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The present invention relates to a pharmaceutical composition comprising certain long

chain saturated and monounsaturated fatty acid derivatives of 2'2'-difluorodeoxy-
cytidine (gemcitabine) as the active ingredient. In particular, the present invention
relates to a pharmaceutical composition and the method of preparation thereof, suitable
for parenteral administration of therapeutically effective doses of the said derivatives in

order to ameliorate compliance in treatment of cancer.
BACKGROUND OF THE INVENTION

Gemcitabine, which is a well known cytostatic compound, marketed under the trade
name Gemzar by Eli Lilly & Co., has the formula:
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The active ingredients of the pharmaceutical composition of the present invention

comprise gemcitabine derivatives of the formula I:

NHR
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The active ingredients of the pharmaceutical conposition of the present

I nvention conprise gentitabine derivatives of the formula |: NHR
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R1, R2 and R3 are independently selected from hydrogen and C18- and C20-
saturated and nonounsaturated acyl groups, with the proviso that RlL, R2 and
R3 cannot all be hydrogen. It is known from WD 98/ 32762 that the
conmpounds of fornmula (1) are useful in treatnment of cancer. The cel I ul ar
upt ake of nucl eosi des and nucl eosi de anal ogues such as gentitabi ne occurs
mai nly via the selective Nucleoside Trangport (NT) receptor.

Modul ation/inhibition of this receptor nay he seen as resjstance to the
drug in a cVherewdR K andRs g indepeadelyivsiesics rﬁ%h%@g%%fré@aa%cw tro

t hr ough addiatireted @hd Mbnboisabirited Scyl\Goupaveitp t\roviss that RpAtad R;ahn@ur
derivativeslgﬁe Qﬁt | nfl uenced by the presence of NT inhibitors, since the
cytostatic El ?QY 9g%% the preferred derivatives is conserved in the
presence of such inhibitors (WD 98/32762). There may al so be other drug

resi stance MRORARIGNTP fofh WSOty STV GREL e EERFRAL o Mihhitadliyidrd RSt fNCe

(MDR) is one of the principal reasons ftor ure of otherwise effective
drugs. W hESAEMEHpiaRIsat t he derivatives of this invention seemnot to be
substrates for the MDR-punp, and hence circunvent this problem

The cellular uptake of nucleosides and nucleoside analogues such as gemcitabine
occurs mainly via the selective Nucleoside Transport (NT) receptor.
Modulation/inhibition of this receptor may be seen as resistance to the drug in a clinical
situation. This phenomenon can be observed in-vitro through addition of NT inhibitors.
We have previously reported that our derivatives are not influenced by the presence of
NT inhibitors, since the cytostatic activity of the preferred derivatives is conserved in
the presence of such inhibitors (WO 98/32762).

There may also be other drug resistance mechanisms involved in cancer treatment.
Multi drug resistance (MDR) is one of the principal reasons for failure of otherwise
effective drugs. We have found that the derivatives of this invention seem not to be

substrates for the MDR-pump, and hence circumvent this problem.

The half-life of gemcitabine in plasma is approximately 10 minutes, due to rapid
deamination by the endogenous enzyme deoxycytidine deaminase to the corresponding
uracil derivative (dFdU) (P. G. Johnston et al, Cancer Chromatography and Biological
Response Modifiers, Annual 16, 1996, Chap. 1, ed. Pinedo H. M. et al.).

In contrast, the derivatives of this invention are poor substrates for the deaminating
enzyme. Consequently, the derivatives of this invention are more suited than

gemcitabine itself for systemic or local treatment of malignant tumours.

However, formulation of a therapeutically effective amount of the poorly soluble
derivatives of formula (I) into a pharmaceutical composition suitable for parenteral
administration represents a problem. For the sake of intravenous administration of the
said derivatives, the composition of the excipients should be selected so that the said
derivatives were solubilised or formed nanosized particles. The gemcitabine derivatives
of formula (I) are amphiphilic and have poor solubility both in water and in oils, which

limits the choice of potential excipients that can solubilise them. If the formulation is a
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invention ppeaeRtbs réadOloUiseOPuttiPisdido preibROOVReRE @B} @R formulation in order to
avoid degradation during the products shelf-life period. If ready-to-use, then the said
derivatives should be protected from hydrolytic degradation in the aqueous environment
of the parenteral formulation during its entire shelf-life period.

The present invention presents a solution to all the above problems.
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treat ment oduitableder manufidtue dnquatbeteritdpredidtyes of the present invention
are achi eved by the pharmaceutical conposition and nethod of preparation

thereof as described in the attached clainms. 1.Active Pharnmaceutical
| ngr edi ent  Gonsidariye0@2 5B3EERANGROAONG 004y fermulations of US 6,406,713 and US

6,984,395 it was not expected that the pharmaceutical composition described in the
present invention would result in the said unique characteristics. This is mainly
attributed to the physicochemical characteristics of the preferred gemcitabine-5’- fatty
acid ester and an improved method of manufacture compared to those described in the

said publications.

DETAILED DESCRIPTION OF THE INVENTION

It is a main objective of the present invention to provide a pharmaceutical
composition based on natural phospholipids suitable for parenteral administration
comprising gemcitabine derivatives of formula (I) as the active ingredient, which
accommodates therapeutically effective doses of the said derivatives, being as
efficacious as, or more efficacious than gemcitabine, in the treatment of cancer.

This and other objectives of the present invention are achieved by the pharmaceutical
composition and method of preparation thereof as described in the attached claims.

1. Active Pharmaceutical Ingredient




According to an enbodi nent of the present invention a pharmaceutica
conposition, conprising a gentitabine derivative of fornmula (1): NHRI N 1
ON (1) whereiwreEh3 R2 and R3 are independently sel ect edtCimNO2iy@p4aIgGen and
Cl18- and C20- saturated and nonounsat &irated acyl groups, with the proviso
that RI, R2 and R3 cannot all be hydrogen, or a pharnmaceutically acceptable
salt thereof as the active ingredient; wherein the active ingredient is

di ssol ved or dispersed in phospholipids, is provided. The active ingredient
is prepared into a formnul ati on conpri si ng: a) a solubilizer
phosphol i pid sel ected fromthe group consisting of phosphatidyl choline,
phosphati dyl gl ycerol , phosph tldyle hanol am ne, . phosphati dyl i nositol
phosphat i dyl g@ oTig 4 rﬂﬁ’sedﬂ'éﬂ i‘ﬁprqsﬁdﬁ}‘ﬁi’é@ﬁ@l PhsrRaceuticali SogmesiEPrn and
cardi ol i pi ncdnipradihygzigém1tabﬁlfddwl1lv9@vescﬁ1fbﬁﬁhl@(l)desal ted, hydrogenated or
partially hydrogenated, natural, sem synthetic or synthetic; b) a
co-sol ubi li zer sel ected\fjyzgom the group consi sting of charged phospholi pi ds;
c) an isotonicity agent [and;
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wherein R;, R; and Rj are independently selected from hydrogen and Cig- and Cjo-
saturated and monounsaturated acyl groups, with the proviso that R;, R, and R3 cannot
all be hydrogen, or a pharmaceutically acceptable salt thereof as the active ingredient;
wherein the active ingredient is dissolved or dispersed in phospholipids, is provided.

The active ingredient is prepared into a formulation comprising:

a) a solubilizer phospholipid selected from the group consisting of
phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine,
phosphatidylinositol, phosphatidylserine, phosphatidic acid, lysophospholipids,
sphingomyelin and cardiolipin in any form, including salted or desalted, hydrogenated
or partially hydrogenated, natural, semisynthetic or synthetic;

b) a co-solubilizer selected from the group consisting of charged phospholipids;

¢) an isotonicity agent and;
wherein the active ingredient to phospholipid molar ratio is between 1:5 to 1:1 and the
formulation has an average D particle size ranging between 2.5 — 30 nm.

