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SYNERGISTIC EFFECTS BETWEEN AURISTATIN-BASED ANTIBODY DRUG
CONJUGATES AND INHIBITORS OF THE PI3K-AKT mTOR PATHWAY

[0001] This application claims the benefit of U.S. Provisional Application Number
61/405,767 filed October 22, 2010 and U.S. Provisional Application Number 61/445,785 filed
February 23, 2011.

TECHNICAL FIELD

[0002] Provided herein are pharmaceutical compositions and the use thereof in the
treatment of cancers. In particular, the methods and compositions described herein are based, in
part, on the discovery that auristatin-based antibody drug conjugates and inhibitors of the PI3K-
AKT-mTOR pathway act synergistically to kill tumor cells and/or inhibit the proliferation of

tumor cells.

GENERAL INTRODUCTION

[0003] The present invention provides, infer alia, methods for treating cancers, and, in
particular, cancers that demonstrate upregulation of the PI3K-AKT-mTOR pathway. In one
aspect, the methods comprise the step of administering to a subject in need thereof an auristatin
based drug conjugate and an inhibitor of the PI3K-AKT-mTOR pathway, in therapeutically
effective amounts. In some embodiments, administration of the auristatin based drug conjugate
and the inhibitor of the PI3K-AKT-mTOR pathway provide a synergistic effect in the treatment
of the cancer. In some embodiments, administration of the auristatin based drug conjugate and
the inhibitor of the PI3K-AKT-mTOR pathway provide a synergistic effect in the killing of

tumor cells and/or inhibition of proliferation of tumor cells.

SUMMARY
[0003a] The invention disclosed and claimed herein pertains to use of an auristatin-based
antibody drug conjugate in the manufacture of a medicament for treating cancer in combination
with an inhibitor of the PI3K-AKT-mTOR pathway.
[0003b] The invention disclosed and claimed herein also pertains to use of an inhibitor of

the P13K-AKT-mTOR pathway in the manufacture of a medicament for treating cancer

1
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in combination with an auristatin-base antibody drug conjugate.

[0003¢] The invention disclosed and claimed herein also pertains to use of an auristatin-
based antibody drug conjugate in the manufacture of a medicament for treating, killing and/or
inhibiting the proliferation of tumor cells in combination with an inhibitor of the PI3K-AKT-
mTOR pathway.

[0003d] The invention disclosed and claimed herein also pertains to use of an inhibitor of
the P13K-AKT-mTOR pathway in the manufacture of a medicament for treating, killing and/or
inhibiting the proliferation of tumor cells in combination with an auristatin-based antibody drug
conjugate.

[0003¢] The invention disclosed and claimed herein also pertains to use of an auristatin-
based antibody drug conjugate for treating cancer in combination with an inhibitor of the PI3K-
AKT-mTOR pathway.

[0003f] The invention disclosed and claimed herein also pertains to use of an inhibitor of
the P13K-AKT-mTOR pathway for treating cancer in combination with an auristatin-based
antibody drug conjugate.

[0003g] The invention disclosed and claimed herein also pertains to Use of an auristatin-
based antibody drug conjugate for treating, killing and/or inhibiting the proliferation of tumor
cells in combination with an inhibitor of the PI3K-AKT-mTOR pathway.

[003h] The invention disclosed and claimed herein also pertains to use of an inhibitor of

the P13K-AKT-mTOR pathway for treating, killing and/or inhibiting the proliferation of tumor

cells in combination with an auristatin-based antibody drug conjugate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figures 1 and 1A show the levels of phospho-AKT, AKT, phospho-S6, S6,
phospho-4E-BP1, 4E-BP1, PTEN and B-actin in select cancer cell lines.

[0005] Figure 2 shows combination indices (CIs) calculated at effective dose 50,
effective dose 75 and effective dose 90 for h1F6-mcF + temsirolimus, h1F6-mcF + sirolimus,
MMAE and temsirolimus and MMAE + sirolimus in the 786-0 (RCC) cell line (n=3).

[0006] Figure 3 shows shows Cls calculated at effective dose 50, effective dose 75 and

effective dose 90 for h1F6-mcF + temsirolimus, h1F6-mcF + sirolimus, MMAE + temsirolimus and

1a
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MMAE + sirolimus in the Caki-1 (RCC) cell line (n=3).

[0007] Figure 4 shows Cls calculated at effective dose 50, effective dose 75 and effective
dose 90 for cAC10-veMMAE + temsirolimus in the L540c¢cy (T-cell like HL) cell line and for cAC10-
veMMAE + temsirolimus and cAC10-veMMAE + sirolimus in the Karpas-299 (ALCL) cell line
(n=3).

[0008] Figure 5 shows that cAC10-veMMAE is synergistic with temsirolimus in delaying
tumor growth ir vivo in a B-like HL. murine xenograft model.

[0009] Figure 6 shows that cAC10-veMMAE is synergistic with everolimus in delaying
tumor growth in vive in a B-like HL. murine xenograft model.

[0010] Figure 7 shows Cls calculated at effective dose 50, effective dose 75 and effective
dose 90 for hBU12-mcF + temsirolimus and hBU12-mcF + sirolimus in the HT (NHL) cell line
(n=3).

[0011] Figure 8 shows Cls calculated at effective dose 50, effective dose 75 and effective
dose 90 for h1F6-mcF + BEZ235 in the 786-O (RCC) cell line, h1F6-mcF + BEZ235 in the Caki-1
(RCC) cell line, cAC10-veMMAE + BEZ235 in the L540cy (HL) cell line, and hBU12-mcF
+BEZ235 in the HT (NHL) cell line.

Definitions and Abbreviations

[0012] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art pertinent to the methods and
compositions described. As used herein, the following terms and phrases have the meanings ascribed
to them unless specified otherwise.

[0013] Unless otherwise noted, the term “alkyl” refers to a saturated straight or branched
hydrocarbon having from about 1 to about 20 carbon atoms (and all combinations and
subcombinations of ranges and specific numbers of carbon atoms therein), with from about 1 to
about 8 carbon atoms being preferred. Examples of alkyl groups are methyl, ethyl, #-propyl, iso-
propyl, n-butyl, iso-butyl, sec-butyl, rert-butyl, n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-2-butyl,
n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, 3-methyl-2-butyl, 3-methyl-1-butyl, 2-methyl-1-butyl, 1-
hexyl, 2-hexyl, 3-hexyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyl-2-pentyl, 3-methyl-3-pentyl,
2-methyl-3-pentyl, 2,3-dimethyl-2-butyl, and 3,3-dimethyl-2-butyl.

CA 2815363 2019-01-25
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[0014] Alkyl groups, whether alone or as part of another group, may be referred
to as “substituted.” A substituted alkyl group is an alkyl group that is substituted with
one or more groups, preferably 1 to 3 groups (and any additional substituents selected
from halogen), including, but not limited to, -halogen, -O-(C;-Cg alkyl), -O-(C,-Cs
alkenyl), -O-(C»-Cjg alkynyl), -aryl, -C(O)R’, -OC(O)R’, -C(O)OR’,

-C(O)NH; , -C(O)NHR’, -C(O)N(R"),, NHC(O)R’, -SR’, -SO3R’, -S(O):R’, -S(O)R’,
-OH, =0, -N3, -NH,, -NH(R’), -N(R’); and -CN, where cach R’ is independently
selected from -H, -C;-Cg alkyl, -C,-Cg alkenyl, -C,-Cg alkynyl, or -aryl, and wherein
said -O-(C1-Cg alkyl), -O-(C,-Cg alkenyl), -O-(C,-Cg alkynyl), -aryl, -Cy-Cy alkyl,
-C,-Cy alkenyl, and -C,-Cs alkynyl groups can be optionally further substituted with
one or more groups including, but not limited to, -C1-Cg alkyl, -C,-Cg alkenyl, -Cy-Cs
alkynyl, -halogen, -O-(Cy-Cg alkyl), -O-(C,-Cs alkenyl), -O-(C,-Cy alkynyl), -aryl,
-C(O)R”’, -OC(O)R”’, -C(O)OR”’, -C(O)NH,, -C(O)NHR"’, -C(O)N(R’’),,
-NHC(O)R’’, -SR’’, -SO3R*’, -S(0),R”’, -S(O)R’’, -OH, -N3, -NH,, -NH(R"’),
-N(R’’); and -CN, where each R’’ is independently selected from -H, -C;-Cys alkyl,
-C,-Cs alkenyl, -C»-Cy alkynyl, or -aryl.

[0015] Unless otherwise noted, the terms “alkenyl” and “alkynyl” refer to
straight and branched carbon chains having from about 2 to about 20 carbon atoms (and
all combinations and subcombinations of ranges and specific numbers of carbon atoms
therein), with from about 2 to about § carbon atoms being preferred. An alkenyl chain
has at least one double bond in the chain and an alkynyl chain has at least one triple
bond in the chain. Examples of alkenyl groups include, but are not limited to, ethylene
or vinyl, allyl, -1-butenyl, -2-butenyl, -isobutylenyl, -1-pentenyl, -2-pentenyl,
-3-methyl-1-butenyl, -2-methyl-2-butenyl, and -2,3-dimethyl-2-butenyl. Examples of
alkynyl groups include, but are not limited to, acetylenic, propargyl, acetylenyl,
propynyl, -1-butynyl, -2-butynyl, -1-pentynyl, -2-pentynyl, and -3-methyl-1 butynyl.

[0016] As with alkyl groups, alkenyl and alkynyl groups, can be substituted. A
“substituted” alkenyl or alkynyl group is one that is substituted with one or more groups,
preferably 1 to 3 groups (and any additional substituents selected from halogen),
including but not limited to, -halogen, -O-(C;-Cs alkyl), -O-(C,-Cg alkenyl), -O-(C,-Cg
alkynyl), -aryl, -C(O)R’, -OC(O)R’, -C(O)OR’, -C(O)NH, , -C(O)NHR”,
-C(O)N(R*)2, -NHC(O)R’, -SR’, -SO3R’, -S(O)2R’, -S(O)R’, -OH, =0, -N3, -NHa,
-NH(R"), -N(R’), and -CN, where each R’ is independently selected from -H, -C,-Cs
alkyl, -C,-Cg alkyenl, -C,-Cg alkynyl, or -aryl and wherein said -O-(C;-Cg alkyl),
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-0-(C;,-Cg alkenyl), -O-(C,-Cs alkynyl), -aryl, -C;-Cg alkyl, -C»-Cs alkenyl, and -C,-Cg
alkynyl groups can be optionally further substituted with one or more substituents
including, but not limited to, -C,-Cs alkyl, -C,-Cg alkenyl, -C,-Cs alkynyl, -halogen,
-0-(C;-Cy alkyl), -O-(Cy-Cy alkenyl), -O-(C,Cs alkynyl), -aryl, -C(O)R’’, -OC(O)R’’,
-C(O)OR™’, -C(O)NHy, -C(O)NHR"’, -C(O)N(R’*)2, -NHC(O)R", -SR’’, -SO3R"’,
-S(O):R”’,-S(O)R”’, -OH, -N3,-NH,, -NH(R"’), -N(R’*), and -CN, where each R’ is
independently selected from -H, -C-Cy alkyl, -C,-Cy alkenyl, -C,-Cs alkynyl, or -aryl.

[0017] Unless otherwise noted, the term "alkylene” refers to a saturated
branched or straight chain hydrocarbon radical having from about 1 to about 20 carbon
atoms (and all combinations and subcombinations of ranges and specific numbers of
carbon atoms therein), with from about 1 to about § carbon atoms being preferred and
having two monovalent radical centers derived by the removal of two hydrogen atoms
from the same or two different carbon atoms of a parent alkane. Typical alkylenes
include, but are not limited to, methylene, ethylene, propylene, butylene, pentylene,
hexylene, heptylene, ocytylene, nonylene, decalene, 1,4-cyclohexylene, and the like.
Alkylene groups, whether alone or as part of another group, can be optionally
substituted with one or more groups, preferably 1 to 3 groups (and any additional
substituents selected from halogen), including, but not limited to, -halogen, -O-(C;-Cg
alkyl), -0-(C»-Cg alkenyl), -O-(C,-Cg alkynyl), -aryl, -C(O)R’, -OC(O)R’, -C(O)OR’,
-C(O)NH; , -C(O)NHR’, -C(O)N(R’),, -NHC(O)R’, -SR’, -SO3R’, -S(O):R’, -S(O)R’,
-OH, =0, -N3, -NH,, -NH(R"), -N(R’); and -CN, where each R’ is independently
selected from -H, -C;-Cg alkyl, -C,-Cy alkenyl, -C,-Cy alkynyl, or -aryl and wherein
said -O-(C;-Cy alkyl), -O-(C»-Cg alkenyl), -0-(C,-Cg alkynyl), -aryl, -C;-Cg alky],
-Cy-Cy alkenyl, and -C,-Cs alkynyl groups can be further optionally substituted with
one or more substituents including, but not limited to, -C;-Cg alkyl, -C,-Cg alkenyl,
-C,-Cg alkynyl, -halogen, -O-(C;-Cg alkyl), -O-(C,-Cs alkenyl), -O-(C,-Cs alkynyl),
-aryl, -C(O)R”’, -OC(O)R”’, -C(O)OR’’, -C(O)NH,, -C(O)NHR*’, -C(O)N(R"’),,
-NHC(O)R”’, -SR”’, -SO3R”’, -S(O)R”’, -S(O)R”’, -OH, -N3, -NI, -NH(R"’),
-N(R”’); and -CN, where each R’ is independently selected from -H, -C,-Cg alkyl,
-C,-Cg alkenyl, -C,-Cs alkynyl, or -aryl.

[0018] Unless otherwise noted, the term “alkenylene” refers to an optionally
substituted alkylene group containing at least one carbon-carbon double bond.
Exemplary alkenylene groups include, for example, ethenylene (-CH=CH-) and

propenylene (-CH=CHCHj3-).
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[0019] Unless otherwise noted, the term “alkynylene” refers to an optionally
substituted alkylene group containing at least one carbon-carbon triple bond.
Exemplary alkynylene groups include, for example, acetylene (-C==C(C-), propargyl
(-CH, C==C -), and 4-pentynyl (-CH,CH,CH, C==C H-).

[0020] Unless otherwise noted, the term “aryl” refers to a monovalent aromatic
hydrocarbon radical of 6-20 carbon atoms (and all combinations and subcombinations
of ranges and specific numbers of carbon atoms therein) derived by the removal of one
hydrogen atom from a single carbon atom of a parent aromatic ring system. Some aryl
groups are represented in the exemplary structures as “Ar”. Typical aryl groups include,
but are not limited to, radicals derived from benzene, substituted benzene, phenyl,
naphthalene, anthracene, biphenyl, and the like.

[0021] An aryl group, whether alone or as part of another group, can be
optionally substituted with one or more, preferably 1 to 5, or even 1 to 2 groups
including, but not limited to, -halogen, -C;-Cs alkyl, -C,-Csg alkenyl, -C,-Cy alkynyl,
-0-(C4-Cy alkyl), -0O-(Co-Cyg alkenyl), -O-(Cs-Csg alkynyl), -aryl, -C(O)R’, -OC(O)R’,
-C(O)OR’, -C(O)NH, , -C(O)NHR’, -C(O)N(R’)2, -NHC(O)R’, -SR’, -SO3R’,
-S(O);R’, -S(O)R’, -OH, -NO,, -N3, -NH,, -NH(R"), -N(R’); and -CN, where each R’
is independently selected from -H, -C;-Cg alkyl, -C,-Cg alkenyl, -C,-Cg alkynyl, or
-aryl and wherein said -C;-Cg alkyl, -C,-Cg alkenyl, -Ca-Cg alkynyl, O-(C;-Cg alkyl),
-0-(C,-Csg alkenyl), -O-(C,-Cs alkynyl), and -aryl groups can be further optionally
substituted with one or more substituents including, but not limited to, -C-Cjy alkyl,
-(Cy-Cg alkenyl, -C,-Cy alkynyl, -halogen, -O-(C;-Cs alkyl), -O-(C,-Csg alkenyl),
-0-(Cy-Cg alkynyl), -aryl, -C(O)R’*, -OC(O)R”’, -C(O)OR*’, -C(O)NH, , -C(O)NHR"’,
-C(O)N(R’’),, -NHC(O)R™’, -SR”’, -SO3R”’, -S(O)R”’, -S(O)R”’, -OlI, -N3 , -NI,,
-NH(R"’), -N(R’’), and -CN, where each R’’ is independently selected from -H, -C;-Cg
alkyl, -C,-Cg alkenyl, -C,-Csg alkynyl, or -aryl.

[0022] Unless otherwise noted, the term “arylene” refers to an optionally
substituted aryl group which is divalent (i.e., derived by the removal of two hydrogen
atoms from the same or two different carbon atoms of a parent aromatic ring system)
and can be in the ortho, meta, or para configurations as shown in the following

structures with phenyl as the exemplary aryl group:



CA (2815363 2013-04-19

WO 2012/054748 PCT/US2011/057130

N

2 U %

’ s s

Typical “-(C,-Csg alkylene)aryl,” “-(C»-Cy alkenylene)aryl”, “and -(C,-Cg
alkynylene)aryl” groups include, but are not limited to, benzyl, 2-phenylethan-1-yl,
2-phenylethen-1-yl, naphthylmethyl, 2-naphthylethan-1-yl, 2-naphthylethen-1-yl,
naphthobenzyl, 2-naphthophenylethan-1-yl and the like.

[0023] Unless otherwise noted, the term "heterocycle,” refers to a monocyclic,
bicyclic, or polycyclic ring system having from 3 to 14 ring atoms (also referred to as
ring members) wherein at least one ring atom in at least one ring is a heteroatom
selected from N, O, P, or S (and all combinations and subcombinations of ranges and
specific numbers of carbon atoms and heteroatoms therein). The heterocycle can have
from 1 to 4 ring heteroatoms independently selected from N, O, P, or S. One or more N,
C, or S atoms in a heterocycle can be oxidized. A monocylic heterocycle preferably has
3 to 7 ring members (e.g., 2 to 6 carbon atoms and 1 to 3 heteroatoms independently
selected from N, O, P, or S), and a bicyclic heterocycle preferably has 5 to 10 ring
members (e.g., 4 to 9 carbon atoms and 1 to 3 heteroatoms independently selected from
N, O, P, or S). The ring that includes the heteroatom can be aromatic or non-aromatic.
Unless otherwise noted, the heterocycle is attached to its pendant group at any
heteroatom or carbon atom that results in a stable structure.

[0024] Heterocycles are described in Paquette, "Principles of Modern
Heterocyclic Chemistry” (W.A. Benjamin, New York, 1968), particularly Chapters 1, 3,
4,6, 7, and 9; "The Chemistry of Heterocyclic Compounds, A series of Monographs"
(John Wiley & Sons, New York, 1950 to present), in particular Volumes 13, 14, 16, 19,
and 28; and .J. Am. Chem. Soc. 82:5566 (1960).

[0025] Unless otherwise noted, the term “heterocyclo” refers to an optionally
substituted heterocycle group as defined above that is divalent (i.e., derived by the
removal of two hydrogen atoms from the same or two different carbon atoms of a
parent heterocyclic ring system).

[0026] Examples of “heterocycle” groups include by way of example and not
limitation pyridyl, dihydropyridyl, tetrahydropyridyl (piperidyl), thiazolyl,
pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, benzofuranyl,
thianaphthalenyl, indolyl, indolenyl, quinolinyl, isoquinolinyl, benzimidazolyl,
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piperidinyl, 4-piperidonyl, pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl,
bis-tetrahydrofuranyl, tetrahydropyranyl, bis-tetrahydropyranyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, decahydroquinolinyl, octahydroisoquinolinyl, azocinyl,
triazinyl, 6H-1,2,5-thiadiazinyl, 2H,6H-1,5,2-dithiazinyl, thienyl, thianthrenyl, pyranyl,
isobenzofuranyl, chromenyl, xanthenyl, phenoxathinyl, 2H-pyrrolyl, isothiazolyl,
isoxazolyl, pyrazinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, 1H-indazolyl,
purinyl, 4H-quinolizinyl, phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl,
cinnolinyl, pteridinyl, 4H-carbazolyl, carbazolyl, B-carbolinyl, phenanthridinyl,
acridinyl, pyrimidinyl, phenanthrolinyl, phenazinyl, phenothiazinyl, furazanyl,
phenoxazinyl, isochromanyl, chromanyl, imidazolidinyl, imidazolinyl, pyrazolidinyl,
pyrazolinyl, piperazinyl, indolinyl, isoindolinyl, quinuclidinyl, morpholinyl,
oxazolidinyl, benzotriazolyl, benzisoxazolyl, oxindolyl, benzoxazolinyl, and isatinoyl.
Preferred “heterocycle™ groups include, but are not limited to, benzofuranyl,
benzothiophenyl, indolyl, benzopyrazolyl, coumarinyl, isoquinolinyl, pyrrolyl,
thiophenyl, furanyl, thiazolyl, imidazolyl, pyrazolyl, triazolyl, quinolinyl, pyrimidinyl,
pyridinyl, pyridonyl, pyrazinyl, pyridazinyl, isothiazolyl, isoxazolyl and tetrazolyl.

