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NANOPARTICLES CONTAINING A TANANE AND THEIR USE

FIELD

FO001] The present disclosure relates to a surface-modified branched polymer
(MBP) or a Hiear polvmer, which can either be a surface-modified synumetrically
branched polymer {SBPFY; a surface-modified asynunetrically branched polviner
{ABP); or a Iinear polyvmer with at least one chan end modified with a hydrophobie
group, which on exposure to a water msoluble or poorly water soluble taxane forms a
composite nanoparticle or nancaggregate, wherein the drug s dispersed or deposited
at or near hyvdrophobic domaing, such as, at the swiace or at siructures where
hyvdrophobic portions, segments or sites are Jocated. The particles or aggregates of
interest are stable, for example, can be desiceated and rehydrated. The nanoparticles
of pancaggregates can range from about 20 nm to about 300 am in diameter,
Hydrophobic, electrostatic, metal-ligand interactions, hvdrogen bonding and other
molecular interactions may be involved it the spontaneous interactions between the
water insoluble or poorly water soluble taxane and the homopolymer to form
aggregates. The particles or aggregates of interest have a controlled release profile
and thus find utility, for example, as a carrier for the controlled release of a taxane in
4 host for tregting g suntable disorder; and the hike. For example, the present
disclosure relates to the use of such polymers for the in vivo delivery of a taxane, such
as, pacitarel and dertvatives thereo! with kower toxicity, improved solubility, greater

biogvailability and enhanced efficacy in treating cancers,

BACKGROUND

Symmetrically Branched Polymers

FO002] A new class of polymers called dendritic polymers, including Starburst
dendriners {or Dense Star polvmers) and Combburst dendrigrafls (or hyper
comb-branched polynmers), recently was developed and stadied for vartous industrial
applications. Those polvmers often possess: (a) a well-defined core molecule, (b) at
lzast two concentric dendrtic lavers (generations) with symmetrical (equal length)
branches and branch junctures and {¢) exterior sarface groups, such as,
pobvanudoamine {(PAMAM)-based branched polymers and dendrimers deseribed in

ULS. Pat. Nos. 4,435 548; 4,507 466; 4 568,737, 4,387 329; 5,338,832, 5,527 524; and
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5714166, Other examples inchide polyethylenemnine (PED dendrimers, such as
those disclosed in LS. Pat. No. 4,631.337; polypropyvleneimine (PP} dendrimers,
such as those disclosed i ULS. Pat. Nos. 5,330.092; 5610268 and 5.698.662;
Frechet-type polvether and polvester dendeimers, cove shell tectodendrimers and
others, as desenbed, for example, i, “Dendritic Molecules,” edited by Newkome

et al., VCH Weinheim, 1996, “Denduimers and Other Dendritic Polymers,” edited by
Frechel & Tomalia, John Wiley & Sons, Lid,, 2001; and UL.S. Pat. No. 7,754 300

FO03 ] Combburst dendrigrafts are constracted with a core molecule and
concentric layers with syinmetrical branches through g stepwise synthetic method. In
contrast to dendrimers, Combburst dendrigrafts or polymers are genevated with
monodisperse hnear polymeric building blocks (U8, Pat. Nos. 3.773,527; 5631329
and 5,919,442}, Moveover, the branch pattem is different from that of dendrimers.
For example, Combburst dendrigrafis form branch junctures along the polymeric
backbones {chain branches), while Starburst dendrimers ofien branch at the {ermini
{terminal branches). Due to the hving polymertzation techimgues usad, the moleculay
weight distributions (MM, of those polvmers {core and branches) often are narrow.
Thus, Combburst dendrigralls produced through a graft-on-graft process are well
defined with Mw/M, ratios often approaching 1.

FOO04] SBPs, such as dendrimers, are prodoced predomnantly by repetitive
protecting and deprotecting procedures through etther a divergent or a convergent
sviithetic approach. Since dendrimers ulilize small moleculss as anlding blocks for
the cores and the branches, the molecular weight distribution of the dendrimers often
is defined. In the case of lower generations, a single molecular weight dendrimer
often is obtained. While dendrimers often utilize small molecule monomers as
silding blocks, dendrigrafts nse linear polvmers as bwlding blocks.

FO005T In addition {o dendrimers and dendrigrafts, other SBP’s mclude
svinmetrical styr-shaped or comb-shaped polymers, such as, svinmetrical star-shaped
or comb-shaped polyethyleneoxide {PEQ), polyethyleneglvenl (PEG), PEI, PPL
polvoxazoling (POX), polymethyloxaroline (PMOX), polvethyloxazoline {PEOX),

polystyrene, polymethylmethacrylate, polydimethylsiloxane or a combinghion thereof.

2
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Asymmetrically Branched Polymers

{0061 Linlike SBPs, asymmetrically branched polymers (ABP), particularly
asymmetrically branched dendrimers or regular ABP (reg-ABP), ofien possess a core,
controlied and well-defined asymmetrical (unequal length) branches and
asymmetrical branch jenctures as described in ULS, Pat. Nos. 4,289 872; 4,360,646,
and 4, 413,688,

FO00T] On the other hand, a random ABP (ran-ABP} possesses: 3) no core,
b} functional groups both at the exterior and in the intersor, o} randomy/variable branch
lengths and patterns {i.e., termint and chain branches), and d) unevenly distributed
interior vod spaces.

10008 The synthesis and mechanisms of ran-ABPs, such as those made from
PEL were reported by Jones et al. |}, Org. Chem, @, 1258 (1944}, Jones et al } O
Cheny. 30, 1994 (1965) and Dick et al., J. Macromol. Sci. Chem ., A4 (6}, 13011314,
{1970Y). Ran-ABP, such as those made of POX, i.e., polviZ-methyvioxazoling) and
polv(2-ethvloxazobing), was repotied by Lt {3 Macromol. 5S¢t Chem, AS(3),
703-727 {1975} and Warakomsks (. Polym. Sci. Polym. Chem. 28, 3551 {19903,
The synthesis of ran-ABP’s often can involve a one-pot divergent or a one-pot

convergeni method.

Homaopolymers

FOOUB] A homopolymer can relate 1o a polviner o to a polymer backbong
composed of the same repeat anit, that is, the homopolymer is generated from the
sante mononer {e.g., PEL lnear polyisers, POX hinegy polymers, PET dendnimers,
polvanudoaming (PAA) dendrimers or POX dendrigratis and randomly ranched
polymers). The mopomer can be a simple compound o a complex or an assemblage
of componnds where the assemblage or complex is the repeat unit in the
homopolvmer. Thus, 1f an assemblage ts composed of three compounds, A, Band ¢
the complex can be depicted as ABC. On the other hand, a polviner composed of
{ABCHABCHABC). s 8 bomopolyvmer for the purposes of the instant disclosure.
The homopolymer may be hingar or branched. Thus, in the case of a randomly
branched PEL, although there are branches of ditferent length and branches occur
randomly, that molecule 15 a homopolymer for the purposes of the instant disclosure
because that branched polyvimer s conposed of a single monomer, the cthyleneimine

3
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or azividine repeat unit. Also, one or more of the monomer or complex monomer
components can be modified, substituied, derivatized and so on, for example,
modified to carry a functional group. Such molecules are homopolymers for the
prposes of the instant disclosure as the backbone 15 composed of a single simple or

Ot {ﬂ X onomay.

Poorly Water Soluble Drugs: Taxanes

FO010] Paclitaxel is a water insoluble drug sold as Taxol” by Bristol-Myers
Squibb. Paclitaxel is derived from the Pacific Yew wree, Taxus brevifolia (Wan et al,
I Am. Chem. Soc. 93:2325, 1971, Taxanes, including paclitaxe! and docetaxel (also
sold as 'Taxm:er&:@)_., are wsed 1o treat various cancers, mclading, breast, ovarian and
lung cancers, as well as colon, and head and neck cancers, et

FO01 1} However, the poor agueons sohubility of paclitaxel has hampered the

N

widespread use thereof. Currently, Taxol™ and senerics thereof are formudated using
a 1:1 solution of ethanol:Cremaphor™ {polyvethvoxylated castor oil} to solubilize the
drag. The presence of Cremaphos™ bas been linked to severe hypersensitivity
reactions and consequantly requires medication of patients with corticosteroids {e.g.,
dexamethasone’ and antihistamines.

F00121 Alternatively, conjugated paclitaxel, for example, Abrmxane™, which is
produced by mixing paclitaxel with lnuman serom albunsin, has eliminated the need
for corticosieroids and antihistaming injections. However, Abraxang® generates
andesirable side effects, such as, severe cardiovascalar events, inchuding chest pain,
cardiac arrest, supraventricular tachycardia, edema, thrombesis, pulmonary
thrombosmbolism, pulmonary embeli, hypertensiorete., which prevents patients with

high cardiovascular risk from using the drag.

Delivery of Peorly Water Soluble Drugs

100131 Although branched polymers, including SBPs and ABPs, have besn
used for drug delivery, those attempls are focused primantdy on the chemical
attachment of the drug to the polymer, or physical encapsulation of such drugs in the
interior through unimelecalar encapsulation (U8, Pat. Nos. 3,773,527, 5,631,329
5919442 and 6,716,450},
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{0014} For example, dendrimers and dendrigrafls are believed to entrap
physically bioactive molecules using unimolecular encapsulation approaches, as
deseribed in ULS. Pat. Nos, 3 338,532; 53,527,324 and 5,714,166 for dense star
polvmers, and U8, Pat. No. 5,919,442 for hyper comb-branched polymers. Sumilarly,
the unimolecular encapsulation of various drugs vsing SBPs to fonm a, “dendrimer
box,” was reporied i Tomalia et al., Angew, Chem. Int. Bd. Engl,, 1990, 29, 138, and
in, “Dendrzmers and Other Dendritic Polymers,” edited by Frechet & Tomalia, John
Wiley & Sons, Lid,, 2001, pp. 387-424.

00151 Branched core shell polymers with a hydrophobic cove and a
hydrophulic shell may be used to entrap a poorly water soluble drug through
meolecular encapsulation. Randomiy branched and hvperbranched core shell
structures with a hydrophulic core and a hydrophobic shell have also been ased o
canty a drug through unimolecular encapsulation and pre~-formed nanomicelles (ULS.
Pat. No. 6,716,450 and Liu gf al., Biomaterials 2010, 10, 1334-1341) Howevsar, those
ginimolecular and pre-formed micelle structires are generated i the absence of a
drag.

(00161 In embodiments, block copolyvmers, such as, miktoann polymers (i.e.,
Y shaped AR -type star polvmers} and Buear { A -dendritic {B) block copolvmers,
were observed o forny glereccomplexes with pachiaxel {(Nederberg et al|
Biomacromolecules 2009, 10, 1460-1468 and Luo et al., Biocomjugate Chem. 2010,
21, 1216}, Those block copolvimers closely resemble iraditional lipid or AB-type
Iimear block copolvmers, which ave well known surfactants used for the generation of
nucelles.

F00171 However, such branched block copolvmers are difficult 1o make and
thus, are not suttable for mass production.

0018 There is no description of modifving branched or lnear homopolymers
with a hvdrophobic group, whuch on exposure to a poorly soluble or water msoluble
drug, spontaneousty form stable aggregates which are suitable for controlled drug

delivery.
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SUMMARY

{00191 In one aspect, the present disclosure s divecied 1o use of modified
branched polymers {MBP} or linear polvmers to incrzase the solubility of taxangs,
such as, pachitaxel, and derivatives thereof

100201 In another aspect of the disclosure, the asymmetrically branched
polymer {ABP) has either random or regular, asymmetrical branches. The random
ABP can also have a mixture of termunat and chain branching patterns.

(0021} In another aspect of the disclosure, both ABPs and SBPs can be
modified further with at least one molecule or group capable of forming additional
branches at 3 given time so that new material properties can be achieved, wheremn
additional functional groups further may be attached. Al of the modified polymers
can be defined as modified SBP's or ABP’s.

FO0221 In another aspect of the disclosure, the unmodified and modified
branched polymers gither can be produced by a divergent or a convergent method, and
either a siepwise or a one-siep synthelic process can be used.

