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(54) Title: NOVEL POLYMER-BASED HYDROTROPES FOR HYDROPHOBIC DRUG DELIVERY

(57) Abstract: The invention disclosed herein relates to a polymer conjugate characterized in that the backbone of the polymer is an
anionic polymer and hydrophobic moieties are covalently attached to the backbone of the polymer, a polymer micelle derived from
the polymer conjugate, a composition comprising the polymer micelle, and a method for treating a disease or condition using there -
of.
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Description
Title of Invention: NOVEL POLYMER-BASED HYDROTROPES 

FOR HYDROPHOBIC DRUG DELIVERY
Technical Field

[0001] Disclosed herein are compositions and methods related to the fields of organic 
chemistry, pharmaceutical chemistry, biochemistry, molecular biology and medicine. 
In particular, embodiments disclosed herein relate to polymer conjugates for preparing 
drug encapsulated polymer hydrotropes, compositions and methods for delivering the 
drug into cells, and to the use of the compositions for the treatment and alleviation of 
diseases and disorders such as cancer.

Background Art
[0002] Polymer micelles are one of widely used drug delivery systems (DDSs) for solu

bilizing various poorly soluble drugs such as a large portion of anticancer drugs, and 
also for delivery of the drug to the target site. Usually, block copolymers, composed of 
water-soluble polyethylene glycol (PEG) and water-insoluble polymer, are utilized to 
form polymer micelles, providing a hydrophilic outer shell and a hydrophobic inner 
core. The poorly soluble drugs are encapsulated in the latter via hydrophobic in
teraction with the hydrophobic portion of the copolymer and stay within the hy
drophilic outer shell. As for PEG-based block copolymer micelles, poly(amino acid) 
complex of PEG-based copolymers such as PEG-block-poly(alpha, beta-aspartic acid) 
and PEG-block-poly(L-lysine) are reported as remarkable functional materials for 
DDS.

[0003] Recently, hydrotropic compounds are drawing attention as useful compounds for 
improving solubility of the hydrophobic drugs. It was previously reported that diethyl
nicotinamide was identified as the best one to improve the solubility of paclitaxel in a 
dose depending manner from a screening for over 60 commercially available hy
drotropes (Kinam et al., Pharmaceutical Research, Vol. 20, 2003, 1022-1030). After 
this report, the same author further reported that PEG-based block copolymers bearing 
diethylnicotinamide (DENA) and dimethylbenzamide (DMBA) moiety were able to 
encapsulate paclitaxel (Kinam et al., Journal of Controlled Release, Vol. 152, 2011, 
13-20). Further, it has been reported that DENA was an excellent hydrotropic agent for 
paclitaxel and improved a release profile of paclitaxel in poly(lactic-co-glycolic acid) 
(PLGA) matrices (Baek et al., J. Biomater. Sci. Polymer Edn, Vol. 15, No. 4, pp. 
527-542 (2004)).
Citation List
Non Patent Literature
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[0004]
[NPL1] Kinam et al., Pharmaceutical Research, Vol. 20, 2003, 1022-1030
[NPL2] Kinam et al. Journal of Controlled Release, Vol. 152, 2011, 13-20 
[NPL3] Baek et al., .J. Biomater. Sci. Polymer Edn, Vol. 15, No. 4, pp. 527-542 

(2004)
Summary of Invention
[0005]

One aspect of the invention described herein is directed to a polymer conjugate 
characterized in that the backbone of the polymer is an anionic polymer and 
hydrophobic moieties are covalently attached to the backbone of the polymer, wherein 
hydrophobic moiety is represented by the formula (VI);
[Chem. 4]

wherein, a and b are independently an integer of 0 to 4; Ar is independently an 
aryl or heteroaryl; Z is independently selected from the group consisted of O, S, SO, 
SOi, NR, CR2; Y is CH or N; As is one to three substituents independently selected 
from the group consisted of halides, OR, NR2, COOR, CONR2, or CN; and R is 
independently selected from the group as described herein.
[0006]

Some embodiments are related to a polymer conjugate described herein, which 
is composed of monomer units represented by the formula (1) and optionally the 
formula (II):
[Chem. 1]
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ch2

°H
NH O

HC—C-X-M
ch2
ch2

0=
X
Μ (I)

[Chem. 2]

(II)
wherein, M is independently selected from the group consisted of hydrophobic 

moiety or cation; in which the hydrophobic moiety occupies 20-50 mol% of total M 
amount, and the cation is independently selected from hydrogen, ammonium, or alkali 
metal; X is selected from the group consisted of O, S and NR; R is selected from the 
group consisted of H, Cm alkyl, C2-4alkenyl, C^alkynyl, aryl, and heteroaryl.
[0007]

Some embodiments are related to a polymer conjugate described herein, which 
is represented by the formula (III);
[Chem. 3]
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1 C J n L ch2 j m
ch2I Λ ch2

=1 °H
NH O1 1 1 nh2

(ΠΙ)
wherein, m and n are both an integer, where m is 0 or defined such that the 

ratio of m:n is from 1:9 to 5:5.

[0008]
Some embodiments are related to a polymer conjugate described herein, 

wherein As is one substituent of CONR2.
Some embodiments are related to a polymer conjugate described herein, 

wherein R is selected from ethyl or methyl.
Some embodiments are related to a polymer conjugate described herein, 

wherein a and b are both 1.
Some embodiments are related to a polymer conjugate described herein, 
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Some embodiments are related to a polymer conjugate described herein, wherein Z is
O.
Some embodiments are related to a polymer conjugate described herein, wherein the 
hydrophobic moiety is independently selected from
[Chem. 5]

[0009] Another aspect of the invention is directed to a polymer micelle derived from the 
polymer conjugate described herein.

Another aspect of the invention is directed to a composition comprising of the 
polymer conjugate carrier described herein and a hydrophobic compound operatively 
associated with the carrier.

Another aspect of the invention is directed to a therapeutic composition comprising 
of the polymer conjugate carrier described herein and a hydrophobic drug operatively 
associated with the carrier.

Some embodiments are related to a therapeutic composition described herein, 
wherein the hydrophobic drug is an anticancer drug.

Some embodiments are related to a therapeutic composition described herein, 
wherein the drug is selected from the group consisted of paclitaxel, docetaxel, tane- 
spimycin, griseofulvin, nifedipine, progesterone and probucol.

