideryp the esopropandligel (hE6.A) opwi se addi tion of
et hanol am ne. The isopropanol gel was stored at 2-8C
unti| use. To investigate the stability of 13A "b" in
Esdpieapancl  gelTdgdingsd) . a 0. AR08 W) T 3AT o wiw
“b' /isopropandl _gel farmulatilon was prepared and
@vosrred i nto t|HF@90smnpl es f45.0000age at 258C, RTP

2 AT Egd tre—potftsthe—sanplesrwere

a a?@gdéﬁtfoﬁ% dui)q%log)'gt% for thé)‘%)pglgi lity of P3R “b' in
Isepropylafcohbe fl@smomopen of 1s0h8mgpog . W th 5hg)
gi-ven in Figure 2 3A "b' "rearranges to

Gaboral P34’  arld-¥8gequent | y | 0SOA8igm V. Thi $0\30
2

I
-
T

RGPy atabar > T 953000 OgS'I 04739755000 g 25.10
Water 43.7000 g 43.7000 g 43.87
Ethanolamine To pH 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 alcohol and this second solution was mixed well with the
carbopol® solution, and then water was added, with stirring, to 100%. The pH of the gel
was brought 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 J3A ‘b’ in terms of the formation of isoform ‘a’, with the results

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



can possibly be attributed to the higher pH and
presence of water in the isopropanol gel facilitating

wa hiog/oeso/er sion of 13A "b' to isoforns "~ a' aneiCT/GB2006/004739
13A "b" in 30@6mﬂm1isopropyl cohol/citrate buffer pH
3.0 The stability of 13A° atch no. 240902) in 30%

ff st or ed at, 2-8C and

SO AR b e Hl‘gﬁﬁfpﬁ’%?‘&ﬁ%fesww DYt rip G epropanol gel
Gicilpatirigrthfsicgniveasion of B/ 9L hy abfofBS a’Vali<eus
preservatives were investigated for their suitability
for use in the formulations of 13A "b' at f

Rgb .l ve efficacy
FRCOPTh 004 81 ot o uBPtele BURSEPUD P ar e 11
citrate buffer (pH 3) and anal ysed by HPLC to check

TR 1R Sy b Bpcicluic T aDFb 7o 0% HEasitade ButEr (G 3) when
SoRERE Dged dnf 4530 lveasInve -Eﬁgeltgqj ﬁi V\;}L\E’ﬁ) (IS% m‘:@ béﬁéégéﬁ@%‘l given in Figure

reservatives Preservati

| cohol 1.0 No interfering peaks Methyl paraben (MP.)
0.2 Large peak over isoform  a" region Propyl paraben
(P.P.) 0.02 Large peak over isoform a region M P.
PreRerviRtivéy 2/ 0. 02 Large peak over isoform  a' region
Phenoxyet hanol 1.0 Small peak over isoform  a' region
Citrate buffer control O No interfering peaks It is

t have i.nterferi .peaks in the .
Do 5PLEARN o R K B3 A BT bl Semutaons
dfol3di fifi atud:dnlc&&rdti@ni m&e@nﬁ)' Weisk S ?f‘es&k}gtn%r Hﬂich&f test _Initially the
fornul.ations, and could necessitate the introdduction

REpseLy LN pR W eieaPrerased inf iirate Ratfpr @ELT \andianelysedlBAHPBC to check for
ﬂe%@fﬁ%@/cﬂgorﬂﬁé%r?hg t%fg%\ﬁ?%hls ﬁr‘?%fe% %w‘?oﬁhtgg atgsqu?g for I3A isoforms. The

preservatives s enz al'c
rpdvdin eveyminiamoiedl in Shide 6d at 2- 8C, RTP and 40C and
checked for stability WD 2007/ 068963 PCT/ GB2006/ 004739

31 in duplicate in terms of the formation of isoform
Table STHPEO U Bilysid $155ré@dr9ativdie resul ts of

Preservative % wiw Comments

Benzyl alcohol . 1.0 No interfering peaks

Methyl 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 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.

IBA ‘b’ (0.05% w/w) was dissolved separafely in the preservatives selected (benzyl

alcohol and phenoxyethanol), stored at 2-8°C, RTP and 40°C and checked for stability



this stability study are given in Figures 4 and 5. The
results indicate that benzyl alcohol is the nost

Wa niov/atdoes preservative of those tested. Prepap@l/Geno06f04739
13A " b’ Formul ations The follQw ng three fornul ations
and their respective placebos were prepared: A 0.1 %

1%1 u\zﬁﬁlfé!tg’[ﬁé e?mF %?‘t:l{ O t)g{tlé(?,rl\e/cg] S0 (r:rrgegg;lt\]/;wg/élgw W?e(i{‘i%% The results of
thns/taaﬁmy widylard EAE il WankEC/ 1. 0% (W w) benzyl

al cohol /c(:sl td?dge@pH %3 C 0.1%(ww 13A 'b'/ 9.5% (w w)

cycl onet hicone/ 9.5% (ww |IPM 1. O% (ww benzyl

%&éggg\?{‘es cﬁl:?it enzy nzi? l’f‘ql ?%\J.F %{? 1%§}ecpres:e%v§tlge 8]8%%56 tested.

used to prepare the fornulatlons For the

| ace al coho] al one was used in place of
rﬁgaﬁag ‘lﬁg ?P"arﬂ@swaﬁ stock. The accurate masses
of the conmponents of the 13A "b' fornulations are
detailed in Tables 7-9. The formul ations and their
Thedplewingdhrep feronibspnsend theirepspeetivegsadebbs wes: prepared:
Forrmul ation A: 13A "b'/macrocetyl ether .cream The
macrocetyl ether emulsifying ointnent was accurately

weiAg e Tho quiw) THAO /18RSty icller cRAth HARN. d‘%'&@f»p &hz alcohol as
vvatgr baotqh a)t 60C. Freshl}g prépared Citrate f? 9 ﬁ)

3) WASCSCHEHY? at el y wei ghed into a separate gl ass Vi aI

o t a o
RO aor el R 5 (PR PRR BT & PRt s g beny
cons tatnohoktiirate ipib3 untl | cool. This pr ocess pr oduced
T are th
ot et B AR S5 G Bbrerbethomels- e e LML 0% (w/w
wei gilb@ﬁz}@'eﬂcohmma@toﬁieﬁé vial and the macrocetyl

ether creamwas gradual l'y and accurately wei ghed out
onto this, with constant stirring. WO 2007/ 068963

Agé?éli%%&?oq{ %KD"%’ W:;is2 preggrregun LS aEeho ?E%alyl\é %())(;/%cll Elﬁs stock was
used to prepare the formulations. For the placebos, benzyl alcohol alone was used in
place of the I3A “b’/benzyl alcohol stock. The accurate masses of the components of the
I3A ‘b’ formulations are detailed in Tables 7-9. The formulatioﬁs and their respective

placebos were prepared as follows:
Formulation 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,
I3A ‘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.



The 13A "b'/benzyl al cohol was accurately wei ghed out

into a glass vial. The remaining conponents were
w@ewonetded y wei ghed onto this solution in the PCTEB2@H/004739
| PA, then citrate buffer an hen HEC, with vi gorous

m xi ng between each addition. Formulation C 13A

ph | S The benzyl al cohol was

g@gﬁﬁfgkm @&é‘f‘gﬁéé&‘%“ﬁ{hfﬁ to a gl ass vial. The

remai ning conponents were' accurately wei ghed onto

,t If?’oAi@{ ion jn the order of Elastonmer 10, then

@E\E ﬁﬁe’é%yrll alcahel Wareascwpialy weighed pylointous ghﬁswmlg The remaining
et anal

R PRSP WA ST SPR A S Oy hen cire
bugfer end themHEE@ mdinmgntduammmg@émebﬁéaclbaddétMnW) in the

formul ati ons and were found to be ca 0.1% (ww 13A W
O this total 13A "b' content, there was |ess than
Korhialafion €XT9ARY /@licédid no isoform "c' in the

formul ati ons. The fornulations were checked for the

appearance of isoform a" by the tine of the
own to have |ess

I b t stud and. wer.e, s
E Aou%gg/o!olzg alcgﬁoc} rVFﬁS aWeWelgP%cr%‘H 1gt0 aglags vigls bheyremaining
cotﬂpomaﬁs Make deiueatl9dyéi hé%lné(nté?fﬂn% hendkihNH 't
tﬁoow 68963 PCT/ GBgOOG 004739 33 0 0 rn @éb@?f’f\éﬁs{?m’f 10,
op cyclomethigory gpd thepBPMywisinvigaraus mlalngrmu@@n@@cm@ddlﬁcm
mMOkn 00 C) 110 ~o O00 00 00 OO N cl~'- OON

- C3 to bA bA bA
Formulation analysis

The formulations were analysed at the start of the study to confirm the concentration of
I3A °b’ (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 cpnclusion of the study and were shown to have less than 0.3% of isoform

‘a’ when stored at 2-8°C. Isoform ‘¢’ was not detected in any of the formulations.
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The stability of I3A isoforms ‘a’, ‘b’ and ‘¢’ 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 (approximately 100 ng/ml) were freshly prepared in
acetonitrile, acetonitrile/citrate buffer (pH 3) and acetonitrile/ammonium acetate buffer
(pH 4.5) and analysed immediately by HPLC. The standards were then each divided
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 occurred with the
sample prepared in 100% v/v acetonitrile whereas the I3A 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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WD 2007/ 068963 PCT/ GB2006/ 004839 38 EXAMPLE 3 A pH
stability study of 13A "b" in IPA gels prepared with

citrate buffer in the pHrange 2.5 to 4.0 was
conducted at 2-8C and 40EXAMPM.ERated stability).
MATERI ALS Materials Supplier 13A'b" (ingenol
angel ate) Peplin Limted, Australia

A pH stability study of I3A ‘b’ in IPA gels prepared with citrate buffer in the pH range
2.5 t0 4.0 was conducted at 2-8°C and 40°C (accelerated stability).

