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(57) Abstract: The present invention provides compositions
for the treatment of cancer. The compositions include lipo-
somes containing a phosphatidylcholine lipid, a sterol, a
PEG- lipid, and a taxane, The PEG-lipid constitutes from
about 2 to about 8 mol % of the lipids in the liposome. The
taxane is docetaxel esterified at the 2'-O position with a het -
erocyciyl-(C,s alkanoic acid), The present invention also
provides liposomal compositions for the treatment of cancer
comprising administering to a patient, in need thereof a lipo-
some, wherein the liposome comprises: a phos-
phatidylcholine lipid; a sterol; a PEG-lipid; and a taxane or a
pharmaceutically acceptable salt thereof; wherein the taxane
is docetaxel esterified at the 2'-O-position with a hetero-
cyclyl-(C,.s alkanoic acid); and wherein upon administration
of the liposomal composition to the patient, the plasma con-
centration of docetaxel remain above an efficacy threshold of
0,2 uM for at least 5 hours.
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MODIFIED DOCETAXEL LIPOSOME FORMULATIONS AND USES
THEREOF
CROSS-REFERENCE TO RELATED APPLICATIONS

(006611 This application clabms priority to U.S. Provisional Application No.62/117,299 filed on
Febroary 17, 2015, which is incorporated herein by reference in their entirely (o the full extent

perntitied by law,
BACKGROUND OF THE INVENTION

BO021  Taxotere™ {docetanel) and Taxol® (paclitaxel} are the most widely prescribed
anticancer drugs on the market, and are associated with a number of pharmacological and
toxicological concerns, incloding highly variable (docetaxel} and nos-inear (paclitaxely
pharmacokinetics {PK), serlous hypersensitivity reactions asssociated with the formuolation
vehicle (Cremophor EL, Tween R0}, acute and dose-limited toxicities, such as myelosuppression,
neurctoxicity, fluid retention, asthenia, hyperlacrimation, oncholysis and alopecia, In the case of
Taxotere®, the large variability in PK causes significant variabiiity in toxicity and efficacy, as
well as hematologicsl toxicily correlated with systemic exposwre io the unbound drug. In
addition, since the therapeutic activity of taxanes increases with the duration of wmor cell drug
exposnre, the dose-limiting toxicity of commercial taxane formulations substantially Hmits thew
therapentic potential, Resjstance to the drugs due to causes, such as up-regulation of protein
transporier puinps by cancer cells, can further conplicate taxane-based therapies. As such, there
exists a need for taxane-based chemotherapeuntics with decreased toxicity and improved efficacy.

The present invention addresses this and other needs.

BRIEF SUMMARY OF THE IRVENTION
{38031 In one aspect, the present invention provides a composition for the freatment of cancer.
The composition includes a liposome containing a phosphatidylcholine lipid, s stercl, a
polviethyiene gEycoi)—phosphoiipid conjugate (PEG-lipid) and a taxane or a pharmacentically
acceptable salt thereof. The taxane is docetaxel esterified at the 2-O-position with a
heterocyelyl-(Cy 5 alkancic acid), and the PEG-lipid constitutes 2-8 mol % of the total lipids in

the liposome.
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80647 Yo another aspect, the invention provides a method for preparing a liposomal taxane.
The method inclodes: a) forming a first lposome having a lipid bilayer including a
phosphatidyicholine lipid and a sterol, whersin the Hpid bilayer encapsulales an isterior
compartment comprising an aqueous sclution; by loading the first liposome with a taxane, or a
pharmaceutically acceptable salt thereof, to form a loaded liposome, wherein the taxane is
docetaxel esterified at the 2-O-position with a heterocyelyl-{Cy s alkanoie acid); and ¢y Torming
a mixture containing the loaded lposome and a PEG-lipid under conditions sufficient to allow

insertion of the PEG-Hpid into the hipid bilayer.

[B005]  In still another aspect, the favention provides liposomal compositions for the treatment
of cancer comprising administering to a patient in need thereof a liposome, wherein the lposome
comprises: a phosphatidyleholine lipid; a sterol; 2 PEG-lipid; and a taxane or a pharmacentically
acceptable salt thereof: wherein the taxane 18 docetaxel esterified at the I-O-position with a
heterocyelyi-{{C) 5 alkanoic acid); and wherein npon administration of the liposomal composition
1o the patient, the plasma concentration of docetaxel remain above an efficacy threshold of 8.2

M for at least 5 hours.

10806]  In vet another aspect, the invention provides a method for treating cancer, The method
includes administ‘ering to a patient in need thereof the liposomal taxane composition of the
present invention. In one embodiment, the liposome comprises: a phosphatidylcho}im‘: lipid; a
sterol; a PEG-lipid; and a taxane or a pharmaceutically acceptable salt thereof; wherein the
taxane is docetasel esterified at the 2-Ceposition with a hetercoyelyl-(Cos slkanoic acid); and
wherein upon  administration of the liposomal composition to the patient, the plasma

concentration of docetaxel rerpains above an efficacy threshold of 0.2 yM for at least 3 hoors,
REFERENCE TG COLOR FIGURES

(00071 This apphcation file contains at least one drawing executed in color, Coples of this
patent application publication with color drawings will be provided by the Office upon request

and payment of the necessary fes.
BRIEF DESCRIPTION OF THE DRAWINGS

{0081  Figure 1 shows the clearance of (A) TD-1 and (B) docetaxel from plasma following

adratnistration of PHGyvlated TD-1 liposomes io mice bearing AS48 xenograft. Data are

L
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represented as mean % standard error of three mice or as the mwean or single value if less thap

three mice.

{0097 Figure 2 shows the plasma concentration of docetaxel following administration of the
molar equivalent of docetawel released from PEGylated TD-1 liposomes (100 mginy’y and

docetaxe!l (100 ma/my™). Data are represented a single value.
& &

[G0E8]  Figure 3 shows the levels of (&) TB-1 and (B) docetaxel in mmors following
administration of PEGylated TD-1 Hposomes and docetaxel to mice bearing AS549 human
NSCLC xenograft. Data are represented as mean = standard ervor of three mice or as the mean or

single value if less than three mice.

00117 Figure 4 shows the levels of TD-{ over time in tissue following administration of (A)
40 wug/kg and (B) 144 mg/kg PEGylated TD-1 liposomes to mice bearing AS49 human NSCLC
xenngraft. Data are represented as mean & standard error of three mice or as the mean or single

value if less thayn three mice,

G821  Figure 5 shows the levels of docetaxe] over time in tissue following administration of
(AY 40 mgfkg and (B) 144 mglkg PEGylated TD-1 liposomes 1o mice bearing AS4Y human
NSCLC xenografl. Data are represented as mean = standard exvor of three mice or as the mean oy

single value if less than three mice.

[13]  Figure 6 shows the levels of docetaxel over thme in tissue following admunisiration of
30 mg/kg docetaxel o mice bearing A549 humsan NSCLC xenograft. Data are represented as

wean 4 standard error of three mice or as the mean or single value if less than three mice.

(30141  Figure 7{A) shows the antituroor effect of T liposomes, PEGylated TD-1 Hiposomes
and docetaxel against human PC3 (prostaie) tumor xepograft io athymic node mice. All
trestment groups exhibited significantly smaller tumors than saline 36 days following g single IV
administration. Treatroent with PEGylated TD-1 Hposomes at 19 megfkg cauvsed significantly
smaller tumors than the eguitoxic dose of docetaxel (9 mg/kg) and TD-1 liposomes (30 mg/kg)
# p < (.05, PEGylated TD-1 liposomes (38 mg/kg) cavsed smaller wumors thao docetagel (18

mgfkg) at comparably tolerated doses on day 79 post treatment, #, p < 0.05. Analysis was
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conducted using one-way ANQOVA followed by a Newman-Keuls post foc test. Data are

represented as mean of three (0 six mice.

[B0IS] Figure 7(B) shows a Kaplan-Meier survival plot of athymic nude mice bearing human
PC3 (prostate) xenograft tumors ireated with TD-1 liposomes, PEGylated TD-1 liposomes,
docetaxel or saline. Docetaxe] treabment ai 18 and 27 mp/ky and all treatment doses of TD-1
liposomes and PEGylated TD-1 Hposomes increased survival significantly more than saline, p

<03.05, Maniel-Cox, log-rank test, Each group started with five to six male nuce bearing tumors.

{9316] Figure 8A shows the antitumor effect of PEGylated TD-1 liposomes and docetaxel
against human PC3 (prostate) tumor xenograft in athymic nude mice. All dose groups of
PEGylated TD-1 Hposomes inhibited tumor growth longer than all dose groups of docetaxel,

Diata are represented as roean of five 1o ten mice.

[B017] Figure 8B shows a Kaplan-Meler survival plot of athymic nude mice bearing human
PC3 (prostate) xenograft tumors treated with PEGylated TD-1 liposomes or docetaxel. All dose
groups of PEGylated TI3-1 liposomes increased median survival of mice greater than docetaxel.

Drata ave represented as mean of five to ten mice.

89181 Figure 8C shows the body weight changes of athywic nude mice bearing human PC3
}., o bd & }’ &
prostate xenograft tumors treated with PEGviated TD-1 liposomes or docetaxel. Data are

represenied as mean of five 1o ten mice.

[GGI9]  Figure 9A shows the plasma concentration of docetanel over time (48 hrs) following
administration of PEGylaied TE-1 liposomes at dose levels of 3, 6,12, 24, 4%, and 80 mg.:"m“",
and a published report of plasma concentration of docetaxel at a dose of 100 mg:"mz. Data are

represented as single values,

00261 Figure 9B shows the plasma concentration of docetaxel over time following
administration of PEGylated TD-1 liposomes at dose levels of 3, 6,12, 24, 48, 80, 120, 160, 190,
235,276, 330 and 380 mgi‘mz. Daata are represented as mean of three mice, except for 380 mgimz

which is a single valoe.

(0217 Figore 9C shows the plasma concentration of docetaxel over time following

administration of PEGylated TD-1 Hposomes at dose levels of 180, 225, 270, 320 and 380
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mg/m®, Data are represented as mean of three mice, except for 380 mg/m” which 18 a single

vahye.

(38221 PFigore 10A shows the correlation between peak docetaxel concentration {Cuw) and
dose levels administered at 3, 6,12, 24, 48, 80, 120, 160, 190, 225, 270, 320 and 380 mgfmz.

Drata are represented as mean of three mice, except for 380 mghny’ which is a single value,

(60231 Figure 10B shows the correlation between docetaxel exposure (AUCqueg and dose
fevels administered at 3, 6,12, 24, 48, 80, 120, 160, 190, 225, 270, 320 and 380 mgfmv“", ata are

represented as mean of three mice, except for 380 mg/m” which is a single value,

0424} Tigure 11A shows the plasma concentration of TD-1 over time following
administration of PEGylated TD-1 liposomes at dose levels of 3, 6,12, 24, 48, 80, 120, 160, 190,
225,270, 320 and 380 mgim?, Data are represented as mean of three mice, except for 380 mg/m’

which is a single value.

{36251 PFigore 1B shows the plasma concentration of TD-1 over time following
administration of PEGylated TD-1 liposomes at dose levels of 190, 225, 27¢, 320 and 330
mg/m®, Data are represented as mean of three uice, except for 380 mgfm” which is a single

vaiue,

4261 Figure 12A shows the correlation between peak TD-1 concentration {Cpay) and dose
levels administered at 3, 6,12, 24, 48, 80, 120, 160, 190, 225, 276, 320 and 380 mglmz. Data are

- . ~ 2 « . .
represented as mean of three mice, except for 380 mg/m” which is 2 single value.

[G0271 Figure 12B shows the correlation between TD-1 exposure (AUCq) and dose levels
administered at 3, 6,12, 24, 48, 8¢, 120, a0, 190, 225, 279, 320 and 380 mgimz, Data are

. . © ey S . .
represented as mean of three mice, except for 380 myg/m” which is a single value,

{38281 PFigore 13A shows the wean plasma conceniration of docetaxel following
administration of PEGyiated TD-1 liposomes in cancer pationts at dose levels of 3,6, 12, 24, 48,
& 80 mgim?x The putative efficacy threshold is provided. Data are represenied as mean of two of

three mice.

[425%] Figure 3B shows the mean plasma concengration of docetaxel following

administration of PEGylated TD-1 liposomes in cancer patients at dose levels of 3, 6, 11, 24, 48,
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80, 120 & 160 mgim”. The putalive efficacy threshold is provided. Drata are represented as mean

of two or three mice.

{301 Figure 14 shows the mean plasma concentration of docetaxel above the putative
efficacy threshold (ix and 2%} following administration of PEGylated TD-1 lposomes (120

;2. . o, AN > .
mg/m”) and Taxotere™ (100 mg/m”) in cancer patients. Data are represented as single values.

(60311 Figore 15 shows the mean plasma concentration of (A) TD-1 and B) DSPE-PEG{Z000)
following administration of PEGylated TD-1 Bposowes in cancer patients at dose levels of 3, 6,

o o o 2 ,
12, 24, 48, & 80 mg/m®. Data are represented as mean of two or three mice,

(321  Figure 16 shows the mean plasma concentration of (A} TD-1 and By DSPE-PEGR000)
following administration of PEGylated TD-1 liposomes in cancer patients at dose levels of 3, 6,

224, 48, 80, 120 & 150 mgimz,, Diata are represented as mean of two or three mice,

{38331 Figure 17 shows pharmacckivetic dose proportionality of docetaxel following
administration of PEGylated TD-1 Hiposomes in cancer patients for (A) Cas and (B) AUC,:

Data are represented as mean of two or three e,

{33341 Figure 18 shows pharmacokinetic dose proportionality TD-1 following adruinistration
of PEGylated TD-1 liposomes in cancer patients for {A) T, and (BY AUC,, Data are

represented as mean of two or three mice,

FI38]  Figure 19 shows pharmacokinetc dose proportionality DEPE-PEG(2000} following
adrainistration of PEGyviated TD-1 liposomes in cancer patlents for {A) Cna and (B AUC.

Data are represented as mean of two or three mice.

0361 Figure 20 shows the day vs. nestrophil connt in patients treated with PEGylated Ti3-1

Hposomes. Dats are represented as single values,

{08371 Figure 21 shows the toxicity correlation between docetanel AUCr and neutrophils in

cancer paticnts, Data are represented as single values.

0381 Figure 22 shows the toxicity correlation between docetaxe] o and platelets i caneer

patients. Data are represented as single values.

&
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[6439] Figore 23 shows the correlation between neutrophil count and docetaxel Ciag in a
cancer patient following a single cyele of eatment at (A) day 8 and (B) day 15, Data ae

represented as single values.

(407 Figure 24 shows the correlation between neutrophil count and docetaxel AU o rin a
cancer patient following a single cycle of reatment at {A) day & and (B} day 15, Data ae

represented as single values,

DETAILED DESCRIPTION OF THE INVENTION

i £xeneral

{0411  The present invention provides novel liposomal taxanes, as well as a multi-siep, one-pot
method for encapsulation of taxanes in lposomes and subsequent incorporation of poly(ethylene
giveol-functionalized lipids into the liposomes. The liposomal taxanes prepared by the methods
described herein demonstrate several advantages incloding increases in shelf stability, in vivo
circulation time and i vivo efficacy. The liposomal taxanes are usefnl for the treatment of cancer as

described herein,
£l Diefinitions

08427 As used herein, the term "liposome” encompasses any compartment enclosed by a lipid
hilaver, The term liposome includes unilamellar vesicles which are comprised of & single hipid
bilayer and generally have a diameter in the range of about 20 10 about 480 nm. Liposomes can
also be multilamellar, which generally have a dismeter in the range of 1 to 10 ym. In some
embodiments, liposomes can include multilameliar vesicles (MLVs; from about | pum o about
10 umt in size}, large unilamellar vesicles (LUVs; from a fow hundred nanometers o abont 10

wrg in size) and small unilamellar vesicles (SUVs; from about 20 nm o about 200 nm in size).

{68431 As used herein, the term "phosphatidyicholine Hpid” refers to a discyiglyceride
phospholipid having a choline headgroup (e, a 1,2-diacyl-sn-glycero-3-phosphocholine). The
acyl groups in a phosphatidylcholine Hipid are generally derived from fatty acids having from &-
24 carbon atoms. Phosphatidylcholine lipide can include synthetic and naturally-derived 1,2-

diacyl-sn-glycero-3-phosphocholines,

(30441  As used hersin, the term "sterol” refers to a sieroid containing at least one hydroxyl

group. A sterotd is characterized by the presence of a fused, tetracyclic gonane ring systeny

7
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Sterols  include, but  are  unot  limited to, cholesterol {(Le, 2,15-dimethyl-14-(1,5-
fiimethyihexy}}tetracyci0[8,7&0.62‘7.61i’lﬁ}heptacos—lenﬁ~0.E; Chemical  Abstracts  Services

Registry No, 57-88-33.

(38451  As used herein, the termn "PEG-lipid" refers to a poly{ethylene glycoly polymer
covalently bound to a hydrophobic or amphipiiic lpid motety. The lipid moiety can include fats,
waxes, steroids, fat-soluble vitamins, monoglycerides, diglycerides, phospholipids and
sphingolipids, Preterred PEG-lipids include diacyi-phosphatidylethanolamine-N-
Inethoxy(polvethens  glyeolils  and  MN-acyl-sphingosine-i-{succinylmethoxy(polyethylene
glycoiills. The molecnlar weight of the PEG in the PEG-lpid is generally from abowt 300 o
about 3000 Daltons {(Da; g/mol). The PEG in the PEG-lipid can have a linear or branched

afructure,

{8461 As used herein, the term "taxane” refers to a compound having a structural skeleton
similar to diterpene natural products, also called taxanes, initially isolated from yew trees (genus
Taxus). Texanes are generally characterized by a fused 6/8/6 tricyclic carbon backbone, and the
grcup includes natoral products and synthetic derivatives. Examples of taxanes jnclude, but are
net limited to, pactitaxel, docelaxel and cabazitaxel. Certain taxanes of the present invention
inclade ester moileties at the 2 hydroxyl group of the 3-phenypropionate sidechain that exiends

from the tricyclic taxane core.

