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DESCRIPTION

RELATED APPLICATIONS

[0001] The present application claims the benefit of the filing date of U.S. Provisional
Application Nos. 61/890,065, filed October 11, 2013, entitled Protein-Polymer-Drug
Conjugates, and 61/975,290, filed April 4, 2014, entitled Protein-Polymer-Drug Conjugates.

BACKGROUND OF THE INVENTION

[0002] Traditionally, pharmaceuticals have primarily consisted of small molecules that are
dispensed orally (as solid pills and liquids) or as injectables. Over the past three decades,
formulations (i.e., compositions that control the route and/or rate of drug delivery and allow
delivery of the therapeutic agent at the site where it is needed) have become increasingly
common and complex. Nevertheless, many questions and challenges regarding the
development of new treatments as well as the mechanisms with which to administer them
remain to be addressed. For example, many drugs exhibit limited or otherwise reduced
potencies and therapeutic effects because they are either generally subject to partial
degradation before they reach a desired target in the body, or accumulate in tissues other than
the target, or both.

[0003] One objective in the field of drug delivery systems, therefore, is to deliver medications
intact to specifically targeted areas of the body through a system that can stabilize the drug
and control the in vivo transfer of the therapeutic agent utilizing either physiological or chemical
mechanisms, or both.

[0004] Antibody-drug conjugates have been developed as target-specific therapeutic agents.
Antibodies against various cancer cell-surface antigens have been conjugated with different
cytotoxic agents that inhibit various essential cellular targets such as microtubules
(maytansinoids, auristatins, taxanes: U.S. Patent Nos. 5,208,020; 5,416,064; 6,333,410;
6,441,163; 6,340,701; 6,372,738; 6,436,931, 6,596,757, and 7,276,497);, DNA (calicheamicin,
doxorubicin, CC-1065 analogs; U.S. Patent Nos. 5,475,092; 5,585,499; 5,846,545; 6,534,660;
6,756,397; and 6,630,579). Antibody conjugates with some of these cytotoxic drugs are
actively being investigated in the clinic for cancer therapy (Ricart, A. D., and Tolcher, A. W,
2007, Nature Clinical Practice, 4, 245-255; Krop et al., 2010, J. Clin. Oncol., 28, 2698-2704).
However, existing antibody-drug conjugates have exhibited a few limitations. A major limitation
is their inability to deliver a sufficient concentration of drug to the target site because of the
limited number of targeted antigens and the relatively moderate cytotoxicity of cancer drugs
like methotrexate, daunorubicin, maytansinoids, taxanes, and vincristine. One approach to
achieving significant cytotoxicity is by linkage of a large number of drug molecules either
directly or indirectly to the antibody. However such heavily modified antibodies often display
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impaired binding to the target antigen and fast in vivo clearance from the blood stream.
Therefore, there is a need to improve the ability to deliver a sufficient concentration of a drug
to the target such that maximum cytotoxicity for the drug is achieved.

[0005] WO 2012/171020 discusses a drug conjugate comprising a protein based recognition-
molecule (PBRM) and a polymeric carrier substituted with one or more -LP-D, the protein

based recognition-molecule being connected to the polymeric carrier by LP.

[0006] "Development of novel linkers to conjugate pharmacophores to a carrier antibody,"
Moorthy S. Palanki, et al., Bioorganic & Medicinal Chemistry Letters, Pergamon, Amsterdam,
NL (vol. 22, no. 13, May 8, 2012, pages 4249-4253) describes modified maleimide novel
linkers with improved chemical stability that could potentially be used in conjugating various
pharmacophores such as oligo nucleotides, peptides, and proteins to antibodies to afford novel
biologics with well-defined therapeutic benefits and improved pharmacokinetic properties.

[0007] WO 2012/131527 is concerned with anti-5T4 antibody drug conjugates and methods for
preparing and using the same for the treatment of cancer.

SUMMARY OF THE INVENTION

[0008] The present invention relates to a protein-polymer-drug conjugate that is
biodegradable, biocompatible and exhibits high drug load as well as strong binding to target
antigen. Further described is a polymeric scaffold useful to conjugate with a protein based
recognition-molecule (PBRM) so as to obtain the protein-polymer-drug conjugate.

[0009] Also described herein is a polymeric scaffold of Formula (Id) useful to conjugate with a
protein based recognition-molecule (PBRM):
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the scaffold comprises poly(1-hydroxymethylethylene hydroxymethyl-formal) (PHF) having a
molecular weight ranging from about 2 kDa to about 40 kDa;

each occurrence of D independently is a therapeutic agent having a molecular weight of <
5kDa, and the

between D and the carbonyl group denotes direct or indirect attachment of D to the carbonyl
group,

Xis CHy, O, or NH;
m is an integer from 1 to about 300,

m1 is an integer from 1 to about 140,
my7 is an integer from 1 to about 40,
ms is an integer from 1 to about 18, and

the sum of m, m4, m3, and m7 ranges from about 15 to about 300.

[0010] The scaffold of Formula (Id) can include one or more of the following features:

[0011] When the PHF in Formula (Id) has a molecular weight ranging from about 2 kDa to
about 20 kDa, my is an integer from 1 to about 20, m3 is an integer from 1 to about 10, m1 is

an integer from 1 to about 70 and the sum of m, m4, m3 and m7 ranges from about 15 to about
150.

[0012] When the PHF in Formula (Id) has a molecular weight ranging from about 3 kDa to
about 15 kDa, my is an integer from 2 to about 15, mj is an integer from 1 to about 8, mq is an

integer from 2 to about 50 and the sum of m, m4, m3 and m7 ranges from about 20 to about
110.

[0013] When the PHF in Formula (Id) has a molecular weight ranging from about 5 kDa to
about 10 kDa, my is an integer from about 3 to about 10, m3 is an integer from 1 to about 5, mj

is an integer from about 5 to about 35 and the sum of m, m4, m3 and m7 ranges from about 40
to about 75.

[0014] Each occurrence of the maleimido moiety in the "m3" unit of Formula (Id) is yet to form

a covalent bond with a functional group of the PBRM.

[0015] The sum of m{ and m7 may be an integer from 2 to about 180.
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[0016] The scaffold of Formula (Id) can further comprise a PBRM conjugated to the D-
containing scaffold via one or more maleimido group of the D-containing scaffold forming a
protein-polymer-drug conjugate. For example, the scaffold of Formula (Id) further comprises
one PBRM conjugated to the D-containing scaffold via two or more maleimido groups (e.g., up
to five) of the scaffold. For example, one PBRM is connected to one or more D-containing
polymeric scaffold of Formula (Id).

[0017] In some arrangements, the polymer drug conjugate (Id) when conjugated to a PBRM is

jesiaaszas t°+ gegipea

X

of Formula (le):

(0] O b

S 0
W:iN ‘\_RIN—/— s :ji(«N_\_gN_/_ o P
o

Mg

(Ic),

wherein:

one of X5 and Xy is H and the other is a maleimido blocking moiety, or X5 and Xy, together with

the carbon atoms to which they are attached form a carbon-carbon double bond;

M3, is an integer from 0 to about 17,
M3y, is an integer from 1 to about 8, wherein the sum of m3; and m3y, is mg,
the sum of m, m4, my, m3,, and msy ranges from about 15 to about 300, and

ms is an integer from 1 to about 10.

[0018] In the protein-polymer-drug conjugate of Formula (Id), each D can be the same or
different moiety and each PBRM can be the same or different moiety.

[0019] In certain embodiments the ratio between D and PBRM can be about 30:1, 29:1, 28:1,
27:1, 26:1, 25:1, 24:1, 23:1, 22:1, 21:1, 20:1, 19:1, 18:1, 17:1, 16:1, 15:1, 141, 13:1, 121,
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11:1,10:1,9:1,8:1,7:1 or 6:1.

[0020] In some embodiments, the ratio between D and PBRM can be about 20:1, 19:1, 18:1,
17:1,16:1,15:1,14:1,13:1,12:1, 11:1 or 10:1.

[0021] In other embodiments, the ratio between D and PBRM can be about 18:1, 17:1, 16:1,
15:1,14:1,13:1 or 12:1.

[0022] The ratio between PHF and PBRM can be about 10:1, 9:1, 8:1, 7:1, 6:1, 5:1, 4:1, 3:1, or
2:1.

[0023] The ratio between PHF and PBRM can be about 6:1, 5:1, 4:1, 3:1, or 2:1.
[0024] The ratio between PHF and PBRM can be about 4:1, 3:1, or 2:1.

[0025] In one embodiment, D is a) an auristatin compound; (b) a calicheamicin compound; (c)
a duocarmycin compound; (d) a topoisomerase inhibitor, (e) a pyrrolobenzodiazepine
compound; (f) a vinca compound; (g) a protein synthesis inhibitor; (h) a RNA polymerase
inhibitor; (i) a tubulin binding compound; or an analog thereof.

[0026] In certain embodiment, D is a) an auristatin compound; (b) a calicheamicin compound;
(c) a duocarmycin compound; (d) a camptothecin compound, (e) a pyrrolobenzodiazepine
compound; (f) a vinca compound; or an analog thereof.

[0027] In one embodiment, the auristatin compound is auristatin, Dolastatin,
monomethylauristatin E (MMAE), monomethylauristatin F (MMAF), auristatin F hydroxypropyl
amide (AF HPA), or auristatin F phenylenediamine (AFP).

[0028] In one embodiment, the duocarmycin or analog thereof is duocarmycin A, duocarmycin
B1, duocarmycin B2, duocarmycin C1, duocarmycin C2, duocarmycin D, duocarmycin SA, CC-
1065, adozelesin, bizelesin, or carzelesin.

[0029] In one embodiment, the camptothecin compound is camptothecin, CPT-11 (irinotecan),
SN-38, or topotecan.

[0030] In one embodiment, the pyrrolobenzodiazepine compound is a pyrrolobenzodiazepine
monomer, a symmetrical pyrrolobenzodiazepine dimer or an unsymmetrical
pyrrolobenzodiazepine dimer.

[0031] In one embodiment, D is AF HPA and the ratio between AF HPA and PBRM can be
about 30:1, 29:1, 28:1, 27:1, 26:1, 25:1, 24:1, 23:1, 22:1, 21:1, 25:1, 20:1, 19:1, 18:1, 171,
16:1,15:1,14:1,13:1,12:1, 11:1, 10:1, 9:1, 8:1, 7:1 or 6:1.

[0032] In another embodiment, the ratio between AF HPA and PBRM can be about 20:1, 19:1,
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18:1,17:1,16:1, 15:1, 14:1,13:1, 12:1, 11:1 or 10:1.

[0033] In yet other embodiments, the ratio between AF HPA and PBRM can be about 18:1,
17:1,16:1, 15:1, 14:1, 13:1 or 12:1.

[0034] Also described herein is a polymeric scaffold of Formula (la) useful to conjugate with a
protein based recognition-molecule (PBRM):

OO r"* g r"+ 0

Hogz ° Hr\g:O 2’3%2
$

(la),
wherein:

the scaffold comprises poly(1-hydroxymethylethylene hydroxymethyl-formal) (PHF) having a
molecular weight ranging from about 2 kDa to about 40 kDa;

Xis CHy, O, or NH;

m is an integer from 1 to about 300,

m1 is an integer from 1 to about 140,
my is an integer from 1 to about 40,
ms is an integer from 1 to about 18, and

the sum of m, m4, my and ms ranges from about 15 to about 300.

[0035] The scaffold of Formula (la) can include one or more of the following features:

[0036] When the PHF in Formula (la) has a molecular weight ranging from about 2 kDa to
about 20 kDa, my is an integer from 1 to about 20, m3 is an integer from 1 to about 10, m1 is

an integer from 1 to about 70 and the sum of m, m4, mo and m3 ranges from about 15 to about
150.
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[0037] When the PHF in Formula (la) has a molecular weight ranging from about 3 kDa to
about 15 kDa, my is an integer from 2 to about 15, mj is an integer from 1 to about 8, mq is an

integer from 2 to about 50 and the sum of m, m4, my and mj3 ranges from about 20 to about
110.

[0038] When the PHF in Formula (la) has a molecular weight ranging from about 5 kDa to
about 10 kDa, my is an integer from about 3 to about 10, m3 is an integer from 1 to about 5, mj

is an integer from about 5 to about 35 and the sum of m, m4, my and m3 ranges from about 40
to about 75.

[0039] Each occurrence of the maleimido moiety in the "m3" unit of Formula (la) is yet to form

a covalent bond with a functional group of the PBRM.

[0040] In one envisaged arrangement the scaffold of Formula (la) is of Formula (A) or (A1):
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wherein:
the PHF has a molecular weight ranging from about 5 kDa to about 10 kDa;
m is an integer from 1 to about 75,

m4 is an integer from about 5 to about 35,
mo is an integer from about 3 to about 10,
ms3 is an integer from 1 to about 5, and

the sum of m, m4, my and m3 ranges from 40 to about 75.

[0041] For example, each occurrence of the maleimido moiety in the "m3" unit of Formula (A)

or (A1) is yet to form a covalent bond with a functional group of the PBRM.

[0042] The scaffold of Formula (la) further comprises a PBRM conjugated to the scaffold via
one or more maleimido groups of the polymer scaffold. For example, the scaffold of Formula
(la) further comprises one PBRM conjugated to the scaffold via two or more maleimido groups
(e.g., up to five) of the scaffold.

[0043] The PBRM has a molecular weight of about 40 kDa or greater (e.g., 60 kDa or greater;
80 kDa or greater; 100 kDa or greater; 120 kDa or greater; 140 kDa or greater; 160 kDa or
greater; 180 kDa or greater; or 200 kDa or greater, or about 40-200 kDa, 40-180 kDa, 40-140
kDa, 60-200 kDa, 60-180 kDa, 60-140 kDa, 80-200 kDa, 80-180 kDa, 80-140 kDa, 100-200
kDa, 100-180 kDa, or 100-140 kDa).