In a preferred embodiment, the gemcitabine derivative of formula (I) has R; and R; as

hydrogen and R; is a C;g- or Cy- saturated or monounsaturated acyl group.

Gemcitabine has three derivatisable functions, namely the 5'- and 3'-hydroxyl groups
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active ingredi ent of the phafmaceutical COMpOS tion vat | ves of
formul a (1)EXameleycERssnoir é‘iiédpapﬁg@t% hes 2RFREL ARSI A thaehpipd asinglesee
WO 98/ 3276 21duble BdidtibEsmetelt Bdtlvedn carbon 9 and 10 counting from the methyl end of the

chain. We prefer to use esters, ester-amides and amides derived from oleic acid (C18:1
-9, cis), elaidic acid (C18:1 ©-9, trans), eicosenoic acid(s) (C20:1 ®-9, cis) and (C20:1
-9, trans), and the amides and 5'-esters are currently the most preferred derivatives.

Esters, ester-amides and amides of gemcitabine derived from stearic acid (C18:0) and

eicosanoic acid (C20:0) are advantageously used in some cases.

Gemcitabine (N4)- elaidic acid amide, gemcitabine-5’- elaidic acid ester and
gemcitabine-3’- elaidic acid ester are among -the most preferred derivatives and
according to a preferred embodiment of the invention gemcitabine-5’- elaidic acid ester
is the active ingredient of the pharmaceutical composition.

The derivatives of formula (I) are prepared according to methods known in the prior
art (see WO 98/32762 for further details).

The pharmaceutical composition of the present invention is described herein as an
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structure of the liposomes. The maximum drug concentration in such a formulation is

dependent on the type and concentration of the phospholipids and.the physicochemical
characteristics of the active substance. The frequently used molar ratio of the drug to

phospholipids in such formulations is in the range of 1:20.

Liposomes are prepared from natural or synthetic phospholipids, mainly
phosphatidylcholine. For the purpose of stabilisation of the colloidal particles, a smaller
amount of a negatively charged phospholipid such as phosphatidylglycerol may also be
incorporated. The electrostatic repulsion due to the negative charge of the particles

provides an effective barrier to aggregation and formation of larger paticles.

Phospholipids can also form (mixed) micelles when combined with a surfactant such
as bile salts, glycocholic acid, taurocholic acid, poloxamer, polysorbates, cremophore,
sorbitan monolaurate, etc. In such case, the amphiphilic or lipophilic drug may be
solubilised in the micelles in higher molar ratios than expected from liposomes. The
reason is that due to the absence of the water core and the lack of organised structure of
the liposomal bilayer, micelles permit a greater concentration of phospholipids, and
hence the amphiphilic/lipophilic drug, per unit volume of their nanoparticle than



| i posomes do. Neverthel ess, since surfactants are generally considered to

exhi bit concentration-dependent toxic adverse effects, the addition of
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m ni num The |ipid nanostructures o8 the fornmulation nmay conprise, but

are not restricted to, the foll ow ng phospholipids, which function as

sol ubilizers, bilayer-formng or mcelle- form ng excipients:

phosphati dyl chol i ne, phosphati dyl gl ycerol, phosphati dyl et hanol am ne,

phosphatidylinositol phosphati dyl serine, phosphatidic acid,
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hydrophi lic m&hxwahsalsmﬁmasomhmawIhaﬂ@glwﬁ@hnﬁﬁﬁﬁ) to the phospholi pi ds
in order to avoid rapid clearance by the reticul oendothelial system (RES)
i's possible. In a preferred enbodi nent natural unsaturated phosphol i pids
derived fronf hehpidggnastmcﬂsesjofahofmnmiatiion neyndonpaise dhut age dieestridterbio, theer .

In still a a pi ds
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phosphat i dylhelhhmgolsalmameor de3al@d sl@dudngdmt:e&r or Tba*uﬁny miydropatasedof nztthlﬁl
pr esent |nv t n us -sol ybilize The 169z sol u izer
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co-sol ubi | |&g5ulm§%ggp®ggrﬂm ﬁgdsgﬂey charged in the pH range of 6-8,
such as hen egg phosphatidyl gl ycérol which is nore than 98. 0%
phosphati dyl gl ycerol sodiumsalt, not nore than 1.5% phosphatidic acid, not

nore than 0.h% Ipyéfe@émambaalhfkyﬁ ght)ﬁf‘aﬂlmkatu@fﬁd prisphalipedd déived. fodm hen egg
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In one enmbodf HEHt* BI° TrB ?rﬁ' VERTTOR 58‘”’2 Bni ¢ agent is included in the

phar maceuti cal composition. An isotonic agent includes, but is not limted

to, glyceroly, #fijopy }FeP%gleX&l%ent BRI GHYALi ﬁﬂ:‘ YRy eg%%}%ﬁﬁ@ Tds. o%ﬂlg%ﬁk =L

car bohydrat es, sugars xtrans, amn noac S or prot ani ¢
i nor gani ¢ %lﬁt@mr&%d)hﬁsﬁ’h‘&lﬁ’lﬁ avhigle g greutriln iy the éﬁarrlaégp OFbodi AESht as tage

i sot oni ci t yphageitidyshahnes elPh . proferre® tehfhdaimda CitRi $Mtilizer is purified hen egg
phosphatidylcholine which is more than 96.0% phosphatidylcholine and not more than
1.0% lysophosphtidylcholine, not more than 1.0% sphingomyelin, and not more than
0.1% phosphatidylethanolamine. .

3. Co-solubilizer

The formulations of the present invention contemplate use of a co-solubilizer. The
co-solubilizer may be any suitable charged phospolipid. In a preferred embodiment, the
phospholipid is negatively charged. In a more preferred embodiment the co-solubilizer
phospholipid is negatively charged in the pH range of 6-8, such as hen egg
phosphatidylglycerol which is more than 98.0% phosphatidylglycerol sodium salt, not
more than 1.5% phosphatidic acid, not more than 0.5% lysophosphatidylglycerol, and
not more than 0.5% phosphatidylcholine

4. Isotonicity Agent




In one enbodi nent, a sterol is added. In a preferred enbodi nent, this
sterol is cholesterol. I n one enbodi nent, other conponents such as
ant i oxi dawO2011s2W3pr ef erabl y at ocopherol, or fatty aci @TaNGHAYeH?7 In
anot her enbodi ment, a cryoprotectant Ps added in the pharnmaceuti cal
formulation to facilitate freeze drying. A cryoprotectant includes, but is
not limted to, maltose, cellobiose, |actose, xylobiose, sucrose,
trehal ose, mannitol or dextran. In yet anot her enbodi ment, the isotonic
agent is also a cryoprotectant and is added in the pharnaceutical
formu ation Botdhd AmdoaRhan! 6f e Ak, 26h | K6BHE hEGRZS: dhuhily ih" i
preferred enbodi nent I's isotonic and)éryopro tecta
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preferred epifisictentbodinint,3h¢ opmictyeigentss glyeersel ected to favour mcell ar
nanoparticles, or a combination of mcelles and |iposones. Sonme of the
exci pients of the pharmaceutical conposition are selected to solubilise or
to increase the %ol ubOptiogaldxcipientsonpounds of fornula (1). In one

enbodi ment the said excipient mght be renoved fromthe final product. In a
preferred enpodi nent, this excipient et hanol _and is largely renoved from
the final "BH&B? emhﬂélf@@&,lﬁo%%bgﬁveﬁ*ﬁw@d@mm@em‘g emi)od}m%ﬂh this ptEpleisabl y
in liquid fﬂﬁﬂﬁﬁﬁ%ﬂd may be presented in discrete units such as vials,