Some embodiments are related to a therapeutic composition described herein, 
wherein the drug is selected from the group consisted of paclitaxel, docetaxel, and 
tanespimycin.

[0010] Some embodiments are related to a therapeutic composition described herein, 
wherein the polymer conjugate forms a polymer micelle and the hydrophobic 
therapeutic agent is encapsulated in the polymer micelle.

Another aspect of the invention is directed to a method for treating a disease or 
condition by administering to a subject in need thereof an effective amount of the 
therapeutic composition described herein for the treatment of the disease or condition.

Some embodiments are related to a method described herein, wherein the disease or 
condition is selected from the group consisted of cancer, infectious diseases, hy
pertension, angina, gynecological diseases, and hyperlipidemia.

Some embodiments are related to a method described herein, wherein the disease or 
condition is cancer.

These and other embodiments are described in greater detail below.
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Brief Description of Drawings
[0011] [fig. l]Figure 1 illustrated tumor growth curves for lung cancer (upper) and pancreatic 

cancer (lower), respectively. PTX-PGGA-Hydrotrope III (Nitto X) was demonstrated 
to be able to suppress the tumor growth in a dose dependent manner.
[fig.2]Figure 2 compared PTX-PGGA-Hydrotrope III with the conventional dosage 
form of Paclitaxel (Abraxane®) in a lung cancer model, efficacy (upper) and tumor 
weight on Day 21 post posing (lower).
[fig.3]Figure 3 showed tumor PK profiles of PTX-PGGA-Hydrotrope III versus 
Abraxane® in animals bearing NCI-H460 xenograft.

[0012] [fig.4]Figure 4 depicted the PK/PD correlation of PTX-PGGA-Hydrotrope III in 
animals bearing NCI-H460 xenograft, in which acetylated tubulin was used as a PD 
biomarker (upper). Expression of Ki67 was also used as a second biomarker to verify 
the PD data, IHC staining of Ki67 in tumor tissue (lower right) and the corresponding 
quantified data plot (lower left).
[fig.5]Figure 5 listed the result of PTX-PGGA-Hydrotrope III toxicity evaluation. 
[fig.6]Figure 6 depicted the schematic diagram of forming the drug encapsulated 
polymer micelles of the invention described herein.

Description of Embodiments
[0013] DET AIDED DESCRIPTION

Unless defined otherwise, all technical and scientific terms used herein have the same 
meaning as is commonly understood by one of ordinary skill in the art. All patents, ap
plications, published applications and other publications referenced herein are in
corporated by reference in their entirety. In the event that there is a plurality of 
definition for a term, those in this section prevail unless stated otherwise.

[0014] Polymer conjugate
One aspect of the invention provides a polymer conjugate in that the backbone is an 

anionic polymer and hydrophobic moieties are covalently attached to the polymer 
backbone. The polymer conjugate of the invention may comprise a polymer backbone 
equipped with anionic, hydrophilic side chain, e.g., poly- 
(E-gamma-glutamylglutamine) (PGGA, see e.g., WO 2007/067417, W02010/014117 
and Sang Van et al., Int J Nanomedicine. 2010; 5: 825-837, which is incorporated 
herein its entirety by reference), as well as hydrophobic moieties, e.g., diethylni
cotinamide (DENA) and dimethylbenzamide (DMBA). The latter is covalently 
attached to the backbone as part of side chains. Based on the strong interaction 
between the hydrophobic compounds and the hydrophobic moiety attached to the 
backbone in aqueous medium, the former could be easily encapsulated by the polymer 
conjugate producing water soluble polymer micelles using common quick mixing
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method. Since the backbone of the polymer conjugate is anionic, i.e., negatively 
charged, the polymer micelles prepared from the polymer conjugate of the invention 
should not associate with plasma proteins or cell membranes, which are also mainly 
negatively charged too. This not only enhances their mobility, but also prolongs the 
plasma circulation time for delivery to the tumor sites. Besides, the interaction between 
the hydrophobic drug and the polymer micelles described herein are less than those in 
the traditional PEG-copolymer based polymer micelles, as reflected by the former 
having a lower critical micelle concentration (CMC). This implies that drug en
capsulated polymer micelles of the invention described herein are relatively easier to 
release their drug load and enhance the therapeutic efficacy at the tumor sites.

[0015] As mentioned above, PEG-based copolymers are conventionally used for the 
polymer micelle conjugates so far. One problem of PEG-based copolymers is the non- 
biodegradable nature of PEG. Therefore, in some preferred embodiments of the 
invention described herein, the polymer conjugate is biodegradable. The biodegradable 
polymers used for making the polymer conjugates of the invention described herein are 
not limited as far as it does not adversely affect the interaction between the hy
drophobic compound and the polymer conjugate. Examples of the biodegradable 
polymers include, but are not limited to, poly-(L-gamma-glutamylglutamine) (PGGA), 
poly-L-glutamic acid (PGA), poly-(gamma-L-aspartylglutamine) (PGAA), poly-(lactic 
acid-co-glycolic acid) (PLGA) and mixtures thereof.

[0016] Some embodiments of the invention described herein provide a polymer conjugate 
which is composed of monomer units represented by the formula (I) and optionally 
formula (II) below:
[Chem. 6]

CH2 .
ch2

0=
NH O

HC—C-X-M
CH2
ch2

O=
X

ι
(I)
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[Chem. 7]

(II)
wherein,
M is independently selected from the group consisted of hydrophobic moiety or 

cation; in which the hydrophobic moiety occupies 20-50 mol% of total M amount; and 
the cation is independently selected from hydrogen, ammonium, or alkali metal;

X is selected from the group consisted of O, S and NR;
R is selected from the group consisted of H, Cm alkyl, C2-4alkenyl, C2-4alkynyl, 

aryl, and heteroaryl,
[0017]

As used herein, “aryl” refers to a carbocyclic (all carbon) monocyclic or 
multicyclic aromatic ring system that has a fully delocalized pi-electron system. 
Examples of aryl groups include, but are not limited to, benzene, naphthalene and 
azulene. As used herein, “heteroaryl” refers to a monocyclic or multicyclic aromatic 
ring system (a ring system with fully delocalized pi-electron system) that contain(s) one 
or more heteroatoms, that is, an element other than carbon, including but not limited to, 
nitrogen, oxygen and sulfur.
[0018]