[0044] The PBRM has a molecular weight of about 40 kDa or greater (e.g., 60 kDa or greater;
80 kDa or greater; 100 kDa or greater; 120 kDa or greater; 140 kDa or greater; 160 kDa or
greater; 180 kDa or greater; or 200 kDa or greater, or about 40-200 kDa, 40-180 kDa, 40-140
kDa, 60-200 kDa, 60-180 kDa, 60-140 kDa, 80-200 kDa, 80-180 kDa, 80-140 kDa, 100-200
kDa, 100-180 kDa, or 100-140 kDa) and has a sulfhydryl (i.e.,-SH or thiol) group.

[0045] The PBRM is conjugated to the drug-carrying polymeric conjugate via the sulfhydryl
group of the PBRM connected to the maleimido group of the drug-carrying polymeric
conjugate, see, e.g., the sulfur atom (-S-) in the "m3y" unit inside the parentheses of any of
Formulae disclosed herein, for example, Formula (lb), (B), (B1) or (le). In certain
arrangements, the sulfur atom is part of the PBRM and is derived from a sulfhydryl (thiol)
group in the PBRM that was reacted with the maleimido group to form an attachment (sulfide
bond) to the drug-carrying polymeric conjugate.

[0046] One PBRM is connected to one or more drug-carrying polymeric scaffold of Formula

(1a).
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[0047] The scaffold comprising the PBRM is of Formula (Ib):

*TOIO aeea r"* ¢ r Lo,
o

(Ib),

wherein:

one of X5 and X, is H and the other is a maleimido blocking moiety, or X5 and X, together with

the carbon atoms to which they are attached form a carbon-carbon double bond;

M3 is an integer from 0 to about 17,

M3y is an integer from 1 to about 8, wherein the sum of ms, and ms, is m3 (e.g., an integer

from 1 to about 18),

the sum of m, m4, my, m3,, and msy ranges from about 15 to about 300, and

ms is an integer from 1 to about 10.

[0048] The scaffold of Formula (Ib) can include one or more of the following features:

[0049] The PBRM has a molecular weight of about 40 kDa or greater (e.g., 60 kDa or greater;
80 kDa or greater; 100 kDa or greater; 120 kDa or greater; 140 kDa or greater; 160 kDa or
greater; 180 kDa or greater; or 200 kDa or greater, or about 40-200 kDa, 40-180 kDa, 40-140
kDa, 60-200 kDa, 60-180 kDa, 60-140 kDa, 80-200 kDa, 80-180 kDa, 80-140 kDa, 100-200
kDa, 100-180 kDa, or 100-140 kDa).

[0050] The PBRM has a sulfhydryl (i.e.,-SH or thiol) group.

[0051] The total number of the covalent bonds (e.g., sulfide bond) formed between the PHF
and the PBRM (or total number of attachment points) is 10 or less.

[0052] When the PHF in Formula (Ib) has a molecular weight ranging from about 2 kDa to
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about 20 kDa, the sum of m, m4, my, m3, and m3, ranges from about 15 to about 150, my is an
integer from 1 to about 70, ms is an integer from 1 to about 20, ms, is an integer from 0 to

about 9, mgy, is an integer from 1 to about 8 and mg is an integer from 2 to about 8.

[0053] When the PHF in Formula (Ib) has a molecular weight ranging from about 3 kDa to
about 15 kDa, the sum of m, m4, my, m35 and ms, ranges from about 20 to about 110, m4 is an

integer from 2 to about 50, my is an integer from 2 to about 15, ms, is an integer from 0 to

about 7, my, is an integer from 1 to about 8 and mg is an integer from 2 to about 4.

[0054] When the PHF in Formula (Ib) has a molecular weight ranging from about 5 kDa to
about 10 kDa, the sum of m, m4, my, m3, and m3, ranges from about 40 to about 75, m4 is an

integer from about 5 to about 35, ms is an integer from about 3 to about 10, ms, is an integer

from O to about 4, msy is an integer from 1 to about 5 and ms is an integer from 2 to about 4.

[0055] In certain embodiments, the ratio between auristatin F hydroxylpropyl amide ("AF HPA")
and PBRM can be about 30:1, 29:1, 28:1, 27:1, 26:1, 25:1, 24:1, 23:1, 22:1, 21:1, 20:1, 19:1,
18:1,17:1,16:1, 15:1, 14:1,13:1, 12:1, 11:1, 10:1, 9:1, 8:1, 7:1 or 6:1.

[0056] In some embodiments, the ratio between AF HPA and PBRM can be about 20:1, 19:1,
18:1,17:1,16:1, 15:1, 14:1,13:1, 12:1, 11:1 or 10:1.

[0057] In other embodiments, the ratio between AF HPA and PBRM can be about 18:1, 17:1,
16:1,15:1, 14:1,13:1 or 12:1.

[0058] The ratio between PHF and PBRM can be about 10:1, 9:1, 8:1, 7:1, 6:1, 5:1, 4:1, 3:1, or
2:1.

[0059] The ratio between PHF and PBRM can be about 6:1, 5:1, 4:1, 3:1, or 2:1.
[0060] The ratio between PHF and PBRM can be about 4:1, 3:1, or 2:1.

[0061] The maleimido blocking moieties (e.g., X5 or X,) are moieties that can be covalently

attached to one of the two olefin carbon atoms upon reaction of the maleimido group with a
thiol-containing compound of Formula (11):

Roo-(CH2)¢-SH (1)

wherein:

Rgg is NHRgq, OH, COORg3, CH(NHRg1)COORGg3 or a substituted phenyl group;

Rgs is hydrogen or Cq_4 alkyl;
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Rg4 is hydrogen, CH3 or CH3CO and

d is an integer from 1 to 3.

[0062] In one configuration, the maleimido blocking compound of Formula (1) can be cysteine,
N-acetyl cysteine, cysteine methyl ester, N-methyl cysteine, 2-mercaptoethanol, 3-
mercaptopropanoic acid, 2-mercaptoacetic acid, mercaptomethanol (i.e., HOCH>SH), benzyl

thiol in which phenyl is substituted with one or more hydrophilic substituents, or 3-

aminopropane-1-thiol. The one or more hydrophilic substituents on phenyl comprise OH, SH,
methoxy, ethoxy, COOH, CHO, COC4_4 alkyl, NH,, F, cyano, SO3H, PO3H.

[0063] In another arrangement, the maleimido blocking group is -S-(CH2)g4-Rgp, in which,
Rgg is OH, COOH, or CH(NHRg1)COORag3;

Rg3 is hydrogen or CHg;

Rg4 is hydrogen or CH3CO; and

dis1or2.

[0064] In another described situation, the maleimido blocking group is -S-CH»>-CH(NH2)COOH.

[0065] In some arrangements, the maleimido blocking group is water soluble.

[0066] The scaffold of Formula (Ib) is of Formula (B) or (B1):
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wherein:
the PHF has a molecular weight ranging from 5 kDa to 10 kDa;
m is an integer from 1 to 75,

m4 is an integer from about 5 to about 35,

my is an integer from about 3 to about 10,

M3 is an integer from 0 to about 4,

M3y, is an integer from 1 to about 5,

the sum of m, m4, my, m3,, and my, ranges from about 40 to about 75, and

ms is an integer from 2 to about 4.

[0067] In certain arrangements, in Formula (B) or (B1), the total number of attachment points
is 10 or less.

[0068] The description herein also provides for polymeric scaffolds of Formula (Ic):
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wherein:

the scaffold comprises PHF having a molecular weight ranging from about 2 kDa to about 40
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kDa;

Xis CHy, O, or NH;

m is an integer from 1 to about 300,

mg is an integer from 2 to about 180,
ms3 is an integer from 1 to about 18, and

the sum of m, mg, and ms ranges from about 15 to about 300.

[0069] The scaffold of Formula (Ic) can include one or more of the following features:

[0070] When the PHF in Formula (Ic) has a molecular weight ranging from about 2 kDa to
about 20 kDa, the sum of m, mg and m3 ranges from about 15 to about 150, mg is an integer

from 2 to about 90, and mj is an integer from 1 to about 10.

[0071] When the PHF in Formula (Ic) has a molecular weight ranging from about 3 kDa to
about 15 kDa, the sum of m, mg, and m3 ranges from about 20 to about 110, mg is an integer

from about 4 to about 65, and mj is an integer from 1 to about 8.

[0072] When the PHF in Formula (Ic) has a molecular weight ranging from about 5 kDa to
about 10 kDa, the sum of m, mg and m3 ranges from about 40 to about 75, mg is an integer

from about 8 to about 45, and mg is an integer from 1 to about 5.

[0073] Each occurrence of the maleimido moiety in the "m3" unit of Formula (Ic) is yet to form

a covalent bond with a functional group of the PBRM.

[0074] The scaffold of Formula (Ic) is of Formula (C) or (C1):
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(C1),
wherein:

the PHF has a molecular weight ranging from about 5 kDa to about 10 kDa;
m is an integer from 1 to about 75,

Mg is an integer from about 8 to about 45,
ms3 is an integer from 1 to about 5, and

the sum of m, mg, and m3 ranges from about 40 to about 75.

[0075] Each occurrence of the maleimido moiety in the "m3" unit of Formula (C) or (C1) is yet

to form a covalent bond with a functional group of the PBRM.

[0076] The scaffold of Formula (Ic) can further comprise one or more drug molecules ("D")
connected to the PHF.

[0077] In one configuration, the D-containing scaffold of Formula (Ic) is of Formula (Id).

[0078] In Formulae disclosed herein, such as Formula (la), (Ib,) (Ic), (Id), (le), (A), (A1), (B),
(B1), (C), (C1) or (E), the disconnection or gap between the polyacetal units indicates that the
units can be connected to each other in any order. Further, in certain Formulae (e.g., those in
Table D) disclosed herein, the bracketed structures, i.e., polyacetal monomer units, are not
accompanied with the number of repeating units (e.g., mqy, my, m3, etc.) for the purpose of

simplifying illustration and should not be construed as having only one repeating unit each.

[0079] Examples of PBRM include, full length antibodies such as IgG and IgM, antibody
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fragments such as Fabs, scFv, scFvFc, camelids, Fab2, small proteins, and peptides.

[0080] In one arrangement, the PBRM is a full length antibody or humanized anti-5T4 scFvFc
antibody. For example, the PBRM is a ligand (LG) comprises an immunoglobulin or functional
fragment thereof which targets human oncofetal protein 5T4.

[0081] In one aspect of the invention, a therapeutic drug and targeting conjugate useful in anti-
neoplastic therapies is provided. The therapeutic drug and targeting conjugate comprises

1. (a) a ligand (LG) which comprises an immunoglobulin or functional fragment thereof
which targets human oncofetal protein 5T4, the ligand (e.g., which in some
embodiments has a molecular weight of 40 kDa or greater) having bound thereto msg of

polymeric scaffolds of (b), wherein mg is one to ten; and

2. (b) a polymeric scaffold comprising poly(1-hydroxymethylethylene hydroxymethyl-formal)
(PHF) which has a molecular weight ranging from 2 kDa to 40 kDa, wherein the
polymeric scaffold comprises randomly arranged monomeric units m, m4, my, ms,, and

msp, defined as follows:

1. (i) mag:

P
Xan e
\J: N— HN—
X Y
L W A\
o

© y

wherein msg is absent or 1 to 17 monomeric ma5 units are present in the polymer
scaffold, and in each unit, X5 and X, are independently selected from (A) one is H
and the other is a maleimido blocking moiety, or (B) X5 and Xy, together with the

carbon atoms to which they are attached form a carbon-carbon double bond;

2. (ii) M3p.
ovo+
OH\0>:O
X
<.
HN.
NH
0
SV o &
fngf -

wherein the sulfide bond (-S-) forms the point of attachment to LG, and wherein 1
to 8 monomer msp units are present in the polymeric scaffold, wherein the sum of

m35 and may, is 1 to 18, and wherein the sulfur atom is part of the ligand (LG),
3. (iii) m:

(A o~ f\]
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LG

wherein 1 to 300 monomer m units are present in the polymeric scaffold;
4. (iv) mq:
AR
OH O

x>:O

S

HO

wherein 1 to 140 monomeric m1 units are present in the polymer scaffold; and
5. (v): my:
_ oo -
s
X

>

wherein 1 to 40 monomeric m» units are present in the polymer scaffold; wherein
in each of the monomeric units m, m4, my, m3,, and my,, X is CHy, O or NH, and
the sum of m, m4, my, m3,, and ms, ranges from 15 to 300, and wherein each

occurrence of D independently is a therapeutic agent having a molecular weight of
< 5kDa, and the

between D and the carbonyl group denotes direct or indirect attachment of D to
the carbonyl group.

[0082] In one arrangement, the therapeutic drug and targeting conjugate has the following

structure:
A O A0 e w
/{/\LO ;[O‘l\mj\[OIOj"m){/\EOH\[o +m rr\(; \:‘}\m j\[z H\EZT 2
HN>:O -~ HN>_O

=0
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5

wherein:
the PHF has a molecular weight ranging from 5 kDa to 10 kDa; mis 1t0 75,
m+ is about 5 to about 35, my is about 3 to about 10, ma, is 0 to about 4, ms, is 1 to about 5,

the sum of m, m4, my, m3,, and may is about 40 to about 75, and mgis 2 to about 4.