(60471 As used herein, the term “hetercoyelyl” refers to a satnrated or unsaturated ring system
having from 3 to 12 ring mermbers and from 1 to 4 hetercatoms of N, 0, and S, The heteroatoms
can also be oxidized, such as, but not Hmited to, -S{0)- and -S{O)-. Heterocyelyl groups can
inciude any number of ring atoms, such as, 3106, 4106, 3106, 310§ 48, 5108, 6108,
3109, 31010, 3t 1l or 3to 12 ring members. Any suitable number of heteroaioms can be

included in the heterocvelyl groups, suchas 1,2, 3, ord,or ti0 2, lw3, 1w 4 203, 2twwd o
-

3 to 4. Heterocyelyl includes, but is not Hmited o, 4-methylpiperazinyl, morphoiine and

piperidinyl.

(60481  As used herein, the term “alkanoic acid" refers to a carboxylic acid containing 2-3
carbon atoms. The alkanoic acids may be linear or branched. Fxamples of alkanoic acids mmclude,

bt are not Himited to, acetic acid, propionic acid and butanoic acid.
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(38491 As used herein, the terms "molar percentage” and "mol %° refer to the nomber of 4
moles of a given lipid component of a lposome divided by the total number of moeles of all lipid
componenis. Unless explicitly stated, the amounts of active agents, diluents or other components

are not included when calculating the mol % for 2 lipid component of a liposome.

(80561 As used herein, the term "loading” refers o effecting the accumulation of a taxane in a
tiposome. The taxane can be encapsulated in the agqueous interior of the Hposome, or il can be
ermbedded in the Hpid bilayer. Liposomes can be passively loaded, wherein the taxane is included
in the solutions used during Hposome preparation. Aliernatively, liposomes can be remotely
loaded by establishing a chemical gradient {e.g., a pH or ion gradient) across the liposome

bitayer, causing migration of the taxane from the aqueous exterior to the liposome interior,

(38511 As used herein, the term "insertion” refers to the embedding of a lipid component into a
liposome bilaver. In general, an amphiphilic lipid such as a PEG-lipid is transferred from
solution to the bilayer due o van der Waals interactions between the hydrophobic portion of the

amphiphilic iipid and the hydrophobic nterior of the bilayer.

(08521 As used herein, the term “corpposition” refers to a prodoct comprising the specified
ingredients in the specified amounts, as well as any produci(s) which results, directly or
indivectly, from the combination of the specified ingredients in the specified amounts.
Pharmaceuntical compositions of the present invention generally contajn a liposomal taxane as
described  herein and a pharmaceutically acceptable carvier, diluent or excipient. By
"pharmaceutically accepiable,” 1t is weant that the carrier, diluent or excipient must be
compatible with the other ingredients of the formulation and nop-deleterious 10 the recipiont

thereot,

100831 As used herein, the term "cancer” refers to conditions including human cancers and
carcinomas, sarcomas, adenccarcinomas, lymphorsas, leukemias and solid and lymphoid
cancers. Hxamples of different types of cancer include, but are not limited to, lung cancer {e.z.,
non-small cell lung cancer or NSCLC), ovarian cancer, prostate cancer, colorectal cancer, liver
cancer {Le., hepatocarcinoma), renal cancer (fe., renal cell carcinoma), bladder cancer, breast
cancer, thyroid cancer, pleural cancer, pancreatic cancer, uterine cancer, cervical cancer,
testicular cancer, anal cancer, pancreatic cancer, bile duct cancer, gastrointestinal carcinoid

~ tamors, esophageal cancer, gall bladder cancer, appendix cancer, small intestine cancer, stomach

G



WO 2016/134066 PCT/US2016/018340

{gastric) cancer, cancer of the central nervous system, cancer of unltoown primary origin, skin
cancer, chortocarcinoma, head and neck cancer, blood cancer, osteogenic sarcoma, fibrosarcoma,
nenroblastorna, glioma, melapoma, B-cell lymphoma, non-Hodgkin's lymphoma, Burkitt's
lymphorna, Small Cell fymphoma, Large Cell lymphoroa, monocytic leukemia, myelogenous

fenkemia, acute lymphocytic leukemia, scute myelocytic lenkemia and multiple myeloma,

(06541  As used herein, the terms "treat”, "treating” and “westment” refer to any indicia of
success in the treatment or ameloration of a cancer or a symptom of cancer, including any
objective or subjective parameter such as abatemens; remission (e.g. full or partial); achieviog a
complete response in & patient; achieving a partial response in a patient; maintaining a stable
disease state (e.g., the target lesions have not decreased in size, however, the target lesions have
also not increased in size and new lesions have not formed); diminishing of symptorns or making
the cancer or cancer symplom more tolerable to the patient {clirscal benefit). The treatment or
ameltoration of symptoms can be based on any objective or subjective parameter, including, 2.g.,

the result of a physical examination {clinical benefit) or clinical test,

[9055]  As used herein, the term "full response” refers to, but is not hmited to, the

disappearance of all target lesions,

(38561 As used herein, the term "partial response” refers to, but is not limited to, a 2 30%
decrease in the smn of the diameters of target lesions, taking as reference the baseline sum

diameter.

(80571 As used herein, the term "progressive disease” refers to, but is not limited 1o, a 2 20%
increase in the sam of the longest diameter of target lesions, taking as reference the smallest sum
on study (this includes the baseline sum if that e the smallest on study) with an absoluie Increase

of at least 3 mm and the appearance of one or more lesions.

[HI58]  As nsed herein, the term “stable disease” refers to, but is not lvited to, a response that

is neither sufficient to qualify for partial response nor progressive disease.

(8591 As used herein, the terms "administer”, "administered” and "administering” refer {o
methods of administering the lposome compositions of the present invention. The liposome

compositions of the present invention can be administered in a variety of ways, including

10
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parenterally, intravenously, intradermally, inramuscularly or intraperitoneally. The liposome

compositions can also be administered as part of a composition or formulation.

(66681 As used herein, the term "subject” refers to any mammal, in particular @ human, at any

stage of life.

(00611 The term “half-life” or "tyn" as used hercin refers to the amount of time required for the
concentration or amount of the drug found in the blood or plasma to decrease by one-halfl This
decrease in drug concentration is a reflection of its metabolism plos excretion or elimination after
absorption is complete and distribution has reached an eguilibrivm or quasi eguilibrivio state.
The half-life of a drug in the blood may be determined graphically off of a pharmacokinetic plot
of a drug’s blood conceniration-time plot, typically after intravenous administration 0 a sample
population. The half-life can also be determined using mathematical calenlations that are well
koown in the art. Porther, as used herein, the term "half-life” also inclodes the "apparent half-
life" of a drug. The apparent half-life may be a composite number that accounts for contributions
from other processes besides elimination, such as absorption, reuptake or esterchepatic

recycling.
[062]  The term "TAUC" means an arca under the drng concentration-time curve.

(6631 The term "Partial AUC” means an area under the drug concentration-time curve (AUC)
caloulated using linear trapezoidal summation for a specified interval of time, for example,
AUCO-1hr), AUCO-2hr), AUC(0-4hr), AUC{D-6hr), AUC(G-8hr), AUCD-(Tmax of IR prodact
+ 28D, AUCH-GOh, AUCKx-yhr), AUC(Tmax-1), AUCO-(0hrn), AUC(Tmax of IR product +
251351y or AUC{O-00),

10064]  The term "Cua' tefers to the maximum plasma concentration obtain during & dosing

interval,

(30651 The use of individual numerical values are stated as approximations as though the
values were preceded by the word “about” or "approximately.” Similarly, the numerical values in
the various ranges specified in this application, onless expressly indicated otherwise, are stated
as approximations as though the minjwum and maximum values within the stated ranges were
both preceded by the word "about” or "approximately.” In this manner, variations above and

below the stated ranges can be used to achieve substantially the same resulls as values within the
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ranges. As psed herein, the terms "about” and “approximately” when referring 1o a numerical
value shall have their plain and ordivary meanings t© 2 person of ordinary skill in the att to
which the disclosed subiect malter is most closely related or the ast relevant to the range or
element at issue. The amount of brosdening from the sirict numerical boundary depends upon
sany factors. For exarmple, some of the factors which may be considered include the eriticality
of the element and/or the effect a given amount of variation will bave on the performance of the
claimed subject matter, as well as other considerations kuown to those of skill in the art. As used
hersin, the use of differing amounts of significant digits for different nurserical values is not
meant to Hmit how the use of the words "about” or "approaimately” will serve o broaden a
particular numerical value or range. Thus, as a general matter, "about” or “approximately”
proaden the numerical value. Also, the disclosure of ranges is intended as a continuous range
including every value between the minimum and maximum values plus the broadening of the
range affcrded by the use of the term "about” or “approximately.” Consequently, recitation of
ranges of values berein are merely intended to serve as a shorthand method of referring
individually to each separate value falling within the range, nnless otherwise indicated herein,
and cach separate value is incorporated imto the specification as if i were individually recited

herein.

(LR Embodiments of the Invention

{03661 In one aspect, the present invention provides a composition for the treatment of cancer.
The composition includes a liposome containing a phosphatidyicholine lipid, a sterol, a FEG-
Hpid and a taxane or a pharmaceutically accoptable salt thereof. The taxane is esterified with a
heterocyelyl-(Cys alkancic acid), and the PEG-lipid constitutes 2-8 mol % of the total lipids in

the liposome.

0671 In another aspect, the invention provides liposomal compositions for the treatment of
cancer comprising administering 10 a patient in need thereof a Hposome, wherein the liposome
comprises: a phosphatidyicholine tpid; a sterol; a PEG-lipid; and a taxane or a pharmaceutically
acceptable salt thereof, wherein the taxane is docetanel esterified at the 2-O-positicn with a
eterocyelyi-(Cys alkaneic acid), and wherein upon administration of the liposomal composition
to the patient, the plasma concentration of docetaxel remain above an efficacy threshold of 0.2

M for at 1gast 3 hours.
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Laxanes

Revas e

B068]  In some embodiments, the laxane 18 a compound according to Pormula 1 or &

pharracentically acceptable salt thereof.

1006%]  For compounds of Formaula § ’' is selected from phenyl and -butoxy, RY is selected
fromm H, acetyl and methyh: R is selected from H. 4-(4-methylpiperazin-1-y-butanoyl and
methyl and RY is selected from H and heterocyclyl-Casalkanoyl, At least cne of R and R* is

gther than H.

64781 Compounds of Formula T wre useful as chemotherapeutic agents for the treatment of
various cancers, incloding breast cancer, ovarian cancer and lung cancer. Formula I encompasses
paclitaxel derivatives, wherein R' is phenyl. Paclitaxel itself can be obtained by various methods
including  total chemical synthesis as well as  semisynthetic methods employing  10-
deacetylbaccatin I (10-DAB; Formula 11, below), 10-DAB can be isolated from Pacific and
Turopean vew trees (Taxus brevifolia and Toaxus boccdra, respectively) and can be used 88 a
starting material for preparation of paclitaxel and other taxanes including, but not hmited to,
docetaxel (ie., B = r-butoxy R*, R, ®* = H) and cabaritaxel according to known methods,
Taxane preparation via semisynthetic methods are contemplated for use in the present invention

in addition to taxane preparation via total synthesis.

i)
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8071} As described above, the use of tazanes—including paclitaxel and docetaxel—{or cancer
therapy can be lmited by low bioavailabiiity due to inadequate solubility, as well as by high
toxicity. Varlous strategies have been employed to remedy these drawbacks, For exarple,
derivatization of the taxane skeleton at the C7 and C10 functional groups of the tricyclic core, or
at the €2 hydroxyl group of the €13 sidechain, with moieties of varying polarity can be used to
alter the bicavailability of taxane-base dmgs {(see, e.g.. U.S. Patent No. 6,482,830, U5, Patent

No, 6,541,508; U.S. Patent No. 5,608,087 and U8, Patent No. 5,824,701).

100721  Incorporation of a taxane into Hposomes can improve bicavailability and reduce the
toxicity of the taxane, In the present invention, modification of the taxane skeleton with weak
hase moieties can facilitate the active oading of otherwise poorly water-soluble taxanes into the
acueous interior of a Hposome. In general, the wesk base woiety can include an ionizable amino
group, such as an N-methyl-piperazine group, a morpholing group, a piperidine group, a bis-
piperiding group or a dimethylamino group. In some embodiments, the weak base moiely is an

N-methyl-piperazine group.

(00731 A taxane can be derivatized in a region that is not essential for the intended therapeutic
activity such that the activity of the derivative is substantially equivalent 1o that of the free drng,
For example, in some aspects, the wesk base derivative comprises the laxane docetaxel
derivatized at the 7-OH group of the baccatin skeleton, In some embodiments, docetaxel
derivatives are provided that are derivatized at the 2-OH group, which is essential for docetaxel

activity.

[B074]  In some embodiments, the taxane derivative has the following formula:

B e P (ﬁ
h"‘;‘:‘i\(’\. T N

Ny e TG
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(hercinafier, "TD-1"% In other embodiments, the taxane derivative 18 a pharmacentically
acceptable salt of TD-1.

(8751 Accordingly, some embodiments of the present invention provide Hposomes containing
a tanane or a pharmaceutically acceptable salt thereof, wheretn the taxane is docetaxel esterified
at the 2°-Ch-position with a heterocyelyl-{(Cosalkanoic acid) (e, the taxane is a compound of
Formula [ wherein B' is f-huiony) R is i R’ is H; and Ris heterocyelyl-Cy salkanoyt). In some
ernbodiments, the heterocyelyl-(Cysalkancic acid) is selected from 5-{(4-methylpiperazin-1-yi)-
pentanoic acid, 4-(4-methylpiperazin-1-yij-butanoic acid, 3-{4-methylpiperazin-1-yi}-propionic
acid, 2-{(4-methylpiperazin-i-yij-ethanoic acid, S-morpbolino-pentanocic acid, 4-morpholino-
butancic  acid, 3-morpholino-propionic  acid, 2-morpholino-ethanoic  acid, 3-{pipernidin-1-
yipentancic acid, 4-(piperidin-i-yDbutanoic acid, 3-(piperidin-1-yDpropionic acid and 2-
{piperidin-1-yl} ethancic acid. In some embodiments, the heterocyclyl-(Cysalkanoic acid) is 4-

{4-methylpiperazin-i-yij}-butanoic acid.

Liposous

SN

(761 The liposomes of the present invention can comtain any suitable lipid, including
cationic Hpids, zwitterionic lipids, peutral lipids or anionic Hpids as described above, Suitable
lipide can include fats, waxes, steroids, chelesterol, fat-soluble vitamins, monoghycerides,
diglycerides, phospholipids, sphingolipids, glyeolipids, cationic or avicuic lipids, derivatized

tipids, and the like.

[O8771 In geperal, the liposomes of the present invention confain al least one

phosphatidyicholine (PC) lipid. Suitable PC lipids include saturated PCs and unsaturated PCs.

(68781 Exaroples of satorated PCs include 1,2-dilanroyl-sn-glyeero-3-phosphocholing (DLPC),
1,2-dimyristoyi-sn-glycero-3-phosphocholine  (dimyristoyiphosphatidylcholine; DMPC),  1.2-
distearoyi-sn-glycero-3-phosphocholine (distearpyiphosphatidyicheline; DSPC), 12-dicleoyl-sa-
glycero-3-phosphacholine (BOPCH, 1, 2-dipalmitoyl-sn-glycero-3-phosphocholine
{(dipalmitoylphosphatidylcholing: DPPCY, T-myristoyi-Z-paimitoyl-sn-glycero-3-phosphocholine
(MPPC), I-palmitoyl-2-myristovi-sn-glycero-3-phosphocholine (PMPC), 1-myristoyl-2-stearoyl-
sn-glycern-3-phosphocholine  (MSPC),  D-palwitoyl-2-stearoyl-sn-glycerc-3-phosphocholine
(FSPC),  P-siearoyi-Z-palmitoyi-su-glycerce-3-phosphocholine (SPPCY  and  l-stearoyl-2-

myrisioyl-sn-glycero-3-phosphocholine (SMPC),
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FHY791  Examples of ansatorated PCs include, but are not limited o, 1,2-dimyrisicleoyl-sn-
glycers-3-phosphocholine, t,2-dimyristelaidoyl-sn-glyeero-3-phosphocholine, 1,2~
dipamiltoleoyi-sa-glycero-3-phosphocholine, 1,2-dipatmitelaidoyl-sn-glycero-3-phosphocholine,
i, 2-dipleayl-sn-glyeero-3-phosphocholine (DOPC), 12-dielaidoyl-m-glycero-3-phosphocholine,
i, 2-dipetroselenoyl-sn-glycero-3-phosphocholine,  |.2-dilinoleoyl-sn-glycero-3-phosphocholine,
i-palmitoyl-2-oleoyl-su-glyoero-3-phosphocholine (palmitoyloleoylphosphatidyicholine)
POPC), -palmitoyl-2-linoleoyl-sn-glycere-3-phosphocholing, [-stearoyl-2Z-oleoyvl-sn-glycere-3-
phosphocholine  (SOPC),  -stearoyi-Z-linoleoyl-sn-glycero-3-phosphocholine,  f-oleoyl-2-
myristovi-sa-ghycero-3-phosphocholiog {OMPCY, L-oleoyi-Z-palmitoyl-sn-glycero-3-

phosphocholine (OFPC) and 1-oleoyl-2-stearoyl-sn-glycero-3-phosphocholine (OSPC).

0861 Lipid exiracts, such as egg PC, heart extract, braio extvac, Hver extract, soy PC and

hydrogenated soy PC (HSPO) are also useful in the present invention.