As used herein, "alkyl” refers to a straight or branched hydrocarbon chainfully 
saturated (no double or triple bonds) hydrocarbon group. “C;-C4 alkyl” indicates that 
there are one to four carbon atoms in the alkyl chain, i.e.., the alkyl chain is selected 
from the group consisting of methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl, sec-butyl, 
and tert-butyl. Typical alkyl groups include, but are not limited to, methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, tertiary butyl, and the like. As used herein, “alkenyl” refers to 
an alkyl group that contains in the straight or branched hydrocarbon chain bearing one 
or more double bonds. As used herein, “alkynyl” refers to an alkyl group that contains 
in the straight or branched hydrocarbon chain with one or more triple bonds.
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[0019]
As used herein, "hydrophobic moiety" refers to a moiety which is attached to a 

polymer side chain and interacts with another hydrophobic moiety or hydrophobic drugs. 
In the invention the hydrophobic moiety is represented by the formula (VI);
[Chem. 9]

wherein,
a and b are independently an integer of 0 to 4, preferably both 1;
Ar is independently an aryl or heteroaryl, preferably aryl;
Z is independently selected from the group consisted of O, S, SO, SO2, NR, 

CRi, preferably O;
Y is CH or N;
As is one to three substituents independently selected from the group consisted 

of halides, OR, NR2, COOR. CONR2, or CN, preferably CONR2; and
R is independently selected from the group as defined above, preferably ethyl 

or methyl.
In one embodiment, hydrophobic moiety is selected from the group consisting 

of DENA and DMBA.
[0020]

As used herein, "cation" refers to a counter ion of the anionic group, e.g., 
carboxyl group on the side chain of the polymer backbone. Examples of cation may 
include, but are not limited to, hydrogen, ammonium, alkali metal, and alkali earth 
metal. In one embodiment, cation is sodium.
[0021]

The molecular weight of the polymer backbone may vary. In some 
embodiments, the molecular weight of the polymer backbone can be in the range of 
about 15 kDa to about 80 kDa.
[0022]

In some embodiments of the invention described herein provide a polymer
represented by the formula below:
[Chem. 8]
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G IM L/

ch2
ch2

Π
CH
CH

0=
NH O NH

(III)

wherein,
m and n are both an integer, where m is 0 or defined such that the ratio of m:n 

is from 1:9 to 5:5.
[0023]

This paragraph is intentionally blank.
[0024]

In some preferred embodiments, the hydrophobic moiety is independently 
selected from
[Chem. 10]

[0025]
The polymer conjugate described above is able to aggregate and form a 

polymer micelle. Thus, one aspect of the present invention encompasses the polymer 
micelle which is formed by the polymer conjugate described herein.
[0026]

The polymer conjugate described herein could be produced by the conventional 
procedure, such as dehydrated condensation of hydrophobic moiety with polymer 
backbone carboxylic residue. Non-limiting examples of the preparation of the polymer 
conjugates of the invention are described in below.
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[0027]
The polymer conjugate described herein may be used as a carrier for 

transporting a compound, in particular a hydrophobic compound (such as hydrophobic 
drug), in the body. The polymer conjugate described herein may be used to form a 
polymer micelle as a nanoparticulate carrier, which may be used for transporting the 
encapsulated compound to tumor site in the body.
[0028]
Composition

Another aspect of the invention described herein provides a composition 
comprising a polymer conjugate carrier described above and a hydrophobic compound 
operatively associated with the hydrophobic moiety of the polymer conjugate to form a 
hydrophobic core. In some embodiments, the hydrophobic compound may be 
therapeutic drug, labeling compound etc. In one embodiment, the composition is a 
therapeutic composition comprising of a polymer conjugate carrier described above and 
a hydrophobic drug operatively associated with the carrier.
[0029]

As used herein, the term "carrier" may be used to refer to various types of 
substances, including a polymeric carrier or a micellar carrier. A carrier can be 
operatively associated with one or more compounds, e.g.., a therapeutic drug and/or a 
targeting agent. In this context, "operatively associated" refers to an electronic 
interaction between the carrier and the agent(s). Such interaction may take the form of a 
chemical bond, including, but not limited to, a covalent bond, a polar covalent bond, an
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electrostatic association, a coordinate covalent bond, an aromatic bond, a hydrogen 
bond, a dipole, or a van der Waals interaction. Those of ordinary skill in the art un
derstand that the relative strengths of such interactions may vary widely.

[0030] The term "therapeutic" refers to the alleviation, prevention, or inhibition of any 
undesired signs or symptoms of a disease or condition to any extent. Such undesired 
signs may include those that worsen the subject's overall feeling of well-being or ap
pearance. This term does not necessarily indicate total cure or abolition of the disease 
or condition. A "therapeutic drug" is a compound that, upon administration to a 
mammal in a therapeutically effective amount, provides a therapeutic benefit to the 
mammal. In some embodiment, a therapeutic agent may be hydrophobic drug. Those 
skilled in the art will appreciate that the term "therapeutic drug" is not limited to drugs 
that have received regulatory approval. A "therapeutic drug" can be operatively as
sociated with at least one carrier and/or other agent.

[0031] In some preferred embodiment, polymer hydrotropes of the invention described 
herein contains modified PGGA-based polymer micelles. Since PGGA is proved to be 
highly water soluble, biocompatible, biodegradable, non-immunogenic, non-hemolytic, 
and versatile in making both polymer drug conjugates as well as polymeric micelle for
mulations, the PGGA-based polymer micelles would have the following advantageous 
points: i) high drug loading capacity; ii) elimination of the use of unnatural non- 
biodegradable PEG or other highly toxic solubilizing excipients; iii) enhanced tumor 
accumulation; iv) systemic toxicity reduction; and v) therapeutic efficacy en
hancement.

[0032] A carrier may associate with some compounds other than the hydrophobic compound 
encapsulated in the polymer micelles. The examples of the compounds other than the 
hydrophobic compound encapsulated in the polymer micelles include, but are not 
limited to, label, targeting agents and additional therapeutic drugs. The additional 
therapeutic drugs may or may not be hydrophobic. Non-limiting examples of targeting 
agents, etc., may be found, e.g., in Xu et al., Adv Drug Deliv Rev. 2013; 65(1): 121-38; 
Yu et al., Mol Membr Biol. 2010; 27(7):286-98 and Kamaly et al., Chem Soc Rev. 
2012; 41(7):2971-3010.