FHI23] In another aspect of the disclosure, the SBP includes, but is not limied
to, PAA dendrimers; PEI dendrimers; PPl dendnimers; polyvether dendyvimars;
poivester dendeimers; comb-brancheddstar-branched polvirers, such as, PAA,
polyethylencoxide (PEO), polyethyleneglveol (PEG), PMOX, PEOX,
polymethvimethacrylate (PMA}, polystyrene, polybutadiene, polyisoprene and
polvdimethyisiloxane; comb-branched dendrigrafis, such as, PEQX, PMOX,
polvpropyloxazoline {PPOX), polvbutvloxazoline, PEL PAA; and so on

160241 In a further aspect of the disclosure, the SBP can have an interior vond
space, while the ABP can have unevenly distributed viid spaces,

(00251 In another aspect of the disclosare, a hybrid branched polymer
comprising the aforementioned SBPs, such as, dendrimers or dendrigrafis, and ABPs,
such as, regular and randomly branched polymers, as well as star-branched and
comb-branched polymiers, or combination thereof, alst can be used for the peneration
of said drug~-induced aggregates or naneparticles of inferest.

0261 In another aspect of the disclosure, the branched polvmers are
modified with functional groups, such as. but not {imited to, NH;, NHR, NR», NR;™,
COOR, COOH, COU, OH, CIOR, CUMNH;, C{OINHR or CHOINR,, wherein R can
be any aliphatic groap, aromatic group or combination theveof, an sliphatic group

6
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{e.g., a hvdrocarbon chain), which can be branched, can contain ong or more double
and/or triple bonds andfor may be substituted; an aromatic group, which may contaim
a plurality of rings, which may be fused or separated, the rings may be of varying size
andfor may contain substituents: perfiucrccarbon chains; saccharvides andfor
polysacchandes, which may be of varyving ring stzes, the rings may contain a
heteroatom, such as a sulfur or a niirogen atom, may be substituted. may contain more
than one species of saccharide, may be branched andior may be substituted;
polvethvlene glveols; and the like.

(00271 The molecular weight of the MBPs can range from about 500 1o over
5,000,004 from about 500 to about 1000 00 from about 1,000 to abont 500,000,
from about 2,001 to about 100,000,

FO0281 In another aspect of the disclosure, the surface of the $BP's and ABP's
1s modified so that the physical properties of the surface groups will be more
compatible with a taxane, thus making taxane more nusecible with the surface group
region, domain, postion or segment of the MBP’'s.

{291 In an embodiment, the modification of a branched polymer or & linear
polvmer at a chain end is with a hydrophobic functional group, such as, aliphatic
chains {e.g, hvdrocarbon chains compnising 1 o about 22 carbons, whether lnear or
branched), aromatic structures (e g. contatming one or more aromatic nngs, which
may be fused) or combinations thereof.

FOO30] Tn contrast to known drug vartiers, the branched or linear polymer
structures of the instant invention do not physically entrap taxane within each polvimer
molecule. Instead, g taxane either can be located at or dispersed i the
domainsregions comtaining functional groups of each branched or linear polvmer,

(00311 The resulting structures of interest optionally can be preserved, for
example, by lvophilization or other form of desiccation, which may farther stabilize
the stractures of interest, Once vedissolved in water or a buffer, nanoparticles with
stzes ranging from about 30 to about 304 nm in diameter can be obtainad.

{0321 The presence of multiple, ofien functionalized branches enables the
formation of inttamolecular and intermolecular crosslinks, which may stabilize the
taxane-containing nanoparticles. On dilution, said physical aggregate or nanoparticle

deconstructs releasing drag al a controlled vate.

~d
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100331 In another aspect of the disclosure, a mixture of linear and branched
polvmers also can be atilized o encapsulate a axane. At least one end group of said
linear andfor branched polymer is modified with a hydrophobic molsty or functional
group. A hvdrophobic molety or functional group can include, bl 15 not lmuled o,
hydrocarbon chains (e.g., containing 1-22 carbons with exther saturated or
non-saturated chemical bonds) and hydrophobic groups containing aratkyl, aromatic
tings, fluorocarbons efc,

{0034} In another aspect of the disclosure, the branched or hinear polymer can
comprise targeting moieties/groups inclading, but not limited to, an antibody or
antigen-binding portion thereof, antigen, cognate carbohydrates {e.g., slalic acid), a
cell surface receptor ligand, a moiety bound by a cell surface receptor, such as, a
prostate-specific membrane antigen (PSMA}, a motety that binds a cell surface
saccharide, an extracetiular matrix ligand, a cytosolic receptor ligand, a growth factor,
a cytokine, an incretin, a hormone, a fectin, a lectin Hgand, such as, a galaciose, a
palactose derivative, an N-acetvigalactosamine, 3 mannose, a mannose derivative and
the hike, a vitamin, such as, a folate or a biotin; avidin, streptavidin, nentravidin,
DNA, RNA ete. Such targeted nanoparticles release drug at the preferred treatment
locations, and therefore, enhance Jocal effective concentrations and can muninyze
wndesired side effects.

0033} In another aspect of the disclosure, a targeting moiety/group and a
functional group, including, hyvdrophobic, hydrophilic andfor 1onic fimctional groups,
are attached to the branched polymer prior to the formation of the composite
nanoparticie for targeted drog delivery,

F0036] In another aspect of the disclosare, specific ranges of
monomeriitiator and polvmeridaxane ratios result in drog sanoparticles of
appropriate sixe to facilitate large scale manofactuning of the drug nanoparhicles,
sterifization of drug nanoparticles, and result in boproved drug efficacy as compared
0 other monomerinitiator and‘or polymer:taxane ratios.

100371 Addivonal features and advantages of the present disclosure are
described in, and will be apparent from, the following Detalled Description and the

attached Figures.
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BRIEF DESCRIPTION OF THE FIGURES

HH38] The following description of the figures and the respective drawings
are non-limiting examples that depict various embodiments that exemplify the present
disclosure.

F00391 Figure 1 depicts SBPs including a dendrimer, a star-shaped polymer, 8
dendrigrall and a comb-shaped polvmer. All have a core, whether globular or linsar,

0040 Figure 2 depicts a chemical structure of symmetrically branched PP
dendrimers.

(00417 Figare 3 depicts chemical modification reactions of synunetrically
branched PPI dendrinters. The mwmbers, 8, 16, 32 and so on indicate the number of
reactive groups at the surface of the dendrimer.

FO0421 Fioures 4A and 4B depict random (A) and regudar (BY ABPs with
asymimetric branch junctures and patterns.

FO0431 Figure 5 depicts a chemical structwre of a random asymmetnically
branched PEI homopolvmer.

{44} Figures 6A and 6B depict svathetic schemes. Figure 6A presents
chemical modification reactions of random asvimmetrically branched PEI
homopolymera, Figure 68 depicis a one-pot synthesis of hyvdrophebically modified,
randomly branched poly(2-ethyloxazoling) with a primary amino groop at the focal
point of the polvmer. The initintov/surface group (1) is the brominated hydrocarbon.
The reaction opens the oxazoline ring.

{0045 Figure 7 iHlustrates a drog loaded in or at the surface domain or region
of the branched polymer (SBF's and ABF's). In the and other figures, R indicates a
surface group and a solid civcle depicts a drug of interest,

00461 Figure ¥ iHostrates one type of composite-based nanoparticles
containing both drug molecules and branched polymaers.

H00471 Figure 9 ilustrates an insoluble or poorly water soluble drug that is
loaded at hydrophobic surface groups of branched polyvmers (SBF's and ABP's). In
the and other figures, a thin, wavy hine depicts a hydrophobic surface group.

048] Figure 10 tustrates varnious drug-containing nanoparticles also
carrying at least one targeting group or moiely, such as, an antibody, depicted herein

and mn other figuwres asa, *Y.”
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{00491 Figure 11 shows the size comparison of polymer-only and
polvmer-drug aggregates with the polvmer concentration at 25 mg‘ml, and the drug
concentration at § mg/mL in saline. The polvimer is a hvdrophobicalty-modified,
randomly-branched PEOX and the drug is paclitaxel.

100501 Figure 12 shows the size comparison of polvmer-only and
polymer-drg aggregates with the polymer concentration at 2.5 mg/ml and the drug
concentration at (1.5 mg/mL in saline. The polymaer is a hyvdrophobically-modified,
randomly-branched PEOX and the drug i3 pachiaxel.

(00317 Figure 13 shows the size companison of polvmer-only and
polymer-drug aggregates with the polymer concentration at 250 pg/mk and the diug

I3

concentration at 30 ug/ml in saline. The polymer is a hydrophobically-medified,
randomly-branched PEOX and the drug is paclitaxel.

0032} Figure 14 shows the size comparison of polymer-only and
polvmer-drug aguregates with the polymer concentration at 25 ug'ml and the drog
concentration at § ug'mi. m saling. The polvimer 13 2 hvdrophobicalbv-modified,
randomly-branched PEOX and the drog is pachitaxel.

(00331 Figure 15 depicts normal cell survival on exposure to three (axane
formulations,

FO034] Figwre 16 depiots AS49 lung cancer cell cytotoxiclly on exposure to
three different taxane formulations.

FOOSS] Figure 17 depicts MDA-MB-231 triple negative breast cancer
cyvioloxicity on exposure to three different taxane formelations.

HHI56] Figure 18 depicts OV-90 ovarian cancer CyiotoxicHy o exposure o
three different taxane formulations,

(00371 Figure 19 depicts pharmacokinetic (PK) profiles of three different
taxane formulations depicting plasma concentration over time.

FOOSR] Figure 20 depicts AS49 lung cancer tumor volume i g mouse
xenografi model with two conirol treatments and exposure to three different taxane
formudations.

HO0S9] Figure 21 presents images of excised lung cancer cell tumors grown as
xenogralts i a mouse and treatment of the mice with two controls and two forms of

faxane.

10
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{0068 Figure 22 depicts impact of two pegative controls and three
formudations of taxane on ovarian cancer (wmor size in 8 mouse xenograll model.

(0061 Figure 23 presents images of excised ovary cancer cell tumors grown
as xenowralis m g mouse and treatment of the mice with two contrels and thres forms

of taxane.

DETAILED DESCRIPTION OF THE DISCLOSURE
(0062} The drag solability in the instant disclosure is defined as, relative to
parts of solvent required to solubilize one part of drog, < 30 {soluble), 30-100 {pourly
soluble) and > 100 {insoluble).
100631 For the parposes of the mstant disclosure, the words, such as, “abowt,”
“substantially,” and the like are defined 88 a vange of values no greater thay 10%

from the stated value or figure. “Homopolymer.” is as described hereinabove.

Drag of Interest

{064} The drog of interest desertbed 18 a taxane and comprises pachtaxel and
other taxane derivatives, such as, docetaxel. Paclitaxel is water-tnsoluble and has
well-defined performance characteristics, such as, a low maxinum tolerated dose
(MTD), PK profile and Hmited efficacies in treating vaviows types of cancer. The
present disclosure covers the use of ABPs, as previously described, i improving

those performance characteristics,

Nanocompesite, Nanoparticle or Nanoaggregate

F0063T A nanocomposite is a physical mixture of two or more materials or
componams {e.g., polvmer and a taxane). In the mstant disclosure, sach a nuxtore
could contain different nanoscopic phases or domains formed between a taxane and a
branched homopoelymer moelecule in either solid or quid state. Nanoconiposites can
inclade a combination of a bulk mainx {e.g., branched homopolymers and a taxane}
and nanodimensional phase(s), which may exhibit dilferent properties due to
dissitlarities of structure snd chenvistry {e.g., the domain fonmed by a taxane and the
surface groups of branched polvmer, as well as the domains formed by the intentor of
the branched polymers). Since the solubility of the domains/phases may be different,
on dissolving the nanocomposite in an agqueous sofution, one of the phases may

i1
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dissolve faster than the other or others, resuliing in a gradual breakdown of the
composiie aggregate resplting in a graded and controlled release of the composite
components and optionally, reformation of one or more of the components into a
novel form, such as, a new aggregate. The terms, “nanocomposite,” “nanoparticle,”
and “nancaggregate,” are equivalent and are used interchangeably herein,

10066} The size of the aggregates described in the disclosure ranges from
between about 10 {0 abowt 300 am in diameter, fromm about 30 wn to about 300 mn
diameter. Aggrepates may exhibit sive-related properties that differ significantly from
those observed for nucroparticles or bulk matermals.

HO067] SBP’s are depicied in Figure |, with symmeftric branches, wherein all
the homopolymers of interest possess a core and exinbit symmetric branch junctures
consisting evther of terminal or chain branches throughowt the homopolymer. The
functional groups are present predominantly st the exterior.

