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SALT FORM OF A MULTI-ARM POLYMER-DRUG CONJUGATE

CROSS-REFERENCE TO RELATED APPLICATIONG

(0601 This application claims the benefit of priority under 35 U.S.C. §119(e) to cach
of ULS, Provisional Patent Application Serial No. 61/262.463, filed 18 November 2009, and
U.S. Provisional Patent Application Serial No. 61/290,072, filed 24 December 2009, both of

which are incorporated hervein by reference in their entireties.

FiELD

{062} This disclosure relates generally o salt forms of water-soluble polymer-drug
conjugates. pharmaceutical compositions thereof, and methods for preparing, formulating,
administering and using such mixed acid salt compositions. This disclosure also relates
generally to alkoxylation methods for preparing alkoxylated polymeric materials from a
previously isolated alkoxylated oligomer, as well as to compuositions comprising the
alkoxylated polymeric material, methods for using the alkoxylaied polymeric material, and

the like.

BACKGROUND

[8883] Over the years, mimerous methods have been proposed for improving the
stability and delivery of biologically active agents, Challenges associated with the
formulation and delivery of pharmaceutical agents can include poor agueous sohubility of the
pharmaceutical agent, toxicity, low bicavailability, instability, and rapid in-vivo degradation,
o name just a few. Although many approaches have been devised {or improving the delivery
of pharmaceutical agents, no single approach is without ifs drawbacks. For instance,
commaonly employed diug delivery approaches aimed at solving or at least ameliorating one
or more of these problems include drug encapsulation, such as in a liposome, polymer matrix,
or unimolecular micelle, covalent attachment to a water-sofuble polymer such as

polyethylene glycol, use of gene targeting agents, formation of salts, and the like.

8664 Covalent attachment of a water-soluble polymer can improve the water-

solubility of an active agent as well as alter its pharmacological properties. Certain
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exemplary polymer conjugates arc described in 1.8, Patent No. 7,744,861, among others, In
another approach, an active agent having acidic or basic functionalities can be reacted with a
suitable base or acid and markeied in salt form.  Qver half of all active molecules are
marketed as salts (Polyvmorphism in the Pharmaceutical mdustry, Hilfiker, B ed., Wiley-
YCH, 2006). Challenges with salt forms inchude finding an optimal salt, as well as
controliing solid state behavior during processing. Blopharmaceutical salis can be
amorphous, ¢rystaliine, and exist as hydrates, solvents, varicus pelymorphs, eic.
Interestingly, rarely, if ever, are sal forms, let alone mixed acid sait forms, of polymer

conjugates used in drug formulations,

{6883 Another challenge associated with preparing active agent conjugates of
water-soluble polymers waters is the ability to prepare relatively pure water-solable polymers
in a consistent and reproducible method. For example, polviethylene glyeol) (PEG)
derivatives activated with reactive functional groups are useful for coupling to active agents
{such as small molecules and proteing), thereby forming a conjugate between the PEG and
the active agent. When an active agent is conjugated to a pelymer of poly(ethylene glyeol) or

"PEG," the conjugated active agent is conventionally reforred to as having been "PEGylated ™

j3006] When compared to the safety and efficacy of the active agent in the
uneonjugated form, the conjugated version exhibits different, and often clinically beneficial,
properties. The commercial success of PEGylated active agents such as PEGASYS®
PEGylated interferon alpha-2a (Hoffinann-La Roche, Nutley, NI}, PEG-INTRON™
PEGylated interforon alpha-2b (Schering Corp., Kennilworth, NI, and MEULASTAY
PEG-fiigrastim (Amgen Inc., Thousand Oaks, CA) demonstrates the degree to which

PEGylation has the potential to improve one or more properties of an active agent.

{00607} in preparing a conjugate, 4 polymerie reagent is typically employed to allow
for a relatively smaightforward synthetic approach for conjugate synthesis, By combining a
compasition comprising a polymeric reagent with a compuosition comprising the active agent,
it is possible -- under the appropriate reaction conditions — to carry out a relatively

convenient conjugate synthesis.
[0008] The preparation of the polymeric reagent suitable ro the regulatory
requirements for drug products, however, 1s often challenging. Conventional polymerization

approaches result in relatively impure compoasitions and/or low vield. Although such
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impurities and yields may not be problematic cutside the pharmaccutical field, safety and cost
represent important concerns in the context of medicines for human use. Thus, conventional
polymerization approaches are not suited for the synthesis of polymeric reagents intended for

the manutacture of pharmaceutieal conjugates,

(80849 There 1s a need in the ant for aliernative methods for preparing polymeric
reagents, particularly high molecular weight polymers, in relatively high yield and purity, In
the case of multiarm polvmers, there is a dearth of available, desirable water soluble
polymers that bave well controlled and well defined properties with the absence of significant
amounts of undesirable impurities, Thus one can readily obtain for example a high molecular
weight mult-tarm poly(ethylene glveol) but drug conjugates manufactured from commercial
polymers can have significant amounts (i.e. > 8%) of polymer-drug conjugate having either
very low or very high molecular weight biologically active impurities. This extent of active
impurities in a drug composition may be unacceptable and thus can render approval of such

drugs challenging i{ not impossible.

SUMMARY

[3018) In onc or more embodiments of the invention, the present disclosure provides

a hiydrohalide salt form of 2 polymer-active agent conjugate corresponding to structure (1)

(%]
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where 1 is an integer ranging from about 20 o about 600, or from about 20 to 500 {e.g., 40 o
about 500) and, in terms of a composition comprising the above conjugate, greater than 95
mole percent {and in sorme instances greater than 96 mole percent, greater than 97 mole
percent, and even greater than 98 mole pereent) of basic nitrogens of the irinotecan portions
of all the conjugates contained in the composition are protonated in hydrohalide (FX) salt

form, wherein X is selected from fluoride, chloride, bromide, and iodide,

{6011} In one or more embodiments of the nvention, the Tiydrohalide salt s a
hydrochioride salt.

f0812] In one or more embodiments of the invention, n of a repeating monomer is an
ireger ranging from about 80 to abour 150

jOBE3] In one or more embodiments of the inventiom, n for any instance of

{OCH;CH), is ot about 113,
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[6814] In one or more embodiments of the Invention, the hvdrohalide saltisa
hydrochloride salt and the weight average molecular weight of the conjugate is about 23,000

daltons.

[3815] In one or more embodiments of the invention, a method for preparing a
hydrohalide salt of a water-soluble polymer-active agent conjugate [such as the water-soluble
polymer-active agent of conjupate of structure (13} is provided], the method comprising the
steps of! (i) treating a glycine-irinotecan hydrohalide in protected form (),
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s a protecting group; and
HX is a hydrohalide

an

with a molar excess of hydrobhalic acid (o thereby remove the protecting group to form

glyeine-irinotecan hvdrohalide,
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(i1} coupling the deprotected glyeine-irinotecan hydrohalide from step (i) with a 4-arm-

o

entaerythritolyl-polyethylene glycol-carboxymethyl-succinimide,

o

{
¢
A

wherein sach n = 40 to 500
(1}
in the presence of a base to form 4-grm-pentacrythritolyl-polyethylene glycol-

carboxymethyl-glyCine-irinotecan hydrohalide salt (also referred (o as pentaerythritolyi-4-

arm-(PEG-1-methylene-Z-oxo-vinylamino acetate linked-irinotecan hydrohalide salt)),
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(iii} recovering the 4-arm-pentacrythritolyvl-polyethylene glycol-carboxymethyl-giyeine-
irinotecan hydrohalide salt by precipitation,  With respect to this method, the polymer
reagent used to carry out the method is not particularly limited and the other polymer
reagents bearing an activated ester can be substituted for the d-arm-peonaerythritolyl-

polvethylene glycol-carboxymethyl-succinimide.

{8816} I one or more embodiments of the invention, a recovered 4-arm-
pentacrythritolyi-polyethylene glycol-carboxymethyl-glveine-irinotecan hydrohalide is
contained within a composition in which greater than 95 mole percent {and in some instances
greater than 96 mole percent, greater than 97 mole percent, and even greater than 98 mole
percent) of basic nitrogens of the irinotecan portions of all the conjugates contained in the
composition are protonated in hydrohalide (HX) salt form, wherein X is selected from
fluoride, chloride, bromide, and iodide.

[8Q1T} In one or more embodiments of the invention, the glycine-irinotecan
hydrohalide in protected form is treated with a ten-fold or greater molar excess of hvdrohalic

acid to thereby remove the protecting group 1o form glveine-irinotecan hydrohalide.

{BG18) In one or more embodiments of the invention, the glycine-irinctecan
hydrohalide in protected form is treated with a molar excess of hydrohalic acid in a range of
ten-fold to 23-told to thereby remove the protecting group 1o form glycine-irinotecan

hydrohalide.

[6019] In one or mors embodiments of the invention, the glycine-irinctecan
hydrohalide in protected form is tert-butvioxyearbonyl{ Boc)-glyeine-irinotecan
hydrochloride, wherein the amino group of glycine is Boc-protected.

(80241 Tnone or more embodiments of the invention, the glycine-irinotecan
hydrohalide in step (i} is glycine-irinotecan hvdrochloride in protected form, and the glycine-
irtnotecan hydrochioride in protected form is treated with hydrochloric acid to remove the
protecting group.

{6821} In one or more embodiments of the invention, the glycine-irinofecan

hydrochloride in protected form is treated with a solution of hydrochloric acid in dioxane.

[0022] in one or more embodiments of the invention, a2 method for preparing a

hydrohalide salt of a water-soluble polymer-active agent conjugate method further comprises

-4
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isolating the glycine-irinotecan hydrohalide (e.g., by precipitation, by addition of

methyitertbutylether, "MTBE") prior to step the coupling step with a polymer reagent.

{B023) In one or more embodiments of the invention, the base used in the coupling

step is an amine {e.g., rimethylamine, tristhylamine, and dimethylamino-pyridine),

{324 in one or more embodiments of the invention, the coupling step is carried out
it & chlorinated solvent,

jO825] In one or more embodiments of the invention, the step of recovering the 4-
arm-pentaerythritolvl-polyethylene glycol-carboxymethyl-glvcine-irinotecan hydrohalide salt

comprises addition of methylteributy! ether.

{0826] In one or more embodiments of the invention, the method for preparing a
hydrohalide salt of a water-soluble polymer-active agent conjugate further comprises the step
ot (iv} analyzing (e.z., by ion chromatography} the recovered 4-arm-pentaerythritolyl-
polyethylene glycol-carboxymethyi-glycine-irinotecan hydrohalide salt for halide content,
and, in the event the halide content is less than 95 mole percent, (v) dissolving the recovered
d-armi-pentaerythritolyl-polyethylene glycol-carboxymethyl-glyeine-ivinotecan hydrohalide
salt in ethyl acetate, and adding additional hydrohalic acid to thereby form the 4-arm-
pentaerythritolyi-polyvethylene glycol-carboxymethyl-glycine-itinotecan hydrohalide salt
having a halide content of greater than 95 mole percent.

F0027] In one or more embodiments of the invention, the hydrohalic acid added is in
ihe form of an ethane! solution.

{6028) In one or more embodiments of the invention, in 2 method in which the step of
adding additional hydrohalic acid is carried out, the method further comprises recovering thee

4-arm-pentaerythritolyl-polyethylene glycol-carborymethyl-glycine-irinotecan hvdrohalide

Nt

by precipitation (which may be effected by, for example, cooling).
{0629 in one or more embodiments of the invention, a hydrohalids salt of 4-arm-
pentaerythritolyl-polyethylene glycol-carboxymethyl-glycine-irinotecan is provided by
carrying out methods described herein.

(8030} In one or more emmbodiments of the fnvention, a pharmaceutically accepiable

composition is provided, the composition comprising a hydrohalide salt {e.g., hydrochloride
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salt) of the compound corresponding to structure (1), 4-arm-pentasrythritolyl-polvethylene

glycol-carboxymethyl-giveine-irinotecan, and a pharmaceutically acceptable excipient.

[0831] In one or more embodiments of the invention, a composition is provided, the
composition comprising a hydrochioride salt according o any one or more of the
embodiments described herein, and (1) lactate buffer, in lyophilized form. In onz or more
embodiments of the jnvention, the pharmaceutically acceptable composition 15 a sterile
composition. In one or more embodiments of the invention, the pharmaceutically acceptable
composition is optionally provided in a container (e.g., vial}, optionally containing the

equivaient of a 100-mg dose of irinotccan

j3832) In one or more embodiments of the invention, a method is provided, the
method comprising administering & conjugate-containing composition deseribed herein (o an
individual suffering from one or more types of cancerous solid tumors, wherein the
conjugate-containing composition is optionally dissolved in a solution of 5% w/w dextrose.
In one or more embodiments of the invention, administration is effected via intravencus

infusion.

{8033] {n one or more embodiments of the invention, a method of treating a mammal
suffering from cancer is provided, the method comprising administering a therapeutically
effective amount of a hydrohalide salt {(such as a hydrochloride salt) of 4-arm-
pentaerythritolyl-polyethylene glycol-carboxymethyl-glyeine-irinotecan. The hydrohalide
salt is administered to the mammal effzctive 10 produce a slowing or inhibition of solid tumor
growth in the subject. In one or more embodiments of the invention, the cancercus solid
tumor is selected from the group consisting of colorecial, ovarian, cervical, breast and non-

small cell Tung.

88341 in one or more embodiments of the invention, a 4-arm-pentacrythritolyl-
polyethylene glycol-carboxymethyl-glycine-irinotecan hydrohalide salt is provided, wherein
the salt is an anti-cancer agent for the manufacture of a medicament {or reating cancer.
{OR35] I one or more ernbodirents of the invention, a composition is provided, the
composition comprising an alkoxylated polymeric product prepared by a method comprising
the step of alkoxylating in a suitable solvent a previously isolated alkoxviatable oligomer to

form an alkoxylated polymeric product, wherein the previously isolated alkoxylatable

(1]
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oligomer has a known and defined weighi-average molecular weight of greater than 300

Dalions {e.g., greater than 300 Daltons).

J836) In one or more embodiments of the invention, a composition is provided, the
composition comprising an alkoxylated polymeric product having a purity of greater than
92 wt % and the total combined content of high melecular weight products and diols is less
than 8 wt % (e.g., less than 2 wt %}, as determined by, for example, gel filtration

chromatography (GFC) analysis,

{0637] I one or more embodiments of the invention, the alkoxylated polymer

product has the following structure:

wherein each n is an integer from 20 to 1000 le.g., from 50 to 1000).

{6038 In one or more embodiments of the invention, 4 method is provided, the
method comprising the steps of (i) alkoxylating in a suitable solvent a previously isolated
alkoxylatable oligomer to form an alkoxylated polymeric material, wherein the previously
isolated alkoxylatable oligomer has a known and defined weight-average molecular weight of
greater than 300 Daltons (e.g., greater than 500 Daltons), and (i) optionally, further
activating the alkoxylated polymeric product 1o provide an activated alkoxylated polymeric
product that ks usetul as (among other things} a polymeric reagent for preparing polymer-drug

conjugates.

{0039] In one or more embodiments of the invention, a method is provided, the
method comprising the step of activating an alkoxylated polymeric product obtained from
and/or contained within a2 composition comprising an alkoxylated polymeric product having a
purity of greater than 90% to thereby form an activated alkoxylated polymeric product that is
useful as (among other things) a polymer reagent for preparing polymer-drug conjugates.
0040} In one or more embodiments of the invention, a method is provided, the
method comprising the siep of conjugating an activated alkonyviated polyreric product to an
active agent, wherein the activated alkoxylated polymeric product was prepared by a method

comprising the step of activating an alkoxylated polymeric product obtained from and/or

10
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contained within a composition comprising an alkoxylated polymeric product having a purity
of greater than 90% to thereby form an activated alkoxylated polymeric product.
[0041] In one or more embodiments of the invention, a mixed salt of a water-soluble
polymer-active agent conjugate is provided, the conjugate having been prepared by coupling
(under conjugation conditions) an amine-bearing active agent (e.g., a deprotected
glycineirinotecan) to a polymer reagent (e.g., a 4-arm pentaerythritolyl-poly(ethylene
glycol)carboxymethyl succinimide) in the presence of a base to form a conjugate, wherein the
conjugate is in the form of a mixed salt conjugate (e.g., the conjugate possesses nitrogen
atoms, each one of which will either be protonated or unprotonated, where any given
protonated amino group is an acid salt possessing one of two different anions), and further
wherein, optionally, the polymer reagent is prepared from an alkoxylation product prepared
as described herein.

The present invention as claimed is described in the following items 1 to 43:

1. A hydrohalide salt form of a polymer-active agent conjugate corresponding to

structure (1):

11

7210118_1 (GHMatters) P80396.AU PETERB
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wherein each n is an integer ranging from about 20 to about 500 and greater than 95 mole
percent of irinotecan's basic nitrogen atoms are protonated in hydrohalide (IX) salt form,
where X is selected from fluoride, chloride, bromide, and iodide.

2. The hydrohalide salt of item 1, wherein greater than 96 mole percent of irinotecan's
basic nitrogen atoms are protonated in hydrohalide salt form.

3. The hydrohalide salt of item 2, wherein greater than 97 mole percent of irinotecan's
basic nitrogen atoms are protonated in hydrohalide salt form.

4. The hydrohalide salt of item 3, wherein greater than 98 mole percent of irinotecan's

basic nitrogen atoms are protonated in hydrohalide salt form.

11a

7210118_1 (GHMatters) P90396. AU PETERB
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5. The hydrohalide salt of any one of items 1-4, wherein the hydrohalide salt is a
hydrochloride salt.

6. The hydrochloride salt of item 5, wherein the weight average molecular weight of
the conjugate is about 23,000 daltons.

7. The hydrochloride salt of item 5, wherein n is an integer ranging from about 80 to
about 150.

8. The hydrochloride salt of item 7, wherein n has an average value in each arm of
about 113.

9. A method for preparing a composition comprising a hydrohalide salt of a polymer-

active agent conjugate corresponding to structure (I), the method comprising;

iy

(1) treating glycine-irinotecan hydrohalide, where the amino group of glycine is in

protected form, with a molar excess of hydrohalic acid to thereby remove the protecting

group to form deprotected glycine-irinotecan hydrohalide,

11b

7210118_1 (GHMatters) P90396. AU PETERB
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(11) coupling the deprotected glycine-irinotecan hydrohalide from step (i) with a
polymer reagent bearing an active ester in the presence of a base to form 4-arm-
pentaerythritolyl-polyethylene glycol-carboxymethyl-glycine-irinotecan hydrohalide salt, and

(1i1) recovering the 4-arm-pentaerythritolyl-polyethylene glycol-carboxymethyl-
glycine-irinotecan hydrohalide salt by precipitation.

10. The method of item 9, wherein the recovered 4-arm-pentaerythritolyl-polyethylene
glycol-carboxymethyl-glycine-irinotecan hydrohalide possesses greater than 95 mole percent
of irinotecan's basic nitrogen atoms in hydrohalide (HX) salt form.

11. The method of item 10, wherein the recovered 4-arm-pentaerythritolyl-
polyethylene glycol-carboxymethyl-glycine-irinotecan hydrohalide possesses greater than 96
mole percent of irinotecan's basic nitrogen atoms in hydrohalide (HX) salt form.

12. The method of item 11, wherein the recovered 4-arm-pentaerythritolyl-
polyethylene glycol-carboxymethyl-glycine-irinotecan hydrohalide possesses greater than 97
mole percent of irinotecan's basic nitrogen atoms in hydrohalide (HX) salt form.

13. The method of item 12, wherein the recovered 4-arm-pentaerythritolyl-
polyethylene glycol-carboxymethyl-glycine-irinotecan hydrohalide possesses greater than 98
mole percent of irinotecan's basic nitrogen atoms in hydrohalide (HX) salt form.

14. The method of item 9, further comprising (iv) analyzing the recovered 4-arm-
pentaerythritolyl-polyethylene glycol-carboxymethyl-glycine-irinotecan hydrohalide salt for
halide content, and, in the event the halide content is less than 95 mole percent, (v) dissolving
the recovered 4-arm-pentaerythritolyl-polyethylene glycol-carboxymethyl-glycine-irinotecan
hydrohalide salt in ethyl acetate, and adding additional hydrohalic acid.

15. The method of item 14, wherein the analyzing is by ion chromatography (IC).

16. The method of item 14 or item 15, wherein the hydrohalic acid is added in the form
of an ethanol solution.

17. The method of item 16, wherein following the adding of additional hydrohalic acid
in step (v), the 4-arm-pentaerythritolyl-polyethylene glycol-carboxymethyl-glycine-irinotecan
hydrohalide salt is recovered by precipitation.

18. The method of item 17, wherein the precipitation in step (v) is effected by cooling,

19. The method of any one of items 9 to 19, wherein the glycine-irinotecan
hydrohalide in protected form is treated with a ten-fold or greater molar excess of hydrohalic

acid to thereby remove the protecting group to form glycine-irinotecan hydrohalide.
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20. The method of item 19, wherein the glycine-irinotecan hydrohalide in protected
form is treated with a molar excess of hydrohalic acid in a range of ten-fold to 25-fold to
thereby remove the protecting group to form glycine-irinotecan hydrohalide.

21. The method of any one of items 9-20, wherein the glycine-irinotecan
hydrohalide in protected form is ter-butyloxycarbonyl(Boc)-glycine-irinotecan hydrochloride,
where the amino group of glycine is Boc-protected.

22. The method of any one of items 9-21, wherein the glycine-irinotecan
hydrohalide in step (i) is glycine-irinotecan hydrochloride in protected form, and the glycine-
irinotecan hydrochloride in protected form is treated with hydrochloric acid to remove the
protecting group.

23. The method of item 22, where the glycine-irinotecan hydrochloride in protected
form is treated with a solution of hydrochloric acid in dioxane.

24. The method of any one of items 9-23, where step (1) further comprises isolating the
glycine-irinotecan hydrohalide prior to step (i1).

25. The method of item 24, where the isolating of the glycine-irinotecan hydrohalide
prior to step (ii) is by precipitation.

26. The method of item 25, where the glycine-irinotecan hydrohalide is precipitated via
addition of methyltertbutylether (MTBE).

27. The method of any one of items 9-26, where the base in step (ii) is an amine.

28. The method of item 27, where the amine is selected from trimethyl amine, triethyl
amine, and dimethylamino-pyridine.

29. The method of item 28, where the base is triethylamine.

30. The method of any one of items 9-29, where step (i1) is carried out in a chlorinated
solvent.

31. The method of any one of items 9-30, where the precipitation in step (iii) comprises
addition of methyltertbutyl ether.

32. A composition comprising a hydrohalide salt of 4-arm-pentaerythritolyl-
polyethylene glycol-carboxymethyl-glycine-irinotecan prepared according to any one of
items 9-31.

33. A pharmaceutically acceptable composition comprising the hydrohalide salt of any
one of items 1-8 or 32 and a pharmaceutically acceptable excipient.

34. The pharmaceutically acceptable composition of item 33 comprising lactate buffer,

in lyophilized form.
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35. The composition of item 34 contained in a single use vial.

36. A sterile composition of item 35, wherein the amount of hydrohalide salt contained
in the vial is the equivalent of a 100-mg dose of irinotecan.

37. Use of the composition of any one of items 33 to 36 for treatment of one or more
types of cancerous solid tumors when dissolved in a solution of 5% w/w dextrose and
administered by intravenous infusion.

38. A method of treating cancer in a mammalian subject by administering a
therapeutically effective amount of a pharmaceutically acceptable composition of item 33 to a
subject diagnosed as having one or more cancerous solid tumors over a duration of time
effective to produce an inhibition of solid tumor growth in the subject.

39. The method of item 38, wherein the cancerous solid tumor is selected from the
group consisting of colorectal, ovarian, cervical, breast and non-small cell lung,

40. Use of a pharmaceutically acceptable composition of item 33 for the manufacture of
a medicament for treating cancer.

41. The composition of item 33, wherein the polymer reagent bearing an active ester is
obtainable from a method comprising: alkoxylating in a suitable solvent a previously isolated
alkoxylatable oligomer to form an alkoxylated polymeric material, wherein the previously
isolated alkoxylatable oligomer has a known and defined weight-average molecular weight of
greater than 300 Daltons; modifying the alkoxylated polymeric material,
in one or more steps, to bear an active ester, thereby forming a polymer reagent bearing an
active ester.

42. The composition of item 41, wherein the polymer reagent bearing an active ester

has the following structure:
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wherein each n is from about 40 to about 500.
43. A composition comprising hydrochloride salts of four-arm polymer conjugates,
wherein at least 90% of the four-arm conjugates in the composition:
(1) have a structure encompassed by the formula,
C-[CH,-O-(CH,CH;0),-CH,-C(O)-Term]4,
wherein
n, in each instance, is an integer having a value from 5 to 150 (e.g.. about
113), and

Term, in each instance, is selected from the group consisting of -OH, -OCHj3,

-NH-CH,-C(0)-OH, -NH-CH,-C(0)-OCHs,
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and -NH-CH,-C(O)-O-Irino ("GLY-Irino"), wherein Irino is a residue of irinotecan;
and

(11) for each Term in the at least 90% of the four-arm conjugates in the composition, at
least 90% thereof are -NH-CH,-C(0O)-O-Irino, and
further wherein for each amino group within each Irino in the at least 90% of the four-arm
conjugates in the composition, each amino group will either be protonated or unprotonated,

where any given protonated amino group is a hydrochloride salt.