[0033] In the embodiment of the aspect described herein, the therapeutic drug is not limited 
as far as it is hydrophobic. Examples of therapeutic drugs may include, but not limited 
to, families of taxanes, macrocyclic polyketides, and resorcinylic isoxazole amides. In 
some embodiments, the therapeutic drugs may include, but are not limited to, pa
clitaxel, docetaxel, tanespimycin, griseofulvin, nifedipine, progesterone, probucol, 
clofibrate, coenzyme Q10, glibenclamide, felodipine, fenofibrate, itraconazole, an
thracene and dihydroanthracene. In some embodiments, the therapeutic drug may be 
anticancer drug. The examples of the anticancer drug may include, but are not limited 
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to, paclicaxel, docetaxel and tanespimycin. In another embodiment, the therapeutic 
drug may be antibiotics, hormones, and the like.

[0034] In some embodiments, the composition of the invention is the composition for use in 
treating diseases or in other words, pharmaceutical compositions, wherein the com
position comprises the polymer conjugate described herein and the hydrophobic drug 
described herein. In some preferred embodiments, the diseases include, but are not 
limited to cancer, infectious diseases, hypertension, angina, gynecological diseases, 
endocrine diseases, and hyperlipidemia.

[0035] The pharmaceutical compositions described herein can be administered to a human 
patient per se, or in pharmaceutical compositions where they are mixed with other 
active ingredients, as in combination therapy, or suitable pharmaceutical carriers or 
excipient(s). Techniques for formulation and administration of the compounds of the 
instant application may be found in "Remington's Pharmaceutical Sciences," Mack 
Publishing Co., Easton, PA, 18th edition, 1990.

[0036] Suitable routes of administration may, for example, include oral, rectal, 
transmucosal, topical, or intestinal administration; parenteral delivery, including intra
muscular, subcutaneous, intravenous, intramedullary injections, as well as intrathecal, 
direct intraventricular, intraperitoneal, intranasal, or intraocular injections. The com
positions can also be administered in sustained or controlled release dosage forms, 
including depot injections, osmotic pumps, pills, transdermal (including electro
transport) patches, and the like, for prolonged and/or timed, pulsed administration at a 
predetermined rate.

[0037] Pharmaceutical compositions may be formulated in any conventional manner using 
one or more physiologically acceptable pharmaceutical carriers comprising excipients 
and auxiliaries, which facilitate processing of the active compounds into pharma
ceutical preparations. Proper formulation is dependent upon the route of administration 
chosen. Any of the well-known techniques, pharmaceutical carriers, and excipients 
may be used as suitable and as understood in the art; e.g., in Remington's Pharma
ceutical Sciences, above.

[0038] Pharmaceutical compositions suitable for administration include compositions where 
the active ingredients are contained in an amount effective to achieve its intended 
purpose. The therapeutically effective amount of the compounds disclosed herein 
required as a dose will depend on the route of administration, the type of animal, 
including human, being treated, and the physical characteristics of the specific animal 
under consideration. The dose can be tailored to achieve a desired effect, but will 
depend on such factors as weight, diet, concurrent medication and other factors which 
those skilled in the medical arts will recognize. More specifically, a therapeutically 
effective amount means an amount of compound effective to prevent, alleviate, or 
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ameliorate either symptoms of disease or prolong the survival of the subject being 
treated. Determination of a therapeutically effective amount is well within the ca
pability of those skilled in the art, especially in light of the detailed disclosure provided 
herein.

[0039] As will be readily apparent to one skilled in the art, the useful in vivo dosage to be 
administered and the particular mode of administration will vary depending upon the 
age, weight and mammalian species treated, the particular compounds employed, and 
the specific use for which these compounds are employed. The determination of 
effective dosage levels, that is the dosage levels necessary to achieve the desired result, 
can be accomplished by one skilled in the art using routine pharmacological methods. 
Typically, human clinical applications of products are commenced at lower dosage 
levels, with dosage level being increased until the desired effect is achieved. Alter
natively, acceptable in vitro studies can be used to establish useful doses and routes of 
administration of the compositions identified by the present methods using established 
pharmacological methods.

[0040] The exact formulation, route of administration and dosage for the pharmaceutical 
compositions can be chosen by the individual physician in view of the patient's 
condition. (See e.g., Fingl et al. 1975, in "The Pharmacological Basis of Therapeutics", 
which is hereby incorporated herein by reference in its entirety, with particular 
reference to Ch. 1, p. 1). Typically, the dose range of the composition administered to 
the patient can be from about 0.5 to about 1000 mg/kg of the patient's body weight. 
The dosage may be a single one or a series of two or more given in the course of one or 
more days, as is needed by the patient. In instances where human dosages for 
compounds have been established for at least some condition, the dosages will be 
about the same, or dosages that are about 0.1% to about 500%, more preferably about 
25% to about 250% of the established human dosage. Where no human dosage is es
tablished, as will be the case for newly-discovered pharmaceutical compositions, a 
suitable human dosage can be inferred from ED50or ID50 values, or other appropriate 
values derived from in vitro or in vivo studies, as qualified by toxicity studies and 
efficacy studies in animals.

[0041] Although the exact dosage will be determined on a drug-by-drug basis, in most cases, 
some generalizations regarding the dosage can be made. The daily dosage regimen for 
an adult human patient may be, for example, an oral dose of about 0.1 mg to 2000 mg 
of each active ingredient, preferably about 1 mg to about 500 mg, e.g. 5 to 200 mg. In 
other embodiments, an intravenous, subcutaneous, or intramuscular dose of each active 
ingredient of about 0.01 mg to about 100 mg, preferably about 0.1 mg to about 60 mg, 
e.g. about 1 to about 40 mg is used. In cases of administration of a pharmaceutically 
acceptable salt, dosages may be calculated as the free base. In some embodiments, the 
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composition is administered 1 to 4 times per day. Alternatively the compositions may 
be administered by continuous intravenous infusion, preferably at a dose of each active 
ingredient up to about 1000 mg per day. As will be understood by those of skill in the 
art, in certain situations it may be necessary to administer the compounds disclosed 
herein in amounts that exceed, or even far exceed, the above-stated, preferred dosage 
range in order to effectively and aggressively treat particularly aggressive diseases or 
infections. In some embodiments, the compounds will be administered for a period of 
continuous therapy, for example for a week or more, or for months or years.