[0083] In a further embodiment, a therapeutic anti-5T4 drug targeting conjugate useful in anti-
neoplastic therapies is provided. The conjugate comprises a polymeric scaffold comprising a
poly(1-hydroxymethylethylene hydroxymethyl-formal) (PHF) having a molecular weight from
about 2 kDa to about 40 kDa, wherein the conjugate is of the following structure:

gesesiaasinee i
1A S

HN

NH

c=§ a
ANTESTd—\~g % ” o :§

Q a
N—\_I'<I\NI S Xﬁ,‘_\ et A
o

[+]

oL

m5

)

wherein mgis 1 to 10; m is an integer from 1 to 300; m4 is an integer from 1 to 140; mo is an
integer from 1 to 40; m3, is an integer from 0 to 17; m3y is an from 1 to about 8; wherein the
sum of m3, and mjy, is an integer from 1 to 18; and the sum of m, mq, my and m3 ranges from
15 to 300; X is NH; one of Xa or Xb is H and the other is a maleimido blocking moiety; and
where each occurrence of D independently is a therapeutic agent having a molecular weight of
< 5kDa, and the

_3_

between D and the carbonyl group denotes direct or indirect attachment of D to the carbonyl
group; wherein the ANTI-5T4 is an anti-5T4 ligand which comprises an immunoglobulin or a

functional fragment thereof which is selective for human oncofetal antigen 5T4. For example,
the molecular weight of the anti-5T4 is at least about 40 kDa.

[0084] Also envisaged is a therapeutic drug and targeting conjugate useful in anti-neoplastic
therapies is provided which comprises anti-5T4 and a poly(1-hydroxymethylethylene
hydroxymethyl-formal) (PHF) polymeric scaffold comprising the units shown below which may
be randomly connected to each other

7 - o. o} % \
e o 1o ey \
/ OH "o, "OH "OH OH o OH O K
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, Wherein:

ANTI-5T4 is a single chain antibody construct comprising the amino sequence designated as
SEQ ID NO: E; the PHF has a molecular weight ranging from about 2 kDa to about 40 kDa; the
average polymeric scaffold to anti-5T4 antibody ratio is about 2:1 to about 3:1 or about 3:1 to
about 4:1 and the AF HPA to anti-5T4 antibody ratio is about 12:1 to about 18:1.

[0085] In some embodiments, the polymeric scaffold of the invention contains randomly
arranged monomeric units m, mq, mp, mz,, and m3z,. In some embodiments, the polymeric

scaffold of the invention contains randomly arranged monomeric units m, m¢, my, and msy,.

[0086] In some arrangements, the polymeric scaffold of the invention contains randomly
arranged monomeric units m, mq, my7, M35, and map. In some arrangements, the polymeric

scaffold of the invention contains randomly arranged monomeric units m, m¢, mz, and ms,.

[0087] In another aspect, the invention provides compositions comprising the conjugates,
methods for their preparation, and the use of such compositions in the treatment of various
neoplastic disorders, including cancer. The target cancer can be anal, astrocytoma, leukemia,
lymphoma, head and neck, liver, testicular, cervical, sarcoma, hemangioma, esophageal, eye,
laryngeal, mouth, mesothelioma, skin, myeloma, oral, rectal, throat, bladder, breast, uterus,
ovary, prostate, lung, colon, pancreas, renal, or gastric cancer.

[0088] The invention further relates to a pharmaceutical composition comprising a polymeric
scaffold or conjugate described herein and a pharmaceutically acceptable carrier.

[0089] Also envisaged herein is a method of diagnosing a disorder in a subject suspected of
having the disorder. The method comprises administering an effective amount of the conjugate
described herein to the subject suspected of having the disorder or performing an assay to
detect a target antigen/receptor in a sample from the subject so as to determine whether the
subject expresses target antigen or receptor.

[0090] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. In the specification, the singular forms also include the plural unless the context
clearly dictates otherwise. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, suitable
methods and materials are described below. The references cited herein are not admitted to
be prior art to the claimed invention. In the case of conflict, the present specification, including
definitions, will control. In addition, the materials, methods and examples are illustrative only
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and are not intended to be limiting.

[0091] One of the advantages of the present invention is that the protein-polymer-drug
conjugates or the polymeric scaffolds described herein greatly enhances the bioavailability of
the drugs to be delivered and/or enhances the bioavailability of the protein attached to the
polymeric carrier. Another advantage of the present invention is that the efficacy of the protein-
polymer-drug conjugates described herein increases or at least remains substantially the same
with increases in the drug load of the conjugates. Yet another advantage of the present
invention is that the protein-polymer conjugates via thiol conjugation to the cysteine moiety of
the protein exhibits substantially improved stability. Other features and advantages of the
invention will be apparent from the following detailed description and claims.

BRIEF DESCRIPTION OF FIGURES

[0092]

Figure 1 shows the tumor response in mice inoculated subcutaneously with BT474 tumors
(n=10 for each group) after IV administration as a single dose on day 1 of vehicle; PBRM
(trastuzumab) at 10 mg/kg; PBRM-polymer-drug conjugates described in Example 4 or
Example 13, at 2.5 mg/kg and 5 mg/kg.

Figure 2 shows the tumor response in mice inoculated subcutaneously with JIMT-1 cells (n=10
for each group) after IV administration as a single dose on day 1 of vehicle; PBRM
(trastuzumab) at 10 mg/kg; PBRM-polymer-drug conjugates described in Example 4 or
Example 7, at 2.5mg/kg.

Figure 3 shows the tumor response in mice inoculated subcutaneously with HL-60 cells (n=10
for each group) after IV administration as a single dose on day 1 of vehicle; PBRM
(lintuzumab) at 20 mg/kg; or PBRM-polymer-drug conjugates described in Example 8 at 20
mg/kg.

Figure 4 shows the tumor response in mice inoculated subcutaneously with JIMT-1 cells (n=10
for each group) after IV administration as a single dose on day 1 of vehicle; PBRM
(trastuzumab) at 20 mg/kg; Kadcyla® at 20 mg/kg; or PBRM-polymer-drug conjugate
described in Example 14, at 2 mg/kg, 0.67 mg/kg or 0.3 mg/kg.

Figure 5 shows the tumor response in mice inoculated subcutaneously with NCI-N87 cells
(n=10 for each group) after IV administration as a single dose on day 1 of vehicle, or PBRM-
polymer-drug conjugate described in Example 15, at 3 mg/kg, 1 mg/kg or 0.3 mg/kg.

Figure 6 shows the tumor response in mice inoculated subcutaneously with NCI-N87 cells
(n=10 for each group) after IV administration as a single dose on day 1 of vehicle, PBRM-
polymer-drug conjugates described is Example 14, at 0.67 mg/kg or Example 16, at 3 mg/kg.

Figure 7 shows the tumor response in mice inoculated subcutaneously with NCI-N87 cells
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(n=10 for each group) after IV administration as a single dose on day 1 of vehicle, PBRM-
polymer-drug conjugate described in Example 33 at 0.67 mg/kg; Example 43A at 1 mg/kg or
Example 43C at 0.67 mg/kg or 3 mg/kg.

Figure 8 shows the tumor response in mice inoculated subcutaneously with NCI-N87 cells
(n=10 for each group) after IV administration as a single dose on day 1 of vehicle, polymer-
drug conjugate described in Example 5A at 0.22 mg/kg; or PBRM-polymer-drug conjugates
described in Example 30B or Example 30C each at 2 mg/kg; Example 40 at 0.67 mg/kg, or
Example 43B at 1 mg/kg; or Example 38 at 10 mg/kg; or Example 39 at 10 mg/kg; each
administered once weekly for 3 weeks.

Figure 9 shows the tumor response in mice inoculated subcutaneously with JIMT-1 cells (n=10
for each group) after IV administration as a single dose on day 1 of vehicle; Example 40 at 1
mg/kg and Example 43C at 2 mg/kg.

Figure 10 shows the plasma PK for the conjugated AF HPA (total), unconjugated AF HPA and
AF (denoted as "Free AF-HPA"), and trastuzumab in mice inoculated subcutaneously with
BT474 tumors after IV bolus administration of PBRM-polymer-drug conjugate described in
Example 4, at 5 mg/kg, 3 animals/time point.

Figure 11 illustrates the affinity and kinetics of a 5T4-specific scADC to human 5T4
extracellular domain, measured by surface plasmon resonance. The binding affinity (Kp of <30

pM) is similar to that of the non-conjugated anti-5T4 scFvFc.

Figure 12 illustrates the anti-tumor efficacy of a 5T4-specific scADC, as measured in an A431
tumor xenograft model. Tumor volume is determined on the days specified. Values are
expressed as Mean + SEM. Statistical analysis carried out by Two-way ANOVA followed by
Bonferroni post tests using Graph Pad Prism (Version.5).

Figure 13 illustrates the antitumor efficacy of a 5T4-specific scADC in nude mice bearing MDA-
MB-231 5T4 overexpressing transfectant tumor xenograft. Values are expressed as Mean %
SEM. Statistical analysis carried out by Two-way ANOVA followed by Bonferroni post tests
using Graph Pad Prism (Version.5).

DETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS OF THE INVENTION

[0093] The present invention provides novel protein-polymer-drug conjugates, pharmaceutical
compositions containing them and various uses of the conjugates, as defined in the claims.
Also described herein are polymeric scaffolds for making the conjugates, synthetic methods for
making the conjugates or polymeric scaffolds,

[0094] The present disclosure also describes novel polymer-drug conjugates, , pharmaceutical
compositions containing them and various uses of the conjugates. Also described herein are
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synthetic methods for making the conjugates.

[0095] Also envisaged are novel drug derivatives, synthetic methods for making the
derivatives, pharmaceutical compositions containing them and various uses of the drug
derivatives.

Definitions/Terminology

[0096] Certain compounds of the present invention and definitions of specific functional groups
are also described in more detail herein. For purposes of this invention, the chemical elements
are identified in accordance with the Periodic Table of the Elements, CAS version, Handbook of
Chemistry and Physics, 75th Ed., inside cover, and specific functional groups are generally
defined as described therein. Additionally, general principles of organic chemistry, as well as
specific functional moieties and reactivity, are described in "Organic Chemistry", Thomas
Sorrell, University Science Books, Sausalito: 1999. Furthermore, it will be appreciated by one
of ordinary skill in the art that the synthetic methods, as described herein, utilize a variety of
protecting groups.

[0097] The use of the articles "a", "an", and "the" in both the following description and claims
are to be construed to cover both the singular and the plural, unless otherwise indicated herein
or clearly contradicted by context. The terms "comprising", "having", "being of as in "being of a
chemical formula", "including”", and "containing" are to be construed as open terms (i.e.,
meaning "including but not limited to") unless otherwise noted. For example, a polymeric
scaffold of a certain formula includes all the monomer units shown in the formula and may also
include additional monomer units not shown in the formula. Additionally whenever "comprising"
or another open-ended term is used in an embodiment, it is to be understood that the same
embodiment can be more narrowly claimed using the intermediate term "consisting essentially
of or the closed term "consisting of."

[0098] The term "about", "approximately", or "approximate", when used in connection with a
numerical value, means that a collection or range of values is included. For example, "about X"
includes a range of values that are +20%, +10%, +5%, +2%, 1%, £0.5%, £0.2%, or £0.1% of
X, where X is a numerical value. In one embodiment, the term "about" refers to a range of
values which are 5% more or less than the specified value. In another embodiment, the term
"about" refers to a range of values which are 2% more or less than the specified value. In
another embodiment, the term "about" refers to a range of values which are 1% more or less
than the specified value.

[0099] Recitation of ranges of values are merely intended to serve as a shorthand method of
referring individually to each separate value falling within the range, unless otherwise indicated
herein, and each separate value is incorporated into the specification as if it were individually
recited herein. A range used herein, unless otherwise specified, includes the two limits of the
range. For example, the expressions "x being an integer between 1 and 6" and "x being an
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integer of 1 to 6" both mean "x being 1, 2, 3, 4, 5, or 6", i.e., the terms "between X and Y" and
"range from X to Y, are inclusive of X and Y and the integers there between.

[0100] All methods described herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context. The use of any and all examples,
or exemplary language (e.g., "such as") provided herein, is intended merely to better illustrate
the invention and is not to be construed as a limitation on the scope of the claims unless
explicitly otherwise claimed. No language in the specification is to be construed as indicating
that any non-claimed element is essential to what is claimed.

[0101] "Antibody" refers to a full-length antibody or functional fragment of an antibody
comprising an immunoglobulin. By a "functional fragment" it is meant a sufficient portion of the
immunoglobulin or antibody is provided that the moiety effectively binds or complexes with the
cell surface molecule for its target cell population, e.g., human oncofetal antigen.

[0102] As used herein, a human oncofetal antigen includes, e.g., tumor associated proteins
such as alpha fetoprotein, carcinoembryonic antigen, prostate specific antigen, and oncofetal
antigen protein (also known as immature laminin receptor protein, and which has been
associated with, e.g., bowel and renal carcinomas).