MATERIALS
-| Materials Supplier
I3A ‘b’ (ingenol angelate) Peplin Limited, Australia

Batch No. 070303
Batch No. 0319
Sodium dihydrate citrate (USP grade) Batch Raught Ltd, UK
R009243

Citric acid monohydrate (USP grade) Batch
R11115

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

K31802995310

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

METHODS

Preparation of I3A ‘b’ gels and placebos using citrate buffer in the pH range 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

quantities of the active gel i.e. 30 g of each were prepared since the amount of drug
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Measurement of the apparent pH of IPA placebo gels prepared using citrate buffer in the
pH range 2.5 t0 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 gels or
their respective placebos was accurately weighed into a 10 ml volumetric ﬂaskv in
duplicate or triplicate. The samples were first mixed 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 volumetric flasks were then
made up to the volume mark with HPLC-grade acetonitrile and the samples were again
subjected 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 i.e. three separate
weighing-outs with duplicate injections for the Time 0 and Time = three months (2-8°C
samples) points and in duplicate i.e. 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 2695 Separations Module (S/no. B98SM4209M)
Waters 2487 Dual A Absorbance detector (S/no. M97487050N).
Waters Alliance 2695 D Separations Module (S/no. G98SMS803 9N)
Waters 2487 Dual A Absorbance detector (S/no. L02487106M)
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Mobile phase: 50% v/v sodium acetate buffer pH 4.5 / 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°Cx2°C

Retention ‘times: 13 mins + 2 mins isoform ‘a’; 22 mins + 2 mins
isoform ‘b’; 23 mins + 2 mins isoform ‘c’;
unassigned peak with relative retention timé 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.
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2/550. 1034024A Col unm3Béngth: 100 x 4.60 nm Col um
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260umm length: 50 x 4 £82 nm Mobi T e phase: 50% V7'V
- te- bufferl pH 4 5 / 50% acetonitrile (vjv)
%E@W rate: 1.0 m/nin 4% wavel ength: 230 nm
I'njection volumer 30 g—Run—time—35 m-hs—Autesanpl er
tenperature: 8C 2C Retention tinmes: 13 mins 2 nmins
Detefaimation’ of pereeiitdi® pedkPulRies of I3A isoforms in the active gels

The percentage peak purities of I3A ‘b’ ‘in 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
purity 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 formatioh 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.
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Percent age peak purities of isofornms of 13A in the

waeirvesdgel s (n=3, nmean standard devi ati on, REPGB2006/004739

unassi gned peak, RRT= relati v retention ti ma) at Tine

0 pH of Apparent Per cent age peak purlty Citrate pH of

Isoform "a'" Isoform b' Isoform ¢' UAP RRT Tot al

.@ahkrlS. Pefdentagel peaghsuritiesi FET6 PMUOPE3 A i) The aalve Oéélsogﬂﬂ mean *

0.93 .0.02 2.50 3.07 0.44 0.03 99.20 0.00

Balt&?, VAR = engssigned] pegk, 7RRT=3nelative) retentién gane)Oafta: 0fle week of
Q%eoat% 0.02 0.04 0.04 0.09 3.00 3.62 0.520.01

99. 71 000. 00 0.140.02 0.190.06 0.06 3.50 4.22 0.47

0.02 99 36 O 00 0.00 0.09 0.03 0.08 0.04 0.10
03 90 30 0. 000.00 0.100.01 . 0.160_07

A N e I OT

B10 %ﬂ@ﬁ?ﬁbes%@%?m@?wwoowsg 46 Table 15.
nt p [BS (01N Y) Aa/-
gglt”afe\‘je ggles ‘(fﬁ*f f?wﬁehgn I%derﬁﬁ b wfbf s d, Uﬁ’% dRBéra Jotal other
r eblaceéboe rlet enti on t| rre) aft@r one weeko ofsoform | UAPs
%t(?{@g, t 40C |pH of Appprent Percentage peak purity,
it 8HH of Ilsoform “a] Isoform b Isofor® ¢ UAP
RRT Total other] buffer placebo top isoform LdAgD3s+002

2.50 3.07 1.01£0.02 | 98.83 +10.00+0.00 | 0.04£0.01 {0.13 +0.03
0.05

2.75 3.34 0.53 £0.34199.06 £ 0.00+0.00 | 0.06+0.01 | 0.35+0.31
0.06 |

3.00 3.62 1.61+£0.05 | 9826 £ 0.00+0.00 | 0.05+0.01 | 0.07 +0.04
0.09

350 [4.22 256+0.04 | 9727  +]0.00£0.00 | 0.04+0.04 | 0.12+0.15
0.22

4.00 4.74 4.68£0.03 19512  +£0.00+0.00 | 0.08+0.02 | 0.12 +0.04

0.07




( 0.05) gel
0.00 0.00 0.04 0.01 0.13 0.03 0.05

wO284/0809606 0.00 0.00 0.06

3.00 3.62 1.61 0.05 98.26 0#D0 0.00

0.01

0.35

"b' 0.93 0.02 2.50 3.07 1.01 0.02 98.83
2.75 3.34 0.53

0. 31 PO1/G82006/004739
0.05 0.01 0.07

0.04 0.09 3.50 4.22 2.56 0.04 97.27 0.00 0.00 0.04
0.04 0.12 0.15 0.22 4.00 4.74 4.68 0.03 95.12 0.00

Tablk 1. BRrcdhtilzt

PCT/ GB2006/ 004739 47 Table 16. Percentage pea

- pEey |

ret

¢Fange,

tion time) after four

RRT= rel ative
storage at 40C

$09(Of Apparent Percentage peak purity Citrate pH of

Peakpufitibd of Qofb?nﬁészﬁ,gvﬂ)ﬁ@ﬁEive gels (n=2, mean +

UAP 57 ungspigneds pesrk, IRRTnrelativen cetention dime)( aft@; four weeks of
UAP = unassi gned peak,
. weeks of

Isoform a'" Isoform b" Isoform c' UAP RRT Tot al
ot her buffer placebo to isoformUAPs (+ gel "b' "~
053¢ [0 03 2. 50307 2700019624006
I%:Ioo 0. OBt 0 P58 Pk P00 2. 75 3.34 2.91 0. 02
Offratel | gH 00 00| MoféinDB’ |Qsd¥r B9 IsBfokmEc’ PUMP 3RRP | Total other
3. g% 4. %4 0.02 94.75 0.00 0.00/0.08 0.02 0.44
lal_f placebo to isoform | UAPs
& gel ‘b’
0.05) 0.93 £0.02
2.50 3.07 270+0.01 [ 9624  £|0.00£0.00 | 0.07£0.02 | 0.99 +0.06
0.09
2.75 3.34 291+£0.02 | 9644  £]0.00£0.00 | 0.06+£0.02 | 0.59+0.11
0.14
3.00 3.62 4.74 £0.02 | 94.75 +10.00+0.00 { 0.08:+0.02 | 0.44 +0.09
0.12
3.50 4.22 7.68 £0.02 | 92.01 +10.00x0.00 | 0.07+0.04 { 0.25+0.08
0.12
4.00 4.74. 13.34  +8647 +£/0.00£0.00 |0.06+0.03 |0.13 +0.09
0.02 0.14




0.12 3.50 4.22 7.68 0.02 92.01 0.00 0.00 0.07 0.04

0.25 0.08 0.12 4.00 4.74, 13.34 86.47 0.00 0.00
wWO236/06096D3 0.13 0.09 0.02 0.14 WO 2007/ 0689PGI/GB2006/004739

PCT/ GB2006/ 004739 48 Table 148 Percentage peak

purities of isofornms of 13A in the active gels (n=3,

nmean standard devi ati on, UAP = unassi gned peak, RRT=

Teblket IV Peraheriei pkfaktpl.fﬁt)esafﬂlﬁffohm SLI3ARN khSa&ive gels (n—3 mean +

stor e at 2-8C pH of Apparent Percentage peak purit
%I‘E%e devjiptign, IUZ;& orinasygnedspgady RRT5 rqlativeoretentmn ﬁiAE) after three

ﬁmtg buf f er placebo to isof orm UAPs (

0. 0515 %%Forﬁ%@ﬁ{)zgsé 0.02 2.50 3.07 0.560.01 99. 34
0.00 OOOOOO 0.00 0.10 0.03 0.03 2.75 3.34 0.20
0089971 Q0 0.000.00 000009 005 0.13

pioo af Gépbafvlﬁc Rercatags pealopgdp. 00 0.000. 00 0. 120. 01

000

@It%gae 3o 1 g‘%c ?@6’6’6 7128%' )bs chm}’ VoéﬁéggRB? “Total other

ouf90. O0placebd (. 05 O. 13| WO 2007/ D68963 to isoform | UAPs

GIHETICRBE poal puriti eq of 13A i boform al From |
‘ 0.93 £0.02

2.50 3.07 0.56+0.01 {9934 | 0.00£0.00 | 0.00£0.00 | 0.10 +0.03
0.03

2.75 3.34 0.20£0.08 | 99.71  £0.00+0.00 | 0.00+0.00 | 0.09 =+ 0.05
0.13

3.00 3.62  10.73£0.01 | 99.15 +10.00+0.00 | 0.00%0.00 { 0.12+0.01
0.01

3.50 422 0.91+0.01 199.00 % 0.00+0.00 | 0.00+0.00 | 0.09 +0.01
0.01

4.00 4.74 1.16 £ 0.09 | 98.73 +10.00£0.00 | 0.00+0.00 | 0.11 +0.05
0.13




Time O in the I PA gels pH of Apparent I ncrease in
percentage peak purity isoform a'" from Citrate pH of
waeowe/068963Tabl e 5): buffer placebo Stored at 40ECBGBR@E/004739
at 2-8C ( 0.05) gel T=1 weekd9T=4 weeks T=3 nonths
2.50 3.07 0.57 2.26 0.12 2.75 3.34 0.29 2.67 0.00
3.00 3.62 1.09 4.22 0.21 3.50 4.22 2.09 7.21 0.44
Table 18. mle:hlmd mﬁﬁseqnﬁfeﬁmag@paalspﬂﬁﬁég &f 13Msofdih a’ from
Hh&ls ffet on the formation of isoform a' even
@H’é‘h 1 '3’ § stored at 2-8C for three nonths. An
increase in the percentage peak area of isoform’a'
of _0.21 % was neasured with the gel prepar_ed W th
RHt r at ef bAbpaentgfInpldas:. i @ercentapapedt fusitpiRofof@reas6mof

44% i n e pe nt area of isoform a for
eﬁ@tgoel Bﬂepgfg aﬂ@sﬁraéie buffer of pH 3.5. By
BEterweek DPBEG%OC,StBIQQ a@lh(f)‘fcer ences bet vveen' Iaggorgc?lat%-kgb

ternms of |[the indreases in the percentage
EUr9%)i es| &8l i sofform~a' were anplified. V\D

26074068063 PCTFLCR2006/-004739 S50 _EXAMPLE 41 O
LZUUTT UO00POoS 17 oo — =AY\ == T

For mul at | ons MATERI %P Mt er i AIISHEBE er Liﬁ@éﬁﬂﬂhﬁ
Nep 0302 Pepl 1 n [lg gy ted, AUSTIAJa  Benzyl

g;l ITOI | pd ]
ur, BP | NF Batdh No'. K31593981 301 Merck K

2% many | 3.34 0.29 2.67 0.00

3.00 3.62 1.09 422 0.21

3.50 422 2.09 721 0.44

4.00 4.74 4.24 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.