[0042] Method
The invention described herein encompasses a method for treating a disease or 

condition via administering the therapeutic composition of the present invention to a 
subject in need thereof in an effective amount to achieve the intended purpose. The 
disease which may be treated is not limited, provided that the therapeutic drug is hy
drophobic and the drug may improve the condition of the disease. The examples of the 
disease may include, but are not limited to, cancer, infectious diseases, hypertension, 
angina, gynecological diseases, endocrine diseases, and hyperlipidemia. In one em
bodiment, the disease is cancer.

[0043] The aspect of the invention encompasses the embodiment of administering the 
therapeutic composition described above. Therefore, every examples described in the 
embodiment of the therapeutic composition above such as the examples for admin
istration route, dosage forms, amounts subjects and the like would also be applied to 
the method for treating diseases described herein.

Examples
[0044] The following examples are provided for the purposes of further describing the em

bodiments described herein, and do not limit the scope of the invention.
[0045] Synthesis of polymer hydrotropes

Example 1: pGG-DENA polymer hydrotropes 
[Chem. 11]

O

1

1) CDI
2) DEA

THF

90%
N,N-Diethyl-2-hydroxynicotinamide (2)
2-Hydroxynicotinic acid Q, 20 g, 143.8 mmol) was reacted with

Ι,Γ-carbonyldiimidazole (CDI, 25.6 g, 158.2 mmol) in 900 mL of anhydrous THF at
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70°C. After 24 hours, 400 mL of THF was added into the crude solution and 30 mL of
diethylamine (DEA, 299.0 mmol) was then added dropwise. The reaction mixture was
further heated at 70°C for additional 18 hours. White crystal of
N,N-diethyl-2-hydroxynicotinamide (2) was obtained by repeated recrystallization in
50 mL THF (25.2 g, 90% yield).

[0046] LC-MS m/z =195.2[M+H]+; 'HNMR (400 MHz, DMSO-d6) delta 1.00 (t, 3H, J=6.96 
Hz), 1.08 (t, 3H, J=6.96 Hz), 3.12 (q, 2H, J=6.96 Hz), 3.35 (q, 2H, J=6.96 Hz), 6.21 (t, 
1H, J=6.60 Hz), 7.42 (m, 2H), 7.65 (s, 1H).
[Chem. 12]

O

[0047] N,N-Diethyl-2-((4-(hydroxymethyl)benzyl)oxy)nicotinamide (4)
To a solution of N,N-diethyl-2-hydroxynicotinamide (2) (5g, 25.7 mmol) in 150 mL 

of anhydrous acetone with K2CO3 (7.12g, 51.5 mmol), 
(4-(chloromethyl)phenyl)methanol (3) was added dropwise at 60°C and the reaction 
mixture was stirred under nitrogen for 20 hours. The crude reaction mixture was then 
filtered and the product was purified by flash column chromatography using 
l:l/THF:Hex on silica gel. Further purification was performed by recrystallization 
from EtOAc/Hex to provide 7.3 lg of 
N,N-diethyl-2-((4-(hydroxymethyl)benzyl)oxy)nicotinamide  (4) as a crystalline white 
solid (90.3% yield).

[0048] LC-MS m/z = 315.4 [M+H]+, 'HNMR (400 Hz, CDC13) delta 1.09 (m, 3H), 1.21 (m, 
3H), 2.29 (bs, 1H), 3.23 (m, 2H), 3.50 (m, 2H), 4.64 (d, 2H, J=5.48 Hz), 5.10 (bs, 2H), 
6.17 (t, 1H, J=6.96 Hz), 7.28 (m, 6H).
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[Chem. 13]

ch2

NH
HC-COOH

CH2
ch2
COOH

4

PGGA

i) EDC/DMAP/DMF
ii) HCI
iii) NaHCO3

pGG-Xmol%DENA-Na

[0049] pGG-40mol%DENA-Na
To a solution of 100 mL of anhydrous DMF in a 250 mL of round bottom flask, 5.0 g 

of PGGA was added and the mixture was stirred at room temperature for 10 minutes 
until all solid material dissolved to give a clear solution. 5.57 g of 
l-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) and 1.18 g of 
Ν,Ν-4-dimethylaminopyridine (DMAP) were then added sequentially. After stirred at 
room temperature for 15 minutes, 4.87 g of 4 was added in one potion and the resulting 
solution was stirred at ambient temperature for 28 hours. The reaction mixture was 
then poured slowly into 600 mL of 0.2 N HCI solutions stirred by a magnetic stir. After 
stirred for 10 minutes, the white crude product was isolated by centrifugation. The 
crude, after washed with 0.2 N HCI and MilliQ sequentially, was dissolved into 500 
mL of 0.3N NaHCO3 solution with stirring until a clear solution was obtained. The 
solution was first filtered and the filtrate was then purified by a TFF system (3 kDa, 
mPES column) until the permeate solution conductivity was less than 0.05 mS/cm. The 
retentate was finally lyophilized to provide 10.5 g of pGG-40mol%DENA-Na 
conjugate (94% yield).

[0050] GPC-MALS: 83.2 kDa, PDI: 1.558, UV loading: 38%, Zave: 24 nm.
Other pGG-DENA-Na conjugates were also prepared using the same protocol with 

different quantities of 4.
Γ00511 Examole 2: dGG-DMBA Dolvmer hvdrotrooes

[Chem. 14]

O
LI 1) CDI

O
II

2) DMA Γι ?

^OH
THF

5 84% 6
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[0052] 2-Hydroxy-N,N-dimethylbenzamide (6)
2-Hydroxybenzoic acid (7, 20 g, 144.8 mmol) was reacted with 

Ι,Γ-carbonyldiimidazole (CDI, 23 g, 159.3 mmol) in 900 mL of anhydrous THF at 70° 
C. After 20 hours, 145 mL of dimethylamine (DMA, 2.0M solution in THF, 290 
mmol) was then added dropwise. The reaction mixture was further heated at 70°C for 
additional 20 hours. After cooled to room temperature and removed the solvent at 
reduced pressure, the residue was diluted with EtOAc (1000 mL), and washed with 
0.2NHC1 (2x800 mL) and brine (500 mL). The organic layer was finally dried over 
anhydrous Na2SO4, filtered, and concentrated to give a crude solid. The white crystal 
of 2-hydroxy-N,N-dimethylbenzamide (6) was obtained by recrystallization using 
EtOAc/Hexane (20g, 84% yield).