[0103] An immunoglobulin may be purified, generated recombinantly, generated synthetically,
or combinations thereof, using techniques known to those of skill in the art. While
immunoglobulins within or derived from IgG antibodies are particularly well-suited for use in
this invention, immunoglobulins from any of the classes or subclasses may be selected, e.g.,
IgG, IgA, IgM, IgD and IgE. Suitably, the immunoglobulin is_of the class IgG including but not
limited to IgG subclasses (IgG1, 2, 3 and 4) or class IgM which is able to specifically bind to a
specific epitope on an antigen. Antibodies can be intact immunoglobulins derived from natural
sources or from recombinant sources and can be immunoreactive portions of intact
immunoglobulins. Antibodies may exist in a variety of forms including, for example, polyclonal
antibodies, monoclonal antibodies, camelized single domain antibodies, intracellular antibodies
("intrabodies"), recombinant antibodies, anti-idiotypic antibodies, domain antibodies, linear
antibody, multispecific antibody, antibody fragments, such as, Fv, Fab, F(ab)y, F(ab)s, Fab',

Fab'-SH, F(ab')y, single chain variable fragment antibodies (scFv), tandem/bis-scFv, Fc, pFc',

scFvFc (or scFv-Fc), disulfide Fv (dsfv), bispecific antibodies (bc-scFv) such as BIiTE
antibodies; camelid antibodies, resurfaced antibodies, humanized antibodies, fully human
antibodies, single-domain antibody (sdAb, also known as NANOBODY®), chimeric antibodies,
chimeric antibodies comprising at least one human constant region, dual-affinity antibodies
such as, dual-affinity retargeting proteins (DART ™), divalent (or bivalent) single-chain variable
fragments (di-scFvs, bi-scFvs) including but not limited to minibodies, diabodies, triabodies or
tribodies, tetrabodies, and the like, and multivalent antibodies. "Antibody fragment" refers to at
least a portion of the variable region of the immunoglobulin molecule that binds to its target,
i.e., the antigen-binding region. As used herein, the term "antibody" refers to both the full-
length antibody and antibody fragments unless otherwise specified.
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[0104] "Protein based recognition-molecule" or "PBRM" refers to a molecule that
recognizes and binds to a cell surface marker or receptor such as, a transmembrane protein,
surface immobilized protein, or protoglycan. Examples of PBRMs include but are not limited to,
antibodies (e.g., Trastuzumab, Cetuximab, Rituximab, Bevacizumab, Epratuzumab,
Veltuzumab, Labetuzumab, B7-H4, B7-H3, CA125, CD33, CXCR2, EGFR, FGFR1, FGFR2,
FGFR3, FGFR4, HER2, NaPi2b, c-Met, NOTCH1, NOTCH2, NOTCH3, NOTCH4, PD-L1, c-Kit,
MUC1 and anti-5T4) or peptides (LHRH receptor targeting peptides, EC-1 peptide), lipocalins,
such as, for example, anticalins, proteins such as, for example, interferons, lymphokines,
growth factors, colony stimulating factors, and the like, peptides or peptide mimics, and the
like. The protein based recognition molecule, in addition to targeting the modified polymer
conjugate to a specific cell, tissue or location, may also have certain therapeutic effect such as
antiproliferative (cytostatic and/or cytotoxic) activity against a target cell or pathway. The
protein based recognition molecule comprises or may be engineered to comprise at least one
chemically reactive group such as, -COOH, primary amine, secondary amine -NHR, -SH, or a
chemically reactive amino acid moiety or side chains such as, for example, tyrosine, histidine,
cysteine, or lysine. The PBRM is a ligand (LG) or targeting moiety which specifically binds or
complexes with a cell surface molecule, such as a cell surface receptor or antigen, for a given
target cell population; the target being human oncofetal protein 5T4. Following specific binding
or complexing of the ligand with its receptor, the cell is permissive for uptake of the ligand or
ligand-drug-conjugate, which is then internalized into the cell. As used herein, a ligand that
"specifically binds or complexes with" or "targets" a cell surface molecule preferentially
associates with a cell surface molecule via intermolecular forces. For example, the ligand can
preferentially associate with the cell surface molecule with a Kd of less than about 50 nM, less
than about 5 nM, or less than 500 pM. Techniques for measuring binding affinity of a ligand to
a cell surface molecule are well-known; for example, one suitable technique, is termed surface
plasmon resonance (SPR). In one embodiment, the ligand is used for targeting and has no
detectable therapeutic effect as separate from the drug which it delivers. In another
embodiment, the ligand functions both as a targeting moiety and as a therapeutic or
immunomodulatory agent (e.g., to enhance the activity of the active drug or prodrug).

[0105] "Biocompatible" as used herein is intended to describe compounds that exert minimal
destructive or host response effects while in contact with body fluids or living cells or tissues.
Thus a biocompatible group, as used herein, refers to an aliphatic, cycloalkyl, heteroaliphatic,
heterocycloalkyl, aryl, or heteroaryl moiety, which falls within the definition of the term
biocompatible, as defined above and herein. The term "Biocompatibility" as used herein, is also
taken to mean that the compounds exhibit minimal interactions with recognition proteins, e.g.,
naturally occurring antibodies, cell proteins, cells and other components of biological systems,
unless such interactions are specifically desirable. Thus, substances and functional groups
specifically intended to cause the above minimal interactions, e.g., drugs and prodrugs, are
considered to be biocompatible. Preferably (with exception of compounds intended to be
cytotoxic, such as, e.g., antineoplastic agents), compounds are "biocompatible" if their addition
to normal cells in vitro, at concentrations similar to the intended systemic in vivo
concentrations, results in less than or equal to 1% cell death during the time equivalent to the
half-life of the compound in vivo (e.g., the period of time required for 50% of the compound
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administered in vivo to be eliminated/cleared), and their administration in vivo induces minimal
and medically acceptable inflammation, foreign body reaction, immunotoxicity, chemical toxicity
and/or other such adverse effects. In the above sentence, the term "normal cells" refers to
cells that are not intended to be destroyed or otherwise significantly affected by the compound
being tested.

[0106] "Biodegradable": As used herein, "biodegradable" polymers are polymers that are
susceptible to biological processing in vivo. As used herein, "biodegradable” compounds or
moieties are those that, when taken up by cells, can be broken down by the lysosomal or other
chemical machinery or by hydrolysis into components that the cells can either reuse or dispose
of without significant toxic effect on the cells. The term "biocleavable" as used herein has the
same meaning of "biodegradable". The degradation fragments preferably induce little or no
organ or cell overload or pathological processes caused by such overload or other adverse
effects in vivo. Examples of biodegradation processes include enzymatic and non-enzymatic
hydrolysis, oxidation and reduction. Suitable conditions for non-enzymatic hydrolysis of the
biodegradable protein-polymer-drug conjugates (or their components, e.g., the biodegradable
polymeric carrier and the linkers between the carrier and the antibody or the drug molecule)
described herein, for example, include exposure of the biodegradable conjugates to water at a
temperature and a pH of lysosomal intracellular compartment. Biodegradation of some protein-
polymer-drug conjugates (or their components, e.g., the biodegradable polymeric carrier and
the linkers between the carrier and the antibody or the drug molecule), can also be enhanced
extracellularly, e.g., in low pH regions of the animal body, e.g., an inflamed area, in the close
vicinity of activated macrophages or other cells releasing degradation facilitating factors. In
certain preferred embodiments, the effective size of the polymer carrier at pH~7.5 does not
detectably change over 1 to 7 days, and remains within 50% of the original polymer size for at
least several weeks. At pH~5, on the other hand, the polymer carrier preferably detectably
degrades over 1 to 5 days, and is completely transformed into low molecular weight fragments
within a two-week to several-month time frame. Polymer integrity in such tests can be
measured, for example, by size exclusion HPLC. Although faster degradation may be in some
cases preferable, in general it may be more desirable that the polymer degrades in cells with
the rate that does not exceed the rate of metabolization or excretion of polymer fragments by
the cells. In preferred embodiments, the polymers and polymer biodegradation byproducts are
biocompatible.

[0107] "Bioavailability": The term "bioavailability" refers to the systemic availability (i.e.,
blood/plasma levels) of a given amount of drug or compound administered to a subject.
Bioavailability is an absolute term that indicates measurement of both the time (rate) and total
amount (extent) of drug or compound that reaches the general circulation from an
administered dosage form.

[0108] "Maleimido blocking compound": as used herein refers to a compound that can react
with maleimide to convert it to succinimide and "maleimido blocking moiety" refers to the
chemical moiety attached to the succinimide upon conversion. In certain embodiments, the
maleimido blocking compound is a compound having a terminal thiol group for reacting with
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the maleimide. In certain embodiments, the maleimido blocking compound is water soluble
such that the reaction with maleimide can take place in an aqueous solution. For example, the
resulting maleimido blocking moiety is water soluble or hydrophilic. In one embodiment, the
maleimido blocking compound is cysteine, N-acetyl cysteine, cysteine methyl ester, N-methyl
cysteine, 2-mercaptoethanol, = 3-mercaptopropanoic  acid, 2-mercaptoacetic  acid,
mercaptomethanol (i.e., HOCH,SH), benzyl thiol in which phenyl is substituted with one or

more hydrophilic substituents, or 3-aminopropane-1-thiol.

[0109] "Hydrophilic™: The term "hydrophilic" as it relates to substituents, e.g., on the polymer
monomeric units or on a maleimido blocking moiety to render them hydrophilic or water
soluble, does not essentially differ from the common meaning of this term in the art, and
denotes chemical moieties which contain ionizable, polar, or polarizable atoms, or which
otherwise may be solvated by water molecules. Thus a hydrophilic group, as used herein,
refers to an aliphatic, cycloalkyl, heteroaliphatic, heterocycloalkyl, aryl or heteroaryl moiety,
which falls within the definition of the term hydrophilic, as defined above. Examples of particular
hydrophilic organic moieties which are suitable include, without limitation, aliphatic or
heteroaliphatic groups comprising a chain of atoms in a range of between about one and
twelve atoms, hydroxyl, hydroxyalkyl, amine, carboxyl, amide, carboxylic ester, thioester,
aldehyde, nitryl, isonitryl, nitroso, hydroxylamine, mercaptoalkyl, heterocycle, carbamates,
carboxylic acids and their salts, sulfonic acids and their salts, sulfonic acid esters, phosphoric
acids and their salts, phosphate esters, polyglycol ethers, polyamines, polycarboxylates,
polyesters and polythioesters. Hydrophilic substituents may comprise a carboxyl group
(COOH), an aldehyde group (CHO), a ketone group (COC4_4 alkyl), a methylol (CH,OH) or a

glycol (for example, CHOH-CH,OH or CH-(CHOH),), NH5, F, cyano, SO3H, POsH, and the
like.

[0110] The term "hydrophilic" as it relates to the polymers of the invention generally does not
differ from usage of this term in the art, and denotes polymers comprising hydrophilic
functional groups as defined above. In some arrangements, hydrophilic polymer is a water-
soluble polymer. Hydrophilicity of the polymer can be directly measured through determination
of hydration energy, or determined through investigation between two liquid phases, or by
chromatography on solid phases with known hydrophobicity, such as, for example, C4 or C18.

[0111] "Polymeric Carrier": The term polymeric carrier, as used herein, refers to a polymer or
a modified polymer, which is suitable for covalently attaching to or can be covalently attached
to one or more drug molecules with a designated linker and/or one or more PBRMs with a
designated linker.

[0112] "Physiological conditions": The phrase "physiological conditions", as used herein,
relates to the range of chemical (e.g., pH, ionic strength) and biochemical (e.g., enzyme
concentrations) conditions likely to be encountered in the extracellular fluids of living tissues.
For most normal tissues, the physiological pH ranges from about 7.0 to 7.4. Circulating blood
plasma and normal interstitial liquid represent typical examples of normal physiological
conditions.
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[0113] "Polysaccharide", "carbohydrate" or "oligosaccharide": The terms "polysaccharide",
"carbohydrate", or "oligosaccharide" are known in the art and refer, generally, to substances
having chemical formula (CH>0),,, where generally n>2, and their derivatives. Carbohydrates

are polyhydroxyaldehydes or polyhydroxyketones, or change to such substances on simple
chemical transformations, such as hydrolysis, oxidation or reduction. Typically, carbohydrates
are present in the form of cyclic acetals or ketals (such as, glucose or fructose). These cyclic
units (monosaccharides) may be connected to each other to form molecules with few
(oligosaccharides) or several (polysaccharides) monosaccharide units. Often, carbohydrates
with well defined number, types and positioning of monosaccharide units are called
oligosaccharides, whereas carbohydrates consisting of mixtures of molecules of variable
numbers and/or positioning of monosaccharide units are called polysaccharides. The terms
"polysaccharide", "carbohydrate"”, and "oligosaccharide", are used herein interchangeably. A
polysaccharide may include natural sugars (e.g., glucose, fructose, galactose, mannose,
arabinose, ribose, and xylose) and/or derivatives of naturally occurring sugars (e.g., 2'-
fluororibose, 2'-deoxyribose, and hexose).

[0114] "Drug": As used herein, the term "drug" refers to a compound which is biologically
active and provides a desired physiological effect following administration to a subject in need
thereof (e.g., an active pharmaceutical ingredient).

[0115] "Prodrug": As used herein the term "prodrug" refers to a precursor of an active drug,
that is, a compound that can be transformed to an active drug. Typically such a prodrug is
subject to processing in vivo, which converts the drug to a physiologically active form. In some
instances, a prodrug may itself have a desired physiologic effect. A desired physiologic effect
may be, e.g., therapeutic, cytotoxic, immunomodulatory, or the like.

[0116] "Cytotoxic": As used herein the term "cytotoxic" means toxic to cells or a selected cell
population (e.g., cancer cells). The toxic effect may result in cell death and/or lysis. In certain
instances, the toxic effect may be a sublethal destructive effect on the cell, e.g., slowing or
arresting cell growth. In order to achieve a cytotoxic effect, the drug or prodrug may be
selected from a group consisting of a DNA damaging agent, a microtubule disrupting agent, or
a cytotoxic protein or polypeptide, amongst others.

[0117] "Cytostatic": As used herein the term "cytostatic" refers to a drug or other compound
which inhibits or stops cell growth and/or multiplication.