100681 The modified SBP’s can be obtained, for example, through chemically
linking functional groups on, for example, symmetrically branched PAMAM or PP
dendrimers, commercially avalable from Aldnch, polyether dendrimers, polyester
dendrimers, comb-branched/star-branched polymers, such as, those contaming PEQ,
PEG, PMOX or PEOX, polvstyreng, and comb-branched dendnigrafls, such as. those
containing PEOX, PMOX or PEL

F00691 The synthetic procedures for making soch SBF s/dendrimers are
known (see, for example, “Dendrimers and Other Dendritic Polviners,” Frechet &
Tomakha, eds., John Wiley & Sons, Lid., 2001) using commuercially avaitable reagents
{(for example, various generations of PRI dendrimers, Figure 2} or a mumber of SBP’s
are comumnercially available. The synthests of comb-branched and combburst
polymers is known (see, for example, US. Pat. Nos. 3,773,527; 5,631,329, and
50190442}

F00707 The higher branching densities of SBP’s render the polymers
molecularly compact with a well-defined interior void space, which makes such
molecules suitable as a carrer for a taxane entrapped or encased theren.

(0071} The surface modifications can enhance the properties and uses of the
resulting modified SBP's. For example, with suitable nmwodification, a water msoluble
SBP can become water soluble, while an SBP with a high charge density can be
modified to carry very low or no charge on the polymer or at the polymer sarface. On
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the other band, a water soluble SBP can be modified with hydrophobic staface groups
to enhance the ability 1o solubilize water insoluble or poorly water soluble drugs at the
surface thereof. Modification can ocour at any site of a polymer, for example, at a
termnus, a branch, a backbone residue and so on.

100721 In one embodiment of the instant disclosure, the SBP {(for example,
either a symmetrically branched PEI dendrumer, a PPI dendrimer, a PAMAM
dendrimer or a symmetrically branched PEY dendrigraft, for example) can be modified
with different kinds of, for example, primary amine groups through, for example.
Michael addition or an addition of acrylic esters onto amine groups of the
homopolymer. Thus, for example, through 3 Michael addition reaction, methyl
acrylate can be introduced onto the primary andfor secondary amine groups of PEILL
PPI and polylyaine (PLL)Y homopolymers. The ester groups then can be derivatized
further, for example, by an amidation reaction. Thus, for example, such an anudation
reaction with, for example, ethvlenediamine (EDA), can vigld the addition of an
amino group at the terminus of the newly {ormed branch. Other modifications to the
homopolymer can be made using known chenustries, for example, as provided in,
“Polv(amines) and Poly(ammonium salts),” i, “Handbook of Polvimer Synthesis,”
{(Part A), Kricheldorf, ed., New York, Marcel Dekder, 1994 and, “Dendrimers and
Other Dendritic Polymers.” Frechet & Tomalia, eds, John Wiley & Sons, Lid., 2001,
Dertvatives of EDA also can be used and include any molecular entity that comprises
a reaciive EDA, a substituted EDA or, for example, other mentbers of the
polvethvlene amine family, such as, diethylenetriamine, triethylenctetramine,
tetraethyvlenepeniamine, pentacthylenchexamine, snd so on including polyethyiene
amine, elramethylethylenediamine and so on

(00731 In embodiments, a modification can comprise a mojety that contributes
to or enhances hydrophobicity of a polymer or a portion of a polymer. For example,
hydrophobic furctional groups, such as, shiphatic chains (e.g., hvdrocarboun chains
comprising 1 to aboat 22 carbons, whether saturated or unsaturated, hnear, cyclic or
branched), aromatic structures {e.g. containing one or more aromatic rings, which
may be fused) or combinations thereol, can be used as a modifying agent and added 1o
a polymer as taught herefn practicing chemisiries as provided herein.

(00741 On such addition, a modified SBP, such as, a modified PEL, PPL,
PAMAM dendrimer or PEI dendrigrafi, 1s formed. As an extension of the SBP, such
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as PPl and PEL, the resulung modified SBP also 1s symmetrically branched.
Depending on the sohvent environment {i.e. pH or polarity}, the surface functional
groups can carry different charge andior charge density, andfor hydrophobic groups.
The molecular shape and surface functional group loeations (1.e., surface functiional
group back foldmg) then can be tuned further, based on those characteristic
properties.

10075} In another embodiment of the disclosure, the modified SBP’s can be
produced using any of a variety of synthetic schemes that, for example, are known to
be mmenable to reaction with a suitable site on the homopolymer. Moreover, any of a
variety of reagents can be used in a syathetic scheme of choice to vield any of a
variety of modifications or additions {o the homopolvmer backbone. Thus, for
example, 1 the case of the Michael addition reaction to an amine described above, the
addition of any of g variety of substituents can be used, for example, st the alkylation
stage, using for example, any of a variety of acrviate reagents. such as, an acrylate
comprising a hvdrocarbon substiiuent, such as saturaied or wnsaiurated hydrocarbons
comprising 1 to about 22 carbons, which may be substituted, aliphane, aromatic,
ringed, saturated at one or more2 bonds or & combination thereof. Thus, suttable
reactants include, methyl acrylate, ethy! acrvlate, propyl acrviate, butvi acrviate,
pentyl acrylate, hexyl acrvlate, bepty! acrylate, ooty scrylate, nonyl acrylate, deeyl
acrylate, undecyl acrylate, dodecy! acrylate and so on, and mixtures theveoll
Sumilarly, at the amidation stage m the example exemphified above, any of a variety of
amines can be used. For example, EDA, monoethanolamine,
risChydroxymethvhDanunomethane, alkyl smine, allyl annine or any anuno-modified
pobyvmer, incloding those comprising PEG, PEQ, perfluoropolymers, polystyrene,
potyethylene, polvdimethvisiloxane, polvacrylate, polvimethylmethacrvlate and the
like, and nvtures thereofl, can be used.

H00761 Such g syathetic strategy wouold allow not only symmetric growth of
the moleculs, where more branches with different chemical compositions can be
mtroduced, but also the addition of multiple functional groups at the extenor of the
structure. The precursor homopelymer can be modified, and continuously, using the
same ot 3 different synthetic process untit the desived SBPs with appropriate
melecular weight and functional groups are attained. In addition, the hydrophobic
and hydrophilic properties, as well as charge densities of such polymers, can be
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tatlored to fit specific application needs using appropriate monomers for constracting
the homopolymer and suitable modification reactions.

(00771 In another embodiment of the disclosure, if a divergent synthatic
procedure is used, the chawn end of symmetnically star-branched or comb-branched
homopolymer, such as, a poly(2-substituted oxazohne}, mcluding, for exanple,
poly{2-methyloxazoline), poly(2-ethyloxazeline), poly(2-propyloxaroline) and
poly{2-butyloxazoline, ete.}, PEL, PEO/glveol, polyvinylpyirolidone {PVP},
polvphosphate, polyvinyl alcohol {PVA} or polystyrene, can be modified with another
small molecule or polymer to generate varions functional groups at the
honopolymeric chain ends including a primary, secondary o tertiary amine,
carboxvlate, hydroxyl, aliphatic {e.g.. hydrocarbon chain}, aromatic, fluorealkyl, arvl,
PEG, PEO, acetate, amide andfor ester groups. Alternatively, various fimtiators also
can be utilized so that the same type of functional groups can be introduced at the
chain end i a convergent synthetic approach 15 utilized ("Dendritic Molecules,”
Newkome et al, eds., VOH, Weinhetm, 1996; “Dendrimars and Other Dendritic
Polvmess,” Frechet & Tomalia, eds., John Wiey & Sons, Lid., 2001, and J.
Macromol. Sci. Chem. AS(S), pp. 7O3-727 (1973)).

[O0781 The nitiator can be 8 hvdrophobio glectrophilic molecule, tncluding
bvdrocarbons, aliphatie hydrocarbons, aromatic hydrocarbong or 8 combination of
both, along with a halide functional group. such as, alkyl halides, aralkyl halides, acyl
halides or combinations thereof. Examples of such compounds are monofunciional
initiators such as hydrocarbons containing from 1 to about 22 hydrocarbons with
gither saturated or unsaturated chemical bonds, such ag, methyl
iodide/bromideschloride, ethyvl iodide/bromideschioride, -iodo/tromodchlore butane,
T-odobromodchloro hexane, I-iododbrmmodchlore dodecane, -todotwomoichlorn
octadodecane, benzyl jodidesbronnide/chioride and so on. Other initintors inclade
alivi bromides/chdorides. Acyl halides, such as, acyl bromidedchloride, benzoyl
bronuide’chloride and fosyl group-contaming compounds, such as, p-luenesulfonic
actd, methy! tosviate and other tosvlate esters can also be used. Any one or more
imtiators can be used in combination,

100791 During polymerization, an initiator can be used to start polymerization.
When used, various molar ratios of monomer to Butiator can be used to obtain
particular polymers. The particalar polymers can have differing properties, such as,
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molecular size. Hence, saitable monomser 1o inittator molar ratios can be 20:1 1o 8011,
such as, 25:1, 3001, 351, 4001, 4500, 50:1, 5§51, 6001, 65:1, 71 or 7501 inclading
2L 2200, 2300, 2401, 2601, 2700, 2800, 2901, 301, 3201, 330, 3400, 360, 370, 380,
391,400, 4201, 43:1, 4, 400], 4T L AR 4900, ST 820, 8301, 340, Sed, 3T
ST, 5900, 610, 6201, 6301 o4, 660 6T, 681 690, THY, T2 TR, T, TG
TR, 7Y and so on

[O0R0] ABP s are depicted in Figures 4A and 48 with asvinmetric branches,
wherein some of the polymers of interest possess no core and exhibit asvmmetrical
branch junctures consisting of both chain and tevminal branches throughout the entire
homopolymer. The functional groups often are present both at the exterior and i the
miertor. However, when a larger functional group (e.g., a large hydrophobic or
hivdrophihic group) is used, the fanctional groups often can be attached preferentially
and perhaps necessarily at the exterior of the ABP, for example, possibly due to steric
effects, Therelore, such surface MBP’s can be utilized for splubihzation of or
aggregate formation with an msohuble or poorly solable drug.

{8 1] The modified ABP’s can be obtained, for example, through chemically
Iinking functional groups on reguiar ABP’s, such as, polvlysing (2.g., branched PLL},
o random ABP's, such as, PENs {commercially available from Aldnigh,

TR

Polysciences, or BASF onder the trade name, Laposal™) or polyoxazohnes, which
can be prepared according to the procedure of Litt {J. Macromel. Sci. Chem. AKX},
pp. 703-727 (1975)). Other ABP’s can inclade, but are not imited to,
polyacrylanudes, polyphosphates, PVP's, PVA's efe.

[OOR2] A variety of known starting matenials can be used. For making such
modified ABP’s. Such monomers and polymers are avaslable conumercially in large
guantities at modest cost. For example, one such precursor monomer that can be used
to synthesize 3 homopolymer of interest 18 PEL The synthesis of random
asymmetrically branched PE's 15 known (Jones et al., 1. Org. Chem. 9, 125 (1944)).

PETs with various moleculay weights are avatlable commercially from different

o

sources, such as, Aldrich, Polysciences and BASF (under the trade name Luposal ™.
The random asymmetrically branched PED s are produced primartdy through cationic
fing opening polvmerization of ring-straied eyvclic imine monomers, such as,
aziridines (ethyleneinune) and aretdines {(propyleneinmine), with Lewds or Bronsted
acikds ax imtiators (Dermer et al., “Ethvlensdimmine and Giher Aziridines,” Acadenic
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Press, New York, {1969} and Pell, J. Chem. Soc. 71 {18393}, Since many of the
methods are essentinlly one~pot processes, large quantities of random ABP's can be
produced readilv. Randomly branched poly(2-substituted oxazoline} polymers can be
prepared using the procedurs of Lait (3. Macromol, Sci Chem. A% (5), pp. 703-727
(1975)).

{0083} The syvnthetic processes for making ABP’s ofien generate various
branch junctures within the macromolecule. in other words, g nxture of terminal and
chain branch pmctures is distributed throughout the molecolar structure. The
branching densities of the random ABP’s can be lower, and the molecular structure
can be more open when compared with dendrimers and dendrigrafts, Although the
branch patiern is random, the average ratio of primary, secondary and tertiary amine
groups can be relatively consistent with a ratto of about 1:2:1, as described by Dick
et al, I. Macromol. Sci. Chem., Ad (6), 1301-1314 (1970) and Lukovkin, Eur. Polym.
19,559 (1973).

{0084} The presence of the branch junctures can make the random ABP's,
such as, asynunetnically branched PEDs, form macromolecules with a possible
spherical, ovoid or similar configuration. Within the globular structure, there are
various sizes of pockets formed from the imperfect branch junctures at the interior of
the macromolecule. Unlbike dendrimers and dendrigrafis where taterior pockets are
always located around the center core of the molecule, the pockets of random ABP's
are spread unevenly throughout the entive molecule. As a resuli, random ABP’s
possess both exterior and unevenly distribated interior functional groups that can be
reacted further with @ vanety of molecules, thus forming new macremolecular
architectures, 3 modified random ABP of interest.