(00811 The Hposomal formulations provided herein will, in some embodirsentis, consist
essentially of PClcholesterol mixtures (with an added taxane and PEG-lipid as described below).
in some embodiments, the liposomal formulations will consist essentially of a
phosphatidyicholine Hpid or mixture of phosphatidylcholine lipids, with cholesterol, a PEG-lipid
andd a taxane. In still other embodiments, the liposomal formdations will consist essentially of a
single type of phosphatidvicholine lipid, with cholesterol, a PEG-lipid and & taxave. In some

smboditents, when a single type of phosphatidyicholine lipid is used, it is selected from the

group consisting of: DOPC, DSPC, HSPC, DPPC, POPC and 50PC.

[B0827  In some embodiments, the phosphatidylcholine lipid is selected from the group
consisting of DPPC, DSPC, HSPC and mixtures thereof, In some embodiments, the liposomal
formulations of the present invention include liposomes containing abouot 45 to about 70 mol %
of a phosphatidylchotine lipid or mixture of phosphatidyicholine lipids, about 50 to about 65 motl
% of a phoaphatidylcholine lipid or mixture of phosphatidyicholine lipids, about 50 to aboat 56
mol % of a phosphatidyicholine lipid or mixture of phosphatidyicholine Hpids, or about 33 to
about 56 mol % of a phosphatidylcholine Hpid or mixture of phosphatidyicholine lpids. The
Hiposomes can contain, for example, abont 45, about 46, about 47, sbout 48, about 49, about 30,
ahout 531, about 52, about 33, about 54, about 33, sbout 56, about 57, about 38, about 59, about
&0, about 61, abont 62, about 63, about 64, about 83, about 66, about 67, about 68, about 89 or

about 70 mol % phosphatidyicholine or a mixture thereof, In some ersbodiments, the lposomes
16
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contain about 65 mol % phosphatidylcholine or a mixtwre thereof. In other embodiments, the
liposomes contain about 60 mol % phosphatidylcholine or a mixture thereof. In still other
embodiments, the liposomes contain abont 56 mol % phosphatidylcholine or a mixture thereof,
In other embodiments, the liposomes contain about 55 mel % phosphatidylcholine or a mixture
thereof, In additional embodiments, the liposomes contain about 54 mel % phosphatidyicholive
or a mixture thereof, In further embodiments, the liposomes contain about 33 mol %
phosphatidyicholine or & mixture thereof. In still further embodiments, the liposomes contain
gbout 52 mol % phosphatidyicholine or a mixture thereof. In other embodiments, the liposomes
contain abont 51 mol % phosphatidyicholine or a mixture thereof. In further embodiments, the

liposommes contain about 50 mol % phosphatidylcholine or a mixture thereof,

[0083] The liposomes can contain, for example, about 43, about 46, about 47, about 48, about
49, about 50, about 51, about 32, about 33, about 34, about 35, about 56, about 57, about 38,
about 59, about 60, about 61, about §2, about 63, about 64, about 65, about 66, about 67, about
68, about 69 or about 70 mol % phosphatidvicholine. In some embodiments, the liposomes
contain about 65 mol % phosphatidylcholine. In other embodiments, the liposomes contain about
&0 mol % phosphatidyicholine. In still other embodiments, the lippsomes confain about 56 mol
% phosphatidylcholine. In other embodiments, the liposomes contain about 55 mol %
phosphatidylcholive. In additional ecmbodiments, the lposomes contain sbout 54 mol %
vhosphatidyicholine. In further embodiments, the liposomes contain about 53 mol %
phosphatidvicholine, In still further embodiments, the Hposomes contain abont 521 mol %
phosphatidylcholine. In other embodiruents, the liposomes contain about 51 mel %
phosphatidyicholine. In further embodiments, the lposomes contain about 30 mol %

phosphatidylcholine.

[6384] Other suitable phospholipids, generally used in Jow amounts or in amounts less than the
phosphatidyicholine lipids, include phosphatidic acids (PAs), phosphatidylethanclamines (FHs}),
phosphatidylglycerols (PGs), phosphatidylserine (P8s), and phosphatidylinositol (Pls). Examples
of phospholipids include, bot are pot lmited to, dimyristoylphosphatidylglyeerol (IMPG),
distearoyiphosphatidylglycercl {(BSPGy, dicleoyiphosphatidyiglycerol (BOPG),
dipalmitoyiphosphatidylglycerol {(DPPG), dimyristoylphosphatidylserine {(DMPS),
distearoviphosphatidylserine (D8PS}, dioleoylphosphatidylserine {DOPS),
dipalmitoyiphosphatidylserine  (DPPS), dioleoyiphosphatidylethanolamine (DOPE), POPC
17
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palmitoyioleoyiphosphatidylethanolanine (POPE), dipalmitoyiphosphatidylethanolamine
(DPPE),  dimyristoylphosphoethanolamine  (DMPE),  distearoyipbosphatidylethanolamine
(DSPE), 16-O-monomethyl PE, 16-O-dimethyl PE, 18-l-trans PE, I-stearoyl-I-oleoyi-

phosphatidyethanolamine {SOPE), dislaidoviphosphoethanolamine (transDOPE) and cardiolipin

(63851  In some embodiments, phospholipids can include reactive functional groups for further
derivatization. Hxamples of such reactive lipide include, but ae not limited {o,
diclenylphosphatidylethanolamine-4-(M-maleimidomethyl-cyclobexane- L -carboxylate  (DOPE-

mal) and dipaimitoyiphosphatidviethanclaming-MN-suceinyl (succnyi-PE),

(0861 Liposomes of the present invention can contain steroids, characierized by the presence
of a fused, tetracyclic gonane ring systern. Hxamples of steroids include, but are not hmited to,
cholic acid, progesterone, cortisone, aldosterone, testosterone, dehydroepisndrosterone and
sterols, such as estradiol and cholesterol. Synthetic stercids and derivatives thereof are also

contemplated for use in the present invention.

[G087] In general, the liposomes contain at least one sterol, In some embodiments, the sterel is
cholesterol (Me., 2,15-dimethyi-14-(1 “,5~dimethyihe)gj,fi)i{%tra{:ye:io{8,7,0.02’7.(}1 B neptacos-T-en-
5-¢b). In some embodiments, the liposomes can contain about 30-50 mol % of cholesterol or
about 30-45 mol % of cholesterol. The liposomes can contain, for example, about 30, about 31,
about 32, about 33, about 34, about 35, sbout 36, about 37, about 3%, abouwt 39, about 40, gbout
41, abont 42, about 43, about 44, about 45, about 46, about 47, about 48, sbout 49 or about 58
mol % cholesterol. In some embodiments, the Hposomes coniain about 30 o about 48 mol %
cholesterol, In some embodiments, the liposomes contain about 40 to agbout 45 wol %
cholestercl, In some embodiments, the lposomes contain about 45 mel % cholesterol. In some
embodiments, the liposomes comtain about 44 mol % cholesterol. In other embodiments, the
liposomes contain about 40 mol 9% chelesterol. In other erobodiments, the hiposomes contain
about 35 mol % cholesternl. In further embodiments, the liposomes contain about 30 mol %

cholesterod,

(00881 The lposomes of the present invention can include any suitable pely{ethylene glycol)-
Hpid  derivative {PEG-lipid). In some ecmbodiments, the PHG-ipid s a  diacyl-
phosphatidylethanolamine-N-[methoxy(polvethens  glyeoll]. The molecolar weight of the

poly{ethylene glyeol) in the PEG-lipid is generally in the range of from about 300 Da o sbowt

1%
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3000 Da. The poly(ethyviene glycol) can have a molecnlar weight of, for example, 750 Da, 1000
[a, 2000 Da or 3000 Da. In some embodiments, the PEG-lipid is selected from distearoyl-
phosphatidylethanolarmine-N-[methoxy(polyethene  glycol}-2000]  (DSPE-PEG-2000)  and
distearoyl-phosphatidylethanclamine-N-{methoxy{polyethene glycol)-5000] (DSPE-PEG-3000).
in some cmbodiments, the PEC—E.ipid is DSPE-PEHG-2000.

60891 In general, the compositions of the present invention inclode Hposomes containing
about 2 to about 8 mol % of the PEG-lipid. The liposomes can contain, for example, about 2,
about 3, about 4, about 5, about &, about 7 or about 8 mol % PEG-lipid. In some embodiments,
the liposomes contain about 2 to about 6 mol % PHEG-lipid. In some embodiments, the liposcimes
contain about § mol % PEG-lipid. In other embodiments, the liposomes contain gbout 3 mol %

PEG-lipid. In some embodiments, the Hposomes contain about 3 mol % DSPHE-PEG-2000.

[0394] The liposomes of the present invention can also include some amounts of cationic
lipids, which are geserally in amounts lower than the amount of phosphatidyleholine lipid,
Cationic lipids contain positively charged functional groups under physiological conditions.
{ationic ﬁpids inclode, but are not limited to, N N-dicleyl-NN-dimethvlammonium chloride

(DODAC, N N-distearylt-N, N-dimethylammoninm bromide (DDAR), N-{1~{2,3-

diolecyloxyipropyl)-N.N N-trimethylammonium chloride (DOTAP), N-{(1+(2,3-
dioleyloxy)propyl-NN N-trimethylanmimonium chioride (DOTMAY, N-{1-(2,3,-

ditetradecyloxyipropyl-N.N-dimethyl-N-hydroxyethviammonium  bromide (DMRIE), N-[1-
(2.3, dicleyloxy)propyl-N N-dimethyl-N-hydroxy ethylammoniom bromide (DORIE), 38-[N-
(N N'-dimethylaminoethane) carbamoyijcholesterol (DC-Chol), dimethyldioctadecylammonium

(DDAR) and N N-dimethyl-2,3-diolevioxyipropylamine (DODMA).

(60911 In some embodiments of the present invention, the liposome includes from about 50
mol % to about 70 mol % of DSPC and from about 25 mol % to gbout 45 ol % of cholesterol
In some embodiments, the liposome includes about 33 mol % of DSPC, about 44 mol % of
cholesterol and about 3 mol % of DSPE-PEG-2000. In some embodiments, the liposome
includes about 66 mol % of DSPC, about 30 mol % of cholesterol and about 4 mol % of DSPE-

PEG-2000,

(06921 In further embodiments, the Hposome includes about 50 mol % of DSPC, about 45 rool

% of cholesters! and about 5 mol % of DSPE-PEG-2000; about 55 mol % of DSPC, about 44
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mol % of cholesterol and abont § mol % of DSPE-PEG-2000; about 60 mol % of DSPL, abow
35 mol % of cholesterol and abont 5 mol % of DSPE-PEG-2000; sbout 65 mol % of DEPC,
about 30 mo! % of cholesterol and about 5 mol % of DSPE-PEG-2000; and abowt 70 mol % of

PSP, about 25 mol % of cholesterol and about 5 mol % of DSPE-PEG-2000,

Diagnostic Ageils

[8893] The liposomes of the present jnvention may also coniain diagpostic agents. A
diagnostic agent used in the present invention can include any diagnostic agent koows in the art,
as provided, for example, in the following references: Armstrong ef al,, Diagnostic fmaging, 5th
Fd., Blackwell Publishing (2004); Torchilin, V. P, Bd,, Targeted Delivery of Imaging Agenis,
CRC Press (1995%); Vallabhaiosula, 5., Melecular Imaging: Radiopharmacensicals for PET and
SPECT, Springer (2009). A diagnostic agenot can be detected by a variety of ways, inchuding as
an agent providing and/or enhancing a detectable signal that includes. but 18 not Himited 1o,
gamma-eritting, radicactive, echogenic, optical, fluorescent, absorptive, magnetic  or
tomopraphy signals, Techniques for imaging the diagnostic agent can include, but are not Hmited
io, single photon emission computed tomography (SPECT), magnetic resonance imaging (MR,
optical imaging, positron cmission tomography (PET), computed tomography (CT), s-ray
imaging, gamma ray imaging, and the like. The diagnostic agents can be associated with the
therapeotic liposome in a variety of ways, ncluding for example being embedded o or

cncapsulated in the liposome.

188941 In some embodiments, a diagnostic agent can include chelators that bind to metal ions
to be used for a variety of diagnostic imaging techuiques. Exemplary chelators include, hot are
a0t limited to, ethylenediaminetetraacetic acid (EDTA)Y, [4-(1,4.8, 1 {-tetraazacyclotetradec-1-y1
methyijbenzowe acid (CPFAY, cyclohexanediarminetstraacelic acid (CITAY,
ethylenebis(oxyethylenenitriloMetraacetic  acid  (BGTA), diethylenetriaminepentaacetic  acid
(DTPA), citrie acid, hydronyethyl ethylenediamine triacetic acid (HEDTA), iminodiacetic acid
(IDA), triethylene tetraamine hexaacetic acid (TTHA), 1,47, H-tetraazacyciododecane-1,4.7,10-
tetra{methyiene phosphonic acid) (DOTP), 14,811 -tetraazacyclododecane-1,4,8,1 I-tetraacetic
acid {TETA), 1.4,7,10-tetraazacyclododecane-1.4,7, 10-tetraacetic acid (DOTA) and derivatives

ihereof.
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FB093] A radioisotope can be incorporated into some of the diagnostic agents described herein
and can include radionuclides that emit gamma rays, positrons, beta and alpha particles, and X-

. . I . VI, TRa L il dlp 1% Uil
rays, Snitable radionuchides include, but are not hmited to, 77 A, "TAs, “Ai, 1 3, “Ba, “Ri,

" 77
L

75’31”, ’f’iBr, 14(-:, ;-;‘,9Cd, 62Cu, 64Cu’ 67C_L19 18F? 67{}&? 686& SE_L 12,13 1251’ woL tszL mlﬂ, 1 Ly, BN,
Bgy, p, Pp, Wipn Wpg re e, YSc, sm, Ve e By gnd MY, In certain
erbodiments, radioactive agents can inclede VInDTPA, UTeCO)-DTPA, P Te(CO);-
ENPy2, 00 TETA, P Te(COR-IDA and 7 Te(COxiriamines {cyclic or Haesr). In other

153

embodiments, the agents can include DOTA and its various analogs with ‘“fn, 7, 8m,

88"‘90'?(, EUAETGy or YGa, In some embodiments, the liposomes ¢an be radiolabeled, for
example, by incorporation of lipids atiached to chelates, such as DTPA-lipid, as provided in the
following references: Phillips er al, Wilev Interdisciplinary Reviews: Nanomedicine and
Nanobiotechnology, 11y 69-83 (2008}, Torchilin, V.P. & Weissig, V., Eds. Liposomes Znd Ed.:
Oxford Univ, Press (2003); Elbayoumi, T.A. & Torchitin, V.F., Eur. J. Nucl Med. Mol Inaging
33:1196-12085 (2006); Mougin-Degraef, M. ef al., Int'T J. Pharmaceutics 344 110-117 (2007}

(30961 In other embodiments, the diagnostic agenis can include optical agents soch as
flnorescent agents, phosphorescent agents, cheniiuminegscent agents, and the like. Mumerous
agents {e.g., dyes, probes, labels, or indicators) are known in the art and can be used in the
present invention, {See, e.g., Invitrogen, The Handbook-—A Guide to Fluorescent Probes and
Labeling Technologies, Tenth Edition (2008)). Floorescent agents can include a variety of
organic and/or inorganic small molecules or a variety of fluorescent proteins and derivatives
thereof. For example, fluorescent agents can include, but are wot lunited to, cyamues,
phthalocyanines, porphyrins, indocyanines, rhodamines, phenoxazipes, phenylxanthenes,
phenothiazines, phenoselenazines, fluoresceins, benzoporphyrins,  squaraines,  dipyrolo
pyrinvidones, tetracenes, quinclines, pyrazines, corrins, croconiums, acridones, phenanthridines,
thodamines,  acridines,  anthraguinones,  chaleogenopyryliurn  analogues,  chionins,
naphthalocyanines, methine dyes, indolentum dyes, azo compounds, azulenes, azasrulencs,
triphenyl methane dyes, indoles, benzoindoles, indme’;rb{‘;e:yaninf:s, benzoindocarhocyanines, and
BODIPY™ derivatives having the general structure of 44-difluoro-4-bors-3a.de-digza-s-indacene,
and/or conjugates andfor derivatives of any of these. Other agends that can be used include, but are
not limited to, for example, fluorescein, fluorescein-polyaspartic acid conjugates, fluorescein-

polyglotaric  acid  conjugates, fluorescein-polyarginine  conjugates, indocyanine  green,
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indocyanine-dodecaaspartic acid conjugates, indocyanine-polyaspartic acid conjugates, isosulfan
blus, indole disuifonates, benzoindole disulfonate, bistethylcarboxymethyljindocysnine,
bis{pentylcarboxymethylindocyanine, polyhvdroxyindole sulfonates, polyhydroxybenzondole

sulfonate,  rigid  hetercatomic  indole  sulfonate,  indocyaninebispropanoic  acid,

indocvaninebishexanoic acid, 3,6-dicyano-2,5-[{M NN M-
tetrakis{carboxymethyDamine]pyrazine, 3,6-[{N, NN N'-tetrakis{ 2~
hydroxyethyhDaminojpyrazine-2,5-dicarbox ylic acid, 3.6-bis(MN-azatedino)pyrazine-2,5-

dicarboxylic acid, 3,6-bis{N-morpholinoipyrazine-2,5-dicarboxylic agid, 3,6-birs{ N~
piperazinepyrazine-2,3-dicarboxylic acid, 3,6-bis(N-thiomorpholinojpyrazine-2,3-dicarboxylic
acid, 3.6-bis(M-thiomorpholinoipyrazine-2,3-dicarboxylic acid S-oxide, 2,5-dicyano-3.6-bis(N-
thiomorpholinoipyrazine S,S-dioxide, indocarbocyanipetetrasulionate, chioroindocarboryanine

and 3,6-diaminopyrazine-2,3-dicarboxylic acid.