Crodanol GIC/C (Medium chain triglycerides) Croda,

Si ngapore Batch No. GE03907 Sodi um di hydrate citrate
waovegockesBhen cal s, UK Lot No. 27833.261 Citri cP@UGH2006004739

No. 111K4142 Sigma Chenmical @, UK dacial acetic

acid BDH Laboratory Supplies, UK Sodium acetate Lot

102363P Acetonitrile-HPLC grade Fisher Scientific, UK

Trifluoroacetic acid ( TFAEXAMPIE.4 0392851 Dei oni sed

water MIlipore, UK METHODS Sel ection of suitable

oi | s/ exci pients Sesane oil, fractionated coconut oil
(medi um chain trigl yceri(ﬁfﬁ%rm RRgan oil, corn oil,
and peanut oil, were identified as vehicles for

parenteral adm nistration. Each can be wused up to a
mﬁzRﬁ%gO% WD 2007/ 068963 PCT/ GB2006/ 004739 51
excrpients, which may be included in parenteral
oil fornulations, are shown below, together with the
raximum-concentrations used. Excipient (use) Maxinmum

Te7c — ot

®atgaht rati on used (% | SBgpizatl al cohol
sol ubiliser/preservatiive) 3.0 Ethanol (sol ubiliser)

B3 Butyl ated hydroxyani sol e (anti oxi dant) 0. 03
ut t hydr oxyt ol uen®eplamLinnikddg Anbtyald. 03
g’i‘t@%ggaﬁd@n of 13A and|pl acebo fornul ations for

BEELT LS P %uzil'qg'it ?>[Udi es——Sterittisatiomn—of
frrggt%%nat e(}j‘ co’cojr)ful}lym Merck KGaA. Germany
Batch No. K31593981 301 ’

Crodamol GTC/C (Medium

chain triglycerides) Croda, Singapore
Batch No.GE03907
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 |
no. 0392851

Deionised water Millipore, UK

METHODS
Selection of suitable oils/excipients

Sesame oil, fractionated 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%.



Approxi mately 50 g of the fractionated coconut oi
(CRODAMOL GIC/ €) was weighed into a 100 m coni cal
w0 b@skesohdr osi | i cate gl ass), stoppered (borosiPCTaB2006/004739

gl ass stopper) and placed in¥lide a pre-heated oven

(&Gl | enkanpf Hot box Oven with fan, Size 2) at 173

5C for 1 h. After this procedure, the oil was all owed

Other eabipients; oxdiith hetypbe dhcludedoif parentefe . oil Gl @1n9f are shown

e sterilised oil Approximately 10 ng of |3A

%Wé@gﬂggi ﬂ%ﬂﬁé?@%%@ni%%%mﬁﬁﬁ@nﬁwwé{ass vial and

added to approximately 200 ng of benzyl al cohol

(exact wejght noted), which had previously been

Bxdipiente@sa)hr ough a 0.22 m M LLEX- GV| Makireum cohécaitration used (%)

ﬁergpd ?IFOI?QZ BE@ALWSBWG?E%Y%M in the38Benzyl al cohol -

B@andlficiuligpr € appr oxi natery 9. 797 g, of tie
sterilized oil was added and vortexpd for

Byplatod hyeretygniSolei(mgionitant) a honpgep@ods sol ution was

o \no nranarnd h—a-si-mlar

%ﬁfﬁé@%ﬁ@ﬁdﬁéﬁg%iﬂ#@ )mat e IH; ‘9. 8@)% (as opposed to

9.79 g) of TtThe sterilised ot (exact —weirght noted)
was used to conpensate for 13A Exact weights and

Ryepa éfmna@f&éumpi@@ceb@mmloah fompréliminadyl sebilit9 saudibs20
for active (13A) and placebo formulations. WO

2007/ 068963 PCT/ GB2006/ 004739 52 Table 19 Target and

SaetiligdtioanauUrd tiohattd edmupoif Or the 13A oil fornulation
Target wei ght Target % w w Actual weight *Actual % ww

13A 10 0.10 10.15 ng 0.101 Benzyl al cohol 200 ng
Apmoggw: rgjs g10b9bke frctondted abechd. 7D (@Rﬂ)&MDIBCI&B@/C) was

Vgﬁ:lggedggxéb aCI% uct:odﬁ)%al ﬂﬁolsﬂéorgﬁ ﬁ%g %éa(]s's a%é%g%f:%;ﬂ} rosilicate glass

seopper) taad &mdd ﬁﬁsﬂ%\&) ré-Deatbd 6vdH @edlRBkPhlf H&rﬂgk'l(ﬁteh%th fan, Size
Tar 2t WSI ht Tar ge% % w w Actual wei gﬂht *Actual % w w
2) at'173 £ 5°C for 1 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 benzyl 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 manner 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.



Benzyl al cohol 200 ng 2.0 200.89 ng 1.971 Fractionated
9.8 g 98.0 9.99313 g 98.029 coconut oil Total 10 g

WA 072689894029 0.19402 g 100 *Rounded up to 3PCI/FB2006/004739
Storage conditions for 13A an® pl acebo formul ati ons
Al'iquots of each formulation (placebo or active) were
di spensed into 2 mM screw cap anber glass vials
(borosilicate glass), sealed and stored at two storage

opditigns nanely 2-8C and 25 2C. The fornul ations
@gﬁﬁe 19 $Egrt o ﬁngax ampaptidand &ear/mpder thedB4vpibformulation
storage tines up to and including one nonth.
Prelimnary stability of 13A in fractionated coconut

oi | Tabl e 21 Tsugatmveighes |tTaeges babiwi t) y\cviial Wit n | *Actual % w/w

I ctnrad At 4 25C _over

;f)u acttorat-eg-coconrut—oi-h—stored—at 8C and

% days. The DM&ility d&tX i ndi cat éd0tl§apet her d 0.101

qun ahRokdl BO00Ng NCreage gn —Thne p}g@gg@ﬁgtg; 498

orm a' |during storage at 2-8 ar

Bragtonatasnpan &%z to t he 9Fér cent age | 9f808SoE0Or m |a7.901
" batch of 13A at t=0 and t =43 days. WO

%omta.fresr
8998063 | PCT/ GB2006/ 004739 53 Table 21. The

pepcent age ofjgigSof orm "a[pfS a per CeRhHJFeg D} isﬁf1 pm
“a' and 13A ‘h'gs storediat two conditions ?gr 4 gays.

Bagdedup t3 dgh sanpl e 13A in Acetonitrile at tine
zero 2.50 Tine 0 1.90 Tine 5 days (2-8C) 1.86 Tinme 5
days (25C) 1.97 Tinme 20 days (2-8C) 1.94 Tine 20

Tiahle 20 2PAnged afld acthialBmé@n @3N 04 W) fok te 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¢ 98.0 9.99313 g 98.029
coconut oil
Total 10g 100 10.19402 g 100

*Rounded up to 3 d.p.

Storage conditions for I3A 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 2-8°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’ during 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 t=43 days.



Time 28 days (25C) 1.94 Tine 43 days (2-8C) 1.95
Time 43 days (25C) 1.91 Fresh sanple 13A in

Woe@ro68963 il e at time 43 days 2.14 RESULTS ThRCEGBABG6/004739
no significant difference (p>® 05) in peak area and
retention tinme of 13A isofornms "a' and "b' between
the sanples injected in acetonitrile or
acetonitrile/oil. Fromthe list of oils available two

relge (iieﬁg%d sui t abl ef_for formul ati on of 13A namely,

P0UE 2l o nHERFTEHEAsR W ientpma Rl aseasgreerirge. offieform ‘a” and I3A b’
$16RARBICIGhIRIHS ifbi Addyen Of sesane oil is 2 h at

170C whereas for fractronated coconut oil it is 1 h at
170C. This has advantages w th regards to the anmount

of time and energy spent preparing the fC-(I)'—FFH—I—a'-t—'I—Q-nT
Due to the instability of 13A to heat (d%J8Ai'Aentally

proven, [aLA AR WeetolG QL -as 0 e steritiised
separ at e‘?v an t’ﬁ?ﬁﬁ“‘%@@ﬁ“&&%% %ngfq y %?pl tered) as
a sol uti@me0ssol ved in benzyl alcohol. [AghiTter
medi um hias—been identified to be suitable for

filtratil@imep deyse-86N benzyl al cohol nixt.86e nanelly a

0.22 m Ett%(r@v‘—(tzmr,——hmmever, the—adserption—of
| 3A on t|nans P RS} rane still requi reql-97

I nvest i g&irh®©mo dé}fs (g_%sc)” ed, due to the refgjivery fow
viscosityy of thi's oil (approximtely 30 nPas conpaled

to sesanine 20 WPsZPPTN068963 PCT/ GB2006/ 04339 54

whi ch hai‘,—&—w—%eeeﬂ—tgg—ef—appi—eﬂ—aal_ely 44 nPas) the
f or mul at|itBRE €beaY8 (2185®) be prepared in sik®Bwith

| 3A/ benZ Fconat —the —conptete formyatton

sterili sggnﬁ%sc%{gllgt(%at on. EXAMPLE 5 Orallf‘?—%or nmul at i ons
A nunberTidle £XddyRi(21BS) Wer e sel ected for [{ e bucca
formul atlions, and 17 non-aqueous formul ations wer¢

pr epar edliamet3/days423°¢) eval uat ed for consils®ency an(

. A :
sol vati e s—was—as—pot-ential

—Avartety—of—polyrers—- as—-pote
nucoadheg$9%“W@ﬂ?E&%§¥Aﬁ5@mﬁbeﬁﬁ@nPﬁﬁ@ﬁ %14
instability of I3A TN agueous SySrems, tte
formul ati ons investigated were non-aqgueous, .
RESELTBut i ng gl ycerol and pol yet hyl ene gl ycol (PEQ
for the aqueous phase.