i nfusi on bags or the like. The pharmaceutical formof the final conposition
is a nanosi zed suspension or dispersion, either |iposonmes or mcelle-like
nanoparti cl eby ooe mhndhbéntapﬂan winpootits suchvshadoxofanisy epeei prgferably o-

nonl i posormtloc(ll)jihghg |, 8%8SaMafille)i gh drug to lipid ratio has been
described in US 6, 40 13 and US 6,984, 395. These so-cal |l ed high drug:lipid
conpl exes (HDLCs) are described in the first patent and are based on use of
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| i pophi | i ¢ ahlobioss, lantese, adobibs suabseatrghadoref menmttl or Nesteant hel ess, the size
of HDLCs in this patent is reported to be in the mcron range excluding t he
application of such a fornulation for intravenous adm nistration. A

separ at i on nBt Yes@neter eabedimienty thensotenig|agent i plie @i coyppspteetant gralis addassinhas

been descri th@@hamcémldantdr@ﬁm@n%t@ﬂﬁl1§dt&ﬂa1ty hhd"Ry fRNRMBIRGS U8R Intahe

nmet hod of nmanuf act ur i gnthe

ct.
preterred embo t thPs 1sotomc "and cryoprotectant agent is a disaccharide such as

lactose, trehalose, sucrose, mannitol and the like.

6. Manufacture of the Formulation

In one embodiment of the invention, the composition of the excipients, the drug to
lipid ratio and the method for manufacture is selected to favour a liposomal structure. In
a particularly preferred embodiment, the said parameters are selected to favour micellar

nanoparticles, or a combination of micelles and liposomes.

Some of the excipients of the pharmaceutical composition are selected to solubilise or
to increase the solubility of the compounds of formula (I). In one embodiment the said
excipient might be removed from the final product. In a preferred embodiment, this

excipient is ethanol and is largely removed from the final product.

The pharmaceutical composition according to the invention is solid, semi-solid or



US 6,984, 395 further describes that by altering the processing conditions
and the presence or absence of salts in the buffer one can choose between
| i posomal WOapmleaiBon or HDLCs with mcellar structure. PTRANQ20104000477 S
showed that these structures are nonl¥posomal (no bilayers were detected),
and dependi ng on the manufacturing process the size of HDLCs can be as
smal |l as 10-20 nm The major draw back of this latter mcellar formulation
conpared to the larger particles described in the former patent is that the
drug to lipid nolar ratio is nuch lower, namely in the range of 1:7 to
1:10. The iy t I aer red
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required. 1pgitap olboffy phar maceuti cal conposition” as used herein
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formula (1) to the total amount of the phospholipids in the final
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1:1 are includ e art of
the i nvent .terrmprorﬂlrémhﬁf € ?tarllegﬁéqrabéb %??prraflrﬂ UeHS! foratian %—égmal er
phofspha:) : dyﬁagthqreser O0INonsthtlass, dFpas tzcblaﬁnemy dn%f $0d mLm“zletr)el atlie ¥ With this ]

refera 2 fer e ratio_ be 25: 1. . Anot her
D el or Al BahabR, 20 et Ly e BB ipaB SO AP g b S5l ft doyng, he
nmore pref eradilg bdequired. 27: 1. Al l subranges between 1:1 and 99:1 are
included as a part of the invention. Cholesterol may be added to the
phospholipids in a nplar ratio of 0.05:1 to 1:1, nore preferably 0.2:1 to
0.5:1. WO 26@q}qy@2%@yb@hpwggtma@)@gmmqsmon as used herein refers to thé prepared

pharmaceutical composition that can be directly administered to the patient. This means
that if the pharmaceutical composition is a freeze dried solid, the final pharmaceutical
composition would refer to the reconstituted solution of the said formulation according
to presettled instructions.



12 condition in the final pharmaceutical conposition, and may or nmay not be
added. If added, the anount nay vary between approximately 50nMto 350nM
dependi ngvonRotis2¥B8her constituents of the fornmul ati on. PCH/NO2010&f08417ed
enbodi nent, the amount of glycerol isl1260-300 nM especially preferred
anount is 285mM All subranges between 50 and 350 mM are included as a part
of the invention. The amount of the disaccharide used as

i sotoni c/cryoprotective agent may vary between 1 to 50% of the final
pharmaceutical conposition, nore preferably 5 tol5% and nost preferably
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The amount of glycerol as the isotonic agent is adjusted to provide isoosmolar
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| aser light scattering technique nay Bl so be expressed as an intensity
based nean hydrodynam c vol une (Z-average). One skilled in the art wll
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intensity based units for particle size analysis. The particles forned
according to the manufacturing process above have a neasured Z-average
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metastatic Ffr?t'ic]rcrrrleecfl a&t!: Cbuclﬁns% utlonnoa?re ettgr%[n?ed %y the formulation and the injection
parameters. One important parameter is the type and concentration of the organic
solvent in the intermediate bulk solution. In one preferred embodiment, the organic
solvent is ethanol used in an amount of 5 to 40%, more preferably 10 to 30% of the
intermediate bulk solution. All intermediate values between 5 and 40% is covered by
the present invention. Finally, the intermediate bulk solution is subjected to

homogenization and removal of the organic solvent.

In a preferred procedure, the active pharmaceutical ingredient, solubilizer (preferably
purified phosphatidylcholine) and co-solubilizer (preferably phosphatidylglycerol) are



WO 2011/ 062503PCT/ NO2010/ 000417 15 pancreatic cancer, netastatic breast
cancer, non-netastatic breast cancer, non-snmall cell lung cancer, uterine
cancer, ovaroarreg¥®Acer, cervical cancer, prostate cancePCTINO20EVOp0417act
cancer, head and neck cancer, |ynphongs, nyel omas, and soft tissue
sarcomas. The pharmaceutical conposition may al so be used as nonot herapy or
in conbination with other approved or experinmental cancer therapies. The
present invention provides a pharmaceutical conposition defined as
aforesaid for use in treatnent of cancer, and in particular treatnent of

the cancer sy 'séb‘i’éze?ﬂ&%%ﬂ@% néh&ﬂ%ge‘&feﬁf Et]ro a%%gqé’cg]s’é?lu%ﬁﬂ%Qgﬂa&l@%ﬂef‘&r{dﬁt}{@”OUS

admini stratlon s onc
weeks. Al t esplgnicits agey;| @i@f%@iéﬁmcé@l)ﬁﬁ;lgmalaﬁﬁ@m?ﬂiaﬁ eulk splugpeci fi c cancer
types, or when gentitabine-5 -elaidate is used in conjuction with other

t her apeuti c agents e .fol he invention wi.ll be further
expl ai ned byﬂbﬁwwlm?ﬂe%}%m‘éﬁgtﬁgé fypionds ApmpgenizediusingLopygntionalya ng

shal | not bguimnaitdenddhasimednipattivde sEXANVPABEVEKAMR Eheh theComiki $0<'Mlldmets5 -

bhosphat | dyi ol t%qﬁﬁg“gﬁf&@h L B R e R @3S oreapic solventis, , an
active agenltenmeql bpnfdﬁlm ofilgatian. 4n another embeidiment, dhe said ik Mutepwum Uit

rati o of 1:f%ndentd& 18 it rﬁ%al’"%? anl in'iérﬁl@dﬂdféd%luﬁf%atth&gaﬂb? ﬁ&n@%ﬁs@&'tds nga| |
solid material was di ssol ved The et hanol sol ufion wa ereﬁ ter

i nj ected i oEveH©ngl Fermarsadesauipmes i ihedssired BAIGEe %‘omrﬁc Vet dier
stirring. Thekwsiughi id thtieaftef 1fetebes§m+y S&tlcuiitried ﬁmﬂehen@tmaﬁgﬁilc sallitidn BN was