(00831 Although having a core, the functional groups of the regular ABP are
also distributed both at the exterior and in the interior, which is very similar to the
vandom ABP, One such homopolymer is PLL, which can be made as described in
LS. Pat. Nos. 4,289,872, 4,360.646; and 4,410,688, Such homopolymers also can be
moedified m g manner stmilar as that for random ABP's, as taught berean, and as
known mn the arn.

FO086T In an embodiment of the disclosure, the ABP (for example, either a
random asymmetrically branched PEY or a regular asymmaetrically branched PLLY 8
modified with different kinds of primary amine groups through, for example, Michael
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addition or an addition of acrylic esters onto amines of the polvmer. Thus, for
example, through a Michael addition reaction. methvl acrylate or other aerylates as
provided herein can be introduced onto the primary andfor secondary aming growps
of, for example, PEl and PLL homopolvmers. The ester groups then can be flnther
derivatized, for example, by an amidation reaction. Thus, for example, such an
anudation reaction with, for example, EDA, can yield the addition of an amine group
at the termuinus of the newly formed branch. Other modifications to the polymer can
be made using known chemistries, for example, as provided m, “Poly{amines) and
Polv{amnonion salts),” in, "Handbook of Polymer Synthesis” {Part A}, Kricheldorf,
ed. New Yoark, Marcel Dekker, 1994,

FO0RTT On such addition, a modified ABP, such as, a modified PEL or PLL
homopolvmer, is formed. As an extension of the ABP, sach as PET and PLL, the
resulting modified ABP also is branched asymmetrically. Depending on the solvent
enviropment (i.e. pH or polanity), the surface functional groups can carry different
charge and charge density. The molecular shape and fonctional group locations (Le.,
fanctional group back folding) then can be further tuned, based on those characterisiic
praperties.

[O0&ET In another embodiment, the modified ABPs can be produced using
any of a varety of syathetic schemes that, for example, sre known o be amenable o
reaction with a suitable site on the homopolymer. Moreover, any of a vaniety of
reagents can be used in a svnthetic scheme of choice to vield any of a variety of
maodifications or additions to the polymer backbone. Thus, for example, in the case of
the Michael addition reaction to an amine described above, the addition of anv of a
variety of substituents can be used at the alkylation stage, as provided hereingbove,
for example, with an acrylate, which can comprise a saturated or unsatwated
bydrocarbon, such as one comprising one carbon to abowt 23 carbons, which may be
aliphatic, branched, saturated, aromatic, ringed or combination thereof, Suitgble
reactants inchide methvl acryvlate, ethyl acrvlate, propyl acrviate, butvi acrvlate, pentyl
acrylate, hexyl acrylate, heptyl acrylate, ooty acrylate, nonyl acryvlate, decy! acrvlate,
undecyl acrylate, dodecyl acrylate and the like, and mixtures thereofl Sinularly, at the
amidation stage in the example exemplified above, any of a variety of amines can be
used in the methods provided herein and known in the art. For example, EDA,
monoethanolanune, tristhydroxymethyvlDaminomethane, alkel amine, allyl amine or
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any amino-modified polymers, including PEG, perfluoropolvimers, polystyrene,
polvethylene, polvdimethylsilixane, polvacryiate, polvimethyimethacryiate and the
like, and mixtures thereof, can be used. In addition, the Huking of the hydrophobic
groups, weluding aliphatic {e.g.. hydrocarbons from C; {0 about Cy) groups, aromatic
groups, polyethylene polymers, polystyrene polvmers, perfluoropolymers,
polydimethylstloxanes, polyacrylates, polymethylmethacryviates, as well as,
hydrophitic groups, inchiding a OH group, hydrophilic polymers, sach as, PEOX,
PEQ, PEO ete. to a modified ABP can be achieved by usmg, for example, epoxy
reactions, anudation reactions, Michael addition reactions, including using a ~SH or
an ~NHs group reacted with maletmide, aldehyde/ketone-amine/hydrazide couphing
reactions, iodoftodoacetyl-SH eoupling reactions, hvdroxylamine-aldehyde/ketone
coupling reactions ete. Such synthetic strategies allow not only asymmetric growth of
the molecule, where more pockets are introduced, but also the addition of muliple
functional groups at both the interior and the exterior of the structure. The
homopolvier can be modified [urther using the same or a different synthetic process
until the desired ABP’s with appropriate molecular weight and functional groups are
attained. In addition, the hydrophobic and hydrophilic properties, as well as charge
densiy of such homopolyvmers, can be tatlored to By specific apphboation needs using
appropriate mosomers for constructing the homopolymer and sultable modifieation
reactions.

FOORYT In another embodiment of the disclosure, a focal point (mergad from
various reactive chain ends during a convergent synthesis) of a random ABP, such as,
POX, can be terminated or reacted with another small molecule 1o genemie various
functional groups at the homepolymeric chain ends, including primary, secondary or
tertiary amines, carboxviate, hydrogyl, alkvl, fluoroalkyl, arvl, PEG, acelate, anude
andfor ester groups. Alternatively, various inttiators also can be utihized so that the
same type of functional group can be introduced at the surface groups where g
polyvmerization begins during a convergent synthesis (1. Macromol. Sei. Chem. A9
{3), pp. TO3T27 (3975

0901 An alkyl surface-modified, randomly branched poly(2-ethyloxazoline)
with a primary amine group at the focal pomnt of the branched polvmer can be
prepared using the Litt and Warakomski procedures, sapra. For example,

CH(CH 3+-Br can be utihized as an initiator for 2-ethvloxazoline polymerization
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through a cationic ring opemng process to generate a randomly branched polvimer,
followed by quenching with N-tert-butvloxycarbonylpiperasine (N-Boc-piperazing) or
EDA. The termination with a farge excess of EDA allows the hydropholucally
modified branched poly(2-sthyloxasolineg) polyvmer to be functivnalized with a
primary amine group at the focal point {(Figure 6B). Alternatively,
N-Boc-piperazine-termingted hydrophobically-modified branched
poly{2-ethyloxazoline) polymer also can be deprotecied (o generate 3 free amino
group at the focal pomt. 1 not terminated, the focal point of the polymer can be
hydrolyzed to, for example, a hvdroxyl group on dissolving in water (e.g., containing,
for example, IN NaCO;).

(00011 While the introduction of a pramary amine group fo a
hvdrophobically-modified branched polv(2-oxazobine) bomopolvmer enhances drug
solubility and produces taxane~induced aggregates, the primary smine group also
aliows the attachment of varicus targeting groups, such as, an antibody,
antigen-binding portion thereof, an antigen or a member of o binding pair, such as, {0
the hydrophobically moedified branched poly(2-oxazoline) polyvmer {Figure 10}, Such
aggrepates or nanoparticles containing such targeting groups and modifications
thereto can provide a targeting ability on the agerevate with a taxane and enable
taxane o be released preferentially or solely ot the desired treatment focation.

HO0921 As tanght herein, the MBP's, such as, a hydrophobically-modified
homopolymers, including both SBP’s and ABP’s, can be usad to generate an
encapsulating polviner or nanocapsule for solubilizing water insoluble or poorly water
soluble taxanes, or for forming taxang-induced nanoparticles with water insoluble or
poorly water soluble taxanes, such as, paclitaxel v an orpanke solvent envircaunent,
the hydrophilic or amphiphilic mtertor can be polv{Z-oxaroline), poly(2-sabstituted
oxazolines}), including polv2-methylosazoline, polv(2-ethvloxazohne),
poly{2-propyloxazoline) and poly{2-butyloxazohne) eic., PEG, PEO,
polvphosphonate and the hike. The hvdrophobic exterior can comprise aliphatic
hydrocarbons {such as, from Cy 1o about Cyg), aromaie hydrocarbons, polyvethylene
polvmers, polystyrene polymers, perfluoropolymers, polydimethylsiloxanes,
polvacrylates, polvmethyimethacrylates and the fike. In an aqueous environment, the
reverse is frue. In the drug-induced aggregates in an agueous environment, the drug
molecules such as taxanes are sssociated with the hydrophobic groups/domaing of the
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MBP's {Figuare 9). The branching density (e.g., from low generation, sach as, stay and
comb homopolymers, 1o high generation of dendrimers and dendrigrafis), as well as
the amownt of hydrophobic surface group coverage (e g, from 8% {o 100% coverage)
of the branched homopolymers can affect sigmificantly homopolymer solubilily,
which n turn, also affects the ability to dissolve or o adsorb/absord a taxane. For
example, the increase i branching density and the amount of hydrophobic group
coverage will make the homopolymer more compatible with a taxane.

[0093] In some cases, the ABP's and SBP's with from about 0.1 1o about 30
% or more surface hvdrophobic component by weight are effective st solubilizing or
dispersing poorly water sohuble or water insohuble taxanes, such as. paclitaxel. In
addition, the branched bomopolvmers uitlized. for example, a POX, a PEOX, a
PMOX, PEQ/PEG, polyacrylamides, polyphosphates, PVP's and PVA's are soluble
in both water and in various organic solvents, thereby facilitating fornung varicus
taxane-containing nanoparticles or aggregates. The good waiter solubiiity along with
good hydrophobic drug nuscibility 1 an aqueous solution, with or without other
organic solvents, makes such homopolymers usefud for enhancing the solubility of
poorty water soluble taxanes. For example, the homopolyvimers of titerest simplify
manuiacturing processes and decrease production cost by reducing forvmlation steps,
processing tme, as well as the need (o use complex and expensive equipment
carrently used in the phanmaceuntical industry. 1t additional branching densities are
negded, the SBP's or ABP’s first can be modilied with additional groups as described
herein, and then, for example, attached with additional hydrophobic functional groups
for enhancing taxane solubality.

(00041 On nuixing hydrophobically-modified SBP's or ABP s with o water
mnsotable or poorly water soluble taxane, such as, paclitaxel, a distinet physical
aggregate is formed of size distinct from aggregates formed only of polymer
(Figures 11-13), When the homopolymer and taxane concentrations decrease, the sixe
and distribution of the polyimer/laxane ageregates become much more similar (o that
of polymer only aggregates suggesting taxane s released from the induced aggregates
or nanoparticles. The broad sive distribution of polvmer-only aggregates is shntlar to
that observed for other structures composed of hipid, whether or not associated with a
taxane, On the other hand, the taxane-induced aggregates of interest are of 8

particular size of narrower distribution, that 1s, unique aggregates of certain size are
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produced. As taxane concentration m the aggregate decreases, homopolymer
concentration in the aggregate decreases, aggregate concentration decreases or any
combination thergof, the aggrepates of interest release paciitaxel, as evidenced by a
reduction of agarepaie sive andfor a broader distribution of aggresaie sive. The
broader distribution may result from a mixture of howmopolymer-only aggregates and
polymertaxane aggregates of varying size due to taxane release, untl the only
aggregates observed are those which have the characteristics of those which are
homopolvmer ondy. In other words, taxane is released gradually after introduced into
a host, such as, in the circulatory system. That mechanism is important for various
drug delivery applications including, intravenous {1V}, oral, ransdermal, ocular,
intramuscular and the like modes of adminisiration, and where a delayed release or
sustained release profile may be desirable,

HO0Y3] Suitable weight ratios of polvmer to taxane are 6 1o X, suchas, 6.8, 7T or
7.5, including 6.1, 62,63,64,66,67.68,09, 71,72, 73, 74,76, 77, 78,79
and so on.

{00961 The combination of the molar ratio of monomer 1o iniistor 1 the
polvmerization and the weight ratio of polymer to taxane in the nanoparticles
delermings large scale mannfacturability of the drug nanoparticles, nanoparticle sive,
and efficacy as 8 tumor-redocing treatment.  As an example, toane-indoced
appregates prepared with 3 polymertaxane weight ratio of 511, using a polvmer
sviithesized with 100:1 monomerinitiator molar ratio resulis in larger nanoparticles,
for example, i the 120-140 nm range before Iyophilization. Such large nanoparticles
are difficult to pass through a 0.2 ym filier {a required sterilization step for
injectables) when manufactured in farge quantities.

(00971 In comparison, when a polviner synthesized using & monomer initiator
molar ratio of 6011 was nmuxed with taxane with a polymertaxane weight ratio of 7:1,
the nanoparticles formed were 70-90 nm in size before lyophilization, which pllows
the particles to pass through a 0.2 um filter with little difficulty.