D

} ==

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 oil. The recommended sterilisation of sesame oil is
2 h at 170°C whereas for fractionated coconut oil it is 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 dissolved in
benzyl alcohol. A filter medium has been identified to be suitable for filtration of the
I3A/benzyl alcohol mixture namely a 0.22 pm MILLEX-GV filter, however, the
adsorption of I3A on the filter membrane still requires investigation. If desired, due to

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



MATERI ALS Material Supplier 13A Batch No. 03 19

Peplin Limted, Australia Benzyl alcohol Ph Eur, BP,
WOROOWB689K3 KGaA, Germany Batch No. K31593981 3PAT/GB2006/004739

Pol yet hyl ene gl ycol 400 (PEG 2b0) Merck KgaA, Gernany

Batch no. 8.17003.1000 dycerol Signa Chenical Co., UK

Batch no. 121 K0152 Citric acid Batch No. 111K0142

Rbichilne aMm:Dﬂty of ppeoxirhitelyBeit aRad) the H&HEhEOn Y&UId also be prepared

2007/ 8@‘%04739 55 Carbopol 934 Serva,
‘ﬁB 21?2 thgee eé%fqrmu&?é@n(sm)hscrd akAiltration.

UK Bat ch no. 404006/ 1 Hydroxyet hyl cel | ul ose HX

Her cul es, USA (HEC) Hydroxypropylcellul ose (HP) HPLC

grade Methanol Fisher Scientific, UK Trifluoroacetic
acid (TFA) Lot no. 03 92851

EXAMPLE 5
Oral Formulations

A number of excipients were selected for the buccal formulations, and 17 non-aqueous

 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

IBA

Peplin Limited, Australia
Batch No. 0319

Benzyl alcohol Ph Eur, BP, NF

Merck KGaA, Germany
Batch No. K31593981 301

Polyethylene glycol 400 (PEG
400) Merck KgaA, Germany
Batch no. 8.17003.1000

Glycerol Sigma Chemical Co., UK
Batch no. 121K0152
Citric acid

Batch No. 111K0142
Porcine Mucin — Type III
Batch no. 68H7480




Dei oni sed water (18.2M ohm M Ilipore, UK cn METHODS

Prelimnary visual screening of placebo fornul ations
w@eoaenesden pl acebo formul ations were initiall yp@r/eparoemo4739

and visually screened for cosistency and sol vation

(Table 22). Briefly, the required amounts of PEG 400

and _carbopol 934 were stirred in 28 m glass vials

Carbofh6l 9%¥ns wi th a spat| SefvaaGdrhdiy ot her ingredients
r ad{jsgg in the follow ng order, glycerol, benzyl
ﬁe@gﬂ& d nethyl cel llul ose or HEC or HPC. The

re rtnenmRediw tha Sriverson—H4RT
%@ng?mogg%g?om mat el FFIL?E%? Hgo rpm for approximtely
Baishnor@m%/ﬂ the mixed placebo fornulations were
aht—(>24 h) hefore visual

gxﬁfgéﬁﬁh@"df?ﬁ’sﬁoaﬁ ”'Eé’@r@@ﬁ@é@ooal 004739 56 0 0

ﬁE®~ ~000~no OOPV) \OOOto~ d ~-0O00O0O~
OOIn O NNOONoOOINnNIn O0OO,~~000 O

Hy@osympﬂlcepmmoseu(HP) O |0

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
ingredients were added in the following order, glycerol, benzyl alcohol and
methylcellulose 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.
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One approach to the study of nucoadhesion is
rheol ogi cal characterisation of nucoadhesive

WO piogoésace. |t is based on the assunption thatP€TI6B2006/004739
extent of interpenetration c¥h be-detected by
measuring differences in rheological parameters
bet ween pol yner gels and their m xtures with nucin.
Rheologicel graining ofyslncstefoifulbitvas fniiyod@MesibEE N
proposed-as an index of bioadhesion bond strength.
Fromthe visual screening, five placebo fornmulations
(8 c2nPEeRSBN Ih dBe Ptedy \afsewspadhesinel isorhealdginal ¢haracterisation of

. [ Sk N cine cin. .
pHESPEtsiv BRALAY! £ bS8 B By PEnBRhE b D1 S5 ipepetration
@@. be-detanibd by onsmsaitigs diffeaices hetleoigial paaiRent Beween Xolymer
For mu i.on .Nunber./ 9%W.w _excipient added Excipient
&k 13 %’%“fﬂi?ﬂmﬁﬁé wﬁ% s e synogigicoigeraseging viscosity has been
0; : : 7 e I :

g gt e Mo NP b gt Tt o ERI8) scleeing, five
plaggbe . Hrmukitions weECHosen Hiagedl .o YisSosifyr epdirsalvation,offor further

' or-. rheol agi cal .assessne Prepar ati on of . .
OB roeal e orei8® FRGR el HebAGReRs HhoveRs e listed in
Tétde 2RI ghed into a beaker and made up to 150 g using
dei oni sed water to give a final concentration of 10%

w w nucin. This was ' all owed to hydrate at 2-8C for

' - d I, furth
TR 2, PR Bktgtas Rl 1 USSPt T "

concentration of 5w w nmucin in deionised water.
This was left to hydrate—overnight in the fridge at

2-8C. WD 2007/ 068963 PCT) ksmpodrionodimmber 5g6w/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 |10 [1.0 |1.0 [1.0
Methylcellulose 1.0 |15
Carbopol L5 |15 |15 |15 |15
HEC 1.0
HPC 1.0 | 1.5

Preparation of samples for rheological assessment -
Preparation of porcine mucin

Briefly, 15 g of porcine mucin powder was weighed into a beaker and made upto 150 g
using deionised water to give a final concentration 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.



Preparation of fornulation/nmucin m x The sel ected
formul ati ons (Table 23) were prepared as descri bed
W@bwvme689dd each of the fornulations an equal R&ET/GBR006/004739

10% W w muci n was added and g¥ntly stirred with a
spatula. This was left to hydrate at 2-8C overnight.

In addition, the selected formnulations were also

di l uted (50: 50 vv/vv) wi th dei.oni sed water and left to
%rat g,t:/ ??é in the fridge at 2-8C. Dynamc

fparation mt“ BRGYYeindals ng procedur e The
rheol ogi cal screening was carried out using a Carri ned

R 14 BRORRh ?151:10 ﬁ&?%&ﬁeﬁé eyreﬁar?? 95 %SCngd %bogﬁ JP each of the

sanpl e was pl ace orm-a
Pormtletigesnme tqual W@Ighe of I’lé"/(sazmmlmuoﬂa&vae @ﬂﬂé&éﬁc&@e&l@t steel with a

f.orm a excess sanp
Sé)gﬁ%#)uﬁ 5 r&fo yﬁi@atg a2t ft aP"Sfmghtg htIn a%ﬁiélt@@a tﬂ@F selected
fohBulgBOMEE(VEN: als&@ﬂﬁte&f{m%@ WRS WRE [efhnf g%a%r A { % hydrate
times resulting in nechanical “spectra. T res ant
Perughitie the fideaptz8°GG , G' and tan were used to assess
t he nucoadhesive strength of the fornul ations, where
G is the elastic nodulus, G' the viscous modul us  and
Daiubict(billfbiy) ritolbzy tedtif prédeinfd sat i on and
preparation of selected active and pl acebo

for mul ations Follow ng rheol ogical testing two
olegiend s sarpening | wast sarriedr ohurushngr aoGrimmheht CSIF rheometer.

d. 17) w.th re i on qf
AT T T RS bR e
e gbantty.i OBcE IRCRAHINGES BEAFrebRdHeBRRNAhE BlERaS aﬁfi late any
active contai ning 13A) and pl acebo formul ations g
FOSH SaRp Waq:padgffug ge@ﬁm,qsusﬂ%a spriapartaighs mngles td éle geometry.

[ I |t i he t.a el

68 g oGP 0 P Gl HRAGASE o T
rc%lifamtrlmﬂametens rdbtaifedc @, 06 @nd 934 Swes e @(d a§s@ssﬂﬁ§‘mtﬂ:@9dhes1ve

a}b ? osjlicate bottle and heated to 50C for
t{B‘?ﬁi oF thet %F‘}?u@lﬂn% feere Ghis the elagiie mogabiss G| the viscous modulus

aﬁ@'teﬁﬁ%ﬁg:ratw&isGWo)t%’ure was cool ed to room tenperature,
the required anount ~ of glycerol added and the m xture
was heat ed to approximately 60C in a water bath for 2
CE}HBEI” a rmgenous paste was fornmed. The required
Koo a PRECTSRRTation fsalried agtiverasd plageborhemplsions

m xture using a Silverson LART nixer set at
FeRGWES! fﬁ@&l%k%alv\gsggg Zévg %&%ﬁa‘[ /v(v;aBszg)e gc/tgcp % 3i%rther optimisation

(Formulation 16 and 17) with respect to preparation of batch of formulation for

stability. The optimised manufacturing process was used to prepare batches of active
(containing I3A) and placebo formulations (25 g of each). Figure 6 shows the
preparation of the active and placebo Formulation 16 with the target amounts of
excipients/drug used. Briefly, the required amount of carbopol 934 was added to PEG
400 in a 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



59 10,000 rpmfor 2-3 mnutes. This m xture was then
allowed to fully solvate overnight (ca. 12 h) at room

W eopeesabiire. As Figure 6 shows this produced BCT/BB2@®6/004739
formulation'. The active fordl ati on was prepared by
initially dissolving the 13A in benzyl alcohol. The

requi red anount of 13A/benzyl al cohol was added to the

$000@ted 28 himutes) dthiomixtarROvgeMEh XlSked fefilYisbvat overnight
concentration of 0.1% w w 13A.

atula to give a final
R4 by O et s Bihtn oo (oA rasiesha dsh formulation’.
addi ng the benzyl alcohol to the solvated m xture and
%ently stirred. Formulation 17 was prepared in a
herpttare formnletion Was prepatdd Ishimaltyhdssolrige the%iBAvindienzyl alcohol.