(66971 Oue of ordinary skill in the art will appreciate that particular optical agents used can
depend on the wavelength used for excitation, depth andemeath skin tissue and other factors
generally well known in the art. For example, optimal absorpiion or excifation maxima for the
optical agents can vary depending on the agent employed, but in general, the optical agents of the
present invention will absorb or be excited by light in the ultraviclet (UV), visible or infrared
(IR} range of the elecromagnetic spectrum. For imaging, dyes that absorb and emit in the near-
IR (~700-900 nm, eg., indocyanines) are preferred. For topical visualization using an

endoscopic method, any dyes absorbing in the visible range are suntable.

(66981 In come embodiments, the non-lonizing radiation employed in the process of the
present invention can range in wavelength from about 330 nm to about 1200 nm. In one
exemplary erobodirnent, the fluorescent agent can be excited by light having a wavelength in the
blue range of the visible portion of the electromagoetic spectrum {(from about 438 nm to about
500 nm) and emits at a wavelength in the green range of the visible portion of the
eleciromagnetic spectrum (from abont 520 nm to gbout 565 pm), For example, flucrescein dyes
can be excited with light with a wavelengih of about 488 nm and have an emission wavelength
of shout 520 wn. As another example, 3,6-diaminopyrazine-2,5-dicarboxylic acid can be excited
with hight having a wavelength of ghout 470 urn and fluoresces at a wavelength of about 532 mm.
In another embodiment, the excitation and cmission wavelengths of the optical agent may fall in
the near-infrared range of the electromagnetic spectrum. For example, indocyanine dyes, such as
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indocyanine green, can be excited with light at a wavelength of about 780 nm and have an

emission wavelength of about 830 nm.

[399] In vet other embodirsents, the diagnostic agents can inclode, but are not lmited o,
magnetic resonance {MR) and x-ray contrast agents that are generally well known in the att,
including, for example, lodine-based x-ray conirast agents, superparamagnetic iron oxide (SPIO),
complexes of gadolinium or mangacese, and the like. (See, e.g., Armsirong ef al., Diagnostic
Fmaging, Sth Bd., Blackwell Publishing (2004)). In some embodiments, a diagnostic agent can
include a MR imaging agent. Exemplary MR agents include, but are not Hmited to, paramagnetic
agents, superparamagnetic agents, and the like. Exemplary paramagnetic agents can include, but
are not lmited to, gadopentetic acid, gadoteric acid, gadodiamide, gadolinium, padoteridol,
mangafodipir, gadoversetamide, ferric amunonium citrate, gadobenic acid, gadebutrol and
cadoxetic acid. Superparamagnetic agents can include, but are not limited to, superparamagnetic
iron oxide and forrisiene. In certain embodiments, the disgnostic agents can include x-ray
contrast agents as provided, for example, in the following references: H.8 Thomsen, RN, Maller
and B.F. Matirey, Eds., Trends in Contrast Media, (Berlin: Springer-Verlag, 1999} P Dawson,
D. Cosgrove and B. Grainger, Bds., Texthook of Comrast Media (IS1S Medical Media 1999);
Torchilin, V.P., Curr. Pharm. Biotech. 1:183-215 (2000}, Bogdanov, AA. ef al., Adv. Drug Del
Rev, 37:279.293 (1999); Sachse, A. ef al., Investigative Radiofogy 32(11:44-50 (1997}, Examples
of x-ray cootrast agents include, without lumitation, iopamidol, iomeprol, iohenol, iopentol,
iopromide, iosimide, ioversol, iotrolan, iotasul, iodixanol, indecimol, loglucamide, ioglunide,
iogulamide, josarcol, ioxilan, iopanuron, metrizamide, iobitridel and iosimenol. In certain
embodiments, the x-ray contrast agents can include iopamidol, jorseprol, topromide, iohexal,

iopentol, ioversol, iobitridol, iodixanol, iotrolan, and losimenol.

31061 In some cases, liposome accumulation al a target site may be due to the enhanced
permesbility and retention chargeteristios of certain tissues such as cancer tssues. Accumulation
in such a manner often results in part because of hiposome size and may not require special
targeting functionality. In other cases, the liposomes of the present invention can also include a
targeting agent. Generally, the targeting agents of the present invention can associate with any
target of interest, such as a target associated with an organ, tissues, cell, extracellular matnix or

intracellular region. In certain embodiments, a target can be associated with a particular discase
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state, such as a cancerous condition. In some embodiments, the targeling component can be
specific to only one target, such as a receptor. Suitable targets can include, but are not limited to,
a nucleic acid, such as a DNA, RNA, or modified dertvatives thereof. Suitable targets can also
include, but are not limited to, a profein, such as an extracellular protein, a receptor, & cell
surface receptor, a tumor-marker, a fransmembrane protetn, an enzyme or an antibody, Suilable
targets can include a carbohydrate, such as a wonosaccharide, dissccharide or polysaccharide

that can be, for example, present oo the surface of a cell

(1811 In certain embodiments, a targeting agent can include a target ligand (e.g., an RGD-
containing peptide), a small molecule mimic of a target Hgand {e.g., a peptide mimetic higandy or
an antibody or antibody fragment specific for a particular target. In some embodiments, a
targeting agent can further include folic acid derivatives, B-12 derivatives, integrin RGD
peptides, NOR derivatives, somatostatin derivatives or peptides that bind to the somatostalin
receptor, e.g., octrectide and octreotate, and the like. The targeting agents of the present
invention can also include an aptamer. Aptamers can be designed o associate with or bind 1o a
target of interest. Aptamers can be comprised of, for example, DNA, RNA and/or peptides, and
certain aspects of aptamers are well known in the art. (See. e.g., Klussman, 8., Bd,, The Aptamer

Handbook, Witey-VCH (2006); Nissenbaum, BT, Treads in Biotech, 26(8), 442-449 (2008}

(#1821 In another aspect, the invention provides methods for preparing a liposomal taxane.
Liposomes can be prepared and loaded with taxanes using a number of technigues that are

known io those of skill in the art. Lipid vesicles can be prepared, for example, by hydrating a

-

dried lipid fibm {(prepared via evaporation of a mixture of the lipid and an organic solvent in ¢
suitable vessel) with water or an aqueous buffer, Hydration of lipid films typically results in a

suspension of multilamellar vesicles (MLVs), Alternatively, MLVs can be formed by diluting

ja¥3

solution of a lipid to a suitable solvent; such as a Ty alkanol, with water o1 an agueous buffer,
Unilamellar vesicles can be formed from MLYs via senication or extrusion through membrancs
with defined pore sizes. Encapsulation of a taxane can be conducted by including the drug in the
aqueous solution used for film hydration or lipid dilution during MLV formation. Taxzanes can
also be encapsulated in pre-formed vesicles using "remote loading” techniques. Remote loading
inchudes the esiablishment of a pH- or ion-gradient ou either side of the vesicle mernbrane, which

drives the taxane from the exterior solution o the interior of the vesicle.
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(01031 Accordingly, some embodiments of the present invention provide a methed for
preparing 2 liposomal taxane including: @) forming a first liposome having a Hpid bilayer
including a phosphatidylcholine lipid and a sterol, wherein the lipid bilayer encapsulates an
tnlerior containing an agueous solution; by loading the first liposome with a taxane, or a
pharmacentically acceptable salt thereof, to form a loaded liposome, wherein the laxane s
docetaxel esterified at the 2-C-position with a heterooyelyi-(Cosalkanoyl) group;, and ¢}

incorporating the PEG-lipid into the lipid bilayer.

(41041  In another embodiment, the present Invention provides a method for preparing a
liposomal taxane including: ay forming 2 first liposome having a lipid bilayer including a
phosphatidyicholing lipid, a sterol and a PEG-lipid, wherein the lipid bilayer epcapsulates an
interior containing an agueocus solotion; and by loading the first liposome with 4 taxane, or a
pharmaceutically acceptable salt thereof, to form a loaded Hposome, wherein the taxane is

docetaxel esterified at the 2'-O-position with a heterocyelyl-{Casalkanoyl) group.

{1851 The taxanes and Hpids used in the methods of the invention are generally as described
above. However, the route 1o the Hposomal taxane will depend in part on the identity of the
specific taxane and lpids, and the guantities and combinations that are veed. For example, the
taxane can be encapsnlated in vesicles at various stages of liposome preparation. In some
embodiments, the first liposome is formed such that the lipid bilayer comprises DSPC and
cholesterol, and the DSPC cholestero! ratio is about 35:45 (molbmol). In some embodiments, the
first liposome is formed such that the lipid bilayer comprises DSPC and cholesiorol, and the
DSPCicholesterc! ratio is about 70:30 (molmol). In some embodiments, the interior of the first
liposome contains aquecus ammoniom sulfate buffer. Loading the first liposomes can include
forming an aqueous solution containing the first Hposome and the taxane or pharmaceutically
acceptable salt thereof under conditions safficlent to allow accumulation of the faxane in the

interior compartment of the first liposome.

{81867  Loading conditions generally inciude a higher ammoniom suifate concentration in the
interior of the first Hposome than in the exterior agueous solution. In some embodiments, the
ioading step is conducted af a temperature above the gel-to-floid phase transition temperature
(T of one or more of the lipid components in the liposomes. The loading can be conducted, for

example, al about 50 °C, abowt 35 °C, about 60 °C, about 65 °C or at about 70 °C. lo some

)
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embodiments, the loading step is conducted at a temperature of from about 50 °C to about 70 °C.
Loading can be conducted using any suitable amount of the taxane, In general, the taxane 18 used
in an amount such that the ratic of the combined weight of the phosphatidyicholine and the sterol
in the liposome to the weight of the taxane is from about 1:0.01 to about 1.1, The ratio of the
combined phosphatidyicholine/sterol to the weight of the taxane can be, for example, sbout
1:0.01, about 1:0.05, about 1:0.10, about 1:0.15, about 1:0.20, about 1:0.253, about 1:0.30, about
1:0.35, about 1:0.40, about 1:0.45, about 1:0.50, about 1:0.55, about 1:0.60, about 1:0.65, about
£:0.70, about 1:0.75, about 1:0.80, about 1:0.853, about 1:0.90, about 1:0.95 or about 1:1. In some
embodiments, the loading step is conducted such that the ratio of the combined weight of the
phosphatidylcholine and the sterol to the weight of the taxane is from about 1:0.81 o about 111,
In some embodiments, the ratic of the combined weight of the phosphatidyicholine and the sterol
10 the weight of the taxane is from about 105 to about 1:0.5. In some embodiments, the ratio of
the combined weight of the phosphatidyicholine and the stero} to the weight of the taxane is
about 1:0.2. The loading step can be conducted for any amount of time that is sufficient to allow

accumulation of the taxane in the liposome interior at a desired level.

[61071 The PEG-lipid can also be incorporated into lipid vesicles at various stages of the
tiposome preparation. For example, MLVs coutaining a FEG-lipid can be prepared prior to
loading with a taxane. Alternatively, a PEG-lipid can be inserted into a lipid bilayer afier loading
of a vesicle with a taxane. The PEG-Hpid can be inserted into MLVs prior to extrusion of S3UVs,

or the PEG-lipid can be inserted into pre-formed SUVs,

{01681 Accordingly, some embodiments of the invention provide a wethod for preparing a
liposomal taxane wherein the method includes: a) forming a first liposome having a lipid bilayer
including a phosphatidylcholine lipid and a sterol, wherein the lipid bilayer encapsulates an
interior compartment comprising an agueous solution; b} loading the first liposome with a
taxane, or a pharmaceutically acceptable salt thersof, to form a loaded liposorne, wherein the
taxane is docetaxel esterified at the 2'-Oh-position with a heterocyclyl-(Crsatkanoyl} group; and
¢y forming a mixtore containing the loaded Hposone and a poly(ethylene glycol}-phospholipid
conjugate (PEG-lipid) under conditionps sufficient to allow insertion of the PEG-lipid into the

tipid bilayer.
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(#1091 In some embodiments, the insertion of the PEG-lipid is conducted at a temperature of
from about 35 to abont 70 °C. The loading can be conducted, for example, at about 35 °C, about
40 °C, about 45 °C, about 50 °C, about 35 °C, about 60 °C, about 63 “C or at about 70 °C. In
some embodiments, insertion of the PEG-lipid is conducted at a temperature of from about 30 °C
{0 about 55 °C. Insertion can be conducted using any suitable amount of the PEG-lipid. In
general, the PEG-lipid is used in an amount sach that the ratio of the combined number of moles
of the phosphatidylcholine and the sterol to the number of moles of the PEG-lipid is from about
1000:1 to about 20:1. The meolar ratic of the combined phosphatidyicholine/stercl to PEG lipid
can be, for example, about 1000:1, about 850:1, about 9001, about 3501, about BOO0:1, about
7501, about T00:1, about 6530:1, about 60311, about 350:1, about 500:1, about 45011, about
400:1, aboot 350:1, about 3001, about 25011, about 200:1, about 130:1, about 160:1, about 50:1
or about 2001, In some embodiments, the loading step is conducted such that the ratio of
combined phosphatidyicholine and sterol to PEG-lipid is from about 1000:1 1o abont 20t
{mol:mol). In some embodiments, the ratio of the combined phosphatidylcholing and sterol to the
PEG-lipid is from about 100:1 to about 20:1 (molimol), In some embodiments, the ratio of the
cornbined phosphatidylcholine and stero] to the PEG-lipid is from about 35:1{molimuol} to about
25:1 (mobmol). In some embodiments, the ratic of the combined phosphatidylcholine and sterol
to the PEG-lipid s about 33:1 (molimol). In some embodiments, the ratic of the combined

phosphatidylcholine and sterol to the PEG-Hpid is about 27:1 {molmol).

{01187 A nomber of additional preparative techniques known to those of skill in the art can be
included in the methods of the invention. Liposomes can be exchanged into various buffers by
techuiques including dialysis, size exclusion chromatography, diafiliration and ultrafiltration.
Buffer exchange can be used to remove uncncapsulaied taxanes and other unwanted soluble
materials from the compositions. Agoeous buffers and certain organic solvents can be removed
from the Hposomes via lyophilization. In some embodiments, the methods of the invention
include exchanging the Hposomal taxane from the mixture in step ¢} 10 an aguecus solution that
is substantially free of unencapsulated taxave and uninserted PEG-hpid. In some embodiments,

the methaods include lyophilizing the liposomal taxane,

b2
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Methods of Treating Canger

(031111 In another aspect, the invention provides a method of treating cancer. The method
includes administering o a subject in need thereof a pharmacentical composition confaining a
Hposomal taxane as described above. In therapeutic use for the treatment of cancer, the liposome
compositions of the present inveniion can be administered such that the initial dosage of the
taxane ranges from about 0.001 mg/kg to about 1000 mg/kg daily. A daily dose of about .01~
500 mgfkyg, or about 0.1 1o gbout 200 mg/ky, or abowt 1 o about 100 mafkg, or about 10 to abont
50 mgfkg, or about 10 mgdke, or about 5 mgfkg, or about 2.5 mg/kg, or sbout | mg/kg can be
used. Further, a daily dose of about 3, about 6, about 12, about 24, about 48, about 80, about 120,

about 160, about 190, sbout 225, about 270, about 320 and about 380 fﬁiag/iia2 pan be used,

(31821 The dosages may be varied depending upon the requirements of the patient, the type
and severity of the cancer being treated, and the pharmaceutical compostiion being employed.
For example, dosages can be empirically determined considering the type and stage of cancer
diagnosed in a particular patient. The dose administered to a patient shoold be sufficient to affect
a beneficial therapeutic response in the patient over time. The size of the dose will also be
determined by the exisience, nature and exient of any adverse side-effects that accompany the
administration of a particular liposome composition in a particolar patient. Determination of the
proper dosage for a particular situation is within the skill of the practitioner. Generally, treatiment
ie initiated with smaller dosages which are less than the optimum dose of the liposome
composition. Thereafter, the dosage is increased by small lncrements until the optimum effect
pnder circumnstances is reached. For convenience, the total daily dosage way be divided and
administered in portions during the day, if desired. The duration of the infusion may be extended
andfor the infusion may be interrupted in the case of an adverse event, but the tota] duration of
the infusion cannot exceed 2 hours and cannot be resumed for several hours following the

inttiation of the infusion.