[0042] Additional embodiments of the present method, compositions, and the like
will be apparent from the following description, drawings, examples, and claims. As can be
appreciated from the foregoing and following description, each and every feature described
herein, and each and every combination of two or more of such features, is included within
the scope of the present disclosure provided that the features included in such a combination
are not mutually inconsistent. In addition, any feature or combination of features may be

specifically excluded from any embodiment of the present invention. Additional aspects and

11g

7210118_1 (GHMatters) P90396. AU PETERB



14 Dec 2015

2010321882

advantages of the present invention are set forth in the following description and claims,

particularly when considered in conjunction with the accompanying examples and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] FIG. 1 is a graph illustrating the results of accelerated stress stability studies
on three different samples of "4-arm-PEG-Gly-Irino-20K" (corresponding to 4-arm-
pentaerythritolyl-polyethylene glycol-carboxymethyl-glycine-irinotecan), each having a
different composition with respect to relative amounts of trifluoroacetic acid (TFA) and
hydrochloride salts, as well as free base. Samples tested included >99% HCI salt (<1% free
base, triangles), 94% total salt (6% free base, squares), and 52% total salt (48% free base,

11h
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cireles). The samples were stored at 25°C and 60% relative humidity; the plot illustrates
degradation of compound over time as described in detail in Example 3.

{6644 FIG. 2 is a graph illustrating the increase in frec irinotecan over fime in
samples of d-arm-PEG-Gly-Irino-20K stored at 40°C and 75% relative humidity, each having
a different composition with respect to relative armounts of irifluoroacetic acid and
hydrochloride salts, as well as free base. Samples tested correspond 1o product containing
>99% HCL salt (<19 free buse, squares) and product containing 86% total salts (14% free

base, diamonds), as described in Example 3.

{3045] FIG. 3 is a graph illustrating the increase over time in small PEG species
(PEG degradation products} in samples of 4-arm-PEG-Gly-Irinio-20K stored at 49°C and
75% relative humidity, as described in detail in Example 3. Samples tested correspond to
product containing >99% HCI salt (<1% free base, squares) and product containing 86% total
salts {14% free base, diamondg).

[8946] F1G. 4 is a compilation of overlays of chromatograms exhibiting refease of
irinotecan via hydrolysis from meno- (D8-1), di- (DS-2), tri- (D8-3) and tetra-irinctecan
substituted (DS-4} 4-arm-PEG-Gly-Irino-20K as described in detail in Example 5.

18047} F16G. 5 s o graph iHustrating the results of hydrolysis of various species of
4-arm-PEG-Gly-Irino-20K as described above in aqueocus buffer at pH 8.4 in the presence of
poreine carboxypeptidase B in comparison to hydrolysis kinetics modeling data as described
in Example 5. For the kinetics model, the hydrolysis of all species was assumed to he 19
order kinetics. The 1™ order reaction rate constant for disappearance of D84 (0.36 by was
used o generate all curves.

j0G438] Fis. 6 is a graph lustrating the hydrotysis of various species of 4-arm-PEG-
Uy~brino-20K as described above in human plasma in comparison to hydrolvsis kinetics
modeling data,  Details are provided in Ixample 5. For the kinetics model, the hydrolysis of
all species was assurned to be 1™ order kinetics, The 1% order reaction rate constant for
disuppearance of DS 4 (0.26 hr'') was used to generate all curves.

[8049] FIG. 7 is a chromatogram following gel filtration chromatography of a

material prepared a described in Example 7.

10650] Fi6. 8 15 a chromatogram follewing gel filtration chromatography of a

material prepared 2 described in Example 8.
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DETAILED DESCRIPTION

{051} Vartous aspects of the invention now will be described more fully hereinafter.
Such aspects may, however, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the

scope of the invention to those skilled m the art.,

0452 All publications, patents and patent applications cited herein, whether supra or
infra, ure hereby incorporated by reference in their entireties. In the event of an
inconsistency betwesn the teachings of this specification and the art incorporated by

refercnce, the meaning of the wachings in this specification shall prevail.

053] [t must be noted that, as used in this specification, the singular forms "a" "an,”
and "the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to a "polymer” includes a single polymer as well as two or more of the
same or different polymers, reference to a "conjugate” refers to a single conjugate as well as
two or more of the same or different conjugates, reference to an "excipient” includes a single

excipient as well as two or more of the same or different exciptents, and the like.

{04584] In describing and claiming the present invention, the following terminology

will be used in accordance with the delinitions described below,

[0S5] A Mfunctional group” 1S a group that may be nsed, under normal conditions of
organic synthesis, to form a covalent linkage between the entity to which it is attached and
another entity, which typically bears a further functional group. The functional group
generally includes multiple bond(s) and/or hetersatom(s). Preferred functional groups are
described herein.

[86056] The term "reactive” refers 1o a functional group that reacis readily or at a
practical rate under conventional conditions of organic synthesis. This is in contrast to those
groups that either do not react or require strong catalysts or impractical reaction conditions in
order 1o react {L.e., 8 "nonreactive” or "inert” group),

{0657} A tprotecting group” 15 a molety that prevents or blocks reaction of a
particular chemivally reactive functional group in a molecunle under certain reaction
conditions. The protecting group will vary depending upon the type of chemically reactive

group being protected as weil as the reaction conditions to be emploved and the presence of
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additional reactive or protecting groups in the molecale. Funetional groups that may be
protecied include. by way of example, carboxylic acid groups, amino groups, hvdroxyl
groups, thiol groups, carbonyl groups and the like. Representative protecting groups for
carboxylic acids wnelude esters (such as a p-methoxyhenzyl ester), amides and hydrazides; fo
arnino groups, carbamates (such as fers-butoxycarbonyl) and amides; for hvdroxyl groups,
ethers and esters; for thiol groups, thivethers and thicesters; for carbonyl groups, acetais and
ketals; and the like. Such protecting groups are well-known to those skilled in the art and are
described, for example, in T.W. Greene and G.M. Wuts, Protecting Groups in Organic
Swnitiesis, Third Edition, Wiley, New York, 1999, and in P.J. Kocienski, Profecting Groups.

Third Ed., Thieme Chemistry, 2003, and references cited therein.

J0858] A functional group in "protected form” refers to a Nunctional group bearing a
proteciing group. As used herein, the term Mfunctional group” or any synonym thereot is

i

meant to encompass protecied forms thereof,

343591 "PEGT or "polv{ethylene glyeoD)” as used hercin, is meant to encompass any
water-soluble poly(ethylens oxide). Typieally, PEGs for use in the present invention will
comprise one of the two following structures: "-(CH,CHO),-" or "-(CH, 2CH O CHCHG-
depending upon whether or not the terminal oxygen(s) has been displaced, ¢.g., during a
synthetie transformation. The varisble (n} ranges from 3 to abont 3000, and the termninal

grovips and architecture of the overall PEG may vary,

HEILTH A water-soluble polymer may bear one or more "end-capping group,” {in
which case it can stated that the waler-soluble polymer is "end-capped.” With regard to
end-capping groups, exemplary end-capping groups are generally carbon- and hydrogen-
containing groups, typically comprised of 1-20 carbon atoms and an oxygen atom that is
covalently bomded (o the group. In this regard. the group is typieally alkoxy {e.g., methoxy,
cthoxy and benzyloxy) and with respect to the carbmbwmaining group can optionally be
saturated or unsaturated, as well as aryvi, beteroaryl, cyclo, heterocyelo, and substituted forms

of any of the foregoing.

8061} The end-capping group can also comprise a detectable label. When the

polymer has an end-capping group comprising a detectable label, the amount or location of

the polvmer and/or the motety (2.g., active agent) 1o which the polymer is attached can be

X

determined by using a suitable detector. Such labels include, without imitation, fluorescers,
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cherniluminescers, moigties used in enzyme labeling, colorimetric (e.p., dyes), metal fons,
radioactive moleties, and the like.

{0862] "Water-soluble", in the context of a polymer of the invention or a "water-
soluble polymer segment” is any segment or polymer that is at least 33% (by weight),
preferably greater than 70% (by weight), and more preferably greater than 95% (by weight)
soluble in water at room temperature, Typically, a water-soluble polymer or segment will
transmit at least about 75%, more preferably at least about 95% of light, transmitted by the

same solation after filtering.

[8063] The term “activated,” when used in conjugation with a particular functional
group, refers 1o a reactive functional group that reacts readily with an electrophile or
nucleophile on another molecule. This i3 in contrast o those groups that require strong bases

or highly impractical reaction conditions in order to react {i.e., a "nonreactive” or “incrt”

Eroup).
{6054} "Electrophile” reters to an fon or atom or a neutral or ionic collection of atoms

having an electrophilic center, i.e.. a center that is electron secking or capable of reacting

with a nucleophile.

je86s] "Nucleophile” refers to an ion or atom or a neutral or ionic collection of atoms
having a nucleophilic center, ie., a center that is seeking an electrophilic center or capable of

reacting with an electrophile.

{B866] The terms "protected” or "protecting group” or "proteciive group” refer to the
presence of a molety (1.e., the protecting group) that prevents or hlocks reaction of a
particular chemically reactive functional group in a molecule under certain reaction
conditions. The protecting group will vary depending upon the type of chemically reactive
group being protected as well as the reaction conditions to be employed and the presence of
additiona! reactive or protecting groups in the molecule, if any. Protecting groups known in
the art can be found in Greene, T.W., e/ al,, PROTECTIVE GROUPS 1N ORGANIC SYNTHESIS, 3rd

ed., John Wiley & Sons, New York, NY {1999),

{0067] "Molecular reass” in the context of a water-seluble polymer such as PEG,
refers to the weight average molecular weight of a polymer, lypically determined by size
exclusion chromatography, light scattering technigues, or intrinsic viscosity determination in

an urganic solvent like 1,2, 4-trichlorobenzene.
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{8368} The terms "spacer” and "spacer molety™ ave used herein 1o refer to an atom or
a collection of atoms optionally used to link interconnecting moietics such as a terminus of a
series of monomers and an electrophile. The spacer moietizs of the invention may be
hydrolytically stable or may include a physiologically hydrolyzable or enzymatically

degradable linkage.

10669] A "hydrolyzable” bond is a relatively labile bond that reacts with water (ie., is
hydrelyzed) under physiological conditions. The tendency of a bond to bydrolyze in water
will depend not only on the general type of linkage connecting two ceniral atoms but also on
the substituents attached to these central atoms. Hlustrative hydrolytically unstable Hnkages
inchude carboxvlate sster, phosphate ester, anhydrides, acctals, ketals, acyloxvalkyl ether,

imines, orthoesters, peptides and oligonucieotides.

{0876 An "enzymatically degradable linkage" means a linkage that is subject to

degradation by one or more enzymes,

(30711 A "hydrolytically stable” linkage or bond refers {0 a chemical bond that is
substantially stable in water, that is to say, does not undergo hydrolysis under physiclogical
conditions to any appreciable extent over an extended period of time. Examples of
bydrodytically stable linkages include but are not limited to the following: carbon-carbon
bouds {e.g,, in aliphatic chaing), ethers, amides, urethanes, and the like, Cenerally, a
hydrolytically stable linkage is one that exhibits a rate of hydrolysis of less than about 1-2%
per day under physiological conditions. Hydrolysis rates of representative chemical bonds

can be found in most standard chemistry textbooks.

jo072} "Multi-armed” in reference o the geometry or overall structure of a polymer
refers to poiymer having 3 or more polymer-containing "arms" connected to a "core®
molecule or structure. Thus, a multi-armed polymer may possess 3 polymer arms, 4 polymer
arms, 5 polymer arms, 6 polymer arms, 7 polymer arms, # polymer arms or more, depending
upon its configuration and core strueture. One particular type of multi-armed polymerisa
highly branched polymer referred 1o as a dendritic polymer or hyperbranched polymer having
an imitiator cove of at least 3 branches, an interior branching multiplicity or 2 or greater, a
generation of 2 or greater, and at least 25 surface groups within a single dendrimer molecule.
For the purposes herein, a dendrimer is considered (0 possess a structure distinet from that of

a multi-armed polymer. That is to say, a multi-armed polymer as referred 1o herein explicitly
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excludes dendrimers. Additionally, a multi-armed polymer as provided herein possesses a

non-crosslinked core.

10073] A "dendrimer” or “hyperbranched pelymer™ is a globular, size monodisperse
polymer in which all bends ernerge radially from a central focal point or core with a regular
branching patiern and with repeat units that each contribute a branch point. Dendrimers are
typically although not necessarily formed using a nano-scale, multistep fabrication process.
Each step results in a new "generation” that has two or more times the complexity of the
previous generation. Dendrimers exhibit certain dendritic siate properties such as core

encapsulation, making them unigue from other types of polymers.

{8174} "Branch point” refers to a bifurcation point comprizing one or more atoms at
which a polymer splits or branches from a linear structure into one or more additional
polymer arms. A multi-arm polymer may have one branch point or multiple branch points,

so long as the branches are not regular repeats resulting in a dendrimer.

{375 "Substantially” or "essentially” means nearly totally or completely, for

mstance, 95% or greater of sorne given guantity.

[376] "Alkyi” refers to a hydrocarbon chain ranging from about | to 20 atoms in
length. Such hydrocarbon chains are preferably but not necessarily saturated and may be
branched or straight chain. Exemplary alky! groups include methyl, ethyl, isopropyl, n-butyl,

n-pentyl, Z-methyl-1-butyl, 3-pentyl, 3-methyl-3-pentyl, and the like.

[6877) "Lower atkyl” refors to an alky! group containing from 1 te 6 carbon atoms,
and may be straight chain or branched, as exemplified by methyl, ethyl, n-butyl, i-butv! and &
butyl.

10078 "Cycloalkyl" refers 1o a saturated cyclic hydrocarbon chain, including bridgsd,
{used, or spiro cyclic compounds, preferably made up of 3 to about 12 carbon atoms, more
preferably 3 to about &,

{H0749] "Non-interfering substituents” are those groups that, when prosent in a
molecule, are typically non-reactive with other functional groups contained within the
molecule.

(9086} The term "substituted” as in. for cxample, "substituted alkyl," refors to a

muiety {e.g., an alkyl group) substituted with one or more non-interfering substituents, such
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as, but pot limited to: T3-Cy eycloalkyl, e.g., cyclopropyl. cyclobutyl, and the like; halo, e.g.,
fluoro, chiore, bromo, and iode; cyano; alkoxy, lower phenyl; substituted phenyl; and the
like. For substitutions on a phenyl ring, the substituents may be in any orientation (i.., ortho,
migta or para),

{6081} "Alkoxy" vefers to an -O-R group, wherein R is alkyl or substituted alkyl,

preferably C-Cyp alkyl (2.2, methoxy, ethoxy, propylexy, ete.), preferably Ci-Cs.

{6821 As used hereln, "alkeny!” refers to branched and unbranched hydrocarbon
groups of 1 1o 15 atoms in length, containing at least one double bond, such as cthenyl

{vinyl), 2-propen-1-yl {allyl), isopropenyl, 3-buten-1-vi, and the like.

[3083] The term "alkynyl" as used herein refers to branched and unbranched
hydrocarbon groups of 2 to 15 atoms in length, containing at least one triple bond, such as
v o é) ? f:‘ by

ethynyl, Lpropynyl, 3-butyn-1-yl, T-octyn-1-v1, and so forih.

J(3B4] The term "aryl” means an aromatic group having up to 14 carbon atoms. Aryl

groups inclade phenyl, naphthyl, biphenyl, phenanthrecenyl, naphthacenyl, and the like.

[BUBS] "Substituted phenyl” and "substituted arvl” denotc a phenyl group and aryl
group, respectively, substituted with one, two, three, four, or five (e.g, 1-2, 1-3, 1-4, or 18
substituents) chosen from balo (F, C1, Br, 1), hydroxyl, cyana, nitro, atkyl (e.1., Cp.e alkyD,

alkoxy (e.g., Ci¢ alkoxy), benzyloxy, carboxy, arvl, and so forth.

{3086 An inorganic acid is an acid that is absent carbon atoms. Exarnples inchude

hydrohalic acids, nitric acid, sulfuric acid, phosphoric acid and the like.

{6087] "Hydrohakic acid” means a hydrogen halide such as hyvdrofluoric acid (HF),

hydrochioric acid (HCD, hydrobromic acid (HBr), and hydroiodic acid (Hi).

[6888] "Organic acid” means any organic compound (i.e.. having at least one carbon
atom} possessing one or more carboxy groups (-COOH). Some specific examples include
formic aeid, lactic acid, benzoic acid, aceiic acid, trifluoroacetic acid, dichloroacetic acid,
trichioroacetic acid, mixed chlorofluoroacetic acids, citric acid, oxalic acid, and the like.
{BG8Y] "Active agent” as used herein includes any agent, drug, compound, and the
like which provides some pharmacclogic, ofien beneficial, effect that can be demonstrated fi-
vive or i vitrn. As used herein, these terms further inciude any physiclogically or

pharmacologically active substance that produces a localized or systemic effect in a patient.
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As used herein, especially in reference to synthetic approaches described herein, a “active
agent” is meant to encompass derivatized or linker modified versions thereof, such that upon

adiministration in vivo, the parent “bioactive” molecule is released.

[698] "Pharmaceutically sceeptable excipient” and "pharmaceutically acceptable
carrier” refer to an excipient that can be included in a composition comprising an active agent

and that causes no significant adverse toxicological effects to the patient.

{6891 "Pharmacelogically effective amount.” "physiologically effective amount,”
and "therapeutically effective amount” are usad interchangeably herein to mean the amount of
an active agent prasent in a pharmaceutical preparation that is needed to provide a desired level
of active agent and/or conjugate in the bloodstream or in a target tissue or site in the body. The
precise amount will depend upon numercus factors, c.g., the particular active agent, the
components and physical characteristics of the pharmaceutical preparation, intended patient
population, and patient considerations, and can readily be determined by one skilled in the ast,

based upon the information provided herein and available in the relevant Iierature.

[0852] “Mulii-functional” in the context of a polymer means a polymer having 3 or
maore functional groups, where the functional groups may be the same or different, and are
typically present on the polymer termini. Multi-functional polymers will 1ypically contain
froam about 3-100 functional groups, or from 3-30 functional groups, or from 3-25 functional
.4,

g

groups, or from 3-15 functional groups, or from 3 to 10 functional groups, i.e., contains

5, 6,7, 8, 9 or 10 functional groups.

{BOY3] "Difunctional” and "bifunctional” are used interchangeably herein and mean
an entity such as a polymer having two functional groups contained therein, typically at the
polymer termini. When the functional groups are the same, the entity is said 1o be
homedifunctional or homobifuncticnal. When the functional groups are different, the entity
is said (o be heterndifinetional or heterobifunctional.

{0094} A basic ot acidic reactant deseribed herein includes neutral, charged, and any

corresponding salt forms thereof.

¢

joO9s| The terms "subject,” "individual” and "patient” are used interchangeably
herein and refer to a vertebrate, preforably a mammal. Mammals inchide, but are not limited

to, murines, rodents, simians, humans, farm animals, sport animals and pets, Such subjects
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are typically suffering from or prone to a condition that can be prevented or treated by
administration of a water-soluble polymer-active agent conjugate as described herein,
jBa36] The term "about,” particularly m reference to a given quantity, is meant to

encompass deviations of plus or minus five percent,

{0457} "Freatment” and “treating” of a particular condition include: (1) preventing
such a condition, 1 &, causing the condition not to develop, or to oceur with less intensity or

to a lesser degree in a subject that may be exposed to or predisposed to the condition but does
not yet experience or display the condition, and (2) inhibiting the condition, L., arresting the

development or reversing the condition.

098] "Optional” or "optionally” means that the subsequently described
circumstance may but need not necessarily, so that the description includes instances where

the circumstance occurs and instances where it does not.

136899] A "small molecule” is an organic, inorganic, or organemetallic compound
typically having a molecular weight of less than about 1000, preferably less than about 800
daltons. Small molecules as referred 1o herein encompass oligopeptides and other

biomolecules having a molecular weight of less than about 1000,

{8166} A "pepiide” is a molecule composed of from about 13 1o 50 or 50 amino acids,

An oligopeptide typicaily containg from about 2 to 12 amine acids.

[6161] Unless explicitly stated to the contrary, the terms "partial mixed salt” and
"mixed salt” as used herein are used interchangeably, and, in the case of a polymer conjugate
{and corresponding compositions comprising a plurality of such polvmer conjugates), refer to
a conjugates and compositions comprising one or more basic amino (or other basic nitrogen
containing} groups, where (i} any given one of the basic amine groups in the conjugate or
conjugate composition is either non-protonated or protonated and (11} with respect to any
given pretonated basic amino group, the protonted basic amino group will have one of two
different counterions. (The term “partial mixed salt” refers 1o the feature where not all amine
groups in the compound or composition are protonsted - hence the composition being a
"partial” salt. while "mixed" refers 1o the feature of multiple counterions). A mixed salt as
provided herein encompasses hydrates, solvates, amorphous forms, erystalline forms,

polymorphs, isomers, and the like.
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LI

j3162) An amine {or other basic mirogen) group that is in "free base” form is one
where the amine group, i.e., a primary, secondary, or tertiary amine, possesses a free electron

pair. The amine is neutral, ie., is uncharged.

[g1a3] An arnine group that is in "protonated form"” exists as a protonated amine, so
that the amino group is positively charged. As used herein, an amine group that is protonated
can also be in the form of an acid addition salt resulting from reaction of the amine with an
acid such as an inorganic acid or an organic acid.

{0104 The "mole percent” of an active agent's amine groups refers to the fraction or
percentage of amino groups in an active agent molecule contained in a polymer conjugate
that arc m on¢ particular form or another, where the total mole percent of amine groups in the

conjugate is 100 percent.

[0105] As used herein, "psi” means pounds per square inch.

Overview - Hydrehalide Salts, Alkoxylation Methods, and Compoesitinns of Conjugates
{and Hydrohalide Salt Forms Thercel} Prepared From Polymer Reagenis Prepared
From Polymeric Products Prepared From the Alkoxylation Methods

[8184] Hydrohalide Salts: As previously indicated, in one or more embodiments of

the jnvention, a water-soluble polymer and active agent conjugate is provided, wherein the
conjugate is in the form of a hyvdrohalide salt {e.g., a hydrohalide salt of d-arm-
pentaerythritolyl-polyethylene glycol-carboxymethyl-glycine-irinotecan). Such conjugates
represent novel solid state forms. A process to reproducibly prepare an irinotecan conjugate-
containing composition is provided, wherein - with respect o all of the irinotecan conjugates
i the composition -- greater than 95 mole percent of all of irinotecan’s basic nitrogen atoms
are protonaied in a hydrohalide (HX)} salt form has been discovered and is provided herein, It
has further been discovered that the hydrohalide salt demonstrates enhanced stability towards
hydrolytic degradation, ¢.g., when compared to the free base form of the conjugate. See, e.g,

Example 3,

j0167] By way of background, during the preparation of the 4-arm-pentaerythritolyl-
polyethylene glycol-carboxymethyl-glyeine-irinotecan, as described in detail in Example 1, it
was discovered that, in spite of ireatment with base, the product was generally formed as a

mixed acid salt having irinotecan’s basic nitrogen atorag, ¢.g., aming groups, in either
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protonated or unprotonated form, where any given protonated aminc group was an acid salt
possessing one of two different anions (e.g., trifluoroacetate or chloride). In an attempt to
further explore the resulting composition, a method for preparing substantially pure
hydrohalide salt was devised, As described penerally above, the hydrohalide salt described
herein possesses cartain notable and advaniageous properiies, The structural characteristics,
properties, method of making and using, and additional features of the 4-arm-
pentaeryvthritolyl-polyethylene glycol-carboxymethyi-glycine-irinotecan hydrohalide salt,

among other features, are described herein.

{108] Briefly, the features of a hydrohalide salt, e.g., hvdrochloride salt, of a
water-soluble polymer-active agent conjugate typically include the following. Generally
speaking, the compound is a conjugate of multi-armed polviethvlene glveol) polymer and
irfpetecan. lrinotecan, as is evident from Hs structure, possesses one or more basic amine
groups {or other basic nitrogen atoms), i.e., having a pK from about 7.5 1o about 1.5 after
conjugation to the multi-armed polymer core (.., the active agent possesses one or more

basic amine or other nittogen containing groups affer conjugation to the water soluble
polymer). The resulting conjugate is a hydrohalide salt, i.e., where the basic nitrogen atoms
are prownated as a hvdrohalide salt (HX, where X 18 selected from fluoride, chloride,

bromide and iodide).

j8169] As used herein, a hydrohalide salt having greater than 95 mole percent of
irinotecan’s basie nitrogen atoms protonated as the hydrohalide refers to the "bulk product”
rather than necessarily referring to individual molecular species contained within the bulk
product. Thus, individual molecular species contained within the salt, due to the number of
polymer arms within the conjugate structure, may contaln a small number of amine groups
that are in frec base form as well as in protonated form as described above. Moreover, the
4-arm PEG-carboxymethy! conjugate core, In general, may be less than fully substituted with

covalently attached irinotecan, this feature 1o be described in greater detail below.