T3¢ 4 BB e oo AR st formalaion
acl gywely ofified aiithoBSspARNL (& dipiat B8h11 nerdraibn SICH! \%4 3w BA.

cap vials and placed on stability at 2-8C, 25C an
PioHlarlya theeplagebepiormulation weapreparéd beadding thébenzyl aetavhol to the

I Jd ugdi es)... Tah] e 24. Target %W w
RaeRl AL SR Sl LS sl §aiopd R85 S manmer
Tarenl4atshows ther tidedt Joaviwl 6f FCIPmAd/I320 i 7the active and placebo
Ilé;)xm I0|.ent/dr ug Active Placebo Active Placebo PEG 400

EMBlaBgns o6 0 26.0 Carbopol 1.5 1.5 1.5 1.5

dycerol 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 0.1
Approyighatelpfl §3A4 the placbulaad iaotiveELdmatitions vase 284udtedito 2 ml
the active fornul gtion For the purpose of drug product
05 85 155 o HBer e T HotCnas e (5, e plPigmperature
wineutilRed astaho® ferf ackeléraidd sty SRR @'
(chromat ographi ¢ peak purity). The extracti on WO
2007/ 068963 PCT/ GB2006/ 004739

Table 24. Target Y%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 1.5 1.5 1.5 1.5

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

I3A (0319) 0.1 ‘ 0.1

Analysis of I3A in formulation

Extraction of I3A 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



60 of 13A fromthe active formulation was as foll ows
(the sane procedure was al so used for the placebo
w0 ooomabsass on) . Briefly, about 1 g of the fornuP@L/GBro06/004739
was accurately weighed into® 10 1111 vol unetric
flask followed by 1 m of citrate buffer (pH 3). This
was gently shaken by hand for approximtely 5 mns
ofi3iA frhonthg entou foranthtivadesus followy thel RBmwiptdtelite Gras also used

rade thanol . . The fl was t hen shaken on_ a
%ﬁgﬁ% Q?%ﬁ?o Uplationy. rﬁri%}yp &ipﬁtail 5 ;f 3ha, forppdationiven eepurately
Weigh&®idtd aslh MEVSukBER AdRISHGHEE ?gxrll ik bu{ferzga&) 3). This

pol ypr op)gl ene tube and centrifuge m ns a
Vamhgentiyeshekgreby hanthfor wpproxmhdtely dt mihsi wttid hioRlogendioat snd made up

\ L y:sed. el i,m.n ecov dat a, (not .shown) .
B RIERE oMRE R C, e Bigitiholyo £ o 350 g el 00 4 mechanical
shakenfor sproxiniatdyn2 ha Clthe\cBnfeRts HF R AR v tHRBinsferred to a 15 ml
Iic’qll.}gpr}l ficantly, there was no interference from any o%

eREPRs Besandycenyifuged den Atmips . at 0@ wpst. hdthe Thwpernatant was
d]ﬁlhl%alg h?[{, H:p'l[é& ¥ﬁissanﬁ%al§{?e%. analysis of I3Ain the |
or mu

bucca ation 1s shown below. Columm: Symetry
Cl8 - 5 m(Waters) (S/ no.T636515 07, P/ no. WAT054205)
.um | ength: 150 x 3.90 nmm Col unn tenperature: 30C
W%F"ﬁﬁﬁ?w%ﬁ]@ﬂ yhawiy indigatgdnthapspe$@p or mppra@f I3A ‘b’ was
rOAVRRAZE5 @ e TR drneRgt R &
hase: 0.02% v/ veTFA in wa errﬁ?rﬁ%’?g%ﬁ%ﬁabg\/@e% 4on1nterference
i P th lescipntsAn theBforB@ati&0 (starting conpositi on)
(GRADI ENT, see table below Flowrate: 1.0 mM/mn W
wavel engt h: 230 nm ( PDA)

HPLC method

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

below.

Column: Symmetry Cig — 5 pm (Waters)
(8/m0.T636515 07, P/no. WAT054205)

Column length: 150 x 3.90 mm ‘

Column temperature: 30°C

Guard column: Symmetry Cig — 5 pm (Waters)
(P/no. WAT054225)

Guard column length: 20 x 3.90 mm

Mobile phase: 0.02% v/v TFA in water (A); 0.02% v/v TFA in
Acetonitrile (B)
A : 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



Injection volune: 10 Run tinme: 20 mns WO 2007/ 068963

PCT/ GB2006/ 004739 61 Autosanpler tenperature: 8C
w@2ploesdeand pl acebos were tested at tinme zer oPCHGB2006/004739

approxi mately 1-2 weeks, sanplles stored at 40C were

al so tested in order to obtain sone accelerated

stability data. RESULTS Vi sual screening The visual

Avutosenplagtewspsrataty i ed outgqual i tatively and provided a
relatively efficient nethod of pre-screening a nunber

of forrmulations with regard to viscosity and

%0%1 bng‘ 1aEdH3E SR%e {egfe'cw% ?itn{eo%% ¢ %Bﬁrso?iﬁﬁa glgsl]bz We'\%gi samples

P a2 8ss0rs an rej 2t &4
stored at 4°Csiery alsa seseddtin @kder &Dolbtla@h;oﬁfe doOdderaRW.stability data.
Furt hernore, any, formnulation, which had not _
conpl etely solvated, was also rejected. It was quite
RESEIARE t hat accor di ng to the method of preparation a
carbopol 934 concentration greater than 1.5%ww
produced non-aqueous gels which were too viscous
Yisualscreening ful |y sol vated. A reduction in the anount
of carbopol 934 to 0.5% w w and addition of

t hyl cel l ulose at a_concentration of 2.0% w w
Theotial gerceria o aaried, Pulcguliafively-apiawiderir rebatiichge fficient

thétBof fobﬁt@%regﬁiﬂggg gfﬁﬁlg%etr ab %}Fhﬁ)?t ?0/ V\fegarg to viscosity and

conconi tant | 0S€
sebademt rEtllatho fcmmmaml%wv/werstaskdss@hb? t@og ﬁidepéhd@ht Wes8ssors and
From.the vi uaI ervations it

'f%@%%fﬁ% I"gﬁ% Cos‘h%ﬁ"h‘? B wYas s ?fftoozlé& te@ 9wy Bwghegmgre, any -
feiulativn, UeKice Habdendtl %ﬁ%lbfel/y ts@lvétegr %ts aﬁgg eOLcteP PRI K5k quite

to the addition of car

AFRATRR et pegosdiag Hasthb ereﬂh@dn @ﬁnprepardrtwnea cathropab B84 icoacentration
t Qre further ations were

ggé;ag@gg%ééﬂd??\;‘/lagﬂ\v I%g(% al nga aﬂuﬁ)ualga Sl %lé/%l\mw t00 viscous and/or not

fulst soHiated.| Alredigtivn it diEiniaint 6Ncabbpbl D35 tJBsW, ﬁ'ﬁff BRPQldition of

eyl HoOREHEb s AN WhecPDReedcsud o low viscosity.
AR SRIEK P A0 S5YRHE B B b TGSy
redyging they methyteilblose boﬂi&ﬁtrathmmvle@% wiwngtil HRE 2@ which was low
in viscosity. From the visual observations it would appear that the addition 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 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 further evaluation. Similarly, HPC 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 theological 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 formulations (Formulation 4, 14, 15,



al so been inplicated as a potential nucoadhesive,
formul ati ons containing HPC at 1.0 and 1.5% w w
W0 o@ebs63 Wi t h carbopol 934 at 1.5 % w w wer e POUGH2006/004739

visually acceptable for furt@er rheol ogica

assessnent. Fornul ation 4 was al so found to be

visually acceptable with respect to viscosity and

bolauditli7g rwamn drhebliogichly lasdesdHEE thain ohi@adh@@iee Bkdrath using pig

nucoadhesi ve polymer). Therefore five fornul ations

B8Pfrul ation 4, 14, 15, WD 2007/ 068963

PCT/ GB2006/ 004739 62 16 and 17) were rheol ogically

assessed for their nucoadhesive strength using pig

RbealegicRinssdsomentof Bossdstiantd, df, Fafandti7ons 4, 14,

15, 16 and 17 The elastic nmodulus G is a neasure of

aml e. resi stance to elastic deformation (i.e. a o

%@%ﬁ’?irﬁﬂ&@‘ﬁ {J-*héS HEIGHES Oh IR ReTHARREdP alastiy Yeformaton (ie. a

refleclio® °8G

deforna??gﬁépgﬁgﬁﬁggﬁﬁg?{g§%§%§a§§ %ﬂkg% 353?35@5 8¢g}smnpk

ssigfangsl te yisgeusededormrationed fromthe resultant data to

al | ow conpari sons between different formrulations. An

expression that allows for the determ nation of

Beneegi B’ endliG T @f 8NERS avdrAgddebv® 9fsafdpleRNFer® oxtracted from the

between the fornulation/micin m xture and the

Ip i dpirato alonpesapatisons betwaen differant €orimsilagionsn Anjexpression that
i i he. r tive G, values,the.,,

NS e B Batb P el e BB, e L R s betwen

the) Girmulaehatione niEktord fidnbk dhdioidubheiniorents of that mixture is given

, For myl aj | G (M ,.i Equation 1 G
it PR e Plaber (It A§ VoA v e e torce asristion of the

fosadaticd wath el @6&n G - Tan * was cal cul ated using the
relative G and G' values using Equation 2. tan S =.

nmean Rel ative G' Equation 2 nean Relative G Figure 7
shows t he glativeG g G values for all five
B STt -0 N5 Crwsnepinen (O Ronute + G o)

G' (Formulation) + G' (Mucin)

Equation 1

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"
tan o =

; Equation 2
mean Relative G' quation

Figure 7 shows the relative G* and G** values for all five formulations tested and F igure

8 shows the corresponding tan & 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’



8 shows the corresponding tan S values. Based on the

rheol ogi cal assessnent, the order for the increase in
wormoaditesi ve strength was found to be For nmul BCT/GB206/004739

> Fornul ation 16 > Formul ati o 14 > Fornul ation 15 >

Formul ati on 4. However, Formulations 14 and 15

di spl ayed |l arge variations (as observed with the

beegaed tfan deer dortteiitiing GRS deiodibids waedt Weleealdo efolifd tthehave large

non-.honogenepus i.nteractions of these fornulations
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i'n deionised water were al so toun o have Targe

paeinahowerer.ttheslithei @ atalwgwehsignifibesly [baenip<al.09rompared to all

B2 R RERT S e el i B A5, R vt o

Poridulition 4miispéisednamvonabs W€ dofbiat |
i £ eant | el MR ias CORNARYS Plabl URpHRA o all the

formulationy dispasedie watet edt Whilé apaearather Fomneldtiom 4 peoduced a

: : a r. . Formulation_4 di spersed.
R b o e G 5505 RGP T BB S v,
liowavet tietecappeated REbS & gelitivelyairgall intdractu! vitRRRER sifde ke relative

prmul atjon 4 produced a relatively good viscoelastic
o valii, VR elipippae e iicst ehihicdpravlafion (sl well onhe mucin effect)