1:7.6. The conc ted b n iltration,

and the corbb. et 87 ERuEERE ALIL A Bo i S ERPb UGG Bl bikh Bl

15- 20C. TheandeBafiltratnen pravgstep. was further concentrated by tangential flow

filtration to the final batch volunme of 20L and final

gentitabi ne-5' -el ai date concentration of 15 ]r]’rJ? The resi dual ethanol was
1

then renoved aMEGHEA PEOCRAWR thy emedinie Blkplufipads sivjectaddo higharessiduct was

sterile filienaf nﬁﬁﬂorﬁﬁﬁﬂ&ﬁ%d&éeéﬂ ¢d5ed1000 tsatr)efolr k&veydlPasses anmgﬁﬂkuyth@m
nitrogen ant(rj51 seal ed

e vials were stored at 8,& cted frgmlight,
2nd the st ADITER Y PORISIHRE SEBRR S SOPPHOPAE o« CPORTHRERS MBI ng t he
cour se of tdunseniently measured by laser light scattering to produce a volume-based diameter

measeurement — Dyon. The particles formed according to the manufacturing process
above have a D)) (measured as the percentage of particles that have a size smaller than

the indicated range) as follows:

D(vo],o,gg)l 5 — 11 nm
1)(vol, 0.90): 4 —-7nm

Dvol, 0500 2.5 -5 nm

We estimate that the majority of the particles fall within a size range of D01 2.5 - 30

nm.

Alternatively, the particle size as measured by the laser light scattering technique may
also be expressed as an intensity based mean hydrodynamic volume (Z-average). One
skilled in the art will appreciate the different absolute values reported using volume and
intensity based units for particle size analysis. The particles formed according to the

manufacturing process above have a measured Z-average range as follows:

Z-average: 20-50 nm
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content of gentitabine-5 - elaidic acid ester was observed. The anount of

t he mai n WegPHA®RIdN product, gentitabine, was 0.03% af PET/NERONGD41S. The
bat ch showed a bi nodal particle size Wistribution; after 38 nonths the nmain
fraction (99.7% had a nean size of 4.3 nm and the other fraction (0.3% a
mean size of 69 nm At the time of manufacturing the D(v00.99) for this
product at was neasured to be 11 nm and the Z-average was neasured to be
47 nm EXAVPLE 2 Gentitabine-5 - elaidic acid ester, egg

phosphat | dybiiRk] MeaduRrten: 8P farfidid sPRARNALI BYbEHHOHRE IS nftcn SiGngD! &7

rati os of 13. ) , resu g I'n an active age olrpidratio of 1:1.9,

wer e added @v@lustipgpdnplen Tsangaiisgion qlepttiop ngierose@y oftpartiglsstheldinidteatsiics ed

;JRti | ?ltl Sl?ﬂvk@effﬁé@!lﬁa@éd. \tflﬁaiti@l{sﬁﬁﬁwrlq/d-betpdﬁihﬁéye%r?/@m%thslaldw{r%u &\ﬁﬁlgter
ereafter injected.,n e. cero e . 6%.w/ W) . sol ution..under

Stireing. | THORERGHS 120 e G e han gumbe] mgh RHE R LETER SBREE DN was

1: 8. 7. The iguiolSOsoh.uFignresvieadribprogenisziele2ransmissioarttctiroe micographt r at ed by

tangent i al feye)elahiAlbal plOS:GORGENKA2 s PO FibNER REgEgFsed 4

times through a)horm nizer: e resulting p urt’her concentrated
by tangent i alarg¢roontiol the image dromoFighe 2.i nal bat ch vol une and .
gentitabi ne-5' -el ai date concentration of 35 ng/nL. The residual ethanol was

then renoved through a washi.ng step by diafiltratjon, the final product was
sterile fil térfg’&“& ufl?a}lwaéea%agﬁnaﬁg,y lwa@@em@# 191 the aeféve Sgh&ag‘@atreg € The
measur ed D(mlXind vifh) theorlipidexohpicits. WBsamplds o thEhweniBgs igedth 4dra\pelyagss,
intensity bas articl i s 4 EXAVPLE 3. et abine-5' -.

it dr ¢ e BRpRR, ChbeRydeS MO8 s dllen ARG tigs, ST ol BRORGP adias
phosphat i dydrgamyeer morgaBRG) at the nolar ratios of 13.5:25:1, resulting in

an active agent to lipid ratio of 1:1.9, were added to ethanol in a weight

ratio of 1:0.7. The m xture was stirred until all solid materjal was
di ssol ved. Theneanopprislss ofgheitfingh pharaacenticah perapositigns acegithen diposapac-like,

%lhycer ol {] V\ﬂheiniﬁgzv?%d!{]%o]éﬁﬂddtﬂy%hokﬁﬁ&@' idﬁlﬁiﬂylyr,umhlfceﬂér}li%,_cﬁt am@meaml 'ozxgr.
evvmgtrt|o et na ol yti.on to.the C . S uti on was. 1: .
The homagerfpsit i riteny Seed RlithliShniey be ol Fimaf ok B Rindidin,

t hese oper girpuded tlioddes nanspadihtbe Isigrike §bénabilioy ofitte ik celutipat Bk particle
tangential £]o ] | t : 8558

times thr ousfglg%3 %hﬁ%ﬁ%é@ﬂ g’@?‘?e@ﬁ% crlaglg g?? ?Iﬁgg g?%'g‘&é‘? &I\l/)\gé ulrlgl&gr% con ea#ta rat ed
by tangent i &Presseshing Yqlupabpesd digmetse uRithaRy H5tie 1 pBgufe2 drgm to 220 nm. In

genci t abi neme’ efibaiifhhe thOPRRMJ aizk Adlsteibudén IDmidnombael besitkblakebhanel was
then removeg sl hohdiind SRR Yo"t SPoiWeen Toriin aid F3Giom-Tn anomier embodiment < -/
the particle size distribution is bimodal and has 2 distributions, one 2.5nm-30nm and the
second 30-220nm. In yet another embodiment, the particle size distribution is
multimodal and the distributions have averages between 2.5 nm and 220 nm. In one
preferred but not limiting embodiment, the particle size distribution of the final
pharmaceutical composition is bimodal, where the main particle fraction has an average
size of 2.5-25nm, and the second minor particle fraction has an average particle size of
40-120nm. All intermediate particle size values between 2.5 and 220nm are covered by
this invention. Alternative measurement techniques or expression units may result in
small changes in the absolute ranges described above, however the measured particle

sizes are consistently less than 200 nm in diameter.

7. Dosing

The pharmaceutical compositions of this invention are useful in treating a wide variety

of cancers and specifically including metastatic pancreatic cancer, non-metastatic



diafiltration and the final product was sterile filtered. The batch showed
a bi nodal volune particle size distribution; the main fraction (99.9% had
a size ofw@.2011/p30and the other fraction (0.1% a nean CINQP10ABO4IM The
nmeasured Z-average intensity based patsticle size was 61 nm EXAMPLE 4
Gencti t abi ne-5el ai dic acid ester, egg phosphati dyl choline (EPC) and egg
phosphati dyl gl ycerol (EPG at the nolar ratios of 13.5:25:1, resulting in
an active agent to lipid ratio of 1:1.9, were added to ethanol in a weight
ratio of 1:2.5. The mixture was stirred until all solid material was

di ssol ved. an-Efb%tl@Uﬂﬁ@P Imetdattcl 1RBastBncEH) Bb LA dtRkatictr Ot @ﬂlcwh@n SR8l cell
gl ycerol/ er (2.6% w V\% sol ution i mredi at el%/ Est ream of a rrggenl zer.
) hra