[8110] Alkoxviation Methods: As also previously indicated, in one or more

embaodiments of the invention, a method is provided, the method comprising the step of
alkoxylating in a suitable solvent a previously isolated alkoxylatable oligomer to form un
alkoxylated polymeric product, wherein the previsusly isolated alkoxylatable oligomer has a
known and defined weight-average molecular weight of greater than 300 Daltens (e.g.,

greater than 300 Daltons). Among other advantages, the alkoxylation methods provided
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herein result in polymeric products that are supetior {(e.g., in terms of consistency and purity)

than polymerie products prepared by previously known methods.

[LEL] Compositions of Contugates (and Hydrohalide Salt Forms Thereof) Prepared

From Polvmer Reagents Prepared From Polymeric Products Prepared From the Alkoxviation

Methods: As also previously indicated, in one or more embodiments of the inventicn, a
hydrohalide salt of @ water-soluble pelvmer-active agent conjugate is provided, wherein the
conjugate is prepared by conpling (under conjugation conditions) an amine-bearing active
agent {¢.g., a deprotected glycine-trinotecan) to a polymer reagent (e.2., 4-arm
pemtacrythriiolyl-poly(ethylene glycoly-carboxymethyl succinimide} in the presence of & base
to form a conjugate, wherein the conjugate i3 a hyvdrohalide salt conjugate {e.g., the conjugate
possesses nitrogen atoms, cach one of which will either be protonated or unprotonated, where
any given profonated amino group is a hydrohalide salt), and further wherein, optionally, the

polymer reagent is prepared from a alkoxyiation product prepared as described herein.

Coniugates - The Polvimey Geperally

{152 Water-soluble polymer-active agent conjugates (regardless of the specific
form taken, e.g., a base form, salt form, mixed salt, and so forth) include a water-soluble
polymer. Typically, in order to form a conjugate, a water-seluble polvmer -- in the form of 3
polymer reagent -- is coupled (under conjugation conditions) to an active agent at an
electrophile or nucleophile contained within the active agent. For example, a waler-soluble
polymer {again, in the form of 2 polymer reapent bearing, e.¢., an activated estes) can be
coupled to an active agent possessing one or more hasic amine groups {(or other basic
nifrogen atoms), i.e., an amine having a pK from about 7.5 to about 11,5 {determined after

conjugation).

{8113) The water-soluble polymer component of the conjugate is typically a water-
soiuble and non-peptidic polymer. Reprasentative polvmers include poly(alkylene glycol),
poly{olefinic alcohol), poly{vinylpyrrolidone), poly(hydroxvalkylmethacrylamide),
poly(hydroxyalkylmethacrylate), poly(saccharide), poly(u-hydroxy acid), poly{acrylic acid),
poly(vinyl alcohol), polyphosphazene, polyoxazoline, poly(N-acrvloylmerpholine), or
cepulymers or terpolymers thereof. One particular water-soluble polymer is polyethylene

glveol or PEG comprising the repeat unit (CHyCH,O)-, where n ranges from about 3 1o

&
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about 2704 or even greater, or preferably from about 25 (o about 1300, Typically, the weight
average molecular weight of the water-soiuble polymer in the conjugate ranges from about
106 daltons to about 150,000 daltons. lustrative overall molecular weights for the conjugate
may range fom about S00 1o sbowt 80,000 dalions, or from about 900 t5 about 70,000
daftons.  Additional representative molecular weight ranges are from about 1,000 to abowt
40,000 daltons, or from about 5,000 1o about 30,000 daltons, or from about 7500 daltons 1©
about 25,000 daltons. or even from about 20,000 to about 80,000 dalions for higher molecular

weight erobodiments of the instant salts,

(8184} The water-soluble polymer can be in any of a number of geometrics or forms,
including lincar, branched, forked. In exemplary embodiments, the polymer is often lingar or
multi-armed. Water-soluble polymers can be obtained commercially as simply the
water-soluble polymer. Tn addition, water-soluble polymers can be conveniently obtained in
an aetivated form as g polymer reagent (which optionally may be coupled to an sctive agent
witheut further medification or activation). Deseriptions of water-soluble polvmers and
polymer reagents can be found in Nektar Advanced PEGylation Catalog, 2005-2006,
"Polyethylene Glyeol and Derivatives for Advanced PEGylation” and are available for

pusrchase from NOF Corporation and JenKem Technology USA, among others.
(8118} An exemplary branched polymer having two polymer arms in a branched
pattern 1s the foflowing, often referred to as PEG-2 or mPEG-2:

o

HaC «(OCHCHy) - O-C-NH-GH,p-CH,-CH-CH, y ig?
GG
o

HaC - (OCHCHy),-0-G-NH

O

H§
wharein indicates the location for additional atoms to form any of functional groups
suitable {or reaction with an electrophile or nucleophile contained within an active agent.

Exemplary functional groups include NHS ester, aldehyde, and so forth,
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[8186] For polymer structures described herein that contain the variable, "n,” such
variable corresponds to an integer and represents the number of monomer subunits within the
sepeating monomerie structure of the polymer.

f6117] On exemplary architecture for use in preparing the conjugates are multi-arm
water-soluble polymer reagents having for example 3, 4, 5, 6 or 8 polymer arms, each
optmally bearing a functional group. A mulii-arm polymer reagent may possess any of a
rumber of cores (e.g., a polyol core) from which the polymer srms emanate.  Exemplary
polyol cores include glycerol, glycerol dimer (3,3 -oxydipropane-1,2-diol)
rimethylolpropane, sugars (such as sorbitol or pentaerythritol, pentasrythritol dimer), and
glveerol oligomers, such as hexaglycerol or 3-(2-hydroxy-3-(2-

hydroxyethoxyypropoxy propane-1,2-diol, and other glycerol condensation produets.
Exemplary, the cores and the polymer arms emanating therefrors can be of the following

formulae:
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{118] In an exemnplified embodiment, the water soluble polymer is a 4-arm polymer
as shown above, where n may range from about 20 to about 500, or from ahout 40 to about
[B119] In the multi-arm embodiments described hercin, cach polymer arm typically
has a molecular weight corresponding to one of the following: 200, 250, 300, 400, 500, 600,
700, 800, 900, 1000, 1500, 2000, 3000, 4000, 3000, 6000, 7000, 7500, 8000, 9000, 10000,
12,000, 15000, 17,500, 18,000, 19,000, 20,000 Dalions or greater. Overali molecular wetghts
for the rulti-armed polymer configurations described herein {that is to say, the molecular
werght of the multi-armed polymer as a whole) generally correspond to one of the following:
S0, 1000, 1200, 1600, 2000, 2400, 2800, 3200, 3600, 4000, 5000, 6000, 8000, 10,000,
12,000, 15,000, 16,000, 20,000, 24,000, 25,000, 28,000, 30.000, 32,000, 36,000, 40,000,
45,000, 48,000, 50,000, 60,000, 80,000 or 100,000 or greater.

{24 The water-soluble polymer, e.g., PEG, may be covalently linked to the active
agent via an ntervening linker. The linker may contain any number of atoms. Generally
speaking, the linker has an atom length satisfying one or more of the following ranges: from
about 1 atom to about 30 atoms; from about | atom to about 25 atoms: from about 3 aloms Lo
about 12 atoms; from about 6 atoms to about 12 atoms; and from about 8 atoms to about 12

atoms. When considering ator chain length, only ators contributing 1o the overall disiance

net considered to coniribute significantly to the length of the linker. Llustrative linkers
include bifunctional compounds such as amino acids (e.g., alanine, glycine, isnlencine,
leueine, phenlalanine, methionine, serine, cysteine, sarcosine, valine, lysine. and the kel
The amino acid may be a naturally-occurring amino acid or a non-naturally ocenrring amino

acid. Suitable linkers also include oligopeptides.

{9121 ‘The multi-arm stractures above are drawn primarily to illusirate the polymer
core having PEG chains attached thereto, and although not drawn explicitly, depending upon
the nature of the active agent and attachment chernistry emploved, the final structure may
optionally include an additional ethylene group, -CH;CHy-, attached 1o the oxygen atoms at
the terminus of each polymer arm, and/or may optionally contain any of a number of

intervening finker atoms to facilitate covalent attachment 1o an active agent, Ina particular
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embodiment, cach of the PEG arms illustrated above further comprises a carboxy methyl

group, -CHy-C(0-, covalently attached to the terminal oxvzen atom.

New Alkowvigtion Method For Lmproved Polvmer Compaositions

f3122] As indicated previously, water-soluble polymers that have utility in {for
example) preparing conjugates with active agents {as well as salt forms thereof) can be
obtained commerefally. As further described herein, however, methods for preparing
water-soluble polymers - which methods distinguish over previously described methods for
preparing water-soluble polymers -- are provided that are particularly suited for preparing

conjugates with active agents (as well as salt forms thereof).

(3123} In this regard, a method is provided., the method coruprising the step of
altkoxylating in a suitable solvent a previously isolated alkoxylatable oligomer to form an
atkoxylated polymeric produci, wherein the previcusly isolated alkoxylaiable oligomer has o
known and defined weight-average molecular weight of greater than 300 Daltons (e.g..,

greater than 500 Daltons),

The Alkexyviating Step in the New Alkoxvlation Method

6124} The alkoxylating step is carried out using alkoxylation conditions, such that
the sequential addition of monomers is effected through repeated reactions of an oxirane
compound. When the alkoxylawsble oligomer initially has one or more hydroxy] functional
groups, one or more of these hydroxyl proups in the alkoxvlatable oligomer wiil be converted
inte a reactive alivoxide by reaction with a strong base. Then, an oxirane compound reacts
with an alkoxylatable functional group {e.g., a reactive alkoxide), thereby not only adding to
the veactive alkoxide, but doing so in a way that also terminates in another reactive alkoxide.
Thereaficr, repeated reactions of an oxirane compound at the reactive alkoxide terminus of
the previously added and reacted oxirane compound effectively produces a polymer chain.
[0125) Although each of the one or more alkoxylatable functional groups is
preferably hydroxyl, other groups such as amines, thiols and the hvdroxvi group of a
carboxylic acid can serve as an acceptable ulkoxylatable functional group. Also, because of
the acidity of the hydrogens of the alpha carbon atoms in aldehydes, ketones, nitriles and
amides, addition at the alpha carbon atoms of these groups can serve as an acceptable

alkoxylatable functional group.
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{3126] The oxirane compound contains an oxirane group and has the following

formula:

O
RL“',C/ \\C‘\f F?
72 R*

wherein (with respeet to this structure):

R’ is selected from the group consisting of H and alkyl (preferably lower alkyl when
atkyly;

R? is selected from the group consisting of H and alkyl (preferably lower alkyl when
alboyly

RY {5 selected from the group consisting of H and alky! {preferably lower alkyl when
atkyl); and

R* is selected from the group consisting of 1 and alkyl {preferably lower alkyl when
alkyl).
{8127} With respect to the above oxirane compound formula, it is particalarly
preferred that each of R', R, R and R is , and {vis preferred that only one of rIRAL R
and R* is alkyl (e.z., methyl and ethyl) and the remaining substituents are H. Exemplary
oxirane compounds are ethylene oxide, propylenc oxide and 1,2-hutylene oxide. The amount
of oxirane compound added to result in optimal alkoxylation conditions depends upon a
number of factors, including the amount of starting alkoxyiatable olipomer, the desired size
of the resulting alkoxylated polymeric material and the number of alkoxylatable functional
groups on the alkoxylatable oligomer. Thus, when a larger alkoxylated polymeric material is
desired, relatively more oxirane compound is present in the alkoxylation conditions.
Simtlarly, it (Oa) represents the amount of oxirane compound needed 1o achieve a given size
of pulymer "growth” on a single alkoxylatable functional group, then an alkoxylatable
oligomer bearing two alkoxylatable functional groups requires 2x(O), an aikoxylatable
oligomer bearing three alkoxylatable functional groups requires 3x{0a), an alkoxylatable
ohgomer bearing four alkoxylatable functional groups requires 4x(Jaand so on. In ail cases,
one of ordinary skill in the art can determine an appropriate amount of oxirane compound
reguired for alkoxylation conditions by taking into account the desived rolecular weight of

alkoxylated polymeric material and following routine experimentation,
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{8128] The atkoxylation conditions include the presence of a strong base. The
purpose of the strong base is to deprotonate each acidic hydrogen (e.g., the hyvdrogen of a
hydroxyl group) present in the alkoxylatable oligemer and form an alkoxide fonic species {or
an wnie species for non-hydroxy! alkoxylatable functional groups). Preferred strong bases
tor use as part of the alkoxylation conditions arc: alkali metals, such as metatlic potassium,
metablio sodium, and alkali metals mixtures such as sodivm-potassium alloys: hydroxides,
such as NaOH and KOH; and alkoxides (e.g., present following addition of an oxirane
compound). Other strong bases can be used and can be identified by one of ardinary skill in
the art. For example a given base can be used as a strong base herein if the strong base can
form an alkoxide ionic species (or an jonie species for nos-hydroxy! alkoxylatable functional
groups) and also provide a cation that does not encumber the alkoxide lonic species 50 as to
hinder {or effectively binder through an impractically slow) reaction of the alkoxide tonie
species with the oxirane molecule. The strong base is present in a generally smal and
calenlated amount, which amount can fall into one or more of the following ranges: from
{001 1o 10.0 weight percent based upon the weight of the total reaction mixture; and from

0.01 to about 6.0 weight percent based upon the welght of the total reaction mixmre.

{0129} The alkoxylation conditions include a temperatare suitable for alkoxylation to
occur. Exemplary temperatures that may be suitable for alkoxylation to oceur include those
falling into one or more of the following ranges: from 16° C 10 260° C; from 20° C 1o 240° ¢
from 30° C 10 220° C: from 40° C to 200° C; from 50° C to 200° € from 80° C to 140° C; and
from 100° C 10 120° C.

{8138] The alkoxylation conditions inelude a pressure suitable for alkoxylation to
oceur. Exemplary pressures that may be suitable for alkoxylation to oceur include those
falling into one or more of the following ranges: from 10 psi to 1000 psi; from 15 psi to 500
psi; from 24 psi to 250 psi; from 25 psi to 100 psi. In addition, the alkoxyviation pressure can

e about atmospheric pressure at sea level (e.g., 14.696 pounds per square inch +/- 10%),

{0131 in some instances, the alkoxylation conditions include addition of the oxirane
compound in liquid form. In some instances, the alkoxylation conditions include addition of
the oxirane compound in vapor form.

{8532) The alkoxviation conditions can include the use of a suitable solvent,

Optimally, the syatem in which the alkoxviation conditions oceur will not inelude zny
J b 3 J
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compenent (inchiding any sclvent) that can be deprotonated (or remains substantially
protonated under the conditions of pH, temperature, and so forth under which the
atkoxylation vonditions will occur). Suitable solvents for alkoxylation include organic
solvents selected from the group consisting of, tetrahydrofuran (THF), dimethylformamid
(IDMF), woluene, benzene, sylenes, mesitylence, tetrachloroethylene, anisole,
dimethylacetamide, and mixtures of the foregoing. Less ideal solvents (but nonetheless siili
contemplated) for use as part of the alkoxylation conditions are acetonitrile,
phenylacetonitrile and ethiyl acetate; in some instances, the alkoxylation conditions will not

include as a soivent any of acetonitrile, phenylacetonitrile and ethyl acetate.

16133] In one or more embodiments of the invention, when the alkoxylation

nditions are condusted in the Hquid phase, the alkoxyiation conditions are conducted such
that both the alkoxylatable oligomer and the desired aikoxylated polvmeric material formed
from aikoxylating the alkoxylatable ofigomer not only have similar solubilities (and,
preferably, substantially the same solubility) in the suitable solvent used, but are wlvo both
substantially seluble in the suitable solvent, For example, in one or more embodiments, the
alkoxylatable oligomer will be substantially soluble in the solvent used in the alkoxylation
conditions and the resulting alkoxylated polymeric material also will be substantially soluble

in the alkoxylation conditions.

{8134] {n one or more embodiments, this substantially same solubility of the
alkoxylated oligomer and the allkoxylated polymeric material in a suitable solvent stands in
contrast to the solubility of a precursor molecule (used, for example, in the preparation of the
previously isolated alkoxylated oligomer) in the suilable solvent, wherein the precursor
molecule can have a lower {and even substantially lower) sohubility in the suitable solvent
than the alkoxylated oligomer and/or the alkoxylated polymeric material. By way of exarple
only, the alkoxylated oligomer and the alkoxylated polymeric material will both have &

pentacrthritol core and will both be substantially soluble in toluene, but pentaerihrito] itself

s limited solubility in toluene.

[8135] It 12 particularly preferred that the solvent employed in the alkoxylation
conditicns is toluene, The amount of toluene used for the reaction is greater than 25 wi% and
lesa than 75 wi% of the reaction mixture, based on the weight of reaction mixture afier
vompiete addition of the oxirane compound. One of ordinary skill in the art can caleulate the

starting amount of the solvent by taking into acrount the desired molecular weight of the
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polymer. the number of sites for which alkoxylation will take place, the weight of the
alkoxylatable oligomer used, and so forth,

{8136} it is preferred that the amount of the toluene is measured so that the amount is
sutticient for the alkoxylation conditions providing the desired alkoxylated polymeric
material,

{0137 In addition, it is particularly preferred that the alkoxylation conditions have
substantially no water present. Thus, it is preferred that the alkoxylation conditions have a
water content of less than than 100 ppm, more preferably 50 ppm, still more preferably 20
ppim, much more preferably less than 14 ppm, and still even more preferably less than § ppr.
{6138] The alkoxylation conditions take place in a suitable reaction vessel, typically a
stainless ateel reactor vessel.

{3139 In one or more embodiments, the alkoxylatable oligomer and/or precursor
molecule lacks an isocyanate group attached 10 4 carbon bearing an alpha hydrogen is
acceptable. In one or more embodiments, the previously prepared alkoxylatable oligomer

and/or precursor molecule lacks an isocyanate group.

The Alkoxviatable Olicomer in the New Alkoxviation Methad

{8140] The alkoxylatable oligomer used in the new alkoxylation method must have at
fcast one alkoxylatable funciional group. The alkoxylatable oligomer, however, can have
one, two, three, four, five, six, seven, eight or more alkoxylatable functional groups, with a

preference for an alkoxyvlatable oligomer having from one to siv alkoxyiatable functional

groups.
{8141} As stated previously, each alkoxylatable functional group within the

alkoxylatable oligomer can be independently selected from the group consisting of hydroxyl,
carboxylic acid, amine, thiol, aldehyde, ketone, and nifrile. In those instances where there is
more than one alkoxylatable functional group within the alkoxylatable oligomer, it is typical
that each alkoxylatable functional group is the same (e.g., each alkoxyiatable functional
group within the alkoxylatable oligomer is hydroxyl), although instances of different
alicoxylatable functional groups within the same alkoxylatable oligomer are conternplated as
well. When the alkoxylatable functional group is hydroxyl, it is preferred that the hydroxyl is

a primaary hydroxyl,
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[6142] The alkoxylatable ohigomer can take any of a number of possible geometries.
For example, the alkoxylatable oligomer can be linear, In ¢ne example of a linear
atkoxylatable oligomer, one terminus of the linear alkoxylatable oligomer is a relatively incrt
functional group (e.3., an end-capping group) and the other terminus is an alkoxylatable
functional group (£.g., hydroxyl). An exemplary alkoxvlatable alipomer of this structure is
methoxy-PEG-OH, or mPEG in brief, in which one terminus is the relatively inert methoxy
group, while the other terrinus is a hydroxyl group. The structure of mPEG is given below.

CH;O-CH CH O-(CH,OH OO0, -CHLCH-OH
{wherein, for the immediately preceding structure only, n is an integer from 13 1o 100).
8143 Another example of a linsar geometry for which the alkoxylatable oligomer
can take is a lingar organic polymer bearing alkoxylatable functional groups (cither the same
or different) at each terminus, An exemplary alkoxylatable oligomer of this structure is
alpha-, omega-dibydroxylpoly(ethylene glycel), or

HO-CHyCH O« CHCH O CHCH-0OH

{wherein, for the immediately preceding structure only, n is an integer from 13 to 100),

which can be represented ju brief form as HO-PEG-OH where it is understood that the -FEG-

symbol represents the following structural unit:

~CHaCHyO-(CHCHLOY- CH CHp-

{wherein, for the immediately preceding structure only, n is an imteger from 13 to 100}

{3144} Another geometry for which the alkoxylatable oligomer may have is a "multi-
armed” or branched structure. With respect to such braswhed struclures, one oF piore atoms
in the alkoxylatable oligomer serves as a "branching point atom,” through which two, three,
tour or more (but typically two, three or four) distinct sets of repeating monomers or “arms”
are connected {either directly or through one or more atomst. Atz ninimum, # "multi-arm”
structure a3 used herein has three or more distinet arms, but can have as many as four, five,
six, seven, elght, nine, or more arms, with 4- to 8-arm muiti-arm structures preferred (such as

a 4-arm structure, a S-arm structure, a G-arm structure, and an 8-arm struchare).

[0145] Exemplary mult-arm structures for the alkoxyviatable oligomer are provided

below:
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wherein ({or the immediately preceding structure only) the average value of i is from 1 1o S0,
e.g., lrom 1) 10 30, (or otherwise defined such that the molecular weight of the structure is

from 300 Daltons 1w 9,000 Dalions {e.g., from about 500 Daltons to 5,000 Daltons);
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wherein (for the immediately preceding structure only) the average value of n is from 2 o 50,
£.2., from 10 to 50 {or otherwise defined such that the molecular weight of the structure is

from 300 Daltons to 9,000 Daltons (e.g., from about 500 Daltons to 5,000 Daltons);

NN ’.o/”\/‘r"’”

o (\\, A~ A \/ \ \v OH
e -~ Q,ﬁ \V/ OH

wherein (for the immediately preceding structure only) the average value of n is from 2 10 35,

e.g., from 8 1o sbout 40 (or otherwise defined such that the molecular weight of the structure

is from 750 Daltons to 9,500 Daltons (e.g., from 500 Daltons to 5,000 Daltons); and
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wherein (for the immediately preceding structure only) the average value of nis 210 35, e g,
from 5 to 35, (or otherwise defined such that the molecular weight of the structure is from

1,000 Daltons to 13,000 Daltons (e.g., from 500 Dalions to 5,000 Daltons).

{8146} For each of the four immediately preceding structures, it is preferred that the
value of n, in each instance, is substantially the same. Thus, it is preferred that when all
values of n are considered for a given alkoxylatable oligomer, all values of n for that
atkoxylatable oligomer are within three standard deviations, more preferably within two

standard deviations, and siill more preferably within one standard deviation.

[6147; In terms of the molecuiar weight of the alkexylatable oligomer, the
alkoxylatable oligomer will have a known and defined weight-average molecular weight. For
use herein, & weight-average molecular weight can only be known and defined for an
alkoxrylatable oligomer when the alkoxylatable oligomer is isolated from the synthetic milieu
from which it was generated. Lxemplary weight-average molecular weights for the
atkoxylatable oligomer will full into one or more of the following ranges: greater than 300
Dalions; greater than 500 Dalons; from 300 Daltons to 15,000 Daltons; from 500 Daltons (o
3,000 Dahions; from 300 Daltons to 10,000 Daltons; from 500 Daltons to 4,000 Dalions: from
304 Daltons 1o 5,000 Daltons; from 500 Daltons to 3,000 Daltons; from 300 Daltons to 2,000
Daltons: from 560 Daltons to 2,000 Dalions; from 300 Daltons to 1,000 Dalions; from 500
Daltons to 1,000 Daltons; from 1,000 Daltons to 10,000 Daltons; from 1,000 Daltons to 5,000
Dalions; from 1,000 Daltons 1o 4,000 Daltons: from 1,000 Dalions to 3,000 Daltons; from
1,000 Daltons to 2,000 Daltons; from 1,500 Daltons to 15,000 Daltons; from 1,500 Daltons to
5,000 Dalions; from 1,500 Daltens to 10,000 Daltons; from 1,500 Daltons to 4,600 Daltons:

from 1,560 Daltons w 3.000 Dultons; [rom 1,500 Daltons to 2,000 Daltons; from 2,000

a3
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Paltons to 5,000 Daltons; trom 2,000 Daltons 1o 4,000 Daltons; and from 2,000 Daltons 1o

3,000 Daltons.

[B148] For purposes of the present invention, the alkoxylatable oligomer is preferably
previously isolated. By previously isolated is meant the alkoxylatable oligomer exists outside
and separate from the synthetic milien from which it was generated {most typically outside of
the alkoxylating conditions used to prepare the alkoxylatable oligomer) and can optionally be
stored for a relatively long period of ime or optionally stored over a shorter time without
substantially changing for subsequent use. Thus, an alkoxylatable cligomer is previously
isolated if, for exampie, it 1s housed i an inert environment. In this regard, a previously
isolated alkoxylated olizomer can be housed in a container substantially lacking (e.g., less
than 0.1 wi %) an oxirane compound. Also, a previously isolated alkoxylatable oligomer
does not change its molecular weight more than 10% over the course of 15 days. Thus, in
one or more embodiments of the invention, the concept of "oreviously isolated” stands in
contrast to (for example) a situation where an ongeing and uninterrupted alkoxylation
reaction is allowed to proceed from precurser molecule, into a structure that corresponds an
alkoxylatable oligomer, to a structure that corresponds 1o an alkoxylated polymeric material;
the concept of "previously isolated” requires that the alkoxylatable oligomer exists apart from
the conditions from which it formed, Pursuant to the present invention, however, the
previously isolated alkoxylatable oligomer will be subjected to an alkoxylation step once it is

added to, as a separate step, alkoxvlation conditions.