[0027] A heterocycle group, whether alone or as part of another group, can be
optionally substituted with one or more groups, preferably 1 to 2 groups, including but
not limited to, -C,-Csg alkyl, -C,-Cs alkenyl, -C,-Cs alkynyl, -halogen, -O-(C;-Cs alkyl),
-0-(C,-Cy alkenyl), -O-(C,-Cs alkynyl), -aryl, -C(O)R’, -OC(O)R’, -C(O)OR’,
-C(O)NH;, -C(O)NHR’, -C(O)N(R"),, -NHC(O)R’, -SR’, -SO3R’, -S(O):R’, -S(O)R’,
-OH, -N3,-NHj, -NH(R’), -N(R’)» and -CN, where each R’ is independently selected
from -H, -C1-Cs alkyl, -C,-Cy alkenyl, -C,-Cs alkynyl, or -aryl and wherein said
-0-(C4-Cg alkyl), -O-(C,-Cg alkenyl), -O-(C,-Cy alkynyl), -C;-Cg alkyl, -C,-Cy alkenyl,
-C,-Cg alkynyl, and -aryl groups can be further optionally substituted with one or more
substituents including, but not limited to, -C;-Cg alkyl, -C,-Cg alkenyl, -C,-Cg alkynyl,
-halogen, -O-(C1-Cs alkyl), -O-(C»-Cs alkenyl), -O-(Ca-Cg alkynyl), -aryl, -C(O)R”’,
-OC(OR”’, -C(O)OR”’, -C(O)NH,, -C(O)NHR"’, -C(O)N(R’*),. -NHC(O)R”’, -SR”’,
-SOsR”, -S(0)R”’, -S(O)R"’, -OH, -N3 , -NH,, -NH(R"’), -N(R’"); and -CN, where
each R”’ is independently selected from -H, -C;-Cy alkyl, -C,-Cg alkenyl, -C,-Cy
alkynyl, or aryl.

[0028] By way of example and not limitation, carbon-bonded heterocycles can

be bonded at the following positions: position 2, 3, 4, 5, or 6 of a pyridine; position 3, 4,
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5, or 6 of a pyridazine; position 2, 4, 5, or 6 of a pyrimidine; position 2, 3, 5, or6 of a
pyrazine; position 2, 3, 4, or 5 of a furan, tetrahydrofuran, thiofuran, thiophene, pyrrole
or tetrahydropyrrole; position 2, 4, or 5 of an oxazole, imidazole or thiazole; position 3,
4, or 5 of an isoxazole, pyrazole, or isothiazole; position 2 or 3 of an aziridine; position
2,3, or 4 of an azetidine; position 2, 3,4, 5, 6, 7, or 8 of a quinoline; or position 1, 3, 4,
5,6, 7, or 8 of an isoquinoline. Still more typically, cartbon bonded heterocycles
include 2-pyridyl, 3-pyridyl, 4-pyridyl, 5-pyridyl, 6-pyridyl, 3-pyridazinyl,
4-pyridazinyl, 5-pyridazinyl, 6-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl,
5-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, 5-pyrazinyl, 6-pyrazinyl,
2-thiazolyl, 4-thiazolyl, or 5-thiazolyl.

[0029] By way of example and not limitation, nitrogen bonded heterocycles can
be bonded at position | of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline,
3-pyrroline, imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole,
pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine, piperazine, indole, indoline, or
1H-indazole; position 2 of a isoindole, or isoindoline; position 4 of a morpholine; and
position 9 of a carbazole, or B-carboline. Still more typically, nitrogen bonded
heterocycles include 1-aziridyl, 1-azetedyl, 1-pyrrolyl, 1-imidazolyl, 1-pyrazolyl, and
1-piperidinyl.

[0030] Unless otherwise noted, the term “carbocycle,” refers to a saturated or
unsaturated non-aromatic monocyclic, bicyclic, or polycyclic ring system having from
3 to 14 ring atoms (and all combinations and subcombinations of ranges and specific
numbers of carbon atoms therein) wherein all of the ring atoms are carbon atoms.
Monocyclic carbocycles preferably have 3 to 6 ring atoms, still more preferably 5 or 6
ring atoms. Bicyclic carbocycles preferably have 7 to 12 ring atoms, e.g., arranged as a
bicyclo [4,5], [5,5], [5,6] or [6,6] system, or 9 or 10 ring atoms arranged as a bicyclo
[5,6] or [6,6] system. The term “carbocycle™ includes, for example, a monocyclic
carbocycle ring fused to an aryl ring (e.g., a monocyclic carbocycle ring fused to a
benzene ring). Carbocyles preferably have 3 to 8 carbon ring atoms.

[0031] Carbocycle groups, whether alone or as part of another group, can be
optionally substituted with, for example, one or more groups, preferably 1 or 2 groups
(and any additional substituents selected from halogen), including, but not limited to,
-halogen, -C1-Cs alkyl, -C,-Cg alkenyl, -C,-Cs alkynyl, -O-(C;-Cg alkyl), -O-(C,-Cs
alkenyl), -O-(C;-Cy alkynyl), -aryl, -C(O)R’, -OC(O)R’, -C(O)OR’, -C(O)NH; ,
-C(O)NHR’, -C(O)N(R’),, -NHC(O)R’, -SR’, -SOsR’, -S(O)2R’, -S(O)R’, -OH, =0,
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-Nj3, -NH;, -NH(R’), -N(R’), and -CN, where each R’ is independently selected from
-H, -C;-Cs alkyl, -C,-Cs alkenyl, -C,-Cs alkynyl, or-aryl and wherein said -C;-Cg alkyl,
-Cy-Cs alkenyl, -C,-Cy alkynyl, -O-(C;-Cs alkyl), -O-(C,-Cs alkenyl), -O-(Cy-Cs
alkynyl), and -aryl groups can be further optionally substituted with one or more
substituents including, but not limited to, -C;-Csg alkyl, -C,-Cg alkenyl, -C,-Cg alkynyl,
-halogen, -O-(C-Cyg alkyl), -O-(C,-Cg alkenyl), -O-(C,-Cg alkynyl), -aryl, -C(O)R”’,
-OC(O)R”’, -C(O)OR’’, -C(O)NH,;, -C(O)NHR”’, -C(O)N(R’")2, -NHC(O)R”’, -SR”’,
-SOsR”, -S(0)R”’, -S(O)R"’, -OH, -N3 , -NH,, -NH(R"’), -N(R’"), and -CN, where
each R*’ is independently selected from -H, -C4-Cg alkyl, -C,-Cg alkenyl, -C,-Cg
alkynyl, or -aryl. Examples of monocyclic carbocylic substituents include -cyclopropyl,
-cyclobutyl, -cyclopentyl, -1-cyclopent-1-enyl, -1-cyclopent-2-enyl,
-1-cyclopent-3-enyl, cyclohexyl, - 1-cyclohex-1-enyl, - 1-cyclohex-2-enyl,
-1-cyclohex-3-enyl, -cycloheptyl, -cyclooctyl, -1,3-cyclohexadienyl,
-1,4-cyclohexadienyl, -1,3-cycloheptadienyl, -1,3,5-cycloheptatrienyl,

and —cyclooctadienyl.

[0032] A “carbocyclo,” whether used alone or as part of another group, refers to
an optionally substituted carbocycle group as defined above that is divalent (i.e.,
derived by the removal of two hydrogen atoms from the same or two different carbon
atoms of a parent carbocyclic ring system).

[0033] Unless otherwise indicated by context, a hyphen (-) designates the point
of attachment to the pendant molecule. Accordingly, the term  “-(C;-Cs alkylene)aryl”
or
“-(C;-Cg alkylene(aryl)” refers to a C1-Cg alkylene radical as defined herein wherein the
alkylene radical is attached to the pendant molecule at any of the carbon atoms of the
alkylene radical and one of the hydrogen atoms bonded to a carbon atom of the alkylene
radical is replaced with an aryl radical as defined herein.

[0034] When a particular group is "substituted”, that group may have one or
more substituents, preferably from one to five substituents, more preferably from one to
three substituents, most preferably from one to two substituents, independently selected
from the list of substituents. The group can, however, generally have any number of
substituents selected from halogen. Groups that are substituted are so indicated.

[0035] Itis intended that the definition of any substituent or variable at a
particular location in a molecule be independent of its definitions elsewhere in that

molecule. It is understood that substituents and substitution patterns on the compounds
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described herein can be selected by one of ordinary skill in the art to provide compounds that are
chemically stable and that can be readily synthesized by techniques known in the art as well as those

methods set forth herein.

[0036] Protective groups as used herein refer to groups which selectively block, either
temporarily or permanently, one reactive site in a multifunctional compound. Suitable hydroxy-
protecting groups for use in the compounds described herein are pharmaceutically acceptable and
may or may not need to be cleaved from the parent compound after administration to a subject in
order for the compound to be active. Cleavage is through normal metabolic processes within the
body. Hydroxy protecting groups are well known in the art, see, Protective Groups in Organic
Synthesis by T. W. Greene and P. G. M. Wuts (John Wiley & sons, 3™ Edition), for example, ether
(e.g.. alkyl ethers and silyl ethers including, for example, dialkylsilylether, trialkylsilylether,
dialkylalkoxysilylether), ester, carbonate, carbamates, sulfonate, and phosphate protecting groups.
Examples of hydroxy protecting groups include, but are not limited to, methyl ether; methoxymethyl
ether, methylthiomethyl ether, (phenyldimethylsilyl)methoxymethy! ether, benzyloxymethyl ether, p-
methoxybenzyloxymethyl ether, p-nitrobenzyloxymethyl ether, o-nitrobenzyloxymethyl ether, (4-
methoxyphenoxy)methyl ether, guaiacolmethyl ether, t-butoxymethyl ether, 4-pentenyloxymethyl
ether, siloxymethyl ether, 2-methoxyethoxymethyl ether, 2,2,2-trichloroethoxymethyl cther, bis(2-
chloroethoxy)methyl ether, 2-(trimethylsilyl)ethoxymethyl ether, menthoxymethyl ether,
tetrahydropyranyl ether, |-methoxycylcohexyl ether, 4-methoxytetrahydrothiopyranyl ether, 4-
methoxytetrahydrothiopyranyl ether S,S-Dioxide, 1-[(2-choro-4-methyl)phenyl]-4-methoxypiperidin-
4-yl ether, 1-(2-fluorophneyl)-4-methoxypiperidin-4-yl ether, 1,4-dioxan-2-yl ether,
tetrahydrofuranyl ether, tetrahydrothiofuranyl ether; substituted ethyl ethers such as 1-ethoxyethyl
ether, 1-(2-chloroethoxy)ethyl ether, 1-[2-(trimethylsilyl)ethoxy]ethy] ether, 1-methyl-1-
methoxyethyl ether, 1-methyl-1-benzyloxyethyl cther, 1-methyl-1-benzyloxy-2-fluoroethyl ether, 1-
methyl-1phenoxyethyl ether, 2-trimethyisilyl ether, t-butyl cther, allyl ether, propargyl ethers, p-
chlorophenyl ether, p-methoxyphenyl ether, benzyl ether, p-methoxybenzy! cther 3,4-
dimethoxybenzy! ether, trimethylsilyl ether, triethylsilyl ether, tripropylsilylether,
dimethylisopropylsilyl ether, diethylisopropylsilyl ether, dimethylhexylsilyl ether, t-
butyldimethylsilyl ether,
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diphenylmethylsilyl ether, benzoylformate ester, acetate ester, chloroacetate ester,
dichloroacetate ester, trichloroacetate ester, trifluoroacetate ester, methoxyacetate ester,
triphneylmethoxyacetate ester, phenylacetate ester, benzoate ester, alkyl methyl
carbonate, alkyl 9-fluorenylmethyl carbonate, alkyl ethyl carbonate, alkyl
2,2,2 ~trichloroethyl carbonate, 1,1,-dimethyl-2,2,2-trichloroethyl carbonate,
alkylsulfonate, methanesulfonate, benzylsulfonate, tosylate, methylene acetal,
cthylidene acetal, and t-butylmethylidene ketal. Preferred protecting groups are
represented by the formulas -R,-Si(R)(R)(R), -C(O)R, -C(O)OR, -C(O)NH(R),
-S(O),R, -S(0),0H, P(O)(OH),, and -P(O)(OH)OR, wherein R is C;-Cyq alkyl, C,-Csg
alkenyl, C,-C,g alkynyl, -C1-Cyg alkylene(carbocycle), -C,-Cyg alkenylene(carbocycle),
-(Cy-Cyp alkynylene(carbocycle), -Cs-Cig aryl, -C1-Cyp alkylene(aryl), -Co-Cag
alkenylene(aryl), -C,-Cyg alkynylene(aryl), -Cq-Cyg alkylene(heterocycle), -Co-Cyo
alkenylene(heterocycle), or -C,-Cyg alkynylene(heterocycle) wherein said alkyl,
alkenyl, alkynyl, alkylene, alkenylene, alkynylene, aryl, carbocycle, and heterocycle
radicals whether alone or as part of another group are optionally substituted.

[0037] The abbreviation “MMAE” refers to monomethyl auristatin E.

[0038] The abbreviation “MMAF” refers to
dovaline-valine-dolaisoleuine-dolaproine-phenylalanine.

[0039] The abbreviation “cAC10-vcE” as used herein refers to a ve-MMAE
(also known as mc-ve-MMAE) antibody drug conjugate wherein the the antibody is a
chimeric AC10 antibody. In an exemplary embodiment, the chimeric AC10 antibody
has a heavy chain variable region having the amino acid sequence set forth in SEQ ID
NO:1, alight chain variable region having the amino acid sequence set forth in SEQ ID
NO:2, a human gamma I constant region having the amino acid sequence set forth in
SEQ ID NO:11 and a human kappa constant region having the amino acid sequence set
forth in SEQ ID NO:12. Exemplary cAC10-vcE compositions have an average of
about 3 to about 5 drugs per antibody and the drugs are attached to the antibody via
thioether bonds. Brentuximab vedotin is the USAN name for a cAC10-vcE conjugate
that is in clinical trials (Seattle Genetics).

[0040] The abbreviation “h1F6-mcF” refers to a mc-MMAF antibody drug
conjugate wherein the the antibody is a humanized 1F6 antibody. In an exemplary
embodiment, the h1I'6 antibody has a heavy chain variable region having the amino
acid sequence set forth in SEQ ID NO:5, a light chain variable region having the amino

acid sequence set forth in SEQ ID NO:6, a human gamma I constant region having the
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amino acid sequence set forth in SEQ ID NO:11 and a human kappa constant region
having the amino acid sequence set forth in SEQ ID NO:12. Exemplary h1F6-mcF
compositions have an average of about 3 to about 5 drugs per antibody and the drugs
are attached to the antibody via thioether bonds. SGN-75 is a h1F6-mcF conjugate that
is in clinical trials (Seattle Genetics).

[0041] The abbreviation “hBU12-mcF” refers to a mec-MMAF antibody drug
conjugate wherein the the antibody is a humanized BU12 antibody. In an exemplary
embodiment, the hBU12 antibody has a heavy chain variable region having the amino
acid sequence set forth in SEQ ID NO:9, a light chain variable region having the amino
acid sequence set forth in SEQ ID NO:10, a human gamma I constant region having the
amino acid sequence set forth in SEQ ID NO:11 and a human kappa constant region
having the amino acid sequence set forth in SEQ ID NO:12. Exemplary hBU12-mcF
compositions have an average of about 3 to about 5 drugs per antibody and the drugs
are attached to the antibody via thioether bonds. SGN-19A is a hBU12-mcF conjugate
that is in preclinical programs (Seattle Genetics).

[0042] The term "specifically binds" means that the binding agent, e.g.,
antibody will react, in a highly selective manner, with its corresponding antigen and not
with the multitude of other antigens.

[0043] The term "inhibitor" as used herein refers to a molecule having the
ability to inhibit a biological function of a target polyeptide. The term “selective
inhibition” or “selectively inhibit” refers to the agent’s ability to preferentially reduce
the target signaling activity as compared to off-target signaling activity, via direct or
indirect interaction with the target.

[0044] The term "antibody" refers to (a) immunoglobulin polypeptides and
immunologically active portions of immunoglobulin polypeptides, i.e., polypeptides of
the immunoglobulin family, or fragments thereof, that contain an antigen binding site
that specifically binds to a specific antigen, or (b) conservatively substituted derivatives
of such immunoglobulin polypeptides or fragments that specifically bind to the antigen.
Examples of antibody fragments include, but are not limited to, a Fab, Fab', F(ab")2, Fd,
Fv, scFv and scFv-Fc fragment, diabody, triabody, tetrabody, linear antibody,
single-chain antibody, and other multispecific antibodies formed from antibody
fragments. (See Holliger and Hudson, 2005, Nat. Biotechnol. 23:1126-1136.) The
immunoglobulin molecules can be of any type (e.g., 1gG. IgE, IgM, IgD, IgA and 1gY),
class (e.g., IgG1, 1gG2, 1gG3, IgG4, IgA1 and IgA2) or subclass of immunoglobulin
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molecule. Included in the term immunoglobulin are those immunoglobulin molecules
that have modifications in the constant region, including modification (e.g.,
substitutions, deletions or additions) in amino acid residues that interact with Fcy
receptors. Antibodies are generally described in, for example, Harlow & Lane,
Antibodies: A Laboratory Manual (Cold Spring Harbor Laboratory Press, 1988).
Unless otherwise apparent from the context reference to an antibody also includes
antibody derivatives.

[0045] An "antibody derivative” means an antibody, as defined above, that is
modified by covalent attachment of a heterologous molecule such as, e.g., by
attachment of a heterologous polypeptide, or by glycosylation, deglycosylation,
acetylation or phosphorylation not normally associated with the antibody, and the like.

[0046] Antibodies employed in the methods and compositions described herein
are preferably monoclonal, and may be multispecific, human, humanized or chimeric
antibodies, single chain antibodies, Fab fragments, F(ab') fragments, fragments
produced by a 'ab expression library, and binding fragments of any of the above,
provided that they can be conjugated to an auristatin drug either directly or indirectly
via a linker.

[0047] The term "monoclonal antibody" (mAb) refers to an antibody obtained
from a population of substantially homogeneous antibodies; that is, the individual
antibodies comprising the population are identical except for naturally occurring
mutations that may be present in minor amounts. Monoclonal antibodies are highly
specific, being directed against a single antigenic determinant, also referred to as an
epitope. The modifier "monoclonal” is indicative of a substantially homogeneous
population of antibodies directed to the identical epitope and is not to be construed as
requiring production of the antibody by any particular method. Monoclonal antibodies
can be made by any technique or methodology known in the art; for example, the
hybridoma method first described by Kohler et al., 1975, Nature 256:495, or
recombinant DNA methods known in the art (see, e.g., U.S. Pat. No. 4,816,567). In
another example, monoclonal antibodies can also be isolated from phage antibody
libraries, using techniques described in Clackson et al., 1991, Nature 352: 624-628, and
Marks et al., 1991, J. Mol. Biol. 222:581-597. In contrast, the antibodies in a
preparation of polyclonal antibodies are typically a heterogeneous population of
immunoglobulin isotypes and/or classes and also exhibit a variety of epitope

specificity.
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[0048] “Cytotoxic effect,” in reference to the effect of an agent on a cell,
means killing of the cell. “Cytostatic effect” means an inhibition of cell proliferation.
A “cytotoxic agent” means an agent that has a cytotoxic or cytostatic effect on a cell,
thereby depleting or inhibiting the growth of, respectively, cells within a cell
population.

[0049] The term "subject” or “patient” for purposes of treatment refers to any
animal, particularly an animal classifiecd as a mammal, including humans, domesticated
and farm animals, and zoo, sports, or pet animals, such as dogs, horses, cats, cows, and
the like. Preferably, the subject is human.

[0050] The terms "treatment" and "therapy", and the like, as used herein, refer
to slowing, stopping, or reversing the progression of cancer in a subject. Treatment can
be evidenced by the inhibition of tumor growth, the arrest of tumor growth, the
regression of already existing tumors, or increased survival.

[0051] The term "therapeutically effective amount” or “effective amount”
refers to the amount of one or more agents or compositions as described herein that is
sufficient to slow, stop, or reverse the progression of cancer in a subject or increase
survival of the patient. The therapeutically effective amount may refer to a target serum
concentration that has been shown to be effective in, for example, slowing disease
progression. When the term “therapeutically effective amount™ is used to refer to
combination therapy, it refers to the amount of the combination of agents taken together
so that the combined effect elicits the desired biological or medicinal response.
Efficacy can be measured in conventional ways, depending on the condition to be
treated. For example, in neoplastic diseases, efficacy can be measured by assessing the
time to disease progression (TTP), or determining the response rates (RR).

[0052] The term "pharmaceutically acceptable” as used herein means approved
by a regulatory agency of the Federal or a state government or listed in the U.S.
Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more
particularly in humans. The term "pharmaceutically compatible ingredient” refers to a
pharmaceutically acceptable diluent, adjuvant, excipient, or vehicle with which an

agent or composition is administered.

Antibody Drug Conjugate

[0053] The methods described herein encompass the use of antibody drug
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conjugates in combination therapy for the killing of tumor cells and/or inhibition of
proliferation of tumor cells. The methods described herein encompass the use of
antibody drug conjugates in combination therapy for the treatment of cancer. The
antibody-drug conjugates comprise an antibody as the Ligand unit and an auristatin as
the Drug unit. The antibody is one that specifically binds to a cancer cell antigen which
is on the surface of a cancer cell. 'The antibody drug conjugates have potent cytotoxic
and/or cytostatic activity against cells expressing the cancer cell antigen to which the
antibody specifically binds. The Drug units are covalently linked to the antibody via a
Linker unit (-LU-).

[0054] In some embodiments, the Antibody Drug Conjugate has the following

formula:

L - (LU-D), M
or a pharmaceutically acceptable salt thereof; wherein:

L is the Ligand unit and is an antibody that specifically binds to a cancer cell antigen
which is on the surface of a cancer cell,

(LU-D) is a Linker unit-Drug unit moiety, wherein:

LU- is a Linker unit, and

-D is an auristatin drug having cytostatic or cytotoxic activity against a target cell; and
pis from 1 to 20.

[0055] In some embodiments, p ranges from 1to 10, 1t09,1t0 8, 1t07, 1 t0 6,
lw5,1t04,1t03,0r1 to2. Insome embodiments, p ranges from 2 to 10,2109, 2 to
8,2t07,2t06,2t05,2t04 or 2 to3. Inother embodiments, pis 1, 2, 3,4, 5 or 6.