FO098T Smaler nanoparticles at aboat 100 om or less in size before
lyophilization reduced turnors st lower dose concentrations than did larger panticles,
For example, smaller nanoparticles achieve the sante cancer treatment efficacy with
oy 1/3 of the taxane content when compared to larger nanoparticles. Thus, lower
doses of drug can be used and the risk of side effects s mimmized.

i
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[0099]  The taxane-indoced aggrepates also can be linked with a targeting
motety or group including, but not limited to, an antibody (or antigen-binding portion
thereat), antigen, cognate earbohyvdrates {e.g., sialic acid), a cell surface recepion
ligard, a motety that hinds a cell surface receptor, such as, prostate-specific
membrane antigen {(PSMA), a molety that binds a cell surface saccharide. an
extraceltular matrix ligand, 3 cytosolic receptor ligand, a growth factor, a cvtokine, an
mncretin, a hormone, a lectin, a lectin target, such as, a galactose, a galactose
derivative, an N-acetylgalactosamine, a mannose, a mannose dertvative and the like, a
vitanmin, such as, a folate, a biotin and the like, an svidin, a streptavidin, a newtravidin,
a DNA, an RNA ete. to form a conjugaie so that the targeting group(s) wre

meorporated with nanocomposite particle of mterest {Figure 1),

Drug Formulation and Nanoparticle Preparation

OO 100 Taxane and medified homopolyviner can b suspended
mgividually in sutable buffers andfor solvents, sach as, a buffer, methanol, acetone,
ethanol and the like, at suitable concentrations, such as those which are established for
in vivo use, generally in nulligram or nanogram quantities. Then, the two solutions
are mixed at a suttable temperatwe, such as, room lemperature or at another
temiperature known to be acceplable for mamntaining nteerity of the taxane and
homopalviner, for a suitable period of time, such as, one hour, two howrs and so on.
Other meubation times can vary from minuigs (o hours as the agerepates of iferest
are stable once formed. The aggregates can be concentrated or collected practicing
methods knows in the art, for example, by Gluation, centnifugation, evaporation,

gates can be desiccated for extended

=

lyophilization, dialysis and the fike. The apure
shelf life.

001011} For example, a taxane, such as, pachitaxel, was dissolved in
methano! or ethanol in various amounts of up to 40 mgdmi. A hvdrocarbon
{CHACH ) -modified randomly branched PEOXO0 (mononier to inHiator raiio =
G0:1) was prepared as taught herein and dissolved at varying concentrations of up 100
mg/mb in methanol or ethanol.

100102} The two selutions then were mixed m varions volumes to result
i final homopolymer to taxane weight ratios m the mixtures ranging from 2:1 to 1l
and rotary evaporated fo dryness. The mixtares then were redissolved In water or

~a
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saline, followed by sterile filtration by a 0.2 udd {ilter and hvophilteation for 2010 72
hours depending on vohume o vield a dryv powder.

(001031 The size of the aggregaies or nancparticles, as measwred by
Light scatiering, can range from about 36 to about 100 mm, from about 60 1o abowt
95 nm, from about 70 to sbout 90 nm (e g, at 3 mg pachtaxel per mL) before
lyophilization 1o about 110 to about 130 nm, from about 115 to about 143 nm, from
about 120 to about 1480 nm (e.g., at 3 mg pachitaxel per mL) in diameter after
Ivophtlization.

(001041 A pharmaceutical composition of the disclosare for use as
disclosed herein s formulated to be compatible with the intended route of
admimistration.  Examples of roates of adnunistration include parenteral, eg.,
intravenous, intradermal, subcutaneous, oral (e g, inhalation), transdermai (topical),
transmucosal and rectal adnunistration. Solutions or suspensions used for parenteral,
mtradermal or subcrtaneous application can include a sterile diluent, such as, water
for wjection, saline, mils, polvethviene glveols, glhveerine, propylens glyeo! or other
synthetic solvents: antibactenal agents, such as, benzy! alcohol or methe] parabens;
antioxidants, such as, ascorbic acid or sodium bisulfite; chelating agents, such as,
EDTA; buffers, such as, acetates, citvales or phosphates; and agents for the adjustment
of tomieity, such as, sodiwn chloride or dextrose. pH can be adjusted with acids or
bases, such as HCH or NaOH. The parenteral preparation can be enclosed in
ampoules, disposable syringes or maultiple dose vials made of glass or plastic as an
article of manufacture. Generally, an in vivo diagnostic agent will be administered
orally, rectally, intravenously, intraperitoneally and so on.

(00105} Pharmacentical compositions suttable for mjeciable use melude
sterile agueous solutions or dispersions and stertle powders for the extemporaneous
preparation of stenfe injectable solutions or dispersions.  For intravenous
administration, suitable carriers include physiological saline, bacteriostatic water or
phosphate-buffered saline (PBS). The composition generally is sterile and is fluid éo
the extent that syringabihty exasts. The composition must be stable under the
conditions of manufacture and storgge and must be preserved against the
contammating action of microorganisms, such as, bacteria and fungi. The carrier can
be a solvent or dispersion mediam containing, for example, water, ethanol, polvol (for
example, glycerol, propylene glveol, liqud PEG, polysorbates and the like) and
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suttable muixtures thereof. The proper fluidity can be mamiained, for example, by the
ase of a coating such as lecithin, by the mwamtenance of the requnred particle size in
the case of dispersion, use of a thickener and by the use of surfactants. Prevention of
the action of microorgamsms can be achieved by various antibactenial and antifungal
agents, for example, parabens, chlorobutanol, phenol, ascorbic acid and the Iike,
Isotonic agents, for example, sugars, polvalcobols, such as, maanuiol, sorbiol or
sodiom chioride, can be included in the composition. Prolonged absorption of the
injectable compositions can be broaght about by including in the composition an
agent that delays absorption, for example, alonmiinum monostearate or gelatin.

001061 Stertle injectable solutions can be prepared by incorporating the
active compound i the required amount of an appropriate solvent with one ora
combination of ingredients enamerated above, as required. followed by filtered
sterifization, Generally, dispersions are prepared by incorporating the active
compound i1 a sterile vehicle that contains a basic disparsion medium and the
requiired other ingredients, {or example, from those enumerated above, and as known
in the art. In the case of stertle powders {or the preparation of sterile injectable
solutions, the preparation can be prepared by, for example, lyophilization, vacumn
drving or freexe drying, that yviglds a powder of the active ingredient plus any
additional desired ingredient from a previously sterile~filtered solution thereof. The
preparation of interest can be stored and reconstituted with a suitable Hquid for use.

100107} Oral compositions generally inclade an inert diluent, Hlavorant,
odorant or an edible casrier. The composition can be enclosed in gelatin capsutes or
compressed into tablets. For the purpose of oral therspeutic adnunistration, the active
compound can be incorporated with excipients and used in the form of tablets, troches
or capsules. Oval compositions also can be prepared using a fnd carrier to vield a
syrup or liquid formulation, or for use as a mouthwash, wherein the compound in the
fluid carrier is apphed orglly and swished and expectorated or swallowed,

[O010R] Pharmaceutically compatible binding agents and/or adpuvant
materials can be mcluded as part of the composition. Tablets, pills, capsules, troches
and the like can contain a binder, such as, microcrvstathne cellylose, gum tragacanth
or pelatin; an excipient, such as, starch or lactose, a disintegrating agent, such as,
alginic acid, Primogel or com starch; a lubricant, such as, magnestam siearate or
Sterotes; a glidant, such as, colloidal sitheon dioxide; a sweetening agent, such as,

25

Py



WO 2014/123791 PCT/US2014/014336

sucrose of saccharin; or a flavoring agent, such as, peppermint, methyl salicylate or
orange flavonng.

(001091 For administration by inhalation, the compound is defivered m
the form of, for example, 8 wet or dry aerosol spray from a pressurized container of
dispenser that contains a suitable propellant, e g, a gas, such as, carbon dioxade ora
unebuhizer, or a must,

FOOT 1] Systentic adminisiration also can be by transncosal or
transdermal means. For transmuscosal or transdermal admunistration, pepetrants
appropriate to the barrier to be permeated are used in the fonmulation. Such
penetrants generally are known in the art and mnclude, for example, for ransmucosal
admimsiration, detergents, bile salts and fusidic acid derivatives. Transmucosal
admimistration can be accomplished throogh the use of wasal sprays or suppositones.
For transdermal adnunisiration, the active compounds are formulated into ointments,
salves, gels or creams as generally known in the art. A sutable carrier includes
dimethvisulloxide.

(o011 The compound also can be prepared s the form of
supposifories {e.g., with conventional supposilory bases, such as, covoea butter and
other glveerides) or retention enemas for veclal delivery,

[o01121 Irv one embodiment, the active conpound 1s prepared with
carriers that will protect the compound aganst rapid elinunation from the body, such
as, a controlled release formulation, nchuding implants and microencapsulated
deliverv systems. Biodegradable, biocompatible polymers can be used, such as
gthylene vinyl acetate, polvanhydrides, polyglveolic acid, collagen, polyorthoesters
and polviactic acid.

(001134 Methods for preparation of such formulations will be apparent
to those skitled in the ast. The materials alse can be obtatned commercially, for
example, from Alza Corporation and Nova Pharmaceunticals, Inc.

100114} The instant aggregates can be used in topical forms, such as,
cregms, ointments, lotions, unguents, other cosmetics and the hike. Pharmaceutically
active agents {PAAs), such as, the taxanes of mierest and other bioactive or inert
compownds, can be carried, and inchide emoilients, bleaching agenis, antiperspirants,
pharmacewticals, mosturizers, scants, colorants, pigments, dyes, antioxidants, oils,
fatty acids, hpids, inorganic salts, organic molecules, opacifiers, vitamins,
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pharmacesticals, keratolytic agents, UV blocking agents, tanning accelerators,

depigmenting agents, deodorants, perfumes, insect repellants and the like.

T

(001151 It can be advantageous to formulate oral or parenteral
compositions w dosage unit form for ease of adnmumistration and wiformuly of dosage.

Dosage wnit form as used herein refers to physically discrete untis suited as unitary
dosages for a subject to be treated; each unit contaming a predetermined quantiy of
active compound calcutated to produce a desired therapeutic endpomt,

(00116} The dosages, for example, preferved route of admunistration and
arnounts are obtainable based on empiricsl data obtained from prechinical and clinical
stadies, practicing methods known in the art. The dosage and delivery form can be
dictaied by and can be dependent on the characteristics of the PAA, the polymer, the
particalar therapentic effect 1o be achieved, the characteristics and condition of the
recipient and so on. For repeated adninistrations over several days or longer,
depending on the condlition, the ireatment can e sustaingd wntd & desired endpoint is
attained. An exemplary dosing regimen i3 disclosed in WO 94/04 185,

(001171 The progress of the therapy can be monttored by conventional
techniques and assays, as well as patient input,

100118} The pharmaceutical compositions can be iluded v a
container, pack or dispenser together with jastractions for admimstration,

1001191 Another method of administration comprises the addition of a
compound of mterest inte or with a food or drink, as a food supplement or additive, or
as a dosage form taken on a prophyvlactic basis, similar to a vitamin. The aggregate of
interest can be encapsulated into forms that will survive passage through the pasine
enviropment. Sach forms are commonly known, for example, enteric coated
formulations. Alematively, the aggregate of interest can be modified to enbance

half-life, such as, chemical modification or combination with agents knows to result
in delayed, sustained or controlled release, as known in the art.
001204 The instant disclosure now will be exemplified in the following

non-linuting examples.
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EXAMPLES
Materials
[O0121H Synunetticallyv branched PP dendrimers were purchased from
Sigma-Addrich. Svmmetrically branched PEI dendrimers and dendrigralls were
prepared according to procedures provided in ULS. Pat. Nos. 4,631,337, 5773527,
5,631,329 and 5,919,442, All of the antibodies were purchased from Sigma-Aldrich,
Biodesign or Fiizgerald, Different gensration PAMAM dendrimers were purchased

from Dendrnitech, Inc.

Muodified Symmetrically Branched PPIs with Amine Funclional Groaps (m-SB-
PPI-NH,-1.8)

00122 The following reagents inchuding symmetrically branched PPI
(SB-PPI-4, 816,32, 64, MW 316, 773, 1.687. 3,514 and 7.168), methy] acrvlate
MA, FW = B6.09), EDA (FW = a0, 10) and methanol were utilized.