Sources of the Alkoxyiatable Oligomer in the New Alkoxyviativn Method

[8149] The alkonylatable oligomer can be ohtained via synthetic means. In this
regard, the alkoxylatable oligomer is prepared by (a) alkoxylating a precursor molecule
having a molecular weight of less than 300 Daltons (e.g., less than 500 Daltons) to form a
reaction mixture comprising an alkoxylatable oligomer or prepolymer, and (b) isolating the
alkoxylatable oligomer from the reaction mixture. The step of alkoxylating the precursor

molecule largely follows the conditions and requirements of the alkoxylating step previoushy
discussed. The step of isolating the alkoxylatable oligomer can be carried out using any art
known step, but can include allowing all oxirane compound o be consumed in the reaction,
actively performing a quenching step, separating the final reaction mixture through art-known
approachcs (including, for example, distilling off all volatile matesials, removing solid

reaction by-praduct by filtration or washing und applying clromatographic means).
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[6150] in addition, the alkoxylatable oligomer can be obtained from commercial
sources. Exemplary commercial sources include NOF Corporation (Tokve Japan) which
provides alkoxylatable oligomers under the names SUNBRIGHT DKIY poly{cthylene
glycol), SUNBRIGHT® GL glycerine, tri-poly{ethylene glveol) ether, SUNBRIGHT PTEY
pentacrythritol, tera-poly(ethyiene glycol) ether, SUNBRIGHT® DG di-givcerine,
tetra-poly{ethylene giyeol) ether, and SUNBRIGHT HGEQ® ' hexa-glycerine,
octa-poly(ethylene glycol} ether. Preferred alkoxylatable oligomers include those having the
structures of SUNBRIGHT PTE®-2000 pentacrythtitol, tetra-poly{ethylene glycol) ether
{which has a weight-average molecular weight of about 2,000 Daltons) and SUNBRIGHT®
DG-2000 di-glycerine, tetra-poly(ethylene glycol) ether (which has a weight-average

moclecular weight of about 2,000 Daltons).

{B151] Precursor molecules can be any small molecule (e.p., a molecular weight less
than the weight-average molecular weight of the alkoxylatable oligomer) having one or more

alkoxyiatable functional groups,

{8152} Exemplary precursor molecules include polvols, which are small molecules
{(typically of a molecular weight of less than 300 Daltons, e.g., less than 300 Daltons) having
a pharality of available hydroxy! groups. Depending on the desired number of polymer arms
in the alkoxylatable oligomer or prepolymer, the polvol serving as the precursor molecule
will typically comprise 3 1o about 23 hydroxy! groups, preferably about 3 to about 22
fiydroxyl groups, most preferably about 4 to about 12 hydroxyl groups, Preferred polyvols
inchude glycerol cligomers or polymers such as hexaglycerol, pentacrythritol and oligomers
or polymers thereof (¢.g., dipentacrythritol, tripentacrythritol, tetrapentaeryihritol, and
ethoxylated forms of pentaerythritol), and sugar-derived alocchols such as sorbitel, arabanitol,
and mannitel. Alse, many commercially available polyols, such as various isomers of
inositol {i.e. 1.2,3.4,5 6-hexahydroxycyclohexane), 2,2-bis(hvdroxymethyl)-1-butanol, 2-
amino-2-thydroxymethyl}-1.3-propanediol (TRIS), 2-[bis(2-hydroxyethyDaming}-2-
{hydroxymethyl}-1,3-propanediol, {{2-hydroxy-1,1-bis(hydroxymethyhethyilaminelacetic

-y

acid {Tricine), 2-{(3-{[2-hydroxy-1,1-bisthydroxymethyDethyljamine ) propyhamine]-2
(hyvdroxymethyli-1,3-propanediol, 2~{_ [2-hydroxy-1,1-

bis(hydroxymethyljethylJamino lethanesulfonic acid (TES), 4-{{2-hydroxy-1,1-
bis(hydroxymethylethy! Jamino} -1-butancsulfonic acid, and 2-[his(2-hydroxyethymmins]-2-

{hydroxymethyl}-1,3-propanediol hydmwchloride can serve as an acceptable precursor
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molecule, In those cases in which the precursor molecule has an lonizable group or groups
that will interfere with the alkoxylation step, those fonizable groups must be protecied or
meodificd prior to carrying out the alkoxylation ste

{B133) Exemplary preferred precursor molecules include those precursor molecules
selected from the group consisting of glycerol, diglycerol, triglycerol, hexaglycerol, mannitol,
sorbitol, pentaeryihritol, dipentaerthitol, and wipentaerythritol,

{B154) In one or more embodiments of the invention, it is preferred that neither the
previously isclated alkoxylatable oligomer nor the alkoxylated polymeric product has an

alkoxylatable functional group (e.g.. hvdroxyl group) of the precursor molecule,
; group 3 g jy

The Alkoxyiated Polymeric Materials Generated by the New Alksxyviation Methed

{3155] The alkoxylated polymeric material prepared under the methods described
herein will have a basic architecture corresponding to the structure of the alkoxylatable
oligomer {i.c.. a linear alkoxylatable olignmer results in a linear alkoxyvlated
polymericmaterial, a four-armed alkoxylatable oligomer results in a four-armed alkoxylated
polymer material, so forth). As a consequence, the alkoxylaied polymeric material will take

any of a nurober of possible geometries, Including lincar, branched and multi-armed,

{3156] With respect to branched stractures, a branched alkoxylated polymeric
material will have three or more distinet arms, but can have as my ny as four, five, six, seven,
eight, nine, or more arms, with 4- to 8-arm branched structures preferred {such as a 4-arm
branched structure, 5-arm branched structure, 6-arm branched structure, and $-arm branched

structure),

81571 Exemplary branched structures for the alkoxylated polymeric material are

provided below:
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wherein {for the immediately preceding siructure only) the average value of n satisfies one or

more of the following ranges: from 10 to 1,000; trom 10 to 500; from 10 to 254 from 30 to

1000; from 50 ta 230; and rom 50 o 120 {or otherwise defined such that the molecular
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weight of the structure is from 2,000 Daltons to 180,000 Daltons, e.g., from 2,000 Daltons to

120,000 Daltons),
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wherein (for the immediately preceding structure only) the average value of n satisfies one or
more of the following runges: from 10 to 1,000; from 10 10 500; from 10 to 250; from 50 to
F060; from 56 ko 250; and from 50 to 120 (or otherwise defined such that the molecular
weight of the structure is from 2,000 Daitons to 180,000 Daltons, e.g., from 2,000 Daltons to
123,000 Dahons);
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wherein ({or the immediately preceding structure only) the average value of n is satisfies one
or more of the following runges: from 10 to 750; from 40 1o 758; from 50 to 250; and from 59
w0 120 {or otherwise defined such that the molecular weight of the siructure is from 3,000

Pralions to 200,000 Daltons, c.g., from (2,000 Daltons to 200,000 Daltens); and
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wherein (for the immediately preceding structure only) the average value of o is satisfies one
or more of the foliowing ranges: from 10 to 600 and from 35 to 600 (or otherwise dafined
such that the molecnlar weight of the structure is from 4,000 Dalons to 215,000 Daltons,

e.g.. from 12,000 Daltons (6 215,000 Daltons).

G155} For each of the four immediately provided structures, it is preferved that the
value of n, in each instance, is substantially the same. Thus, it is preferred that when all
values of nare considered for a given alkoxylated polymeric material, all values of n for that
atkoxylated polymeric material atkoxylatable oligomer or prepolymer are within three
standard deviations. more preferably within two standard deviations, and still more preferably
within one standard deviation.

{815% In terms of the molecular weight of the alkoxylated polvmeric material, the
alkoxylated polymeric material will have a known and defined number-average molecular
weight. For use herein, a number-average molecular weight can only be known and defined

for material that is isolated from the synthstic milieu from which it was generated.

{Bin6] The total molecular weight of the alkoxylated polymeric product can be a
molecuiar weight sutted for the intended purpose. An accepiable molecular weight for any
given purpose can be determined through trial and error via routine experimeniation,
Exemplary molecular weights for the alkoxylated polymeric product, will have a
number-average molecular weight falling within one or more of the following ranges: from
2,000 Dabions to 215,000 Daltens; from 5,000 Daltong to 215,000 Dalions; from 5,000
Daltons to 150,000 Daltons; from 5,000 Daltons te 100,000 Daltons; from 35,000 Daltons to
86,000 Daltons: from 6,000 Daltons to 80,000 Dallons; from 7,500 Daltons to 80,000
Daltons; from 9,800 Daltons to 80,000 Daltens; from 10,006 Daltons 1o 80,000 Daltons; from
12,000 Daltons to 30,000 Dalions; from 15,000 Dalions w 80,000 Daltons; from 20,000
Daltons to 80,000 Daltons; from 25,000 Daltons to 80,000 Daltons; from 30,000 Daltons to
80,000 Daltons; from 40,000 Daltons to 80,600 Daltons; from 6,000 Daltons to 60,000
Daltons; from 7,500 Daltons to 60,000 Daltons; from 9,000 Daltons to 60,000 Daltons: from
19,000 Dalions to 60,000 Daltons; from 12,000 Dalions to 60,000 Daltons; from 15,000
Dalions to 60,000 Daltons; from 20,000 Daltons to 60,000 Daltons; from 25,000 Daltons to
60,000 Daltons; from 30,000 Daltons to 60,000, from 6,000 Daltons to 40,000 Daltons: from

2,000 Baltons to 40,000 Daltons; from 10,000 Daltons to 40,000 Daltons; from 15,000

43



WO 2011/063158 PCT/US2010/057292

Daltons to 40,000 Daltons; from 19,000 Daltons to 40,000 Daltons: from 15,000 Daltons 1o

25,000 Daltons: and from 18,000 Daltons to 22,000 Daltons.

{Bi61] For any given glkoxylated polymeric malerial, an oplional step can be carried
put s0 as to further transform the alkoxylated polymeric material so that it bears a specific
reactive group to form a polymeric reagent. Thus, using techniques well known in the art, the
alkoxylated polymeric material can be fimctionalized 1o include a reactive proup (e.g.,
carboxylic acid, active ester, amine, thiol, maleiride, aldehyde, ketone, and so forth),

{0162} In carrying out an optional step to further transform the alkoxylated polymeric
product so that it bears a specific reactive group, such an optional step is carried out in a
suitable solvent. One ol ordinary skill in the art can determine whether any specific solvent
is appropriate for any given reaction step. Often, however, the solvent is preferably a
nonpolar selvent or a polar solvent. Nontimiting examples of nonpolar solvents include
benzene, xylenes and toleene. Exemplary polar solvents include, but are not limited to,
dicxane, tetrahydrofuran (THF), r-buty] aleshe!l, DMSO (dimethyl salfoxide), HMPA
{hexamethylphosphoramide), DMF (dimethylformamide), DMA (dimethylacetaniide), and

NMP (N-methylpyrrolidinone).

Further Compositions of the Alkoxyviated Polvmeric Material

[6163] Another aspeact of the invention provided herein are compositions comprising
the alkoxylated polymeric material, which include not only any compositions comprising the
atkoxylated polymeric material, but aiso compusitions in which the alkexylated polymeric
malertal is further transformed into, for example, s polymer reagent, as well as compositions
of conjugates formed from coupling such polvmer reagents with an active agent. Ameng
other things, a benefit of the method described herein is the ability (o achieve high purity
alkoxylated polymeric material-containing compositions. The compositions can be
characterized as having: substantially low content of both high molccular weight impurites
(e.g.. polymer-containing species having a molecular weight greater than the molecolar
weight of the desired alkoxylated polvmeric material) and fow content of low molecular

weight diof impurities (i.e., HO-PEG-OH), either impurity type {and preferably both impurity

types) wialing less than 8 wit %, and more preferably less than 2 wi %. Tn addition or
alternatively, the compositions can also be characterized as having a purity of alkoxylated

olymerie material (as well as compositions comprising polymer reavents formed from the
” el < o
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alkoxylated polymeric material, and compositions of conjupates formed from cenjugating
such polymer reagents and an active agent) of greater than 92 wt %, more preferably greater
than 97 wi %, Gel pearmeation chromatography (GPC) and gel (lteation chromatography
(GFC) can be used to characterize the alkexylated polymeric material. Those
chromategraphic methods allow separation of the composition to its components according to
molecular weight. The exemplary GFC traces of products described in Example 7 and

Example 8§ are provided as FIG. 7 and FIG. &, respectively,

Exemplary Uses of the Alkoxviated Polvmeric Materials and Compositions Formed

{3164} The alkoxylated polymeric material provided herein as well as those
alkoxylated polymeric products that have been further modified to bear a specific reactive
group (hereinafter referred to as a "polymer reagent”) are useful for corpugation to, for
example, active agents. Preferred groups of the biologically active agents suited for reaction
with the polymeric reagents described herein are electrophilic and nucleophilic groups.
Exemplary groups include primary amines, carboxylic acids, alcohols, thiols, hvdrazines and
hydrazides. Such groups suited to react with the polymeric reagents described herein are
known to those of ordinary skilt in the art. Thus, the invention provides a method for making
a conjugate comprising the step of contacting, under conjugation conditions, an active agent
with a polymeric reagent described herein,

[6165] Suitable conjugation conditions are those conditions of time, temperaturs, pH,
reagent conwentration, reagent functional group(s), available functional groups on the active
agent, solvent, and the like sufficient to effect conjugation between a polymeric reagent and
an active agent. As is known in the art, the specific conditions depend upon, among other
things, the active agent, the type of conjugation desired, the presence of other materials in the
reaction mixture, and so forth. Sufficient conditions for effecting conjugation in any
partivular case can be determined by one of ordinary skill in the art spon a reading of the

disclosure herein, reference to the relevant literature, and/or through routine experimentation,
4 F

5

{0166] For example, when the polymeric reagent contains an N-hydroxysuccinimide
active ester {e.g., succinimidyl succinate, succindmidy! propionate, and succimimidyl
hutanoate}, and the active agent contains an amine group, conjugation can be effected at a pH

of from about 7.5 to about 9.5 at room temperature. In addition, when the polymer reagent
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contains a vinylsuifone reactive group ot a maleimide group and the pharmacologically active
agent contains a suifhydryl group, conjugation can be effected at a pH of from abowt 7 to
about 8.5 at room temperature. Moreover, when the reactive group associated with tf

polymer reagent is an aldehyde or ketone and the pharmacologically active agent contains a
primary amine, conjugation can be cffected by reductive amination wherein the primary
amine of the pharmacologically active agent reacts with the aldehivde or ketone of the
polymer. Taking place at pH's of from about 6 to about 9.5, reductive amingtion initially
results in a conjugate wherein the pharmacologically active agent and polymer are finked via
an imine bond. Subsequent treatment of the imine bond-containing conjugate with 4 suitable
reducing agent such as NaCNBH; reduces the imine 0 a secondary amine. For additional
information concerning these and other conjugation reactions, reference is made o

Hermanson "Broconjugate Technigues,” Academic Press, 1996.

{G167] Lxemplary conjugation conditions include carrying out the conjugation
reaction at a pH of from about 4 to about 10, and at, for example, a pH of about 4.0, 4.5, 5.0,
L6.0,6.57.0,7.5,80,85,9.0,9.5, or 10.0. The reaction is aliowed to proceed from
about 5 minutes to about 72 hours, preferably from about 30 minutes to about 48 hours, and

rnore preferably from about 4 hours to about 24 hours. The temperature under which
conjugation can take place is typically, although not necessarily, in the range of from about
0 °C o about 40 °C, end is often at room temperaiure or less. The conjugation reactions are

often carried out using a phosphate buffer solution, sodium acetate, or similar system.

3168} With respect to reagent concentration, an excess of the polymer reagent is
tvpically combined with the active agent. n some cases, however, it is preferred to have
storchiometic amounts of reactive groups on the polymer reagent to the reactive groups of the
active agent. Thus, for example. one mole of a polymer reagent bearing four reactive groups
is combined with four moles of active agent. Dxemplary ratios of reactive groups of polymer
reagent 1o active agent include molar ratios of about 111 (reactive group of polymer
reagentactive agent), 1101, 1:0.5, 1113, 132, 1:3, 1:4, 115, 136, 1:8, or 1:10. The conjugation
reaction is allowed to proceed until substantially no further conjugation occurs, which can

generally be determined by monitoring the progress of the reaction over time.

{0169} Progress of the reaction can be monitored by withdrawing aliquots from the
reaction mixture at various time points and analyzing the resction mixture by

chromatographic methods, SD8-PAGE or MALDI-TOF mass specuometry, NMR, IR, or any
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other suitable analytical method. Once a plateau is reached with respect to the amount of
conjugate formed or the amount of unconjugated polymer reagent remaining, the reaction is
assumed to be complete. Typically, the conjugation reaction takes anywhere from mimites to
several hours (e.g., from 3 minutes to 24 hours or more). The resulting product mixture is
preferably, but not necessarily purified, to separatc out cxcess active agent, strong base,
condensing agents and reaction by-products and solvents. The resulting conjugates can then
be further characterized wsing analytical methods such as chromatagraphic methods,
spectroscopic methods, MALDI, capillary electrophoresis, and/or gel electrophoresis. The

polymer-active agent conjugates can be purified to obtain/isolate different conjugated

species,
[6170) With respect to an active agent, the alkoxylated polymeric material and a

polymer reagent prepared from the alkoxylated polymeric material can be combined under
suitable conjugation conditions to result in a conjugate. In this regard, exemplary active
agents can be an active agend selected from the group consisting of a small molecule drug, an
oligopeptide, a peptide, and a protein. The active agent for use herein can include but are not
limited to the following: adriamycin, y-aminobutyric acid (GABA), amiodarone,
amitryptyline, azithromycin, benzphetamine, bromopheniramine, cabinoxamine, calcitonis
chlorambucil, c;thioropmcaine, chlorogquine, chlorpheniramine, chlorpromazine, cinnarizing,
clarthromyein, clomiphene, cyclobenzaprine, cvclopentolate, cyclophosphamide,
ciacarbazine, daunomyein, demeclocycline, dibucaine, dicyclomine, diethyiproprion,
diltiazem, dimenhydrinate, diphenhydramine, disopyramide, doxepin, doxyeyeline,
doxylamine, dypyridame, EDTA, eryvthromycein, flurazepam, gentian violet,
hydroxychloroquine, imipramine, insulin. frinotecan, levomethadyl, lidocaine, loxarine,
mechlorethamine. melphalan, methadone, methotimeperazine, methotrexate,
metociopramide, minocycline, naflifine, nicardiping, nizatidine, orphenadring, oxybutin,
oxytetracycline, phenoxybenzamine, phentolamine, procainamide, procaine, promazine,
promethazing, proparacaine, propoxycaine, propoxyphene, ranitidine, tamoxifen, terbinafineg,
tetracaine, tetracycline, franadol, triflupromazine, trimeprazine, frimethylibenzamide,
trimipranine, {ripelennamine, troleandomycin, tyramine, uracil mustard, verapamil, and

VASOPressin.

16171} Further exemplary active agents include those selected from the group

consisting of acravistine, amoxapine, astomizole, atropine, azithromyein, benrapril,
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benztropine, beperiden, bupracaine, buprenorphine, buspirone, ltorphanol, caffeine,
campiothecin and molecules belonging to the camptothecin family, cefiriaxone,
chlorpromayine, ciprofloxacin, cladarabine, clemastine, clindamycin, clofszamine, clozaping,
cocaine, codeine, cyproheptadine, desipramine, dihydroergotamine, diphenidol,
diphenoxylate, dipyridamole, docetaxel, doxapram, ergotaming, famciclovir, fentanvl,
flavoxate, fludarabine, fluphenazine, fluvastin, ganciclovir, granisteron, guanethiding,
haleperidol, homatropine, hydrocodone, hydromorphone, hydroxyzine, hyoscyamine,
imipramine, itraconazole, keterclac, ketoconazole, levocarbustine, levorphone, lincomycin,
lomefloxacin, loperamide, losartan, lovapine, mazindol, meclizine, meperidine, mepivacaine,
mesoridazine, methdilarine, methenamine, methimazole, methotrimeperazing, methyserzide,
metronidarole, minoxidil, mitomyein ¢, molindone, morphine, nafzodone, nalbuphine,
naldixic acid, nalmefenc, naloxone, naltrexone, naphazoline, nedocromil, nicotine,
norfloxacin, ofloxacin, ondansteron, exyeodone, oxymorphone, paclitaxel, pentazocine,
pentoxyiylline, perphenazine, physostigmine, pilocarpine, pimozide, pramoxine, prazosin,
prochlorperazine, promazine, promethazine, guinidine, guinine, rauwolfia alkaloids,
ribotlavin, rifabutiv, risperidone, rocuronium, scopalamine, sufentanil, tacrine, terazosin,
tereonazole, terfenadine, thiordazine, thiothixene, ticlodiping, timolol, tolazamide, tolmetin,
trazodone, iethylperazine, rifluopromazine, trihexyiphenidyl, rimeprazine, trimipramine,

tubocurarine, vecuronivm, vidarabine, vinblastine, vineristine and vinorelbine.

8172} Still further exemplary active agents include those selected from the group
consisting of acetazolamide, acravistine, acyelovir, adenosine phosphate, aliopurinal,
alprazolam, amoxapine, amrinone, apraclonidine, azatadine, aztreonam, hisacodyl,
bleomycin, bromopheniramine, buspirone, butoconazole, camptothecin and molecules within
the camptothecin family, carbinoxamine, cefamandole, cefazcle, cefixime, cefmetazole,
cefonicid, cefoperazone, cefomxime, cefotetan, cefpodoxime, cefiriaxone, cephapirin,
chloroguine, chiorpheniramine, cimetidine, cladarabine, clowimazole, cloxaciliin, didanosing,
dipyridamole, doxazosin, doxylamine, econazole, enoxacin, estazolam, ethionamide,
famciclovir, famotidine, fluconazole, fludarabine, folic acid, ganciclovir,
hydroxyehloroguine, lodoquingl, isoniazid, itraconarole, ketoconazole, lamairigine,
lansoprazole, lorcetadine, losartan, mebendazole, mercaptopurine, methotrexate,
metronidazole, miconazole, midazolam, minoxidil, nafzodone, naldixic acid, niacin, nicotine,

nizatidine, orneperazole, oxaprozin, oxiconazole, papavering, pentostatin, phenazopyridine,
k4 x E b P X !
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pilocarpine, piroxicam, prazosin, primaquine, pyrazinamide, pyrimethamine, pyroxidine,
guinidine, quinine, ribaverin, rifampin, solfadiazine, sulfamethizole, sulfamethoxazole,
sulfasalazine, sulfasoxazole, terazosin, thinbendazole, thiamine, thioguanine, timolol,
trazodone, triamplerene, triazolam, timethadione, timethoprim, rimetrexate, triplenamine,

tropicamide, and vidarabine.

f8173] Stilf further cxemplary active agents include those belonging to the

camptothecin family of molecules. For example, the active agent can possess the general
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wherein K, Ra, R, Ry and R are each independently selected from the group consisting of:
hydrogen; halo; acyl; alkyl (e.g.. CI1-C6 alkyl); substituted alkyl; alkoxy (e.g., C1-Cé
alkoxy); substituted atkoxy; atkenyl; alkynyl; cvcloalkyl; hydroxyl; evano; nitro; azide;
amido; hydrazine; amino; substituted amino (e.g., monoafkylamine and dialkylamino);
hydroxcarbonyl, alkoxycarbonyl: alkylearbonyloxy; alkylcarbonylamine; carbamoviovy;
arylsulfonyloxy; alkylsulfenyloxy: -C{R7)=N-{(0)-Rs wherein Ry is H, alkyl, alkenyl,
cycloalkyl, or aryl, 1 is 0 or 1, and Ry is H, alkyl, alkenyl, cycloalkyl, or heterocyele; and
Ko {030~ wherein Re 15 halogen, amino, substituted amino, heterocyele, substituted
heterocycle, or Rio-O-{CHyky- where m i an integer of 1-10 and Ry is alkyl, phenyl,
substituted phenyl, cyclealkyl, substituted eycloalkyl, heteroeycle, or substituted heterocvele;
or By together with By or R; together with Ry form substituted or unsubstituted
methylenedioxy, ethylenedioxy, or ethylencoxy; Re is H or OR', wherein R’ is alkyl, alkenyl,
cyeloalkyl, haloallyl, or hydroxyalkyl. Although not shown, analogs having a hydroxy!
group corresponding o a position other than the 20-posision {e.g., 10-, or 11- position, and so

forth} in the immediately preceding structure are encompassed within possible active agents.
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[6174] An exemplary active agent is irinotecan,
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[3175] Another exemplary active agent is 7-ethyl-10-hydroxy-campiothecin {3N-38),

the structure of which is shown below.