Wl @i?higﬁcaﬁkgv\@a«%r. tBELA GPREALEL OGP afek e#(?'ﬁr;l/uéﬁioés 16 and 17

smal I interaction wth nucin since the relati

shaiveé  thevhirgest éhferdctian esith iz afutincinfafing nRatf hesaited ifermulations
as;well| .as the.nucin effect s significantl

Tl s 3 a0 Rge e e ite Forpu Rt #slS showed

sbfneaidbrdefion St thctd) dokRb etk HydtRoAGhkARHI bP 1RsE formulations
mucin inferring that these two fornulations could %e

qeykhbe inhemazareas anjodgadnes itheelafgsr stahderd daviations. Formulation 4
| at i 1 d i t] i th
06 & B0 AR, 55 SR, PRl IR B dutlon.

doarespindinigas 5 vaRisk dre® rdl ARRTRERBRVIThATisbBAGH tPMnd Rver tan 6
| arge standard devi ations. Fornulation 4 showed the

in¢igriss arelptively digher watanglement arivecmivorselyt the higheesdn § indicates a

Lnt.enagtion. The orrespondjng tan 6 values are a

r?lg‘fla‘%l 38%%’3%1%?%“%1? (e 1 Aoclsbiels reer y1scp¥iecorgpient)agnd thus
sGppdristhéRtobserdaticpkat i vel y hi gher entangl enent and
conversely the higher tan 6 indicates a relatively

| ow entangl ement (due to a relatively |larger viscous

GIS’EEB%QGHL )anﬁ T)Q'e[u}liﬁon of Q(ﬁgcrtg agtliq‘?esz?mp I:k))l%géb\()aitoirglrl]lfaitions.

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



Opti m sation and preparation of selected active and

pl acebo fornul ati ons. The optim sati on procedure was
w@a0rioessedut in order to reduce the tinme of prEEEGER106/04739

for the fornulations fromca.6®4 h down to ca. 12 h.

Fornmul ati ons 16 and 17 were chosen for optim sation

and stability studies. HPLC Anal ysis of 13A
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Dahko2y Rer&Atage/peald piGitics O BaGIulRPGMMGRANN6 2604739 64
gel sanple at tine zero. Al peaks for the buccal
formul ati ons were manually integrated and conpared to
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2_0QOM
weeks—af ter—storage—at—2-8Cand40C{accelerated

stability). Also tabulated as a conparator is the
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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 ‘b* | % isoform ‘a’ % Total UAP
Formulation |2-8°C  [40°C . |28°C [40°C _|28°C  [40°C "
16 998 |92 . |02 04 00 04
17 998 |93 |02 04 |00 03
*0.1%  wiw | ND 983 | | ND 16 TN 01
IPA gel A

*Peak purity after one week; ND — 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
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Poloxamer Formulations

Four poloxamer formulations were investigated.

MATERIALS
Material Supplier
I3A ‘b’
Peplin Limited, Australia.

Batch No 0319,

Citric acid monohydrate BP

Raught L
Lotno.R11115 aught Ltd, UK

Trisodium citrate dihydrate BP Lot
no. R0092143

Raught Ltd, UK

Deionised water Millipore, UK

Poloxamer 407 (Lutrol F127)

BASF, G
Lot no. WPTY562B i

Ethanol (Analar) 99.7-100% w/w Lot

BD
no. 1354007 H, Uk

Polyethyleneglycol 400 (PEG 400)

M
Lot no. 53820403 312 erck, Germany




Trisodiumcitrate di hydrate BP Lot Raught Ltd, UK no.
R0092143 Dei oni sed water M| 1ipore, UK Pol oxamer 407

W@ bwroeH96F127) Lot no. WPTY562B BASF, Germany PE/Ga26/004739
(Anal ar) 99.7-100% w w Lot B¥, UK no. L354007
Pol yet hyl enegl ycol 400 (PEG 400) Merck, Germany Lot
no. 53820403 312 WO 2007/ 068963 PCT/ GB2006/ 004739 66

Proppleheplycgl ycol Lot no. K%2254378 336 Merck, Gernmany

cet onitrij A HPLC G aMerplt, Garshmy Scientific, UK
%té@eﬁéééé%ggéé 9807 Trifl lioroacetic acid (TFA) Fisher

SN R R G e o vy
(wEreiOoBnCh30O70f exci pienfs Prior to prefornulation

A A caovar Al et ahl A veinients for nol oxXalher
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P P aETE AGT CABAS 1 tant 1 11 s o 76 | ioted bo ow
L&ogs.es3mA h maxi num reco.ﬁgﬁgi@ﬁer@gﬁé,e rations.
Excipients Concentration

Benzyl alcohol Ph Eur, BP, NF

Merck KGaA, Germany
Batch No. K31593981 301 ‘

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 Concentration
Propylene glycol 75.2 %w/v (IM); 60.0 %v/v (IV)
*PEG 400 65.0 %w/v (IV); 18 %v/v (IM)
Benzyl alcohol 3.0 %wlv (IV)
Citric acid 1.0 % wiv (IM)
Sodium citrate
' 2.85% w/v (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 rheological behaviour.
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val ues. The pol oxamer solutions were prepared using
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| as r bottles. The propylene glycol/citrate
%@m@fal)dﬁ%ms previously prepared by weighing the
appropri ate anount of propylene glycol and citrate

buffer pH 3 (Table 27) and ,
Briefly, the 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 previbusly prepared by Weiglﬁng
the appropriate amount of propylene glycol and citrate buffer pH 3 (Table 27) and
shaken for 1-2 mins until visually homogeneous. The Duran bottles containing the
ingredients were capped and placed in an ice/water bath for 4 h with frequent 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 therapy, sterilisation is important. In order
to achieve sterilisation, the prepared gels were autoclaved 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 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 solvent followed by aseptic addition
(i-e. aseptic filtration) to autoclaved ‘base’ poloxamer solutions. The solvent of choice
was benzyl alcohol. However, for rheological assessment only placebo poloxamer
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 added 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 alcohol 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 pm MILLEX-GV, MILLIPORE) to mimic the condition of aseptic

filtration.

Addition of benzyl alcohol/citrate 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’ solutions
prepared above. Briefly, approximately 9.90 g (exact weight noted in Table 28) of each
poloxamer ‘base’ solution was weighed into a 20 ml 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 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 2-8°C until required.
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Rheological evaluation

The 1heological evaluation was carried out using a Carrimed CSL? rheometer.
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 spatula at right angles to the geometry.
Each sample was tested a total of three times and the 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 rheological assessment, active (I3A) and placebo poloxamer
formulations were prepared for stability and release studies. Flirthermore, 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 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 I3A had dissolved.

Preparation of active and placebo poloxamer formulations

Placebo formulations 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 added to 9.89 g of the

cooled, sterilised poloxamer ‘base’ solution and vortexed for ca. 2 mins until a visibly
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9.89
0.11
10.0

10.02189

1.97021
0.10592
1
Exact I3A in benzyl alcohol = 0.09155 g/g

9.89261
0.11051
10.00312

0.0

Target weight/g|/Actual weight

PEG 400-placebo
7.92

0.10

*13 A/Benzyl alcohol|.

Polox-01-active

9.89
0.11
10.0

Table 29. Actual and target amounts of active poloxamer formulations for stability a

*Exact I3A in benzy] alcohol/citrate buffer pH 3
Table 30. Actual and target amounts of placeb

Citrate buffer pH 3 [1.98

Excipients
Polox-01
Polox-02
Polox-pg-01
Polox-pg-02
*13A/Benzyl alcohol/
Citrate buffer
Total
Excipients
PEG400
Benzyl alcohol
Total
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Preparation of PEG400 control formulations

Following a similar procedure, 12.5 mg of I3A was added to 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 mins until the I3A had
completely dissolved. To prepare the active control formulations approximately 110
mg of this mixture was added to a solution of 7.912 g PEG400 and 1.978 g of citrate
buffer 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 4AO7 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 aliquoted 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.
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ethanol/citrate buffer (pH 3.0) and this was incorporated into the Franz cell and stirred
constantly with a magnetic stirrer. Preliminary stability studies were conducted 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.

In Vitro release studies (Franz cell)

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
rélease 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 the formulations. An
infinite dose of 0.5 g of each formulation was applied onto the membrane surface using
a positive displacement Finnpipétte®. 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 via 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.
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FiuRheerI%’re, the addition of propylene glycol to the poloxamer placebo formulations
further reduced the cmt. However, 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 cmt values and the viscosities at 37°C for all

formulations.
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FPWiﬁﬂE‘iﬁﬁs this rff’ngﬁ@‘h@ﬁﬁﬁ BRI 0gi%e sofamses snent% Total UAP
Polox-01-active 99.8 0.2 0.0
Polox-02-active - | 99.8 0.2 0.0
Polox-pg-01-active 99.8 0.2 0.0
Polox-pg-02-active 99.8 0.2 0.0
0.1% w/wIPA 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 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 TPA gel stored at 40°C for four weeks. All peaks were

manually integrated compared to the respective placebo formulation.
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Stability studies of 13A in pol oxaner fornul ations
Tabl e 32 shows the percentage peak purities for |3A
Atp'incasasoh lthapetchrtage bt ixof@ge ‘#irwas obdervesiofoprall active @otbxamer

fo ; hlﬁ.ﬁtll una%ﬁg ge g ep Esa Is(t?)ra(ggJ /é\F 210‘}¢Co ' H%lwlevgfc %ﬂevuelcrggsleolﬁ%g}screntage of
isoform ‘a’ 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 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 (ug/cm?) after 26 h, of I3A from 0.1% w/w
poloxamer 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 control formulation. The amount of I3A ‘b’ released averaged for all
poloxamer formulations was ca. 16 ug/em® whereas the amount released from the

control PEG 400 formulation was ca. 53 pg/cm?; this represents a reduction of ca. 70%
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widedfdCelamitetigcoiBitionsret hod 1 There is no apparent
di fference in the percentage peak purity of 13A in any
of pol oxanmer fornulations. At time zero, however, the

REELE ARG HowedOha Merd wak Shd QWilficant difference in release (p>0.05)
between any of the poloxamer formulations; however, the release from all the
poloxamer fofmulations was significantly slower (p<0.05) than the release from the
PEG 400 control formulation. Furthermore, a reduction of ca. 70% in the amount of
IBA ‘b’ released from all the poloxamer forﬁmlations was observed compared to the

control, after 26 h.
EXAMPLE 7

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

the PEG 400 control formulation was investigated.