(00123} To a round bottom flask were added 1.0 g PPI-64 dendrimer
{MW 7168} and 20 mi methanol {solution A). To a separate round bottom fask were
added 2.4 g methvlacrylate (MA) and 10 mi methanol {sclution B). Solution A was
then slowly dropped into solution B while stirving al room temperature. The resulting
solution was allowed to react at 40° € for 2 hours. On completion of the reaction, the
solvent and unreacted MA monomer were remmoved by rotary evaporation and the
product, 2.3 g of MA-functionalized PPI, then was redissolved in 20 mi of methanol.

[O0124] To a round bottom Hask were added 160 ¢ EDA and 30 ml of
niethanol, followed by a slow addition of MA-functionabized PPLat 07 C. The
solution then was allowed to reagt at 4% C for 48 hours. The solvent and the excess
EDA were removed by rotary evaporation. The crude product then was precipitated
from an ethyl ether solution and further punfied by dialysis to give sbont 28 g of
primary amine-lunctionalived symmetnically branched PPl {m-8B-PPI-NH;-1.0) with
a molecular weight of about 21,760, The product was characterized by 'H and VC
nuclear magnetic resonance {NMR) and size exclusion chromstography (SEC).

H0125 Other MA or primary sroing-modified symmetrically branched
PPI dendrinmers and symmetnically branched PEL dendrigralls with various molecular

weights were prepared in a similar manner.
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Modified Symmetrically Branched PPis with Mixed Hydroxyl and Amine
Functional Groups (mix-m-SB-PP1-64-NH/OH-2}

100126} Anuno-functionalized symmetrically branched PPI {my-5B-PPI-
64-NH>-1.00, MA, EDA, moncethanolanune {MEA, FW = 61.08) and methanol were
utihzed.

001271 To a round bottom flask were added 1.0 g anmuno-moditied PPI
or m-SB-PPI-NH;:-1.0 produced from the previous procedure and 20 mi of methanol
{solation A). To a separate round bottom flask were added 2.4 g of M4 and 10 ml
methanol (solution B). Solution A then was dripped slowly into solution B while
stirving at room temperature. The resulting solution was allowed to react at 40° C for
2 hours. On completion of the reaction, the solvent and unreacted monomer MA were
removed by rotary evaporation and the prodact, 2.5 g of MA-functionalized m-SB-~
PPLA4-MA~LS, then was redissolved in 20 mi of methanol.

100128] To a round bottom flask were added 32 g EDA, 130 g MEA
and 100 mi methanol {the mole ratio of ERDAMEA wag 26:80), followed by slonw
addition of m-SB-PPI-64-MA-1.5 at 0° C. The solution then was allowed to react at
47 € for 48 hours. The solvent and the excess EDA were removed by rotary
syaporation. The crade product then was precipiiaied frows an ethyl sther-solution and
firther parified by dislvsis 1o give about 2.8 2 of mixed hydroxyl and anino
functionalized (mixed surface} SBP (nux-n1-SB-PPI-64-NH,/OH-2 0, with an average
of 20 %% NH; and 80 % OH surfage groups and a molecular weight of about 21,862},

(001291 Other modified random AB-PE] and regular AB-PLL
molecudes with varying ratios of hivdroxy! and amuno groups, as well ag different
molecolar weights, were prepared 1 a simiar manner.

(001301 Random asymmetrically branched PEL’s were purchased from
Aldrich and Polvsciences. Regular ABP's were prepared according to procedures
provided in UK. Pat. Neo. 4,284,872, All of the antibodies werg purchased from

Sigma-Aldrich, Biodesign or Fitzgerald.

Modificd Random Asvmnietrically Branched PEIs with Amiuo Fanctional
Groups {m-ran-AB-PEI-NH:-1.0)

100131} Random asymmetrically branched PE {run-AB-PEIL
MW 2,000, 25 000 and 750003, MA, EDA and methanol were utilized,
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(001324 To a round bottom Hask were added 1.0 g PEI{MW 2,000} and
20 ml methanol (solution A). To a separate rovnd bottom flask were added 3.0 g MA
and 14 ml methanol (solution B). Solution A then was dripped slowly into solution B
while stivring at room temperature. The resuiting solution was allowed to react al
40° C for 2 bours. On completion of the reaction, the solvent and unreacted MA were
removed by rotary evaporation and the product, MA-functionahized PEL then was
redissolved in 20 mi of methanel,

(00133} To a round bottom Hask were added 30 ¢ EDA and 50 ml of
methanol, followed by a slow addition of MA-functionalized PEL st 0° C {1 g MA
dissolved in 20 mi methanol). The solution then was allowed to react a1 4° C for
48 hours. The solvent and excess EDA were removed by rotary evaporation. The
crade product then was precipuated from an ethyl ether solution and further puorified
by dialysis to give about 3.0 g of primary smine-functionalized random
asviumetrically branched PEI {m-ran-AB-PEI-NH»- 1.0} with a molecular weight of
abmst 7,300, The product was characterized by 'H and “C NMR and SEC.

FHH 34 Other MA or primary amine modified random asynumetnically
branched PEIl and regular asymmetnically branched PLL polymers with various

molecular weighls were preparved m a similar manner,

Modification of Branched Polymers with Hyvdrocarbon Chains

100135 The meodification of a randomly branched PEI with 10%
hydrocarbon chains 1s used as an example. One gram of branched PET (FW = 2500
was dissedvest in 10 mL methanol. To the solution were added 0.23 g of
I 2-epoxvhexane (FW =100.16) and the mixture was heated at 40° C for 2 howrs. The
sobvent then was rolary evaporated and the residue redissobved in water. After
dialysis {3,500 cutoff}, the modified PET was generated.

100136} Other MBP’s, such as, PAMAM, PEI and PP dendrimers and
dendlrigrafts, and asvimmeiric PLL with various percentages and lengths (s.p., Co, C,

Cix and Cog) of hydrocarbon chains were prepared 1w a similar manner.
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Modified Random Asynmmetrically Branched PEIs with Mixed Hydroxyl and
Amino Functional Groups {m-ran-AB-PEI-NH/OH-2)

100137} Annno-functionalized random asvinmetrically branched PEI
{(m-ran-AB-PELNH-1.0), MA, EDA, moncethanclamine (MEA, FW = 61.08) and
methanol were utthzed.

[O013R} To a round bottom flask were added 1.0 g anuno-modified PE]
ot m-ran-AB-PEL-NH:-1.0 produced from the previous procedure and 20 mi of
methanot (solution A). To a separate round bottom flask were added 3.0 g of MA and
10 ml methanol {solution B). Solution A then was slowly dripped into solution B
while stirring at room temperature. The resulting solution was allowed to react at
407 C for 2 hours. On completion of the reaction, the solvent and wwreacted MA were
removed by rotary evaporation and the prodact, MA-functionahzed m-ran-AB-PEL-
MA-L.5, then was redissolved in 20 nd of methanol.

1001349 To a round bottom flask were added 60 g EDA, 244 g MEA
and 100 mi methanol {the mole ratio of ERDAMEA wag 26:80), followed by slonw
addition of m-ran~-AB-PEL-MA-1.53 a1 0° C (1 g MA dissolved v 20 mi of methanol).
The solution then was allowed to react at 47 C for 48 howrs. The solvent and excess
EDA were removed by rotary evaporation. The crude prodact then was precipilated
from an ethyl ether solution and further purified by dialysis to give abowt 24 g of
mixed hvdroxyl and anuno functionalized random ABP (m-ran-AB-PEL-NH/QH-2.0,
with an average of 20% NH; and 80% QH surface groups and the molecular weight
was about 18,000,

01404 Other modified random AB-PEL and regular AB-PLL polymers
with various ratios of hydroxyl and anuino groups, as well as differsnt molecular

wetghts were prepared in g similar mamer,

AlkylModified Random Asymmetrically Branched Poly(Z-ethyloxazoline)
{PEOX) with Primary Amine Chain End Group

{00141 The synthesis of CH:-(CH: L -PEOX-ABPIGO{CABPI 18
an arbitrary name 1o denote the ratio of monomer o nitiator in the nitial reaction) is
provided as a general procedure for the preparation of core shell structures, A
nuxtre of CH{CH; 1, -Br (2.52 g} in 500 ml of toluene was azeotroped to remove

&
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water with a distifation bead ander N, for about 15 min. 2-Ethyloxazoline {100 g)
was added dropwise through an addivon funmel and the maixture was allowed to reflux
between 24 and 48 hows. On completion of the polymerization, 12.12 g of EDA
were added {0 the reactive polyvimer solution (A) 1o introduce the amune function
group. The molar ratio of POX chain end to EDA was 110 20,

1001421 Alternatively, N-Boc-piperazing or water {e.g., with IN
Na:(0s) can be added to terminate the reaction. Morpholing or PEI also can be
added to the reactive polymer solution {A) to terminate the reaction. The crude
product was redissolved in methanol and then precipitated from a large excess of
diethy! ether. The bottom fayer was redissolved in methanol and dried by rotary
gvaporation and vacuum 1o give an asymmaeirically random branched PEQX polyvmer
as & white sohd (104 g).

100143} Other asymmetnically randomiy branched polyvmers, such as,
Co-PEOX ABP20, 50, 100, 200, 300 and 308, C-PEOX ABPZO, 30, 200, 300 and
300, Cor-PEOX ABPIG, 36, 1, 200, 300 and 300, and polystvrene-PEOX etc., as
well as, non-modified and modified poly{2-substituted oxazoline), such as,
polv(2-methyloxazoline), were preparved in a similar maoner. All the products were

analvzed by SEC and NMR.

Alkyk-Modified Random Asymmetrically Branched Poly(2-ethyloxazoline)
{PEOX) with Primary Amine Chain Ead Group

1001441 The synthests of CH:-{CH 1 -PEOX-ABPGG (T ABPHU 18 an
arbitrary name {o denote the ratio of monomer to mitiator s the witial reaction) 18
provided as a general procedure for the preparation of core shell stractures, A
mixture of CHy{CH: ) 1»Br {5.61 g3 in 500 mi of toluene was azeotroped to remove
water with a distilation head under N, for about 1§ mm. 2-Ethyloxazoline (100 g)
was added dropwise through an addition funnel and the mixture was allowed 1o reflux
between 24 and 48 hours. Oun completion of the polvmerization, 11 g of EDA were
added to the reaciive polymer solution {A) to troduce the amine funclion group.
The molar ratio of polyoxazoline reactive chan end to EDA was 1 to 10,

(60145} Alternatively, N-Boc-piperazine or water fe.g, with IN
Na;COs) can be added to termunate the reaction. Morpholine or PEI also can be
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added to the reactive polymer solution {A) to terminate the veaction. The crude
product was redissolved in methanol and then precipitated from a large excess of
diethvi ether. The bottom fayer was redissolved i methanol and dried by rotary
evaporation and vacuum 1o give an asymmeincally random branched PEOX polvimer
as a white sohd.

100146} Other asymmetrnically randomly branched polymers, sach as,
Cre-PEQX ABP20,40, 30, 70, 80, 100, 120, 200, 300, 500 etc. as well as,
ason-modified and modified poly(2-substitated oxazoling), such as,
polv(2~-methyloxazoline), were prepared in a similar manner. Al the products were

analyzed by SEC and NMR,

Mixed Surface Modified Symmetrical Branched Polymer-IgG Conjugates
[001471 The preparation of mixed surface ({OH/NH: mix) modified
svinmetrically branched PPI-1pG conjugates (mix-m-SB-PPI-64-NHOH-2-1gG

cogugatesy is provided as a general procedure for the preparation of polymer

antibody.
100148} Other conjugates, such as, m-SB-PPI-4-NH;-1-1gG, m-5B-PPI-

B-NH:~1-12G, ne-8SB-PPIG-NH-1-1gQ, m-5B-PPL-32-NHy- 1180, m-8B-PPI-4-
NH-2-1pG, ne-5B-PPL&-NH~2-1pG, m-SB-PPI-16-NH-2-1¢G, m-SB-PPLI32-NH~
2000, m-SB-PPL4-NH;-3-10G, m-SB-PPLR-NH;-3-IpG, m-SB-PPI-16-NH:-3-16G,
m-SB-PP1-32-NH;-3-1eG, mix-m-8B-PPLI-4-NHAOH-1 (OH/NH: nux -G,
mix-m-SB-PPL-8-NHy H- T {OHNH; mix)-1gG, mix-m-SB-PPL16-NH/OH-
(OHNH, nux G, mixe-m-S8B-PPLA2-NHAOH-1 (OH/NH; mix)-12G,
mix-01-SB-PPE-4-NH-/OH-2 {OHNH nux -G, mix-m-5B-PPL-8-NHyOH-2
(OHNH: mid-IpG, mix-ne-SB-PPI-6-NHOH-2 (OHNH; mixi-lgG,
mix-m~-SB-PPL-32-NHA/OH-2 (OHNH; mixHgl, mix-m-8B-PPI-4-NH/OH-3
{OHNH; mix-leQ, mix-m-8B-PPL-8-NH,/QH-3 {OH/NH; mix)-1gG,
mix-m-SB-PPI-16-NHOH-3 {OHNH mix)-1g0, mix-m-SB-PPI-32-NH,/QH-3
{OHNH: max g, as well as primary amine and mix OH/ANH: modified combburst
PEI dendrigralls (Generation (-5) also were obtained in a similar mamner, The
synthesis of other targeting moieties attached to a modified SBP of interest also was

obtained in a similar manner,

Lk
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LC-SPDP-Mixed Surface m-SB-PPI-64-NH/OH-2

TSN To the mixed surface randomly branched mix-m-SB-PPI-64-
NHYOH-2 (4 x 107 mol) in 400 upl of phosphate buffer (20 mM phosphate and 0.1 M
NaCl, pH 7.5) were added 4.0 x 10" mol of sulfo-LC-SPDP (Pierce, IL) in 400 ul of
water. The mixture was vortexed and incubated at 307 C for 30 minutes. The
LOC-SPDP-mix-m-SB-PPI-64-NHOH-2 was purified by gel filtration
chromatography and equilibrated with buffer A (0.1 M phosphate, 0.1 M NaCl and
S mM EDTA, pH 6.8). The product was concentrated further 1o yield 4635 ull of

solution with a concentration of approximately .77 nmol.