The wei ght PMI8FCERCEE WEHBNHEANCEL PYATI AT FAPEF L $E8VIG ' PrQ%IP‘i‘}t‘%aB‘fFrvSa ay. 2. 2.
The honopgenirae cawas head hndzegtkicandeo} Igmiphamas) any: e&dmeammdﬂ tﬁ:slsee sdrg@masnder

t hese oper a’i‘frlmlg-ﬁnkmggelﬁﬁl %ﬁ%ﬂﬁ)ostﬁ npa§r alfsoso ldé%:él QQmV\’ﬁgthQJa gnngomz%tp%s

t hrough a ho was conce angentl al
flow filtravitbathepapmeved Qreﬂprlamewab@hmh%rnmegenm t abi ne 5' -el ai dat e
concentration of 35 ng/nL. The bul k solution was then processed an

addi ti onal times through a honogeni zer. The resjidual ethanol was then
renmoved t hr esen{HWRRERN ROXIGeh ) Pharmraceyticat qamposHiendelined asaforssydfet was

sterile filiiseneédeatiieat bdaabers haladattidalAid@aimendbLiie cpideld BiRakdaBove.
distribution; the main fraction (99.9% had a size of 2.9 nm and the other
fraction (0. lo/c) a nmean size of 42 nm The neasured Z-average |nten5|ty
based par t i Eheepreferned asing ScheduleEaivRaFerd uSadminisititine 1561 58i mig/m’ azicd est er

egg phOSph%&éﬂ Fd?%ilg?or(ﬂ? s%ﬂgopﬂ%e%o%%ﬁdtﬁzyd%lﬁg%Ek@dufe 'ﬁﬁz\{li%t the

nol ar rati os of resulting in an actlveisg rati o of
1:1.9, wer e2PRERPSKtG f9T &fq%f angef tEPeRePigMben gamctabme elaidatqisaishd 7t ur e vas

stirred untddn @hbnsﬁﬂhl(ﬂhéf&h@ﬁp@ltlc\ﬁg&tﬁl ssol ved. The et hanol sol ution was
thereafter i nj ected into the glycerol/water (2.6%ww) solution inmediately

upstream of a honogeni zer. The weight ratio of ethanol solution to the
gl ycerol solution was 1:3. The honogeni zer was utilized to both m x and

roduce bart1 ol GeShASHIIAE i3S, ARATALAARA o RRHLL bODRmTE Bl KAt on

was processe hr o onogeni ser

concent r at edie B?IYtnaW@éml?edlllu?tF%WefdndtSliwdeﬂQﬁll?etC@n%l%ed ﬂﬂqlamltmmh vol ume and
genti t abi ne-5' -el ai date concentration of 35 ng/nL. The bul k sol ution was
then processed an additional 6 tinmes through a honogeni zer. The resi dual
et hanol was then renoved t hrough a washing step by WO

2011/ 062503PCT/ NO2010/ 000417 18 EXAMPLES

EXAMPLE 1

Gemcitabine-5’- elaidic acid ester, egg phosphatidylcholine (EPC) and egg
phosphatidylglycerol (EPG) at the molar ratios of 5.8:25:1, resulting in an active agent
to lipid ratio of 1:4.4, were added to ethanol in a weight ratio of 1:7.2. The mixture was
stirred under heating up to 50°C until all solid material was dissolved.

The ethanol solution was thereafter injected into the glycerol/water (2.6% w/w)
solution at 250 ml/min under stirring. The weight ratio of ethanol solution to the
glycerol solution was 1:7.6. The bulk solution was concentrated by tangential flow
filtration, and the concentrated bulk was processed 6 times through a homogeniser at
15-20°C. The resulting product was further concentrated by tangential flow filtration to
the final batch volume of 20L and final gemcitabine-5’-elaidate concentration of
15 mg/mL. The residual ethanol was then removed through a washing step by
diafiltration, the final product was sterile filtered and aseptically filled in sterile vials,
purged with nitrogen and sealed. The vials were stored at 2-8°C protected from light,

and the stability of the batch was monitored up to 38 months. During the course of this



diafiltration and the final product was sterile filtered. The batch showed
a bi nodal volune particle size distribution; the main fraction (99.9% had
a size ofw@.201vG6p303and t he other fraction (0.1% a neanPETANO20f0/Ma41im The
nmeasured Z-average intensity based paléticle size was 14 nm EXAVPLE 6

Gentitabine-5 - elaidic acid ester, egg phosphatidyl choline (EPC) and egg
phosphati dyl gl ycerol (EPG at the nolar ratios of 15.4:25:1, resulting in
an active agent to lipid ratio of 1:1.7, were added to ethanol in a weight
ratio of 1:5.2. The mixture was stirred until all solid material was

di ssol ved. staﬂﬁlf‘y hb/ﬁ”ﬁ’é chH et iR Nh¥@dniche be abieltatifd-SCt élﬁ'ldic”héidté%?er was
gl ycerol / wat er

tion imediately upstr a h enj. zer.
The wei ght ?%%F{V&ﬁ %h%ﬁlﬁawmo B¢ mal%ﬁesrag%% @P%r%ﬂm%g}’ﬁ’ﬁ 845 e Ta agere,
The honopgend& gionWRsSThé bhtck ehowel Hoimmodil paaitit sieddisaibnadh; atee ﬁlmmtumﬁer ]
t hese operatio d The bul k ug i S Loroug
a honogeni Z%Plnnﬁ%ftlﬁﬁzgé 1(7:622%% ra dmby ﬂ?gingehg aﬁ@fqﬂ%&? CF?H é n&eag
genti t abi nesi& o€(6Qi wtat eAt direc tinter off menufattuniog rth¢ M..ag) foesthlduabdleit Fey rvod's

removed vi apdiatdd Brb@tl'l%h ai'f@%qebﬂ'akexﬁgé Whi RRBadRS biRU7Rfpcessed an

additional 4 tines through honmogeni Zer and sterile filtered and filled in
vials, purged with nitrogen and seal ed The neasured D(vOl 0 99) for the

bat ch was 9gXAMPLEmE neasured Z-average intensity based particle size was
33 nm EXAMP ne-5'- elaidic agid,e I, 299

Shosphat 1 dyl CRBFIHIT PO 8ty SRSCoitse: BPUGEIHIREnGPSl ¥ 5881 ar
rati os of Zgﬂlozpmdjdglyoem] I(EP@ati the anvlargttioseofabfeh25 tlordsilping im an aaivefagintl. 1,
vere added s RAROT {192 w0R Afed 18k ink: Weih G JF X6 Ui AGuRLIA e

until all soli'd materi a di ssol ve anol sol ution was
t her eaf t er §tifjed amnBball salisl maferig)| wasedissolvgdt er (2. 6% w/ w) sol ution i mediately

upstream of @h@fém%%ﬂlsélﬁhon T WRirGikr nfkéted QBterH&aQBker%leld{equa 6'(/9 WAS
gl ycerol sol Ettl on i ze bo F . m x and

. onn
e bar S s tndee stiRe. Throug s ARa ol bRaToL B REPE 6 HE Elydreo gl ioBgt a5t 1 o
was passed B8 as bulkroiglonavdsdiomgeehized 2aimdest ehﬂrthemnme:amrata@dybgngentlal

tangenti al ﬁé&wﬁa{a'u’b{xaﬁ‘h%n cB&eﬂtrQ@H‘:bﬁlﬁbw} ﬁ}e Pdcgééihgog&]%gt{hﬁfd@ﬁ” of 60

ng/ mL and resid V|ada Ion i 6n was
t hen steri |oniqdenigeedThn desulting droducy i witss fuxﬁmrgwcvmtraiednbtyr dpeantz dflewal ed.

The neasur eglirdrigy abagR KnbIeBatch YvdiasedaRer, hﬁit@mﬁé@eelﬁﬁﬁué‘%oﬂé@mw&ﬁ 8
WO 2011/ 062503PCT/ 010/ 000417 19 Thernal anal ysis Diff rent| al

Scanni ng Cal~oPgilr yf he Dseifugl ethgeolr grasuthsh AOYES i AnW 15¢2P1 BYas
per f or ned tdiafleafiom, mhbhﬁna‘.ltlﬁ’ba@ﬁ waag s&:hﬂqormuatedt enime'ﬂlaﬁumevgfs tldnegqar ezﬁiuct.