[0056] In some embodiments, the Antibody Drug Conjugate has the following

formula:

L - (Aa-Wy-Yy-D)p an
or a pharmaceutically acceptable salt thereof;
wherein:
L is the Ligand unit and is an antibody that specifically binds to a cancer cell antigen
which is on the surface of a cancer cell
-Aa-Wy-Y- is a Linker unit (LU), wherein:
-A- 1s a Stretcher unit,

aisOorl,
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each -W- is independently an Amino Acid unit,

w is an integer ranging from 0 to 12,

-Y- is a Spacer unit ( e.g., a self-immolative spacer unit),

yis 0, 1 or2;

-D is an auristatin drug unit having cytostatic or cytotoxic activity against the target cell;
and

pis from 1 to 20.

[0057] In some embodiments, aisOor 1,wisOor1,andyis 0, 1 or 2. Insome
embodiments, ais Oor 1, wisOor 1, and y is O or 1. In some embodiments, p ranges
from1to10,1t09,1t08, 1to7,1to6,1to5, 1to4,1to3,0r1to2. Insome
embodiments, p ranges from 2 t0 10,2t09,2t08,2t07,2t06,2to 5,2to4 or 2 to 3.
In other embodiments, pis 1,2, 3,4, 5 or 6. In some embodiments, when w is not zero,
yis 1 or 2. In some embodiments, when wis 1 to 12, y is 1 or 2. In some embodiments,
wis2to 12 and yis 1 or 2. In some embodiments, a is 1 and w and y are 0.

[0058] In compositions comprising a plurality of Antibody Drug Conjugates, p
is the average number of Drug molecules per Ligand, also referred to as the average
drug loading. Average drug loading may range from 1 to about 20 drugs (D) per Ligand.
In some embodiments when p represents the average drug loading, p is about 1, about 2,
about 3, about, 4, about 5 or about 6. In preferred embodiments, when p represents the
average drug loading, p is from about 2 to about 6, or from about 3 to about 5. The
average number of drugs per ligand in preparation of conjugation reactions may be
characterized by conventional means such as mass spectroscopy, ELISA assay, and
HPLC. The quantitative distribution of Antibody Drug Conjugates in terms of p may
also be determined. In some instances, separation, purification, and characterization of
homogeneous Antibody Drug Conjugates where p is a certain value from Antibody
Drug Conjugates with other drug loadings may be achieved by means such as reverse
phase HPLC or electrophoresis. In exemplary embodiments, p is from 2 to about 8.

[0059] The generation of Antibody Drug Conjugates can be accomplished by
any technique known to the skilled artisan. Briefly, the Antibody Drug Conjugates
comprise an antibody as the Ligand unit, a drug, and optionally a linker that joins the
drug and the binding agent. A number of different reactions are available for covalent
attachment of drugs and/or linkers to antibodies. This is often accomplished by reaction
of the amino acid residues of the antibody molecule, including the amine groups of

lysine, the free carboxylic acid groups of glutamic and aspartic acid, the sulthydryl
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groups of cysteine and the various moieties of the aromatic amino acids. One of the
most commonly used non-specific methods of covalent attachment is the carbodiimide
reaction to link a carboxy (or amino) group of a compound to amino (or carboxy)
groups of the antibody. Additionally, bifunctional agents such as dialdehydes or
imidoesters have been used to link the amino group of a compound to amino groups of
an antibody molecule. Also available for attachment of drugs to binding agents is the
Schiff base reaction. This method involves the periodate oxidation of a drug that
contains glycol or hydroxy groups, thus forming an aldehyde which is then reacted with
the binding agent. Attachment occurs via formation of a Schiff base with amino groups
of the binding agent. Isothiocyanates can also be used as coupling agents for covalently
attaching drugs to binding agents. Other techniques are known to the skilled artisan.
[0060] In certain embodiments, an intermediate, which is the precursor of the
linker, is reacted with the drug under appropriate conditions. In certain embodiments,
reactive groups are used on the drug and/or the intermediate. The product of the
reaction between the drug and the intermediate, or the derivatized drug, is subsequently

reacted with the antibody under appropriate conditions.

Linker Units

[0061] Typically, the Antibody Drug Conjugates comprise a linker region
between the drug unit and the Ligand unit. In some embodiments, the linker is
cleavable under intracellular conditions, such that cleavage of the linker releases the
drug unit from the ligand in the intracellular environment. In yet other embodiments,
the linker unit is not cleavable and the drug is released, for example, by antibody
degradation.

[0062] In some embodiments, the linker is cleavable by a cleaving agent that is
present in the intracellular environment (e.g., within a lysosome or endosome or
caveolea). The linker can be, e.g., a peptidyl linker that is cleaved by an intracellular
peptidase or protease enzyme, including, but not limited to, a lysosomal or endosomal
protease. In some embodiments, the peptidyl linker is at least two amino acids long or
at least three amino acids long. Cleaving agents can include cathepsins B and D and
plasmin, all of which are known to cleave dipeptide drug derivatives resulting in the
release of active drug inside target cells (see, e.g., Dubowchik and Walker, 1999,
Pharm. Therapeutics 83:67-123). Most typical are peptidyl linkers that are cleavable

by enzymes that are present in the target cancer cells. For example, a peptidyl linker
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that is cleavable by the thiol-dependent protease cathepsin-B, which is highly expressed in cancerous
tissue, can be used (e.g., a Phe-Leu or a Gly-Phe-Leu-Gly linker). Other examples of such linkers
are described, e.g., in U.S. Patent No. 6,214,345 or U.S. Patent No. 7,659,241. In a specific
embodiment, the peptidyl linker cleavable by an intracellular protease is a Val-Cit linker or a Phe-
Lys linker (see, e.g., U.S. patent 6,214,345, which describes the synthesis of doxorubicin with the
val-cit linker). One advantage of using intracellular proteolytic release of the therapeutic agent is
that the agent is typically attenuated when conjugated and the serum stabilities of the conjugates are

typically high.

[0063] In yet other embodiments, the linker is cleavable under reducing conditions (e.g., a
disulfide linker). A variety of disulfide linkers are known in the art, including, for example, those
that can be formed using SATA (N-succinimidyl-S-acetylthioacetate), SPDP (N-succinimidyl-3-(2-
pyridyldithio)propionate), SPDB (N-succinimidyi-3-(2-pyridyldithio)butyrate) and SMPT (N-
succinimidyl-oxycarbonyl-alpha-methyl-alpha-(2-pyridyl-dithio)toluene), SPDB and SMPT (See,
e.g., Thorpe et al., 1987, Cancer Res. 47:5924-5931; Wawrzynczak et al., In Immunoconjugates:
Antibody Conjugates in Radioimagery and Therapy of Cancer (C. W. Vogel ed., Oxford U. Press,
1987. See also U.S. Patent No. 4,880,935.)

[0064] In yet other specific embodiments, the linker is a malonate linker (Johnson ef al.,
1995, Anticancer Res. 15:1387-93), a maleimidobenzoyl linker (Lau er al., 1995, Bioorg-Med-Chem.
3(10):1299-1304), or a 3’-N-amide analog (Lau ef al., 1995, Bioorg-Med-Chem. 3(10):1305-12).

[0065] In yet other embodiments, the linker unit is not cleavable and the drug is released by

antibody degradation. (See for example U.S. Patent No. 7,498,298).

[0066] [n one aspect, the linker is not substantially sensitive to the extracellular environment.
As used herein, “not substantially sensitive to the extracellular environment,” in the context of a
linker, means that no more than about 20%, typically no more than about 15%, more typically no
more than about 10%, and even more typically no more than about 5%, no more than about 3%, or
no more than about 1% of the linkers, in a sample of Antibody Drug Conjugate, are cleaved when the
Antibody Drug Conjugate presents in an extracellular environment (e.g., in plasma). Whether a
linker is not substantially sensitive to the extracellular environment can be determined, for example,
by incubating with plasma the Antibody Drug Conjugate for a predetermined time period (e.g., 2, 4, 8, 16,

or 24 hours) and then quantitating the amount of free drug present in the plasma.
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[0067] In other, non-mutually exclusive embodiments, the linker promotes cellular
internalization. In certain embodiments, the linker promotes cellular internalization when conjugated to
the therapeutic agent (i.e., in the milicu of the linker-therapeutic agent moiety of the Antibody Drug
Conjugate as described herein). In yet other embodiments, the linker promotes cellular internalization

when conjugated to both the auristatin compound and the antibody.

[0068] The synthesis and structure of exemplary linker units, stretcher units, amino acid units,
self-immolative spacer unit, and drug units that can be used with the present compositions and methods
are described in WO 2004010957, U.S. Publication No. 20060074008, U.S. Publication No.
20050238649, U.S. Publication No. 20060024317,and U.S. Publication No. 20090010945,

[0069] A “Linker unit” (LU) is a bifunctional compound that can be used to link a Drug unit and
a Ligand unit to form an Antibody Drug Conjugate. In some embodiments, the Linker unit has the

formula:

-Ap-Wy-Yy-

wherein:-A- is a Stretcher unit,

aisOorl,

each -W- is independently an Amino Acid unit,

w is an integer ranging from 0 to 12,

-Y- is a Spacer unit (e.g., a self-immolative Spacer unit), and
yis0, 1 or2,

[0070] In some embodiments, aisQor 1, wisOor 1,and y is 0, 1 or 2. In some embodiments, a
isOorl,wisOorl,andyisOorl. Insomeembodiments, when wis1to12,yis 1 or2. Insome

embodiments, wis 2to 12 and y is 1 or 2. In some embodiments, a is 1 and w and y are 0.

The Stretcher Unit

[0001] The Stretcher unit ( A ), when present, is capable of linking a Ligand unit (e.g., an
antibody) to an Amino Acid unit (-W-), if present, to a Spacer unit (-Y-), if
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present; or to a Drug unit (-D). Useful functional groups that can be present on an
antibody either naturally or via chemical manipulation include, but are not limited to,
sulthydryl, amino, hydroxyl, the anomeric hydroxyl group of a carbohydrate, and
carboxyl. Suitable functional groups are sulthydryl and amino. In one example,
sulthydryl groups can be generated by reduction of the intramolecular disulfide bonds
of an antibody. In another embodiment, sulfhydryl groups can be generated by reaction
of an amino group of a lysine moiety of an antibody with 2-iminothiolane (Traut’s
reagent) or other sulthydryl generating reagents. In certain embodiments, the antibody
is a recombinant antibody and is engineered to carry one or more lysines. In certain
other embodiments, the recombinant antibody is engineered to carry additional
sulthydryl groups, e.g., additional cysteines.

[0072] In one embodiment, the Stretcher unit forms a bond with a sulfur atom
of the Ligand unit. The sulfur atom can be derived from a sulfhydryl group of a Ligand.
Representative Stretcher units of this embodiment are depicted within the square
brackets of Formulas [ITa and IIIb, wherein L-, -W-, -Y-, -D, w and y are as defined
above, and R" is selected from -C;-Cy¢ alkylene-, -C,-C; alkenylene-, -C5-Cyg
alkynylene-, -carbocyclo-, -O-(C,-Cs alkylene)-, O-(C,-Cg alkenylene)-, -O-(C,-Cg
alkynylene)-, -arylene-, -Cy-Cyg alkylene-arylene-, -C,-Cyg alkenylene-arylene,
-C1-Cyo alkynylene-arylene, -arylene-C;-Cjp alkylene-, -arylene-C,-Cjq alkenylene-,
-arylene-C,-Cyg alkynylene-, -C;-Cjo alkylene-(carbocyclo)-, -C,-Cio
alkenylene-(carbocyclo)-, -C,-Cyg alkynylene-(carbocyclo)-, -(carbocyclo)-Ci-Cig
alkylene-, -(carbocyclo)-C,-Cyg alkenylene-, -(carbocyclo)-Cs-Cig alkynylene,
heterocyclo-, -C;-Cjg alkylene-( heterocyclo)-, -C,-Cyg alkenylene-(heterocyclo)-,
-Cy-Cyp alkynylene-(heterocyclo)-, -(heterocyclo)-Cq-Cio alkylene-,
-(heterocyclo)-C,-Cyp alkenylene-, -(heterocyclo)-C,-Cyg alkynylene-, -(CH,CH,0),-,
or -(CH,CH,O),-CHj3-, and r is an integer ranging from 1-10, wherein said alkyl,
alkenyl, alkynyl, alkylene, alkenylene, alkynylene, aryl, carbocyle, carbocyclo,
heterocyclo, and arylene radicals, whether alone or as part of another group, are
optionally substituted. In some embodiments, said alkyl, alkenyl, alkynyl, alkylene,
alkenylene, alkynylene, aryl, carbocyle, carbocyclo, heterocyclo, and arylene radicals,
whether alone or as part of another group, are unsubstituted. In some embodiments, R*
is selected from -C;-Cyo alkylene-, - carbocyclo-, -O-(C;-Cs alkylene)-, -arylene-,
-Ci-Cyg alkylene-arylene-, -arylene-C-Cyp alkylene-, -C;-Cjp alkylene-(carbocyclo)-,
-( carbocyclo)-Cy-Cyg alkylene-, -C;-Cg heterocyclo-, -C1-Cqg alkylene-(heterocyclo)-,
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-( heterocyclo)-Cq-Cyp alkylene-, -(CH,CH»0),-, and -(CH,CH,0),-CH»-; and ris an
integer ranging from 1-10, wherein said alkylene groups are unsubstituted and the
remainder of the groups are optionally substituted.

[0073] It is to be understood from all the exemplary embodiments that even
where not denoted expressly, from 1 to 20 drug moieties or drug-linker moieties can be

linked to a Ligand ( p = 1-20).

0O
(@]
L [l
N-R*—C W, —Y,—D
© Illa
(]
o @ Wl 1
L C—C_N‘Ra—CJ W, Yy D
IMIb

[0074] An illustrative Stretcher unit is that of Formula IIla wherein R” is

-(CHy)s-:
0O
% NW
:é O
o) .

[0075] Another illustrative Stretcher unit is that of Formula ITTa wherein R?
is -(CH,CH,0),-CH»-; and ris 2:

0O
0 -
O

[0076] An illustrative Stretcher unit is that of Formula IIIa wherein R? is
-arylene- or arylene-C;-Cjp alkylene-. In some embodiments, the aryl group is an
unsubstituted phenyl group.

[0077] Still another illustrative Stretcher unit is that of Formula ITTb wherein R*
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is -(CHp)s-:

f\)LNgW\[(l}% |

[0078] In certain embodiments, the Stretcher unit is linked to the Ligand unit
via a disulfide bond between a sulfur atom of the Ligand unit and a sulfur atom of the
Stretcher unit. A representative Stretcher unit of this embodiment is depicted within

the square brackets of Formula IV, wherein R?, L-, -W-, -Y-, -D, w and y are as defined

i
L—S‘LS—Ra—C+WW—Yy—D
v

[0079] It should be noted that throughout this application, the S moiety in the

above.

tormula below refers to a sulfur atom of the Ligand unit, unless otherwise indicated by

context.
—s3-

[0080] In yet other embodiments, the Stretcher, prior to attachment to L,
contains a reactive site that can form a bond with a primary or secondary amino group
of the Ligand. Examples of these reactive sites include, but are not limited to, activated
esters such as succinimide esters, 4 nitrophenyl esters, pentafluorophenyl esters,
tetrafluorophenyl esters, anhydrides, acid chlorides, sulfonyl chlorides, isocyanates and
isothiocyanates. Representative Stretcher units of this embodiment are depicted within
the square brackets of Formulas Va and Vb, wherein -R*-, L-, -W-, -Y-, -D, w and y are

as defined above;

0
9 H [l
L C—N-R&—C WW—YV—D
Va
0
T H I
L C—N-R&—C WW—Yy—D
Vb
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[0081] In some embodiments, the Stretcher contains a reactive site that is
reactive to a modified carbohydrate’s (-CHQ) group that can be present on a Ligand.
For example, a carbohydrate can be mildly oxidized using a reagent such as sodium
periodate and the resulting (-CHQO) unit of the oxidized carbohydrate can be condensed
with a Stretcher that contains a functionality such as a hydrazide, an oxime, a primary
or secondary amine, a hydrazine, a thiosemicarbazone, a hydrazine carboxylate, and an
arylhydrazide such as those described by Kaneko ez al., 1991, Bioconjugate Chem.
2:133-41. Representative Stretcher units of this embodiment are depicted within the
square brackets of Formulas VIa, VIb, and VIe, wherein -R*-, L-,-W-,-Y-,-D, w and y

are as defined as above.

H I W
L N—N-Ra—CJ Wy, —Y,—D

Vla
i
L=FN—O-R&—C Wy, —Yy,—D
VIb
O O
H Il (1
L=FN—N-C-R&—C Wy—Y,—D
Vie

The Amino Acid Unit

[0082] The Amino Acid unit (-W-), when present, links the Stretcher unit to the
Spacer unit if the Spacer unit is present, links the Stretcher unit to the Drug moiety if the
Spacer unit is absent, and links the Ligand unit to the Drug unit if the Stretcher unit and
Spacer unit are absent.

[0083] W- can be, for example, a monopeptide, dipeptide, tripeptide,
tetrapeptide, pentapeptide, hexapeptide, heptapeptide, octapeptide, nonapeptide,
decapeptide, undecapeptide or dodecapeptide unit. Each -W- unit independently has
the formula denoted below in the square brackets, and w is an integer ranging from 0 to
12:
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RP or RP
wherein R® is hydrogen, methyl, isopropyl, isobutyl, sec-butyl, benzyl,
p-hydroxybenzyl, -CH,OH, -CH(OI)CHj3, -CH>CH,SCHa, -CH>CONIH,, -CH,COOL,
-CH;CH;CONH,, -CH,CH,COOH, -(CH;);NHC(=NH)NHj,, -(CH;):NH3,
-(CH,):NHCOCH3, -(CH,);sNHCHO, -(CH,)sNHC(=NH)NH,, -(CH,),NH5,
-(CH2)sNHCOCH3, -(CH»)sNHCHO, -(CH3)sNHCONH,, -(CH)sNHCONH,,
-CH,CH,CH(OH)CH;NH,, 2-pyridylmethyl-, 3-pyridylmethyl-, 4-pyridylmethyl-,
phenyl, cyclohexyl,

%“/Q‘L(\/O %
CC
: | %’, ;

OV D

N
H

[0084] In some embodinients, the Amino Acid unit can be enzymatically
cleaved by one or more enzymes, including a cancer or tumor-associated protease, to
liberate the Drug unit (-D), which in one embodiment is protonated in vivo upon release
to provide a Drug (D).

[0085] In certain embodiments, the Amino Acid unit can comprise natural
amino acids. In other embodiments, the Amino Acid unit can comprise non-natural

amino acids. Illustrative Wy, units are represented by formulas (VII)-(IX):
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v :
¥ N
RS (v
wherein R® and R are as follows:

R® R’
Benzyl (CH;)4NH>;
methyl (CH;)4NH;;

isopropyl (CH;)4NH;;
isopropyl (CIL)sNIICONII;;
benzyl (CH,);NHCONH3;
isobutyl (CH2)sNHCONH,;
sec-butyl (CH;);NHCONH;;
° (CH,)sNHCONH;
N C HZ—Q

N
benzyl methyl;
benzyl (CH,);NHC(=NH)NH,;

o 9 R H ©
SRR G
R® o R° (VIII)

wherein RS, RY and R° are as follows:

R R¢ R°
benzyl Benzyl (CH,)4NH;;
isopropyl Benzyl (CH»)4NH;; and
H Benzyl (CH,)4NH;;

d f
H o R H 0O R
Re o re M

°c  UIX)
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wherein R, R, R® and R! are as follows:

R R R° R!
H benzyl isobutyl H; and
methyl isobutyl methyl isobutyl.

[0086] Lxemplary Amino Acid units include, but are not limited to, units of
formula VII where: R is benzyl and R? is -(CH,),NI,; R is isopropyl and R% is
-(CH,)4NH,; or R° is isopropyl and RYis -(CH,);NHCONH,. Another exemplary
Amino Acid unit is a unit of formula VIIT wherein R® is benzyl, R is benzyl, and R® is
-(CHy)4NHo.

[0087] Useful -W- units can be designed and optimized in their selectivity for
enzymatic cleavage by a particular enzyme, for example, a tumor-associated protease.
In one embodiment, a -W,, - unit is that whose cleavage is catalyzed by cathepsin B, C
and D, or a plasmin protease.

[0088] In one embodiment, -W - is a dipeptide, tripeptide, tetrapeptide or
pentapeptide. When R®, R, RY, R® or R is other than hydrogen, the carbon atom to
which R®, R¢, R, R® or R'is attached is chiral.

[0089] Each carbon atom to which R®, R, RY, R® or R is attached is
independently in the (S) or (R) configuration.

[0090] In one aspect of the Amino Acid unit, the Amino Acid unit is
valine-citrulline (vc or val-cit). In another aspect, the Amino Acid unit is
phenylalanine-lysine (i.e., fk). In yet another aspect of the Amino Acid unit, the Amino
Acid unit is N-methylvaline-citrulline. In yet another aspect, the Amino Acid unit is
5-aminovaleric acid, homo phenylalanine lysine, tetraisoquinolinecarboxylate lysine,
cyclohexylalanine lysine, isonepecotic acid lysine, beta-alanine lysine, glycine serine

valine glutamine and isonepecotic acid.

The Spacer Unit

[0091] The Spacer unit (-Y-), when present, links an Amino Acid unit to the
Drug unit when an Amino Acid unit is present. Alternately, the Spacer unit links the
Stretcher unit to the Drug unit when the Amino Acid unit is absent. The Spacer unit
also links the Drug unit to the Ligand unit when both the Amino Acid unit and Stretcher
unit are absent.