7-ethyl-10-hydroxy-camptlothecin

ja176] Yot other exemplary class of active agents jnelude those belonging to the
tasane family of molecules. An exemplary active agent from this class of molecules is
docetaxel, where the H at the 2" hydroxyl group is involved in forming the preferred muli-

armed polymer conjugate:

8177} The polymer reagents described herein can be attached, either covalently or
noncovalently, to a number of entities including films, chemical separation and purification

surfaces, solid supports, metal surfaces such as gold, titanium, tantalwm, niobiom, aluminum,
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steel, and their oxides, silicon oxide, macromolecules (e.g., proteins, polypeptides, and so
forthy, and small molecules. Additionally, the polymer reagents can also be used in
biochernical sensors, bioclectronic switches, and gates. The polymer reagents can also be
crnployed as carriers for peptide synthesis, for the preparation of polymer-coated surfaces and
polymer grafts, to prepare polymer-ligand conjugates for affinity partitioning, to prepare
cross-linked or nen-cross-linked hvdrogels, and to prepare polymer-cofactor adducts for

hioreactors.

{6178} Optionally, the conjugate can be provided as a pharmaceutical composition for
veterinary and for human medical use. Such a pharmaceutical compositions is prepared by
combining the conjugate with one or more pharmaceutically acceptable excipients, and

optionally any other therspeutic ingredients.

16179] Exemplary pharmaceutically acceptable excipients, without Hmitation, those
selected from the group consisting of carbohydrates, inorganic salts, antimicrobial agents,

antioxidants, surfactants, buffers, acids, bases, and combinations thereof.

{B180] A carbohydrate sach as a sugar, a derivatized sugar such as an alditel, aldonic
acid, an esterified sugar, and/or a sugar pelymer may be present as an excipient. Specific
carbohydrate excipients include, for example: monosaccharides, such as fructose, maltase,

glucose, D-mannose, sorbose, and the like; disaccharides, such as lactose, sucrose,

&

galactose,
trehalose, cellobiose, and the like; polysaccharides, such as raffinose, melezitoss,
maltodextrins, dextrans, starches, and the like; and alditols, such as mannitol, xylitol,

maltitol, lactitol, xylitol, sorbito] (glucitol), pyranosyl sorbitol, myoinositol, and the like.

{0181} The excipient can also include an inorganic salt or buffer such as citric acid,
sodium chloride, potassiwm chloride, sodium sulfate, potassium nitrate, sodium phosphate

monobasic, sodium phosphate dibasic, and combinations thereof,

(6182} The composition can alse include an antimicrobial agent for preventing or
deterring microbial growth. Nonlimiting examples of antimicrobial agents suitable for one or
more embodiments of the present invention include benzalkonium chloride, benzethonium
chlonde, benzyl alcohol, cetylpyridinium chloride, chlorobutancl, phenol, phenyiethyl

alcohol, phenylmercuric nitrate, thimersol, and combinations thereof
4

{6183} An antioxidant can be present in the composition as well, Antioxidants are

used to prevent oxidation, thereby preventing the deterioration of the conjugate or other
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components of the preparation. Suitable antloxidants for use in one or more embodiments of
the present invention inchude, for example, ascorby! palmitate, butylated hvdroxyaniscle,
butylated hydroxytoluene, hypophosphorous acid, menothioglveerol, propyl gallate, sodium

bisuifite, sodium formaldehyde sulfoxylate, sodium metabisuliite, and combinations thereof,

[6184] A surfaciant can be present as an excipient. Exemplary surfactants include:
polysorbates, such as "Tween 20" and "Tween 80," and pluronics such as F68 and F388 (both
of which are available from BASE, Mount Olive, New Jersey}; sorbitan esters; lipids, such as
phospholipids such as lecithin and other phosphatidylcholines, phosphatidylethanolamines
{although preferabily not in liposomal form), fatty acids and fatty esters; steroids, such as

cholesterol; and chelating agents, such as EDTA, zing and other such suitable catinns.

{4185} Acids or bases can be present as an excipien: in the compesiticn. Nonlimiting
examples of acids that can be used include those acids selected from the group consisting of
hydrochloric acid, acetic acid, phosphoric acid, citric acid, malic acid, lactic acid, formic
acid, trichloroacetic acid, nitric acid, perchloric acid, phosphoric acid, sulfuric acid, fumaric
acid, and combinations thereof. Examples of suitable bases include, without limitation, bases
selected from the group consisting of sndium hydroxide, sodium geetate, ammonium
hydroxide. potassium hydroxide, ammonium acetate, potassium acetate, sodium phosphate,
potassium phosphate, sodium citrate, sodium formate, sodium suifate, potassium salfate,

potassiam [umerate, and combinations thereof.

186 The amount of the corjugate (.., the conjugate formed between the active
agent and the polymeric reagent) in the compositien will vary depending on a number of
actors, but will optimally be a therapeutically effective dose when the composition is stored
in a unit dose container (2.3, a vial), In addition, the pharmaceutical preparation can be
housed in asyringe. A therapeutivally effective dose can be determined experimentally by
repeated administration of increasing amounts of the conjugate in order to determine which

amount produces a clinically desired endpoint.

[Lixt: ! The amount of any individual excipient in the composition will vary
depending on the activity of the excipient and particular needs of the composition. Typically,
the optimal amount of any individual excipient is determined through routine
experimentation, i.¢., by preparing compositions containing varving amounts of the excipient

(ranging from low to high), examining the stability and other parameters, and then
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determimng the range at which optimal performance is atlained with no significant adverse
effects,

j0188] Generally, however, the excipient will be present in the compeosition in an
arnount of about 1% to about 99% by weight, preferably from about 5% to about 98% by
weight, maore preferably from about 15 to about 95% by weight of the excipient, with

concentrations less than 30% by weight most preferred,

13189} These foregeing pharmaceutical exciplents along with other excipients are
described in "Rewington: The Science & Practice of Pharmacy”, 1ot ed., Williams &
Williams, (1995), the "Physician’s Desk Reference”, 52™ ed., Medical Economics, Montvalz,

~rd

NI (1998), and Kibbe, AH., Handbook of Phannaceutical Excipients, 3 Edition, American

Pharmaceutical Association, Washington, D.C,, 2000,

{2194} The pharmaceutically acceptable compositions encompass all types of
formulations and in particular those that are suited for injection, e.g., powders or lyophilates
that can be reconstituted as well as liquids. Exarples of suitable diluents for reconstituting
solid compositions prior to injection include bacteriostatic water for injection, dexirose 5% in
water, phosphate-buffered saline, Ringer's solution, saline, sterile water, deionized water, and
combinations thereof. With respect to liquid pharmaceutical compositions. solutions and

suspensions are envisioned.

{6181} ‘The compositions of one or more embodiments of the present invention are
typreally, although not necessarily, admunistered via injection and are therefore generally
liquid solutions or suspenstons immediately prior to administration. The pharmaceutical
preparation can also take other forms such as syrups, ereams, cintments, tablets, powders, and
the like. Other modes of administration are also included, such as pulmonary, rectal,

transdermal, fransmucosal, oral, intrathecal, suboutaneous, intra-arterial, and so forth

jo183] The invention also provides a method for administering a conjugate as
provided herein fo a patient suffering from a condition that is responsive to treatment with
conjugate. The method comprises administering 1o a patient, generally via injection, a
therapeutically effective amount of the conjugate {preferably provided as part of a
pharmaceutical compesition). As previously described, the vonjugates can be administered
injected parenterally by intravenous infection. Sultuble formuldation types for parenteral

administration include ready-for-injection solutions, dry powders for combination with a
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solvent priot 1o use, suspensions ready for injection, dry insoluble compositions for
combination with a vehicle prior to use, and emulsions and liquid concentrates for dilution

prior to administration, among others.

j3193] The method of administering may be used to treat any condition that can be
remedied or prevented by administration of the conjugate. Those of ordinary skill in the art
appreciate which conditions a specific conjugate can effectively treat. Advantageously, the
conjugate can be administered o the patient prior to, sinultaneously with, or after

administration of another active agent.

[B194] The actual dose to be administered will vary depending upon the age, weight,
and general condition of the subject as well as the severity of the condition being treared, the
Judgment of the health care professional, and conjugate being adminisiered, Therapeutically
effective amounts are known to those skilled in the art and/or are described in the pertinent
reference texts and lierature. Generally, a therapeutically effective amount will ranpe from
about $.001 mg to 100 mg, preferably in doses from 0.0 mg/day to 75 my/day, and more

preferably in doses from 0.10 mg/day to 30 mg/day. A given dose can be periodically

administered up until, for example, symptoms lessen and/or are eliminated entirely.

{#195] The unit dosage of any given conjugate {again, preferably provided as part of a
pharmaceutical preparation) can be administered in a variety of dosing schedules depending
on the judgment of the clinician, needs of the patient, and so forth. The specific dosing
schedule will be known by those of ordinary skill in the art or can be determined
experimentally using routine methods. Exemplary dosing schedufes include, without
limitation, administration once daily, three tmes weekly, twice weekly, once we cekly, nwice
monthly, once monthly, and any combination thereof. Once the clinical endpoint has been

achieved, dosing of the composition is balted.

j196] One advantage of administering certain conjugates described herein is that
individual water-soluble polymer portions can be cleaved when a hydrolytically degradeable
linkage is included between the residue of the active agent molety and water-soluble polymer,
Such a result is advantageous when clearance from the body is potentially a problem because
of the polymer size. Optimally, cleavage of each water-soluble polymer portion is facititated
through the use of physiologically cleavabie and/or enzymatically degradable linkages such

a3 amide, carbonate or ester-containing linkages. In this way, clearance of the conjugate {via
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cleavage of individual water-soluble polymer portions) can be modulated by selecting the
polymer molecular size and the type functional group that would provide the desired
clearance properties. One of ordinary skill in the art can determine the proper molegular siue
of the polymer as well as the cleavable {functional group. For exampile, one of ordinary skill
in the art, using routine experimentation, can determine a proper molecular size and cleavable
fonctional proup by first preparing a variety of polymer derivatives with different polymer
weights and cleavable functional groups, and then obtaining the clearance profile (e.g.,
through perindic blood or urine sampling} by administering the polymer derivative to a
patient and taking periodic blood and/or urine sampling. Once a series of clearance profiles

have been obtained for each tested conjugate, a suitable conjugate can be identified.
Hydrohalide Salts - Considerations Concerning the Active Agent, "DV

{8187} The hydrohalide salt compositions described herein comprise 1 water-soluble
polymer-active agent conjugate, preferably a multi-armed polymer bicactive conjugate,
Exemplary water soluble polymers are described above. Tuming now to the active agent, the
active agent is a small molecule drug, an oligopeptide, a peptide, or a protein. The active
agent, when conjugated to the water-soluble polymer, contains at least one basic nitrogen
atom such as an asnine group (1.¢., an amine or other basic nitrogen containing group that is
not conjugated to the water-soluble polymer). In the hydrohalide salt, the basie nitrogen
atoms are in protonated form as the hydrohalide salt, that is (o say, where at least 90 mole
peroent, or at icast 91 mole percent, or af least 92 mole percent, or ar least 93 mole percent, or
at least 94 mole percent, or at least 95 mole percent, more preferably greater thas 95 mole

percent of the drug's basic nitrogen atoms within the conjugate are protonated in HX form.

{#198] Active agents containing at least one amine group or hasic nitrogen atom
suitable for providing a mixed acid sali as described herein include but are not limited 10 the
following: adriamycin, y-aminobutyric acid (GABA), amiodarone, amitryptyline,
azithromycin, benzphetamine, bromopheniramine, cabinoxamineg, calcitonin chlorambucil,
chloroprocaine, chloroquine, chilorpheniramine, chlorpromazing, cinnarizine, clarthromyein,
clomiphene, cyclobenzaprine, cyclopentolate, cvelophosphamide, dacarbazine. daunomvein,
demeclocycling, dibucaing, dicyelomine, diethylproprion, diltiazem, dimenhydrinate,

diphenhydramane, disopyramide, doxepin, doxyeyeling, doxvlamine, dvpyridame. EDTA,

b

erythromyein, flurazepam, gentian violet, hvdroxychloroguine. imipramine, insulin.
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irinotecan, levomethadyl, lidocaine, loxarine, mechlorethamine, melphalan, methadone,
methotimeperazine, methotrexate, metoclopramide, minocyeline, naftifine, nicardipine,
nizatidine, orphenadrine, oxybutin, oxytetracycline, phenosybenzamine, phentolamine,
procainamide, procaine, promazine, promethazine, proparacaine, propoxycaine,
propoxyphene, ranitidine, lamoxifen, terbinafine, tetracaine, tetracycling, tranadol,
triflupromazine, trimeprazine, trimethylbenzamide, trimipramine, tiipelennamine,

troleandomyein, tyramine, uracil mustard, verapamil, and vasopressin.

[#199] Additional active agents include those comprising one or more nitrogen-
containing heterocycles such as acravistine, amoxapine, astemizole, atropine, azithromyein,
benzapril, benziropine, beperiden. bupracaine, buprenorphine, buspirone, butorphanol,
caffeine, camptothecin and molecules belonging to the camptothecin family, cefiriaxone,
chiorpromarzine. ciprofloxacin, cladarabine, clemastine, clindamycin, clofazamine, clozapine,
cocaine, codeine, cyproheptading, desipramine, dihydroergotamine, diphenidol,
diphenoxylate, dipyridamole, doxapram, ergotamine, famciclovir, fentanyl, flavoxate,
fludarabine, fluphenazine, fluvastin, ganciclovir, granisteron, guanethidine, haloperidol,
homatropine, hydrocodone, hydromorphone, hydroxyzine, hyoscyamine, imipramine,
itraconazole, keterolae, ketoconazole, levocarbustine, levorphone, lincomyein, lometfloxacin,
loperamide, losartan, loxaping, mazindol, meclizine, meperidine, mepivacaine, mesoridazine,
methdilazine, methenamine, methimarole, methotrimeperazine, methysergide, metronidazole,
minoxidil, mitomycin ¢, molindone, morphine, nafzodone, nalbuphine, naldixic acid,
naimefene, naloxone, naltrexone, naphazoline, nedocromil, nicotine, norfloxacin, ofloxacin,
ondansieron, oxycodone, oxymorphone, pentazocine, penloxyfylline, perphenazing,
physostigming, pilocarpine, pimozide, pramoxine, prazosin, prochlorperazine, promazine,
promethazine, quinidine, quinine, rauwolfia alkaloids, ribeflavin, rifabutin, risperidone,
rocuronium, scopalamine, sufentanil, lacrine, terazosin, erconazole, terfenadine, thiordazine,
thiothixene, ticlodipine, timelol, tolazamide, tolmetin, trazodone, wiethviperazine,
trifluopromazing, tribexyiphenidyl, trimeprazine, trimipramine, tubocurarine, vecuronium,

vidarabine, vinblastine, vincristine and vinorethine.

{0200} Additional active agents include those coraprising an aromatic ring nitrogen
such as acetazolamide, acravistine, acyclovir, adenosine phosphate, allopurinal, alprazolam,
amoxapine, amrinone, apraclonidine, azatadine, aztreonam, bisacodyl, bleomycin,

bromopheniramine. buspirone, butoeonazole, campliothecin and molecules within the

(43
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camptothecin family, carbinoxaming, cefamandoie, cefazole, cefixime, cefinetazole,
cefonicid, vefoperazone, cefotaxime, cefotetan, cefpodonime, ceftriaxone, cephapirin,
chloroguine, chlorpheniramine, cimetiding, cladarabine, clotrimazole, cloxacillin, didunosine,
dipyridamole, doxazosin, doxyiamine, econazole, enoxacin, estarolam, etidonamide,
tamciclovir, fametidine, fluconazole, fludarabine, folic acid, ganciclovir,
hydroxychloroquine, iodoguine!, isoniazid, raconazele, ketoconazole, lamotrigine,
lansoprazole, lorcetadine, losartan, mebendarole, mercaptopurine, methotraxate,
metronidazole, miconarole, midazolam, minoxidil, nafzodone, naldixic acid, niacin, nicotine,
nizatidine, omeperazole, oxaprozin, oxiconarole, papavering, pentostatin, phenazopyridine,
pilocarping, piroxicam, prazosin, primaquine, pyrazinamide, pyrimethamine, pyroxidine,
quinidine, quining, ribaverin, rifampin, sulfadiazine, sulfamcthizole, sulfamethoxazole,
sulfasalazine, sulfasonazole, terazosin, thiabendazole, thiamine, thioguanine, timolol.
trarodone, triampterene, triazolam, trimethadione, wimethoprim, rimetrexate, triplenamine,
iropicamide, and vidarabine.

201 A preferred aclive agent is one belonging to the camptothecin family of
§ £ gHLE P b

]

molecules. For exaruple, the active agent may possess the general structure:

ki

wherein R-Rsare each independently selected from the group consisting of hydrogen; halo;
acyl; alkyl (e.g., C1-C6 alkyl): substituted alkyl; alkoxy {e.g., C1-C6 alkoxy); substituted
aikoxy: alkenyl; alkynyl; cycloalkyl; hvdroxyl: evano; witra; azido; amido; hyvdrazine: amino;
substituted amino {¢.g., monoalkylamine and dialkylamine}; hydroxcarbonyl;
alkoxycarbonyl; alkylearbonyloxy; alkyicarbonylamine; carbamoyloxy; arylsulfonyloxy,

alkylsulfonyloxy: ~-C{R3=N-(0}-Rg wherein Ro is H, alkyl, alkenyl, cycloalkyl, oraryl, 1 is 0

a4
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or 1, and Ry is H. alkyl, atkenvl, cycloalkyl, or heterocyele; and ReClONO- wherein Ry is
halogen, aming, substituted amino, heterocyole, substituted heterooyele, or Rip-O-(CHz
where m is an integer of 1-10 and Ry ts alkyl, phenyl, substituted phenyl, cycloalkyl,
substituted cycloalkyl, heterooycle, or substituted helerocycle; or Ry together with Ry orR;
together with Ry form substituted or unsubstinped methyienedioxy, ethylenedioxy, or
ethiyleneoxy; Ry is Hor OR’, wherein R 1s alkyl, alkenyl, cyeloalkyl, haloalkyl, or
hydroxyalkyl,

[6262] {n reference to the foregoing structure, although not shown, analogs having a

hydroxyt group at other than the 20-position {e.g., 10+, or 11- position, etc.) are similarly

preterred,
0293 In one particular emboediment, the active agent is irinotecan {structure shown
P 4

immediately below),

19204 In another embodiment, the active agent is irinotecan having a glycine lnker

at the 20-hydroxyl position (structwre shown immediately below),
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[6285] In vet another particular embodiment, the active agent is 7-ethvl-10-hydroxy-

-

camptothecin (SN-38), a metabolite of irinctecan, whose structure is shown below.
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In the foregoing embodiment, covalent attachment of the active agent, SN-38, to the muli-
arrned polymer core similarly occurs at the 20-hydroxy! position, optionally via an

intervening linker such as glycine, as shown below,

o

Hyvdrohalide Salis - Considerations Concerning the Conjusgates

{0206] Hiustrative conjugates of a water-soluble pelvmer and an active agent may
possess any of a number of structural features as described gbove. That is to say, the
conjugale may possess a linear structure, L.e., having one or two active agent molecules
covalently attached thereto, typically at the polymer lerminus or termini, respectively,
Alternatively, the conjugate may possess a forked, branched or multi-armed structure,

Preferably, the conjugate is a multi-armed polymer conjugatz.
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$107 One ilustrative multi-armed polymer conjugate structure corresponds {o the
Jug

following:
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[6208] "The foregoing structure is reterved to herein in shorthand fashion as

"4-arm-PEG-Gly-Irino” (4-arm-pentaerythritolvi-PEG-carboxymethylglycine irinotecan); a
more complete narme corresponds to "pentaerythritolyl-d-arm-(PEG-1-methylene-2-0x0-
vinylamino acetate linked-irinotecan).”  Basic amine and/or nitrogen groups in the active
agent portion of the conjugate are shown above in only neutral form, with the understanding
that the conjugate possesses the features of a hydrohalide salt (HX) as described in detail
herein. As can be seen from the structure above, the carboxymethyl modified 4-arm
pentaerythritolyl PEG reagent possesses a glycine linker intervening between the polymer
portion and the active agent, irinotecan,

{62691 Typically, although not necessarily, the mumber of polymer arms will

H

carrespond lo the number of active sgent molecules covalently attached to the water-soluble
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polymer core. That is to say, in the case of a polymer reagent having a certain number of
polymer arms {e.g., corresponding to the variable "g™), gach having a reactive functional
group (e.g., carboxy, activated cster such as succinimidvl ester, benzotriazolyl carbonate, and
so forth) at its terminus, the optimized number of active agents {such as irinotecan) that can
be covalently attached therete in the corresponding conjupate is most desirably "g." That is
to say, the optimized conjugate is considered to have a drug loading value of 1.00(q) {or
100%). In a preferred embodiment, the multi-armed polymer conjugate is characterized by 5
degree of drug loading of 0.90(q) {or 90%) or greater. Preferred drug loadings satisfy one or
more of the following: 0.92(q) or greater; 0.93(g) or greater; 8.94(q) or greater; 0.95(q) or
greater; 0.96(q) or greater; 0.97(q) or greater; 0.98(q) or greater; and 0.9%(q) or greater. Most
preferably, the drog loading for a multi-armed polymer conjugate is one hundred percent. A
composition comprising a multi-arm water soluble polymer conjugate hydrohalide salt may
comprise a mixture of molecular conjugates having one active sgent attached to the polymer
core, having two active agent molecules attached 1o the polvmer core, having three active
agents attached to the polymer core, and so on, up to and incloding a conjugate having "g"
active agents attached fo the polymer core. The resulting composition will possess an overall
drug loading value, averaged over the conjugate species contained in the composition.
Ideally, the composition will comprise a majorily, e.g., greater than 50%, but more preferably
greater than 60%, still more preferably greater than 70%, still yet more preferably greater
than 80%, and most preferably greater than 90%;) of drug fully loaded polymer conjugates
(1.2, having "g" active agent molecules for "g" arms, a single active agent molecule for each

arm},

ja21¢] As an ilustration, in an instunce in which the multi-armed polymer conjugate
contains four polymer arms, the idealized value of the number of covalently attached drug
molecules per multi-armed polymer is four, and ~ with respeet 1o deseribing the average in
the context of a composition of such conjugates -- there will be a value (i.e., percentage) of
drug melecules loaded onto multi-armed polymer ranging from about 90% to about 100% of
the idealized value. That is to say, the average number of drug molecules covalently attached
to a given four-armed polymer {as part of a four-armed polymer compasition} is typieally
90%, 1%, 92%, G3%, 94%. 95%%, 96%, 97%, 98%, 99%, and 100% of the fully loaded
value, This corresponds to an average number of D per multi-arm polymer conjugate ranging

from about 3.60 to 4.0,
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J0281] In yet another esdbodumest, for a multi-armed polymer conjugate composition,
.g., whare the rumber of polymer arms ranges from about 3 to about 8. the majority (e.g.,
greater than 30%, but more preferably greater than 60%, still more preferably greater than
70%, still vet more preferably greater than 80%, and most preferably greater tan 909¢) of
species present in the composition are those having cither an idealized number of drug
molecules attached 1o the polymer core ("g") or those having a combination of {"g" and {"g-
1"} drug molecuies attached to the polyimer core.

{62121 In accordance with the foregeing, the bydrohalide salt (and compositions
containing the same) may comprise any one or more ¢of the {ollowing structures, in addition

to the fully drug loaded structure (¢.g., having a glvcine-modified irinotecan molecule

covalently attached to each of the four polymer armsy
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For a given polymer arm terminius shown above having a carboxylic acid {and therefore not

covalently attached to an active agent, e.g., irinotecan}, other possible termind extending from
W

-
the 4-arm-PEG-CM (“*CM” = -CH.O{0O)-) arm include -OH, -OCH;, !
C(O)-OH, NH-CH,-C{O-0CTH,,

o HNTT
4
Hf\{ [/’ f_\")
} ~HN e 0
L N
J& S K/q \‘.\ )
G N LT
\\. v \‘\ :L"l“r\
& anl Bl
= A
7N
{/\4.;/' e ~
o N
O\ ! SN S
FTR S }
o and

&1

,-NH-CH,-



WO 2011/063158 PCT/US2010/057292

|
\
C;\\T,.c \\/ " HN 5
A o=
M T Ty L5
ST A e
4 \ BN G e
-~ T g b ey
(‘/ \ 4 \ 8] i 8] ( 3
{ W B
L. HO Ay
,N-—Qf J
_—-v! Vi ”
Il',' \_‘.’
. N
& e )
S AN,
P
& T

[213] For examnple, provided herein is a composition comprising a plurality of 4-
armed pentserythritolyl-tetrapoiyethylene glycol-carboxymethy! conjugates, whereln at least

90% of the conjugates in the compesition (i) have a structure encompassed by the formula:

C[CH-O-(CHyCH,O),-CHa-C(O)

ERM]

4
T

wherein 1, in each instance, is an integer having a value from 20 to about 300, or from 40 1o

about 500,
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and -NH-CH-C(0)-0-Trino (“GLY -Irino™), wherein Irino is a residue of irinotecan;
and

(it} for each Term in the at least 90% of the four-arm conjugates in the composition, at

least 909 thereof are -NH-CH»-C{O)-O-Iring, and (i1} of the at least 0% —NH-CHp-
C{O)-O-Irinotecan moieties in the composition, at least 90 mole percent of irinotecan’s basic
nitrogen atomns are protonated in hydrohalide form such as the hydrochloride salt. Preferably,
of the at least 90% —~NH-CH;-C(O)-O-Irinctecan moieties in the composition, at least 91
maole percent, or at least 92 mole percent, or at feast 93 mole percent, or at least 94 mole
percent or at least 35 mole percent or greater than 93 mole percent of irinotecan's basic
nitrogen atoms are protonated s hydrobalide form, wherein hydrohalide conient can be

determined by ion chromatography.