Thiolated mix-n-SB-PPL-64-NH/OH-2

OGS The LO-SPDP mix-m-SB-PPI-64-NH/OH-2 (5 nol in 65 yi
of buffer A) was mixed with 100 pL of dithiothreitol {DTT) (3¢ mM in buffer A) and
was mcubated at room tesapersture for 15 minutes. Excess DTT and byproducts were
removed by gel filtration with butfer A The product was concentrated in a 10 K
Centricon Concentrator to yield 390 pL of the thiolated mix-m-SB-PPI-64-NHOH-2

that was used for conjugation with activated antibody.

Maleimide R (MAL-R)}-Activated Antibody

FO0151 To the antibody in PBS {310yl 8.1 mg or 34 nmol) were
added 20.4 pl of g MAL-R-NHS (N-bydroxysuccinimide) solution (10 md m water),
The mixture was vortexed and incubated at 307 C for 15 minutes. The product was
purified by gel filiration with buffer A. The maleimide-R-activated antthody was

ased for conjugation with the thiolated mix-m-SB-PPI-64-NH/OH-2.

mix-m-SB-PPI-64-NH/OH-2-Antibody Conjugate

(001521 To the thiolated me-m-SB-PPL-64-NH/OH-2 310 pul or
35,7 mmol) was added the MAL-R-activated antibody (4.8 mL or 34 mmol). The
reaction nuxture was concentrated to approximately 800 pl. and then allowed to
imcubate overnight at 4° C and/or at room temperature for about 1 hr. On completion,
the reaction was guenched with 100 pL of ethyl maleintide {30 mmolar solution) and

the conjugate then was fractionated on a carboxymethyl cellalose {CM) column
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{5 mL) with a sodiem chloride step gradient in 20 wM phosphate buffer at pH 6. The
comjugate was eluted with a sodium chloride gradient and characterized by cationic

exchange chromatography, UV spectroscopy and polvacrviamide gel electrophoresis.

Conjugation via Reductive Coupling-Reduction of Antibody

[O01331 To the antthady, 2.1 mg or 14 nmol i 166 gl of buffer B
{contaming (.1 M sodium phosphate, 5 mM EDTA and 0.1 M NaCl, pH 6.0) were
added 46 pl of DTT (30 mM in bufler B). The solution was allowed 1o stand at
room temperature for 30 nun. The product was purified by gel filtration in a
Sephadex G-25 columm equilibrated with buffer B. The reduced antibody was

concentrated to 220 pl and was used for conjugation.

MAL-R-Mixed Surface Meodified SBP

100154 To the nuxed swiace modified SBP in 400 gl (400x1 o mols)
at pH 7.4 were added 400 ul. of MAL-R-NHS (10 mM i water). That was muixed
and incubated at 30° C for 15 min. Ontermination, the product was purified on a
Sephadex G-25 colunmm equilibrated with buffer B. The MAL-R-nuixed surface

modified SBP was collscted and stored m aliguols i the same bufferat -40° C.

Mixed Surface Modified SBP-Antibody Conjugate

[O0155] To the reduced antibody (14 nmols in 220 ul} was added the
MAL-R-mix-m-SB-PPI-64-NH/OH-2 (154 b, 16.6 nmols) with stirring. The pH
was adjusted 1o about 6.8 by the addition of 12.5 pL of sodium cwrbonate (1.0M
solution}, the reaction was continued for | hr at rogn tenperature and lerminaled with
the addition of 100 pl. of cysteamine (0.4 mM solution). The conjugation mixtwe

was purified on a CM cellulose cotumn with a sodium chioride gradient elution.

1gG-Asymmetrical Randomly Branched Polymer Conjugates

FO01561 The preparation of randomly branched mixed surface (OH/NH;
mux )y meran-AB-PEI-NHOR-2-1gG conjugates is provided as a general procedure for
the preparation of polymer-antibody conjugates.

100137} Other conjugates such a3 PEI-{gl, m-ran-AB-PEI-NH;- 1-1pG,

m-tan-AB-PELI-NH:-2-gG, m-ran-AB-PEI-NH-3-1pG, mivan~-AB-PELNH-4-18G,

>4

25
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as well a8 m-ran-AB-PELNHOHAT (OHANH mix)}eG, meran-AB-PEENHGH-2
{OHNH: mo-1gG, mran-AB-PELNH/OH-3 {OHNH: mix)-1gG, regudar
polvivsine polvmer, alkvl-modified randomly branched poly{Z-ethvloxaroline) with
primary amine chain ends were all synthesizved m a sumilar manner. The syathests of
various protemn conjugates with asymmetrically randomly branched PEOX polymers

also is conducied in a similar manner,

LC-SPDP-Mixed Surface m-~ran-AB-PELNHOH-2

(001581 To the mixed surface randomly branched mran-AB-FEL-
NHZOH-2 (4 x 107 mol) in 400 pL of phosphate buffer (20 niM phosphate and 0.1 M
NaCl pH 7.5) were added 4.0 < 10 mol of salfo-LC-SPDP (Pierce, 1L} in 400 ul of
water. That was vortexed and incubated at 30° C for 30 minutes. The LC-SPDP-m-
ran-AB-PEI-NH>/OH-2 was parified by gel filration chromatography and
equilibrated with buffer A (0.1 M phosphate, 0.1 M NaCl and 5 mM EDTA, pH 6.8}
The product was concentrated further to yield 465 pl of solution with a concentration

of approximately 0.77 mnolfwmol.

Thiolsted m-ra-AB-PELNEOH2

00T 391 The LOC-SPDP meran-AB-PELNHOH-2 (30 nmol i 63 ml of
bulfer AY was mixed with 100 gl of dithiothrettol {DDTTY (30 wM in buffer A) and

was allowed to incubaie at voom temperature for 15 mimges. Excess DTT and
byproducts were removed by gel filtration with bulfer A. The product was
concentrated 1n a 10 K Centricon Concentrator to vield 390 ub of the thiolated

m~ran-AB-PEI-NH/OH-2 that was used for conjogation with sctivated antibody.

H00160] Malemide-R-activated antibody made as desenbed above was
ased for conpugation with the thiolated m-tan-AB-PELNHQH-2.

n-ran-AB-PEI-NH/OH-2-Antibedy Conjugate

00161} To the thiolated m-ran-AB-PEL-NHZOH-2 (310 uL or
33,7 nmol) was added the MAL-R-activated antibody (4.8 mL or 34 mmol). The
regction nuxnre was concentrated to approximately 800 ul and allowed 1o incubate

overmght at 4% C andfor at room temperatre for about 1 hr. On completion, the
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reaction was guenched with 100 ¢l of ethyl maleimide (30 mmokar solution) and the
comjugate then was fractionated on a CM cellulose column (8 mi) with a sodnuam
chloride step gradient in 20 mM phosphate buffer at pH 6. The conjugate was eluted
with a sodiin chioride gradient and characierized by cationic exchange

chromatography, UV spectroscopy and polvacrylamide gel electrophoresis.

Paclitaxel Formulation and Nanoparticle Preparstion

{00162} As a general procedure, paclitaxel was dissolved in methanol to
a concentration of up 0 40 mg/ml. A CuPEOXABPGO polymer was separately
dissolved to a concentration of up to 100 madmi. in methanol. The two solutions were
then mixed af various volumes to result in final polymer to paclitaxel molar ratios in
the mixtores ranging from 3:1 to 1001, The nuxtures subsequently were fyvoplulized
for 20 to 96 hours depending on volune.

100163} The size of the aggregates as measured by hight scattermg
ranged from about 70 nm (o 90 nm in diameter before tvophilization and 120-140 nm
after lvophilization.

(001641 Alternatively, both paclitaxel and the CPEOXABPOO polymer
can be dissobved ina common solvent, such as, acetong, methaod, or ethanol and then
dropwise added to water while being stirred or sonjcated, followed by sterile Rltration
with a .22 ym filter. The final product then can be generated by tyophilization and
the size of the aggregates measured by Hight scattering.

{00165} Other taxane-induced aggregates or nanoparticles using various
hydrophobically surface-modified branched polymers, such as, s, Co, Gy ov Gy
hydrecarbon-modified randomly branched PEOX, PET and PP polymers; Cy, Co, Cin,
Cys and Cyy hydrocarbon-modified PAMAM, PEI and PP dendrimers and
dendrigralis; and Cy, o, Cia, Crs and Co hydrocarbon-modified branched

PLL/polynters can be prepared in a simtlar mumner,

Nanoparticle with a 711 C;PEOXABP6O Polymer:Paclitaxel Ratio

001661 CiPEOXARPSO (700 mg) was dissolved in 933 mb of
methanol to vield a 73 mg/mL solution. A 15 mg/mL sohution of pachiaxel was alse
prepared by dissolving 100 myg in 6.67 ml of methanol. The two solutions were
mixed for 20 minutes resulting i a solution containing 6.25 myg paclitaxel and
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43.75 mg polymer per mlL, providing a solation with a 7:1 polyvmerdrag ratio. The
nuxtore was placed on a rotary evaporator and the methano! removed to dryness. The
resultat solid was redissolved with stircing in 33.3 mi of water 1o a Hinal pachiaxel
concentration of 3 ma'ml. The solution preparation was passed through a8 4.8 um
filter and then 2 0.22 pm filter. The filivate was lyophilized over a 24-72 hour peried
depending on the amount used. The vial was stoppered and the ready-to-use white

powder was storad at room temperature. That preparation was designated as FID-007.

Naneoparticle Measurement
(001671 The sive of various polymers, polvmer-only aggregates, as well
as drug-induced polvimer agpregates was measured by a dynanue Hght scaltering

method using a Malvern Zetasiver Nano-Z5 Zen3600 particle size analyzer.

Activity Testing

[OO168] Metabolismy in viable cells produces, "reducing eguivalems,”
such as, NADH or NADPH. Such reducing compounds pass electrons to an
intermediate electron fransier reagent that can reduce the telrazolium product, MTS
(Promega), o an aqueous, soluble formazan product, which is colored. At desih,
cells rapidly lose the abibiy to reduce tetrazolium products. The production of the
colored formazan product, therefore, is proportional o the number of viable cells in
culture.

(00164} The CeliTiter 96% Aqueous products (Promega) are MTS
assays for determining the mumber of viable cells n cultare. The MTS tetrarotium is
similar to MTT tetrazotium, with the advantage that the fornmwzan product of MTS
reduction is soluble in cell colture medioy and does not require use of a solubilization
sohution. A single reagent added directly 1o the assay wells at a recommended ratio of
20 ul reagent to 100 yi of culture medium was used. Cells were incubated 14 hours

at 377 C and then absorbance was measured at 490 am.

Taxicity and Efficacy of Nanoencapsulated Paclitaxel/ ABP&D (F1D-007)

180170} As previously described, nanoencapsulated paclitaxel was
prepared using CrABPAO polymer with a polymer to paclitaxel ratio of 7:1. That
preparation, given the designation FID-007, was compared to Taxol and Abraxane in
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cyvioloxicity studies with normal human dermal fibroblast cell ines and various cancer
cell Iines, and in in vivo studies of toxicity (maximum tolerated dose, MTD) and

inhibition of tumor growth in three mouse xenograft models.