[0092] Spacer units are of two general types: non self-immolative or
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self-immolative. A non self-immolative Spacer unit is one in which part or all of the
Spacer unit remains bound to the Drug moiety after cleavage, particularly enzymatic, of
an Amino Acid unit from the antibody drug conjugate. Examples of a non
self-immolative Spacer unit include, but are not limited to a (glycine-glycine) Spacer
unit and a glycine Spacer unit (both depicted in Scheme 1) (infra). When a conjugate
containing a glycine-glycine Spacer unit or a glycine Spacer unit undergoes enzymatic
cleavage via an enzyme (e.g., a tumor-cell associated-protease, a cancer-cell-associated
protease or a lymphocyte-associated protease), a glycine-glycine-Drug moiety or a
glycine-Drug moiety is cleaved from L-Aa-Ww-. In one embodiment, an independent
hydrolysis reaction takes place within the target cell, cleaving the glycine-Drug moiety

bond and liberating the Drug.

Scheme 1
L%Aa-WW—GIy—D L—an—wW—Gly—Gly]LD
enzymatic enzymatic
cleavage cleavage
Gly-D Gly-Gly-D
hydrolysis hydrolysis
Drug Drug

[0093] In some embodiments, a non self-immolative Spacer unit (-Y-) is -Gly-.
In some embodiments, a non self-immolative Spacer unit (-Y-) is -Gly-Gly-.

[0094] In one embodiment, a Drug-Linker conjugate is provided in which the
Spacer unit is absent (y=0), or a pharmaceutically acceptable salt thereof.

[0095] Alternatively, a conjugate containing a self-immolative Spacer unit can
release -D. As used herein, the term “self-immolative Spacer™ refers to a
bifunctional chemical moiety that is capable of covalently linking together two spaced
chemical moieties into a stable tripartite molecule. It will spontaneously separate from
the second chemical moiety if its bond to the first moiety is cleaved.

[0096] In some embodiments, -Y,- is a p-aminobenzyl alcohol (PAB) unit (see
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Schemes 2 and 3) whose phenylene portion is substituted with Q,, wherein Q is -Cy-Cg
alkyl, -C,-Cy alkenyl, -C»-Cs alkynyl, -O-(C;-Cy alkyl), -O-(Ca-Cg alkenyl), -O-(C,-Cs
alkynyl), -halogen, - nitro or -cyano; and m is an integer ranging from 0-4. The alkyl,
alkenyl and alkynyl groups, whether alone or as part of another group, can be optionally
substituted.

[0097] In some embodiments, -Y- is a PAB group that is linked to -W, - via the
amino nitrogen atom of the PAB group, and connected directly to -D via a carbonate,
carbamate or ether group. Without being bound by any particular theory or mechanism,
Scheme 2 depicts a possible mechanism of Drug release of a PAB group which is
attached directly to -ID via a carbamate or carbonate group as described by Toki ef al.,

2002, J. Org. Chem. 67:1866-1872.

Scheme 2

Qm

=|=
- a—WW/NH‘<\:/>'—\O_C_D

[l
0

enzymatic
cleavage

\ 1,6-elimination

Drug

[0098] In Scheme 2, Q is -C;-Cg alkyl, -C,-Cg alkenyl, -C,-Cg alkynyl,
-0-(C4-Csg alkyl), -O-(C»-Cs alkenyl), -O-(C,-Csg alkynyl), -halogen, -nitro or -cyano; m
is an integer ranging from 0-4; and p ranges from 1 to about 20. The alkyl, alkenyl and
alkynyl groups, whether alone or as part of another group, can be optionally substituted.

[0099] Without being bound by any particular theory or mechanism, Scheme 3
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depicts a possible mechanism of Drug release of a PAB group which is attached
directly to -D via an ether or amine linkage, wherein D includes the oxygen or nitrogen

group that is part of the Drug unit.

Scheme 3

Qn

—A,-W, NH{bﬁ
a” Wy N\ /

D

p
enzymatic
cleavage

Qm
ko =
2 ™
&\, JA 5

\ 1,6-elimination

Qm

NH:®: +  Drug

[0100] In Scheme 3, Q is -C;-Cs alkyl, -C,-Cs alkenyl, -C,-Cs alkynyl,
-0-(C4-Csg alkyl), -O-(C»-Cs alkenyl), -O-(C,-Cg alkynyl), -halogen, -nitro or -cyano; m
is an integer ranging from 0-4; and p ranges from 1 to about 20. The alkyl, alkenyl and
alkynyl groups, whether alone or as part of another group, can be optionally substituted.

[0101] Other examples of self-immolative spacers include, but are not limited
to, aromatic compounds that are electronically similar to the PAB group such as
2-aminoimidazol-5-methanol derivatives (Hay et al., 1999, Bioorg. Med. Chem. Lett.
9:2237) and ortho or para-aminobenzylacetals. Spacers can be used that undergo
cyclization upon amide bond hydrolysis, such as substituted and unsubstituted

4-aminobutyric acid amides (Rodrigues et al., 1995, Chemistry Biology 2:223),
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appropriately substituted bicyclo[2.2.1] and bicyclo[2.2.2] ring systems (Storm ef al.,
1972, J. Amer. Chem. Soc. 94:5815) and 2-aminophenylpropionic acid amides
(Amsberry et al., 1990, J. Org. Chem. 55:5867). Elimination of amine-containing
drugs that are substituted at the a-position of glycine (Kingsbury ez al., 1984, J. Med.
Chem. 27:1447) are also examples of self-immolative spacers.

[0102] In some embodiments, the -D moieties are the same. In yet another
embodiment, the -D moieties are different.

[0103] In one aspect, Spacer units (-Yy-) are represented by Formulae

(X)-(XID):

wherein Q is -C;-Cg alkyl, -C»-Cy alkenyl, -C,-Cs alkynyl, -O-(C4-Cs alkyl), -O-(Cy-Cs
alkenyl), -O-(C»-Cs alkynyl), -halogen, -nitro or -cyano; and m is an integer ranging
from 0-4. The alkyl, alkenyl and alkynyl groups, whether alone or as part of another

group, can be optionally substituted.

§—HN—CH,-CO—% X1

and

§—NHCH2C(O)—NHCH2C(O)—
XII

[0104] In a group of selected embodiments, the conjugates of Formula I and IT

arc:

O,
O
O

p

30



WO 2012/054748

31

CA (2815363 2013-04-19

, and

PCT/US2011/057130



CA2815363

0

L 0] o y o /©/\O/lk0
d Aols H
? .
NH
o

NH,

wherein A,, Wy, Yy, D and L have the meanings provided herein. In certain embodiments, w

and y are each 0, 1 or 2, (preferably when wis 1 or2,yis 1 or2)

The Drug Unit

[0105] The Drug unit of the Antibody Drug Conjugate is an auristatin, such as auristatin
E (also known in the art as a derivative of dolastatin-10) or a derivative thereof. The auristatin
can be, for example, an ester formed between auristatin E and a keto acid. For example,
auristatin E can be reacted with paraacetyl benzoic acid or benzoylvaleric acid to produce AEB
and AEVB, respectively. Other typical auristatins include AFP, MMAF, and MMAE. The
synthesis and structure of exemplary auristatins are described in U.S. Patent Application
Publication Nos. 2003-0083263, 2005-0238649 and 2005-0009751; International Patent
Publication No. WO 04/010957, International Patent Publication No. WO 02/088172, and U.S.
Patent Nos. 6,323,315; 6,239,104; 6,034,065; 5,780,588; 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.

[0106] Auristatins have been shown to interfere with microtubule dynamics and nuclear
and cellular division and have anticancer activity. Auristatins of the present invention bind
tubulin and can exert a cytotoxic or cytostatic effect on a desired cell line. There are a number of
different assays, known in the art, that can be used for determining whether an auristatin or

resultant antibody-drug conjugate exerts a cytostatic or cytotoxic effect on a desired cell line.

[0107]Methods for determining whether a compound binds tubulin are known in the art.

See, for example, Muller et al., Anal. Chem 2006, 78, 4390-4397; Hamel et
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al., Molecular Pharmacology, 1995 47: 965-976; and Hamel et al., The Journal of
Biological Chemistry, 1990 265:28, 17141-17149. For purposes of the present
invention, the relative affinity of a compound to tubulin can be determined. Some
preferred auristatins of the present invention bind tubulin with an affinity ranging from
10 fold lower (weaker affinity) than the binding affinity of MMAE to tubulin to 10 fold,
20 fold or even 100 fold higher (higher affinity) than the binding affinity of MMAE to
tubulin.

[0108] In some embodiments, -D is an auristatin of the formula Dg or Dy:

RS
9 R20

7
H O R
R2 o R*RSR® R® O R™® De

R
N
RE o R4

RS o0 R’
;{'. /Hva(U\ )\(ﬁ» rﬁg o
N N N N ,Rﬁ
R2 O R*RER® R® O \fLZ
RE O Dr

R10

or a pharmaceutically acceptable salt form thereof; wherein, independently at each

location:

the wavy line indicates a bond;

R*is -C1-Cyp alkyl, -Cy-Cyq alkenyl, or -C,-Cyg alkynyl;

R’is -H, -C;-Cyg alkyl, -C»-Cyy alkenyl, -C,-Cyy alkynyl, carbocycle, -C;-Cyg alkylene
(carbocycle), -Cy-Cyp alkenylene(carbocycle), -Ca-Cap alkynylene(carbocycle),
-aryl, -C;-Cyg alkylene(aryl), -C,-Cy alkenylene(aryl), -C,-C,g alkynylene(aryl),
-heterocycle, -C;-Cyg alkylene(heterocycle), -C,-Cyy alkenylene(heterocycle), or
-C,-Cyo alkynylene(heterocycle);

R*is -H, -C1-Cyp alkyl, -C-Cyp alkenyl, -Ca2-Cyp alkynyl, carbocycle, -Cq-Cag alkylene
(carbocycle), -C,-Cyo alkenylene(carbocycle), -C,-Cap alkynylene(carbocycle),
-aryl, -C1-Cyg alkylene(aryl), -C,-C,p alkenylene(aryl), -C,-Cyg alkynylene(aryl),
-heterocycle, -C;-Cyp alkylene(heterocycle), -C,-Cyy alkenylene(heterocycle), or
-(,-Cyp alkynylene(heterocycle);

R’ is -H or -C-Cy alkyl:;

or R*and R’ jointly form a carbocyclic ring and have the formula -(CR*RP)s- wherein
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R* and R® are independently -H, -C;-Cyg alkyl, -C,-Cyp alkenyl, -C,-Cyg alkynyl, or
-catbocycleand s is 2, 3,4, 5 or 6,

R®is -H, -C,-Cyp alkyl, -C5-Cyp alkenyl, or -C,-Cyo alkynyl;

R is -H, -C1-Cyg alkyl, -C,-Cyg alkenyl, -C,-Cyy alkynyl, -carbocycle, -C1-Cyq alkylene
(carbocycle), -Cy-Cyg alkenylene(carbocycle), -C,-Cy alkynylene(carbocycle),
-aryl, -C1-Cyp alkylene(aryl), -Ca-Cag alkenylene(aryl), -Ca-Cyo alkynylene(aryl),
heterocycle, -Cy-Cyp alkylene(heterocycle), -Cy-Cayp alkenylene(heterocycle), or
-C,-Cyp alkynylene(heterocycle);

each R¥is independently -H, -OH, -C;-C5; alkyl, -C5-Cy alkenyl, -C,-Cyg alkynyl,
-0-(C1-Cyg alkyl), -O-(Cy-Cyp alkenyl), -O-(C;-Cyp alkynyl), or -carbocycle;

R’is -IL, -C1-Cao alkyl, -Cy-Cyp alkenyl, or -C,-Cqp alkynyl;

R" is -aryl, -heterocycle, or -carbocycle;

R™ is -H, -C1-Cy alkyl, -C5-Caoalkenyl, -Cr-Cao alkynyl, -carbocycle, -O-(C;-Cao
alkyl), -O-(C,-Cap alkenyl), -O-(C,-Cao alkynyl), or OR™® wherein R® is -1, a
hydroxyl protecting group, or a direct bond where OR® represents =0;

R is -H, -C;-Cyg alkyl, -C5-Cyg alkenyl, or -C,-Cyp alkynyl, -aryl, -heterocycle, or
-carbocycle;

R" is -aryl or -heterocycle;

7.is —0-, -S-, -NH-, or -NR'%- wherein R'? is -C1-Cag alkyl, -Cp-Cao alkenyl, -Cp-Chg
alkynyl;

R is -H, -Cy-Ca alkyl, -C5-Cyo alkenyl, -Co-Ca alkynyl, -aryl, -heterocycle,
RP0),-R™,
or -(R"0),,-CH(RP),;

m is an integer ranging from 0-1000;

RBis -C,-Cyg alkylene, -C,-Cyp alkenylene, or -C,-Cyg alkynylene;

R'is -H, -C;-Cy alkyl, -C,-Cyg alkenyl, or -C,-Cyy alkynyl;

each occurrence of RY is independently -H, -COOH, —(CHg)n-N(R16)2,-(CHz)n—SOgH,
-(CH2)a-SO3-C1-Cog alkyl, -(CH2)p-SO3-Ca-Cag alkenyl, or -(CH2)p-SO3-Co-Cao
alkynyl;
each occurrence of R is independently -H, -C;-Cyg alkyl, -C,-Cyp alkenyl, -C,-Cyq
alkynyl or-(CH,),-COOH; and

n is an integer ranging from 0 to 6; wherein said alkyl, alkenyl, alkynyl, alkylene,
alkenylene, alkynylene, aryl, carbocyle, and heterocycle radicals, whether alone or

as part of another group, are optionally substituted.
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[0109] Auristatins of the formula Dy include those wherein said alkyl, alkenyl,
alkynyl, alkylene, alkenylene, alkynylene, aryl, carbocyle, and heterocycle radicals are
unsubstituted.

[0110] Auristatins of the formula Dy include those wherein the groups of Rz, R3,
R4, R’ , R6, R7, RS, and R® are unsubstituted and the groups of R](’, R*"and R*! are
optionally substituted as described herein.

[0111] Auristatins of the formula Dy, include those wherein

R? is -C;-Cy alkyl;

R> R*and R are independently selected from -H, -C1-Cyg alkyl, -C»-Cyq
alkenyl, -C,-C,g alkynyl, monocyclic C3-Cg carbocycle, -C;-Cyq alkylene(monocyclic
C;5-Cg carbocycle), -Cy-Cyo alkenylene(monocyclic Cs-Ce carbocycle), -Ca-Cag
alkynylene(monocyclic C3-Cg carbocycle), -Ce-Cig aryl, -Cq-Cyg alkylene(Ce-C;g aryl),
-C-Cyp alkenylene(Cs-Cig aryl), -C,-Cog alkynylene(Cs-Cyg aryl), -heterocycle, -Ci-Cyq
alkylene(heterocycle), -C,-Cyg alkenylene(heterocycle), or -Ca-Caq
alkynylene(heterocycle); wherein said alkyl, alkenyl, alkynyl, alkylene, alkenylene,
alkynylene, carbocycle, aryl, and heterocycle radicals are optionally substituted;

R’is -hydrogen;

R is -C-Cg alkyl;

each R is independently selected from -OH, -O-(C1-Cyg alkyl), -O-(C2-Cag
alkenyl), or -O-(C,-Cy alkynyl) wherein said alkyl, alkenyl, and alkynyl radicals are
optionally substituted,

R’ is -hydrogen or -C;-Cg alkyl;

R" is optionally substituted phenyl;

R* is OR'®; wherein R™ is I, a hydroxyl protecting group, or a direct bond
where OR™ represents =0;

R’ is selected from -H, -C;-Cay alkyl, -C,-Cyg alkenyl, -Cp-Cyg alkynyl, or
-carbocycle; wherein said alkyl, alkenyl, alkynyl, and carbocycle radicals are
optionally substituted; or a pharmaceutically acceptable salt form thereof.

[0112] Auristatins of the formula Dy include those wherein

R’ is methyl;

R’ is -H, -C4-Cg alkyl, -C,-Cg alkenyl, or -C,-Cs alkynyl, wherein said alkyl,
alkenyl and alkynyl radicals are optionally optionally substituted;

R'is -H, -C;-Cs alkyl, -C,-Csg alkenyl, -C,-Cs alkynyl, monocyclic C3-Cg
carbocycle, -Cs-Cg aryl, -C1-Cs alkylene(Cs-Cyg aryl), -C,-Cs alkenylene(Cg-Cyp aryl),
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-(C,-Csg alkynylene(Ce-Cyg aryl), -C1-Cs alkylene (monocyclic C3-Cg carbocycle),
-(C»-Cs alkenylene (monocyclic Cs-Cs carbocycle), -Cs-Cs alkynylene(monocyclic
(C5-Cg carbocycle); wherein said alkyl, alkenyl, alkynyl, alkylene, alkenylene,
alkynylene, aryl, and carbocycle radicals whether alone or as part of another group are
optionally substituted,

R’is H; RCis methyl;

R is -C 1-Cs alkyl, -C,-Cy alkenyl or -C,-Cy alkynyl;

each R¥is methoxy;

R’ is -hydrogen or -C;-Cg alkyl;

R" is phenyl;

R* is OR™; wherein R'® is -H, a hydroxyl protecting group, or a direct bond
where OR™ represents =0;

R*! is methyl; or a pharmaceutically acceptable salt form thereof.

[0113] Auristatins of the formula Dg include those wherein
R? is methyl; R? is IT or C;-C; alkyl; R*is C;-Cs alkyl; R% is II; R® is methyl; R7 is
1sopropyl or sec-butyl; R®is methoxy; R’is hydrogen or C;-Cg alkyl; R" is phenyl; R*
is OR™; wherein R™ is H, a hydroxyl protecting group, or a direct bond where OR™
represents =O; and R*' is methyl; or a pharmaceutically acceptable salt form thereof.
[0096] Auristatins of the formula Dg include those wherein
R is methyl or or C;-Cs alkyl; R is H or C,-C; alkyl; R*is C;-Cs alkyl; R® is H; R% is
C,-Cs alkyl; R is C1-Cs alkyl; R®is C-Cs alkoxy; R’ is hydrogen or C;-Cg alkyl; R" is
phenyl; R? is OR'®; wherein R"¥ is I, a hydroxyl protecting group, or a direct bond
where OR™ represents =O; and R* is C;-Cj alkyl; or a pharmaceutically acceptable
salt form thereof.

[0114] Auristatins of the formula Dy include those wherein

R’ is methyl;

R3, R4, and R are independently selected from -H, -C1-Cyg alkyl, -Cy-Cag
alkenyl, -C,-Cyo alkynyl, monocyclic C3-Cg carbocycle, -C;-Cag alkylene(monocyclic
(C5-Cg carbocycle), -C,-Cyo alkenylene(monocyclic C;-Cg carbocycle), -Cy-Cag
alkynylene(monocyclic C3-Cg carbocycle), -Ce-Cig aryl, -C1-Cyg alkylene(Ce-Cg aryl),
-(Cp-Cyp alkenylene(Cs-Cig aryl), -C,-Cog alkynylene(Ce-Cig aryl), -heterocycle, -Cq-Cag
alkylene(heterocycle), -C,-Cqg alkenylene(heterocycle), or -Cs-Cag
alkynylene(heterocycle); wherein said alkyl, alkenyl, alkynyl, alkylene, alkenylene,

alkynylene, carbocyle, aryl, and heteocycle radicals whether alone or as part of another
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group are optionally substituted;

R’ is -I;

Ris methyl;

each R®is methoxy;

R’is -H, -C;-Cyp alkyl, -Cy-Cyg alkenyl, or -C,-Cop alkynyl; wherein said alkyl,
alkenyl and alkynyl radical are optionally substituted;

RYis optionally substituted aryl or optionally substituted heterocycle;

Z is —O-, -S-, -NH-, or -NR'%-, wherein R is -C;-Cay alkyl, -Cp-Ca alkenyl,
or -C,-Cy alkynyl, each of which is optionally substituted;

R'" is -H, -C-Cyp alkyl, -C5-Cyo alkenyl, -C»-Cag alkynyl, -aryl, -heterocycle,
-RPO)m-R™, or -(RZO)n-CH(R"),, wherein said alkyl, alkenyl, alkyny, aryl, and
heterocycle radicals are optionally substituted;

m is an integer ranging from 0-1000;

RB s -Cp-Cyp alkylene, -Cs-Cyg alkenylene, or -C,-Cyg alkynylene, each of
which is optionally substituted;

R™is -H, -C-Cyg alkyl, -C»-Cyg alkenyl, or -C»-Cso alkynyl wherein said alkyl,
alkenyl and alkynyl radicals are optionally substituted;

each occurrence of R is independently -H, -COOH, -(CHz)n-N(Rm)z,
-(CH2),-SO3H, — (CH»),-SO3-C1-Cyg alkyl, — (CHy),-SO3-C»-Cyq alkenyl, or
-(CH2)p-SO3-Cy-Cyp alkynyl wherein said alkyl, alkenyl and alkynyl radicals are
optionally substituted,

each occurrence of R is independently -H, -C;-Cyg alkyl, -C,-Cyy alkenyl,
-Cp-Cyg alkynyl or -(CH,),-COOH wherein said alkyl, alkenyl and alkynyl radicals are
optionally substituted,

n is an integer ranging from O to 6; or a pharmaceutically acceptable salt form
thereof.

[0115] In certain of these embodiments, R™ is optionally substituted phenyl;

[0116] Auristatins of the formula Dy include those wherein the groups of R% R,
R4, RS, RG, R7, RS, and R? are unsubstituted and the groups of R and R" are as
described herein.

[0117] Auristatins of the formula Dy include those wherein said alkyl, alkenyl,
alkynyl, alkylene, alkenylene, alkynyklene, aryl, carbocyle, and heterocycle radicals
are unsubstituted.