MATERIALS
Material Supplier
I3A ‘b’

Peplin Limi ia.
Batch No 0319. eplin Limited, Australia
Citric acid monohydrate BP

Raught Ltd, UK
Lot no. R11115
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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% w/w. 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.
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Addition of I3A to the sterilised oil

Approximately 15 mg of I3A was accurately weighed into a 20 ml glass vial and added
to approximately 150 mg of benzyl alcohol (exact weight noted), which had previously
been filtered through a 0.22 pm MILLEX-GV filter. This mixture was periodically
vortexed for approximately 2 h until the I3A had dissolved in the benzyl alcohol. To
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 similar manner except that approximately 14.85 g of the sterilised oil
(exact weight noted) was used to compensate for I3A. 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

formulation

Target weight | Target % w/w | Actual weight | *Actual % w/w
I3A (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 I5¢ 100 15.02179 g 100

*Rounded up to 3 d.p.
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Long term storage of oils may lead to rancidity, which may degrade the drug product.
Therefore, an antjoxidant 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/benzyl alcohol mixture

Approximately 60 mg of antioxidant (BHT) was dissolved in 2 g of benzyl alcohol and
filtered through a 0.22 pym MILLEX-GV filter.

Addition of I3A to the sterilised oil

Approximately 15 mg of I3A (Batch 0319) was accurately weighed into a 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
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*Rounded up to 3 d.p.

Table 37. Target and actual amounts (and % w/w) for the placebo Croda-

BA/Antiox oil formulation

Target weight | Target % w/w | Actual weight | *Actual % w/w
Benzyl alcohol | 150 mg 1.0 150.56 mg 1.004
BHT 4.5 mg 0.03 4.55 mg 0.030
Fractionated 14.8455 ¢ 98.97 14.84591 g . 98.966
coconut oil
Total 15¢g 100 15.00102 g 100

*Rounded up to 3 d.p.

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 formulations containing
an antioxidant prior heat sterilisation of the oil were prepared according to the following

methodology.



Long term storage of oils may lead to rancidity, which
may degrade the drug product. Therefore, an

w@niorossoeant may be included in the fornul ati oPCT/aBR2@6/004739
heat sterilisation) in order8 o reduce this effect.

Pl acebo and active formnul ati ons containing an
antioxidant after heat sterilisation of the oil

prepared according to the follow ng nmethodol ogy.
al cohol m xture

epar atiopn of antioxidant/benzyl
g{?ﬁﬁ'&&‘i‘%?'gﬂﬂ‘%@%/oa}fmmweoxi dant (BHT) was di ssol ved
in 2 g of benzyl alcohol and filtered through a 0.22

5 f ] . i1 f 13A to the sterilise .
Abfoimtel ol bt PP badMfind SRR\ el Bi8soiSe fapbiginde S g of ot
iacc L00amé bynivadifpkle ghdrodilicate 2Rss)] stopised ?b%f@ilio@ﬁdgléﬁ,@%per) and
t.0 pBr.gm mately 154. 5 mﬂ of BHT/benzyl al cohol
Iﬂ'f“é%d Be° aPrerbedied ovenyGallemkampt dlatdox Sasrenowtittc any §ize 2) at 170 +
T F A ' Iy 2 h.until the 1 had
ARt 132% e RS 88 n"zg@‘?fg’a%&?%{é}og‘l%b?% i“éasrf’ﬁ@tvvﬁaeto cool to room
teppenmnirerbtfoleust4. 8305 g of the cooled sterilised oil
was added and vortexed for approximately 5 mns until
a hormogeneous sol ution was obtained. The placebo was
RaEERh A 13X (8t fTbdifileamanner except that =
approxi mately 14.8455 g of the sterilised oil
wei ght noted) was used to WD 2007/ 068963

APFHCBREIG/100dg 89 138 8B atolndd nS)a s i@maiéiﬁmefg}ﬁﬂfinto _Ig %(l) ml glass
| t a ercent age_conposj tions are_ snhown_ In apl e

3 a%gr?gd%‘gg"f TR gﬁ%%o 7y kb Whiglvhadpreyipysly been

f- U u 0, N .Or

TSy £ ABAD (58 thol e

fonanpeoxittataly2 AatmtibtheiBAdiatl disdolvedin e beizyl 2B6h§10Ib%his mixture

BRI 1-5E55E OB POl oY antioS my Dl pEGHre Was added and
vortagdd M%bex%ﬁa@ﬁzo§ 909 8ndl 2 11611%%91%3%&% S%tigﬂ' %vas obtained. The
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placebo was prepared in a similar manner except that approximately 14.8455 g of the

wer e

(exact

sterilised oil (exact weight noted) was used to compensate for I3A. Exact weights and
percentage compositions are shown in Tables 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 % w/w
I3A (0319) 15 mg 0.10 15.09 mg 0.100
Benzyl alcohol | 150 mg 1.0 146.92 mg 0.979
BHT 4.5 mg 0.03 4.42 mg 0.030
Fractionated 14.8305 ¢ 98.87 14.83568 g 98.891
coconut oil
Total 15¢ 100 15.00211 g 100

*Rounded up to 3 d.p.
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Preliminary I3A release studies

The release of I3A ‘b’ from the formulations across synthetic membrane was

investigated using Franz diffusion cells 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 incorporated into the Franz cell and stirred
constantly with a magnetic stirrer. Preliminary stability studies were conducted 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.
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armRfihe & qel- 3lhyopghout the experiment, any losses i 1n recelver 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 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.

HPLC method

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

Results
Preliminary release studies

Figure 10 shows the amount of I3A ‘b’ released (ug/cm?) after 26 h, from 0.1% w/w 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 b’ released from all oil formulations was ca. 3.4

pg/cm” however, the amount released from the control PEG 400 formulation was ca. 16
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Batch no. PEP 0401 Australia
Tri-Sodium Citrate Dihydrate (USP grade)
Batch no. K9125363 Merck, Germany
Trifluoroacetic Acid (HPLC grade)
Fisher Scientific, UK

Batch no. 0434753

METHODS

HPLC Instrumentation and Methodology

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



covered with Parafilnm(r)), for all formulations (n=3
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w@en7pssacebo fornul ation). Sanpl es were anal yseCI/GB2006/004739

HPLC and the concentration o%8 13A "b' rel eased

eval uated using a series of calibration standards

prepared in 80%v/v citrate buffer / 20% v/v ethanol..
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Mobile phase: 0.02% v/v TFA in Water (A); 0.02% v/v TFA in
Acetonitrile (B) A:B, 50:50 (starting composition)
Flow rate: 1.0 ml/min

Autosampler temperature:  8°C + 2°C

UV wavelength: 230 nm

Injection volume: 10 pl

Run time; 20 mins
Gradients

Step | Time Flow %A %B Curve
1.00 50.0 50.0
2.00 1.00 50.0 50.0
5.00 1.00 40.0 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
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Citric Acid, Monohydrate (USP grade) Merck, Germany

Bat ch no. K9129642 Deioni sed water (MI1iQ MIlipore,
wWORK01864963 | ngenol angel at e) Su8p9|rol i ed by Pepli nPdi/eB2@d/004739

Batch no. PEP 0401 Australia i-SodiumCitrate

Di hydrate (USP grade) Merck, Germany Batch no.

K9125363 Trifl uoroacetic Acid (HPLC grade) Fisher

Scientific, UK Batch no. 0434753 METHODS HPLC

tr ma t| on and Met hodol ogy Sanpl e sol uti ons were
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chromat ographic conditions for the HPLC Method 2 are

106 006/ 0 739 88
AL AR M0 PGB APAB Blsnse
Wb guifeagh agivAwt pheopd gl fél‘ﬁ&illaﬁd;ﬂ@fd\&féﬁﬁwly Weided id8@n A-grade

M nB2 Sof t war e,
{ BN S OBHSO G Ion BRAN SR EIHed it fERlIcRty BT o mation. Citrate

30185 m £V\ﬁfeﬁf d (5N ek 8% d at
length: 150 x 3. %”Jv ; U t?er?ﬁgr% ureI) g%flg%% xec 4
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 the
volumetric flasks and vortex mixed again at maximum speed for 1 min. Finally, the
volumetric flasks were transferred to an orbital shaker and shaken at 400 rpm for 60

mins. Aliquots were then transferred to HPLC vials for analysis.

Measurement of apparent pH of placebo gels

The apparent pH of the placebo gels was measured using a J enway 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 to 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

1s shown in Table 40.
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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.
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

However, for the placebo IPA gels prepared with pH 2.50 and 2.75

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.
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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 peak 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.
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M@ﬁg@gt age peak purity of isoforma of 1.07% conpared
to an. | PA gel formulation prepared with pH 4.00
citrate buffer which has a percentage peak purity of

'I:h%glr eglgé%bgetlgbﬁ-ﬁo atotggr%égalg ?nfcﬁea? gy 8 %a@}egagﬁlépprgﬁ§f isoform
afneflofebe witive IPAVWR] firithlattdndlaBeP S Hﬁﬁiﬁqs storage at 2-8°C. However,
the IPA 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, for example, the
IPA gel formulation prepared with pH 4.00 citrate buffer which showed the largest
increase in percentage peak purity of isoform a (4.48%). Again, these results highlight
the increased stability of I3A 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 2-8°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).
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6. Addthe I3A ‘b’/benzyl alcohol solution from Step 5 to the Duran bottle from

Step 2.