[0118] "Small molecule": As used herein, the term "small molecule" refers to molecules,
whether naturally-occurring or artificially created (e.g., via chemical synthesis) that have a
relatively low molecular weight. Preferred small molecules are biologically active in that they
produce a local or systemic effect in animals, preferably mammals, more preferably humans.
In the invention, the small molecule is a drug and the small molecule is referred to as "drug
molecule" or "drug" or "therapeutic agent". The drug molecule has MW less than or equal to
about 5 kDa. In other embodiments, the drug molecule has MW less than or equal to about 1.5
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kDa. In embodiments, the drug molecule is selected from vinca alkaloids, auristatins,
duocarmycins, kinase inhibitors, MEK inhibitors, KSP inhibitors, PI3 kinase inhibitors,
calicheamicins, SN38, camptothecin, topoisomerase inhibitors, non-natural camptothecins,
protein synthesis inhibitor, RNA polymerase inhibitor, pyrrolobenzodiazepines, maytansinoids,
DNA-binding drugs, DNA intercalation drugs and analogs thereof. Preferably, though not
necessarily, the drug is one that has already been deemed safe and effective for use by an
appropriate governmental agency or body, e.g., the FDA. For example, drugs for human use
listed by the FDA under 21 C.F.R. §§ 330.5, 331 through 361, and 440 through 460; drugs for
veterinary use listed by the FDA under 21 C.F.R. §§ 500 through 589, are all considered
suitable for use with the present hydrophilic polymers. Classes of drug molecules that can be
used in the practice of the present invention include, but are not limited to, anti-cancer
substances, radionuclides, vitamins, anti-AIDS substances, antibiotics, immunosuppressants,
anti-viral substances, enzyme inhibitors, neurotoxins, opioids, hypnotics, anti-histamines,
lubricants, tranquilizers, anti-convulsants, muscle relaxants and anti-Parkinson substances,
anti-spasmodics and muscle contractants including channel blockers, miotics and anti-
cholinergics, anti-glaucoma compounds, anti-parasite and/or anti-protozoal compounds,
modulators of cell-extracellular matrix interactions including cell growth inhibitors and anti-
adhesion molecules, vasodilating agents, inhibitors of DNA, RNA or protein synthesis, anti-
hypertensives, analgesics, anti-pyretics, steroidal and non-steroidal anti-inflammatory agents,
anti-angiogenic factors, anti-secretory factors, anticoagulants and/or antithrombotic agents,
local anesthetics, ophthalmics, prostaglandins, anti-depressants, anti-psychotic substances,
anti-emetics, imaging agents . Many large molecules are also drugs and such large molecules
may be used in the conjugates and other constructs described herein. Examples of suitable
large molecules include, e.g., amino acid based molecules. Amino acid based molecules may
encompass, e.g., peptides, polypeptides, enzymes, antibodies, immunoglobulins, or functional
fragments thereof, among others.

[0119] A more complete, although not exhaustive, listing of classes and specific drugs suitable
for use in the present invention may be found in "Pharmaceutical Substances: Syntheses,
Patents, Applications" by Axel Kleemann and Jurgen Engel, Thieme Medical Publishing, 1999
and the "Merck Index: An Encyclopedia of Chemicals, Drugs, and Biologicals", Edited by Susan
Budavari et al., CRC Press, 1996. In preferred embodiments, the drug used in this invention is
a therapeutic agent that has antiproliferative (cytostatic and/or cytotoxic) activity against a
target cell or pathway. The drug may have a chemically reactive group such as, for example, -
COOH, primary amine, secondary amine -NHR, -OH,-SH, -C(O)H, -C(O)R, -C(O)NHR%,
C(S)OH, -S(0),0R?, -P(0),0R?, -CN, -NC or -ONO, in which R is an aliphatic,
heteroaliphatic, carbocyclic or heterocycloalkyl moiety and R?°
heteroaliphatic, carbocyclic, or heterocyclic moiety.

is a hydrogen, an aliphatic,

[0120] "Drug derivative” or "modified drug” or the like as used herein, refers to a
compound that comprises the drug molecule intended to be delivered by the conjugate of the
invention and a functional group capable of attaching the drug molecule to the polymeric
carrier.
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[0121] "Active form™ as used herein refers to a form of a compound that exhibits intended
pharmaceutical efficacy in vivo or in vitro. In particular, when a drug molecule intended to be
delivered by the conjugate of the invention is released from the conjugate, the active form can
be the drug itself or its derivatives, which exhibit the intended therapeutic properties. The
release of the drug from the conjugate can be achieved by cleavage of a biodegradable bond
of the linker which attaches the drug to the polymeric carrier. The active drug derivatives
accordingly can comprise a portion of the linker.

[0122] "Diagnostic label™: As used herein, the term diagnostic label refers to an atom, group
of atoms, moiety or functional group, a nanocrystal, or other discrete element of a composition
of matter, that can be detected in vivo or ex vivo using analytical methods known in the art.
When associated with a conjugate of the present invention, such diagnostic labels permit the
monitoring of the conjugate in vivo. Alternatively or additionally, constructs and compositions
that include diagnostic labels can be used to monitor biological functions or structures.
Examples of diagnostic labels include, without limitation, labels that can be used in medical
diagnostic procedures, such as, radioactive isotopes (radionuclides) for gamma scintigraphy
and Positron Emission Tomography (PET), contrast agents for Magnetic Resonance Imaging
(MRI) (for example paramagnetic atoms and superparamagnetic nanocrystals), contrast
agents for computed tomography and other X-ray-based imaging methods, agents for
ultrasound-based diagnostic methods (sonography), agents for neutron activation (e.g., boron,
gadolinium), fluorophores for various optical procedures, and, in general moieties which can
emit, reflect, absorb, scatter or otherwise affect electromagnetic fields or waves (e.g., gamma-
rays, X-rays, radiowaves, microwaves, light), particles (e.g., alpha particles, electrons,
positrons, neutrons, protons) or other forms of radiation, e.g., ultrasound.

[0123] The following are more general terms used throughout the present application:

"Animal": The term animal, as used herein, refers to humans as well as non-human animals,
at any stage of development, including, for example, mammals, birds, reptiles, amphibians,
fish, worms and single cells. Cell cultures and live tissue samples are considered to be
pluralities of animals. Preferably, the non-human animal is a mammal (e.g., a rodent, a mouse,
a rat, a rabbit, a monkey, a dog, a cat, a primate, or a pig). An animal may be a transgenic
animal or a human clone. The term "subject” encompasses animals.

"Efficient amount™: In general, as it refers to an active agent or drug delivery device, the term
"efficient amount" refers to the amount necessary to elicit the desired biological response. As
will be appreciated by those of ordinary skill in this art, the efficient amount of an agent or
device may vary depending on such factors as the desired biological endpoint, the agent to be
delivered, the composition of the encapsulating matrix, the target tissue, etc. For example, the
efficient amount of microparticles containing an antigen to be delivered to immunize an
individual is the amount that results in an immune response sufficient to prevent infection with
an organism having the administered antigen.

"Natural amino acid” as used herein refers to any one of the common, naturally occurring L-
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amino acids found in naturally occurring proteins: glycine (Gly), alanine (Ala), valine (Val),
leucine (Leu), isoleucine (lle), lysine (Lys), arginine (Arg), histidine (His), proline (Pro), serine
(Ser), threonine (Thr), phenylalanine (Phe), tyrosine (Tyr), tryptophan (Trp), aspartic acid
(Asp), glutamic acid (Glu), asparagine (Asn), glutamine (GIn), cysteine (Cys) and methionine
(Met).

"Unnatural amino acid” as used herein refers to any amino acid which is not a natural amino
acid. This includes, for example, amino acids that comprise o-, o-, o-, D-, L-amino acyl
residues. More generally, the unnatural amino acid comprises a residue of the general formula

;\H)Y‘%l

wherein the side chain R is other than the amino acid side chains occurring in nature.
Exemplary unnatural amino acids, include, but are not limited to, sarcosine (N-methylglycine),
citrulline (cit), homocitrulline, o -ureidoalanine, thiocitrulline, hydroxyproline, allothreonine,
pipecolic acid (homoproline), a-aminoisobutyric acid, tert-butylglycine, tert-butylalanine, allo-
isoleucine, norleucine, a-methylleucine, cyclohexylglycine, o -cyclohexylalanine, o -
cyclopentylalanine, a-methylproline, phenylglycine, a-methylphenylalanine and
homophenylalanine.

"Amino acyl": More generally, the term amino acyl, as used herein, encompasses natural
amino acid and unnatural amino acids.

"Polyamide”: refers to homo- or hetero- polymers of natural amino acid and unnatural amino
acids. lllustrative homo-polymers include, but are not limited to, poly-lysine, poly-arginine, poly-
o -glutaric acid, and the like. lllustrative hetero- polymers include, but are not limited to,
polymers comprising peptides fragments selected from peptidases, lysozymes,
metalloproteinases, and the like.

"PHF" refers to poly(1-hydroxymethylethylene hydroxymethyl-formal).

As used herein, the terms "polymer unit", "monomeric unit", "monomer"”, "monomer unit", "unit"
all refer to a repeatable structural unit in a polymer.

As used herein, "molecular weight" or "MW" of a polymer or polymeric carrier/scaffold or
polymer conjugates refers to the weight average molecular weight unless otherwise specified.

[0124] The present invention is intended to include all isotopes of atoms occurring in the
present compounds. Isotopes include those atoms having the same atomic number but
different mass numbers. By way of general example and without limitation, isotopes of
hydrogen include tritium and deuterium. Isotopes of carbon include C-13 and C-14.

[0125] The present invention is intended to include all isomers of the compound, which refers
to and includes, optical isomers, and tautomeric isomers, where optical isomers include
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enantiomers and diastereomers, chiral isomers and non-chiral isomers, and the optical
isomers include isolated optical isomers as well as mixtures of optical isomers including
racemic and non-racemic mixtures; where an isomer may be in isolated form or in a mixture
with one or more other isomers.

Polymeric Carriers

[0126] In certain exemplary embodiments, the conjugates of the invention find use in
biomedical applications, such as drug delivery and tissue engineering, and the carrier is
biocompatible and biodegradable. In certain embodiments, the carrier is a soluble polymer,
nanoparticle, gel, liposome, micelle, suture, implant, etc. In certain embodiments, the term
"soluble polymer" encompasses biodegradable biocompatible polymer such as a polyal (e.g.,
hydrophilic polyacetal or polyketal). In certain other embodiments, the carrier is a fully
synthetic, semi-synthetic or naturally-occurring polymer. In certain other embodiments, the
carrier is hydrophilic.

[0127] In certain exemplary embodiments, the carriers used in the present invention are
biodegradable biocompatible polyals comprising at least one hydrolysable bond in each
monomer unit positioned within the main chain. This ensures that the degradation process (via
hydrolysis/cleavage of the monomer units) will result in fragmentation of the polymer conjugate
to the monomeric components (i.e., degradation), and confers to the polymer conjugates of the
invention their biodegradable properties. The properties (e.g., solubility, bioadhesivity and
hydrophilicity) of biodegradable biocompatible polymer conjugates can be modified by
subsequent substitution of additional hydrophilic or hydrophobic groups. Examples of
biodegradable biocompatible polymers suitable for practicing the invention can be found inter
alia in U.S. Patent Nos. 5,811,510; 5,863,990; 5,958,398; 7,838,619 and 7,790,150; and U.S.
Publication No. 2006/0058512. Guidance on the significance, preparation, and applications of
this type of polymers may be found in the above-cited documents. In certain embodiments, it is
anticipated that the present invention will be particularly useful in combination with the above-
referenced patent documents, as well as U.S. Patent Nos. 5,582,172 and 6,822,086.

[0128] The conjugates of this invention are hydrophilic, hydrolysable and comprise drug
molecules (e.g., vinca alkaloids or derivatives, topoisomerase inhibitors, such as, for example,
SN38, camptothecin, topotecan, exatecan, non-natural camptothecin compounds or
derivatives; auristatins, dolastatins, nemorubicine and its derivatives, PNU-159682,
anthracycline, duocarmycins, kinase inhibitors (e.g., PI3 kinase inhibitors or MEK inhibitors),
KSP inhibitors, calicheamicins, pyrrolobenzodiazepines, maytansinoids, elinafide, DNA-binding
drugs, DNA intercalation drugs, and stereoisomers, isosteres, analogs and derivatives thereof)
and antibodies (e.g., Trastuzumab, Cetuximab, Rituximab, Bevacizumab, Epratuzumab,
Veltuzumab, Labetuzumab, B7-H4, B7-H3, CA125, CD33, CXCR2, EGFR, FGFR1, FGFR2,
FGFR3, FGFR4, HER2, NaPi2b, c-Met, NOTCH1, NOTCH2, NOTCH3, NOTCH4, PD-L1,
NaPi2b, c-Kit, MUC1, and anti-5T4) or peptides (LHRH receptor targeting peptides, EC-1
peptide) covalently attached to the polymer carrier via linkages that contain one or more
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biodegradable bonds. Thus, in certain exemplary embodiments, carriers suitable for practicing
the present invention are polyals having at least one acetal’ketal oxygen atom in each
monomer unit positioned within the main chain. As discussed above, this ensures that the
degradation process (via hydrolysis/cleavage of the polymer acetal/ketal groups) will result in
fragmentation of the polyal conjugate to low molecular weight components (i.e., degradation).
In certain arrangements, biodegradable biocompatible polymer carriers, used for preparation
of polymer conjugates of the invention, are naturally occurring polysaccharides,
glycopolysaccharides, and synthetic polymers of polyglycoside, polyacetal, polyamide,
polyether, and polyester origin and products of their oxidation, fictionalization, modification,
cross-linking, and conjugation.

[0129] In certain other arrangements, the carrier is a hydrophilic biodegradable polymer
selected from the group consisting of carbohydrates, glycopolysaccharides, glycolipids,
glycoconjugates, polyacetals, polyketals, and derivatives thereof.

[0130] In certain exemplary arrangements, the carrier is a naturally occurring linear and/or
branched biodegradable biocompatible homopolysaccharide selected from the group
consisting of cellulose, amylose, dextran, levan, fucoidan, carraginan, inulin, pectin,
amylopectin, glycogen and lixenan.

[0131] In certain other exemplary arrangements, the carrier is a naturally occurring linear and
branched biodegradable biocompatible heteropolysaccharide selected from the group
consisting of agarose, hyluronan, chondroitinsulfate, dermatansulfate, keratansulfate, alginic
acid and heparin.

[0132] In yet other exemplary arrangements, the polymeric carrier comprises a copolymer of a
polyacetal/polyketal and a hydrophilic polymer selected from the group consisting of
polyacrylates, polyvinyl polymers, polyesters, polyorthoesters, polyamides, polypeptides, and
derivatives thereof.