In Vitro Activity of FID-007

O 71 FED-007 was tested with Taxol and Abraxase on novmal lunan
fibroblast cells and on various cancer cell lines in i vHro cviotoXicHy experiments,
While FID-047 inhibits the proliferation of a range of huwman cancer cell lines in vitro
including lines originating from breast, ovarian and lung cancer cells, FID-007
exhibited fower toxicity to normal cells, similar to the levels observed with Taxoel and
Abraxane (Figure 13}, Overall, FID-007 was 10 times less toxic to normal cells than
to tumor cells, exinbiting a very high ECs greater than 100 M. FID-007 was active
in a 72 h toxicity assay in bantan lung cancer cell line AS349 with an JCso of
2.8 pg/mL (Figure 16}, FID-007 cytotoxicity to normal cells was comparable {o that
of Taxol and Abraxane. FID-007 was cytotogic to MDA-MB-231 (triple negative
breast cancer cells) with an ICs of 4.9 ngyml {(Figure 17). FID-007 was cytotoxic to
OV-90 {ovarian cancer cells) with an 1Cs of 5.0 ng/mL (Figure [8). With all three
cancer cell lines, FID-GO7 cytotoxivity was comparable to that of Taxel and

Abraxane.

In Vive Activity of FID-007

100172} A series of experiments was performed to determineg 111 vivo
tolerability, activity, and basic pharmacokinetics of FID-007 administered
intravenously {1V} in nmice, as compared to Taxol and Abraxane. FID-007 was well
tolevated up 1o 130 mpfke daly dosing. To confirm antineoplastic activity, FID-007
was administered LV, daily at wellstolerated doses to mice in three different mouse
xenograft models (including lung, ovarian snd breast cancers), In general, FID-007
was better tolerated in mouse xenograft models than standard cytotoxic agents that
have similar targets, such as Taxol and Abraxane, and selectively inhibited the growth
of tumors.

100173} Haif-lite of FID-007 in mice was determined using an

optimized HPLC method to be approximately 9.3 hows. Liver and spleen, followed
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by blood were the organs with the highest concentration of FID-007 at | howr. The
PK profites of FID-007, Taxol and Abraxane are shown in Figuye 19

(001741 The single dose MTD of FID-007 was compared to that of
Taxol and Abraxane in a study wherein vanons doses of the drugs were admimmsterad
through the tall vein of healthy CD-1 mice and SCID {(immume deficient) mice over
the course of several weeks, Control mice were administered saline. The single dose
MTD for Taxel, Abraxane, and FID-007 on CD-1 mice was found to be 20 mp/'kg,
240 mpkg, and 175 mg'kg, respectively. No major side effects were observed n all
the mice that survived. However, weight gain was observed in all the treatment
groups of Abraxane and FID-007 as compared to the control groups (treated with
saling). Abraxane at 120 mgkg and above caused a dose-dependent increase in
weight. The same was observed with FID-0G07 at doses of 150 mekg and higher,

100175} The multiple dose MTD of FID-007 was determined similarly
by admimstering FID-007 (100 and 150 mg'kg) o healthy CD-1 and SCILY mice
{10 weeks, females) via the tal vein at day 0, day 3 and day 6. Anmimals were
monttored twice per day and weighed every 3 days. The moltiple dose MTD for
FID-007 m CD-1 mice was detenmined to be 100 mg/kp and was 3¢ mp/kg in SCID
mice with some side effecly tmediaiely after wjection, The FID-GT nudtiple dose
groups did not have excessive weight gain as compared to the control group.

100176} The in vivo efficacy of FID-GO7 in inhibiting tumor growth was
compared to that of Taxol and Abraxane i tumor xenografl mouse models of human
hung, breast and ovanian cancer. Sixty female and male SCID muce {6-8 weeks,
20-26 g, Charles River, 40 female mice for breast and ovartan cancer, 20 male mice
for hung cancer) were injected on each side of the torso (left and right) with 0.1 mL of
suspension of fang AS49, breast MDA-MB-231 or ovartan OV80 cells in serum-free
mednm. Cells were cubtured previously 1n a humidified incubator (37°C, 3% CO,,
95% atr), Doses of 3 x 10° (A549), 107 (MDA-MB-231), and § X 10° {OV-90) cells
were used per mouse fumor. The tumors were allowed o grow for 7 1o 9 davs befre
treatment started, and all tumor volume measurements were obtmined using a digital
caliper (VWR inc.). The tumer volumes were calculated by the formala (W7 x L)72,
where W is the maximum tumor width and L s the maximum tumor kength, Tomor
and body weight measurements were oblained on the same day prior to the firdd
treatment, then every three days. Day 0 was designated as the first day of treatment.

40



WO 2014/123791 PCT/US2014/014336

On day 0, the anmmals that developed tumors were divided randomly into five groups
fabout 4 muce {8 tumors) per group], with each treatment group representing a wide
rage of tnor sizes.

1001774 Abraxane {30 mgfkg), FID-007 20 me'ke), Taxel 20 me'ke)
and CsABPGO polymer starbing matersal, designated as NanoCarrier 001-B,

{20 mg/ky) were prepared fresh for each mjection. Saline was used as a vehicle
contrel, The drugs or saline were administered through tail vein injection every three
days. Druyg doses were chosen to be equitoxic for all treatment groups based on the
previously determined single and multiple dose MTD. Long, breast and ovarian
cancer groups each recetved a total of four mijections. Injection vohume for control,
Abraxane and FID-007 was 0.1 mL per injection throughout the entive study. Due to
the viscosity of the Taxol formulation, 0.2 mL per tmection were admimistered for the
20 mg'ky dose. Average body weight and tumor volume measurements were
calculated by averaging all the animals within the same group. The muce were
euthanized with moflurane 21 days from the last weatment for hg cancer and ovarian
cancer, and 10 days for breast cancer. Blood and isolated serum, as well as tumor
tissues and Hver were collected and stored at -80°C.

100178} For the hung cancer (ASY) xenograll group, pverall, no deaths
oecurred 1 any of the treatment groups. Probably due to the wxicity of Taxol, beavy
breathing and inactivity were observed in the first 30 minutes post treatment in a
couple of mice. Average body weight and tumor volume measurements were
calculated by averaging all the animals within the same group. The overall average
body weight gains for saline control, Taxol, FID-007 and Nano vehicle control were
6.05%, S87%, 6.38% and 12.3 %, respectively. However, all mice i the Abraxane
group developed bad neerotoxicity and lost > 20% weight. Those mice were
sacrificed at 13 days. Tumor volumes increased by 1827 mun’ for the saline control
group and 1311 mum’ for the Nano-Carvier-001 B vehicle control group, and by
305.8 mm” for the Taxol group. However, FID-007 groups had a reduction in tumor
vohanes by 39.7 mm’ (Figare 203, Figures 21 and 22 show representative images of
tumors of the treatment groups.

101794 For the breast cancer (MDA-MB-231} xenograft group, no
deaths cccwred in any of the treatment groups. Possibly due to the toxicity of Taxol,

heavy breathing and inactivity were observed in the first 30 nunutes post treatment.
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In the Abraxane group, all mice showed side effects of weak hind legs and 20% body
welght loss afler three treatments, leading to a decision to stop the 4 treatment for
that group. Average body weight and tumor volume measurements were calonlated
by averaging all the animals within the same group. The overall average body weight
gains for sahne, Taxol, FID-007 and Nano-Carrier-001B were 3.76%, 0.46%, 1.8%,
and 4.2%, respectively. For the Abraxane group, average body weight drop was
7.66%. Tumor volumes increased by 328.6 mm® and 458.8 mm” in the saline and
Napo-Carrter-001B groups, respectively. In the FID-007, Taxol and Abraxane
groups, twmor volumes decreased by 1087 mny', 755 mm” and 70.2 mm®,
respectively, Tumor volume observations are shown in Figure 23, Figures 24 and 25
are represeuntative images of tumors of the treatment groups.

[001801 For the ovarian cancer (OV-90) xenograft proup, the Taxol
treatorent group showed some toxicity with heavy breathing and inactivity observed
in the first 30 minutes post treatmeant mn two mice. The average body weight gain was
3.239%, 17.1%, 13.5%, 15.4% and 2.24% in the saline conivol, Taxol, Abraxane,
FIDN-007 and Nano-Carrier-001 B control groups, respectively. Tumor volumes
increased by 652.7 mmj, 2719 mnt and 9.1 mm’ in saline control,

Nano-Carrier-001 B controf and Taxol groups, respectively, while there was a
decrease in tumor volume in the FID-007 groups by 93.1 mum” and in the Abraxane
oroup (%0 mg/kp) by 72.4 mm®. Figure 26 summarizes tumor volume observitions

o
7
H

for each treatment group. Figures 27 and 28 are representative images of tumors
before and after dissection.

018 FID-007 demonstrated in vitro cytotoxicity to hung, breast and
ovartan cell Hnes simifar to the established antineoplastic drugs Taxol and Abraxans
while matntainig a low level of toxicity to normal cells. The w vivo efficacy of
FID-007 in inhibiting tumor growth and reducing tumor mass was as good as or
significantly better than the two approved drugs 1 mouse xenografl wodels of human
lang, breast, and ovarian cancers.

o182l All references ciled berein are berein incorporated by reference

i entirety.

IO0183} It will be appreciated that various changes and modifications
can be made to the leachings berein without departing from the spirit and scope of the

disclosure.

42



WO 2014/123791 PCT/US2014/014336

We claim:

1. An aguregate comprising
a}l a polvoxaroling comprising at feast one termunal group modifisd with a

hydrophobic motety, wherein said polyoxazohne further comprises a inear portion, a
branched portion or both, and said branched portion comprises a symmetrically
braniched polymer, an asymmetrically branched polymer or a combination thereof,
wheretn satd polyoxazoline comprises a ratio of monowmer to mitiator of from 54:1 1o
Ri¥1, and

b a taxane, wherein said polyoxazoline and suid taxane has a weight ratio

of polvmer {o taxane of 6-&.

2 The aggregate of clainy 1, wherein said initiator comprises a hydrophobic

electrophilic molecule.

3. The aggregate of claim 1, wherein said intbintor comprises g hydrocarbon.
4, The aggregate of clawm 1, whersin said initiator comprises an aliphatic

hydrocarbon, an sromate hydrocarbon or a combination of both,

3, The aggregate of claiy |, wherein said mitiaior comprises a halide functional
aroup.
6. The aggregate of claim 5, wherein said initiator comprises an alkyl halide, an

aralkyi halide, an acyl halide or combination thereof.

7. The aggregate of claim 3, wherein said hydrocarbon compnises from 2 1o

about 22 carbons, which mav be satwaied o unsaturated.

R The aggregate of claim 1, wherein said ntiintor comprises methyl 1wodide,
methyl bromide, methyl chioride, ethyl odide, ethyl bromide, ethyl chloride,
1-iodobutane, 1-bromobutane, l-chlorobulane, 1-ivdobexane, 1-bromohexane,
I-chlorohexane, I-iodododecane, -bromododecane, I~chlorododecane, l-iado-

43



WO 2014/123791 PCT/US2014/014336

octadodecane, 1-bromo~-octadodecane, 1-chloro~octadodecans, benzyl iodide, benwyl
bropude, benzy] chloride, allyl bromide, allvl chlonde, acyl bromide, acvl chlonide,

benzoy! bromude or benzovi ehloride.

i, The aggregate of claim 1, wherein said initiator comprises a tosyl group.

10, The aggregate of claim 1, comprising a size from 30 mn to about 100 wm
before lyophilization.

11, The aggregate of claim I, wherein a second ternunal group of said

b

polyoxazoline comprises a site modified by an ethylenediamine or derivative thereol

12, The aggregate of claim 1, wherein said taxane is associated with said at least

one terminal group.

13, Theageregate of clabm 1, whereitn said polyoxaroline comprises

bed

polv(2-substituted oxazoline).

1. The aggregate of clam 1, farther comprising a trgeting molety.

15, The aggregate of clamm 14, wharein said fargeting moiety comprises an
antibody, an antizen-bmding portion thereof, an antigen, a cell receptor, a cell

receptor higand or & lectin hipand.

16, The agwregate of claim 1, wherein said polyoxazoline comprises
poly{ 2-methvloxaroline, polv(2-ethyloxazoline), poly(2~propyloxazoline) or

poly{2-butyloxazohine).

17, The aggregate of clamm 1, wherein said taxane comprises pachitaxel or

docetaxel.

18, The agwregate of claim 1, comprising a stee from 120 to 144 am after
lyophilization.
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