7. Still the mixture until a 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
Component Concentration w/w fntto be Weighe

(2

Citrate Buffer pH 2.75 69.0 13.80
Isopropyl Alcohol 30.0 6.00
Benzyl Alcohol 0.9 0.18
I3A ‘D’ 0.1 0.02
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' Amount to be Weighed
Component Concentration w/w
(®
Citrate Buffer pH 3.50 69.0 13.80
Isopropyl Alcohol 30.0 6.00
Benzyl Alcohol 0.9 0.18
I3A ‘b’ 0.1 0.02
Table 46 Gel premix solution 4
Amount to be Weighed
Component Concentration w/w
(®
Citrate Buffer pH 4.00 69.0 13.80
Isopropyl Alcohol 30.0 6.00
Benzyl Alcohol 0.9 0.18
BA ‘b’ 01 0.02
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Table 48 Gel premix solution 6
Amount to be Weighed
Component Concentration w/w
®
Citrate Buffer pH 3.00 69.09 69.09

Isopropyl Alcohol 30.00 30.00
Benzyl Alcohol 0.90 0.90

I3A ‘b’ 0.01 0.01

Table 49 Gel premix solution 7
Amount to be Weighed
Component Concentration w/w

(2)

Citrate Buffer pH 3.50 69.09 69.09
Isopropyl Alcohol 30.00 30.00

Benzyl Alcohol 0.90 0.90

IBA ‘D’ 0.01 0.01
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* Stability Tesﬁng of Gel Premix Formulations
The gel premix 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 I3A ‘b’ related substances isoform ‘a’ and isoform
‘c’ 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:

Column: Symmetry Ci3 — 5 pm (Waters)
Column length: 150 x 3.90 mm
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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 |1.00 |40.0 6006

4 12.00 | 1.00 ]20.0 { 80.0 | 6

5 16.00 | 1.00 |20.0 | 80.0 |6

6 16.50 | 1.00 | 50.0 | 50.0 | 6

7 20.00 | 1.00 | 50.0{50.0|6

Stability data for I34 ‘b’ in gel premix solutions pH range 2.75 to 4.00 at 2-8, 25 and |
40 °C (mean, n=3) ‘

Gel. Storage Time % Peak % Peak Purity | % Peak Purity
Premix | Temperature | (weeks) | Purity of I3A | ofisoform ‘a’ | of isoform ‘¢’ ‘
# O ‘b’ Relative to | Relative to I3A Relative to

I3A ‘b, ‘b’, isoform ‘¢’ isoform ‘a’,
isoform ‘a’ and isoform isoform ‘¢’
and isoform ‘a’ and I3A ‘b’
‘c, :
1 N/A 0 98.98 1.02 0.00
2 N/A 0 98.96 1.04 0.00




Step Tinme Flow %A %8 Curve 1 1.00 50.0 50.0 2 2.00

1.00 50.0 50.0 6 3 5.00 1.00 40.0 60.0 6 4 12.00

wa 20008069 80.0 6 5 16.00 1.00 20.0 80.0 6 6rPABGBR006/004739
1.00 50.0 50.0°6 7 20.00. 1%5005006Stablllty
data for 13A "b' in.gel prem x solutions pH range 2.75
to 4 00 at 2-8 25 and 4OC(mean n=3) Cel Storage

% Pe % Pedk Puri % Pe Pufity PremX :
'Ij'enperat U%A(weeks) %ur ty B H3A of isof€Pm  al of 0.00
E@ & () b" Relative o Rerarive To 13A

I a§|| ve tA13A [b' O bl, i98%Brm ¢ isb08rm g, 0.00
TSof grm & and [SoToT TS0t orT—C amg—Tsoform——=
and 13A "BVA cc |. D NP O 98.098 1.p2 0.001 2 NfA 0 0.00
98. 9% 1. 04 0 00 WO 20071 068963—PCTH15B826061-604+39—98—=3
YA (Q 98.D7A1.03|0.00 § N A8®998.9[L 1.0900.00 |5 N A.00
0—997T090—91+0-06¢ G.\%LG—%.—QQ—L—B&—O.—OO—?—N&#O
98.99 1.0M/A.00 |8 WA D 9998®91. 00] 0. 00101 2-8|2 0.00
o271 122 . .0 0N
8 N/A 0 99.00 1.00 0.00
1 2-8 2 98.77 1.23 0.00

2-8 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
5 2-8 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
1 25 2 98.69 1.31 0.00
2 25 2 98.51 1.49 0.00
3 25 2 98.19 1.81 0.00
4 25 2 97.42 2.58 0.00
5 25 2 98.78 1.22 0.00
6 25 2 98.55 1.45 0.00
7 25 2 98.39 1.61 0.00
8 25 2 97.71 2.29 0.00
1 40 2 97.77 223 0.00
2 40 2 96.99 3.01 0.00
3 40 2 96.48 3.52 0.00




2 2-82 98.65 1.350.00 3 2-8 298.61 1.39 0.00 4
2-8 2 98.50 1.50 0.00 5 2-8 2 98.80 1.20 0.00 6 2-8

wWQ283/068963. 43 0.00 7 2-8 2 98.44 1.56 0.00 8PQF/BB2006/004739

98.03 1.97 0.00 1 25 2 98.699.31 0.00 2 25 2 98.51
1.49 0.00 3 25 2 98.19 1.81 0.00 4 25 2 97.42 2.58
0.00 525298781220.00 62529855145000

7, 25|12 98.39 1.6]1 0.00 2 97. 7L 2.29 00 |1 40 2
8172294 00 |2 %0 2|96 692,01 b. 00 38840 2|96, 46.00
3, 52[0. 00 WO 200 /0689b5 I-’(,I/L:BZUUb 002739 99 a0~ 2
5. 02 3.98%.00 |5 20 2[98.38-09. 91 p. 00 18140 2{97.98.00
2. 0710.00 7 30 ¥ 97. 231 2. 77 0.00 A0—2 96743357

® 00| Condlusi on§: St orpge 679311 gpl pr2fvx solutiofo
at— 2y 8 Cprovides thebpst—stabr-++ty—For—i34 4? n
ased on t49e hi gher 2per fent &Ge3peak| HPLQ purity 0.00
obtairet—f-or—33A—b—copparee—to ‘

8 40 2 96.43 3.57 0.00
Conclusions:

Storage of all gel pfemix solutions at 2-8 °C provides the best stability for I3A
‘b, based on the higher percentage peak HPLC purity obtained for I3A ‘b’ compared to
the storage of the gel premix solutions at 25 and 40 °C.

The two gel prerrﬁx solutions that provided the best stability for I3A “b’, based
on percentage HPL.C 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 solutions 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.
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Cainms: 1. A fornulation of ingenol angelate for use
in therapy, wherein the ingenol angelate has been

di ssolved in a pharmaceutically acceptable, aprotic
solvent, said formulation further conprising a
pharmaceutically acceptabl e acidifying agent which is
at least partially conpatible wwth the solvent and
whi ch provides the fornulation with an apparent pH of
no greater than 4.5. 2. A fornulation according to
claim1, wherein the acidifying agent has been added
subsequent to preparation of a solution of ingenol
angelate in the aprotic solvent. 3. A formnulation
according to claim1 or 2, wherein the ingenol

angel ate is ingenol 3-angelate. 4. A fornul ation
according to any preceding claim wherein the ingeno
angel ate present in the forrmulation is at |east 99%
i ngenol 3-angelate. 5. A fornulation according to
claim4, wherein the anmount of ingenol 3-angelate is
at least 99.5% '6. A fornulation according to any
preceding claim wherein the aprotic solvent is

sel ected fromthe group consisting of polyethyl ene

gl ycol, nethyl ethyl ketone, ethyl



acetate, diethyl ether, benzyl alcohol, and m xtures
thereof. 7. A fornulation according to claim 6,
woL@re68%63 he aprotic sol vent consists essentiBCT/GBG06/004739
benzyl al cohol. 8. A fornulal?®n according to any
preceding claim wherein the acidifying agent is an
acid. 9. A formulation according to claim38, wherein
Chémsici di fying agent is an organic acid. WO
2007/ 068963 PCT/ GB2006/ 004739 103 10. A fornul ation
according to any preceding claim wherein the
Bci di A yi tofl f thon
B cor By RAGHL Beadh Aettid ! 8 irt eyl SHIE 8 ngeno
gngelaict has begnodissad etk irs ki plgrmbceticalty at@plable @protic solvent, said
uffer, .acetate buffer. and
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formul ation according to any of clains
APAEPELAL RHA 6f pgishter henthif.fer, prior to addl t| on to

the fornmulation, is between pH 2.5 and pH 4,

inclusive. 14. A fornulation according to claim 13,
her eAnforinelafibh ekcdriiightsf Elgim 115 vaekaeahe a@ﬁlf?lné anglt BEs been
aﬁ dwb?ncl usive. 15. A formul ation according to claim

ded shhssauent tp REFAtieR of Aeolytipr ef igend) engrleln in e aprotic solvent.
and pH 3.0 inclusive. 16. A formulation according to

any preceding claim having an apparent pH of between
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4pet wéefPrmulgtion rogerding tofanymrededing tlain, orherdia. théingenol angelate

pfégéﬁmh s  BhnAGRAH AP RabQoRh Bl S oA S &1 M Further

5. A formulation according to claim 4, wherein the amount of ingenol 3-angelate is
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

essentially 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 organjé

acid.



antioxidant. 20. A formulation according to claim 19,

wherein the antioxidant is selected from the group
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, conprising a majority n-acl y
wei ght. 28. A preparation according to claim26 or 27,

rther. conprisin | lant. 29, A, preparation .
1;lztécor ifﬂﬁnﬂgtl%ﬁcc%(ﬁ%?ﬁq 13 d 3 Wh%FPT}ﬁ R &F thsy hyffr iy between
11eD.7 maea3.5, dchkivent or paint. 30. A preparation
according to any preceding claim wherein the ingeno

angel ate is at least 99% i ngenol 3-angel ate and

wher eq rfo%lﬁ?gneaécgﬁﬁhg'%’ SEin rlﬁ,n %ﬁenr%{]nt thte%}i r(])? theal')uffer is between
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,
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 antioxidant is selected from
the group consisting of retinol, ascorbic acid, lycopene, tocopherol, butylated

hydroxytoluene, and mixtures thereof.
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defined in any of <clains 1 to 30. 35. Use according
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II%re aring,.a formul ati on of ingenol angel ate,
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addi tion of acidifying agent and conditions are
mucoadnesive.

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 according to any preceding claim, wherein the ingenol angelate is
at least 99% ingenol 3-angelate and wherein no more than 1% rearrangement to the ‘a’

isoform takes place after 3 months.
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1 and 10% w w of the formulation. 42. A process
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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, 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

substantially ingenol 3-angelate, and the addition of acidifying agent and conditions are
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so selected as to prevent more than 1% of the ingenol 3-angelate rearranging into the ‘a’

isoform.

39. A process according to ahy of claims 36 to 38, wherein the ingenol angelate is
substantially 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 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, 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 to 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.