(61131 The methods described herein apply especially to solid tomor cancers (solid tumors),
which are cancers of organs and tssue (a8 opposed to bematological roalignancies), and ideally
epithelial cancers. Examples of solid tumor cancers include bile duct cancer, bladder cancer,
breast cancer, cervical cancer, colorectal cancer {CRC), esophageal cancer, gastric cancer, head
and neck cancer, hepatocellular cancer, lung cavcer, melanoma, seuroendocrine cancer, ovarian

cancer, pancreatic cancer, prostate cancer, renal cancer and thymus cancer. In one group of
2%
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embodiments, the solid mamor cancer suitable for wreatment according to the methods of the
invention are selected from CRC, breast cancer and prostale cancer. In another group of
smbodiments, the methods of the invention apply to treatment of hematological malignancies,
including for example multiple myeloma, Tecell lymphoma, B-cell lymphoma, Hedgkins

disease, non-Hodgkins lymphoma, acate myeloid leukemia and chronic myelogenons leukemia,

{01141 The pharmaceutical cemposiﬁons may be administered alone in the methods of the
invention, or in combination with other therapeutic apgents. The additional agents can be
anticancer agents belonging to several classes of drugs snch as, but not limited 1o, cytotoxic
agents, VEGF-inhibitors, tyrosine Kinase  inhibitors, monocional antibodies  and
immunotherapies. Examples of such agents include, but are not limited to, doxorubicin, cisplatin,
oxaliplatin, carboplatin, S-fluorcuracil, gemcitabine (anti-metabolite), ramucirumab (VEGF 2
inhibitor), bevacizumab, trastuzumab (monoclonal antibody HER2 inhibitor), afatinih (EGFR
tyrosine kinase inbibitor) and others. Additional anti-cancer agents can include, but are not
Limited to, 20-epi-1,25 dihydroxyvitamin D34-ipomeanel, S-ethynyluracil, 9-dihydrotaxol,
abiraterone, acivicin, aclarubicin, acodazole hydrochloride, acronine, acylfulvene, adecypenol,
adozelesin, aldeslenkin, all-tk antagonists, altretarine, ambamustine, ambomycin, ametanirone
acetate, amidox, amifosting, aminoglotethimide, aminolevulinic acid, amvubicin, amsacrine,
anagrelide, anastrozole, andrographolide, angiogenesis inhibitors, antagonist I, antagonist G,
antarelix, anthramycin, anti-dorsalizing mosphogenetic protein-1, antiestrogen, antineoplaston,
antisense oligonucleotides, aphidicolin  glycinate, apoptosis gene modulators, apoplosis
regulators, apurinic acid, ARA-CDP-DL-PTBA, arginine deaminase, asparaginase, asperlin,
aswlacrine, atamestane, atrimustine, axinasiatin 1, axinastatin 2, axivastatin 3, azacitidine,
azaseiron, aratoxin, azatyrosine, azetepa, azotomycln, baccatin I derivatives, balanol,
hatimastat, benzochiorins, benzodepa, benzoyistaurosporine, beta lactam derivatives, beta-
alethine, betaclamycin B, betulinic acid, BFGY inhibitor, bicalutamide, bisantrene, bisantrene
hydrochloride, bisaziridinylspermine, bisnafide, bisnafide dimesylate, bistratene A, bizelesin,
bieomycin, bleomycin sulfate, BRC/ABL antagonists, breflate, brequinar sodium, bropirimine,
budotitane, busuifan, uthionine sulfoximine, caclinomycin, calcipotriol, calphostin €,
calusterone, camptothecin derivatives, canarypox [L-2, capecitabine, caracemide, carbetimer,
carboplatin, carboxamide-amino-triazole, carboxyamidotriazele, carest M3, carmusting, cam

700, cartilage derived inhibitor, carubicin hydrochloride, carzelesin, casein kinase inhibitors,
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castanospermine, cecropin B, cedefingol, cetrorelix, chlorambucil, chiorins, chloroguinoxaling
sulfonamide, cicaprost, cirolemyein, cisplatin, cis-porphyrin, cladribine, clomifens analogs,
clotrimazole, coliismycin A, collisrovein B, combretastatin A4, combretastatin  analog,
conagenin, crambescidin R16, crisnatol, crispatol mesylate, cryptophycin 8, cryptophycin A
derivatives, coracin A, cyelopentanthraquinones, cyclophosphamide, cycloplatam, cyperycin,
cytarabine, cytarabine ocfosfate, cyiolytic factor, cytostatin, dacarbazive, dacliximal,
dactinomycin,  davnorubicin  hydrochioride, decitabine, dehydrodidemupin B, deslorelin,
dexifosfarnide, dexormaplatin, dexrazoxane, dexverapamil, dezaguanine, dezagoaning mesylate,
diaziguone, didemnin B, didox, diethylnorspermine, dihydro-S-azacytidine, dioxamycin,
diphenyl spiromustine, docetaxel, docnsanol, dolasetron, doxitiuridine, doxorubicin, doxorubicin
hydrochioride, droloxifens, droloxifene cilrate, dromostanolone propionate, dronabinol,
duaromycin, duccarmycin 8A, ebselen, eccomustine, edatrexate, edelfosine, edrecolomab,
cflomithine, eflomithine hydrochloride, elemene, elsgruitrucin, emitefor, enloplatin, enpromate,
epipropidine, epirabicin, epirubicin hydrochioride, epristeride, erbulozole, ervihrocyte gene
therapy vector syster, esorubicin hydrochloride, estramustine, estramustine analog, estramustine
shosphate sodium, estrogen agonists, estrogen antagonists, etanidazole, etoposide, etoposide
phosphate, etoprine, exemestane, fadrozole, fadrozole hydrochloride, fararabine, fonretinide,
filgrastim, finasteride, flavopiridol, flezelastine, floxuridine, fluasterone, fludarabine, fludarabine
phosphate, floorodsunoruoicin hydrochlonide,  fluorouraci], fluorociiabine, forfenimex,
formestane, fosguidone, fostriecin, fostriccin sodium, fotemustine, gadolinium texaphynin,
gallium  nitrate, galocilabine, ganirelix, gelatinase inhibitors, gemcilabive, gemcitabing
hvdrochloride, ghutathione inhibitors, hepsulfam, heregulin, hexamethylene bisacetamide,
hydroxyarea, hypericin, ibandronic acid, idarubicin, idarubicin hydrochloride, idoxifene,
idramantone, Hosfamide, ilmofosine, Homastat, imidazoacridones, imigquimod, immunostimulant
peptides, insulin-like growth factor-1 receptor inhibitor, interferon agonists, interferon alpha-24,
interferon aipha-2R, interferon alpha-M1, interferon alpha-N3, interferon beta-14A, interferon
camma-IB, interferons, interleukins, iobenguane, lododoxorubicin, iproplatin, irinotecan,
irinotecan hydrochloride, iroplact, irsogladine, iscbengazcle, ischomohalicondrin B, iasetron,
jasplakinclide, kahalslide F, lamellanin-N triacetate, lanreotide, fanreotide aceiate, leinamyoin,
lenograstim, lentinan suffate, leptolstatin, lotrozole, levkemia inhibiting factor, leukocyte alpha
interferon, leuprolide  acetate, leuprolide/estrogen/progesterone, lenprovelin, levamiscle,
Harozole, larozole hydrochloride, linear polvamive apalog, Hpophilic disaccharide peptide,
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lipophilic platinum compounds, Ussoclinamide 7, lobaplatin, lombricine, lometrexol, lometrexol
sodinm, lomustine, lonidamine, losoxanirone, losoxantrone bydrochioride, lovastatin, loxoribine,
lurtotecan, lutetium texaphyrin, lysofyllive, lvtic peptides, maitansine, mannostatin A,
marimastal, masoprocol, maspin, matdlysin ishibitors, matrin metalioproteinase inhibitors,
mavtansing, mechiorethamine hydrochloride, megestrol acetate, melengestrol acetate, melphalan,
menogaril, merbarone, mercaptopurine, meterelin, methioninase, methotrexate, methotrexate
sodium, metoclopramide, metoprine, metwredeps, mdcroaigal protein kinase C inhibitors, MIF
jnhibitor, mifepristone, milicfosine,  wirimostuyn, ml?smatbhed double stranded ENA,
mitindomide, mitocarcin, mitocromin, mitogillin, mitoguazone, roitolactol, mitomalcin,
mitomyein,  mitomyein analogs, mitonafide, mitosper, mitotane, mitctoxin fibroblast growth
factor-saporin,  mitoxantrone, miloxanivone  hydrochloride, mofarotene,  molgramostim,
monoclonal antibody, human cheorionic gonadotrophin, movophosphoryl lipid a/myobacterivm
cell wall SK, mopidamol, multiple drug resistance gene inhibitor, multiple tumor suppressor 1-
hased therapy, mustard anticancer agent, mycaperoxide B, mycobacterial cell wall extract,
mycophenohic acid, myriaporone, nacetyldinalive, nafarelin, nagrestip, naloxone/pentazosive,
napavin, naphterpin, nariograsiim, nedaplatin, nemorubicin, nperidropic  acid, neutral
endopeptidase, nilutamide, nisamycin, nitric exide modulators, pitroxide antioxidant, mtrullyn,
socodazole, nogalamycin, n-substitoted benzamides, 06-benzylguanine, octreotide, okicenone,
oligonucleotides, onapristone, ondansetron, oracin, oral cytokine inducer, ormaplatin, osaterone,
oxaliplatin, oxaunomycin, oxisuran, pacliisxel, paclitaxel anazlogs. paclitazel derivatives,
palavamine, palmitovithizowin, pamidronic  acid,  panaxyiriol, pagorifese, parabactin,
pazelliptine, pegaspargase, peldesine, peliomycin, pentamustine, pentosan polysuifate sodium,
pentostatin, pentrozole, peplomycin seifate, perflubron, perfosfamide, perillyl alcobol,
phenazinomycin, phenylacetate, phosphatase inhibitors, picibanil, pilocarpine hydrochloride,
pipobroman, piposulfan, pirarubicin, piritrexim, piroxantrone hydrochloride, placetin A, placetiv
B, plasminogen activator inbibitor, platinum complex, platinum compoonds, platinum-triamine
complex, phearnyein, plomestane, porfimer sodivin, porfiromycin, prednimustine, procarbazine

P
b

hydrochioride, propyl bis-acridone, prostaglandin J2, prostatic carcinoma  antiandrogen,

profeascme inhibitors, protein A-based imumune modulator, protein kinase C inhibitor, protein

tyrosine phosphatase  inhibitors, purine nuclecside phosphorylase inhibitors, puromycin,

puromyein hydrochioride, purpuring, pyrazofurin, pyrazoloacridine, pyridonylated hemoglobin

polyoxyethylene conjugate, RAF antagonists, raliitrexed, ramosetron, RAS farnesyl proteis
2
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transferase inhibitors, RAS inhibitors, RAS-GAP inhibitor, retelliptine demethylated, rhepium
RE 186 etidronate, rhizoxin, riboprine, ribozymes, RI retinamide, RNAL rogletimide,
rohitukine, romurtide, rogainimex, rubiginone B1, raboxyl, safingol, safingol hydrochioride,
saintopin, sareny, sarcophytol A, sargramostim, SDI 1 mimetics, semustine, seagscence derived
inhibitor I, sense oligonuciectides, signal transduction inhibitors, signal fransduction modulators,
simirazene, single chain antigen binding protein, sizofuran, sobuzoxane, sodiom borocaptate,
sodinm phenylacetate, solverol, somatomedin binding protein, sonermin, sparfosate sodium,
sparfosic acid, sparsomyein, spicamycin D, spirogermanium  hydrochloride, spiromustine,
spiroplatin, splenopentin, spongistatin 1, squalamine, stern cell inhibitor, stemecell division
inhibitors, stiptamide, streptonigrin, stroptozocin, stromelysin inhibitors, sulfinosine, solofenur,
superactive vasoactive intestinal peptide antagonist, suradista, suramin, swainsouvine, synthelic
giveosaminogiveans, talisomycin, tallimustine, tamoxifen methiodide, tauromustine, tararctene,
tecogalan sodium, tegafur, tellurapyryium, telomerase jnhibitors, teloxantrone hydrochloride,
temoporfin,  temozolomide,  tepiposide,  teroxirone,  testolactone, tetrachliorodecaoxide,
tetrazomine, thaliblastine, thalidomide, thiamiprine, thiccoraline, thioguanine, thiotepa,
thrombopoietin, thrombopoietin  mimetic, thymalfasin, thymopeletin  receptor  agonist,
thymotrinan, thyreid stimulatiog hormone, tiazofurin, tin ethyl etiopurpurin, tirapazamine,
titanocene dichioride, topotecan hydrochloride, topsentin, toremifene, toremifene citrale,
totipotent sterm cell factor, translation inhibitors, trestolone acetate, tretinoin, triacetyturidine,
triciribine, triciribine phosphate, trimetrexate, trimetrexate glucuronate, triptorelin, tropisetron,
tubulozole hydrochloride, turosteride, tyrosipe kinase inhibitors, tyrphosting, UBC inhibiiors,
ubenimen, aracil mustard, uredepa, vrogenital sinns-derived growth inhibitory factor, urokinase
receptor antagonists, vapreotide, variclin B, velaresol, veramine, verdins, verteporfin, vinblastine
sulfate, vincristine sulfate, vindesine, vindesine sulfate, vinepidine sulfate, vinglycinate sulfate,
vinleurosine sulfate, vinoreibine, vinorelbine tarirate, vinrosidine sulfate, vinkaltine, vinzolidine
sulfate, vitaxin, vorozole, zanoterone, zeniplatin, zilascorb, zinostatin, rigostatin stimalamer or

rorubicin hydrochlonde.

Pharmaceutival Conpostttons

161181 Pharmaceutical compositions of the present invention generally contain liposomal
formulations as described hereln and a2 pharmaceutically acceptable carrier, The term "carpier”
typically refers {0 a inert substance used as a diluent or vehicle for the liposomal formulation,
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The term also encompasses a typioally inert substance that imparts cohesive qualities o the
composition. Typically, the physiologically acceptable carrlers are present in liquid form.
Examples of Hguid carriers include, but not Hrited to, physiological saline, phosphate bufter,
normal buffered saline (135-130 M NaCh, water, buffered water, 0.4% salive, 0.3% glycine,
0.4M sucrose {and other carbohydratesy, glycoproteins to provide eshanced stability {eg.,
albomin, Hpoprotein, globulin, etc) and the like. Since physiologically accepiable carviers are
determined in part by the particular composition being administered as well as by the particular
method used to administer the composition, there are a wide variety of snitable formulations of
pharmaceutical compositions of the present luvention (3ee, e.g., Remington's Pharmaceutical

Sciences, Mask Pablishing Company, Philadeiphia, Pa., 17th ed. (1985}).

(61161 The compositions of the present invention may be sterilized by conventional, well-
knowr sterilization technigues or may be prodoced under stertle conditions, Agueous solutions
can be packaged for use or fliered under aseptic conditions and lyophilized, the lyophilized
preparation being combined with a sterile agueous solution prior to administration. The
compositions can contain pharmaceutically acceptable auxiliary substances as required to
approximate physiological conditions, such as pH adjusting and buffering agents, toniciy
adiusting agents, wetting agents and the like, e.g., sodium acetate, sodium lactate, sodinm
chloride, potassium chloride, calcium chloride, sorbitan monolaurate and triethanolamine oleate.
Sugars can also be included for stabilizing the compositions, such as a stabilizer for lyophilized

{iposome compositions.

i8117)  Pharmaceutical compositions suitable for parenieral admindsiyation, such as, for
gxample, by intraarticular, miravenous, intramuscular, intratumoral, intradermal, intraperitones
and sobeutaneous rutes, include agueous and non-agquecus, isotonie sterile injection sclutions,
The injection solutions can contain antioxidants, buffers, bacteriostats and solutes that render the
formedation isotonic with the blood of the intended recipient, and agoeous and pOR-a{RIEOUS
sterile suspensions that can include suspending agents, solubilizers, thickening agents, stabilizers
and preservatives, Injection solutions and suspensions can also be prepared from sterile powders,
soch as lyophilized Hiposomes. In the practice of the present invention, coropositions can be
administered, for exarople, by intravenous infusion, intraperitoneally, intravesically or

intrathecally. Parenteral administration aod jntravencus administration are preferred methods of

JS]
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acdminisiration. The formulations of Hposome compositions can be presented in unit-dose or

multi-dose sealed containers, such as ampoules and vials.

{91181 The pharmacentical composition is preferably in unit dosage form. In such form, the
composition is subdivided into unit doses confaining appropriate quantities of the active
component, e.z., a liposome formulation. The unit dosage form can be a packaged composition,
the package containing discrete quantities of the pharmaceutical composition. The composition

can, if desired, also contain other compatible therapeutic agents.

(81191 The lipesomal pharmaceutical composition disclosed herein way be formulated for
oral, intravenous, intramuscular, intraperitoneal or rectal delivery. Bicavailabilty is often

assessed by comparing standard pharmacokinetic (PK) parameters such as Cyp and AUC,

91201  In one embodiment, the liposomal pharmaceutical coroposition may produce a plasma
PK profile characterized by docetaxel plasma levels above the putative efficacy threshold for
Taxotere™ {e.g., 0.2 uM) for about 1 hour to about 125 hours, about 3 hours to about 100 hours,
ghout 3 hour o gbout 75 hours, about 10 hours to 38 hours or about 20 to about 40 hours, In
another embodiment, the Cau may be above the efficacy threshold for about 1, about 2, abont 3,
about 4, about §, about 6, about 7, about 8, about 9, about 10, about 15, about 20, about 25, about
30, about 35, about 40, gbout 453, about 30, about 55, about 60, sbout 65, about 78, gbout 73,
about 80, about 83, abowt 90, abowt 3, about 100, about 105, aboot 110, about 115, about 120 or

about 125 hours.

(38211 In ope embodiment, the Hposomal pharmaceutical composition may produce g plasima
P profile characterized by docetaxel plasma levels 2 times above the putative etficacy threshold
for Taxotere” {e.g., 0.4 uM) for about 1 hour o about 60 hours, about 2 hours 1o about 55 hours,
about 3 hour to about 50 hours, about 4 hours to 45 hours, about 10 to about 40 hours or about 20
to about 40 hours. In another embodiment, the Cu may be above the efficacy threshold for
about 1, about 2, about 3, 4, about 3, about 6, about 7, about 8, about 9, about 10, about 13, sbout

20, about 25, about 30, about 35, about 40, about 45, about 38, about 55 or about 60 houss,

(#1227 In one embodiment, the liposomal pharmaceutical composition may produce a plasima

PK profile characterized by Cyy, for docetaxel from about 10 ngfal to about 3,000 ng/mi, from
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about 25 ng/mi to about 4,500 ng/ml, from about 30 mg/mi to about 4,000 ng/mi, from about 75
ngfml to about 3,000 ng/mi, from about 100 ng/mi to about 2,500 ng/ml, from about 150 ng/ml
1o about 2,000 ng/mi, from about 200 ng/mi Lo about 1,500 ng/mi, from about 300 ng/mi to about
1,000 ng/ml or from about 300 ng/mi to about 500 ng/ml. In another ernbodiment, the Cha for
docetaxel may be about 10, about 20, about 30, about 40, about 50, about 75, about 100, about
150, about 200, about 250, about 300, about 350, about 400, about 430, about 500, about 600,
about 700, about 800, about 900, about 1,000, sbowt 1,300, about 2,000, about 2,500, about
3,400, about 3,500, about 4,000, about 4,500 or about 5,000 ng/ml.