It was shown that the f n tH was oba due t
super cool i nglt %e%deslgale elzherg g g %thetb?tc &)drsom b]%%
suggest ed tdvatagalryemtagm@inwrtsdicplwemaSﬂénmerature of 2-8C woul d not cause

melting or freezing of the phospholipids and hence woul d not pose any
negative |qgact dBEthe structure of the particles. i

Gemcitabine-5’- elaidic acid ester, egg phosphatidylcholine (EPC) and egg
phosphatidylglycerol (EPG) at the molar ratios of 13.5:25:1, resulting in an active agent
to lipid ratio of 1:1.9, were added to ethanol in a weight ratio of 1:0.7. The mixture was
stirred until all solid material was dissolved.

The ethanol solution was thereafter injected into the glycerol/water (2.6% w/w)
solution immediately upstream of a homdgenizer. The weight ratio of ethanol solution
to the glycerol solution was 1:5.3. The homogenizer was utilized to both mix and reduce
particle size under these operational conditions. The bulk solution was concentrated by
tangential flow filtration, and the concentrated bulk was processed 12 times through a
homogeniser. The resulting product was further concentrated by tangential flow
filtration to the final batch volume and gemcitabine-5’-elaidate concentration of
35 mg/mL. The residual ethanol was then removed through a washing step by



Stability studi es have been conducted on drug product batches manufactured
using the procedure described in Exanple 1 under storage conditions of

2- 8C/ anbi WORORM6E®S up to 38 nonths, and under storage ®ERMNQ2THOHTT

25C/ 60% RH for up to 9 nonths. The reSults fromthose studi es denonstrate
product consistency under the stated storage conditions for the eval uated
intervals. Stability studies have been conducted on drug product batches
manuf act ured using the procedure described in Exanple 2 and 6 under storage
conditions of 2-8C/ anmbient RH for up to 6 nonths, and under storage

condi tions &lﬁﬁﬂr@%ﬁoarﬁiﬂlﬂeffﬁ{al lﬂ?oddét Gvagidrile - ﬁlf@?@d r’ﬁﬁ“i)ﬁt@h shewed Rosigoakudi es
denpnstrate product

onS|st W th respect. to |ne5-ela|date
content and” WFlp@pép(fes size d lophg’es'fl%ﬂf’efg“é‘f’ﬁr@g§% didia sighef $-3mmppand
eval uat ed itht ethealfmcnd‘do(mma):i pichAatize of WARmOhae meashreddeivetage irdexssity ibasd

storage con 'ﬁélggge“ﬁé@? Gentitabine-5 - elaidic acid ester, egg
phosphat i dyf choline ) and egg phosphatidyl gl ycerol (EPG at the nolar

ratios of 5.9:25:1, resulting in an active agent to lipid ratio of 1:1.4.5,
were added pRAQMPRRY in a weight ratio of 1:14. The mixture was stirred
until all solid material 3 di ssol ved. This_sol ution was i njaect ed into
acet at e/ sucr S€Bchehipes piglaidis @gidn gsier.c s8er hrahatidylehddinge (FRC: candoresgevi ce

?nd Ithe susmte,@pmlrdymemmsp?p aethe ehol 4 rhties c{iﬂ mab:28dl, kEelting 1ﬂgﬂﬁctﬁeja§flrﬁ1f9/ n
i nal concentra ncita a i C. e i na e
buf fer was SHEPAGE lotog 19?51:‘8?& %&%‘fté)reﬂ?n@/’w Welg?‘ﬁéa%ﬁa(ﬁl]l %P Thg I?B‘ué‘%é Y&i s
bat ch was O9irmerhufifil d\l/mlabe)lteamldvqs(m;sdl\sperm ty index was 0.24. Another
bat ch was mafyf aeti6Pd @goﬁ S T AAE | tea%{% A% &%ﬂgg&&{?@wa&?;g% LDk

| i pi ds and the rug eepl e rest
const ant . TIEUORIfRG tglwzwsmam I*?if§ lwatqgﬁmms Thg waightzake éf Stjlél)IOIaﬁ@Blthﬁe

pol ydi sper SthtIYe slpeay] dldion Wis 1:3. 2a$§@1|i@§%géﬂ%r Wae uﬁﬁiéd' 16 b8fh thik HAtBdRRL ches

had | t t Bot h h 06250 / NO2010/ 000417 20
here stor eIl sHE UT 4iEaF PRBRUEToHpNCORS: e SR SpIHORCHS BOgEStba ned
unchanged itmesatheowgh & HenfizenisératTtle, resvliihg prdducbatas rnoméﬂnra&mlabﬂr @4ngentidli cl e
si ze s hOWEdﬂd%v tﬁl % todfhﬁhfgr{alg 'ﬂ%fcﬁ o dnqeg hﬁ%g&glt%}eaggélg { ! go%cgl}traklon of

particles). tlon ches s de ra

genci t abi néﬁsng/rlelp aThﬁ bullc selutien eyasather rprocasendt e add)cmpalr édimes threugl iani cal

bat ches explogidpesizbn epRMRERUAL ethBhdl W& ména%énmeasthmﬁ%ﬂ Wa@hlhgsstté}p'b?
EXAMPLE 10 article forriaa |on W t hout the use of pgos hol i pi dS was hot
successf ul .Jiddfretien and dBe fna| progugt was gtegds fltergds The Safeh, heved abwapddl in a
wei ght rat ivelahe paidle siaedBirbutive; thasnah iffacoh (O%.9%) ahd asdlel f 20t iaad was
di ssol ved. e other fraction (0.1%) a mean size of 42 nm. The measured Z-average intensity based

particle size was 15 nm.

EXAMPLE 5

Gemcitabine-5’- elaidic acid ester, egg phosphatidylcholine (EPC) and egg
phosphatidylglycerol (EPG) at the molar ratios of 13.5:25:1, resulting in an active agent
to lipid ratio of 1:1.9, were added to ethanol in a weight ratio of 1:1.5. The mixture was
stirred until all solid material was dissolved.

The ethanol solution was thereafter injected into the glycerol/water (2.6% w/w)
solution immediately upstream of a homogenizer. The weight ratio of ethanol solution
to the glycerol solution was 1:3. The homogenizer was utilized to both mix and reduce
particle size under these operational conditions. The bulk solution was processed 3
times through a homogeniser. The resulting product was concentrated by tangential
flow filtration to the final batch volume and gemcitabine-5’-elaidate concentration of
35 mg/mL. The bulk solution was then processed an additional 6 times through a
homogenizer. The residual ethanol was then removed through a washing step by



The et hanol solution was thereafter injected into a water for injection
solution with vigorous m xing. The weight ratio of ethanol solution to the
gl ycer ol WOl20tl/wesdas 1: 12. The m xture appeared to conP&IN20NGI004KEr at es
as determ ned by visual inspection. AStenpts at honpgeni zation were
unsuccessful indicating that gentitabine-5"-elaidate was not capabl e of
formng stable particles in the absence of phospholipids. EXAMPLE 11

M xed mcellar fornulations with phospholipids and non-ionic surfactants
were not successful in preparation of high drug Ioad fornulations. M xed

mcel l es wepgnRF-EBA A Me i radulzt Weds O rilk 8ﬁlte9e@fnﬁ99athmhww a THRRAaR0

for a final concentration of %0 /mL dj ssol ved ! Atte tstoload
the m xed nmlémrsé@n\mwzaéh%mblawmnélesma@faacaapé% 8@11&6@ §iF¢ AR, and

concentrati th@%tlibfr fla€86n (ONEA) & ni¥en Bize oBUP S, THE heBsRéd LhRefige imeisiytbased
conponent mnﬂg @ Ch0|l acid resulted in maxi mal gentitabine-5 -elaidate
concentrati® ﬁ MM-EXAMPLE 12 Li posonal formul ations with egg

l ecithin and oleic aC|d were not successful in preparation of high drug
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EXAMPLE 7

Gemcitabine-5’- elaidic acid ester, egg phosphatidylcholine (EPC) and egg
phosphatidylglycerol (EPG) at the molar ratios of 23.2:25:1, resulting in an active agent
to lipid ratio of 1:1.1, were added to ethanol in a weight ratio of 1:5.2. The mixture was
stirred until all solid material was dissolved.