[0133] In yet another arrangements, the polymeric carrier is dextrin that is produced by the
hydrolysis of a starch obtained from various natural products such as, for example, wheat, rice,
maize and tapioca. Depending on the structure of the starch starting material each dextrin
comprises a unique distribution of a-1,4 linkages and ao-1,6 linkages. Since the rate of
biodegradability of a-1,6 linkages is typically less than that for a-1,4 linkages, preferably the
percentage of a-1,6 linkages is less than 10% and more preferably less than 5%. In one
arrangement the molecular weight of the dextrin is in the range of about 2 kDa to about 40
kDa, more preferably from about 2 kDa to about 20 kDa, or from about 3 kDa to about 15 kDa
or from about 5 kDa to about 10 kDa.

[0134] In certain arrangements, the carrier comprises polysaccharides activated by selective
oxidation of cyclic vicinal diols of 1,2-, 1,4-, 1,6-, and 2,6-pyranosides, and 1,2-, 1,5-, 1,6-
furanosides, or by oxidation of lateral 6-hydroxy and 5,6-diol containing polysaccharides prior
to conjugation with drug molecules or PBRMs.
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[0135] In still other arrangements, the polymeric carrier comprises a biodegradable
biocompatible polyacetal wherein at least a subset of the polyacetal repeat structural units
have the following chemical structure:

T1 F|<3 Rs

+o—c1—o—c;2——|=|zx )
| |
Ry Ry Re

N

wherein for each occurrence of the n bracketed structure, one of Ry and R5 is hydrogen, and

the other is a biocompatible group and includes a carbon atom covalently attached to C'; RX is
a carbon atom covalently attached to CZ; n" is an integer; each occurrence of Rz, R4, R5 and
Rg is a biocompatible group and is independently hydrogen or an organic moiety; and for each
occurrence of the bracketed structure n, at least one of Ry, Ry, R3, R4, R5 and Rg comprises a

functional group suitable for coupling. In certain embodiments, the functional group is a
hydroxyl moiety.

[0136] In one arrangement, the polymeric carrier comprises activated hydrophilic
biodegradable biocompatible polymers comprising from 0.1% to 100% polyacetal moieties
whose backbone is represented by the following chemical structure:

(-CH2-CHR7-O-CHRg-0-)o,

wherein:

R7 and Rg are independently hydrogen, hydroxyl, hydroxy alkyl (e.g., -CHyOH, -CH(OH)-
CH50H), -CHO, -CH(OH)-CHO or -carbonyl; and

o is an integer from 20 to 2000.

[0137] In yet other arrangements, the polymeric carrier comprises a biodegradable
biocompatible polyketal wherein at least a subset of the polyketal repeatable structural units
have the following chemical structure:

T1
I‘|\’1 I‘|\’3 Ts Cl) 'Ta
%0—01—O—CZ—RX+ ) c1—o—c2+
| | e | | e
R2 Rs Rs or R> Ry

4

wherein each occurrence of R4 and R, is a biocompatible group and RX, R3, R4, Rs, Rg and are

as defined herein.
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[0138] In certain arrangements, the ketal units are monomers of Formula (lla) or (lIb):

(I1a) (11b).

[0139] Biodegradable, biocompatible polyketal polymers and their methods of making have
been described in US Patent Nos. 5,811,510, 7,790,150 and 7,838,619.

[0140] In one arrangement, the polymeric carrier can be obtained from partially oxidized
dextran (o 1—6)-D-glucose) followed by reduction. In this embodiment, the polymer comprises
a random mixture of the unmodified dextran (A), partially oxidized dextran acetal units (B) and
exhaustively dextran acetal units (C) of the following structures:

m, ﬁgr ﬁ; ﬁi

[0141] In another arrangement, the polymeric carrier comprises unmodified acetal units, i.e.,
polyacetal segments. In some arrangements, the polyacetals can be derived from exhaustively
oxidized dextran followed by reduction. These polymers have been described in references,
see, e.g., US Patent No. 5,811,510 for its description of polyacetals at column 2, line 65 to
column 8, line 55 and their synthesis at column 10, line 45 to column 11, line 14. In one
embodiment, the unmodified polyacetal polymer is a poly(hydroxymethylethylene
hydroxymethyl formal) polymer (PHF).

[0142] In addition to poly(hydroxymethylethylene hydroxymethyl formal) polymers, the
backbone of the polymeric carrier can also comprise co-polymers  of
poly(hydroxymethylethylene hydroxymethyl formal) blocks and other acetal or non-acetal
monomers or polymers. For example, polyethylene glycol polymers are useful as a stealth
agent in the polymer backbone because they can decrease interactions between polymer side
chains of the appended functional groups. Such groups can also be useful in limiting
interactions such as between serum factors and the modified polymer. Other stealth agent
monomers for inclusion in the polymer backbone include, for example, ethyleneimine,
methacrylic acid, acrylamide, glutamic acid, and combinations thereof.

[0143] The acetal or ketal units are present in the modified polymer in an amount effective to
promote biocompatibility. The unmodified acetal or ketal unit can be described as a "stealth
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agent" that provides biocompatibility and solubility to the modified polymers. In addition,
conjugation to a polyacetal or polyketal polymer can modify the susceptibility to metabolism
and degradation of the moieties attached to it, and influence biodistribution, clearance and
degradation.

[0144] The unmodified acetal units are monomers of Formula (lll):
Q 0.

OH OH|

().

[0145] The molar fraction, n, of unmodified polyacetal units is the molar fraction available to
promote biocompatibility, solubility and increase half-life, based on the total number of polymer
units in the modified polymer. The molar fraction n may be the minimal fraction of unmodified
monomer acetal units needed to provide biocompatibility, solubility, stability, or a particular half-
life, or can be some larger fraction. The most desirable degree of cytotoxicity is substantially
none, i.e., the modified polymer is substantially inert to the subject. However, as is understood
by those of ordinary skill in the art, some degree of cytotoxicity can be tolerated depending on
the severity of disease or symptom being treated, the efficacy of the treatment, the type and
degree of immune response, and like considerations.

[0146] In one embodiment, the modified polymer backbone comprises units of Formula (1V):

1)

(IV),
wherein X' indicates the substituent for the hydroxyl group of the polymer backbone. As shown
in Formula (IV) and the other formulae described herein, each polyacetal unit has a single
hydroxyl group attached to the glycerol moiety of the unit and an X' group (or another

substituent such as -LP-D attached to the glycolaldehyde moiety of the unit. This is for
convenience only and it should be construed that the polymer having units of Formula (V) and
other formulae described herein can contain a random distribution of units having a X' group
(or another substituent such as a linker comprising a maleimide terminus) attached to the
glycolaldehyde moiety of the units and those having a single X' group (or another substituent
such as a linker comprising a maleimide terminus) attached to the glycerol moiety of the units
as well as units having two X' groups (or other substituents such as a linker comprising a
maleimide terminus) with one attached to the glycolaldehyde moiety and the other attached to
the glycerol moiety of the units.

[0147] As described herein, the biodegradable biocompatible polyals suitable for practicing the
present invention may have a molecular weight of between about 0.5 and about 300 kDa. For
example, the biodegradable biocompatible polyals have a molecular weight of between about 1
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and about 300 kDa (e.g., between about 1 and about 200 kDa, between about 2 and about
300 kDa, between about 2 and about 200 kDa, between about 5 and about 100 kDa, between
about 10 and about 70 kDa, between about 20 and about 50 kDa, between about 20 and
about 300 kDa, between about 40 and about 150 kDa, between about 50 and about 100 kDa,
between about 2 and about 40 kDa, between about 6 and about 20 kDa, or between about 8
and about 15 kDa). In the present invention, the biodegradable biocompatible polyal used for
the polymer scaffold or conjugate of the invention is PHF having a molecular weight of between
about 2 and about 40 kDa (e.g., about 2-20 kDa, 3-15 kDa, or 5-10 kDa.)

[0148] In one embodiment, the biodegradable biocompatible polyals suitable for practicing the
present invention are modified before conjugating with a drug or a PBRM. For example, the
polyals contains-C(=0)-X-(CH>),-C(=0)- with X being CH,, O, or NH, and v being an integer
from 1 to 6. Table A below provides some examples of the modified polyals suitable for
conjugating with a drug or PBRM or derivatives thereof. Unless otherwise specified, reference
numbers in Tables A through D below correspond to the Example numbers described herein;
the term "ND" means not determined; and X is CHy, O, or NH.

Table A
Ref # Polymer Scaffold
X=NHEx?2
{o o. } O On e 0O
R A N
OH OH OH O\:0 OH Qfo
X x
X = CHy Ex 11 P
-
O -NH
T el
Oy /N‘\H,/ ‘,,N\Y\\/
[0) (0]

Therapeutic Agents

[0149] The therapeutic agent is a small molecule having a molecular weight preferably < about
5 kDa, more preferably < about 4 kDa, more preferably < about 3 kDa, most preferably < about
1.5 kDa or < about 1 kDa.

[0150] In certain embodiments, the therapeutic agent has an ICsg of about less than 1 nM.

[0151] In another embodiment, the therapeutic agent has an ICgg of about greater than 1 nM,

for example, the therapeutic agent has an IC5q of about 1 to 50 nM.

[0152] Some therapeutic agents having an ICgg of greater than about 1 nM (e.g., "less potent
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drugs") are unsuitable for conjugation with a PBRM using art-recognized conjugation
techniques. Without wishing to be bound by theory, such therapeutic agents have a potency
that is insufficient for use in targeted PBRM-drug conjugates using conventional techniques as
sufficient copies of the drug (i.e., more than 8) cannot be conjugated using art-recognized
techniques without resulting in diminished pharmacokinetic and physiochemical properties of
the conjugate. However sufficiently high loadings of these less potent drugs can be achieved
using the conjugation strategies described herein thereby resulting in high loadings of the
therapeutic agent while maintaining the desirable pharmacokinetic and physiochemical
properties. Thus, the invention also relates to a PBRM-polymer-drug conjugate which includes
a PBRM, PHF and at least eight therapeutic agent moieties, wherein the therapeutic agent has
an ICgq of greater than about 1 nM.

[0153] In certain embodiments, about 0.3 to about 15 % monomers comprise a therapeutic
agent, more preferably about 2 to about 12%, and even more preferably about 5 to about 10%.

[0154] The small molecule therapeutic agents used in this invention (e.g., antiproliferative
(cytotoxic and cytostatic) agents capable of being linked to a polymer carrier) include cytotoxic
compounds (e.g., broad spectrum), angiogenesis inhibitors, cell cycle progression inhibitors,
PISK/m-TOR/AKT pathway inhibitors, MAPK signaling pathway inhibitors, kinase inhibitors,
protein chaperones inhibitors, HDAC inhibitors, PARP inhibitors, Wnt/Hedgehog signaling
pathway inhibitors and RNA polymerase inhibitors.

[0155] Broad spectrum cytotoxins include, but are not limited to, DNA-binding, intercalating or
alkylating drugs, microtubule stabilizing and destabilizing agents, platinum compounds,
topoisomerase | inhibitors and protein synthesis inhibitors.

[0156] Exemplary DNA-binding, intercalation or alkylating drugs include, CC-1065 and its
analogs, anthracyclines (doxorubicin, epirubicin, idarubicin, daunorubicin, nemorubicin and its
derivatives, PNU-159682), bisnapththalimide compounds such as elinafide (LU79553).and its
analogs, alkylating agents, such as calicheamicins, dactinomycines, mitromycines,
pyrrolobenzodiazepines, and the like.Exemplary CC-1065 analogs include duocarmycin SA,
duocarmycin A, duocarmycin C1, duocarmycin C2, duocarmycin B1, duocarmycin B2,
duocarmycin D, DU-86, KW-2189, adozelesin, bizelesin, carzelesin, seco-adozelesin, and
related analogs and prodrug forms, examples of which are described in U.S. Patent Nos.
5,475,092, 5,595,499; 5,846,545, 6,534,660, 6,586,618; 6,756,397 and 7,049,316.
Doxorubicin and its analogs include those described in U.S. Patent No. 6,630,579.
Calicheamicins include, e.g., enediynes, e.g., esperamicin, and those described in U.S. Patent
Nos. 5,714,586 and 5,739,116. Duocarmycins include those described in U.S. Patent
Nos.5,070,092; 5,101,038; 5,187,186, 6,548,530, 6,660,742; and 7,553,816 B2; and Li et al.,
Tet Letts., 50:2932 - 2935 (2009).

[0157] Pyrrolobenzodiazepines (PBD) and analogs thereof include those described in Denny,
Exp. Opin. Ther. Patents., 10(4):459-474 (2000) and Antonow and Thurston, Chem Rev.,,
2815-2864 (2010).
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[0158] Exemplary microtubule stabilizing and destabilizing agents include taxane compounds,
such as paclitaxel, docetaxel, tesetaxel and carbazitaxel, maytansinoids, auristatins and
analogs thereof, vinca alkaloid derivatives, epothilones and cryptophycins.

[0159] Exemplary maytansinoids or maytansinoid analogs include maytansinol and
maytansinol analogs, maytansine or DM-1 and DM-4 are those described in U.S. Patent Nos.
5,208,020, 5,416,064, 6,333.410; 6,441,163; 6,716,821; RE39,151 and 7,276,497. In certain
embodiments, the cytotoxic agent is a maytansinoid, another group of anti-tubulin agents
(ImmunoGen, Inc.; see also Chari et al.,, 1992, Cancer Res. 52:127-131), maytansinoids or
maytansinoid analogs. Examples of suitable maytansinoids include maytansinol and
maytansinol analogs. Suitable maytansinoids are disclosed in U.S. Patent Nos. 4,424,219;
4,256,746; 4,294,757; 4,307,016; 4,313,946; 4,315,929; 4,331,598; 4,361,650, 4,362,663,
4,364,866; 4,450,254, 4,322,348; 4,371,533, 6,333,410; 5,475,092; 5,585,499; and 5,846,545.