{0214} ‘The multi-srm polymer conjugate compositions provided herein are intended
to engompass any and all stereoizomeric forms of the conjugates comprised in such
compositions.  In a particular embodiment of the conjugate, the stereochemistry at C-20 of
irinotecan, when in conjugated form such as in compositions of 4-arm-PEG-Gly-Irino,
remains intact, 1.e., C-20 retains its {8)-configuation when in its conjugated form. See, e.g.,
Example 4.

{0215} A preferred multi-armed structere is a carboxymethyl moedified 4-arm
pentaerythritolyl PEG having a glycine linker intervening between the polymer portion in
each armi and the active agent {polymer portion and linker shown above), where the active
agent is 7-ethyl-10-hydroxy-camptothecin, Again, included herein are embodiments in which

the multi-arm polymer is (i) fully loaded, as well as having (ii) three 7-ethyl-10-hydroxy-
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camptothecin molecules covalently attached thereto, (311} two 7-ethvl-10-hyvdroxy-
campiothecin molecules covalently attached thereto, and (iv) one 7-sthyl-10-hydroxy-
camptothecin molecule covalently attached to the four-arm polymer core. Typical drug
loadings are as previously described.

{6216} ¥ et another representative multi-arimed conjugate structure is a carboxymethyl
meodified 4-arm glycerol dimer (3,3-oxydipropane-1,2-diol) PEG having 7-ethyl-10-hydroxy-
campiothecin (SN-38) molecules covalently attached to the polymer core. Embodiments in
which the roulti-armed polymer core is fully loaded with drug (i.c., having four 7-ethyi-10-
hydroxy-camptothecin melecules covalently attached thereo), or is less than fully leaded (i.c.,
having one, two, or three 7-ethyi-10-hydroxy-camptothecin molecules covalently attachad
thereto} are included herein. The conjugate having drug (Le., 7-gthyl-10-hyvdroxy-

camptothecin) covalently attached 1o cach polymer arm is shown below,

1

Kt
O f 7,
\}‘\//\\c./}! \‘;}/’ e
T
’ o

192171 In yet another tHustiative embuodiment, the conjugate is a multi-armed
structure comprising a carboxymethyl modified 4-arm glycerol dimer (3,3-oxvdipropane-1,2-
dioly PEG having Irinotecan molecules covalently attached to the polymer core

Embodiments in which the multi-anmed polviner core is fully loaded with drug (e, having
four irinotecan molecules covalenily attached thereo), or is less than fully loaded (ie., having

one, two, or three irinotecan molecules covalently attached thereto) are included herein.

&4
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Parameters of the Hvdrohalide Salts

[B218] The subject compositions gre hydrohalide salts, typically hydrochloride salts,
That is to say, conjugates such as described above are provided in a composition such that at
least ¥U% of basic nitrogen atoms in the conjugate (as well as in the bulk composition) are
present in protonated form {i.e., as the hydrohalide salt), The hyvdrohalide salt compositions
are stably and reproducihly prepared.

{3219} A hydrohahide salt as provided herein i characterized in terms of its bulk or
macto properties. That is to say, basic nitrogen atoms {i.e., amino groups) in the conjugate
exist innearly fully protovated form. While the present compositions are characterized based
on bulk properties, different individual molecular species are typically contained within the
bulk composition, Taking the exemplary 4-arm polymer conjugate described in Example 6,
4-arm-PEG-Gly-lrino-20K. hydrochioride, the salt product contains any of a number of
individual molecular species, although at least 90% overall are protonated as the hydrohalide
salt. One molecular species is one in which each polymer arm contains an irinotecan
molecule that is in neuwtral form, Le., its amino group is unprotonated. See structure T below.
Another molecular species is one in which cach polymer arm contains an irinotecan molscule
in protonated form. See structure IV below, An additional molecular gpecies is one in which
thrae of the polymer arms contain an irinotecan molecule that is in protonated form, and one
polymer arm containg an irinoiccan molecule in neviral form (structure ). In another
molecular species, two of the four polymer arms contain an Irinotecan molecule in neutral
form {i.e, its amino group is unprotonated), and two of the four polymer arms contain an

minotecan molecule that is in protonated form (structure 11,

a5
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s
i ¥
@ indicates protonated
@ indicates unprotonated or neutral
3224] As demonsirated in Example 1, certain polymer prodrug conjugates can be

obtained as mixed acid salts of both hydrochlorie acid and trifluornacetic acid. In Examplc 1,
hydrochloric acid is introduced by the use of an acid salt form of the active agent molecule to
form the resulting polymer conjugate, while the triffuorcacetic acid is introduced 1o the
reaction mixture in a deprotection step. Following covalent attachment of the active agent {or
modified active agent as llustrated in Examiple 1) 1o the water soluble polvmer reagent, and

treatment with base, even in instances in which additional purification sieps are carried ont,

the resulting conjugate is obtained as a partial mixed acid salt,

{0221} The mixed acid salt conjugates generally contain defined proporiions and
ranges of each component {i.¢., free base, inorganic acid salt, srpanic acid salt). A positive
correlation was observed berween increased stability towards hydrolysis and increased molar

percentage of salt in the {final conjugate product. Rased upon the slopes of the graphs, it can
be determined that as free base content increases, product stability decreases.

[6222] FIG, 2 further illustrates that stability (or resistance) against hvdrolytic
degradation is greater for conjugates possessing a greater degree of protonated amine groups

{i.¢., acid salt}. For instance, it was observed that conjugate product containing 14 molar
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i

pereent or more tres base was notably less stable towards hydrolysis than the corresponding
acid salt-rich product,

{62234 Additionally, as illustrated in F1G. 3, product rich in the hydrochioride salt
appears Lo be more somewhat more susceptible to cleavage of the poly(ethyiene glyeol)
backbone under accelerated stress conditions than the mixed salt form coniaining a
measurable amount of free base, although buffering in the final cormposition may be sifective

to ameliorate this feature or tendsney.

j8224] These collective results indicate the unexpected advantages of a hydrehalide
salt of a poly{ethylene glycoli-active agent conjugate (such as 4-arm-PEG-Gly-Irine-20K)

over free base alone.

Hydrohalide Salts - Methods for Forming

j0225] Upon forming and characterizing the mixed acid sall, a method was devised to
synthesize a full hydrohalide salt, 1.0, onc having at least 909 of irinotecan’s basic nitrogen
aioms protonated in hydrohalide galt form ag provided in dewidd in Example 6. Ap acid salt of
a water soluble polymer conjugate can be prepared from commercially available starting
materials in view of the guidance presented herein, coupled with what is known in the art of
chemical synthesis.

{4226} Linear, branched, and multi-arm water-soluble polvmer reagents are available
from a number of commercial sources as described above. Alternatively, PEG reagents, such
as & mlti-armed reactive PEG polymer may be synthetically prepared as described herein.
See, €., Example 7 herein.

{09227] The acid salt can be formed using known chemical coupling techniques for
covalent attachment of activated polymers, such as an activated PEG, (0 a biologically active

agent (See, for example, POLY{ETHYLENE GLYCOLY CHEMISTRY AND BIOLOGICAL

APPLICATIONS, American Cheical Sociery, Washington, DC (1997); and U.S. Patent
Publication Nos. 200%/0074704 and 2006/0239960). Selection of suitable functional groups,
tinkers, protecting groups, and the like to achieve a mixed acid salt in accordance with the
invention, will depend, in part, on the functional groups on the active agent and on the
polymer starting material and will be apparent to one skilled in the art, based upon the
content of the present disclosure, In view of certain features of the acid salt, the methoc

comprises provision of an amine (or other basic nitrogen)-containing active agent in the form
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of an inorganic acid addition salt, and an Inorganic acid trestment step. Reference to a
“active agent” in the context of the synthetic method is meant to encompass an aciive agent
oprionaily modified to possess a linker covalently attached thereto, to facilitate attachment to

the water-soluble polymer.

{32281 Generally, the method comprises the steps of (i) deproteciing an inorganic acid
{hydrohalic} salt of an amine- {or other basic nitrogen)-containing active agen! in protected
form (e.g., glycine-irinotecan hydrehalide in protected form} by treatment with a molar
excess of hydrohalic acid to thereby remove the protecting group to form a deproiecied acid
sall such as glycine-iringtecan hydrohalide, (i) coupling the deprotected inorganic acid salt
of step (1} with a water-soluble pmvmcv reagent such as 4-arm-pentasrythritolyvl-polvethyiene
glycol-carhoxymethyl-snceinimide (or a chemically equivalent activated ester or the like), in

the presence of a base to form a polymer-active agent cnnjugate such as 4-arm-

glycine-irinotecan hydrohalide sa

pentaerythritolyl-polvethylene glycol-carboxymethyl-
(also referred to as pentaerythritolyl-4-arm-(FEG- T-methylene-2-oxo-vinylaming acetate

linked-irinotecan hydrohalide salt), and (iil) recovering the polymer-active agent conjugate,
4-arm-pentaerythritolyl-polyethylene glycol-carboxymethyl-glycine-irinotecan hydrohalide

salt, by precipitation,

{0229 The resulting polymer-astive agent conjugalc composiiion is characterized by
having at least 90% mole percent of the conjugate’s active agent's basic amino groups, e.g.,
irinotecan’s basic amino groups, protonated in hydrohalide salt form. Generally, the mole

percentage of hydrohalide groups in the product is determined by fon chromatography.

j02344 In turning now to oneg of the preferred classes of active agens, the
camptothecing, since the 20-hydroxy! group of compounds within the comptothecin family is
sterivally hindered, a single step conjugation reaction is difficult to accomplish in significant
vields. As a result, a preferred method is to react the 20-hydroxyl group of the bicaclive
starting material, e.g., trinotecan hydrochloride, with a short linker or spacer raoiety carrying
a functional group suitable fir reaction with a water-soluble polymer. Such an approach is
applicable to many small molecules, particularly those having a site of covalent attachment
that 1s inaccessible to an incowming reactive polymer, Preferred Lokers for reaction with a
hydroxyl group to form an ester linkage inglude t-BOC glveine or other amino acids such as
alanine, glycine, isoleucine, leucine, phenylalanine, and valine having a protected amine

group and an available carboxylic acid group (See Zalipsky er of., "Attachment of Drugs o
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Polvethylene Glyeals”, Eur Polvm. J., Vol 18, No, 12, pp. 1177-1183 (1983)). Other spacer
or linker moicties having an available carboxylic acid group or other functional group
reactive with a hydroxy! group and having a protected amino group can also be used in lieu
of the amine acids described above.

{3231 Typical lahile protecting groups, e.g., for protecting the glycine amino group,
inehude t-BOC and FMOC (S-Hourenylimethloxyearbonyl). -BOC is stable at room
ternperaiure and casily Temoved with dilute solutions of trifluoroacetic acid and
dichloromethane. It can also be removed by treatment with acid, such as an inorganie,
hydrohalid acid. FMOC is a base labile protecting group that is easily removed by

concentrated solutions of amines (usually 20-55% piperidine in N-methvlpyrrolidone).

{8232} in Example 6, directed to the preparation of d4-arm-PEGZ0K -rinotecan
aydrochioride, the carboxy] group of N-protected glycine reacts with the 20-hydroxyl group
of irinotecan hydrochlorde (or other suitable camptothecin, such as 7-ethyl-10-hvdroxy-
camptothecin, or any other active agent) in the presence of a coupling agent (e.u.,
dicyelohexylcarbodiimide (DCC)) and a base catalyst (e.g., dimethylaminopyridine (DMAP)
or other suitable base) to provide M-protected linker modified active agent, ¢z, t-Boe-
glycine-irinotecan hydrochloride. Although hydrochloride is exemplified, other inorganic
acid salts may be used.  Preferably, each reaction step is conducted under an inert, dry

atmosphere.

3233} In a subsequert step, the aminoe protecting greuap, -BOC (M-tert-
butoxycarbonyl}, is removed by treatment with hydrochioric acid (or another hydrohalic acid}
under suitable reaction conditions.  This differs from the preparation of the mixed acid salt,
where +-BOC is removed by treatment with trifluorcacetic acid as in Example 1, The
resulting deprotected intermediate is linker modified active agent, e.g., 20-glycine-irinotecan
hydrochloridel. lustrative reaction conditions are described in Example 6, and may be
further optimized by routine opiimization by one of skill in the art. Generally a molar excess
of acid is wsed to remove the protecting group. Preferably, the protected glveine-irinctecan is
treated with a ten-fold or greater molar excess of hydrohalic acid (o remove the protecting
group. In some cases, a molar excess of 10-fold to 25-fold may be employed. The resulting
deprotscted drug salt is typically recovered form the reaction mixture, e.g., by precipitation.
As an cxample, addition of methyltert-butyl ether (MTBE) may be employed to precipitate

the intermediate. The intermediate product s then isolated, e g., by filiration, and dried.
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{0234} Deprotected active agent {optionally Hoker modified), e.g., 20-glyeine-
irinotecan HCL is then coupled to a desired polymer reagent, e.g., 4-arm pentaerythritolvi-
PEG-suceinimide {or any other similarly activated ester counterpart, the nature of which has
been previously described) in the presence of a base (e.g., DMAP, trimethy! amine, tricthyl
arsine, ete.}, to form the desired conjugate. The conjugation step may be conducted in the
presence of excess base, .., from about 1.1 10 about 3.0-fold molar excess. Reaction vields

{or the coupling reaction are typically high, greater than about 90%.

6238] The acid salt conjugate is recovered, e.g., by precipitation with ether (e.g.,
methyl tert-butyl ether, diethyvl sther) or other suttable solvent. In order to ensure {ormation
st the full hydrohalide salt (1.e., at least 90 mole percent hydrohalide sall), the crude product
is analyzed, e.g., by 1on chromatography, 1o determine halide content. In the event that
hydrohalide content 1s less than desived, e.g., less than 90 mole percent, or less than 91, 92,
W3, 94, or 95 mole percent, the conjugate acid salt is then dissolved in a suitable solvent such
as ethyl acetate or the like, and treated with additional hydrohalic acid. The product is then

recovered as described above.

8234] The acid salt product may be further purified by any suitable method,
Methods of purification and isolation include precipitation followed by filration and drying,
as well as chromatography. Suitable chromatographic methods include gel filiration
chromatography, ion exchange chromatography, and Biotage Flash chromatography.
Another method of purification is recrystallization. For example, the partial acid salt is
dissolved in a suitable single or mixed solvent system {e.g., isopropancl/methanol), and then
aliowed to crystailize. Recrystallization may be conducted multiple times, and the crystals
may alse be washed with a suitable solvent in which they are inschuble or only slightly
soluble {e.p., methy! tert-butyl ether or methyl-teri-butyl ether/methanci). The purified

product may optionaily be further air or vacuum dried.

{62371 Preferably, the acid salt product is stored under conditions suitable for
protecting the product from exposure to any one or mare of oxygen, moistare, and light. Any
of a number of storage conditions or packaging protocols can be employed 10 suitably protect
the acid salt product during storage. In one embodimeny, the product is packaged under an
inett atmosphere {e.2., argon or nitrogen) by placement in one or more polyethylene bags.

and placed in an aluminum lined polyester heat sealable bag,

70



WO 2011/063158 PCT/US2010/057292

13238] Representative mole percents of hydrochloric acid salt is provided in Example
6. As described therein, 4-arm-pentaerythritolyl-polyethylene glvcol-carboxymethyl-glycine-
innotecan hyvdrochloride salt, was prepared as the full hydrochloride salt, i.e., containing

nearly 99 mole pereent chloride.

Hydrohalide Salts -~ Pharmaceutical Compositions Containine Hvdrohalide Salt

Conjugates
[5239] The acid salt may be in the form of a pharmaceutical formulation or
composition for either veterinary or human medical use. An illustrative formulation will
typically comprise the acid salt in combination with one or wore pharmaceutically acceptable
carriers, and optionally any other therapeotic togredients, stabilizers, or the ke, The
carrier(s) must be pharmaceutically acceptable in the sense of being compatible with the
other ingredients of the fermulation and not unduly deleierious to the recipient/patient, The
hydrohalic acid salt is optionally contained in bulk or in unit dose form in a container or

receptacle which includes packaging thai protects the product from exposure to moisture and

oxygen,
{H248] The pharmacentical composition may include polymeric excipionts/additives

or carriers, e.g., polyvinvipyrrolidones, derivatized celluloses such ag
hydroxymethylcelinlose, hydroxyethylcellulose, and hydroxypropyimethyiceliulose, Ficolls
{a polymeric sugar), hydroxyethylstarch (HES), dextrates {e.g., cyclodextrins, such as 2-
hydroxypropyl-B-cyelodextrin and sulfobutylether-P-cyclodextring, polyethylene glycols, and
pectin. The compositions may further include diluents, buffers, binders, disintegrants,
thickeners, lubricants, preservatives (Including antoxidants), lavoring agents, tasie-masking
agenls, inorganic sals (e.g., sodium chioride), antimicrobial agents {e.g., benzalkonium
chloride), sweeteners, antisiatic agents, surfactants {¢.g., polysorbates such as "TWEEN 24"
and "TWEEN 807, and pluronics such as 68 and F88, available from BASF), sorbitan esters,
lipids {e.g., phospholipids such as lecithin and other phosphatidylcholines,
phosphatidylethanolamines, 2ty acids and fatty esters, steroids (2., cholesterol)), and
chelating agents (e.g., EDTA, zinc and other such suitable cations).  Other pbarmaceutical
excipients and/or additives suitable for use in the compositions according to the invention are
listed in "Remington: The Science & Practice of Phanmacy”, 19% od., Willlams & Williams,

2 g N it Sl » - w oand : 3 H 3 i
(1995), and in the "Physician’s Desk Reference”, 527 ed., Medical Economics, Montvale, NJ

~4
——
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{1598}, and i "Handbook of Pharmaceutical Excipients”, Third Hd,, Hd, A.l{ Kibbe,

Pharmaceutical Press, 2000,

{1241} The acid salt may be formulated in a composition suitable for oral, rectal,
topical, nasal, uphthalmic, or parenteral {including intraperitoneal, intravenous, suboutaneous,
or intramuscular injection) admimistration. The acid salt composition may conveniently be
presented in unit dosage form and may be prepared by any of the methods well known in the
art of pharmacy. All methods include the siep of bringing the acid salt into association with a

carrier that constitutes one or more accessory ingredients,

[6242] In one particudar embodiment, the acid salt, e.g., 4-arm-PEG-Gly-l1ino-20K
hydrohalide is provided in iyophilized form in a sterile single use vial Tor use by injection. In
ong embodiment, the amount of conjugate product contained in the single use vial is the
equivalent of a 100-mg dose of irinotecan. More particularly, the tvophilized composition
inciudes 4-arm-PEG-Gly-Irino-20K hydrohalide salt combined with lactate bufter at pH 3.5,
That 15 to say, the lvophilized composition is prepared by combining 4-arm-PEG-Glv-Trino-
20K hydrohalide, e.g., in an amount equivalent to a 100-mg dose of irinotecan, with
approcamately 90 myg of lactic acid, and the pH of the solution adjusted to 3.5 by addition of
either acid or base. The resulting solution is then Iyophilized under sterile conditions, and the
resulting powder is stored at -20°C prior fo usc. Prior to intravenous infusion, the iyophilized

compasition iz combined with a solution of dexirose, e.g., a 3% {w/w) salution of dexirose.

[0243] The amount of acid salt (i.e., active agent) in the formulation will vary
depending upon the specific active agent employed, its activity, the molecufar weight of the
conjugate, and other factors such as dosage form, target patient population, and other
considerations, and will generaily be readily determined by one skilled in the art. The
amount of conjugate in the formulation will be that arnount necessary to deliver a
therapeutically effective amount of the compound, e.g., an alkaloid anticancer agent such as
irinotecan or SN-38, (0 a patient in need thereof to achicve at jcast one of the therapeutic
sffects associated with the compound, e.g., for treatment of cancer. [n practice, this will vary
widely depending upon the particular conjugate, its activity, the severity of the condition to
be treated, the patient population, the stability of the formulation, and the like. Compositions
will generally contain anywhere from about 194 by weight to about 999 by weight coniugate,
typically from abowut 2% to about 95% by weight conjugate, and more typically from about

5% to 85% by weight conjugate, and will alse depend upon the relative amounts of
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excipients/additives contained in the composition, More specifically, the composition will
typieally contain gt feast about one of the following percentages of corjugate: 2%, 5%, 10%,

20%, 30%, 40%, 50%, 00%, or more by weight,

{0344 Compositions suitable for oral administration may be provided as discrete
units such as capsules, cachets, tablets, lozenges, and the like, each containing a
predetermined amount of the conjugaie as a powder or granulcs; or a suspension in an
aqueous liquor or non~aquecus Hguid such as a syrup, an elixir, an emulsion, a draught, and

the like.

10245] Formulations suitable for parenteral administration conveniently comprise a
sterile agueous preparation of the prodrug conjupaste, which cun be formulaied to be {sotonic

with the blood of the recipient.

1

13246} Masal spray formulations comprise puritied aqueous solutions of the multi-
armed polymer conjugate with preservative agents and isctonic agents. Such formulations
are preferably adjusted to a pH and isotonic siate compatible with the nasal mucous

membranes.

{9247} Formulations for rectal administration may be presented as a suppository with
a suitable carrier such as cocoa butter, ot hydrogenated fats or hydrogenated fatty carboxylic
acids.

[6348] Ophthalmic formulations are prepared by a similar meethod to the nasal spray,

cxcept that the pH and isotonic factors are preferably adjusted (o match that of the eve.

[0249] Topical formulations comprise the multi-armed polymer conjugate dissolved
or suspended in one or more media such as mineral oil, petroleum, polyhydroxy aleohols or
other bases used for topical formulations, The addition ot other accessory ingredients as

noted above may be desivable.

j0230] Pharmaceutical formulations are also provided which are sultabie for
administration as an serosol, e.g., by inhalation. These {ormulations comprise a solution or
suspension of the desired multi-armed polymer conjugate or a salt thereof. The desired
formulation may be placed in a small chamber and nebulized. Nebulization may be
accomplished by compressed alr or by ultrasonic energy to form a plurality of liguid dropiets

or solid particles comprising the conjugales or salts thereof.
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Hydrohalide Salts - Methods of Using the Hydrahalide Salt Conjugates

3155} The acid salt deseribed herein can be used to reat or pravent any condition
responsive 1o the unmaodified active agent in any animal, particularly in mammals, incloding
humang. One representative acid salt, 4-arm-pentaerythritolyI-PEG-glyeine-irinotecan
hydrochlaride, comprising the anti-caneer agent, irinotecen, ts particularly useful in reating

various types of cancer.

{1253 The acid salt conjugate, in particular, those where the small molecule drug s
an anticancer agent such as a campiothecin compound as described herein (e.g., irinotecan or
7-ethyl-10-hydroxy-camptothecin} or other oncolytic, is useful in treating solid type tumors
such as breast cancer, ovarian cancer, colon cancer, gastric cancer, malignast melanoma,
small cell lung cancer, non-small cell lung cancer, thyroid cancers, kidney cancer, cancer of
the bile duct, brain cancer, cervieal cancer, maxillary sinus cancer, bladder cancer,
esophagest cancer, Hodpgkin's disease, adrenocortical cancer, and the like. Additional cancers
treatable with the acid salt include lymphomas, leukemias, shabdomyosarcoma,
neuroblastoma, and the like. As stated above, the subject conjugate 1s particularly effective
in fargeting and accumulating in solid tumors, The conjugate is aleo useful in the treatment
of HIV and other viruses,

[6253] Representative conjugates such as 4-arm-pentaerythritolyl-PEG-glycine-
irinotecan have also been shown to be particularly advantageous when used to treal patients
having cancers shown 10 be refractory to treatment with one or more anticancer agents.
{0234} Methods of treatment ¢comprise administering t¢ 2 mammal in need thereofa
therapeutically effective amount of an acid salt composition or formulation as described

herein.

{8255} Additional methods include treatment of (1) metastatic breast cancer that is
resistant 1o anthracycline and/or taxane hased therapies, (1) platinum-resistant ovarian cancer,
status by adminisiering an acid salt composition as described herein.