The ethanol solution was thereafter injected into the glycerol/water (2.6% w/w)
solution immediately upstream of a homogenizer. The weight ratio of ethanol solution
to the glycerol solution was 1:8.5. The homogenizer was utilized to both mix and reduce
particle size under these operational conditions. The bulk solution was passed 6 times
through a homogenizer and then concentrated by tangential flow filtration to a
gemcitabine-5’-elaidate concentration of 60 mg/mL and residual ethanol removed via
diafiltration. The bulk solution was then sterile filtered and filled in vials, purged with

nitrogen and sealed. The measured Z-average intensity based particle size was 44 nm.

EXAMPLE 8



OH Forrmula Il El acytarabine concentration Lipids 30 ng/nmL 20 ng/nL 15
nmg/ mL 10 ng/ nmL Egg PC/ egg PG Precipitation during solvent injection
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Thermal analysis by Differential Scanning Calorimetry (DSC) of the formulation
described in Example 1 was performed to confirm the storage and shipment temperature
of the product. It was shown that the feezing point was low at -22°C, probably due to
supercooling of water. The melting point was at approximately -3°C. This suggested
that a storage and shipment temperature of 2-8°C would not cause melting or freezing
of the phospholipids and hence would not pose any negative impact on the structure of

the particles.

Stability studies have been conducted on drug product batches manufactured using the
procedure described in Example 1 under storage conditions of 2-8°C/ambient RH for up
to 38 months, and under storage conditions of 25°C/60% RH for up to 9 months. The
results from those studies demonstrate product consistency under the stated storage

conditions for the evaluated intervals.

Stability studies have been conducted on drug product batches manufactured using the
procedure described in Example 2 and 6 under storage conditions of 2-8°C/ambient RH
for up to 6 months, and under storage conditions of 25°C/60% RH for up to 6 months.
The results from those studies demonstrate product consistency with respect to
gemcitabine-5’-elaidate content and particle size under the stated storage conditions for
the evaluated intervals. No precipitation was observed under the described storage

conditions.

EXAMPLE 9

Gemcitabine-5’- elaidic acid ester, egg phosphatidylcholine (EPC) and egg
phosphatidylglycerol (EPG) at the molar ratios of 5.9:25:1, resulting in an active agent
to lipid ratio of 1:1.4.5, were added to ethanol in a weight ratio of 1:14. The mixture
was stirred until all solid material was dissolved. This solution was injected into
acetate/sucrose buffer pH 5.0 using a controlled pore size injection device and the
suspension was concentrated to the final volume to give a 15 mg/ml final concentration
of gemcitabine-5’- elaidic acid ester . Finally the buffer was changed to glycerol/water
2.6% w/w. The particle size of this batch was 92 nm (Z-average) and polydispersity
index was 0.24.

Another batch was manufactured by reducing the starting concentrations of the lipids
and the drug by 20%, while keeping the rest of the parameters constant. The particle
size of this batch was 53 nm (Z-average) and the polydispersity index 0.27.

It is assumed that the particles in both batches had liposomal structure. Both batches
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EXAMPLE 10

Particle formation without the use of phospholipids was not successful. Gemcitabine-
5’- elaidic acid ester was dissolved in ethanol in a weight ratio of 1:24. The mixture was
stirred until all solid material was dissolved.
The ethanol solution was thereafter injected into a water for injection solution with
vigorous mixing. The weight ratio of ethanol solution to the glycerol solution was 1:12.
The mixture appeared to contain conglomerates as determined by visual inspection.
Attempts at homogenization were unsuccessful indicating that gemcitabine-5’-elaidate

was not capable of forming stable particles in the absence of phospholipids.

EXAMPLE 11

Mixed micellar formulations with phospholipids and non-ionic surfactants were not
successful in preparation of high drug load formulations. Mixed micelles were prepared
using a 1:1 weight ratio of egg lecithin:Tween 20 for a final concentration of 50 mg/mL
dissolved solids. Attempts to load the mixed micelles with gemcitabine-5’-¢elaidate
resulted in maximal concentrations of less than 5 mg/mL. Substitution of the surfactant
component with glycholic acid resulted in maximal gemcitabine-5’-elaidate

concentrations of 2 mg/mL.

EXAMPLE 12

Liposomal formulations with egg lecithin and oleic acid were not successful in
preparation of high drug load formulations. Liposomes were prepared by means of
dissolution of gemcitabine-5’-elaidate, egg lecithin, and oleic acid in a molar ratio of
1:14.4:2 in ethanol. The solvent was evaporated and the residual solids dispersed into
2.6% glycerol in water using an Ultraturrax followed by high pressure homogenization.
Stable formulations could be achieved up to 3 mg/mL gemcitabine-5’-elaidate.
Formulations with higher concentrations of gemcitabine-5’-elaidate were found to

contain undissolved solids.
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salt thereo active Ingredie eln the active ingredient iIs
prepared i nFomla gdhhwpausedris @oieqdsinagel substance. This model substance contains the

same 5’-elaidic acid ester moiety as found in Formula (I) (R1=R3=H, R2=elaidate), and
the same cytosine nucleoside ring system. The minor difference between the
compounds described in Formulat (I) and Formula (II) is the substitution at the 2’
position of the ribose ring for Formulat (I) contains geminal fluorines, while Formula
(II) contains H and OH.

|
WWO o5, N
. H

o]

OH
Formula I
Elacytarabine concentration
Lipids 30 mg/mL 20 mg/mL 15 mg/mL 10 mg/mL
Egg PC/ | Precipitation Precipitation during | Final content Final content 8§ mg/ml.
egg PG during solvent homogenisation 12 mg/ml Large lipid
injection Precipitation agglomerates seen after
observed upon filtration, Particle size
storage at 2-8°C (Z-.avg) 97 nm

Using consistent phospholipids and manufacturing techniques, formulations in which
Formula II compound was included in excess of 20 mg/mL resulted in precipitation
during processing. At target concentrations of Formula II compound of less than
15 mg/mL it was possible to prepare formulations, however these same formulations
were found to be unstable during storage with respect to precipitation and
agglomeration. It is concluded that the Formula I compound provides unexpectedly
unique attributes of high loading and stability to the described lipid based formulations.

EXAMPLE 1
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Gemcitabine-5’- elaidic acid ester was detected in plasma up to 24 hrs post-dosing.
AUC for gemcitabine (dFdC) exposure was significantly higher than reported when
gemcitabine was administered intravenousely at comparable dose levels. Urinary
excretion of the main metabolite, dFdU, during the first 24 hrs was 48-71% of the dose.