[0160] Exemplary auristatins include auristatin E (also known as a derivative of dolastatin-10),
auristatin EB (AEB), auristatin EFP (AEFP), monomethyl auristatin E (MMAE), monomethyl
auristatin F (MMAF), auristatin F, auristatin F phenylenediamine (AFP), auristatin F HPA and
dolastatin. Suitable auristatins are also described in U.S. Publication Nos. 2003/0083263,
2011/0020343, and 2011/0070248; PCT Application Publication Nos. WO 09/117531, WO
2005/081711, WO 04/010957; WO 02/088172 and WO01/24763, and U.S. Patent Nos.
7,498,298; 6,884,869; 6,323,315; 6,239,104, 6,124,431, 6,034,065; 5,780,588, 5,767,237,
5,665,860; 5,663,149; 5,635,483; 5,599,902; 5,554,725; 5,530,097; 5,521,284, 5,504,191,
5,410,024, 5,138,036, 5,076,973, 4,986,988, 4,978,744, 4,879,278; 4,816,444; and 4,486,414.

[0161] Exemplary vinca alkaloids include vincristine, vinblastine, vindesine, and navelbine
(vinorelbine). Suitable Vinca alkaloids that can be used in the present invention are also
disclosed in U.S. Publication Nos. 2002/0103136 and 2010/0305149, and in U.S. Patent No.
7,303,749 B1.

[0162] Exemplary epothilone compounds include epothilone A, B, C, D, E and F, and
derivatives thereof. Suitable epothilone compounds and derivatives thereof are described, for
example, in U.S. Patent Nos. 6,956,036, 6,989,450; 6,121,029; 6,117,659; 6,096,757,
6,043,372; 5,969,145; and 5,886,026; and WO 97/19086; WO 98/08849; WO 98/22461; WO
98/25929; WO 98/38192; WO 99/01124; WO 99/02514; WO 99/03848; WO 99/07692; WO
99/27890; and WO 99/28324.

[0163] Exemplary cryptophycin compounds are described in U.S. Patent Nos. 6,680,311 and
6,747,021.

[0164] Exemplary platinum compounds include cisplatin (PLATINOL o ), carboplatin
(PARAPLATIND), oxaliplatin (ELOXATINEQD), iproplatin, ormaplatin, and tetraplatin.

[0165] Still other classes of compounds or compounds with these or other cytotoxic modes of
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action may be selected, including, e.g., mitomycin C, mitomycin A, daunorubicin, doxorubicin,
morpholino-doxorubicin, cyanomorpholino-doxorubicin, aminopterin, bleomycin, 1-
(chloromethyl)-2,3-dihydro-1H-benzo[elindol-5-ol, pyrrolobenzodiazepine (PBD) polyamide and
dimers thereof. Other suitable cytotoxic agents include, for example, puromycins, topotecan,
rhizoxin, echinomycin, combretastatin, netropsin, estramustine, cryptophysins, cemadotin,
discodermolide, eleutherobin, and mitoxantrone.

[0166] Exemplary topoisomerase | inhibitors include camptothecin, camptothecin derivatives,
camptothecin analogs and non-natural camptothecins, such as, for example, CPT-11
(irinotecan), SN-38, GI-147211C, topotecan, 9-aminocamptothecin, 7-hydroxymethyl
camptothecin, 7-aminomethyl camptothecin, 10-hydroxycamptothecin, (20S)-camptothecin,
rubitecan, gimatecan, karenitecin, silatecan, lurtotecan, exatecan, diflomotecan, belotecan,
lurtotecan and S39625. Other camptothecin compounds that can be used in the present
invention include those described in, for example, J. Med. Chem., 29:2358-2363 (1986); J.
Med. Chem., 23:554 (1980); J. Med. Chem., 30:1774 (1987).

[0167] Angiogenesis inhibitors include, but are not limited, MetAP2 inhibitors, VEGF inhibitors,
PIGF inhibitors, VGFR inhibitors, PDGFR inhibitors, MetAP2 inhibitors. Exemplary VGFR and
PDGFR inhibitors include sorafenib (Nexavar), sunitinib (Sutent) and vatalanib. Exemplary
MetAP2 inhibitors include fumagillol analogs, meaning any compound that includes the
fumagillin core structure, including fumagillamine, that inhibits the ability of MetAP-2 to remove
NHo-terminal methionines from proteins as described in Rodeschini et al., J. Org. Chem., 69,
357-373, 2004 and Liu, et al., Science 282, 1324-1327, 1998. Non limiting examples of
"fumagillol analogs" are disclosed in J. Org. Chem., 69, 357, 2004, J.Org. Chem., 70, 6870,
2005; European Patent Application 0 354 787; J. Med. Chem., 49, 5645, 2006; Bioorg. Med.
Chem., 11, 5051, 2003; Bioorg. Med. Chem., 14, 91, 2004; Tet. Lett. 40, 4797, 1999;
W099/61432; U.S. Patent Nos. 6,603,812; 5,789,405; 5,767,293, 6,566,541, and 6,207,704.

[0168] Exemplary cell cycle progression inhibitors include CDK inhibitors such as, for example,
BMS-387032 and PD0332991; Rho-kinase inhibitors such as, for example GSK429286;
checkpoint kinase inhibitors such as, for example, AZD7762; aurora kinase inhibitors such as,
for example, AZD1152, MLN8054 and MLN8237; PLK inhibitors such as, for example, Bl 2536,
BI6727 (Volasertib), GSK461364, ON-01910 (Estybon); and KSP inhibitors such as, for
example, SB 743921, SB 715992 (ispinesib), MK-0731, AZD8477, AZ3146 and ARRY-520.

[0169] Exemplary PI3K/m-TOR/AKT signaling pathway inhibitors include phosphoinositide 3-
kinase (PI3K) inhibitors, GSK-3 inhibitors, ATM inhibitors, DNA-PK inhibitors and PDK-1
inhibitors.

[0170] Exemplary PI3 kinase inhibitors are disclosed in U.S. Patent No. 6,608,053, and include
BEZ235, BGT226, BKM120, CAL101, CAL263, demethoxyviridin, GDC-0941, GSK615,
IC87114, LY294002, Palomid 529, perifosine, PI-103, PF-04691502, PX-866, SAR245408,
SAR245409, SF1126, Wortmannin, XL147 and XL765.
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[0171] Exemplary AKT inhibitors include, but are not limited to AT7867.

[0172] Exemplary MAPK signaling pathway inhibitors include MEK, Ras, JNK, B-Raf and p38
MAPK inhibitors.

[0173] Exemplary MEK inhibitors are disclosed in U.S. Patent No. 7,517,994 and include GDC-
0973, GSK1120212, MSC1936369B, AS703026, RO5126766 and RO4987655, PD0325901,
AZD6244, AZD 8330 and GDC-0973.

[0174] Exemplary B-raf inhibitors include CDC-0879, PLX-4032, and SB590885.
[0175] Exemplary B p38 MAPK inhibitors include BIRB 796, LY2228820 and SB 202190.

[0176] Receptor tyrosine kinases (RTK) are cell surface receptors which are often associated
with signaling pathways stimulating uncontrolled proliferation of cancer cells and
neoangiogenesis. Many RTKs, which over express or have mutations leading to constitutive
activation of the receptor, have been identified, including, but not limited to, VEGFR, EGFR,
FGFR, PDGFR, EphR and RET receptor family receptors. Exemplary specific RTK targets
include ErbB2, FLT-3, c-Kit, and c-Met.

[0177] Exemplary inhibitors of ErbB2 receptor (EGFR family) include but not limited to AEE788
(NVP-AEE 788), BIBW2992, (Afatinib), Lapatinib, Erlotinib (Tarceva), and Gefitinib (Iressa).

[0178] Exemplary RTK inhibitors targeting more then one signaling pathway (multitargeted
kinase inhibitors) include AP24534 (Ponatinib) that targets FGFR, FLT-3, VEGFR-PDGFR and
Bcr-Abl receptors; ABT-869 (Linifanib) that targets FLT-3 and VEGFR-PDGFR receptors;
AZD2171 that targets VEGFR-PDGFR, Flt-1 and VEGF receptors; CHR-258 (Dovitinib) that
targets VEGFR-PDGFR, FGFR, FIt-3, and c-Kit receptors; Sunitinib (Sutent) that targets
VEGFR, PDGFR, KIT, FLT-3 and CSF-IR; Sorafenib (Nexavar) and Vatalanib that target
VEGFR, PDGFR as well as intracellular serine/threonine kinases in the Raf/Mek/Erk pathway.

[0179] Exemplary protein chaperon inhibitors include HSP90 inhibitors. Exemplary HSP90
inhibitors include 17AAG derivatives, BIIB021, BIIB028, SNX-5422, NVP-AUY-922 and KW-
2478.

[0180] Exemplary HDAC inhibitors include Belinostat (PXD101), CUDC-101, Droxinostat,
ITF2357 (Givinostat, Gavinostat), JNJ-26481585, LAQ824 (NVP-LAQ824, Dacinostat), LBH-
589 (Panobinostat), MC1568, MGCDO0103 (Mocetinostat), MS-275 (Entinostat), PCI-24781,
Pyroxamide (NSC 696085), SB939, Trichostatin A and Vorinostat (SAHA).

[0181] Exemplary PARP inhibitors include iniparib (BSI 201), olaparib (AZD-2281), ABT-888
(Veliparib), AG014699, CEP 9722, MK 4827, KU-0059436 (AzD2281), LT-673, 3-
aminobenzamide, A-966492, and AZD2461.
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[0182] Exemplary Wnt/Hedgehog signaling pathway inhibitors include vismodegib
(RG3616/GDC-0449), cyclopamine (11-deoxojervine) (Hedgehog pathway inhibitors) and XAV-
939 (Wnt pathway inhibitor)

[0183] Exemplary RNA polymerase inhibitors include amatoxins. Exemplary amatoxins include
o- amanitins, o- amanitins, o- amanitins, o-amanitins, amanullin, amanullic acid, amaninamide,
amanin, and proamanullin.

[0184] Examplary protein synthesis inhibitors include trichothecene compounds.

[0185] In one embodiment the drug of the invention is a topoisomerase inhibitor (such as, for
example, a non-natural camptothecin compound), vinca alkaloid, kinase inhibitor (e.g., PI3
kinase inhibitor (GDC-0941 and PI-103)), MEK inhibitor, KSP inhibitor, RNA polymerase
inhibitor, protein synthesis inhibitor, PARP inhibitor, docetaxel, paclitaxel, doxorubicin,
duocarmycin, auristatin, dolastatin, calicheamicins, topotecan, SN38, camptothecin, exatecan,
nemorubicin and its derivatives, PNU-159682, CC1065, elinafide, trichothecene,
pyrrolobenzodiazepines, maytansinoids, DNA-binding drugs or a platinum compound, and
analogs thereof. In specific embodiments, the drug is a derivative of SN-38, camptothecin,
topotecan, exatecan, calicheamicin, exatecan, nemorubicin, PNU-159682, anthracycline,
maytansinoid, taxane, trichothecene, CC1065, elinafide, vindesine, vinblastine, PI-103, AZD
8330, dolastatin, auristatin E, auristatin F, a duocarmycin compound, ispinesib,
pyrrolobenzodiazepine, ARRY-520 and stereoisomers, isosteres and analogs thereof.

[0186] In another embodiment, the drug used in the invention is a combination of two or more
drugs, such as, for example, PI3 kinase inhibitors and MEK inhibitors; broad spectrum cytotoxic
compounds and platinum compounds; PARP inhibitors and platinum compounds; broad
spectrum cytotoxic compounds and PARP inhibitors.

[0187] In yet another embodiment, the drug used in the invention is auristatin F-
hydroxypropylamide-L-alanine.

[0188] In one embodiment, the Vinca alkaloid is a compound of Formula (V),:
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V),
wherein:

R14 is hydrogen, -C(O)-C4_3 alkyl or -C(O)-chloro substituted C4_3 alkyl;
R1sis hydrogen, -CH3 or -CHO;

when R47 and Rqg are taken independently, R4g is hydrogen, and either R4g or R¢7 is ethyl and
the other is hydroxyl;

when R47 and Rqg are taken together with the carbon to which they are attached to form an

oxiran ring, R4g is ethyl;
R1gis hydrogen, OH, amino group, alkyl amino or -[C(R2gR21)]a-R22;

each of Ryg and Ry¢ independently is hydrogen, C4_g alkyl, Cg.1g aryl, hydroxylated Cg.1q aryl,
polyhydroxylated Cg.1g aryl, 5 to 12-membered heterocycle, C3_g cycloalkyl, hydroxylated C3_g
cycloalkyl, polyhydroxylated C4_g cycloalkyl or a side chain of a natural or unnatural amino acid;

R22 is -OH, -NHp, -COOH, -Rg-C(O)(CH2)c.C(H)(R23)-N(H)(R23), -Rg>-C(O)(CH2)¢-(O CHo-
CH2)#N(H)(Rz3) or -Rg2-(C(O)-CH(X?)-NH)¢-R77 ;

each Ry3 independently is hydrogen, Cq_g alkyl, Cg.1¢ aryl, C3_g cycloalkyl, -COOH, or -COO-C4.
g alkyl;

X2 is a side chain of a natural or unnatural amino acid;

R77 is hydrogen or X2 and NR77 form a nitrogen containing heterocyclic moiety;
Rgo is -NH or oxygen;

a is an integer from 1 to 6;

c is an integer from 0 to 3;

d is an integer from 1 to 3; and

fis an integer from 1 to 12.

[0189] Further examples of Vinca alkaloids are described in US8524214B2 and US
2002/0103136.

[0190] In one embodiment the Vinca alkaloid of Formula (V) is a compound of Formula (VI):
g
=~
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Ryg is hydrogen, -OH, -NH>, or any of the following structures:
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wherein:

a is an integer from 1 to 6;
g is an integer from 2 to 6; and

c is an integer from 0 to 3.

[0191] In one embodiment, in Formula (VI), Ryg is
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[0192] In another embodiment, Ry is

E{\/\OH .