{02561 in treating metastatic breast cancer, an acid salt of a conjugate such as 4-arm-
pentaerythritolyl-PEG-glycine-irinotecan as provided herein is adminisiered to a patient wit

iocally advanced metasiatic breast cancer at a therapeutically effective amount, where the

T4
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patient has had no more than two prior (unsuccesstul) treatments with anthracycline and/or

taxane based chemotherapeutics.

10257) For treating platinum-resistant ovarian cancer, a composiiion as provided
herein is administered o a patient with locally advanced or metastatic ovarian cancer at a
therapeutically effective amount, where the patient has shown tumor progression during

platinum-based therapy, with a progression-frec wterval of less than six months,

18258} In yet another approsch, & hydrohalic acid salt (e.g., such ag that in Example 6)
is adminisiered to a subject with Jocally advanced colorectal cancer, where the colorectal
tumor(s) has a K-Ras oncogene mutation {K-Ras mutant typesy such that the tumor does not

respond to EGFR-inhibitors, such as cetuximab. Subjects are these having failed one prior

5-FU containing therapy, and are also irinotcean naive.

{H259 A therapeutically cffective dosage amount of any specific acid salt will vary
from conjugate to conjugate, patient 1o patient, and will depend upon factors such as the
condition of the patient, ihe activity of the particular active agent emploved, the type of

cancer, and the route of delivery.

[8260] For camptothecin-type active agents such as irinotecan or 7-cthyvi- 10-hydroxy-
camptothecin, dosages from about .5 to about 100 mp camptothecin/kg body weight,
preferably from about 10.0 to about 60 me/kg, are preferred. When administered conisintly
with other pharmaceutically active agents, even less of the acid salt may be therapeutically
etfective. For administration of an acid salt of irinctecan as exempiified berein, the dosage

N . . B - - .3 P L2
amount of innolecan will typically range from about 50 mg/m” to about 350 mg/m®,

{6261} Methods of reatment also fnelude administoring a therapeutically effective
amount of an ¢id salt composttion or formulation as described herein (2.3, where the active
agent is a campilothecin type molecuie} in conjunction with a second anticancer agent.
Preferably, such camptothecin-based conjugates in the form of an acid salt, are administered

i combination with S-fluorouraci! and folinic acid as described in U.S, Patent No. 6,403,569,

{9262} The hydrohalic acid salt compositions may be administered onege or several
times a day, preferably once a day or less. The duration of the trestment may be once per day
for a period of from two to three weeks and may continue for a period of months or even

years, The daily dose can be admimstered etther by a single dose in the form of an individual
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dosage unit or several smaller dosage units or by multiple administration of subdivided

dosages at certain intervals,

{3263] It is 1o be understond that while the invention has been described in
conjunction with the preferred specific embodiments thereof, that the foregoing description as
well as the examples that follow are intended to illustrate and not limit the scope of the
invention. Other aspects, advantages and modifications within the scope of the invention will

be apparent 1o those skilled in the art (0 which the invention pertains,
P

EXPERIMENTAL

[0264] The practice of the invention will employ, unless otherwise indicated,
conventional techniques of organic synthests and the like, which are within the skill of the
art. Such techniques are fully described in the lersture. Reagents and materials are
commereiaity available unless specifically stated to ithe comrary. See, for example, M. B
Swithoand ¥, March, Marceh's Advanced Organic Chemisiry: Reactions Mechanisms and
Struciure, 6th Ed {New York: Wiley-Iuterscience, 2007}, supra, and Comprehensive Organic
Functional Group Transformations I, Volumes -7, Sceond Ed.: A Comprehensive Review
of the Synthetic Luterature 1995-2003 (Organic Chemistry Series). Eds. Katritsky, AR, et

al., BElsevier Science.

{3265} in the following examples, efforts have been made 10 ensure accuracy with
respoct to nmumbers used (2.g., amounts, temperatures, ete.y but some experimental error and
deviation should be accounted for. Unless indicated otherwise, temperature is in degrees €
and pressure is at or near atmospheric pressures at sea level,

{3266} The following examples illustrate cortain aspects and advantages of the
present invention, however, the present invention is in no way considered to be limited to the

particular embodiments described below,

18267} ABBREVIATIONS

{0268] Arx Argon

18269} M carboxymethyl or carborymethylene ((CH.COOH)
{0278} RCC i, 3-dicyclohexvicarbodiimide

{0271} DCM dichloromethane

{9272} DMAP 4-(N,N-dimethylaminopvridine
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[6273] GLY
10274 HO
10275 RP-IIPLC
(0276 1PA
(0277} IRT
10278 TPC.
{9279 MeOH
10286} MTBE
16281} MW
16282} NMR
[0283] PEG
10284] R
10285 SCM
{0286} TEA
{6287} TFA
19288 THF
16289}

[6290]

PCT/US2010/057292

glycine

hydrochloric acid

reverse-phase high performance Hguid chromatography
tsopropy] aleohol

irinotecan

ton pair chromatography

methanol

methyi feri-butyl ether

molecular weight

nuclear magnetic resonance

polyethylene glycol

roeom temperature
succinimidyicarboxymethyl (~CHy-COO-N-
succimmidyl)

triethviaming

trifhuoroacetic acid

etrahydrofuran

Materials and Methods

Pentaerythritolyl-based 4-ARM-PEG-0H was obtained from NOF

Corporation (Japan). 4-ARM-PEG0¢-OH possesses the structure: C-(CH0-

(CHCHOwH)y, wherein each n is about 113,

{0291]

Additional suppliers of pentaerythritolyl-based 4- ARM-PEG6:-OH (also

referred to simply as 4-Arm PEG-O) include Creative PEGWorks (Winston-Salem, NC3,

which also offers the succinimidyl-functionalized version, and JenKem Technology USA

{Allen, Texas).

10292

Al 'THINMR data was generated by a 300 or 400 MHz NMR spectrometar

manuafactared by Broker.



WO 2011/063158 PCT/US2010/057292

EXAMPLE 1
PREFARATION OF PENTARRY THRITOLYL-4-ARM-{PEG-L-METHYLENE-2 OX0O-
VINYLAMENG ACETATE LINKED ~IRINOTECAN 28K "4-ARM-FEG-GLY-IRING-2OKY
MIXED TRIFLUOROACETIC ACIDLHYDROCHLORIDE SALT

j8293] Reaction Scheme:

-Foc-Glysine
DOCC

3C™
RY, Ar

TFA-Cl -
: s a
" ~ 8
HaM,C (- Okmug V4
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TEA
DCMN/DME
RY, Ar

|
f

i
v

isolate from MaOH/IPA {3}

>80%
STEP 3
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[8284) This example describes the synthesis of a mixed TFAHCY acid salt of 4-Arm-
PEG-Gly-Inno-20K.
[8295] Al solvents used in the synthesis were anhydrous.

Step I Conjugation of t-bog-glveine o Inotecan~HC salt (& 95% vield)

{4296] Irinotecan- HCHrihydrate (1 mole or 677 g) and DMF (10 L) were charged
info a distiller at 60°C. Upon dissolution of the irtnotecan-HC I trihydrate in PMF, full
vacuum was slowly applied in order to remove water from the irinotecan HCHrihydrate by
azeotropic distillation at 60°C. Upen solids formation from the residual DMF, heptane (up to
60 L) was charged into the distiller to remove residual DMF at 40 - 50°C. Upon removal of
heptane by visual inspection, the azeotropis distillation was siopped and the solid

{rinotecan HCl) was allowed to cool to 17 4+ 27C. For the coupling reaction, t-boc-glveine

30



WO 2011/063158 PCT/US2010/057292

{1.2 mole), 4-DMAP (0.1 mole) dissolved in DCM (1 L), and DOM (19 L) were charged into
the distiller. Onee the mixture was visually well disporsed, melted DCC (1.5 mole) was added
and reaction was allowed to proceed. The reaction was carried out under an argon or
nitrogen blanket, with sufficient mixing and pot temperature at 17 + 2°C,

{1297} Alter a 2-4 hour reaction time, a sample was withdrawn 1o measure residual
rinotecan (JR'T) peak area percent by chromatography. Residual irinotecan was determined
to be present in an amount of no more than 5%. DCU formed during the coupling reaction
was removed by filtration, and washed with DCM. The resuliing filtrates containing crude -
boc-glycine-irinotecan-HCH salt were combined and concentrated below 435°C under vacoum
t remove DUM. When approximately 759% of its initial volome was removed by distillation,
TPA was then added to the concentrate to reach the initial volume. and the mixture further
distilled until the condensate volume reached about 23% of its initial volume. The resulting
clear sclution was cooled to room temperature, followed by its addition to hoptanc with
mixing. The mixture was mixed for an additional 0.5 10 1 hour, during which time a
precipitate formed.  The precipitate was drained and filtered to obtain a wet cake, and then
washed with heptane (up 1o 6 L), The wet cake was vacuum-dried 10 yield t-boe-glveine-

innotecan powder for use in Step 2. Yield »95%.

Step 2. Deprotection of t-bog-glveine-Irinoiccan

(82984 The t-boc-glveine-irinotecan {1 mole} from Step § was dissolved in DOM with
agitation to form a visually homogeneceus solution, To this solution was added TFA (15.8
mole} over a period of 5 to 10 minutes and the resulting solution stirred for about 2 hours.
Residual starting material was measured by RE-HPLC and determined to be less than about
5%. Acctonifrile was then added to the reaction solution to form a visually homogeneous
sejution at RT, This solution was then added to MTBE (46.8 kg) being sufificiently agitated
at 35°C 1o promote crystaliization. Optionally to reduce MTBE use, DCM in the reaction
solution was replaced with acetonitrile by distiliation at 15 10 40°C. After the solvent swap,
the product-contaming solation was added info approximately 50% less volume of MTRE (23
kg) being sufficiently agitated at the crystaliization temperature (35°C). Mixing was
continued for a halt to one hour. The resulting solid was filtered and the cake washed with

MTRE.
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{8299] The wet cake was vacuum-dried (o vield the glycine-trinotecan salt powder for
use in Step 3. Triftuoroacetate and chloride content of the product was determined by ion

chromatography with a conductivity detector.  (Yield > 95%),

Step 3. PEGylation of Glveine-irinotecan using 4-arm-PEG-CM-SCM

{6360} The gycine-irinotecan TFAMHCT salt powder from Step 2 was added 1o a
reaction vessel to which was added DXCM (approx. 23 1), The mixture was agitated for
approvimalely 10 to 20 minutes to allow the glycine-irinotecan TFA/HCT sall to disperse in
DOM. Triethyl amine (approx. 1.05 moles (HCI + TFA) moles in glycine-irinotecan
THFA/RC! salt powder) was then added slowly, at a raie which maintained the pot temperature
at 24°C or below. The resulting mixture was agitated for 16 to 30 minutes to allow

dissolution of the GLY-IRT (glyeine-modified irinotecan) free base,

{6381} Approximately 80% of the total quantity (6.4 kg) of 4-arm PEG-SCM-20kD
was added o the reaction vessel over a course of up to 30 minutes. After dissolution of the
PEC reagent, reaction progress was monitored by IPC, {In the event that the amount of non-
conjugated GLY-IR'T was greater than 5% when the reaction appeared to have reached 8
plateay, the remaining 20% of 4-arm FEG 8CM wag then added to the reaction vessel, and
the reaction progress monitored until a constant value of unreacted GLY-TRT was observed).
{63021 Crude product was precipitated by adding the reaction solution into MTBE
(113.6 L) agitated at room temperature over a period of from 1-1.5 hours, followed by
stirring.  The resulting mixture was transforred into a filter-drier with an agitator 10 remove
the mother hquor. The precipitate (crude product) was partially vacuum-dried at

approximately at 10 to 25°C with minimum infermitient stirring.

{0303 Crude product was then placed into a reaction vessel, to which was added IPA
{72 L) and MeOH (8 L), followed by agitation for op 10 30 minutes. Heat was applied to
aclhieve visually complete dissolution (a clear solution) at 50°C pot temperature, followed by
agitation for 30 to 60 minutes. The solution was then cooled to 37°C, held there for several
hours, followed by cooling to 20°C. The mixture was transferred into an agitated filter drver,
and filtered to remove mother liquor to form a cake on a filter. The cake was washed with
70% MTBE in IPA and 30% Mz2OH and partially vacuum-dried. This procedure was

repeated two additional times, with the exception that, prior to cooling, the clear IPA/MeOH
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solution containing 4-arm PEG-Gly-IRT was filtered using an in-line flter (1 um) at 50°C 1o

remove any potential particulstes in the last (3rd) crystallization.

{8304 Three representative samples were taken from the washed wet cake, and NHS

fevels were measured using NMR, The wet cake wag vacuum-dried.

j6305] The product ("API") was packaged inte double bags sealed under an inert
atmosphere, and stored at -20°C without exposure to Hght. Product vield was approximately

08 %,

FXAMPLE 2
CHARACTERIZATION OF "4-ARM-PEG-GLy-lrino-20K" PRODBUCT FROM EXAMPLE 1 AS A
MIXED ALY

j3386] The product from Example | was analyzed by ion chromatography (IC
analysis). See Table 1 below for {C analytical results for various produet lots of 4-arm-PEG-~

Gly-Trino-20K.

Table §

Mole Percent of Irinotecan bound to PEG
Lot Nao, TFASaLT | HCE Sarr | Freg Base
010 59 e 3 (low}
020 64 (high) 30 )
030 27 {low) 24 4 9(high)
040 53 26 21
050 54 26 24
860 57 28 is
070 53 33 I4
080 N 53 27 20
090 44 19 36
100 33 41 26
Average of last 7 54 2% 22
lats

(8367} Based upon the I results provided in Table 1, it can be seen that the product

formed in Example |, 4-arm-PEG-Gly-lrino-20K, is a partial mixed salt of approximately 50
mole percent THA salt. 30 mole percent HCI salt, and 20 mole percent free base, based upon
conjugatad irinotecan molecules in the product. The mixture of salis was observed even after

lizations of the product.  In the various product lots analyzed ahove, it

gepeated (1-3) recrystal

can be seen that about 35 - 65 mole percent of the irinotecan molecules in the composition
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are protonated as the TFA sall, about 25-40 mole percent of the irinotecan molecules in the
composition are protonated as the 1IC salt, while the remaining 3-35 mole percent of the
irinotecan is non-protonated {Le., as the free base).

{308] The generalized structure of the product is shown below, where the irinotecan
meietics are shown in free base form, and in association with HC and TFA - as an indication

of the mixed zalt nature of the product.
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EXAMPLE 3
STRESS STABILITY STUDIES OF S ARV-PRG-GLY-TRING-20K
16309] Accelerated stability smdies were conducted in an attempt to evaluate the 4-
arm~-PEG-Gly-Irino-20K product compesition.  Compositions containing varving amounis of
protonated jrinotecan, as well as differing 1o the amount of TFA versus HCH salt were

axamined.
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Stress Stabilitv Studies

{0318 The product forroed in Example 1, 4-arme-PEGGly-Irino-20K compaund §,
(approximately 1-2 g) was weighed into PEG PE ‘whirl top” bags and placed into another
‘whirl lop” bag in order to simulate the API packaging conditions. In one study (results
shown in F1G, 1), samples were placed in an environmental chamber at 25°C/60%EBH for 4
weeks. In another study, samples were placed in an environmental chamber at 40°C/75%R11
for up to several months (results shown in FIG, 2 and FIG. 3). Samples were taken and

analyzed on a periodic basis over the course of the studies.
Resules

6311} The results of the studies are shown in FIG. 1, FIG. 2 and FIG. 3. In FIG. §,
4-arma-PEG-Gly-Trino-20K peak area percents for samples stored at 25°C and 60% relative
humidity are plotted versus time. The data shown are for samples consisting of >99% H{I
salt (<1% free base, triangles), 24% total salt (6% free base, squares), and 52% total salt
{(48% free base, circles).  The slopes of the graphs indicate that as free base content
increases, the stability of the product decreases. Under the stress conditions employed (Le.,
25°C for up to 28 days), the drop in 4-arm-PEG-Gly-Irino-20K peak area corrclated well wit]
the increase in {Tee irinotecan, indicating that the mode of decomposition is primarily via
hydrolysis of the ester bond to release irinotecan. Based upon the results observed, it appears
that a greater amount of free base in the product leads to decreased stability towards
hydrolysis. Thus, product containing a greater degree of protonated irinotecan appears to
have a greater stability against hydrolysis than product containing less protonated irinoteean

{based upon mole pereent).

8312} FEG. 2 and FEG. 3 show another set of data obtained from the sample
containing >99% HCE salt {<1% free base, squares) and a sample consisting of 86% total saklts
(14% free base, diamonds} that were stored at 40°C and 75% relative humidity. FIG. 2
shows the increase in free irinotecan over 3 months for both samples. This data is consistent
wiih the data from the previously described study (summarized in FIG. 1), which shows tha
product with & higher froe base content is less stable with respect to hydrolysis. FIG, 3
shows the increase in smaller PEG species for the same samples over 3 months, The increase
mn smaller PEG species is indicative of decompasition of the PEG backbone to provide

multiple PEG species. The data indicates that product corresponding to the HC! salt is more
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prone to PEG backbone decomposition than the mixed salt sample comtaining 14% free base
under aceelerated stability conditions. Thus, while not intending to be bound by theory, it
appears that that while the partial mixed salt may degrade primarily by hydrolytic release of
drug, the hydrochloride salt appears 1o degrade by a different mechanism, 1.e,, degradation of
the polymer backbone. However, the extent of backbone degradation can be minimized, e g,

by controiling storage conditions,

{63131 I summary, the two modes of decomposition observed exhibit apposite rends
with respect to salt/free base content. Although the hvdrochloride salt did demonsiraie 2
greater degree of backbone degradation under accelerated stability testing (possibly due to the
acidity of the formulation), the hydrochloride salt was shown 1o have greater hvdrlytic

stability than cither the free base or mixed TFA hydrochloride salt.

EXAMPLE 4

CHIRALITY STUDY

{3314]) The chirality of carbon-20 of irinctecan in 4-arm-PEG-Gly-Irino-20K was
detcrmined,
{8315} As detailed in docamentation from the vendor, the irinotecan hydrochloride

starting material is optically active, with €-20 in its (8)-configuration.  The C-20 positon in
irinotecan bears a tertiary alcohol, which is not readily ionizable, hence this siwe is not
expected 1o racemize except under extreme (strongly acidic) conditions. To confirm the
chivality at the C-20 in 4-arm-PEG-Gly-Irins-20K, a chiral HPLC method was used ©

analyze irinetccan released from product via chemical hydrolysis.

{0316} Based upon the resulting chromatograms, no (R)-enantiomer was detected for
the 4-arm-PEG-Gly-Irino-20K samples. Following hydrolysis, the irinotecan released from

the conjugate was confirmed o be the (S)-configuration.
EXAMPLE 3
HyprOLYSIS STUDY

(03174 Al PEGylated irinotecan species are considered as part of 4-arm-PEG-Gly-

Irino-20k (regardless of the particular form - free base, mixed TFA chioride salt, or chloride
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salt}; each species cleanly hydrolyzes fo produce mnotecan of >99%% purity, Furthermore,
the main, fully drug-loaded D84 species {irinotecan covalently atiached on each of the four
polymer arms) and the partially substituted species - DS3 (irinotecan covalently atiached on
three polymer arms), DS2 (irinotecan covalently attached on two of the polymer arms) and
D51 species (irinotecan covalently attached on a single polvmer arm) - all hydrolvze at the

same rate to release free drug, irinotecan,

{8318] Experiments were performed to determine the fate of the irinotecan-containing
PEG species in 4-arm-PEG-Gly-Irino-20K mixed TFA chioride salt under transesterification
{(KaCGy in CH3OH, 20°0) and agueous hydrolysis (pH 10, 20°C) conditions. The
transesterification reaction was >99% complete afler 45 minutes. The agueous hydrolysis
reaction was >99% complele within 24 hours. For both reaction types, control reactions
using irinotecan were performed under identical conditions and some artifact peaks were
observed. After adjustment for artifact peaks, in both cases, the irinotecans produced had

chromatographbic purities of »99%,

j8319] Based upon these results, it was concluded that essentially all PEGylated
species in 4-arm-PEG-Gly-Irine-20K such as the hydrochloride salt release irinotecan.
Overlays of the HPLCs taken over time from the aqueocus hydrolysis reaction show the
conversion of D84 to D53 to DE2 to DST to winotecan, All of these species hydrolyze to
release irinotecan as Hustrated in FIG. 4 which demonstirates release of frinotecan via

hydrolysis frorn mone-, di-, tri- and tetra-substituted 4-arm-FEG-Gly-Irino-20K species.

[#328] Additional experiments were conducted to measure the rates of hydrolysis for
the major component of 4-arm-PEG-Gly-Irine-20K, D54, and its lesser substituted
intermediates, D83, D82 and DS in aquecus buffer {(pH 8.4} in the presence of porcing
carboxypeptidase B and in human plasia. The hydrolysis in agueous buffer (pH 8.4) in the
presence of poreine carboxvpeptidase B was an attempt 1o perform enzyme-based hydrolysis,
The control experiment at pH 8.4 without the enzyme later showed that the hydrolysis was
pH-driven, and thus primarily a chemical hvdrolysis. The data were, nevertheless, valuable
for comparison with the data obtained from the hydrolysis performed in hurnan plasma.
These experiments showed that the hydrolysie rates of the various components are not
significantly different and compare favorably with theoretical predictions. Additional
experiments measured the rates of hvdrolvsis for the major components (D84, D83, D82 and

351y of d-arm-PEG-Gly-Irino-20K io huwpan plasma. These experiments also show that the
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various components are hydrolyzed at the same rate and compare favorably with theoretical

predictions.

U321 FIG. 8 and FEG. 6 presemt graphs which show the theoretical hydrolysis rates

versus experimental data for the chemdeal hydrolysis (in the presence of envyme) and plasma
hydrolysis, respectively. In both cases, the theoretical predictions are based on identical rates
for the hydrolysis of each species to produce the next-lower homologue plus free irinotecan

{i.e, DS4>D83>DE2>DE,

EXAMPLE ¢

PREFARATION OF PENTAERYTHRITOLY L-4-ARM-{PEG-1-METHYLENE-Z OX0O-
VINYLAMING ACETATE LINKED ~IRINOTECAN}-20K "4-ARM-PEG-GLY-IRING-
2K HYDROCHLORIDE SALY

J Q -
i 1
v~--+~o—c— ~NHC H;——C*-CL,,{ IS
an

¥
Q \
- i v 0
7 et NN e
g N A O N T WA
fONTN S T e A
= el <

HO dioxane

P
RY
/'—"\N— >
TN R

SRR 2

#
{ -

T / i
/ — i
/ N ’\\ .
i i R

s

!
N

- HCH

83



PCT/US2010/057292

WO 2011/063158

+ O
7
P A
ani [
i N
N N \M} Q
i i A
\ ps .
P b e
/ ¢
r\-ﬂ';r{\‘ \\\
Nty e
I \/ e yd
/ ’\&
e q
Y y
PO,/ O
I b * H
{ P ~ [ i il
D\\\\\y/ - ﬁi\\o///\\v/;*/u\\x‘// \\//,/O\ e \\ﬁ /?/ e O\\ ~ /b
| 7| 1 n
| mn n 1/ 1 7
5 4 o
/'/ “
Q‘;\ ,/N\.
1 D=0
pag

STEP -
3 TEA
DOM
RT, Ar

v

isolate
w/ MTBE

89



WO 2011/063158 PCT/US2010/057292

™
r/‘\,ﬁ/‘\i\vr‘l
L N
Omyt ™7 E -
‘f) o S, \/ \‘:T’A'\; /O ) % :\)
L Ay o A Y
LT N T = F NV
A O AN ) -
)w ., 1 Sz Ay /}-‘ 3
o 4 ~NOUT U
DRI P o™y N
/ :
S Y A PN
N ’ o) EN el ¢
s oy
. <o
SREAN <5 e
; \ Q
(n=~113rarmy  / P
A &
G 9
o fi
}fﬁofﬂ\,}r?% 5 e
" . Beg
[ -~ - — |
O‘\\ ‘3 Q?’\}‘N/\“‘-K"O S
ok ! i \ P
i 6 e
o !
0N s N
L«(}y a8y ~&
O// i N‘n‘/l‘“i';:x) T \'Q\:\ < }"4\_,
| e o= e
o ’/\N" Q { - f \‘.
L J O\ r \Y”N J
Lf’\!?é/ o r!;'y- N\( J hatl
A

> 95 mole% HCI

Step 1. Synthesis of Boe-Glveine-trinotecan Hydrochlaride (Glv-IRT HCH

Pait 1: Prving of Irinotecan hydrochloride trihvdrate (IRT.HCLAH2O)

[6332% IRT-HCEF3HO (45.05

8, 006.52Z mumol} was charged into a reactor. Anhydrous
M, M-dimethytormanide (DMF) (666 mL, 14.7 mL/g of IRT-HCI3HO, DMF water content
no more than 300 ppm) was charged to the reactor. With slow agitation, the reactor was
heated 10 60°C (jacket temperature). After the irinotecan (IRT) was fully dissoived {(5-10
minutes) vacuum was slowly applied to reach 5-10 mbar and the DMF was distilled off
When the volume of condensed distillate (I3MF) reached &5 — 90% of the initial DMF charge,
the vacuum was released. Heptane (1330 mL, 30.0 mL/g of IRT-HCE3H,0, water content no
more than 50 ppm) was introduced into the reactor and the jacket lemperature was lowered to
5070, Heptane was vacuum distilled (100-150 mbar) until the volume of the distillate was
about 90% of the initial charge of heptane. Two more cyeles of heptane distillation were

carmied out {2 X 1330 mL heptanes charges and distillations). A solvens phase sample was

a0
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removed from the reactor and was analyzed for DMF content using gas chromatography to
ensure that the DM content of the sample was no more than 3% w/w. (In the event the
residual DM iy =3.0% w/w, a fourth azeotropic distillation cvele is performed). The

resultant sharry was used for the coupling reaction.