9. A pharmaceutical conposition conprising a gentitabine derivative of
formula I: NHRI WD 2011/ 062503PCT/ NO2010/ 000417 25 wherein RL and R3 are
hydr ogen WOQR0RM62H3a C18- or C20- saturated and nonouns&CHME20T/@E417 gr oup,
or a pharmaceutical acceptable salt tXereof as the active ingredient;
wherein the active ingredient is prepared into a formulation conpri sing:

a) a solubilizer phospholipid selected fromthe group consisting of
phosphati dyl chol i ne, phosphati dyl gl ycerol, phosphati dyl et hanol am ne,
phosphatidyl i nositol, phosphatidyl serine, phosphatidic acid,
Iysophosphthgﬁgs, sphi ngonyel in and cardiolipin in any form including
salted or ed, hydrogenated or partially hydrogenated, natural,

sem synthetic or synthetic; b) a co-solubilizer selected fromthe
group consigti nga phashiRe@esd] BRSRRMN Pnthtising a gemci@bind et $Rveif Forinulagent
and; wherein the active ingredient to phospholipid nolar ratio is between
1:5to 1:1 and the formul ati on has an average D(0l) particle size ranging

between 2.5 - 30 nmfor use as a nedi canent.
NHR,

N (
o4§i\\w
R,0
0
F
F
R,0
)

wherein R; and R; are hydrogen and R; is a C,3- or Cy- saturated and monounsaturated
acyl group, or a pharmaceutical acceptable salt thereof as the active ingredient;
wherein the active ingredient is prepared into a formulation comprising:

a) a solubilizer phospholipid selected from the group consisting of
phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine,
phosphatidylinositol, phosphatidylserine, phosphatidic acid, lysophospholipids,
sphingomyelin and cardiolipin in any form, including salted or desalted, hydrogenated
or partially hydrogenated, natural, semisynthetic or synthetic;

b) a co-solubilizer selected from the group consisting of charged phospholipids;.
and

¢) an isotonicity agent;
wherein the active ingredient to phospholipid molar ratio is between 1:5 to 1:1 and the

formulation has an average Dy, particle size ranging between 2.5 — 30 nm.

2. The pharmaceutical composition of claim 1 wherein the active ingredient is

gemcitabine-5’- elaidic acid ester.



10. The pharnmaceutical conposition of claim9, wherein the active
ingredient is genctitabine-5 - elaidic acid ester. 11. The pharnaceuti cal
conposi t dNOa@P11d16230m 9, wherein the active ingredi ent toPERANAW/GPIIE nol ar
ratio is between 1:5 to 1:2. 12. A pHarmaceutical conposition conprising a

genctitabine derivative of formula I: NHR (1) WO
2011/ 062503PCT/ NO2010/ 000417 26 wherein the active ingredient is prepared
into a formul ati on conpri si ng: a) a phospholipid solubilizer selected

fromthe group consisting of phosphati dyl chol i ne, phosphatidyl gl ycerol,

hosphat i d
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form incl u@mizy%ma@aalophmg ipidy, qws@ofg@ﬁ e ege qramprisig ¢ RYdiEgEHat ed,

nat ur al , Se[};ﬂo%mm]ﬁlﬁdwgwgﬁs ﬁylﬂfalpﬁ{tlh@pH range oft9- ga co- sol ubilizer selected
fromt he group consi sting of charged phospholi pids; and

4. The pharmaceutical composition of claim 1, wherein the solubilizer phospholipid

comprises purified phosphatidylcholine derived from hen egeg.

5. The pharmaceutical composition of claim 1, wherein the co-solubilizer is hen egg

phosphatidylglycerol.

6. The pharmaceutical composition according to claim 1, wherein the isotonic agent is

glycerol.

7. The pharmaceutical composition according to claim 1, wherein the active ingredient
is gemcitabine-5’- elaidic acid ester, the solubilizer is phosphatidylcholine, the co-
solubilizer is phosphatidylglycerol, and the isotonicity agent is glycerol.

8. The pharmaceutical composition according to claim 1, wherein the active ingredient

to phospholipid molar ratio is between 1:5 to 1:2.

9. A pharmaceutical composition comprising a gemcitabine derivative of formula I:
NHR,
N ‘
0/]\1\1
R,0
0]
F
F
RO

@



C) an isotonicity agent; wherein the active ingredient to phospholipid
nolar ratio is between 1:5 to 1:1 and the fornul ati on has an average D(0l)
particl e Wp2e1vmp®dng between 2.5 - 30 nm for use in tPERNARAL/WOH41Gancer
13. The pharnmaceutical conposition ac®ording to claim 12, wherein the
active ingredient is gentitabine-5 -elaidic ester. 14. The pharnaceuti cal
conposition according to claim12 ,wherein the active ingredient to
phospholipid nolar ratio is between 1:5 to 1:2. 15. The pharmaceuti cal
conposi tion according to claim12, wherein the cancer is selected fromthe
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wherein the active ingredient to phospholipid molar ratio is between 1:5 to 1:1 and the
formulation has an average D, particle size ranging between 2.5 — 30 nm for use as a

medicament.

10. The pharmaceutical composition of claim 9, wherein the active ingredient is

gemcitabine-5’- elaidic acid ester.

11. The pharmaceutical compositon of claim 9, wherein the active ingredient to

phospholipid molar ratio is between 1:5 to 1:2.

12. A pharmaceutical composition comprising a gemcitabine derivative of formula I:

NHR,

N I

02\N
R,0
0
F
F
R,0

D

wherein R; and Rj are hydrogen and R; is a C;g- or Cy- saturated and monounsaturated
acyl group, or a pharmaceutical acceptable salt thereof as the active ingredient;



27 18. The met hod according to claim 17, wherein the water-mscible
organic solvent is selected fromthe group of ethanol, acetone,

acet oni t rwpegotidiea®shyl f or mam de, et hyl ene gl ycol, gl yceP6Il/NOta@nal7,
1- propanol , 2-propanol or DMSO. 19. 2phe nethod according to claim 17,
wherein the water-m sci ble solvent of step a) is ethanol.

wherein the active ingredient is prepared into a formulation comprising:

a) a phospholipid solubilizer selected from the group consisting of
phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine,
phosphatidylinositol, phosphatidylserine, phosphatidic acid, lysophospholipids,
sphingomyelin and cardiolipin in any form, including salted or desalted, hydrogenated
or partially hydrogenated, natural, semisynthetic or synthetic;

b) a co-solubilizer selected from the group consisting of charged phospholipids;
and

¢) an isotonicity agent;
wherein the active ingredient to phospholipid molar ratio is between 1:5 to 1:1 and the
formulation has an average Dy, particle size ranging between 2.5 — 30 nm, for use in

treatment of cancer.

13. The pharmaceutical composition according to claim 12, wherein the active

ingredient is gemcitabine-5’-elaidic ester.

14. The pharmaceutical composition according to claim 12 ,wherein the active

ingredient to phospholipid molar ratio is between 1:5 to 1:2.

15. The pharmaceutical composition according to claim 12, wherein the cancer is
selected from the group consisting of metastatic pancreatic cancer, non-metastatic
pancreatic cancer, metastatic breast cancer, non-metastatic breast cancer, non-small cell
lung cancer, uterine cancer, ovarian cancer, cervical cancer, prostate cancer, biliary tract

cancer, head and neck cancer, lymphomas, myelomas, and soft tissue sarcomas.

16. The pharmaceutical composition according to claim 12 or 15, which further

comprises a combination with other approved or experimental cancer therapies.

17. A method of preparation of the pharmaceutical composition according to claim 1,
comprising the steps of:

a) dissolving the phospholipids and the gemcitabine derivative of formula (I) in
a suitable water-miscible organic solvent;

b) injecting the organic solution obtained in step a) into an aqueous solution
whereupon the lipid nanoparticles are formed;

c) subjecting the intermediate bulk solution obtained in step b) to

homogenization and removal of the organic solvent.
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18. The method according to claim 17, wherein the water-miscible organic solvent is

selected from the group of ethanol, acetone, acetonitrile, dimethylformamide, ethylene

glycol, glycerol, methanol, 1-propanol, 2-propanol or DMSO.

19. The method according to claim 17, wherein the water-miscible solvent of step a) is

ethanol.