(31231 In an additional embodiment, an additional embodiment, the liposomal pharmaceuatical
composition may produce a plasma PK profile characterized by AUC, for docetaxel from about
10,000 ng-he/ml to about 200,000 ng he/ml, from about 10,000 ng-hy/ml to about 175,000
ng-hrimi, from about 10,000 ng-he/ml © abont 150,000 ng-hy/mi, from about 18,000 ng-he/ml to
about 125,000 ng-he/ml, from about 10,000 ng-he/ml to aboot 100,000 ng-he/ml, from about
10,000 ng - hi/ml to about 75,000 ng-he/md, from about 10,000 ng-he/ml to about 55,000 ng-he/mi,
from about 15,000 ngh/mi to about 45000 ng-h/mi, from about 20,000 ng-be/mi to about
40,000 nghr/mb or from about 23000 sghyfrol to about 30,000 op-hr/ml In another
embodiment, the AUCr for docetaxel may be about 10,000, about 15,000, about 20,000, about
23,000, about 30,000, about 35,000, about 40,000, about 45,000, about 50,000, about 55,000,
about 60,000, sbout 65,000, about 70,000, about 75,000, about 80,000, about 85,000, about
90,000, ghont 95,000, about 100,000, abowt 125,000, about 150,000, about 175,000 or abowt
200,000 ng hr/ml

{81241  In an additional ernbodiment, the liposomal pharmaceutical composition may produce a
plasma PK profile characterized by dose normalized (AUC, p) for docetaxel from about 180
W ng/mi/mg to about 300 hFm o ng/mi/mg, from abount 125 h*m *ng/mi/mg to about 43¢
h*mP*ng/mifmg, from about 150 Frm ragimlimg to about 350 h*m P ng/ml/myg, from about 200
e mPag/mifmg to about 300 h*m ¥ ng/mlfmg, from about 230 W ragiml/mg to abont 350
h*m™*ng/mlfmg or from about 350 hemFng/mi/mg to about 475 h*m *ng/mi/mg. In another
embodiment, the dose normalized (AUC,¢ p) for docetaxel may be about 100, about 125, about
150, about 175, about 200, about 225, sbout 250, about 275, about 300, about 325, about 350,

ghount 375, about 400, about 4253, about 450, sbout 473 or about 500 h*mz“‘:ng/’rniimgt

b
941
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[#125]  In an additional embodiment, the liposomal pharmaceutical composition may produce a
plasma PE profite characterized by 12 for docetaxel from about 13 hours to about 753 hours,
from about 15 hours to about 65 hours, {from about 1S hours to about 55 hours, from about 20
hours to about 30 hours, from about 25 hours to about 45 hours or from about 25 hours to about
40 hours. In another embodiment, the ty» for docetaxel from may be about 15, about 20, about
25, about 30, about 35, about 40, about 45, about 30, about 35, about 60, about 63, about 70 or

about 73 hours.

{83261 In an additional embodiment, the liposomal pharmaceutical composition may produce a
plasma PK profile characterized by clearance {CL) for docetaxel below about 30 L/ym®, abont
29 LAVm®, about 28 L/m®, about 27 L/vm?, about 26 L/Avm’, about 25 L//m’, about 24
L/hfmz, about 23 E_,/h/mz, about 22 L,"h/m?‘, about 21 L/h/mz, about 20 Lkvm”, about 19 E_,fh:'m?‘,
about 18 Lihf'm?', about 17 L!hz’mz, ghout 16 L/Avm?, about 15 E_,fhim‘?', about 14 L/hfmz, about 13
L/h/m®, about 12 I.,fhfmz, about 11 Liiy'mz, about 10 Lihimz, ghout 9 L/A/m?, shoot 8 L/Avm?®,
about 7 E_../'h/m?, about © L/h!mi about § L/hfm2, ahout 4 Liym?, about 3 ii_jhfm?', about 2 or
about 1 Lévm?®. In still another embodiment, the Hposomal composition may produce a plasma
P profile characterized by CL for docetaxel below about 3 L/h:’mz, about 4,75 L,"hm.f)', about 4.5
L/, about 4.25 Livm®, about 4 Livm?, about 3.75 L/vm®, about 3.5 L/h/m”, about 3.25

L/hio?, sbout 3 Livm®, aboot 2.75 Lévim®, about 2.5 L/h/m?, abont 2.25 L™, about 2 Livm’,

“

about 1.75 L/h/m?; about 1.5 L/vm™, about 1.25 Litim’ or about 1 L/b/m® .

{61271  In one embodiment, the Hposomal pharmaceutical composition may produce & plasma
PK profile characterized by Chax for TD-1 from abeount 1,000 ng/mi to about 500,000 ng/wl, from
about 1,000 ng/ml to about 430,000 ng/mi, from about 1,000 ng/ral to about 400,000 ng/mi, from
about 5,000 ng/ml 1o about 350,000 ng/ml, from about 5,000 ng/mi to about 300,000 ng/ml from
about 5,000 ng/ml to about 250,000 ng/ml, from about 10,000 mg/wol to about 200,000 ng/ml,
from about 15,000 ng/mi to about 150,000 ng/mi, from about 20,000 ng/ml to abont 100,000
ng/ml or from about 25,000 ng/mi to about 50,000 ng/mi. In another embodiment, the Chray for
TD-1 may be abont 1,000, sbowt 10,000, about 15,000, about 20,008, about 25,000, about
30,000, about 33,000, about 40,000, about 45,000, about S0,000, sbowt 35,000, about 60,000,
about 65,000, about 74,000, about 75,000, about 83,000, about 85,000, about 80,000, sbout
85,000, about 100,000, sbout 110,000, about 120,000, about 130,000, about 140,000, sbout
150,000, about 160,000, about 170,000, abour 180,000, abont 190,000, about 200,000, about
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2725 000, about 250,000, about 275,000, about 200,000, about 325,000, about 330,000, sbowt
375,000, ahout 400,000, about 425,000, about 450,000, about 475,000 or about 500,000 ng/ml.

81281  In an additional embodiment, an additional embodiment, the liposomal pharmaceutical
composifion may produce a plasma PK profile characterized by AUCy for TD-1 from about
100,000 ng-h/ml to about 45,000,000 ng-hr/mi, from about 150,000 ug-hriml to about
40,000,000 ng-hr/ml, from about 200,000 ng-he/mi to about 35,000,000 ng-hr/ml, from about
250,000 ng-he/ml to about 36,000,000 wg-he/mi, from about 300,000 ng-hedimd (o about
25,000,000 ng-hrimd, from about 400,000 ng-hr/ml to gbout 20,000,000 ag he/ml, 500,000
ng-hr/ml to about 15,000,000 ng-hr/mi, 600,000 ng bwiml to about 10,000,000 ng hefml, fom
about 700,000 ng-hriml to gbout 5,000,000 ng-he/ml, from about 800,000 ng-he/ml to sbout
4,600,000 ag-hr/ml, from about 900,000 ng-hv/ml o about 3,000,000 ng-h/ml or from abowt
£000,000 ng-hr/mi to about 2,000,000 uvg-he/ml. In another embodiment, the AU, for
docetaxel may be about 100,000, about 150,000, about 200,000, abowt 250,000, about 300,000,
about 350,000, about 400,000, about 450,000, abowt 300,000, about 600,000, about 700,000,
about &00,000, aboot 900,000, about 1,000,000, about 2,000,000, about 3,000,000, about
4,000,000, about 5,000,000, about 6,000,000, about 7,000,000, about 800,000, abowt
9,000,000, about 10,000,000, about 11,000,000, about 12,000,000, about 13,000,006, about
14,000,600, about 15,000,000, about 20,000,000, about 25,003,000, about 30,000,000, about
35,000,000, about 40,000,000 or about 45 000,000 ng-hr/ml

(81291 In an additional embediment, the liposomal pharmaceutical composition may produce a
plasma PK profile characterized by dose normalized {AUC p) for TD-1 from about 10,000
h*en P ng/mifmg to about 1,250,000 b*m™ng/mi/mg, 10,000 h¥m™*ng/ml/mg to about 1,000,000
h*mP*ng/mifmg, from about 15,000 b*m *ng/mifmg to abont 500,000 B*m *ng/ml/img, from
 about 20,0000 h*mz*ng/mi!mg o about &0G0,000 h*m""*ngimilmg, from about 25,000
e m*ng/mifmg to ghont 700,000 W tng/mlimg, from about 30,000 Fm rag/miimg to about
600,000 h*mz*ng/m}in‘ig, from about 35,000 h*mz*ng;’mvmg to about S0G,000 h*m”nghrﬂ:’mg,
from about 40,000 h*m™¥ng/mifmg o about 400,000 h*m *ng/mifmg, from about 45,000
h*m *ng/ml/mg to about 400,000 hem? fngfml/my, from about 50,000 W m*ng/ml/mg to about
300,000 brwftaglmifmg or from  about 100,000 h*mP*ag/miimg to about 200,000
Eﬁ"n}z*ngfnlifing. In ancther embodiment, the dose normalized (AUC s o) for docetaxel may be
about 10,000, about 20,000, about 30,000, about 40,000, about 50,000, about 60,000, about
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70,000, about 80,000, about 90,000, sbout 100,000, about 150,000, about 200,000, about
250,000, about 300,000, about 350,000, asbout 400,000, about 430,000, sbout 300,000, about
350,000, about 600,000, about 750,000, about 800,000, about 850,000, about 900,000, abouwt
50,000, about 1,000,000 or about 1,250,000 h*mz*ngimilmg,

(#1381  In an additional embodiment, the liposomal pharmaceutical composition may produce a
plasma PX profile characterized by tyz for TD-1 from about 15 hours to about 10 hours, from
about 15 hours 10 about 90 hours, from about 15 hours to about 85 hours, from about 15 hours 1o
about 75 hours, from about 15 hours to about 65 hours, from about 15 hours to about 335 hours,
from about 20 hours to about 5 hours, from about 25 hours to about 45 howrs, from about 25
hours to about 40 hours, from about 353 hours to about 55 hours or from about 45 hours to about
&0 hours. In another embodiment, the 4y for docetaxel from may be about 15, about 20, about
23, ahout 30, about 35, about 40, about 45, about 30, about 55, abowt 60, about 65, about 70,

about 75, about 83, about 83, about 90, about 85 or about 100 hours.

[#1331] In an additional embodiment, the liposomal pharmaceutical composition may produce a
plasma PK profile characterized by CL for TD-1 below about 8.1 Lam?®, about 0.09 Liwm’,
about 0.08 LAvm®, about 0.07 LV, about 0.6 L/bin®, about 0.05 LAvny®, about 0.04 L/m®,
about 0.03 th/mz, about 0.02 L/bin? or about 0.01 Livim”.

IV, Examples

Exomple 1, Pharmacokinetic snd Blodisiribution of Lipesorad Tasane Devivative dn Mice

(8132] Pharmacokinetic and tissue distribution studies have been completed in tumor bearing
mice comparing PEGylated TD-1 liposomes with Taxotere™ (docetaxe!). The PEGylated TD-1
liposomes contain a prodrug of docetaxel (TD-1) to improve solubility, tolerability and increase
efficacy through improved pharmacokinetics and biodistribution. Docetaxel is a lipophilic
eytotoxin which is not well retained within liposomes. In contrast, TD-1 possesses enbanced
hydrophilicity, which prevents the compound from crossing the liposomal lipid bilayer. Without
wishing to be bound by any theory, under acidic conditions (pH ~3), it is believed that the
prodrug remains stable and retained within the agueous interior of the liposome (Zhigaltsev et al,
2010). Ouce jntroduced into the circulation, the luminal pH of the liposome slowly increases and

the prodrug hydrolyzes to the active metabolite, docetaxel. The increased lipophilicity of
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docetaxel allows this cytotoxin to casily cross the lipid bilayer of the Hposome and then enter the
systemic circulation or exiraceliular space of a tumor, The biodistribution and pharmacokivetics
of PEGylated TD-1 liposomes in immunodeficient mice bearing AS49 Human Non-Small Cell
Lung Carcisoma (NSCLC) xenograft was evaluated to determine whether FEGylated TD-1
liposomes produces greater systernie exposure and tumor accumulation of docetaxel compared to

the standard of care Taxotere”.

Pharmacokinetics

[¢133] The plasma pharmacokinetics and distribution were studied in female athymic nude
mice each implanted subcutaveously with AS49 cells (human non-small cell lung cancer). Once
turmors reached a volume of 100-300 nun’, animals were randomized into 4 groups. Bach animal
was given a single intravenous dose of docetaxel or PEGylated TD-1 liposomes as shown in

Table 1.

Table 1. Dosing Asdizoments for Nude Mice Bearing A4S Xonogealt

: . . Dose {mgfkg)

¢ Test Article No. Animals e 0

¥i-1° Docetaxel

Diacetaxel 27 G 30
Drocetaxel 27 g 58
PEGyiated TD- 27 50 46
Lpasomas
PEGiaed T 27 186 {44
fiposomes

a = Test article dose s expressed as mg/kg TD-1
b = Test article dose is expressed as mefke docetane] equivalent {TD-1/1.23 conversion factor)
£ g s

(31341 Three antmals were sacrificed at 1, 4, 24, 72 (3 dayvs), 168 (7 days), 216 (9 days), 336
(i4 days), 432 (18 days) and 304 hours (21 days) post injection. Blood samples were taken for
pharmacokinetic analysis at cach time point {dichlorvos and formic acid were added within 15
minutes of collection to prevent conversion of TD-1 to docetaxel). Pharmacokinetic parameters
of TD-1 and docetaxel were calculated using the Phoenix WinlNonLin software by anon-

compartment apalysis modeling.

[4135] The plasma concentrations of Tl and docetaxel decreased over tme after

intravenous administration of PEGylated TD-1 liposomes, as shown in Figare 1. At a dose of 40

mp/kp PEGylated TD-1 liposomes, TD-1 concentrations remained above the limits of

quantitation (00235 pg/mL) through 168 hours (7 days) after liposome administration; whereas,
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following a dose of 144 mgikg PEGylated TD-1 liposowes, TD-1 was detected through the
entire three week observation period afler liposome admindsiration (Figure 1A). The long
circalating prodrug resulted in circulating docetaxel levels of four and seven days post dose of 40
and 144 myg/kg PEGylated TD-1 liposomes, respectively, compared to just four hours after

administration of 30 or 50 mgfkyg docetaxel (Figure 1B).

161361 The Cus and systemic exposure (plasma AUC) of TD-1 increased with an increase i
the dose of PEGylated TE-1 liposomes (Table 23 Further, PEGylated TD-1 liposomes
dermonsirate short clearance (CL) and a small volume of distribution {(Vd).

Table 2. Pharmacokinetics of TD-1 Followine Adninistrating of FEGyluled TH-L
Liposomes to Mude Mive Beaving AR Jenopralt

- Dase (mglkg) 46 ' 144
aelm | 105 108
Clax (gfmadl} TES 2907
AUC, (pgetymi) | 20920 112642
CL (mldhikg) 2.4 1.6
YV {midkg) 36 24

{61371 PEGylated TD-1 liposomes (40 mafkg) exhibited Chp docetaxel concentrations similar
to those resulting from the administration of docetaxel (30 mgfke) iself but the exposure, in
terme of ALUC, was almost 10 times greater (Table 3). PEGylated TD-1 liposormes provided a

reservoir for the continual slow sustained release in the circulation and in tomors of docetaxel,

CG!‘KBEIJ;.{‘}U!}(E Docetaxef _ PEGyiated Th fiposomes
L Prose {mg/hg) 3 54 44 144
Cin () x * iz 16
Cloas Lpgfmld 2.7 R.G 10 35
AUC, (g himL 8.8 7 267 ; 1146
CL (md/hkg) * | * 148 126
Va {mblskg) z 16110 37187 2531 2848

* = Not calenlable

141381  The docstaxel derived from PEGyiated TD-1 liposomes appeared 10 be restricted 1o a

smaller volume of distribution compared to docetaxel administered as the free drug. The plasma
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concentration of docetaxel generated from PEGylated TD-1 liposomes was approsimately 1%

that of TD-1 measured in the biood through 3 days post dose.

{61391 Traditional chemotherapentics, for instance Taxotere”, act by killing cells that divide
rapidly (a key property of cancer cells). In shogt, the strategy is to kill the cancer cells before the
patient. In such cases, dosing frequency depends on the patient's recovery time. However, key
PX parametiers, such as AUC, clearance {CL} and half-life (1), are not optimized but simply
ignored. Indeed, the unfavorable PK profile associated with high toxicity (as shown in Figure 2)

has a profound negative impact o the therapentic index of docetaxel.

[3140] As shown in Figure 2, there is a therapeutic window in which the docetaxel drug level
can effectively treat disease while staying within the safety range (Le., maximum tolerated dose
or MTD). Generally, a Cpay above 0.64 pg/mi and an AUC greater than 1.42 pg*he/ml are
associated with increased incidence of adverse effects. When administered systemically,
Taxotere® produces a sharp and high peak in plasma concentrations of docetaxel which are
associated with adverse effects, including neutropenia, hypersensitivity reactions, fluid retention,

peripheral neuropathy, myelosuppression, gastrointestinal toxicity, etc.

{1411 The PEGylated TD-1 liposomes, however, provide a reservoir for the costinual slow
sustained reicase of docetaxel in the circulation and in tumors with levels above the efficacy
threshold’ but below the toxicity threshold. This allows for maximum therapeutic efficacy and

safety (i.e., optimal Cpyy and AUC) of docetaxel over a longer period of ime {417).

[0142] Tn addition to the plasma levels and pharmacokinetic calculations, an assessment of
tissue distribution was done in AS49 human NSCLC tumor bearing mice after the administration

of PEGyisted TD-1 liposomes (as in Table 1},

(1431 TD-! accumulated in the AS49 umors for an extended period of time (Figure 3A). The
concentration of TI-1 increased slowly throngh the first 24 hours after injection. Alter 24 hours,
concentrations of Tx-1 tended to drift downward with fime at the low dose. At the high dose,

concentrations remained somewhat stable through approximately 14 days post dose and then

" The putative efficacy threshold was determined as described in Clarke and Rivory, Clin.
Pharmacokinet, 36:99-114 (1999, Bruno et al, J Cling Oncel 16:187-196 (1998), and
hitp:/fwww cancerrxgene.org/ransiation/Drug/ 1007,
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tended to increase but the variability also incressed. The concentration of TD-1 remained above
the lower linits of quantitation (2.0 pg/g) through the 21 day observation period.