[0118] Auristatins of the formula Dy include those wherein
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R? is C-C3 alkyl; R is H or C;-C; alkyl; R* is C;-Cs alkyl; R® is H; RS is
C1-Cs alkyl; R” is C1-Cs alkyl; R¥ is C;-Cs alkoxy; R’ is hydrogen or C;-Cg alkyl;
RY is optionally substituted phenyl;Z is O, S, or NH; and R is as defined herein; or a
pharmaceutically acceptable salt form thereof.

[0119] Auristatins of the formula Dy include those wherein

R? is methyl; R® is H or C;-Cs alkyl; R* is C;-Cs alkyl; R® is H; R® is methyl;
R is isopropyl or scc-butyl; R®is methoxy; R’ is hydrogen or C;-Cg alkyl;
R is optionally substituted phenyl;Z is O, S, or NH; and RM is as defined herein; or a
pharmaceutically acceptable salt form thereof.

[0120] Auristatins of the formula Dy include those wherein

R? is methyl; R® is H or C1-C; alkyl; R*is C-Cs alkyl; R® is I; R® is methyl;
R is isopropyl or sec-butyl; R®is methoxy; R’ is hydrogen or C;-Cg alkyl; RY is
phenyl; and Z is O or NH and R" is as defined herein, preferably hydrogen; or a
pharmaceutically acceptable salt form thereof.

[0121] Auristatins of the formula Dy include those wherein

R?is C-Cs alkyl; R*is H or C;-Cs alkyl; R* is C;-Cs alkyl; R® is H; R®is
C,-Cs alkyl; R” is C;-Cs alkyl; R¥ is C;-Cs alkoxy; R’ is hydrogen or C;-Cg alkyl;
R" is phenyl; and Z is O or NH and R is as defined herein, preferably hydrogen; or a
pharmaceutically acceptable salt form thereof.

[0122] Auristatins of the formula Dg or Dy include those wherein R3, R*and R’
are independently isopropyl or sec-butyl and R’is-H. Inan exemplary embodiment,
R’ and R* are each isopropyl, R’is H, and R’ is sec-butyl. The remainder of the
substituents are as defined herein.

[0123] Auristatins of the formula D¢ or Dy include those wherein R? and RS are
each methyl, and R’ is H. The remainder of the substituents are as defined herein.

[0124] Auristatins of the formula Dg or Dy include those wherein each
occurrence of R® is -OCH;. The remainder of the substituents are as defined herein.

[0125] Auristatins of the formula Dy or Dg include those wherein R’ and R* are
each isopropyl, R? and R® are each methyl, R’is H. R’ is sec-butyl, each occurrence of
R%is -OCHjs;, and R’ is H. The remainder of the substituents are as defined herein.

[0126] Auristatins of the formula Dy include those wherein Z is -O- or -NH-.
The remainder of the substituents are as defined herein.

[0127] Auristatins of the formula Dy include those wherein R s aryl. The

remainder of the substituents are as defined herein.
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[0128] Auristatins of the formula D include those where R' is -phenyl. The
remainder of the substituents are as defined herein.

[0129] Auristatins of the formula Dy include those wherein Z is -O-, and R'is
H, methyl or t-butyl. The remainder of the substituents are as defined herein.

[0130] Auristatins of the formula Dy include those wherein, when 7 is -NH, R"
is -(R0)n-CH(R"),, wherein R is -(CH),-N(R™),, and R'® is -C;-Cg alkyl or
-(CH;),-COOH. 'The remainder of the substituents are as defined herein.

[0131] Auristatins of the formula Dy include those wherein when Z is -NH, R"
is -(R”O)HfCH(R]5 )2, Wherein RPisHor -(CH,),-SO;H. The remainder of the
substituents are as defined herein.

[0132] In preferred embodiments, when D is an auristatin of formula Dg, w is
an integer ranging from | to 12, preferably 2to 12,yis 1 or 2, and ais 1 or 2, preferably
1.

[0133] In some embodiments, wherein D is an auristatin of formula Dy, a is 1
and w and y are (.

[0134] lllustrative Drug units (-D) include the drug units having the following

LR PeaR e

structures:

OCHL OCH30
H
OCHPL OCH3O
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or pharmaceutically acceptable salts or solvates thereof.

[0135] In one aspect, hydrophilic groups, such as but not limited to triethylene
glycol esters (TEG) can be attached to the Drug Unit at R'. Without being bound by
theory, the hydrophilic groups assist in the internalization and non-agglomeration of the
Drug unit.

[0136] Exemplary Antibody Drug Conjugates have the following structures
wherein “mAb” represents a monoclonal antibody and S is a sulfur atom of the
antibody. In one aspect, the sulfur atom is a sulfur atom from a cysteine residue. In
one embodiment, the cysteine residue is cysteine residue of a reduced interchain thiol.
In another aspect, the cystiene residue is a cysteine residue introduced into the antibody.
The subscript p is an integer of from 1 to about 20 and is preferably 1 to about 5. In
embodiments, wherein p represents the average number of Drug molecules per Ligand
in a a composition comprising a plurality of Antibody Drug Conjugates, p is preferably

from about 2 to about 6, or from about 3 to about 5.

HsC,
o} H 0] CHs "
o A NN A N \
Q H | |
T Y N O OGCH:O OCHA0
s N H § B Slels
mAb o o}
(o)
P
NH
o<
NH,

L-me¢-ve-MMAF
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or pharmaceutically acceptable salt forms thereof.

Ligand Unit

[0137] In the present invention, the Ligand unit (e.g., antibody) in the Antibody
Drug Conjugate specifically binds to a cancer cell antigen that is on the surface of a
cancer cell.

[0138] In exemplary embodiments, the antibody will specifically binds to a
cancer cell antigen that is on the surface of a cancer cell that demonstrates upregulation
of the PI3K-AKT-mTOR pathway, including constitutive activation of the PI3K/AKT
mTOR pathway. In one aspect, the Antibody Drug Conjuate exhibits cytotoxic activity
via internalization.

[0139] The the Ligand unit (1.) has at least one [unctional group that can form a

bond with a functional group of a Linker unit. Useful functional groups that can be
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present on a Ligand unit, either naturally, via chemical manipulation or via engineering,
include, but are not limited to, sulfhydryl (-SH), amino, hydroxyl, carboxy, the
anomeric hydroxyl group of a carbohydrate, and carboxyl. In some embodiments, a
Ligand unit functional group is a sulthydryl group. The sulthydryl group is typically a
solvent accessible sulthydryl group, such as a solvent accessible sulthydryl group on a
cysteine residue. Sulthydryl groups can be generated by reduction of an intramolecular
or intermolecular disulfide bond of a Ligand. Sulfhydryl groups also can be generated
by reaction of an amino group of a lysine moiety of a Ligand using 2-iminothiolane
(Traut’s reagent) or another sulthydryl generating reagent.

[0140] In some embodiments, one or more sulfhydryl groups are engineered
into a Ligand unit, such as by amino acid substitution. For example, a sulthydryl group
can be introduced into a Ligand unit. In some embodiments, a sulfthydryl group is
introduced by an amino acid substitution of serine or threonine to a cysteine residue,
and/or by addition of a cysteine residue into a Ligand unit (an engineered cysteine
residue). In some embodiments, the cysteine residue is an internal cysteine residue, i.e.,
not located at the N-terminus or C-terminus of the Ligand moiety.

[0141] To control the number of Drug or Linker unit-Drug units attached to a
Ligand unit, one or more cysteine residues can be eliminated by amino acid substitution.
For example, the number of solvent accessible cysteine residues in an immunoglobulin
hinge region can be reduced by amino acid substitution of cysteine to serine residues.

[0142] In some embodiments, a Ligand unit contains 1, 2, 3,4,5,670r8
solvent-accessible cysteine residues. In some embodiments, a Ligand unit contains 2 or
4 solvent-accessible cysteine residues.

[0143] Antibodies employed in the methods and compositions described herein
are preferably monoclonal, and may be multispecific, human, humanized or chimeric
antibodies, single chain antibodies, Fab fragments, F(ab') fragments, fragments
produced by a Fab expression library, and binding fragments of any of the above,
provided that they can be conjugated to an auristatin drug either directly or indirectly
via a linker. Typically, the antibodies are human antibodies, humanized antibodies, or
chimeric antibodies having a variable region derived from a murine monoclonal
antibody and a human immunoglobulin constant region. In some embodiments, the
antibodies can be rodent (e.g., mouse and rat), donkey, sheep, rabbit, goat, guinea pig,
camelid, horse, or chicken.

[0144] The antibodies can be mono-specific, bi-specific, tri-specific, or of
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greater multi-specificity. Multi-specific antibodies maybe specific for different
epitopes of different target antigens or may be specific for different epitopes on the
same target antigen. (See, e.g., WO 93/17715; WO 92/08802; WO 91/00360; WO
92/05793; Tutt et al., 1991, J. Immunol. 147:60-69; U.S. Pat. Nos. 4,474,893;
4,714,681; 4,925,648; 5,573,920; and 5,601,819; Kostelny et al., 1992, J. Immunol.
148:1547-1553.)

[0145] The antibodics can also be described in terms of their binding affinity to
a target antigen of 107 M, 5x 10° M, 10* M, 5x 10° M, 10° M, 5x 10" M, 107 M,
5x 10" M, 10" M, 5x 107 M, 107 M, 5x 10" M, 107 M, 5x 107 M, 10" M, 5
x 10 M, or 10 M.

[0146] In some embodiments, the antibody is a chimeric antibody. A chimeric
antibody is a molecule in which different portions of the antibody are derived from
different animal species, such as antibodies having a variable region derived {rom a
murine monoclonal antibody and a human immunoglobulin constant region. Methods
for producing chimeric antibodics arec known in the art. (See, e.g., Morrison, Science,
1985, 229:1202; Oi et al., 1986, BioTechniques 4:214; Gillies et al., 1989, J. Immunol.
Methods 125:191-202; U.S. Pat. Nos. 5,807,715; 4,816,567; and 4,816,397.)

[0147] In some embodiments, the antibody can be a humanized antibody,
including a veneered antibody. Humanized antibodies are antibody molecules that bind
the desired antigen and have one or more complementarity determining regions (CDRs)
from a non-human species, and framework and constant regions from a human
immunoglobulin molecule. Often, framework residues in the human framework
regions will be substituted with the corresponding residue from the CDR donor
antibody to alter, or preferably improve, antigen binding. These framework
substitutions are identified by methods well known in the art, e.g., by modeling of the
interactions of the CDR and framework residues to identily framework residues
important for antigen binding and sequence comparison to identify unusual framework
residues at particular positions. (See, e.g., Queen et al., U.S. Pat. No. 5,585,089;
Riecbmann et al., 1988, Nature 332:323.)

[0148] The antibody can also be a human antibody. Human antibodies can be
made by a variety of methods known in the art such as phage display methods using

antibody libraries derived from human immunoglobulin sequences. See e.g., U.S. Pat.
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Nos. 4,444,887 and 4,716,111; WO 98/46645, WO 98/50433, WO 98/24893, WO 98/16654, WO
96/34096, WO 96/33735, and WO 91/10741.

[0149] Examples of antibodies include those that specifically bind to antigens expressed by
cancers that demonstrate upregulation of the PI3K-AKT-mTOR pathway, including constitutive
activation of the PI3K/AKT mTOR pathway. In an exemplary embodiment, the antibody will bind to
the CD19, CD30, or CD70 antigen.

[0150] Exemplary antibodies include, for example, chimeric or humanized forms of the
murine AC10 (anti-CD30), murine 1F6 (anti-CD70), and murine BU12 (anti-CD19) antibodies. The
murine AC10 antibody has a heavy chain variable region having the amino acid sequence set forth in
SEQ ID NO:1 and a light chain variable region having the amino acid sequence set forth in SEQ ID
NO:2. The murine 1F6 antibody has a heavy chain variable region having the amino acid sequence
set forth in SEQ ID NO:3 and a light chain variable region having the amino acid sequence set forth
in SEQ ID NO:4. The murine BU12 antibody has a heavy chain variable region having the amino
acid sequence set forth in SEQ ID NO:7 and a light chain variable region having the amino acid
sequence set forth in SEQ ID NO:8. These antibodies are further described in U.S. Patent No.
7,090,843; and US Publications Number 20090148942, and 20090136526.

[0151] In an exemplary embodiment, the antibody is a chimeric or humanized verison of a
mouse antibody having (i) a heavy chain variable region having the amino acid sequence set forth in
SEQ ID NO:1 and a light chain variable region having the amino acid sequence set forth in SEQ ID
NO:2; (ii) a heavy chain variable region having the amino acid sequence set forth in SEQ ID NO:3
and a light chain variable region having the amino acid sequence set forth in SEQ ID NO:4; or (iii) a
heavy chain variable region having the amino acid sequence set forth in SEQ ID NO:7 and a light
chain variable region having the amino acid sequence set forth in SEQ ID NO:8. In an exemplary
embodiment, such an antibody further comprises the amino acid sequence of the human gamma |
constant region set forth in SEQ ID NO:11 or amino acids 1 to 329 of SEQ ID NO:11 and the amino
acid sequence of the human kappa constant region set forth in SEQ 1D NO:12.

[0152] In an exemplary embodiment, the antibody is a chimeric AC10 antibody having a
heavy chain variable region having the amino acid sequence set forth in SEQ ID NO:1 and a light

chain variable region having the amino acid sequence set forth in
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SEQ ID NO:2. In an exemplary embodiment, such an antibody further comprises the
amino acid sequence of the human gamma I constant region set forth in SEQ ID NO:11
or amino acids 1 to 329 of SEQ ID NO:11 and the amino acid sequence of the human
kappa constant region set forth in SEQ ID NO:12.

[0153] In an exemplary embodiment, the antibody is a humanized h1F6
antibody having a heavy chain variable region having the amino acid sequence set forth
in SEQ ID NO:5 and a light chain variable region having the amino acid sequence set
forth in SEQ ID NO:6. In an exemplary embodiment, such an antibody further
comprises the amino acid sequence of the human gamma I constant region set forth in
SEQ ID NO:11 or amino acids 1 to 329 of SEQ ID NO:11 and the amino acid sequence
of the human kappa constant region set forth in SEQ ID NO:12.

[0154] In an exemplary embodiment, the antibody is a humanized hBU12
antibody having a heavy chain variable region having the amino acid sequence set forth
in SEQ ID NO:9 and a light chain variable region having the amino acid sequence set
forth in SEQ ID NO:10. In an exemplary embodiment, such an antibody further
comprises the amino acid sequence of the human gamma I constant region set forth in
SEQ ID NO:11 or amino acids 1 to 329 of SEQ ID NO:11 and the amino acid sequence
of the human kappa constant region set forth in SEQ ID NO:12.

[0155] Antibodies can he assayed for specific binding to a target antigen by
conventional methods, such as for example, competitive and non-competitive
immunoassay systems using techniques such as Western blots, radioimmunoassays,
ELISA (enzyme linked immunosorbent assay), "sandwich" immunoassays,
immunoprecipitation assays, immunoradiometric assays, fluorescent immunoassays,
protein A immunoassays, and flow cytometry. (See, e.g., Ausubel et al., eds., Short
Protocols in Molecular Biology (John Wiley & Sons, Inc., New York, 4th ed. 1999);
Harlow & Lane, Using Antibodies: A Laboratory Manual (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., 1999.)

[0156] Turther, the binding affinity of an antibody to a target antigen and the
off-rate of an antibody-antigen interaction can be determined by surface plasmon
resonance, competition FACS using labeled antibodies or other competitive binding
assays.

[0157] Antibodies can be made from antigen-containing fragments of the target
antigen by standard procedures according to the type of antibody (see, e.g., Kohler, et

al., Nature, 256:495, (1975); Harlow & Lane, Antibodies, A Laboratory Manual
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(C.S.H.P.,,NY, 1988); Queen et al., Proc. Natl. Acad. Sci. USA 86:10029-10033 (1989) and WO
90/07861; Dower et al., WO 91/17271 and McCafferty et al., WO 92/01047.

Cytotoxicity Assays for Antibody Drug Conjugates

[0158] Methods of determining whether a Drug or Antibody Drug Conjugate exerts a
cytostatic and/or cytotoxic effect on a cell are known. Generally, the cytotoxic or cytostatic
activity of an Antibody Drug Conjugate can be measured by: exposing cells expressing a target
protein of the Antibody Drug Conjugate in a cell culture medium; culturing the cells for a period
from about 6 hours to about 5 days; and measuring cell viability. Cell-based in virro assays can
be used to measure viability (proliferation), cytotoxicity, and induction of apoptosis (caspase
activation) of the Antibody Drug Conjugate.

[0159] For determining whether an Antibody Drug Conjugate exerts a cytostatic effect, a
thymidine incorporation assay may be used. For example, cancer cells expressing a target
antigen at a density of 5,000 cells/well of a 96-well plated can be cultured for a 72-hour period
and exposed to 0.5 uCi of 3 H-thymidine during the final 8 hours of the 72-hour period. The
incorporation of *H-thymidine into cells of the culture is measured in the presence and absence
of the Antibody Drug Conjugate.

[0160] For determining cytotoxicity, necrosis or apoptosis (programmed cell death) can
be measured. Necrosis is typically accompanied by increased permeability of the plasma
membrane; swelling of the cell, and rupture of the plasma membrane. Apoptosis is typically
characterized by membrane blebbing, condensation of cytoplasm, and the activation of
endogenous endonucleases. Determination of any of these effects on cancer cells indicates that
an Antibody Drug Conjugate is useful in the treatment of cancers. _

[0161] Cell viability can be measured by determining in a cell the uptake of a dye such as
neutral red, trypan blue, or ALAMAR™ blue (see, e.g., Page et al., 1993, Intl. J. Oncology
3:473-476). In such an assay, the cells are incubated in media containing the dye, the cells are
washed, and the remaining dye, reflecting cellular uptake of the dye, is measured
spectrophotometrically. The protein-binding dye sulforhodamine B (SRB) can also be used to
measure cytoxicity (Skehan et al., 1990, J. Natl. Cancer Inst. 82:1107-12).
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[0162] Alternatively, a tetrazolium salt, such as MTT, is used in a quantitative
colorimetric assay for mammalian cell survival and proliferation by detecting living,
but not dead, cells (see, e.g., Mosmann, 1983, J. Immunol. Methods 65:55-63).

[0163] Apoptosis can be quantitated by measuring, for example, DNA
fragmentation. Commercial photometric methods for the quantitative in vitro
determination of DNA fragmentation are available. Examples of such assays,
including TUNEL (which detects incorporation of labeled nucleotides in fragmented
DNA) and ELISA-based assays, are described in Biochemica, 1999, no. 2, pp. 34-37
(Roche Molecular Biochemicals).

[0164] Apoptosis can also be determined by measuring morphological changes
in a cell. For example, as with necrosis, loss of plasma membrane integrity can be
determined by measuring uptake of certain dyes (e.g., a fluorescent dye such as, for
example, acridine orange or ethidium bromide). A method for measuring apoptotic cell
number has been described by Duke and Cohen, Current Protocols in Immunology
(Coligan et al. eds., 1992, pp. 3.17.1-3.17.16). Cells also can be labeled with a DNA
dye (e.g., acridine orange, ethidium bromide, or propidium iodide) and the cells
observed for chromatin condensation and margination along the inner nuclear
membrane. Other morphological changes that can be measured to determine apoptosis
include, e.g., cytoplasmic condensation, increased membrane blebhing, and cellular
shrinkage.

[0165] The presence of apoptotic cells can be measured in both the attached and
“floating” compartments of the cultures. For example, both compartments can be
collected by removing the supernatant, trypsinizing the attached cells, combining the
preparations following a centrifugation wash step (e.g., 10 minutes at 2000 rpm), and
detecting apoptosis (e.g., by measuring DNA fragmentation). (See, e.g., Piazza et al.,
1995, Cancer Research 55:3110-16).

[0166] The effects of Antibody Drug Conjugates can be tested or validated in
animal models. A number of established animal models of cancers are known to the
skilled artisan, any of which can be used to assay the efficacy of an Antibody Drug
Conjugate. Non-limiting examples of such models are described infra. Moreover,
small animal models to examine the in vivo efficacies of Antibody Drug Conjugates can
be created by implanting human tumor cell lines into appropriate immunodeficient

rodent strains, e.g., athymic nude mice or SCID mice.
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Inhibitors of the PI3BK-AKT-mTOR pathway

[0167] mTOR exists in two types of complexes, mTORCI containing the raptor
subunit and mTORC?2 containing rictor. As known in the art, "rictor” refers to a cell
growth regulatory protein having human gene locus 5pl3.1. These complexes are
regulated differently and have a different spectrum of substrates.

[0168] mTORC?2 is generally insensitive to rapamycin and selective inhibitors.
mTORC2 is thought to modulate growth factor signaling by phosphorylating the
C-terminal hydrophobic motif of some AGC kinases such as Akt. In many cellular
contexts, mMTORC?2 is required for phosphorylation of the S473 site of Akt. Thus,
mTORCI activity is partly controlled by Akt whereas Akt itself is partly controlled by
mTORC2.

[0169] Growth factor stimulation of the phosphatidylinositol 3-kinase (PI3K)
causes activation of Akt by phosphorylation at the two key sites, S473 and T308. It has
been reported that full activation of Akt requires phosphorylation of both S473 and
T308Active. Akt promotes cell survival and proliferation in many ways including
suppressing apoptosis, promoting glucose uptake, and modifying cellular metabolism.
Of the two phosphorylation sites on Akt, activation loop phosphorylation at T308,
mediated by PDKI, is believed to be indispensable for kinase activity, while
hydrophobic motif phosphorylation at S473 enhances Akt kinase activity. AKT
phosphorylation at S473 can be used as a marker for constitutive activation of the
PI3K/AKT mTOR pathway. In some aspects, AKT phosphorylation at both S473 and
T308 is used as a maker for constitutive activation of the PI3K/AKT mTOR pathway.

mTOR Inhibitors

[0170] The mTOR inhibitors used in the present invention can provide
synergistic effect when used in combination therapy with auristatin based
antibody-drug conjugates for the treatment of cancer, for the killing of tumor cells
and/or for inhibiting the proliferation of tumor cells.