[0053] LC-MS m/z =166.2[M+H]+; 'HNMR (400 MHz, CDC13) delta 3.13 (s, 6H), 6.82 (t, 
1H, J=5.56 Hz), 6.98 (d, 1H, J=5.56 Hz), 7.29 (m, 2H).
[Chem. 15]

O

[0054] 2-((4-(Hydroxymethyl)benzyl)oxy)-N,N-dimethylbenzamide (7)
To a solution of 2-hydroxy-N,N-dimethylbenzamide (6) (5g, 30.3 mmol) in 100 mL 

of anhydrous acetone with K2CO3 (8.37 g, 60.5 mmol), 
(4-(chloromethyl)phenyl)methanol (3) (7.11 g, 45.4 mmol) was added dropwise at 60° 
C and the reaction mixture was stirred at 65°Cunder nitrogen for 20 hours. The crude 
reaction mixture was then filtered and the product was purified by flash column chro
matography using l:l/EtOAc:Hex on silica gel to provide 8.5 g of 
2-((4-(hydroxymethyl)benzyl)oxy)-N,N-dimethylbenzamide (7) as crystalline white 
solid (92% yield).

[0055] LC-MS m/z = 286.3 [M+H]+, 1HNMR (400 Hz, CDC13) delta 2.37 (bs, 1H), 2.83 (s, 
3H), 3.078 (s, 3H), 4.64 (s, 2H), 5.08 (s, 2H), 6.93 (m, 2H), 7.30 (m, 6H).
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[Chem. 16]

ch2

NH
HC-COOH

CH2
ch2
COOH

'N'

7

PGGA

i) EDC/DMAP/DMF
ii) HCI
iii) NaHCO3

pGG-Xmol%DMBA-Na

[0056] pGG-30mol%DMBA-Na
To a solution of 100 mL of anhydrous DMF in a 250 mL of round bottom flask, 5.0 g 

of PGGA was added and the mixture was stirred at room temperature for 10 minutes 
until all solid material dissolved to give a clear solution. 4.83 g of 
l-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) and 0.71 g of 
Ν,Ν-4-dimethylaminopyridine (DMAP) were then added sequentially. After stirred at 
room temperature for 15 minutes, 3.32 g of 7 was added in one potion and the resulting 
solution was stirred at ambient temperature for 28 hours. The reaction mixture was 
then poured slowly into 600 mL of 0.2 N HCI solutions stirred by a magnetic stir. After 
stirred for 10 minutes, the white crude product was isolated by centrifugation. The 
crude, after washed with 0.2 N HCI and MilliQ sequentially, was dissolved into 500 
mL of 0.3 N NaHCO3 solution with stirring until a clear solution was obtained. The 
solution was first filtered and the filtrate was purified by a TFF system (3 kDa, mPES 
column) until the permeate solution conductivity was less than 0.05 mS/cm. The 
retentate was finally lyophilized to provide 9.1 g of the title compound (97% yield).

[0057] GPC-MALS: 69.7 kDa, PDI: 1.417, UV loading: 29%, Zave: 20 nm.
Other pGG-DMBA-Na conjugates were also prepared using the same protocol with 

different quantities of 7.
[0058] Fabrication of drug-encapsulated pGG-hvdrotrope PMs

Example 3: Preparation of drug-encapsulated pGG-hvdrotrope polymer micelles 
All drug-encapsulated pGG-hydrotrope PMs were prepared following the industrial 

standard quick mixing method. Briefly, an ethanol solution of drug and a solution of 
pGG-hydrotrope in PBS buffer in a given mass ratio are mixed rapidly at a T-joint by 
one peristaltic pump and the mixture is then quickly diluted with a buffer derived by 
another pump. A diafiltration system is then employed to remove the ethanol as well as 
concentrate the crude formulations. The final Ready-To-Use (RTU) dosage form will 
be available after filtration via a 0.2 um membrane filtering medium. Examples of hy-
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drophobic drugs that could be encapsulated by pGG-hydrotropes include paclitaxel,
docetaxel, and tanespimycin.
[Chem. 17]

Paclitaxel Docetaxel Tanespimycin

[0059] [Table 1]

Table 1 Properties of the polymer hydrotropes

PGGA-Hydrotrope Drug
Encapsulation 
Content (wt%)

Size 
(nm)

PDI

in Paclitaxel 31wt% 137 0.05
IV Paclitaxel 30wt% 114 0.05

1 Paclitaxel 28 wt% 14 0.12
II Paclitaxel 27wt% 13 0.16
I Docetaxel 7 wt% 13 0.34

II Docetaxel 21wt% 11 0.18

II Tanespimycin 11.0 wt% 138 0.08
Key: I = pGG-30mol%DMBA; II = pGG-40mol%DMBA;

III = pGG-30mol%DENA; IV= pGG-40mol%DENA.
[0060] The polymer hydrotropes of the invention described above have been demonstrated 

being capable of interacting with the hydrophobic drugs and form stable polymer 
micelles. From these polymer hydrotropes, paclitaxel encapsulated in pGG- 
30mol%DENA polymer micelles (PTX-PGGA-Hydrotrope III, also referred to as Nitto 
X) were used for the subsequent studies. The physical properties of PTX- 
PGGA-Hydrotrope III are shown in below table.
[Table 2]

Table 2 Properties of NittoX
Size Size distribution PH Surface charge

Zave< 140 nm 0.05 7.4 + 0.5 -40mV
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[0061] In vivo efficacy assay
Example 4: Establishment of Mia-Paca-2 pancreatic cancer xenograft model Tumor 

xenograft
Mia-Paca-2 cell line was purchased from ATCC and maintained in RPMI-1640 sup

plemented with 10% Fetal Bovine Serum, 100 U/ml penicillin and 100 ug/ml 
streptomycin. Cells were harvested in the log phase of growth from the tissue culture 
after lightly trypsinized with trypsin-EDTA. The number of viable cells were counted 
and determined in a hemocytometer in the presence of trypan blue (only viable cells 
were counted). Each mouse was inoculated subcutaneously in the right flank with 0.1 
mF of an inoculum of 2 x 106 of Mia-Paca-2 cells using a 25 G needle and syringe, 
(one inoculum per mouse). Tumor volume was monitored twice a week. Body weight 
measurements were also taken. Tumor volume was calculated using the formula: 
Tumor volume = (length x (width)2)/2.