{06144}

concentrations of docetaxel in the AS49 mamors through the first 7 days for low dose (40 mgfig)

Similarly, administration of PEGylated TD-1 liposomes resulted in increasing

and through 9 days for the high dose (144 mg/kg). After the initdal peak, docetaxel
concentrations decreased sHghtly and then remained stable through the remainder of the 21 day
observation period following the low dose (Figure 3B). After the high dose of PEGylated TD-1
liposomes, concentrations of docetarel decreased slightly and again incressed 18 and 21 days
after dosing. For both doses, PEGylated TIx-1 liposomes produced sustained TD-1 and docetaxel
levels over a 21 day observation period in A549 NSCLC xenograft tumors from athymic nude
mice. fp contrast, intravenons injection of docetaxel peaked immediately after injection in all
tissues, Tumor levels of docetaxel decreased with time falling below the levels of guantitation
(1.0 ug/x) after nine days, PEGylated TD-1 liposomes (40 and 144 gl produced 4 and 18

fold greater docetaxel exposure o tumor, respectively, compared to administration of decetaxel.

[3145] At comparable doses, PEGylated TD-1 liposomes (40 mglkg) exhibited a twmor

exposnre {AUC) of docetaxel 3.9 times greater than the administration of docelaxet (30 mglkg)

tiself (Table 43,

Table 4. Levels of Docetaxel in Thisue Following Adwinistration of Bocstaxad or Pifeviated
T-1 Liposcmes to Nude Mice Bearing ASY HKenograll

Componnd Pocetaxel PEGyiated ’E‘i)v{ﬁ‘épﬁsames
Dose (mgfkg) g 56 48 s
Tumor AUC {pgehig) 276 447 174 758
Liver AUC {ugh/z} 10 37 1320 2838
Spleen AUC (ugehiz) 77 162 402 3606
Kidney AUC {pgh/g) 28 1ig 1164 2346

F Lang AUC (ugehig) B 211 23 592
Muscle AUC (pgsb/g) 23 &4 BLG BLG

BL{ = Below Levels of Quantitanon

(31461 In the tumor, the docetaxel levels following administration of PEGylated TD-1

liposomes {expressed as a percent of the docetsxel level following administration of
unencapsulated TD-1) increased after 3 to 7 days, particularly af the lower dose where the level
reached 553% after 21 days. The ratio was generally stable in other ussues and ranged from

around 1-2% in the liver and spleen up to 3-5% in the kidneys.
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31471 Levels of TD-1 in the liver, spleen, kidney, lung and skeletal muscle tissue appeared (o

fall into two categories (Figare 43, The liver, spleen and kidney showed a pattern similar 1o the

tumor with a slow uptake through the fivst 72 hours with concentrations slowly decreasing

through the remainder of the 3 week period. The lung and skeletal muscle tissue contained the

highest concentrations immediately after injection which decreased to concentrations close 1o the
[

fevels of detection after approximately 72 and 24 hours, respectively

[3148] After approximately nine days, TD-1 concentrations in skeletal muscle tissue fell below
the levels of guantitation for the 40 mg/kg dose of PEGylated TD-1 liposomes. A similar patters
of uptake and distribution for TD-1 occurred after the administration of PEGylated TD-1
fiposomes at a dose of 144 mg/kg. After the high dose of PEGylated TIx-1 liposomes, the fung
and skeletal muascle tisspe retained measurable concentrations of TD-1 throughout the
observation period, but the concentrations tended to be lower than those found for the tmmor,
liver, spleen and kidney especially through the platean period between 168 and 304 howss, The
limits of quantitation of TD-1 were 0.5 pgfg for the liver, kidney, spleen and long, and 2.0 ug/g

b

for the skelets] muscle.

31491 The optake and elimination patterns for docetaxel derived from PEGylated TD-1
Liposomes fell into two categories (Figure 53, PEGylated TD-1 liposomes at doses of 40 or 144
mgiky failed o produce guantifiable amounts of docetarel in skeletal muscle tissue. The limils
of quantitation for docetaxel were 0.5 uglg for the lver, kideey, spleen and lung, and 1.0 pg/g
for the skeletal muscle. In contrast, docetaxel (30 mg/kg) produced peak tissoe docetaxel levels
greater than PEGylated TD-1 liposomes at 40 or 144 mg/kg in muscle, lung, spleen, kidoey or
liver (Figare 6). However, the concenirations of docetaxel fell below the limits of guantitation
after 24 hours for most of the tissues except for the tumor which retained measurable levels of

docetaxel through 216 bours (9 days).

(31587 Overall, PEGylated TD-1 Hposomes (40 mgdeg) produced greater total exposure (AU
than docetaxel (30 mg/kg) in all tissue except lung and muscle. PHGylated TD-1 liposornes at
144 mgfkg produced greater exposure in all tssue except muscle compared to docetaxe! (30

mglkg).
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Exoople 2 8e Vive Antt-Tomer Activity, Comparative Bosults

19151]  Antitumor activity of PEGylated TD-1 liposomes on the growth of established human
PC3 xenograft in male imnmmodeficient mice was studied to determined whether PHGylated TD-
I liposcmes conld provide greater efficacy than Taxotere® {docetaxel) 2t equivalent maximam

tolerated doses (MTD).

(61537 Tumor cell Hoes were implanted subeutaseously into the flank of nude
{immnodeficient) mice and allowed to grow 1o a fixed size. Mice that did not grow tamors were
reiected. Mice were aliocated to receive either saline {control, included in all studies) or
docetanel or PEGylated TI-1 liposores, and adrinistered the designated treatment by slow
holus intravenous injection. In each case, where possible, doses were selected as providing
equivalent levels of toxicityftolerance. The highest doses of TD-1 were usually limited by the
vohuue that could be administered. Tomor volume was analyzed o determine tumor growth
delay (TG and partial regression, Mice were removed from the study if they lost 20% of their

> or the

initial bodyweight or became moribund or if thely tumor volume exceeded 2300 mm
tumor ulcerated. I less than half of the initial cohort of mice remaived, that group was ao longer
graphed or included in further tumer analysis. However, any remaining animals were followed
untif completion of the in-life observation pericd and included in a survival apalysis. The

variable features of this study are summarized in Table 3.
Table 8, Spwwny of Variuble Features of fn Vive Antitumor Actisit
Dnmuncdeficient Mice

¥ Stgcies i

. Colh Broses {mg dovetaxelikg)
Tumor s Mo.fgronp _ P p— p—
Line Docetaxed T3 lposeme | PEGyiated TD-1 Hposome
| S SOPPTANUOUUNN | NUOSEUTTTRTAAS S Y k
Prostate PC3 0 9,18, 27° 30, 58,83 19,38, 57

= Prostate PO3 docetaxel (27 me/kg) dose group had five mice,

[3153]  The study demonstrate that PEGylated TD-1 liposomes act as an active aptifumor agent
in this xenograft model, and possess significantly greater antitumor activity compared (o

comparably tolerated doses of docetaxel.

{1541 Trata from the study with PC3 prostate tumor mode! demonstrate that PEGylated TH-1
liposomes possess antitumor activity greater than docetaxel when given at eguitoxic doses. A

single dose of PEGylated TD-1 Hposomes (19, 38, or 57 mp/kg) caused a significant (p <0.05]
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reduction in tumor volume compared to saline trested mice. While 18 and 27 mg/kg docetaxel
also inhibited tomor growth, PEGylated TD-1 Hposomes exhibited greater antitumor effects as
determined by TOD and partial tumor regression (Table 6). PEGylated TD-1 liposomes
significantly {p <0.03) increased survival at each dose evaluated, and 57 mg/kg PEGylated TD-
tiposomes increased survival sigaificantly (p <0.05) when compared o all doses of docetaxel.
Notably, the PEGylated TD-1 liposomes exhibited greater tumoy volume inhibition than the son-
PEGviated TD-1 liposomes. Treatment with PEGylated TD-1 liposomes gt 19 mg/kg caused
significantly smaller tumors than the equitoxic dose of d@cetaxei {9 mgfgy and TI-1 liposomes
(30 mgleg), *p < 0.05, Effects on tumor growth and survival are Hustrated in Figure 7.

Table 6, Bificacy and Survival Pavameters in Mice Bearing PO3 Xenograll Tumors
Following Treatment with Docelaxel, TIR Liposomes or PEGyinted T1-1 Libosotues

5.

Troatment and Hose oD TG (%) TG (%) Partial Tumer Median Survival

Regression { %) {Days)
Saline - - i 35
Docetaxel (3 mgfkg) {1 b2 18 a3 47
Docetaxel (18 mgfkg) 43 134 G 33 21
Docetaxel (27 mgfkg) 42 157 g8 G0 ’ g4
TT-1 liposome {3
-1 },tpom,mcs (36 1 79 53 T 57
mgfkg)
T-1 E;pcsomes {858 59 591 09 3 5
migfkg)
Y1 lposomes (48 . o
pepies Lot 62 233 10t 50 104
mgkg)
SEGviated TE-1 Hposomes -
EL(J}iatvkEjV To i h\g(sn SITEES 8 B 36 17 <5
{19 mgfkg)
PEGylated TD’I{ Eﬁ;posemeg 66 550 06 &7 9
{38 mglkg)
71 268 101 83 126
"Tumors treated with 24 mg/ke PEGylated TD-1 liposomes did not reach & target size of Temv, and were excluded

from TGD and BTG

[6155] In anotber study, athymic male nude mice bearing PC3 human prostate xenograft were
given two or four intravenous (IV) doses of PEGylated TD-1 liposome, Taxotere” or saline.

-

Dosing intervals were twenty-one days for two cycles or every four days for four cycles. The

doses of Taxotere” and PEGylated TD-1 liposomes were based on maximum tolerated dose
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(MTI) or highest dose tested for a given dose interval. A suminary of the dose groups is

provided in Table 7.

Table 7. Summary of Dose Groaps

- . , Erose Volume Bocetaxel Eqg. MC Bm, [ose
. & . > \f A sl
Test Article Dose Schedole | No. Animals fndfig) (onglks) (g k)
Saline 1,54, 13 10 23 ; t {1
Docetaxel 1,5.9,13 1o ; 5 g 20
Docetaxel 1,58,8 13 10 10 10 40
Docetaxel 1,21 ' 1) {8 30 ]
Docetaxel 1,21 i3 34 &0 1280
F’Eiﬁysafe(i‘TD-i 15,9, (3 n & 10 120
lpoanmes
PROvined TDF 1y 5 g 43 16 2 60 240
liposomes ;
PECviated Th-
PEtiylated TO-1 1,21 10 (2, 24° &0 120
fiposores
SREGyiated - ' . .
PEGylatedt TD-1 528 T X 20 240
liposomes

PEGelted TD-1 liposomes 60 reg/kg, gdd x4 was not tolerated and not included in twmor analysis.

b differont lot of PEGylated TD-1 liposomes was administered to this group on day 21

1561 Tumer volume was measured 2-3 times per week using the Biopticon tumor imaging
system and turnor volume data was analyzed to deterraine TOD and partial tumor regression.
Survival analysis was conducted and median survival time determined. The results are provided

i Table 8.
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Table §. Bfflegey sod Survival Parameters in Mice Bearing PO3 Xenogradt Dnas

Following Treatment with Decetayel ov PEGylated TD-1 Livosomes

' . Partiéi Turmor Peak Mean Body
7 > T {% o e . :
Treatment and Dose T T {%) Regression { %) Weight Loss
Salipe - 0
Docetaxel 3 mg/kyg (gddxd) 34 0
Docetaxel 10 mgfkp(gddzdy 6% 431 86
Docetaxel 30 madkg (g21dx2) 73 456 100
Docetarel 60 mp/kg (q21dx2) 88 338 HOO
PEGylated T Eiposcmﬁs AR - c
30 meficg (ghdsdd E 506 o0
PEGviated TD-1 liposnmes - , .
60 mefkg {q21dx2} 13 644 1o
PEGyiated TD-1 liposomes 160

120 sl (g2 1dxd)

(G157  As seen in Table §, all dose groups of PEGylated TD-1 liposornes partially regressed
tumors and delayed growth of tamors to 1000 mim® by 103 1o 145 days compared to saline
conirol as seen by TG, PEGyiated TI-1 liposomes increased TGD 20% and 69% greater than
the docetaxel dose group (60 mgfkgy with the greatest TGOD. Tomors in mice treaied with
PEGylated TD-1 liposomes 120 mgfg (g21dx2) did not reach a target size of 1000 mm’ and
were excluded from TG and %TGD. PEGylated TD-1 liposomes dose groups of 30 and 60
mp/kg decreased monse body weights simitarly to saline treated mice (9% and 12% vs. 8%). 120
my'kg PEGyiated TD-1 liposomes decreased body weight simitar to docetazel al 60 mg/kg (24%

vs. 2270},

(01581 PEGylated TD-1 liposomes and docetaxe! dose dependently inhibited growth of PC3
human prostate xenograft in athymic nude mice as shown by mean tumor volume (o) over
time after 1Y administration of docetaxrel, PEGyvlated TD-1 lposomes or saline (Figure 8A) All
dose groups of PEGylated TD-1 lposomes inhibited tumor growth fonger than all dose groups of
docetagel, PRGylated TD-1 liposomes doses are given as docetaxel molar equivalents. Farther,
all dose groups of PEGylated Ti-1 ll.po.;";(;mes (157, 125, 177 days) increased median survival of
mice greater than docetaxel (62, 88, 93, 107 days) and saline (26 days) treatment as seen in
Kaplan-Meier Plot showing percent survival of athymic nnde mice bearing human PC3 (prostate)

xenograft tumors (Figure 8B). Lastly, all treatment groups transiently decreased body weight
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after each dose and then recovered to baseline once dose sdministration was complete {Figure

8,

(31581 PEGylated TD-1 liposomes produced better efftcacy than docetaxel at equitoxic doses
in & PC3 human prostate xenogeafl mouse model. Indeed, all dose groups of PHGylated TD-1
liposomes produced partial tumor regression and delayed growth of tumors longer than docetaxel

by 20 10 69%, which resulied in greater survival vates compared o docetaxel,

Exmmple 3. Dose Feealation Human Study

[1168] A two-part open-label, dose escalation first-in-human (FIH) study in subjects with
recurrent andfor metastatic advanced solid malignancies refractory to conventional therapy was
initiated to evaluate the safety and tolerability profife, assess the Dose-Limiting Toxicity (DLT),
anid ostablish the maximum-tolerated dose (MTDY of PEGyiated TD-1 hiposomes. A secondary
obiective was to characterize the pharmacokinetic profile (PK) of docetaxel and the Hposomal
components (DSPE-PEGI2Z000]) and Ti:1, as well as the preliminary antitumor activity of
PEGylated TE-1 liposomes.

191611 PEGylated TD-1 liposomes were administered intravenously (IV) every 21 days for
four cycif:s.z Thirteen dose levels were studied: 3, 6, 12, 24, 48, 80, 120, 160, 190, 240, 270, 320
and 380 mg/m®. In part A, the safety, tolerability, MTD, DLTs, PK profile and preliminary
antibumor activity of ascending doses of PEGylated TD-1 liposomes was evaloated using &
mwodified "3+3" dose escalation design in an effort to determine the recommended phase I dose,
Lo, the dose level immediately below MTD. In part B, at the expansion phase, the recomrpended
shase 1T dose will be administered to an additional 20 subjects with recurrent and/or metastatic
Squarmous Cell Carcinoma of the Head and Neck (SCCHN) to further evaluste the safety, PK
profile, and preliminary antitumor activity of the PEGylated TD-1 Hposomes in the SCCHN

population.

{1621 To date, forty-four subjects have received at least one dose of the PEGylated TD-1
liposome. Preliminary efficacy resnlts are set forth in Table 9. They include cight stable discases

in different tumor types including thymic cancer, Non-Small Cell Lung Cancer (NSCLO),

* Subjects who have a tumor response after 4 cycles or are deemed to receive clinical benefit
from treatment with PEGylated TD-1 liposomes will be allowed (o coutinue to receive
PRGylated TE-1 liposomes as part of g long-term extension study.

4%
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rostate, ovarian, cervical, gastroesophagesl cancer, cancer of unknown primary origin and
& #

cholangiocarcinoma.

Table & Sunmmaney of Eificaey Resalls

Age | Cender | Cancer Type E:agiiigg%se Fi;::; i?s%e Response No. Doses
8 1 M Thyrous* 3 120 s 1 22
76 0 M NSCLOC 5 s s s
6‘3 ) M Prostale o 12 EZ 50 v 7
48 Nt Ovavian* | 12 (2 5D .
66 P Cervical” VR T 5D 5
5% M ‘ Gastrocsophageal 20 , 8 ‘ Si B
51 ¥ | Unknown Primary® g0 | ts0 s L5
s ¢ | NSCLC Cmg L 190 5 4
4 | F | Ovarian™ e\ 320 | PR 6
\\\\\ 53 M (;“,‘imiaragiﬂcarcinoma* 220 320 5D ' ; 4

i

5
* Mot corrently indicated for Tiroters
{1631 As shown in Table 9, nine patients had their disease stabilized after 4 cycles of
treatment with MNE-010. Stable disease (8D) is defined as neither sufficient shrinkage {o

gualify for partial response nor sufficient increase fo qualify for progressive disease. Two

decrease in the sum of the diameters of target lesions, Une PR was counfirmed at the end of 4
cyoles (Le. was observed on two consecutive radiologic evaluations at least 6 weeks apart), but
the second partial response remained unconfinmed (at the end of 2 cycles and one radiclogic
evaluation} as the patient was still active in the study. The confirmed partial response was
phserved in an ovarian cancer patient and the unconfirmed partisl response was observed in a
patient with head and neck cancer of unknown primary origin.