[0171] As used herein, the term "mTOR inhibitor" refers to a compound or a
ligand that inhibits at least one activity of an mTOR protein, such as, for example, the
serine/threonine protein kinase activity on at least one of its substrates (e.g., p70S6

kinase 1, 4E-BP1, AKT/PKB and eEF2).

48



CA (2815363 2013-04-19

WO 2012/054748 PCT/US2011/057130

[0172] The mTOR inhibitors of the present invention are able (o bind directly to
and inhibit mMTORC1, mTORC2 or both mTORC1 and mTORC?2 by binding to
mTORCI and/or mTORCL.

[0173] One class of mTOR inhibitors for use in the present invention are active
site inhibitors. These are mTOR inhibitors that bind to the ATP binding site (also
refered to as ATP binding pocket) of mTOR and inhibit the catalytic activity of both
mTORCI and mTORC2. Accordingly, in one aspect, an mTOR inhibitor for use in the
present invention competes with ATP for binding to the ATP-binding site on mTORC1
and/or mTORC2. Exemplary assays for whether a compound competes with ATP are
known in the art. One such assay is provided in example 12.

[0174] A class of active site inhibitors for use in the present invention are dual
specificity inhibitors as they target and directly inhibit both PI3K and mTOR. Dual
specificity inhibitors bind to both the ATP binding site of mTOR and PI3K. Examples
of such inhibitors include wortmannin, 1.Y294002, PI-103 (Cayman chemical), SF1126
(Semafore), BGT226 (Novartis), XL765 (Exelixis) and NVP-BEZ235 (Novartis). (Liu
et al., Nature Review, 8, 627-644, 2009). In some aspects, the dual specificity inhibitor
will be an imidazoquinazoline (e.g., imidazo[4,5-c]quinoline derivative). Exemplary
assays for whether a compound binds to and/or inhibit PI3K and/or mTOR are known
in the art. One such assay is provided in example 12.

[0175] Another class of active site inhibitors for use in the present invention are
selective mTOR inhibitors. This class of mTOR inhibitors selectively inhibit mTORC1
and mTORC?2 activity relative to one or more type I phophatidylinositol 3-kinases. The
type I phophatidylinositol 3-kinases can be selected from, for example, PI3 kinase a,
PI3 kinase P, PI3 kinase vy, or PI3 kinase . 'These active site inhibitors bind to the
active site of mTOR but not PI3K. Examples of such inhibitors include Torin1 (Guertin
and Sabatini), PP242
(2-(4- Amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-1H-indol-5-ol), PP30,
Ku-0063794, WAY-600 (Wyeth), WAY-687 (Wyeth), WAY-354 (Wyeth), and
AZDS8055 (Sparks and Guertin, Oncogene, 29, 2733-2744, 2010, Liu et al., Nature
Review, 8, 627-644, 2009). In some aspects, the mTor inhibitor will be a
pyrazolopyrimidine. Methods for determining selectivity of mTOR inhibitors are
known in the art. One such assay is provided in example 12.

[0176] In one aspect, a selective mT'OR inhibitor alternatively can be

understood to refer to an agent that exhibits a 50% inhibitory concentration (IC50 ) with
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respect to mTORCI and/or mTORC?2, that is at least 10-fold, at least 20-fold, at least
50-fold, at least 100-fold, at least 1000-fold, or more, lower than the inhibitor's IC50
with respect to one, two, three, or more type 1 P13-kinases.

[0177] In some embodiments, a selective mTOR inhibitor alternatively can be
understood to refer to an agent that exhibits a 50% inhibitory concentration (IC50 ) with
respect to mTORC] and/or mTORC?2, that is at least 10-fold, at least 20-fold, at least
50-fold, at lecast 100-told, at least 1000-fold, or more, lower than the inhibitor's IC50
with respect to all of the type I PI3-kinases.

[0178] In yet another aspect, a selective mTOR inhibitor can be understood to
refer to a compound that exhibits a 50% inhibitory concentration (IC50 ) with respect to
mTOR, that is at least 10-fold, at least 20-fold, at least 50-fold, at least 100-fold, at least
1000-fold, or more, lower than the inhibitor's IC50 with respect to one or more protein
kinases.

[0179] Another class of mTOR inhibitors for use in the present invention are
referred to herein as “rapalogs™. As used herein the term “rapalogs’” refers to
compounds that specifically bind to the mTOR FRB domain (FKBP rapamycin binding
domain), are structurally related to rapamycin, and retain the mTOR inhibiting
properties. The term rapalogs excludes rapamycin. Rapalogs include esters, ethers,
oximes, hydrazones, and hydroxylamines of rapamycin, as well as compounds in which
functional groups on the rapamycin core structure have been modified, for example, by
reduction or oxidation. Pharmaceutically acceptable salts of such compounds are also
considered to be rapamycin derivatives. In some embodiments, rapalogs, like
rapamycin, selectively inhibit mMTORCI1 relative to mTORC2. Exempary rapalogs for
use in the present invention include, for example, temsirolimus (CC1779), everolimus
(RADOO1), deforolimus (AP23573), AZD8055 (AstraZeneca), and OSI-027 (OSI).
Exemplary assays for identifying whether a compound binds to the mTOR FRB
domain are known in the art. See, for example, Chen et al. (1995) PNAS vol 92 pp.
4947-4951.

[0180] Another mTOR inhibitor for use in the present invention is rapamycin
(sirolimus).

[0181] Any of the mTOR inhibitors, including any of the classes of mTOR
inhibitors described above, can be used in combination with the auristatin based
antibody drug conjugates of the present invention. In some embodiments, the mTOR

inhibitor used in the present invention is not rapamycin (sirolimus).
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[0182] In one aspect, exemplary mTOR inhibitors for use in the present
invention inhibit either mTORC1, mTORC?2 or both mTORC1 and mTORC?2 with an
IC50 (concentration that inhibits 50% of the activity) of about 200 nM or less,
preferably about 100 nm or less, even more preferably about 60 nM or less, about 25
nM, about 10 nM, about 5nM, about 1 nM, 100 pM, 50 pM, 25 pM, 10 pM, 1 pM, or
less. In one aspect, a mTOR inhibitor for use in the present invention inhibits either
mTORC1, mTORC?2 or both mTORC1 and mTORC2 with an IC50 from about 2 nM to
about 100 nm, more preferably from about 2 nM to about 50 nM, even more preferably
from about 2 nM to about 15 nM.

[0183]1In one aspect, exemplary mTOR inhibitors for use in the present
invention inhibit either P13K and mTORC1 or mTORC?2 or both mTORC1 and
mTORC?2 and P13K with an IC50 (concentration that inhibits 50% of the activity) of
about 200 nM or less, preferably about 100 nm or less, even more preferably about 60
nM or less, about 25 nM, about 10 nM, about 5nM, about 1 nM, 100 pM, 50 pM, 25 pM,
10 pM, 1 pM, or less. In one aspect, a mTOR inhibitor for use in the present invention
inhibits P13K and mTORC1 or mTORC2 or both mTORCI and mTORC?2 and PI13K
with an IC50 from about 2 nM to about 100 nm, more preferably from about 2 nM to
about 50 nM, even more preferably from about 2 nM to about 15 nM.

[0184] IC50 determinations can be accomplished using any conventional
techniques known in the art. For example, an [C50 can be determined by measuring the
activity of a given enzyme in the presence of a range of concentrations of the inhibitor
under study. The experimentally obtained values of enzyme activity then are plotied
against the inhibitor concentrations used. The concentration of the inhibitor that shows
50% enzyme activity (as compared to the activity in the absence of any inhibitor) is
taken as the "[C50" value. Analogously, other inhibitory concentrations can be defined
through appropriate determinations of activity.

[0185] mTOR has been shown to demonstrate a robust and specific catalytic
activity toward the physiological substrate proteins, p70 S6 ribosomal protein kinase [
(p70S6K1) and el F4E binding protein 1 (4EBP1) as measured by phosphor-specific
antibodies in Western blotting. In one aspect, [C50 determinations can be
accomplished by measuring the phosphorylation level of substrate proteins, such as
p70S86K1 and 4EBP1. Cells, for example, may be contacted with the inhibitor under
study under conditions which would normally yield phosphorylation of mTOR
substrates p70S6K1 and 4EBP1. Cells may then be prepared by various methods
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known to the art including fixation or lysis, and analyzed for the phosphorylation levels
of mTOR substrates. Phosphorylation levels may be analyzed using any methods
known to the art including but not limited to the use of antibodies specific for the
phosphorylated forms of the substrates to be assayed via immunoblot or flow
cytometry.

[0186] Inhibition of mMTORCI and/or mTORC?2 activity can be determined by a
reduction in signal transduction of the PI3K/Akt/mTOR pathway. A wide variety of
readouts can be utilized to establish a reduction of the output of such signaling pathway.
Some non-limiting exemplary readouts include (1) a decrease in phosphorylation of
Akt at residues, including but not limited to S473 and T308; (2) a decrease in activation
of Akt as evidenced, for example, by a reduction of phosphorylation of Akt substrates
including but not limited to Fox01/03a T24/32, GSK3a/B; S21/9, and TSC2 T1462; (3)
a decrease in phosphorylation of signaling molecules downstream of mTOR, including
but not limited to ribosomal S6 $240/244, 70S6K T389, and 4EBP1 T37/46; and (4)
inhibition of proliferation of cancerous cells.

[0187] Cell-based assays for establishing selective inhibition of mTORCI
and/or mTORC2 can take a variety of formats. This generally will depend on the
biological activity and/or the signal transduction readout that is under investigation. For
example, the ahility of the agent to inhihit mTORCI and/or mMTORC?2 to phosphorylate
the downstream substrate(s) can be determined by various types of kinase assays
known in the art. Representative assays include but are not limited to immunoblotting
and immunoprecipitation with antibodies such as anti- phosphotyrosine,
anti-phosphoserine or anti-phosphothreonine antibodies that recognize phosphorylated
proteins. Alternatively, antibodies that specifically recognize a particular
phosphorylated form of a kinase substrate (e.g. anti-phospho AKT S473 or
anti-phospho AKT T308) can be used. In addition, kinase activity can be detected by
high throughput chemiluminescent assays. In another aspect, single cell assays such as
flow cytometry as described in the phosflow experiment can be used to measure
phosphorylation of multiple downstream mTOR substrates in mixed cell populations.

[0188] Effect of inhibition of mTORCI and/or mTORC2 and/or P13K can be
established by cell colony formation assay or other forms of cell proliferation assay. A
wide range of cell proliferation assays are available in the art, and many of which are
available as kits. Non-limiting examples of cell proliferation assays include testing for

tritiated thymidine uptake assays, BrdU (5'-bromo-2'-deoxyuridine) uptake (kit
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marketed by Calibochem), MTS uptake (kit marketed by Promega), MTT uptake (kit
marketed by Cayman Chemical), CyQUANT® dye uptake (marketed by Invitrogen).

[0189] Apoptosis and cell cycle arrest analysis can be performed with any
methods exemplified herein as well other methods known in the art. Many different
methods have been devised to detect apoptosis.

[0190] The dissociation-enhanced lanthanide fluorescence immunoassay and
assays described in Toral-Barz ct al., Biochemical and Biophysical Research
Communications, 332 (2005), 304-310, can be used to determine whether a compound

is an mTOR inhibitor.

PI3K inhibitors

[0191] The PI3K inhibitors used in the present invention can provide
synergistic effect when used in combination therapy with auristatin based
antibody-drug conjugates.

[0192] As used herein, the term "PI3K inhibitor" refers to a compound or a
ligand that binds to and inhibits at least one activity of PI3K. The PI3K proteins can be
divided into three classes, class 1 P13Ks, class 2 P13Ks, and class 3 P13Ks. Class 1
P13Ks exist as heterodimers consisting of one of four p110 catalytic subunits (p110a,
p110f, p1104, and p110y) and one of two families of regulatory subunits. A PI3K
inhibitor of the present invention preferably targets the class 1 PI3K inhibitors. In one
aspect, a PI3K inhibitor will display selectivity for one or more isoforms of the class 1
PI3K inhibitors (i.e., selectivity for p110a, p110p, p1108, and p110y or one or more of
p110a, p110p, p1105, and p110y). In another aspect, a PI3K inhibitor will not display
isoform selectivity. In one aspect, a PI3K inhibitor will compete for binding with ATP
to the P13K catalytic domain.

[0193] A PI3K inhibitor can, for example, target PI3K as well as additional
proteins in the PI3K-AKT-mTOR pathway. A PI3K inhibitor that targets both mTOR
and PI3K can be referred to as either a mTOR inhibitor or a PI3K inhibitor. A PI3K
inhibitor that only targets PI3K can be referred to as a selective PI3K inhibitor. In one
aspect, a selective PI3K inhibitor can be understood to refer to an agent that exhibits a
50% inhibitory concentration with respect to PI3K that is at least 10-fold, at least
20-fold, at least 30-fold, at least 50-fold, at least 100-fold, at least 1000-fold, or more,
lower than the inhibitor’s IC50 with respect to mTOR and/or other proteins in the

pathway.
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[0194] In one aspect, exemplary PI3K inhibitors for use in the present invention
inhibit PI3K with an [C50 (concentration that inhibits 50% of the activity) of about 200
nM or less, preferably about 100 nm or less, even more preferably about 60 nM or less,
about 25 nM, about 10 nM, about 5nM, about 1 nM, 100 pM, 50 pM, 25 pM, 10 pM, 1
pM, or less. In one aspect, a PI3K inhibitor for use in the present invention inhibits
PI3K with an IC50 from about 2 nM to about 100 nm, more preferably from about 2 nM
to about 50 nM, even more preferably from about 2 nM to about 15 nM.

[0195] Examples of PI3K inhibitors for use in combination with auristatin
based antibody-drug conjugates include, for example, BKM120 (class 1 P13K inhibitor,
Novartis), X1.147 (class 1 P13K inhibitor, Exelixis), GDC0941 (class 1 P13K inhibitor,
Genentech), GSK1059615 (pan-P13K inhibitor, GlaxoSmithKline), PX-866 (class 1
P13K inhibitor; p110a, p110p, and p110y isoforms, Oncothyreon), and CAL-101 (class
1 P13K inhibitor; p1108 isoform, Calistoga).

AKT inhibitors

[0196] The AKT inhibitors used in the present invention can provide
synergistic effect when used in combination therapy with auristatin based
antibody-drug conjugates.

[0197] As used herein, the term "AK'T inhibitor" refers to a compound or a
ligand that binds to and inhibits at least one activity of AKT. AKT inhibitors can be
grouped into several classes, including lipid-based inhibitors (e.g., inhibitors that target
the pleckstrin homology domain of AKT which prevents AKT from localizing to
plasma membranes), ATP-competitive inhibitors, and allosteric inhibitors. In one
aspect, AKT inhibitors act by binding to the AKT catalytic site. In one aspect, Akt
inhibitors act by inhibiting phophorylation of downstream AKT targets such as mTOR .

[0198] The AKT inhibitors can target all three AKT isoforms, AKT1, AKT2,
AKT?3 or may be isoform selective and target only one or two of the AKT isoforms. An
AKT inhibitor can, for example, target AKT as well as additional proteins in the
PI3K-AKT-mTOR pathway. An AKT inhibitor that only targets AKT can be referred
to as a selective AKT inhibitor. In one aspect, a selective AKT inhibitor can be
understood to refer to an agent that exhibits a 50% inhibitory concentration with respect
to AK'T that is at least 10-fold, at least 20-fold, at least 30-fold, at least 50-fold, at least
100-fold, at least 1000-fold, or more lower than the inhibitor’s IC50 with respect to

other proteins in the pathway.
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[0199] In one aspect, exemplary AKT inhibitors for use in the present invention
inhibit AKT with an IC50 (concentration that inhibits 50% of the activity) of about 200
nM or less, preferably about 100 nm or less, even more preferably about 60 nM or less,
about 25 nM, about 10 nM, about 5nM, about 1 nM, 100 pM, 50 pM, 25 pM, 10 pM, 1
pM, or less. In one aspect, a AKT inhibitor for use in the present invention inhibits
AKT with an IC50 from about 2 nM to about 100 nm, more preferably from about 2 nM
to about 50 nM, even more preferably from about 2 nM to about 15 nM.

[0200] Examples of AKT inhibitors for use in combination with auristatin
based antibody-drug conjugates include, for example, perifosine (Keryx), MK2206
(Merck), VQD-002 (VioQuest), X1.418 (Exelixis), and PX316 (PROILX

Pharmaceuticals).

Cancers

[0201] The methods of the present invention encompass administering
combination therapy to a subject for the treatment of cancer. In exemplary
embodiments, the cancer to be treated by the present invention demonstrates
upregulation of the PI3K-AKT-mTOR pathway.

[0202] The methods of the present invention encompass administering
combination therapy to a subject for the treatment of cancer. In exemplary
embodiments, the cancer to be treated by the present invention demonstrates
upregulation of the PI3K-AKT-mTOR pathway.

[0203] Upregulation ol PI3K-AKT-mTOR pathway can be determined by an
increase in signal transduction of the PI3K/Akt/mTOR pathway. A wide variety of
readouts can be utilized to establish an increase in the output of such signaling pathway.
Some non-limiting exemplary readouts include (1) an increase in phosphorylation of
Akt at residues, including but not limited to S473 and T308; (2) an increase in
activation of Akt as evidenced by a reduction of phosphorylation of Akt substrates
including but not limited to Fox(01/03a T24/32, GSK30/B; S21/9, and TSC2 T1462;
and (3) an increase in phosphorylation of signaling molecules downstream of mTOR,
including but not limiled to ribosomal S6 S240/244, 70S6K 'T389, and 4EBP1 T37/46.

[0204] Accordingly, in one aspect, a cancer to be treated by the present
methods is one in which the PI3K/AKT mTOR pathway is constitutively activated as

demonstrated by the presence of phosphorylated AKT (pAKT) and, in particular,
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phosphorylation of AKT at at least one of two key sites, S473 and T308, and, preferably,
at both sites. In one aspect, cancerous tissue will have elevated levels of pAKT as
compared to non-cancerous tissue.

[0205] In another aspect, a cancer to be treated by the present methods is one in
which the PI3K/AKT mTOR pathway is upregulated as demonstrated by the presence
of phosphorylated p70 S6 ribosomal protein kinase I (p70S6K1), phosphorylated S6
ribosomal protein, and/or e1F4E binding protein 1.  In one aspect, cancerous tissue
will have elevated levels of p70S6K1 and/or phospho- el F4E binding protein 1 as
compared to non-cancerous tissue.

[0206] The presence of pAKT has been previously reported in many cancers.
Such cancers include hematological malignancies. Accordingly, in some embodiments,
the methods described herein are for treating hematological malignancies. In one
aspect, the hematological malignancies are lymphomas. In one aspect, the
hematological malignancies are B cell lymphomas. In another embodiment, the
hematological malignancies are T cell lymphomas. Examples of particular lymphomas
include, Hodgkin lymphoma and Non-Hodgkin lymphoma (NHL). Examples of NHL
include, for example, mantle cell lymphoma, anaplastic large cell lymphoma,
cutaneous T-cell lymphoma, peripheral T-cell lymphoma, diffuse large B-cell
Iymphoma, Burkitt lymphoma, and follicular lymphoma. Tn another embodiment, the
hematological malignancies is a leukemia, such as, for example, acute lymphoblastic
leukemia or chronic lymphocytic leukemia

[0207] The presence of pAKT has been previously reported in many solid
tumors, including, for example, colorectal, renal, gastric, prostate, thyroid, endometrial,
lung, brain and breast cancer. Accordingly, in some embodiments, the methods
described herein are for treating solid tumors. Examples of solid tumors treatable by
the methods include, for example, colorectal, renal, gastric, prostate, thyroid,
endometrial, lung, brain and breast cancer. In one aspect, the cancer is renal cell
carcinoma.

[0208] The present invention encompasses combination therapy for the
treatment of cancers characterized by the presence of pAKT. For example, in some
embodiments, the hematological malignancy, lymphoma, Hogkin lymphoma, NHL, or
leukemia treatable by the present invention will express phosphorylated AKT.
Similarly, in some embodiments, the solid tumor, colorectal, renal, gastric, prostate,

thyroid, endometrial, lung, brain or breast cancer will express phosphorylated AKT.
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Expression can be cytoplasmic or nuclear. In one aspect, the expression is substantially
cytoplasmic. In another aspect, the expression is substantially nuclear. In another
aspect the expression is cytoplasmic and nuclear.

[0209] The present invention encompasses combination therapy for the
treatment of cancers characterized by the presence of phosphorylated p70 S6 ribosomal
protein kinase I (p70S6K1) and/or el F4E binding protein 1. For example, in some
embodiments, the hematological malignancy, lymphoma, Hogkin lymphoma, or NHL
treatable by the present invention will express phosphorylated p70 S6 ribosomal
protein kinase I (p70S6K1) and/or el F4E binding protein 1. Similarly, in some
embodiments, the solid tumor, colorectal, renal, gastric, prostate, thyroid, endometrial,
lung, brain or breast cancer will express phosphorylated p70 S6 ribosomal protein
kinase [ (p70S6K1) and/or e1F4E (phopho- e IF4E binding protein 1).

[0210] In some embodiments, the cancer will have high pAKT expression. In
exemplary embodiments, high pAKT expression refers to a median number of p-AKT+
cells/mm? tumor area greater than about 25 cells/ mm?>, greater than 50 cells/ mm?, or
even greater than 100 cells/ mm’. Determination of the amount of pAKTH cells is
generally performed using immunohistochemistry techniques.