[0193] In another embodiment, the compound of Formula (VI) is a compound of Formula
(Vla), (VIb), (Vic) or (VId):
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[0194] In another embodiment, the topoisomerase inhibitor is a camptothecin compound of
Formula (VII):

(V1)

wherein:

Ro4 is -H, -Cl, -F, -OH or alkyl; or Ro4 and Ros, may be taken together to form an optionally

substituted five- or six-membered ring;
Rog is -H, -F, -OH, -CH3, -CH=N-O-t-Butyl, -CHchzsi(CHg)g, -Si((CH3)2)-t-butyI, - O-C(O)-Rzg;
Rog is -NHp, -Rog-Cq1g alkyl-Ryp, 5 to 12-membered heterocycloalkyl, Rog-Cs-12

heterocycloalkyl-C1_g alkyl-Ry> or -Rog-C1g alkyl-Cg-12 aryl-Cqg alkyl-Rop; or Ryg is R47 as

defined herein;
R26 is -H, -CH2-N(CH3)2, NH2, or NOZ;

Ry7 is -H, ethyl, N-methyl piperidine, cycloalkyl, -CH,OH, -CH,CHo,NHCH(CH3),, or -N-4-

methylcyclohexylamine;
R7gis -H or -C(O)-R2gs-[C(R20R21)la-R22;

each of Ryg and Ryq independently is hydrogen, Cq_g alkyl, Cg.1¢ aryl, hydroxylated Cg. 1 aryl,
polyhydroxylated Cg.1g aryl, 5 to 12-membered heterocycle, C3_g cycloalkyl, hydroxylated C3_g

cycloalkyl, polyhydroxylated C4_g cycloalkyl or a side chain of a natural or unnatural amino acid;

R22 is -OH, -NHp, -COOH, -Rgx-C(O)(CH2)c-C(H)(R23)-N(H)(R23), -Rg>-C(O)(CH2)¢-(O CHo-
CH2)FN(H)(Rz3), or -Rgz-(C(O)-CH(X?)-NH)¢-R77 ;
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each Ry3 independently is hydrogen, Cq_g alkyl, Cg.1g aryl, C3_g cycloalkyl, -COOH, or -COO-C4.
g alkyl;

X2 is a side chain of a natural or unnatural amino acid;

R77 is a hydrogen or X2 and NR77 form a nitrogen containing cyclic compound;
Rgp is -NH or oxygen;

or Ryg and Ry7 when taken together with the two carbon atoms to which they attach and the

third carbon atom connecting the two carbon atoms form an optionally substituted six-
membered ring;

Rog is absent, NH or oxygen;

a is an integer from 1 to 6;
c is an integer from 0 to 3;
d is an integer from 1 to 3;
fis an integer from 1 to 12;
uis an integer 0 or 1;

w is an integer 0 or 1; and

with the proviso that the compound of Formula (VII) must contain at least one of Ryg and Ryg.

[0195] In one embodiment the camptothecin compound of Formula (VIl) is a compound of
Formula (VIII), (Vllla), or (VIlIb), or Formula (XXV) or (XXVa):

(VIIT)
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(XXV)

(XXVa),

wherein R3g is -NHp, -Rog-[C(R2oR21)la-R22, -Rog-Cq1s alkyl-Ryp, 5 to 12-membered
heterocycloalkyl, Rog-Cs.12 heterocycloalkyl-C4_g alkyl-Roo or -Rog-Cqg alkyl-Cg.12 aryl-Cqg
alkyl-Roo;

Rog is absent, NH or oxygen;

each of Ryg and Ry¢ independently is hydrogen, C1.g alkyl, Cg.1¢ aryl, hydroxylated Cg.19 aryl,
polyhydroxylated Cg_1g aryl, 5 to 12-membered heterocycle, C3_g cycloalkyl, hydroxylated Cs. g

cycloalkyl, polyhydroxylated Cs_g cycloalkyl or a side chain of a natural or unnatural amino acid;

R22 is -OH, -NHj, -COOH, -Rgy-C(O)(CH2)c-C(H)(R23)-N(H)(R23), -Rg2-C(O)(CH2)g-(O CHo-
CH2)FN(H)(Rz3) or -Rg2-(C(O)-CH(X?)-NH)¢-R77 ;

each Roj independently is hydrogen, C4_g alkyl, Cg.19 aryl, Cs.g cycloalkyl, -COOH, or -COO-C4.
g alkyl;
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X2 is a side chain of a natural or unnatural amino acid;

R77 is a hydrogen or X2 and NR77 form a nitrogen containing cyclic compound;
Rgo is -NH or oxygen;

a is an integer from 1 to 6;

c is an integer from 0 to 3;

d is an integer from 1 to 3; and

fis an integer from 1 to 12.

[0196] In some embodiments Rz is any one of the following structures:

0 —gNH’(CHZ)g)NHz “NH~(CH,),-OH

) %

N N
3 ;LLHZL 4) }177*

—$—0—(CH,),-NH>5
(5) § (CHg N,

’ ©) }:fNHz;

—$-(C'Hs).- NH» $-C CH;)—(CH; 3
( E(CHA)a NH,, (8)§ (H)(CHy)—(CH;) NHy
"0 g
)] ; and (IO)EL‘LL[ NH,
wherein:

a is an integer from 1 to 6;
cis an integer from 0 to 3; and

g is an integer from 2 to 6.

[0197] In one embodiment, in Formula (VII), R3g is:

SN
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% N2y NHp. o % NHy

[0198] In another embodiment, the compound of Formula (VII) is a compound of Formula
(Vlla), (VIIb), (Vllc), (VIid), (Vlle) or (VIIf):

/

CH
H4C ?
7
H,N
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AN
@)

(V1ld)

wherein

R47 is an amino group, -Rg-[C(R29R21)]a-R10, -Rg-Cs-12 heterocycloalkyl-C4_g alkyl-R4g, 5 to 12-
membered heterocycloalkyl, or -Rg-Cg.19 aryl;

each of Ryg and Ry¢ independently is hydrogen, C1.g alkyl, Cg.1¢ aryl, hydroxylated Cg.19 aryl,
polyhydroxylated Cg_1g aryl, 5 to 12-membered heterocycle, C3_g cycloalkyl, hydroxylated Cs. g

cycloalkyl, polyhydroxylated Cs_g cycloalkyl or a side chain of a natural or unnatural amino acid;
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R10 is -OH, -NHRg3, -N-(Rg3)R11, -COOH, -Rg-C(O)(CH2)c-C(H)(R23)-N(H)(R23), - Rgx-C(O)
(CH2)a-(OCH2-CHo)eN(H)(Rp3), -Rg2-(C(0)-CH(X?)-NH)¢-R77 or -Rgp-C(O)-[C(RooR21)la-Raz-

Ras;

each Roj independently is hydrogen, C4_g alkyl, Cg.19 aryl, Cs.g cycloalkyl, -COOH, or -COO-C4.
g alkyl;

X2 is a side chain of a natural or unnatural amino acid;

R77 is a hydrogen or X2 and NR77 form a nitrogen containing cyclic compound;
Rgo is -NH or oxygen;

Rg is absent, N-(Rg3) or oxygen;

Rga3 is hydrogen or CHjg;

R11 iS :

WP~

/ NH NH
N o~
NH NH)—R
/7 RB2<H/ ):éﬁ\ )U/PH/ W - "
u X fe] Xs o]

each Rq» independently is hydrogen, chloride, -CH3 or -OCH3;

R13 is hydrogen or -C(Q)-(CHz)4-(O-CH,-CH5)¢-NHo;

Rap is -NH or oxygen

X4 is the side chain of lysine, arginine, citrulline, alanine or glycine;

Xs is the side chain of phenylalanine, valine, leucine, isoleucine or tryptophan;

each of Xg and X7 is independently the side chain of glycine, alanine, serine, valine or proline;

a is an integer from 1 to 6;

c is an integer from 0 to 3;

d is an integer from 1 to 3;

fis an integer from 1 to 12; and

each u independently is an integer 0 or 1;

or Ry is -Yu-Wq-Rgg,
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wherein:

Y is any one of the following structures:
'Tsa
N
f
N O -
W —g—r\IJ—CH;_\COé—
O 2] i)

(GEPY

Ra3
and

:

_?’ﬂ_CHz*CO~NH—CH2~CO§—
Rea .

in each of which the terminal NRg3 group of Y is proximal to Rgg;
Rgj is hydrogen or CHjg;

each W is is an amino acid unit;

each Rq2' independently is halogen , -C4_g alkyl, -O-C1_g alkyl, nitro or cyano;
Rgg is hydrogen or -C(O)-(CH2)g-(NH-C(O))aa-Ej-(CH2)bb-Ras
Rgs is NHo or OH,;

E is -CHy- or -CH,CH,0-;

uis an integer 0 or 1;

q is an integer from 0 to 12;

aa is an integer O or 1;

bb is an integer 0 or 2;

ff is an integer from 0 to 10;

h is an integer from 0 to 4;

jis an integer from 0 to 12; and

when E is -CHo-, bb is 0 and j is an integer from 0 to 10; and when E is -CHoCH»>-O-, bb is 2

and jis an integer from 1 to 12;

or Ryt is

(o]
(Riz'h
pl oﬁ (8] R84 8]
NH
A N o/koJ\( 2
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l |
Res [y Res

wherein:

Rg3 is hydrogen or CHj3;

Rgy is C1_g alkyl or Cg_1¢ aryl;

each Rq2' independently is halogen , -C4_g alkyl, -O-C1_g alkyl, nitro or cyano;
h is an integer from 0 to 4; and

uis an integer 0 or 1.

[0200] In some embodiments, Rq4 is:

(o}
Rz
I

0O 4
|

O Xs (¢] Xy
NH NH
~hah g
u u
u X 0 Xs (o}

wherein:

each Ry5' independently is chloride, -CH3 or -OCHg;

Rgg is hydrogen or -C(O)-(CHo)g-(CHo-CH20)1-CHo-CHo-NHo;

Rsgo is -NH or oxygen

X4 is the side chain of lysine, arginine, citrulline, alanine or glycine;

Xg is the side chain of phenylalanine, valine, leucine, isoleucine or tryptophan;

each of Xg and X7 is independently the side chain of glycine, alanine, serine, valine or proline;

ff is an integer from 1 to 3;
j is an integer from 1 to 12
h is an integer from 0 to 4; and

each u independently is an integer 0 or 1.

[0201] In some embodiments,

7 Xs i X
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« NH NH
GO T gh e
u u u
u X4 (o) Xq 8]

is citrulline-valine; lysine-phenylalanine; citrulline-phenylalanine; citrulline-leucine; citrulline-
valine-glycine-glycine; glycine-phenylalanine-glycine-glycine; valine; proline; leucine or
isoleucine.

[0202] In another embodiment, R¢¢ is any one of the following structures:
(1)
0

=
IZ

)

NG
)=
;o
(@)
2:0
E:

H H
o)
NH
A |
3
0O
‘L,{U\O/\Q\ o H \_/
NN ONR,
H o)
HN
07 "NH, :
“
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(9) 0}\ NH,

HN™ 0O PN
H
\;ﬂ/l\/\/NTNHZ 07 NH, b

(10y © O  and(11) o

[0203] In some embodiments R47 is any one of the following structures:

—$NH-(CH,),-NH, —§NH~(CH,),-OH
(1) § B @) T
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N N
3) }LLL‘ : (4) }LL%

—¢=0—(CH,),-NH,
(%) é ( h)g R

~
(6) EHLNHz;

7 %’(CHz)a‘NHz_ '%‘C(H)(Cﬂg)—(CHQ)CNHQ ‘

()
ne CH;
HN& —E'N-—(CHQ)%’OH‘
DRSS (1 :
GHs CHs :
—gN—(CHQ)UfNH_2 —%N—(CHZ)Q—O—C—(CHz)g‘NHz
(11) i : (12) ;
GHs CH o K
T L 3 N
—3$"N—(CH,),—O~C—(CH,), OH s A
(13) % 2)g 2)g 1) %N (CHpy—O CG;
(15
CHo 0
—é‘N—(CHZ)g'—O—CW)\
NH,
(16)
| O
BN | ~
| H =
X NWK\NHZ
o]
X
07 "NH,
(17)
| Q
BN~ Jko o ~
RACY TS
NN T N
HN
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e 0
| o=
e N ~ NH;
N NMO/\%
YN ;

0
HN
O)\NHZ :
(19
| 2
EN\/\TJ\O/\@ o , Y o
N ' MNHz
?r T
9
HN
O)\NHz
(20)
CHy 7
N._ O._ O~
; | ﬁ Yiﬁf\nuz
N0 o} o
N
T
2
?jA/f‘dHZZ
wherein:

a is an integer from 1 to 6;
cis an integer from 0 to 3; and

g is an integer from 2 to 6.

[0204] In another embodiment the auristatin is a compound of Formula (X):

Ras O Rsy Rua

R N T )
31\|\|‘|)\[( ITI)\WN N\R
OR 53

R 34 Rasp R e
32 36 Rag Reg O
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(X).
wherein:

each of R31 and R3; independently is hydrogen or CI-8 alkyl and at most one of R31 and Rjs is
hydrogen;

Rs3 is hydrogen, Cq-g alkyl, Cs-g carbocycle, Cg.19 aryl, Ci-g alkyl-Cg.1o aryl, X'-(Cs-g

carbocycle), Cs-g heterocycle or X'-(Cs.g heterocycle);

Ra4 is hydrogen, Cq-g alkyl, Cs-g carbocycle, Cg.1g aryl, X'-Cg.1g aryl, X'-(Cs-g carbocycle), Cs-g

heterocycle or X'-(Cs-g heterocycle);
R3s is hydrogen or methyl;

or R34 and Rjs, together with the carbon atom to which they attach form a carbocyclic ring
having the formula -(CRs5R41)p- wherein each of Rsg and R44 independently is hydrogen or Cy-
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