[0062] Example 5: Dose response effect
Once the tumors established in Example 4 reached approximately 200-220 mm3 

(average tumor volume at 209 mm3), the mice were assigned into the vehicle control 
and various treatment groups, such that the mean tumor volumes in the treated groups 
were within 10% of the mean tumor volume in the vehicle control group, and the CV% 
of tumor volume was less than 25%. On the same day, freshly prepared test articles 
(e.g. PTX-encapsulated PGGA-hydrotrope III PMs, NittoX) and the vehicle control 
group was injected through a tail vein at dosages of 40, 60, and 80 mg (PTX equiv.)/kg 
at dosing volume of 10 mE/kg. Tumor volume was monitored twice a week. 
Bodyweight measurements were also taken. Tumor volume was then calculated using 
the formula provided above. Once the individual tumor volume reached 3,000 mm3 or 
the tumor ulcerated, the animals would be sacrificed based on IACUC regulations.

[0063] The result is shown in the Fig. 1. As is understood from the figure, tumor growth was 
completely suppressed at varied doses, among which the lowest dose was 40 mg/kg. 
The results demonstrated that PTX-encapsulated PGGA-hydrotrope III PMs have 
excellent anticancer efficacy. The dose response was not evident because of complete 
suppression.

[0064] Example 6: Effect of drug encapsulated PGGA-Hydrotropepolymer micelle 
compared to conventional drug

Mice bearing lung cancer xenograft derived from NCI-H460 cell lines (purchased 
from ATCC) were prepared in the same manner as Example 4. The mice were assigned 
into the vehicle control and various treatment groups in the same manner to Example
5. As for the assay, the test was performed in a similar manner but slightly modified, 
such that the Abraxane® (albumin-bound paclitaxel) was administered at a dosage of 
80 mg/kg, as a comparison for the same dosage of PTX-PGGA-Hydrotrope III.
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[0065] The result is shown in the Fig. 2. As is understood from the figure, the tumor sup
pression effect of PTX-PGGA-Hydrotrope III is superior to the same dosage of FDA- 
approved drug Abraxane®.

[0066] Example 7, Tumor PK/PD study
Mice bearing lung cancer xenograft was prepared in the same manner as Example 6. 

Briefly, cells were harvested at log phase of growth from the tissue culture after lightly 
trypsinized with trypsin-EDTA. The number of viable cells were counted and de
termined in a hemocytometer in the presence of trypan blue (only viable cells were 
counted). Each mouse was inoculated subcutaneously in the right flank with 0.1 mL of 
an inoculum of 2 χ 106 of NCI-H460 cells using a 25 G needle and syringe, (one 
inoculum per mouse). Tumor volume was monitored twice a week. Body weight mea
surements were also taken. Tumor volume was calculated using the formula: Tumor 
volume = (length x (width)2)/2.

[0067] Once tumor size reached 500-600 mm3, animals were administrated with PTX- 
PGGA-Hydrotrope III at 100 mg/kg (IV, qd xl). Plasma, tumor and livers were 
harvested at the indicated time points. Tumor was split into two parts, one for 
measuring paclitaxel concentration as pharmacokinetics (PK) analysis, and the other 
for measuring PD (Pharmacodynamics) biomarker including acetylated tubulin and 
Ki67. One slice of liver was dissected from right lobe of liver for PK analysis. PTX 
was quantified by LC/MS/MS for PK analysis. For PD analysis, acetylated tubulin was 
assessed using ELISA method. Briefly, tumor samples were broken down using tissue 
lysis buffer (Cat: FNN0071, Life Technology) according to manufactory's instruction 
and the protein in question was quantified subsequently. The expression of acetylated 
tubulin was examined using ELISA method (Cat: 7204, Cell Signaling). For PD 
biomarker of Ki67, the sample preparation was the same as described above. The ex
pression of Ki67 was measured using ELISA method (#CSB-E16294).

[0068] The results are shown in Figures 3 and 4. As for tumor PK profile, PTX- 
PGGA-Hydrotrope III demonstrated three-fold elevation of Cmax and AUC(() |6Xh) as 
compared with Abraxane® in tumor, indicating more desirable tumor accumulation 
was achieved by PTX-PGGA-Hydrotrope III. However, no substantial difference was 
observed for plasma and liver PK profiles between PTX-PGGA-Hydrotrope III and 
Abraxane®. As for PD, acetylated tubulin level was increased first but get back within 
24 hours. This agreed very well with the corresponding PK data. In addition, ex
pression of Ki67 was also monitored as a second biomarker to verify the PD data. Ki67 
level fell down to lower than 40% within 4 hours and stayed around 40% throughout 
the rest of the experiment. This was again perfectly in consistent with the PK data.

[0069] Example 8: Toxicity evaluation
Both female and male naive Balb/C mice at 7-8 week old were purchased from
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Charles River. Animals were housed and maintained in a controlled environment and 
all procedures were performed in accordance with Nitto NDT and UCSD IACUC reg
ulations. After acclimation for 5 days, animals were administrated with PTX- 
PGGA-Hydrotrope III at 20, 30 and 40 mpk, (IV, qd x5). Cage side clinical ob
servation was monitored twice a day and bodyweight was measured daily. At 48 h post 
dosing, blood samples were harvested and submitted for hematological parameters 
analysis, including complete blood count (CBC), differentials count, as well as platelet 
and reticulocyte counts. The data was processed using Prism Graphpad.

[0070] The result is shown in Fig. 5. PTX-PGGA-Hydrotrope III had showed a slightly 
better tolerability than Abraxane® in term of toxicity at the same dose level. No 
gender difference in toxicity was observed.