[0211] Any of the cancers described herein can be treated using combination
therapy with an auristain based antibody drug conjugate and a mTOR inhibitor,
including any of the classes of mTOR inhibitors described herein, and any of the
auristatin based antibody drug conjugates described herein. The antibody component
of the auristatin based antibody drug conjugate will specifically bind to a cancer cell
antigen which is expressed on the surface of the cancer cell to be treated.

[0212] In some embodiments, the cancer will be one that expresses a CD30
antigen and the auristatin based antibody drug conjugate will be one that specifically
binds to the CD30 antigen (e.g., the antibody component is an anti-CD30 antibody,
preferably an anti-CD30 monoclonal antibody). The auristatin based antibody drug
conjugate after binding to the antigen will be internalized into the cancer cells, where it
exerts its effect. In one aspect, the cancer that expresses the CD30 antigen expresses
PAKT (AKT phosphorylated on S473 and T308). In one aspect, the cancer will have
high pAKT expression. The cancer can be, for example, a hematological malignancy ,
including, for example, B cell or T cell lymphoma or leukemia. In some embodiments,
the cancer is Hodgkin lymphoma, Mantle Cell lymphoma, Diffuse large B Cell

Lymphoma, chronic lymphocytic leukemia, acute lymphoblastic leukemia, cutaneous
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T-cell lymphoma, peripheral T-cell lymphoma, or any of the other CD30 expressing
cancers described herein, including solid tumors. Accordingly, combination therapy
according to the present methods can include administration of the anti-CD30 auristatin
based antibody drug conjugate with an inhibitor of the PI3K-AKT-mTOR pathway for
the treatment of a CD30 expressing cancer (e.g., B cell or T cell lymphoma, Hodgkin
lymphoma, NHL., leukemia, or solid tumor). In some aspects, the inhibitor will be a
mTOR inhibitor, a PI3K inhibitor, or an AKT inhibitor. In one aspect, the mTOR
inhibitor will be an active site inhibitor, including, for example, a dual specificity
inhibitior such as wortmannin, 1.Y294002, PI-103, BGT226, SF1126, X1.765 and
NVP-BEZ235 (Liu et al., Nature Review, &8, 627-644, 2009) or a selective mTOR
inhibitor, including, for example, Torin1, PP242, PP30, Ku-0063794, WAY-600,
WAY-687, WAY-354, and AZDS8055. In other aspects, the mTOR inhibitor will be a
rapalog, including, for example, temsirolimus (CC1779), everolimus (RADO01), and
deforolimus (AP23573). In one aspect, the inhibitor will be an AKT inhibitor
including, for example, perifosine, MK2206, VQD-002, X1.418, and PX316. In
another aspect, the inhibitor will be a PI3K inhibitor, including, for example,
BKM120, XL147, GDC0941, GSK1059615, PX-866, or CAL-101.

[0213] In some embodiments, the cancer will be one that expresses a CD70
antigen and the auristatin based antibody drug conjugate will be one that specifically
binds to the CD70 antigen (e.g., the antibody component is an anti-CD70 antibody,
preferably an anti-CD70 monoclonal antibody). The auristatin based antibody drug
conjugate after binding to the antigen will be internalized into the cancer cells, where it
exerts its effect. In one aspect, the cancer that expresses the CD70 antigen expresses
pAKT (AKT phosphorylated on S473 and T308). In one aspect, the cancer will have
high pAKT expression. The cancer can be, for example, a hematological malignancy ,
including, for example, B cell or T cell lymphoma or leukemia. In some embodiments,
the cancer is a Non-Hodgkin lymphoma, including any of the NHLs described herein
(e.g., Mantle Cell Lymphoma and Diffuse Large B Cell Lymphoma). In some
embodiments, the cancer is a solid tumor, including, for example, renal cell carcinoma.
In some embodiments, the cancer is a leukemia, including, for example, chronic
lymphocytic leukemia or acute lymphoblastic leukemia. Accordingly, combination
therapy according to the present methods can include administration of the anti-CD70
auristatin based antibody drug conjugate with an inhibitor of the PI3K-AKT-mTOR

pathway for the treatment of a CD70 expressing cancer (e.g., B cell or T cell lymphoma,

58



CA (2815363 2013-04-19

WO 2012/054748 PCT/US2011/057130

leukemia, NHL, or solid tumor including renal cell carcinoma). In some aspects, the
inhibitor will be a mTOR inhibitor, a PI3K inhibitor, or an AKT inhibitor. In some
aspects, the mTOR inhibitor will be an active site inhibitor, including, for example, a
dual specificity inhibitior such as wortmannin, 1.Y294002, PI-103, BGT226, SF1126,
XL765 and NVP-BEZ235 (Liu et al., Nature Review, 8, 627-644, 2009) or a selective
mTOR inhibitor, including, for example, Torin1, PP242, PP30, Ku-0063794,
WAY-600, WAY-687, WAY-354, and AZD8055. In other aspects, the mTOR
inhibitor will be a rapalog, including, for example, temsirolimus (CC1779), everolimus
(RADOO1), and deforolimus (AP23573). In one aspect, the inhibitor will be an AKT
inhibitor including, for example, perifosine, MK2206, VQD-002, X1.418, and PX316.
In another aspect, the inhibitor will be a PI3K inhibitor, including, for example,
BKM120, XL147, GDC0941, GSK1059615, PX-866, or CAL-101.

[0214] In some embodiments, the cancer will be one that expresses a CD19
antigen and the auristatin based antibody drug conjugate will be one that specifically
binds to the CD19 antigen (e.g., the antibody component is an anti- CD19 antibody,
preferably an anti- CD 19 monoclonal antibody). The auristatin based antibody drug
conjugate after binding to the antigen will be internalized into the cancer cells, where it
exerts its effect. In one aspect, the cancer that expresses the CD19 antigen expresses
PAKT (AKT phosphorylated on S473 and T308). Tn one aspect, the cancer will have
high pAKT expression. The cancer can be, for example, a hematological malignancy
including, for example, a B cell lymphoma or leukemia. In some embodiments, the
cancer a Non-Hodgkin lymphoma, including any of the NHLs described herein (e.g.,
Mantle Cell Lymphoma and Diffuse Large B Cell Lymphoma). In some embodiments,
the cancer is a leukemia, including, for example, chronic lymphocytic leukemia or
acute lymphoblastic leukemia. Accordingly, combination therapy according to the
present methods can include administration of the anti-CD19 auristatin based antibody
drug conjugate with an inhibitor of the PI3K-AKT-mTOR pathway for the treatment of
a CD19 expressing cancer (e.g., B cell lymphoma, leukemia, or NHL). In some aspects,
the inhibitor will be a mTOR inhibitor, a PI3K inhibitor, or an AKT inhibitor. In some
aspects, the mTOR inhibitor will be an active site inhibitor, including, for example, a
dual specificity inhibitior such as wormannin, LY294002, PI-103, BGT226, SF1126,
X1.765 and NVP-BEZ235 (Liu et al., Nature Review, 8, 627-644, 2009) or a selective
mTOR inhibitor, including, for example, Torinl, PP242, PP30, Ku-0063794,
WAY-600, WAY-687, WAY-354, and AZD8055. In other aspects, the mTOR
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inhibitor will be a rapalog, including, for example, temsirolimus (CC1779), everolimus
(RADOO1), and deforolimus (AP23573). In one aspect, the inhibitor will be an AKT
inhibitor including, for example, perifosine, MK2206, VQD-002, X1.418, and PX316.
In another aspect, the inhibitor will be a PI3K inhibitor, including, for example,
BKM120, XL147, GDC0941, GSK1059615, PX-866, or CAL-101.

[0215] The anti-CD30, anti-CD19, or anti-CD70 auristatin based antibody drug
conjugate for use in combinaton therapy with a mTOR inhihibitor can have any of the
structures provided herein for auristatin based antibody drug conjugates. In one aspect,
the anti-CD30, anti-CD19, or anti-CD70 auristatin based antibody drug conjugate is
conjugated via a linker to the auristatins MMAE or MMAF. The anti-CD30, anti-CD19,
or anti-CD70 auristatin based antibody drug conjugate can be, for example, an
anti-CD30, anti-CD19, or anti-CD70 veMMARE or mcF antibody drug conjugate (e.g.,
cAC10-vcE, h1F6-mcF, or hBU12-mcF). In one aspect, a composition comprising
anti-CD30, anti-CD19, or anti-CD70 veMMAE or mcF antibody drug conjugates have
an average of from about 2 to about 6, or from about 3 to about 5 drugs per antibody. In
one aspect, each drug is attached to the antibody via a sulfur atom of a cysteine residue
of a reduced interchain disulfide bond. In another aspect, each drug is attached to the
antibody via a sulfur atom of an introduced cysteine residue. The cysteine residue is

preferably introduced into the CH2 region of the antibody.

Combination therapy

[0216] It has been found that combination therapy with an auristatin based
antibody drug conjugate and an inhibitor of the PI3K-AKT-mTOR pathway can
provide a synergistic effect.

[0217] As used herein, the term “synergy” or “synergistic effect” when used in
connection with a description of the efficacy of a combination of agents, means any
measured effect of the combination which is greater that the effect predicted from a
sum of the effects of the individual agents.

[0218] Synergy of two compounds can be determined by use of an in vitro
method. For example, synergism, additivity, or antagonism for each drug combination
may be determined using the median-effect equation of Chou-Talalay:

D = Dyl f/(1-£)]"™ Median-effect equation
(D) is the dose of the drug. (Dy,) is the median-effect dose signifying the potency. This
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is determined by the x-intercept of the median-effect plot. (f,) is the fraction affected
by the dose. (f,) is the fraction unaffected, (1-f,). (m) is an exponent signifying the
sigmoidicity (shape) of the dose-effect curve. It is determined by the slope of the
median-effect plot. The linear correlation coefficient “r” should be greater than or
equal to 0.90. The drug concentration units are arbitrary. Combination index (CI)
values < 0.9 indicate synergism, CI values 0.9 — 1.1 indicate additivity, and CI values >
1.1 indicate antagonism.

[0219] In one example for determining in vivo synergy, tumors are harvested
from donor animals, disaggregated, counted and then injected back into host mice.
Anticancer combinations are typically then injected at some later time poini(s), either
by intraperitoneal, intravenous or administered by the oral routes, and tumor growth
rates and/or survival are determined, compared to untreated controls and controls
exposed only to one of the therapies. Growth rates are typically measured for tumors
growing in the front flank of the animal, wherein perpendicular diameters of tumor
width are translated into an estimate of total tumor mass or volume. The time to reach a
predetermined mass (e. g., time for tumor to triple) is then compared to the time required
for equal tumor growth in the control animals. If the time to reach the predetermined
mass for the animal treated with the combination therapy is greater than the value
obtained from adding the time to reach the predetermined mass for the animal treated
with therapy “A” and the animal treated with therapy “B” (i.e., each therapy alone), the
combination therapy can be said to provide a synergistic effect. In another example, the
time to reach the predetermined mass for the animal treated with the combination
therapy might not be greater than the value obtained from adding the time to reach the
predetermined mass for the animal treated with therapy “A’” and the animal treated with
therapy “B”; however, another measured effect of the combination which is greater
than that predicted from a sum of the effects of the individual agents is sufficient to
identify/determine the combination therapy as synergistic. For example, if the number
of durable or complete responses for the animals treated with the combination therapy
is greater than the sum of the number of durable or complete responses in cach
treatment arm alone, the combined therapy provides a synergistic effect. A durable
response (DR) is defined as the absence of palpable tumor in the animal.

[0220] Generally, the amount of the auristatin based conjugate and inhibitor of
the PI3K-AKT-mTOR pathway that is effective in the treatment of cancer can be

determined by standard clinical techniques. In addition, in vitro assays may optionally
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be employed to help identify optimal dosage ranges. The precise dose to be employed
in the formulation will also depend on the route of administration, and the stage of
malignancy, and should be decided according to the judgment of the practitioner and
each patient's circumstances. Effective doses may be extrapolated from dose-response
curves derived from in vitro or animal model test systems.

[0221] For example, in determining a synergistic interaction between two or
morce components, the optimum range for the effect and absolute dose range of cach
component for the effect may be measured by administration of the components over
different w/w ratio ranges and doses to patients in need of treatment. The observation
of synergy in one species can be predictive of the effect in other species and animal
models exist to measure a synergistic effect and the results of such studies can be used
to predict effective dose and plasma concentration ranges and the absolute doses and
plasma concentrations required in other species by the application of pharmacokinetic
and pharmacodynamic methods.

[0222] In some embodiments, the two drugs, the inhibitor of the
PI3K-AKT-mTOR pathway and the auristatin based antibody drug conjugate will be
administered to a subject at their respective maximal tolerable doses (MTD). The MTD
corresponds to the highest dose of a medicine that can be given without unacceptable
side effects. Tt is within the art to determine MTD. Tn some aspects, the auristatin based
antibody drug conjugate will be provided at its MTD and the mTOR inhibitor will be
dosed at 50%-100%, preferably at 50% to 90% of the MTD. Alternatively, the mTOR
inhibitor will be dosed at 50%-100%, preferably at 50% to 90% of the MTD and the
auristatin based antibody drug conjugate will be dosed at at 50%-100%, preferably at
50% to 90% of the MTD. In some aspects, both the auristatin based antibody drug
conjugate and mTOR inhibitor will be dosed at 60% to 90% of the MTD. In certain
aspects, by dosing the mTOR inhibitor at a reduced dosage as compared to the MTD in
combination with the auristatin based antibody drug conjugate, toxicity associated with
treatment (i.e., adverse effects) can be reduced. In an example, in methods of treating a
CD70 expressing cancer, the auristatin based antibody drug conjugate will be provided
atits MTD and the inhibitor of the PI3K-AKT-mTOR pathway will be dosed at 50% to
90% of the MTD or even at 30% to 75% of the MTD. In one aspect, the inhibitor of the
PI3K-AKT-mTOR pathway will be dosed at 50% to 90% of the MTD or even at 30% to
75% of the MTD and the anti-CD70 auristatin drug conjugate (e.g., h1F6-mcF) will be
dosed at 0.5 mg/kg, 0.8 mg/kg, 1 mg/kg, 1.5 mg/kg, 2 mg/kg, 2.5 mg/kg, 3 mg/kg, 4.5
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mg/kg or 6 mg/kg perdose (e.g., 1 mg/kg, 1.5 mg/kg, 2 mg/kg, 2.5 mg/kg 3 mg/kg, 4.5
mg/kg or 6 mg/kg every 3 weeks).

[0223] m'TOR inhibitors, PI3K inhibitors and AK'T' inhibitors are currently
provided both in oral dosage form and in i.v. form. In one exemplary embodiment,
based on the results obtained with temsirolimus, the mTOR inhibitor will be provided
in an i.v. infusion dosage. In one aspect, the dosage will be between, for example,
about 0.1 and 100 mg/mz, with between about 2.5 and 70 mg/m2 being preferred.
Currently, the mTOR inhibitor temsirolimus is administered at a dose of 25 to 50 mg in
a weekly infusion (generally 25 mg) for the treatment of renal cell carcinoma. In
another exemplary embodiment, based on the results obtained with the everolimus, the
mTOR inhibitor will be provided in oral form. In one aspect, the dosage will be
between from about 1 mg to about 50 mg daily, with from about 2.5 mg to 20 mg daily
being preferred. Currently, the mTOR inhibitor everolimus is administered orally in a
daily dose of from about 2.5 mg to 20 mg daily (generally 10 mg) for the treatment of
renal cell carcinoma.

[0224] The dosage of the auristatin based antibody drug conjugate will
typically be between about 0.5 mg/kg and about 15 mg/kg of the subject’s body weight
per dose. In some embodiments, the dosage will be between about 0.5 mg/kg to about
10 mg/kg per dose or between about 1 mg/kg to about 7 mg/kg per dose. In particular
embodiments, the dosage will be about 0.8 mg/kg, about 1.0 mg/kg, about 1.2 mg/kg,
about 1.8 mg/kg, about 2.0 mg/kg, about 2.7 mg/kg, about 3 mg/kg, about 3.6 mg/kg,
about 4.5 mg/kg or about 6 mg/kg of the subject’s body weight.

[0225] As used in this invention, the combination regimen can be given
simultaneously or can be given in a sequenced regimen, with the inhibitor of the
PI3K-AKT-mTOR pathway being given at a different time during the course of therapy
than the auristatin based antibody drug conjugate. In one aspect, the inhibitor of the
PI3K-AKT-mTOR pathway is provided prior to the drug conjugate. In another aspect,
the inhibitor of the PI3K-AKT-mTOR pathway is provided following the drug
conjugate. This time differential may range from several minutes, hours, days, or weeks,
between administration of the two agents. Therefore, the term combination does not
necessarily mean administered at the same time or as a unitary dose, but that each of the
components are administered during a desired treatment period. In some methods, the
respective agents are administered with sufficient proximity that for some period of

time the agents are simultaneously present at detectable levels in the patient being

63



CA (2815363 2013-04-19

WO 2012/054748 PCT/US2011/057130

treated, e.g., both the mTOR inhibitor and auristatin based antibody drug conjugate are
detectable in the blood (e.g., serum or plasma). The agents may be administered by
different routes. As typical for chemotherapeutic regimens, a course of chemotherapy
may be repeated several weeks later, and may follow the same timeframe for
administration of the two agents, or may be modified based on patient response. As
typical with chemotherapy, dosage regimens are closely monitored by the treating
physician, based on numerous factors including the severity of the disease, response to
the disease, any treatment related toxicities, age, health of the patient, and other
concomitant disorders or treatments.

[0226] The present invention encompasses treatment schedules wherein the
antibody-drug conjugate compound is administered once during a treatment cycle. For
example, in some embodiments, the antibody-drug conjugate will be administered on
day 1 of a 21 day treatment cycle. In some such embodiments, the dosage of the
antibody-drug conjugate compound administered to a patient will typically be, for
example, 0.8 mg/kg to 8 mg/kg of the subject’s body weight over the treatment cycle,
preferably from about 1.5 to about 7 mg/kg, from about 1.5 mg/kg to about 6 mg/kg,
from about 1.5 mg/kg to about 2.2 mg/kg, or from 1 mg/kg to about 3 mg/kg over the
treatment cycle.

[0227] The present invention encompasses treatment schedules wherein the
antibody-drug conjugate compound will be administered more than once during a
treatment cycle. For example, in some embodiments, the antibody-drug conjugate
compound will be administered weekly for three consecutive weeks in a 28 day cycle.
For example, in some embodiments, the antibody-drug conjugate compound will be
administered on days 1, 8, and 15 of each 28 day treatment cycle. In some such
embodiments, the dosage of the antibody-drug conjugate compound administered to a
patient will be 0.8 mg/kg to 8 mg/kg of the subject’s body weight over the treatment
cycle, preferably from about 1.5 to about 7 mg/kg, from about 1.5 mg/kg to about 6
mg/kg, from about 1.5 mg/kg to about 2.2 mg/kg, or from 1 mg/kg to about 3 mg/kg
over the treatment cycle.

[0228] In one aspect, for the treatment of a CD30 expressing hematopoetic
cancer such as Hodgkin lymphoma or ALCL, the auristatin based antibody drug
conjugate is administered weekly at a dose of about 1 mg/kg or every three weeks at a
dose of about 1.8 mg/kg.

[0229] In one aspect, for the treatment of a CD70 expressing cancer (e.g., NHL
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or renal cell carcinoma), the auristatin based antibody drug conjugate is administered
every three weeks at a dose of about 0.5 mg/kg, 1 mg/kg, 1.5 mg/kg, 1.8 mg/kg, 2
mg/kg, 2.5 mg/kg, 3 mg/kg, 4.5 mg/kg, 6 mg/kg or 8 mg/kg.

[0230] In certain exemplary embodiments, administration of both the auristatin
based antibody drug conjugate and the inhibitor of the PI3K-AKT-mTOR pathway is
by infusion. In one aspect, the administration of the inhibitor of the PI3K-AKT-mTOR
pathway is by i.v. (e.g., infusion) or oral administration.

[0231] The auristatin based antibody-drug conjugate and inhibitor of the
PI3K-AKT-mTOR pathway can be administered as compositions including
pharmaceutical compositions comprising one or more pharmaceutically compatible
ingredients. For example, the pharmaceutical composition typically includes one or
more pharmaceutical carriers (e.g., sterile liquids, such as water and oils, including
those of petroleum, animal, vegetable or synthetic origin, such as peanut oil, soybean
oil, mineral oil, sesame oil and the like). Water is a more typical carrier when the
pharmaceutical composition is administered intravenously. Saline solutions and
aqueous dextrose and glycerol solutions can also be employed as liquid carriers,
particularly for injectable solutions. Suitable pharmaceutical excipients are known in
the art. The composition, if desired, can also contain minor amounts of wetting or
emulsifying agents, or pH buffering agents. Examples of suitable pharmaceutical
carriers are described in “Remington’s Pharmaceutical Sciences” by E.W. Martin. The
formulations correspond to the mode of administration.

[0232] In typical embodiments, the pharmaceutical composition is formulated
in accordance with routine procedures as a pharmaceutical composition adapted for
intravenous administration to human beings. Typically, compositions for intravenous
administration are solutions in sterile isotonic aqueous buffer. Where necessary, the
pharmaceutical can also include a solubilizing agent and a local anesthetic such as
lignocaine to ease pain at the site of the injection. Generally, the ingredients are
supplied either separately or mixed together in unit dosage form, for example, as a dry
lyophilized powder or water free concentrate in a hermetically sealed container such as
an ampoule or sachette indicating the quantity of active agent. Where the
pharmaceutical is to be administered by infusion, it can be dispensed, for example, with
an infusion bottle containing sterile pharmaceutical grade water or saline. Where the
pharmaceutical is administered by injection, an ampoule of sterile water for injection or

saline can be, for example, provided so that the ingredients can be mixed prior to
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administration.