(31641  The plasma concentration of docetarel at variows dose level is shown in Figuare 9. The
PE. profile for TIN1 after one cycle is provided in Table 10 below. Figure 10 shows the
correlation between the peak docetaxel concentration {Cray) and exposure {AUC 0 versus dose

(mgin*f}
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Dose {mgfm’)

Parameter 3 4 12| 24 80 | 190 180 | 190 | 225§ 270
e 5.5 L o3ax o747 L1490 L1873 L A0T0 L 7007 | 8785 | 1i2a | 3044 | 1199 | 1737 | 2900
{ngfmi)
GuadDose 547 1608 | 620 1 621 1 390 | 384 | 585 | 548 1 Se3 | 484 | 441 | 543 | 763
{re"sng/mi/mg)
Ao 225 1 265 L 721 | 4899 | 5297 | 4798 | 18103 | 16518 | IR774 | 33923 | 26183
{ngshiml}
pUC0SE e gy §oeon 2040 | 1te4 | 600 | 2342 | 1632 | 9BR | IS0 | 965 | 1176 | 2808
- (msngsh/mi/ag)
o 2373 | 2465 | 1602 L 875 11329 1 2161 ] 75 1048 ) 1053 L 675 L1035 | %44 1 3358
{/him")
(:;:j) I61.8 12724 1 2573 | 3908 1 7053 | 7362 12925 1 5737 | 549.2 | 4134 1 4517 | 40400 3277
25 13.99 1 932 | 1226 1 3528 { 7353 { 2877 { 45.84 | 5111 | 5153 | 6175

[B165]

The maxbmum plasma docetaxel concentrations {Ura,) ranged, on average

. from 1190

ng/ml to 2900 ngfmb on Cyele 1, Day 1 in patients administered 270 mgimz 10 380 mg,;:"m2

FEGylated TD-1 liposomes. Further, Ca,e was similar to and half-life was longer {2900 ngfml,;

380 mgimz; i — 51 h overall) than that seen following high dose Tazotere” {2680 ngfmal; 100

2 - FEY, 4 o [N b .
mgim; 10-19h) (see, e.g., van Quosterom, AT; Schritvers, 13, Docetaxel (Taxotere”), a Review of

Preclinical and Clindcal Experience. Part 2; Clinical Experience. Angi-Cancer Drugs 1998, 6, 356

~ 368}

[6166]

The plasma concentration of TD-1 at various dose level is shown 1o Figure 11 The P

profile for docetaxel after one cycle s provided in Table 11 below. Figure 12 shows the

correlation between the peak TD-1 concentration {Uhe) versus dose (mginf} and exposure

€ v - 2.
{(ALICh.e) versus dose (mgfm’).
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{01671  The average tipn for thev T-1 was approximately 51 h. Both docetaxel and TD-1 Chax

and AUC remained linear with respect to dose,

{31681 Figures 13 and 14 illustrates the plasma concentration of docetaxel relative o the

putative efficacy threshold at different dose levels of PEGylated TD-1 liposomes.

(31691 Since the PEGylated TD-1 liposomes cannot be measured directly, TD-1 and the lipid
component DEPE(PEG-2000) were measured as swrogates for PEGylated TD-1 liposomes. The
mean plasma concentrations are shown in Figures 15 and 16, Specificalty, Figure 15A and 16A
iHustrates the mean plasma concentrations for TD-1, and Figure 1538 and 16B illustrates the
mean plasma concentrations for DSPE(PEG-2000). The docetaxel, DSPE(PEG-2000) and TD-1
demonstrate dose propostionality for Co,y and AUC,, (Figures 17, 18 and 19, respectively).
Since Coae and AUC demonstrate dose proportionality for TD-1, DSPE(PEG-2000), and

docetaxel, PEGylated TD-1 lposomes, in turn, demonstrate good dose proportionality.

[B176]  The clearance (CL), volome of distribution {Vy), half-life (1), peak level (T, and
extent of exposure (AUC) values were comparable bepwesn TDn1 apd DSPE(PEG-2000) for
dose levels 3 to 380 mg/m”. The mean pharmacokinetic parameters for TD-1 and DSPE(PEG-
2000 are provided in Table 11 below. The CL (0.023 and 0.035 Lahim™) and Ve (1422 vs 1,409
Lim®) for TD-1 and DSPE-PEG(I000) are very similar, indicating that the prodrug is mostly
associated with the liposomes and has an identical disposition as DSPE-PEG(R000), and that
PEGviated TD-1 lposomes have a very short clearance and small tissue distribution, The mean
ti» of both species is about 50 hours. Caae and AUC demonstrate dose proportionality for TD-1,
DSPE-PEGO00) and docstaxel. The dose normalized Ca of docetaxel released frowm
PEGylated TD-1 liposome is several fold lower and the AUC is about two fold greater relative 1o
the Coy and AUC reported for Taxotere” {docetaxel} (see Clarke & Rivory. Clin Pharmacokinet,
1689, 36 99-114; Taxotere® Prescribing  Information, Sanofi-Aventis, May 2014, both
ingorporated by reference herein). The ty; of released docetaxel is over 3 fold longer (42 hours

vs 12 hours) than repovted G for Taxotere {(docetaxeal).
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tig Cmax-D

,; Ves
{hows (s fnghalfme) {Lim%
Mean sood 0151 40162 ‘{‘)AOZS 14“?
%D 1£.43 104.42 1’}’44?2',‘ 0.010 {1415
DSPEPEG-2000) S ”
“ Mean | 52.54 63368 47791 01)-25 {409
SD " 2989 8195 24755 G:ﬁl@ 046}%
‘\\\ge‘a‘:etaxei |
Mcan ” 4172 5.29 1‘;&63 ‘ 1413 4‘3%8
sv 2937 ]m’) 92.29 ‘?58 250.8

[4171] Safety data shows that the PEGylated T liposome is well olerated at doses up to
380 1ngin12 with only three cases of thromboeyiopenia and three cases of neuiropenia to date,
Fignre 20 illusirates the dose versus neutrophil counts in subjects trested with PEGylated Th-1
liposomes. Further, as shown in Figores 20-24, no correlation between dose or T or AU 0

neutrophil and platelets was observed, and no severe hemotologic toxicity was evident.

1721 No pew side effects of PEGyiated TI-1 liposome were expected o be contributed by
docetaxel, the active moiety of this product, Adverse Hvents (AH) were evaluated and
catogorized in accordance with the National Cancer Institute (NCEH Common Terminology
Criteria for Adverse Bvents (CTC AR, version 4.03 [2010]). Table 12 provides a summnary of the

most frequent adverse events for Grade 1 (mild) and Grade 2 (Meoderate).
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Table 13 Most Freguent Sdverse Events (Grade Loand 3

Number of

Adverse Bvents Cansality
¢ Events
Fatigue Possible 17
Peripheral Newropathy Reiatcd 9
Néusca Possible 8
Infusion-related mm,tmm Possible 7
Yomiting Possible H
weh me g
Lé‘ukapcnia 3
Generalized Weakness 3
Theorohocytopenia 3
ASTIALT Blevanon ?stibie 3
mNeutrope.ﬁiza Pcss}‘é‘b!e 3

The major drug-related Grade 1 and 2 adverse covents reported were fatigue, poripheral

nenropathy, nauses, infusion-related reactions and vomiting.

1731 Table 13 provides a summary of the most frequent adverse events Grade 3 or 4.
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Table 13 Most Frequent Adverse Events (Grade 3 and 4)

Adverse Events Grade Causality
Patigie 3 P'O‘;‘Slbit
Newopathy 3 Fossibie
Diagrhea 3 Possible
Worsening Fatigue 3 Possible
Lymp!mpenia 3 Poasible
Diarrhea - DLT 3 ) Possible
Peripheral Neuropathy ” 3 Possibie
Anernia A Possible
Elpvated Transaminase 3 Por;;;‘;;;iblc
Abdominal Pain H 3 Possible
Toxic Bpideroal Nccmlysis‘ 3 Possibis

The smajor drag-related Grade 3 adverse events reported were fatipue, neuropathy/peripheral
neuropathy and others. One case of Grade 3 peripheral neuropathy was reported in one subject
after administration of 22 cyeles. The event resolved to a Grade 2 within 21 days. A total of
eleven (rade 3 but no Grade 4 or higher toxicities were reported. Diarrhea and abdomins! pain

accompanied by elevated Hver transaminase are the dose-limiting toxicities in this study.

{91741 The PEGylated TD-1 liposomes act as a drog depot with the slow conversion and
refease of docetaxel resulting in a relatively lower Cry and enhanced systemic exposure {AUC)
over a prolonged period of time. This unigue P profile will improve efficacy as well as a better

safety profile when compared to docetaxel.

Examnie 4, Linosomal Formulation

SRR

(38751 The following PEGylated TD-1 liposomal formulations were prepared by the methods

of the present invention,
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{61761 The lippsomal formalations were evaluated for the following properties:

1y

Ll
Nmn

encapsulation of TE-1, a5 measured by the ratio of drug to total Hpids. Higher
values are indicative of higher levels of remote loading into the vesicles (values
less than .1 indicate either less than optimal remote ioading or loss of drug

during the DBPE-PEG insertion step;

% of TD-1 that had been released from the formulation (% free}, with higher
values of % free suggestive of poor retention of drug (> 25%);

% of docetaxel, with low values indicaling successful preparation without
stgnificant hydrolysis of the prodrog & 5%

Particle size of the vesicles as an indication of vesicle integrity during processing
(particle sizes greater than 120 nm soggestive of extensive chaoges during

processingl; and

incorporation of DSPE-PEG into the vesicles post-remote loading of TD-1 {Jow

values <1 mole% indicative of poor incarporation).

1771 With the knowledge of the preferred PK profiles for the TD-1 and docetaxel, a

liposomal formulation under the present invention can be developed using other combinations of

phosphatidylcholine, sterol, PEG-tipid and TD-1 to provide a sustained release of docetaxel.

{01781  Although the foregoing has been described in some detail by way of iHustration and

example for purposes of clarity and onderstanding, one of skill in the art will appreciate that

certain changes and modifications can be practiced within the scope of the appended clamus, In

addition, each reference provided herein is incorporated by reference in its entirety {0 the same

extent as if each reference was individually incorporated by reference.
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WHAT IS CLAIMED IS
1. & pharmacentical composition for the treatment of cancer comprising a Hposomal formulation,

wherein the Hposomal formulation comprises:

i} ahout 30 mol% 1o about 70 mol% of a phosphatidyicholine lipid or a mixture of

phosphatidyicholine lipid;
i) about 25 mol% {0 about 45 mol% of a sterol;
11y about 2 mol% to about 8 mwol% of 4 PEG-lipid; and

V) a taxane or a pharmacentically acceptable salt thereof; wherein the taxane is
docetaxel esterified at the 2-0-position with a heterocyelyl-(Cs.s alkanoic acid)

and

A2 a pharmaceutically acceptable carrier; and

7

wherein upon administration of the pharmacentical composition o a subject in need thereof, the
plasma concentration of docetaxel remaing above an efficacy threshold of 0.2 pM for at least 5

hours,

2. The pharmaceuntical composition of clairn 1, wherein the phosphatidylcholine Hpid is selecied
from the group consisting oft 1,2-dioleoyl-sa-glycero-3-phosphocholine (DOPC), 1.2-distearoyl-
sn-glyeero-3-phosphocholine  (DSPC), hydrogenated soy PC (HSPO), 1Z2-dipaimitoyl-sn-
glycero-3-phosphocholine (DPPC), t-palmitoyl-2-cleoyl-an-glyoero-3-phosphocholine
(palmitoyloleoylphosphatidylcholine  (POPCY  and  L-palmitoyl-2-lisoleoyl-sn-glycero-3-

phosphocholine, -stearoyl-2-cleoyl-sn-glycero-3-phosphocholine (SOPC),

3. The pharmaceutical composition of claim 1, wherein the pharmaceutical composition of claim

1, wherein the phosphatidylcholine lipid 1s DSPC
4. The pharmaceutical composition of claim 1, wherein the sterol i cholesterol.

5. The pharmacentical composition of claim 1, wherein the PEG-lipid is selected from the group
consisting  of  distearoyl-phosphatidylethanolamine-N-fmethoxy(polyethene  glycol}-2000]
(DSPE-PEG-2000) and distearoyl-phosphatidylethanolamine-N-Imethoxy{polyethene  glyeol)-
30007 (DSPE-PEG-530G0)

L
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6. The pharmaceutical composition of claim 5, wherein the PEG-lipid is DSPE-PEG-2000.
7. The pharmaceutical composition of claim |, wherein the liposomal formulation comprises:

i} ahott 53 mol % of DSPC, about 44 mol % of cholesterol, and about 3 mol % of

LSPE-PEG-2000; or

i about 66 mol % of DSPC, about 30 mol % of cholesterol, and sbowt 4 mol % of

DSPE-PHG-Z2000.

8. The pharmaceutical composition of claim 1, wherein the plasma concentration of docetaxel
remains above an efficacy threshold of 0.2 uM for at least about 6, about 7, about 8, about 9,
about 10, about 15, ahont 20, about 25, about 30, about 35, about 40, about 435, about 50, about
55, about 60, about 65, about 70, about 75, ghont 80, about 83, about 80, sbout 835, about 100,

about 105, about 110, about 1135, about 120, or about 125 hours.

8. The pharmaceuvtical composition of ¢laim |, whereln the plasma concentration of docetaxel

remains above an efficacy threshold of 0.4 uM for at feast 5 howrs.

10. The pharmaceutical composition of claim %, wherein the plasma concentration of docetaxel
remains above an efficacy threshold of 04 M for at least about 6, about 7, about §, about 9,
ahoni 10, about 15, abowut 20, about 25, about 30, about 35, about 40, about 48, about 30, about

55, or about 60 hours.

11, The pharmacentical composition of claims |, wherein upon administration of the
pharmacentical composition to a subject in need thereof, the pharmacentical cormposition

produces a plasma PR profile charscterized by any of the {oliowing:
i} AU, for docetaxel from about 10,000 ng-briml to about 100,000 ng-br/ml;

i) AUCy p for docetaxel from gbout 100 h*mz*ngf’mlfmg to  about 500

h*m Ynglmbime;
iii} L for docetaxel from about 15 hours to about 75 hours; and/or
vy CL for docetaxel below about 30 Lilvim®,

12. The pharmacestical composition of claim 1 further comprises g targeting agent or diagnostic

agent.

B
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13. A method of treating a cancer compwising administering to a patient in need thereof g
pharmaceutical composition comprising a liposomal formulation, wherein the liposcwmal

formulation comprisas:

"/

i) about 50 mol% to about 70 mol% of a phosphatidyicholine lipid or a mikture of
phosphatidyicholine lipid;

Bi ahout 23 mol% to about 45 mol% of a sierol;

it} about 2 mol% 1o about § mel% of a PEG-lpid; and

iv} a taxane or a pharmaceutically acceptable salt thereof; wherein the taxane is
docetaxel esterified at the 2°-O-position with a heterocyelyl-(Cas alkanoic acidy,
and

v} a pharmaceutically acceptable carrier; and

wherein upon administration of the pharmaceutical composition 10 a subject in need thereol, the
plasma concentration of docetaxel remains above an efficacy threshold of 8.2 uM for af least 5

hours.
14, The method of claim 13, wherein the Hposomal formulation comprises:

1} about 53 mol % of DSPC, about 44 mol % of cholesterct, and about 3 mol % of

DSPE-PEG-2000; or

S
]
oy

i1} ahout 68 mol % of BSPC, about 30 mol % of cholesterol, and about 4 mol

DSPE-PEG-2000

15. The method of claim 13, wherein the daily dose of the Hposomal formulation is from 0.001

nmgdkg to ghout 1000 mgig daily.

16. The method of claim 13, wherein the daily dose of the liposomal formulation is about 3,
about 6, about 12, about 24, about 48, about 30, about 120, abount 160, about 190, about 225,

about 270, about 320 and about 380 my/m’.

17, The method of claim 13, wherein the cancer is a solid tumor cancer selected from the group
consisting of: bile duct cancer, bladder cancer, breast cancer, cervical cancer, colorectal cancer
(CRC), esophageal cancer, gastric cancer, head and neck cancer, hepatocellular cancer, lung
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cancer, melanoma, peuroendocring cancer, ovarian cancer, pancrestic cancer, prostate cancer,

venal cancer, and thymus cancer.

1%, The method of claim 17, whereln the solid tumor cancer is selected from the group consisting
of: cervical cancer, CRC, bile duct cancer, breast cancer, lung cancer, ovarian, prostate cancer
and thymus cancer,

19, The method of claim 13, wherein the cancer 18 & heratological malignancies selected from

the group consisting oft muliiple myeloma, T-cell lymphoma, B-cell lymphoma, Hodgkins

disease, non-Hodgking lymphoma, acute myeloid leukemia, and chrounic myelogenous leukemia,

0. The method of claim 13, wherein the liposomal formuolation exbibits a famor exposure

{ALIC) of docetaxel about 4.0 times greater than the administration of docetaxel.

21. The method of claim 13, wherein the liposoroal formulation produced sustained docetaxel

levels above 1.0 ugfe in vive over a 21 day period.
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Figure 1
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Figure 2
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Figure 3
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Figure 8§
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Figure 6
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Figure 11
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Figure 12
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Figure 13
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Figure 14
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Figure 15
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Figure 16
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Figure 17
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Figure 18

A TD-1

Dose vs Lmax

i o ¥ = 495.11%10%
lmwﬁ)w .g__....AAAA............nn..nynnyn o §$» T Rz :9‘9864

B

o

% & Dose ve Cmax

£ 3 .
“g § --------- power {Dose vs Ty

BORQUN oo

Doss {mgfm** 2}

Bose vs AUCInf

TO0OODO0.00 oo e

¥ = R42R8RIN
R =0.0011

8 4 & Dosevs AUCIRF
o ) ,
F00000 00 Hmedfeniimmr g ——— Py §D0se v ABCING

AURT {ng®hfmi

1X300.00

10 ELL ] 1600
Sose {mgfme2l

N
L
B

19/25



WO 2016/134066 PCT/US2016/018340

Figure 19
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Figure 20
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