Parl 2: Coupling reaction

{0323] Bichloromethane (1330 mi, 28.5 mb DOM/g IRT-HCI2H,0) was charged
into the reactor where the slurry of dry IRT-HCE (1.0 equiv) in residual hepranes
{approximate mass ratio of residual heptane to TRT HCI was 3} was being stirred. The
reaction conlents were agitated for 13 - 30 minutes, and the batch temperature was
maintained at 17°C. Boc-glyeine (14.0 g, 79.91 mmol, 1.2 equiv) and DMAT (0.81g, 6.63
mmol, 0.1 equiv) were charged, as solids, into the reactor. A DCM solution of DCC {15
equy in 40 mb of dichloromethane) was prepared and added over 15-30 min, and the
resultant reaction mixture wag stirred a1 17°C (batch temperature) for 2-3 hr.  The reaction
was monitored by HFLC for completion. A pre-made quenching solution was charged into
the reaction mixture to guench any remaining DCC. Brictly, the pre-made quenching solution
is a pre-mixed solution of TFA and IPA in dichloromethane, prepared by mixing TFA (1,53
mb, 0.034 ml/ g IRT-HCE3H,0) and 1PA (3,05 mL, 068 mL/g IRT-HCLIHLO) in DUM
{153 mk, .34 mL/ g IRT-HCI3H0), and was added to the reactor V1 over 5 - 10 minutes
when the conversion was at least 7%, The contents were agitated for additional 30-60 min
1o allow quenching. The DCU-containing reaction mixture was filtered through a 1 micron
filter tnto another veactor. The reaction filtrate was distitied o 1/3 volume under vacuum at
35°C, Isopropyl alcohol (JPA)Y (490.5 mb, 109 mU/g IRT-HCI31L0) was added to the
concentrated mixture and the mixture was stirred for 30 - 60 min at 54°C (Jacket
ternperature). The resulting homogeneous sohtion was concentrated by vacuum distiliation ©
approximately 85% of the initial IPA charge volume and the resuliant concentrate was cooled
o 20°C (Jacket temperature). The reaction mixture in IPA was transferred over 60-80 mir
into heptane (1750 mb., 38.8 L heprane/g IRT-HCH3H30) at 20°C. The resultant slusry
containing Boce-gly-IRT HCY precipitate was stirred for an additional 60-90 minutes and the
product was coliected by filtration. The reaction flask was rinsed with heptane (2 X 490 ml,
20.0 mbL Heptane/g IR'T-HCI-3H20) and the product calie was washed with the rinse. The wet
cake was dried at 20°C to Z5°C under vacoum for a minimum of 12 hrs. Yield: 57.13 g

{110%, high because of residual sobvents).

g1
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Step 2. Svnthesis of Glyveine-Irinotecan Hydrochlornde {(Gly-IRT HCD

{0324 A 100 ml round bottom {lask was charged with BOC-Gly-IRT {2.34 g, 8.003
mgles) and IPA (12 mi), to which was added HC (12 ml, 4M, in dioxane, 9.045 moles over
a period of 10 minutes. The reaction mixture was strred at R.T. for 6 hrs (and monitored by
HPLC for completion of reaction), followed by addition of drv acetonitrile (12 mL). The
resulting reaction mixture was slowly added {8 mins) to a stirring solution of MTBE {140
ml}. The solid thus obtained was filtered and dried under vacuum o give Gly-IRT HCL salt as

a yellow colored powder. Yield: 2.17 g,

Step 3. Svnthesis of d-arm PEGZOK -glveine Irinoiscan Hydrochloride

{0325 Oly-IRT HCEH(5.04p 14.61 wit% HC) was charged o a 100 ml reactor and
flushed with argon. The jacket temperature was set at 20°C. DCM (100 mL) and TEA (4 mL)
were added. The solution was stirred for {1 minutes.

[8326] An initial charge of 4-arm-PHEGZOK-50M was added (26.5 ¢) and the reaction
mixture stirred for 30 minues. A sample was taken and analyzed via HPLC. The HPLC data
showed 6. 1% remaining Gly-IRTHCL A second charge of 4-arm-PEGZOK-SCM (1.68g)
was added to the reaction mixture and the solution stirred for approximately 2 hours. A
sample was taken for HPLC analysis. The HPLC analysis data showed 1.2% remaining Gly-
IRT HCL

13271 The reaction solution was then slowly added to MTBE (800 mL) to precipitate
the product. The precipitate was stirred for 30 minutes and collected via filtration. The wet
cake was washed with MTBE (200 mL) twice. The product was dried under vacuun. The
crude 4-arm-PECQZ0K-irinctecan hydrochioride intermediaie was analvzed by ton
clromatography for chloride content.

[03238] Table Z summarizes the resulting 4-arm-PEGZ0K -irinotecan hydrochloride

intcrmediate salt content analysis (IC clyormatography).

Table 2
Chloride IRT Chioride
confent
Wil Wile Mole %
0.493% Q.8% 83.3%

(0
§o3
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Salt adjustment and ethyl acetate isolation:

{B329] The crude 4-arm-PEG20K -irinotcean hydrochloride intermediate (291 g,

%

83.3 mole % Cly was dissolved in 600 mL of ethyl acetate at 359 C. The solution was stirred
for 15 minutes following visible dissolution of solids. A 0.1M solution of HC! in ethanol (8.5
ml} was charged to the solution and stirred for 30 minutes. The flask was tmwmersed in an ice
batch with strong stirring. Visible solids precipitated from solution after 10 minutes. The
wixiure was stirred for a total of 60 minutes in the bath. The precipilate was collecied by
filiration in a glass frit by the application of light vacuum. The wet cake was washed with a
30% MeH / 709 MTBE solution (400 mi). The product was placed under vacuum to dry.
Yield: 28.3g

[833¢] The chloride content of the final produet {as determined by ion

chromatography) was as follows:

IRT Content, Wit Chloride, Mole %
9,894 08 .8%
8331 Another lot prepared by the sbove process was determined by ion
Preg h i ¥

chromatography to possess 103.8% mole % chloride (.e.,was fully in the form of the
hydrochloride saity. When stored and evalnated over a period of 4 weeks at 40° €, the total
product related species changed from 98.7% to 97.0%, while free irinotecan changed from
0.4% to 1.25%, indicating the stability of the hvdrochloride salt (e, resistance) with respect
0 hydrofviic degradation. Under these same conditions, polvethylens giveol backbone

cleavage was detecied after 4 weeks but was not measurable.

EXAMPLE 7
PREPARATION OF PENTAERYTRITOL-BASED - ARM-PEG-28K AT LY KG SCALE
{63321 Materials and Methods. A very high grade of ethylene oxide having the
lowest water content achievable should be used as water content jeads to polvmeric diol
mpurities. CAUTION: Ethylene oxide is a very reactive compeound that can react
explosively with moisture, thus leaks in the reaction and transfer apparatus should carefully
avoided. Also, care should be taken in operations to include having personnel work behind

protective shields or in bunkers.
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{0333 Anhydrous toluene (4 L) was refluxed for two hours in a two gallon jacketed
stzinless steel pressure reactor, Wext, a part of the solvent (3 L) was distilled off under
atmospheric pressure. The residual toluene was then discharged out and the reactor was drisd
overnight by passing steam through the reactor jacket and applying reduced pressure 3 — 5
mm Hg. Next the reactor was cooled to room temperature, filled with anhydrous tolucne (4
L.} and pentaeryihiiol based 4ARM-PEG-2K (SUNBRIGHT PTE®-2000 pervaerythritol,
molecular weight of about 2,000 Dalions, NOT Corpoeration; 200 g, 0.100 moles) was added.
‘The solvent was distifled off under reduced pressure, and then the reactor was cooled to 30 °C
under dry nitrogen atmosphere. One liter of molecular sieves-dried toluene {water content ~
5 ppm) and liquid sodium-potassium alloy (Na 22%, K 78%; 1.2 g) were added to the reactor,
The reactor was warmed to 110 °C and ethylene oxide (1,800 g) was continucusly added over
three hours keeping the reaction temperature at 114 - 120 °C. Next, the contents of the
reactor were heated for two hours at ~ 100 °C, and then the temperature was lowered to ~ 70
(. Excess ethylene oxide and toluene were distilled off under reduced pressure. After
distillation, the conients of the reacior remained under reduced pressure and a nifrogen sparge
was performed 1o remove traces of ethylene oxide, Phosphoric acid (1N} was added to
neutralize the basic residue and the product was dried under reduced pressure, Finally the
product was drained from the reactor and filtered giving after cooling 1,900 g of white solid.
Gel Filtration Chromatography {GFC) was applied to characterize the alkoxylated polymeric
product, pentaerythitol based 4-ARM-PEG-20K. This analytical method provided a
chromatogram of the composition with scparation of the components according o mwlecular
weight. An Agilent 1100 HPLC system equipped with Shodex KW-803 GFC colunin (300 x
8 mmy and differential refractometer detector was used. The flow of the mobile phase (0.1M

NaNOs) was 0.5 ml/min. The GFC chromatogram is shown in FIG. 7.

[8334] GFC analysis showed that the 4ARM-PEG-20K product contained the
following: High MW product .42%, 4ARM-FEG-20K 69,14%, HO-PEG{10K)-OH (.44%.

EXAMPLE 9
AMNALYSIS OF COMMERCIALLY AVAILABLE 4ARM-PEG-28K
{0335] NOF Corporation is a current leader in providing commercial PEGs, Thus s
fresh commercially available pentaerythritol-bascd 4ARM-PEG-20K (SUNBRIGHT PTE®-

20,000, molecutar weight of about 20,000 Daltons, NOF Corperation) was obtained and

<]
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analyzed using Gel Filtration Chromatography (GFC). An Agilent 1100 HPLC system
equipped with Shodex KW-803 GFC column {300 x 8 mm) and differential refractomster
detector was used. The flow of the mobile phase (0. 1M NaNOs) was 0.5 mi/min, The GFC

chromatogram is shown in FIG. 8.

{6336 GFC analysis showed that this commercial 4ARM-PEG-20K product
contained: High MW products 3.93%, 4ARM-PEG-20K 88.56%, HO-PEG{10K)-0OH 3.93%,
HO-PEG{SK}-OH 3.38%.

EXAMPLE 10

PREPARATION OF ALKOXYLATARLE DLICOMER: PENVARRYVTHRITOL-BASED 4-ARM-PEG-

IKaArIS5Ka SoaLe
{3337] A twenty gallon jacketed stainless stee] pressure resctor was washed two times
with 85 kg of deionized water at 95 °C. The wash water was removed and the reactor was
dried overnight by passing steam through the reactor jacket and applying reduced pressure (3
- 5 mm Hg). The reactor was Olled with 25 kg of anhydrous toluene and a part of the solvent
was distilled off under reduced pressure. The residual tolucne was then discharged out and
the reactor was kept under reduced pressure. Next the reactor was cooled to room
temperature, filled with anhydrous toluene (15 L) and pentaervihritol (1,020 g) was added,
Part of the solvent (~8L) was distilled off under reduced pressure, and then the reactor was
cooled to 30 °C under dry nitrogen atmosphere. Liquid sodium-potassium alloy (Na 22%, K
78%; 2.2 g} was added to the reactor. Anhydrous ethylene oxide (14,080 g) was continuvously
added over three hours keeping the reaction temperature at 150 — 155 *C. Next, the contents
of the reactor were heated for 30 minat ~ 150 °C, and then the temperature was lowered to ~
70 "C. Excess ethylene oxide and toluene were distilled off under reduced pressure. Afier
distiflation, the contents of the reactor remained under reduced pressure and a nitrogen sparge
was performed to remove traces of ethylene oxide. Finally the product was drained from the
reactor giving 14.200 g of viseous liquid. Gel Filtration Chromatography (GFC) was applied
to characterize the product, pentaerythritol based 4-ARM-PEG-2K. This analvtical method
provided a chromatogram of the composition with separation of the components according to
molecular weight, An Agilent 1100 HPLC system equipped with Shodex KW-803 GFC
columm (300 x 8 mum) and differsitial refractometer detector was used. The flow of the

mobile phage (LM NaNO3) was 0.3 mi/min,
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{33384 GFC analysis showed that the 4ARM-PEG-2K product was ~100% pure with

low or high molecular weight impuritics below detectable limits.

EXAMPLE 1}
PREPARATION OF PENTAERY THRITOL-BASED & ARM-PEG-2OK AT 26 Ko Scare

[6339] A twenty gallon jacketed stainless steel pressure reactor was washed two times
with 95 kg of deionized water at 95 °C. Water was discharged out and the reactor was dried
overnight by passing steam through the reactor jacket and applying reduced pressure 3 ~ 3
mm Hg. The reactor was filled with 25 kg of toluene and a part of the solvent was distilled
ott under reduced pressure. The residual toluene was then discharged out and the reactor was
kept under reduced pressure. Next the reactor was coeled to room temperature, filled with
aphydrous toluene (21 L) and previously isolated alkoxylatable cligomer: pentaerythritol
based 4ARM-PEG-ZK from the Example 10 (2,064 ¢) was added. Part of the solvent (16 L)
was distilled off under reduced pressare, and then the reactor was cooled 10 30 °C under dry
nitrogen atmosphere. Four liter ot melecular sigves-dried toluene (water content ~ 5 ppim)
and liquid sodium-potassium alloy {(Na 22%, K 78%; 1.7 g) were added, and the reacior was
warmed {o [ 10 "C. Next ethylene oxide (19,300 g} was continucusly added over five hours
keeping the reaction temperature at 145 — 150 "C. Next, the contents of the reactor were
beated for 30 min at ~ 140 °C, and then the temperature was lowered to — 100 °C. Glacial
acidic acid (100 g) was added to nentralize the catalyst. Excess ethylene oxide and toluene
were distilled off under reduced pressure. Afler distillation, the contents of the reactor
rernained under reduced pressure and a nitrogen sparge was performed o remove traces of
ethylene oxide. Finally the product was drained from the reactor giving 20,100 g of white
sohd. Gel Filrration Chromatography (GFC) was applied 0 characierize the alkoxylated
polymer product, pentacrythritol based 4-ARM-PEG-20K. This analytical method provided a
chromatogram of the composition with separation of the components according to molecular
weight. An Agilent 1100 HPLC system equipped with Shodex KW-303 GFC column (300 x
8 mm) and differential refractometer detector was used. The flow of the mobile phase (0.1M

.

NaNOq) was 0.5 ml/nun.

o
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[0340] GFC analysis showed that the 4ARM-PEG-20K product contained the
following: High MW product 0.75%, 4ARM-PEG-20K 97.92%, HO-PEG(10K)-

OH 1.08%, HO-PEG(5K)-OH 0.48%.

[0341] The invention(s) set forth herein has been described with respect to particular
exemplified embodiments. However, the foregoing description is not intended to limit the
invention to the exemplified embodiments, and the skilled artisan should recognize that
variations can be made within the spirit and scope of the invention as described in the
foregoing specification.

In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary implication, the
word “comprise” or variations such as “comprises” or “comprising” is used in an inclusive
sense, i.e. to specify the presence of the stated features but not to preclude the presence or
addition of further features in various embodiments of the invention.

It is to be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the common
general knowledge in the art, in Australia or any other country.

97
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CLAIMS

1. A hydrobalide salt form of a polymer-active agent conjugate corresponding o

structure (1)
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(b

wherein each n is an irteger ranging from about 20 to abowt 500 and greater than 95 mole

percent of irinotecan's basic nifrogen atoms are protonated in hydrohalide (HX) salt form,

where X is selected from fluoride, chloride, bromide, and iodide.

98
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Z. The hvdrohalide salt of claim 1, wherein greater than 96 mole percent of
irinotecan’s basic nitrogen atoms are protonated in hydrohalide salt form,

3. The hydrohalide salt of claim 2, wherein greater than 97 mole percent of
irinotecan’s basic nitrogen atoms are protonated in hydrohalide salt form.

4. The bydrohalide salt of claim 3, wherein greater than 98 mole percent of
irinotecan’s basic nitrogen atoms are protonated in hydrohalide salt form.

5. The hydrohalide sall of any one of claims 1-4, wherein the hydrohalide saltis a
hydrochloride salt.

6. The hydrochloride salt of claim 5, wherein the weight average molecular weizht of

the conjugate is about 23,000 daltons.

7. The hydrochloride salt of ¢laim 5, wherein nis an integer ranging {rom about 80 to

about 150,

8, The hyvdrochloride salt of claim 7, wherein n has an average value in each arm of

about 113,

9. A method for preparing & composition comprising a hydrohalide salt of a polymer-

active agent conjugate corresponding to structure (1), the method comprising:

99
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{1

(1) treating glycine-irinstecan hydrohalide, where the amino group of glycine is in
protected form, with a molar excess of hydrohalic acid to thereby remove the protecting

group to form deprotected glyeine-irinotecan hydrohalide,

{ii) coupling the deprotected glycine~-irinotecan hydrohalide from step (i) witha

polymer reagent bearing an active esier in the presence of a base o form 4-arm-

entaerythritolvl-polvethvlene glveol-carboxvmethvl-glvcine-irinotecan hydrohalide salt, and
o o P o fimia® 7 iV -

(31} recovering the 4-arm-pentaerythritolyl-polyethylene glyeol-carboxymethyi-

glyeine-irinotecan hydrohalide salt by precipitation.

10. The method of claim 9, where the recovered 4-arm-pentacrythritolyl-polyethylene
glveol-carboxymethyl-glycine-irinotecan hydrohalide possesses greater than 935 mole percent

of irinotecan’s basic nitrogen atoms in hydrohalide (HX) salt form.

T 160
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The method of claim 10, wherein the recovered 4-arm-pentasrythritolyl-
polyethylene glycol-carboxymethyl-glycine-irinotecan hydrohalide possesses greater that 96

ole percent of irinotecun’s basic nitrogen atoms in hydrohalide (HX) salt form.

12. The method of claim 11, wherein the recovered 4-amm-pentaerythritolyl-
polyethyiene glycol-carboxymethyl-glycine-irinotecan hydrohalide possesses greater that 97

mole percent of irinotecan’s basic nitropen atoms in hydrohalide (HX) salt form.

13, The method of claim 12, wherein the recovered 4-arm-pentacrythriiolyl-
polyethylene glycol-carboxymethyi-giyeine~irinotecan hydrohalide possesses greater that 98

mole percent of irinotecan’s basic nitrogen atoms in hyvdrohalide (HX) salt form.

14. The methed of claim 9, further comprising (iv) analyzing the recovered 4-arm-
pentaerythritolyl-polyethylene glycol-carboxymethyl-glycine-irinotecan hydrohalide salt for
halide content, and, in the event the halide content is less than 95 mole percent, (v) dissolving
the recovered 4-arm-pentacrythritelyl-polyethylene glycol-carboxymethyvl-glycine-irinotecan

hydrohalide salt in ethyl acetate, and adding additional hydrobalic acid.
15. The method of claim 14, wherein the analyzing is by ion chromatography {(1C).

16. The method of claim 14 or claim 15, wherein the hydrohalic acid is added in the

form of an cthanol solution.

17. The method of claim 16, wherein following the adding of additional hydrohalic
acid in step (v}, the 4-arm-pentaerythritolyl-polyethylene glyeol-carboxymethyi-glycine-

irinetecan hydrohalide salt is recovered by precipitation,

£§. The method of claim 17, wherein the precipitation in step (v} is effected by

cooling.

19. The method of any one of claims 9 fo 19, wherein the glycine-irinoiecan
hydrohalide in protected form is treated with a ten-fold or greater molar excess of hydrohalic

acid 1o thereby remove the protecting group to form glvcine-irinotecan hydrohalide.

o
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20. The method of claim 19, wherein the glyeine-irinotecan hydrohalide in protected
form is treated with a molar excess of hydrobalic acid in a range of ten-fold 1o 25-fold to

thereby remove the protecting group to form glycine-irinotecan hydrohalide.

21. The methad of any one of claims 9-20, wherein the glycine-irinotacan
hydrohalide in protected form is ter-butyloxycarbonyl{ Boc l-glycine-irinotecan hydrochloride,

4

where the amino group of glveine is Boe-protected.

22, The method of any one of claims 9-21, wherein the glycine-irinotecan

cled form, and the ghycine-

hydrohalide in step (i) is glveine-lnnotecan hydrochloride in pro
irinotecan hydrochioride in protectod form is treated with hydrochloric acid o remove the
protecting group,

23. The method of claim 22, where the glycine-irinotecan hydrochloride in protected

form is treated with a solution of hyvdrochioric acid in dioxane.

24, The method of any one of claims 9-23, where step (i) further comprises isolating

the glycine-irinotecan hydrohalide prior to step (1.

25 The method of claim 24, where the isolating of the glveine-irinotecan hydrohalide

priot to step {ii) is by precipitation,

26. The method of claim 25, where the glyeine-irinotecan hydrohalide is precipitated

via addition of methylteribuiylether (MTBE).
27. The method of any one of claims 9-26, where the base in step (i) is an amine.

28. The method of claim 27, where the amine is selected from trimethy! amine,

triethyl amine, and dimethylamino-pyridine.

29. The method of claim 28, where the base iz tricthylamine,

30. The method of any one of claims 9-29, where step (i) is caricd out in a
chiorinated solvent.

Y
H
4

31, The method of any ono of claims 9-30, where the precipitation in step (i)

comprises addition of methyltertbuty! ether.
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32. A composition comprising a hydrohalide salt of 4-arm-pentacrythritolyl-
polyethylene glycol-carboxymethyl-glycine-irinotecan prepared according to any one of

claims #-21.

A pharmaceutically acceptable compuosition comprising the hydrohahide salt of

any ong of claims - 8 or 32 and a pharmaceutically sceeptable excipient,

34, The pharmaceutically acceptable composition of claim 33 comprising lactate

butfer, in lvophilized form.
35. The composition of claim 34 contained in a single use vial.

. A sterile composition of ¢laim 35, wherein the amount of hydrohalide salt

contained in the vial is the equivaleni of a 100-mng dose of irnotecan.

-

37. Usc of the composition of any one of claims 33 1o 36 for treatment of ane o1 wore
types of cancerous solid numors when dissolved in a solution of 3% w/w dextrose and

administered by intravenous infusion.

38. A method of treating cancer in a mammalian subject by adminisiering 5
therapeutically effective amount of a pharmaceutically acceptable composition of claim 33 to
a subject diagnosed a3 having one or more cancerous solid tumors over a duration of time

effective to produce an inhibition of selid tumor growth in the subject.

39, The method of claim 38, wherein the cancerous solid tumor is selected Fom the

group consisting of colorectal, ovarian, cervieal, breast and non-smal! cell fung,

40 {se of a pharmacevtically scceptable composition of claim 33 for the

manufacture of a medicament for treating cancer.

41. The composition of claim 33, wherein the polymer reagent bearing an active ester
is obtainable from a method comprising: alkoxylating in a suitable solvent a previously
isolated alkoxyiatable oligomer to form an alkoxyiated polvmeric material, wherein the
previously isolated alkoxylatable oligomer has a knovwn and defined weight-average

molecular weight of greater than 300 Daltons; modifying the alkoxylated polymeric material,
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in one or mare steps, to bear an aclive ester, thereby forming a polymer reagent bearing an

active ester,

42, The composition of claim 41, wherein the polymer reagent bearing an active ester

has the fotlowing structure:

wherein each n is from about 40 1o gbout 500,

43. A composition conprising hydrochloride salts of four-arm polymear conjugates,
wherein at least 90% of the four-arm conjugates in the composition:
{1y have a structure encompassed by the formuls,
C-[CHp-O-{CHUHL0),-CH-CO - Term s,
wherein
1, in each instance, is an integer having a valoe from 5 to 150 (e.g.. abowt
1133, and

Term, in each instance, is selected from the group consisting of -OH, -OCH,,

 -NH-CHy-C(OROH, NH-CH-C(OW-0CH,
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and -NH-CH-C{ORO-Tring (“GLY-Irino™), wherein lrino 15 a residue of irinotecan;
and

(i1} for each Term in the at least 90% of the four-arm conjupates in the composition. at

ieast 90% thereof are ~MNH-CH,-C(O)O-Irino, and
further wherein for cach amino group within each Irino in the at least 90% of the four-arm
vonjugales in the composition, each amino group will either be protonated or unprotonated,

where any given protonated amino group is a hvdrochloride sait,
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44. The hydrohalide salt of claim 1, the method of claim 9, the composition of claim 32 or
43, the pharmaceutically acceptable composition of claim 33, the use of claim 37 or claim 40,
or the method of claim 38, substantially a hereinbefore described with reference to any one

of the Examples.
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