[0071] The results described in these Examples indicate the followings:
(i) The composition described herein is statistically significantly more efficacious 

than Abraxane® in NCI-H460 lung cancer xenograft at the same dose level. Dosages 
are well tolerated by animals in terms of body weight loss and survival. In addition to 
NCI-H460, The composition described herein is also found remarkably potent in a 
variety of tumor models, including pancreatic and breast cancers.

(ii) The improved efficacy is presumably attributed to its superior plasma and tumor 
pharmacokinetic profile. The composition described herein not only enhances cir
culation stability over Abraxane®, but also preferentially delivers paclitaxel in three
fold elevation of Cmax and AUC(() i68h) as compared with Abraxane®. Meanwhile, these 
results are also in accordance with those derived from pharmacodynamic analyses of 
tubulin polymerization alteration and consequent tumor cell proliferation inhibition. 
Strong correlation between tumor PK and PD is observed.

(iii) The composition described herein has also showed a slightly better hematological 
toxicity than Abraxane®.

[0072] (iv) Taken together, these preclinical data undoubtedly suggest that the composition 
described herein has potential to be a more potent taxane-based nanomedicine superior 
to Abraxane®.

[0073] It will be understood by those of skill in the art that numerous and various modi
fications can be made without departing from the spirit of the present invention. 
Therefore, it should be clearly understood that the forms of the present invention are il
lustrative only and not intended to limit the scope of the present invention.
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THE CLAIMS PERMING THE INVENTION ARE AS FOLLOWS:
1. A polymer conjugate characterized in that the backbone of the polymer is an 
anionic polymer and hydrophobic moieties are covalently attached to the polymer 
backbone, wherein the hydrophobic moiety is represented by the formula (VI);

wherein,
a and b are independently an integer of 0 to 4;
Ar is independently an aryl or heteroaryl;
L is independently selected from the group consisted of O, S. SO, SO2, Nit, 

C’R2;
Y is CH or N;
As is one to three substituents independently selected from the group consisted 

of halides. OR, NR2j COOR, CONR2, or CN; and
R is selected from the group consisted of H. Cm alkyl, C^alkenyl, C2_4alkynyl, 

aryl, and hetero aryl.

2. The polymer conjugate according to Claim 1 composed of monomer units 
represented by the formula (1) and optionally the formula (II):
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ch2
ch2

nh 9
HC— C-X-M

ch2
ch2

0=

X
I
M (I)

wherein,
M is independently selected from the group consisted of hydrophobic moiety or 

cation; in which the hydrophobic moiety occupies20-50 mol% of total M amount; and 
the cation is independently selected from hydrogen, ammonium, or alkali metal;

X is selected from the group consisted of O, S and NR;
R is selected from the group consisted of H, Cm alkyl, C2-4alkenyl, C2-4alkynyl, 

aryl, and heteroaryl.
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3. The polymer conjugate according to Claim 1 or 2, characterized tn that the
polymer conjugate is represented by the formula (III)
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NH O
HC—C“X“M

CH2
ch2

X
I

M (HI)
wherein,
m and n arc both an integer, where m is 0 or defined such that the ratio of m:n 

is from 1:9 to 5:5.

4. The polymer conjugate according to Claim 3, wherein As is one substituent of
conr2

5. The polymer conjugate according to Claim 4, wherein R is selected from ethyl 
or methyl.

6. The polymer conjugate according to any one of Claims 1 to 5, wherein a and b 
arc both 1.

7. The polymer conjugate according to any one of Claims 1 to 6, wherein Ar is 
aryl.

8. The polymer conjugate according to any one of Claims 1 to 7, wherein Z is O.

9, The polymer conjugate according to any one of Claims 1 to 8, wherein the
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hydrophobic moiety is independently selected from

10. A polymer micelle formed by the polymer conjugate according to any one of 
Claims 1 to 9.

11. A composition comprising: a carrier composed of the polymer conjugate 
according to any one of Claims 1 to 9, and a hydrophobic compound operatively 
associated with the carrier.

12. A therapeutic composition comprising: a carrier comprising the polymer 
conjugated according to any one of Claims 1 to 9, and a hydrophobic drug operatively 
associated with the carrier.

13. The therapeutic composition according to Claim 12, wherein the hydrophobic 
drug is an anticancer drug.

14. The therapeutic composition according to Claim 12, wherein the drug is 
selected from the group consisting of paclitaxel, docetaxel, tanespimycin, griseofulvin, 
nifedipine, progesterone, and probucol.

15. The therapeutic composition according to any one of Claims 12-14, wherein 
the drug is selected from the group consisting of paclitaxel, docetaxel, and 
tanespimycin.

16. The therapeutic composition according to any one of Claims 12 to 15, wherein 
the polymer conjugate forms a polymer micelle and the hydrophobic therapeutic agent 
is encapsulated in the polymer micelle.

17. A method of treating a disease or condition by administering to a subject in 
need of treatment thereof an effective amount of the therapeutic composition according
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to any one of Claims 12 to 16.

18. A method according to Claim 17, wherein the disease or condition is selected 
from the group consisting of cancer, infectious diseases, hypertension, angina, 
gynecological diseases, and hyperlipidemia.

19. A method according to Claim 18, wherein the disease or condition is cancer.
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[Fig. 1]
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[Fig. 2]
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[Fig. 3]

Tumnr Dli Ornfila

-24 0 24 48 72 96 120 144 168
Hours post IV Administration

NittoX Abraxane
Total Peak Area 658.9 200.3

50
Plasma PK Profile

♦ NHtoX 'θ' Ab/'SKS/s/i

E
3 
ί 
0.

40-
SLLI ω 30-
+l
ro 20-

10

72

Parameter NittoX Abraxane

HL 12.5 5.8
Tmax 0.25 0.25
Cmax 20.1 25.9

Cmax/Dose 0.2 0.3
544 73 4

Vd 40147 272416
Cl 93 1355

Vss 30189 5817

04- 
-24

X

w---- ,------ ,--------- (------w
0 24 48 72 96 120 144 168
Hours post IV Administration

NittoX Abraxane
Total Peak Area 118.8 71.40

Liver PK profile
♦ NittoX
O Abiw

Hours post IV Administration
0 24 48 72 96 120 144 168

NittoX ; Abraxane
Total Peak Area 577.8 270.8



4/5

WO 2015/155810 PCT/JP2014/004480

[Fig. 4]
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[Fig. 5]
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