[0233] In certain embodiments, the inhibitor of the PI3K-AKT-mTOR pathway
may be in a form suitable for oral administration, such as in the form of a pill, capsule,
solution or suspension. Such formulations may be prepared according to any method
known to the art for producing oral formulations and may contain one or more agents
including sweetening agents, flavoring agents, coloring agents and preserving agents. If
in a tablet form, the compositions may comprise tablet excipients, such as a filler or
diluent (e.g., calcium or sodium carbonate, calcium or sodium phosphate), a
disintegrant (maize starch or alginic acid), a binder (e.g., starch, gelatin or acacia), a
glidant, a lubricant (e.g., magnesium stearate, stearic acid or talc), an anti-adherent, a
flavor, or a colorant.

[0234] The invention is further described in the following examples, which are

in not intended to limit the scope of the invention.

EXAMPLES

[0235] Examples are provided to assist in a further understanding of the
inventions. Particular materials used, protocols and conditions are intended to be
further illustrative of the inventions and should not be construed to limit the reasonable

scope thereof.

Example 1

Cell Line Culture

[0236] 786-0 cells were cultured in Roswell Park Memorial Institute medium
(RPMI) 1640 +10% fetal bovine serum (FBS). Caki-1 cells were cultured in McCoy’s
5A medium +10% FBS. Caki-2 cells were cultured in McCoy’s SA medium +2% FBS.
786-0, Caki-1, and Caki-2 cells (renal cell carcinoma cell lines) were all cultured at
37°C with 5% CO,. L540cy cells were cultured in RPMI 1640 +20% FBS. 1LA28 cells
were cultured in RPMI 1640 +10% FBS. 1.540cy and 1428 cell lines are Hodgkin
lymphoma cell lines. Karpas-299 cells were cultured in RPMI 1640 +10% FBS. The
Karpas-299 cell line is an anaplastic large cell lymphoma cell (ALCL) line. HT cells
were cultured in RPMI 1640 +10% FBS. Raji 4RH cells (clone-11) were a gift from
Francisco J. Hernandez-Ilizaliturri and cultured in RPMI 1640 +10% IFBS. HT and
Raji 4RH cell lines are Non-Hodgkin lymphoma cell lines. Jeko-1 cells were cultured

in RPMI-1640 +10% FBS . Jeko-1 cell lines are mantle cell lymphoma cell lines.
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Example 2

In Vitro Methods of Testing Auristatin ADC or free auristatin and mTOR
Pathway Inhibitor Combinations

[0237] Cells were plated in 100 pL. growth media per well into black-sided
clear-bottom 96-well plates. Next, 4X concentration working stocks of small molecule
inhibitor and antibody drug conjugate were prepared, and then titrated as 2-fold serial
dilutions producing 10-point dose curves. For the single drug conditions, 50 pL small
molecule inhibitor or ADC or free auristatin was added to each well in quadruplicate
with 50 pl. of media producing a final volume of 200 pL. per well. For the combination
conditions, 50 pL. small molecule inhibitor and 50 ulL. ADC or free auristatin dilution
were added to the cells (overlaying the dose titrations of each drug: high to low) in
quadruplicate producing a final volume of 200 uL per well. Treated cells were
incubated 96 hours at 37°C, 5% CO,. Cytotoxicity was measured by incubating with
100 uL Cell Titer Glo (Promega) solution for 1 hour, and then luminescence was
measured on a Fusion HT plate reader (Perkin Elmer). Data was processed with Excel
(Microsoft) and GraphPad (Prism) to produce dose response curves and calculate the
fraction affected (f,) at each dose concentration. Then CalcuSyn (Biosoft) software
was used to determine synergism, additivity, or antagonism for each drug combination
using the median-effect equation of Chou-Talalay:

D = Dulf/(1-£)]"™ Median-effect equation

(D) is the dose of the drug. (Dy,) is the median-effect dose signifying the
potency. This is determined by the x-intercept of the median-effect plot. (f,) is the
fraction affected by the dose. (1) is the fraction unatfected, (1-f,). (m) is an exponent
signifying the sigmoidicity (shape) of the dose-effect curve. It is determined by the
slope of the median-effect plot. The linear correlation coefficient “r” should be greater
than or equal to 0.90. The drug concentration units are arbitrary.

[0238] Combination index (CI) values < ().9 indicate synergism, CI values (.9 —
1.1 indicate additivity, and CI values > 1.1 indicate antagonism. Table 4 shows the

values of CI that correspond to synergism, additivity and antagonism.

Table 4
Combination Index (CI) Description
<0.1 Very Strong Synergism
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0.1-0.3 Strong Synergism
0.3-0.7 Synergism

0.7-0.85 Moderate Synergism
0.85-0.90 Slight Synergism
0.90-1.10 Nearly Additive
1.10-1.20 Slight Antagonism
1.20-1.45 Moderate Antagonism
1.45-3.3 Antagonism

3.3-10 Strong Antagonism

>10 Very Strong Antagonism

[0239] Each combination study was repeated on separate days a total of
n=3 times unless otherwise noted, and the mean combination index value reported with

standard error of the mean (sem).

Example 3

ELISA Assays to Test Drug Potency

[0240] Cells were plated into two 6-well plates per cell line at 2.5x10°
cells/well in 4.5 mLs growth media. Working stocks of temsirolimus (Wyeth, Madison,
New Jersey) were made up at 10X concentration, and then titrated as 2-fold serial
dilutions producing 10-point dose curves. Temsirolimus (0.5 mL) was added to the
cells, with final concentrations equivalent to that used in the in vitro combination
studies above. Treated cells were incubated 24 hours at 37°C, 5% CQO,. Cell pellets
were collected, and lysates were prepared with the lysis buffer provided in the PathScan
Phospho-S6 Ribosomal Protein (Ser235/236) Sandwich ELISA Kit (Cell Signaling,
Beverly, Massachusetts), plus Complete Mini EDTA-free protease inhibitor (Roche
Diagnostics, Mannheim, Germany). Protein concentrations were determined and 10 pg
total protein extract per sample was loaded onto the FLISA plate and processed
according to instructions. Plates were read using the HT Fusion (Perkin Elmer).
ELISAs were performed to detect the amount of phospho-S6 phosphorylation in the
presence of temsirolimus at the concentrations used in the following combination

studies.
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Example 4

Western Blotting of Components of the PI3K-AKT-mTOR Signaling Pathway

[0241] Primary antibodies used to measure PI3K-AKT-m'TOR signaling were
anti-human phospho-AKT (Ser 473) (clone; 193H12), anti-human AKT, anti-human
phospho-4E-BP1 (Thr37/46), anti-human 4E-BP1, anti-human phospho-S6 ribosomal
protein (Ser235/236) (clone: 2F9), and anti-human S6 ribosomal protein (clone: 54D2)
(Cell Signaling; Beverly, Massachusetts). Secondary antibodies used were
Peroxidase-AffiniPure F(ab'"), Fragment Goat anti-Rabbit I[gG, F(ab"), Fragment
Specific, and Peroxidase-AffiniPure F(ab")2 Fragment Goat anti-Mouse IgG, Fcy
Fragment Specific (Jackson ImmunoResearch, West Grove, Pennsylvania). Western
blots were developed using SuperSignal West Pico Luminol Enhancer Solution
(Thermo Scientific; Rockford, Illinois) chemiluminescent substrate and visualized

following exposure to film.

Example 5

Combination Treatment with rapalogs in Renal Cell Carcinoma

[0242] Dose response curves were generated for ADC h1F6-mcF, temsirolimus
sirolimus, everolimus, h1F6-mcF + temsirolimus, h1F6-mcF + sirolimus, and
h1F6-mcF + everolimus in RCC cell lines. Tn the RCC cell lines 786-0O and Caki-2,
temsirolimus and sirolimus alone are not potent cytotoxic drugs except in the Caki-2
cell line grown in media with low FBS. However, both temsirolimus and sirolimus
potentiate the cytotoxicity of h1F6-mcF.

[0243] CIs were calculated for h1F6-mcF + temsirolimus, h1F6-mcF +
temsirolimus, and h1F6-mcF + everolimus in the 786-0 cell line as described above.
Figure 2 demonstrates that h1F6-mcF and MMAE alone are synergistic with the
rapalogs temsirolimus, sirolimus, and everolimus in the 786-0 cell line.

[0244] CIs were also calculated for h1F6-mcF + temsirolimus and h1F6-mcF +
temsirolimus in the Caki-1 cell line as described above. Figure 3 demonstrates that
h1F6-mcF and MMAE alone are synergistic with the rapalogs temsirolimus and
sirolimus in the Caki-1 cell line.

[0245] The results showing that h1F6-mcF is synergistic with sirolimus,
temsirolimus, and everolimus are summarized in Table 5.

Table 5
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Cell Treatment Expt# | Average CI Values
Line (ED50, ED75, ED90)
786- h1F6-mcF + n=3 | 0.65,0.51,0.52
O sirolimus
h1F6-mcF + n=3 | 0.41, 0.36, 0.55
temsirolimus
h1F6-mcF + n=3 |0.45,0.47,0.59
everolimus
MMAE + sirolimus n= 0.51, 0.48, 0.59
MMAE + n=3 |0.43,0.38,0.58
temsirolimus
Caki-1 h1F6-mcF + n=3 | 0.63,0.55, 0.54
sirolimus
h1F6-mcF + n=3 |0.37,0.41,0.78
temsirolimus
MMAE + sirolimus n=3 0.65, 0.64, 0.70
MMAE + n=3 | 0.36, 0.40, 0.80
temsirolimus
Caki-2 h1F6-mcF + n=3 |[0.31,0.53, 1.33
sirolimus
h1F6-mcF + n=3 |[0.11,0.19, 0.75
temsirolimus
MMAE + sirolimus n=3 0.38, 0.57, 1.06
MMAE + n=3 |0.28,0.51,1.20
temsirolimus
Example 6

PCT/US2011/057130

Combination Treatment with rapalogs in Hodgkin Lymphoma and ALCL
[0246] CIs were calculated for cAC10-vcE + temsirolimus, MMAE +

temsirolimus, and cAC10-vcE + cverolimus in the 1L.540cy cell linc as described above.

ClIs were calculated for cAC10-vcE + temsirolimus, MMAE + temsirolimus, and

cAC10-vcE + sirolimus in the Karpas 299 cell lines as described above. Figure 4

demonstrates that cAC10-vcli and MMAL are synergistic with the rapalogs

temsirolimus and sirolimus.
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[0247] The results showing that cAC10-vcE is synergistic with sirolimus,

everolimus and temsirolimus are summarized in Table 6.

Table 6
Cell Line Treatment Expt # Average CI Values
(ED50, ED75, ED90)
L540cy cAC10-vcE + n=3 0.66, 0.50, 0.51
(T-like HL) temsirolimus
MMAE + temsirolimus n=3 0.49, 0.37,0.40
L540cy cAC10-vcE + n=2 0.31,0.28,0.38
(T-like HL) everolimus
1.428* MMAE + temsirolimus n=3 0.89, 0.70, 0.56
(B-like HIL)
Karpas-299 cAC10-vcE + n=3 0.42,0.52,0.82
(ALCL) temsirolimus
MMAE + temsirolimus | n=3 0.45,0.47,0.59
Karpas-299 cAC10-vcE + n=3 0.45, 0.47, 0.59
(ALCL) sirolimus

* ¢cAC10-vcE does not show in vitro cytotoxicity on the [ 428 cell line therefore

a combination study was not possible.

Example 7

In vivo Combination Treatment of cAC10-vcE and temsirolimus in B-like
Hodgkin Lymphoma

[0248] To test combination treatments in B-like Hodgkin lymphoma in vivo, a
murine xenograft model was used. 1428 cells were implanted into NOD-SCID-gamma
mice (The Jackson Laboratory) to generate tumors. Tumors were grown to an average
of 90 mm’, then sorted into groups of 7 mice. Mice were not treated, treated with
temsirolimus (20 mg/kg), treated with cAC10-vcE (1.0 mg/kg), or treated with
cAC10-vcE and temsirolimus. The cAC10-vcE was administered q4dx4 ip. The

temsirolimus was administered q4dx4 ip or q3dx6 ip. In the combination treatment, the
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cAC10-vcE was dosed 2 days before temsirolimus. Tumor volume was measured

periodically for 120 days post initial dosing. Data was plotted as a Kaplan-Meier plot

showing rate of tumor tripling. P-values were calculated using the Log-rank test to

confirm statistical significance. As can be seen in Figure 5, cAC10-vcE plus

temsirolimus has significantly better antitumor activity than either treatment alone

(P-Value = 0.0011 by the L.og-Rank test).

Table 7
Treatment Median Days to Triple Combination vs Single
Volume Agent (P-value)
Untreated 19
cAC10-vcE 52 p=0.001
Temsirolimus 56 p=0.001
cACI10-vcE + 118
Temsirolimus
Example 8

In vivo Combination Treatment of cAC10-vcE and everolimus in B-like

Hodgkin Lymphoma

[0249] To test combination treatments in B-like Hodgkin lymphoma in vivo, a

murine xenograft model was used. 1428 cells were implanted into NOD-SCID-gamma

mice (The Jackson Laboratory) to generate tumors. Tumors were grown to an average

of 90 mm®, then sorted into groups of 10 mice. Mice were not treated, treated with

everolimus (15 mg/kg), reated with cAC10 (1 mg/kg), treated with cAC10-vcE (1.0

mg/kg), treated with cAC10 and everolimus, or treated with cAC10-vcE and

everolimus. The cAC10-vcE and cAC10 was administered g4dx4 ip. The everolimus

was administered qldx14 po. Atday 61, the cAC10-vcE and everolimus combination

treatment arm has 10/10 complete responses and the cAC10-vcE and everolimus single

treatment arms had no complete responses.

Example 9

Combination Treatment with Rapalogs in Non-Hodgkin Lymphoma
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[0250] CIs were calculated for hBU12-mcF + temsirolimus and hBU12-mcF +
sirolimus in the HT cell line as described above. Figure 6 demonstrates that
hBU12-mcF is synergistic with the rapalogs temsirolimus and sirolimus in the HT cell
line.

[0251] The results showing that hBU12-mcF is synergistic with sirolimus,

temsirolimus, and everolimus are summarized in Table 8.

Table 8
Cell Line Treatment Expt # Average CI Values
(ED50, ED75, ED90)
HT hBU12-mcF + temsiro. n=3 0.71, 0.66, 0.64
hBU12-mcF + sirolimus n=3 0.77, 0.68, 0.60
hBU12-mcF + n=2 0.54, 0.55, 0.65
everolimus
Jeko-1 h1F6-mcF + everolimus n=3 091, 0.69, 0.54
Example 10

Combination Treatment with Dual Specificity PI3K-mTOR Inhibitors and
selective mTor inhibitors

[0252] Cls were calculated for h1F6-mcF + BEZ235 in 786-0 cells, Caki-1
cells, Jeko-1 cells, and Raji-4RH-11 cells; cAC10-vcE + BEZ235 and cAC10-vcE +
PP242 in 1.540cy (HL) cells; cAC10-vcE + BEZ235 in Karpas-299 cells; hBU12-mcF
+ BEZ235 in HT cells, and h1F6-mcF + PP242 in Jeko-1 cells as described above.
Figure 8 demonstrates that NVP-BEZ235 is synergistic with auristatin ADCs (like the
rapalogs temsirolimus and sirolimus) in multiple cell lines. Lower CI values were
demonstrated in RCC and NHL cell lines (especially at EDyy), which suggests greater
synergism.

[0253] The results showing that NVP-BEZ235 and PP242 is synergistic with

auristatin ADCs 1s summarized in Table 9.

Table 9
Cell Line Treatment Expt # Average CI Values
(ED50, ED75, ED90)
786-0 h1F6-mcF + n=3 0.78,0.63, 0.52
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BEZ235
Caki-1 h1F6-mcF + n=3 0.75, 0.68, 0.64
BEZ7235
1.540cy cAC10-vcE + n=3 0.68, 0.56, 0.47
BEZ235
cAC10-vcE + n=2 0.74,0.76, 0.79
PP242
MMAE + BEZ235 n=3 0.91,0.75, 0.63
1428 MMAE + BEZ235 n=3 0.62,0.59, 0.56
Karpas-2 cAC10-vcE + n=2 0.81,0.79, 0.78
99 BEZ235
Raji-4RH h1F6-mcl + n=3 0.91, 0.71, 0.58
-11 BEZ235
HT hBU12-mcF + n=>3 0.59, 0.40, 0.30
BEZ235
Jeko-1 h1F6-mcF +PP242 n=3 0.91, 0.76, 0.66
Jeko-1 h1F6-mcF n==: 0.72,0.55,0.42
+BEZ235
Example 11

Combination Treatment with P13K and AKT inhibitors
[0254] CIs were calculated for h1F6-mcF + MK-2206 in Jeko-1 cells and
hBU12-mcF and X1.147 in HT cells.
[0255] The results showing that P13K and AKT inhibitors are synergistic with

the auristatin ADCs is summarized in Table 10.

Table 10
Cell Line Treatment Expt # Average Cl Values
(EDS0, ED75, ED90)
Jeko-1 h1F6-mcF + n=3 0.69,0.54,0.44
MK2206
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HT hBU12-mcF + n=1 1.08, 0.36, 0.12
XL147
HT hBU12-mcF + n=3 1.3,0.95,0.75
MK-2206
HT hBU12-mcF + n=>3 0.74,0.75,0.79
BKM-120

Example 12

Exemplary Assays

[0256] An exemplary assay for determining whether a compound inhibits PI3K
is provided in Knight et al (2006) Cell vol. 125 pp. 733-747 incorporated herein by
reference in its entirety. Briefly, IC50 values are measured using either a standard TLC
assay for lipid kinase activity or a high-throughput membrane capture assay. Kinase
reactions are performed by preparing a reaction mixture containing kinase, inhibitor
(2% DMSO final concentration), buffer (25 mM HEPES, pH 7.4, 10 mM MgCl2), and
freshly sonicated phosphatidylinositol (100 pg/ml). Reactions are initiated by the
addition of ATP containing 10 pCi of y-32P-ATP to a final concentration 10 or 100 puM.
The reactions are allowed to proceed for 20 minutes at room temperature. For TLC
analysis, reactions are terminated by the addition of 105 pl 1N HCI followed by 160 pl
CHCI3:MeOH (1:1). The biphasic mixture is vortexed, briefly centrifuged, and the
organic phase transferred to a new tube using a gel loading pipette tip precoated with
CHCI3. This extract is spotted on TLC plates and developed for 3 — 4
hours in a 65:35 solution of n-propanocl: 1M acetic acid. The TLC plates are dried,
exposed to a phosphorimager screen (Storm, Amersham), and quantitated. For each
compound, kinase activity is typically measured at 10 — 12 inhibitor concentrations
representing two-fold dilutions from the highest concentration tested (100 uM).

[0257] An exemplary assay for determining kinase selectivity (mTORC1/2) is
as follows. To determine selectivity of a kinase inhibitor, the compound is tested
against a large panel of purified protein kinases in vitro (in the presence of 10uM ATP)
at a concentration 100-fold higher than its IC50 value for inhibition of mTOR (Feldman
et al. (2009) PLOS Biology vol 7(2) pp. 371-383). A difference in IC50 value of about

100-fold or more (for mTOR vs. other kinases) indicates selectivity. Each kinase has a
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unique protein or lipid substrate.

[0258] An exemplary assay for determining whether a compound competes
with ATP for binding utilizes Michaelis-Menten kinetics to establish that the
compound decreases kinase enzyme activity, but can be overcome by increasing the
substrate concentration (ATP). Radiolabelled ATP (32P-ATP) incorporation into a
kinase substrate (protein or peptide) is the read-out of the kinase assay. Titrating the
compound will decrease the amount of 32P-A'TP incorporated into the
substrate. Increasing the amount of ATP present in the assay will overcome the

potency of the compound only if the compound is an ATP-competitive compound.
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SEQUENCE LISTING IN ELECTRONIC FORM

This description contains a sequence listing in electronic form in ASCII
text format. A copy of the sequence listing in electronic form is available
from the Canadian Intellectual Property Office. The sequences in the

sequence listing in electronic form are reproduced in the following Table.

SEQUENCE TABLE

<110> Seattle Genetics, Inc.

<120> Synergistic Effects Between Auristatin-Based Antibody Drug
Conjugates and Inhibitors of the PI3K-AKT mTOR Pathway

<130> 81988-42

<140> PCT/US2011/057130
<141> 2011-10-20

<150> US 61/405,767
<151> 2010-10-22

<150> US 61/445,785
<151> 2011-02-23

<160> 12

<170> PatentIn version 3.5

<210> 1
<211> 117
<212> PRT

<213> mus musculus
<400> 1
Gln Ile Gln Leu Gln Gln Ser Gly Pro Glu Val Val Lys Pro Gly Ala

1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30

Tyr Ile Thr Trp Val Lys Gln Lys Pro Gly Gln Gly Leu Glu Trp Ile
35 40 45
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Lys
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Met
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Trp
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Gly
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Asn
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Ala

Ser
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Ser
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Thr
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Ala
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2

Asp Ile Val

1

Gln

Gly

Lys

Arg

65

Pro

Glu

Arg
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Val
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Phe

Val
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Ala

Ser

35

Leu

Ser

Glu

Pro

Leu

Thr

20

Tyr
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Trp
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Thr
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Met

Tyr

Ser
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Thr
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Leu
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Leu

Tyr

Gln
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Ala

Gly
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Asp

Phe
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Thr

Thr
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Ser

Cys
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Ala
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Ser

Ala

Gly
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Val

Ser

Phe

Pro

Lys

Tyr

40

Ser

Gly

Ala
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Asn

Asp

Glu

Ala
105

Ala

Ala

25

Gln

Asn

Thr

Thr

Gly
105

Thr

Thr

Asp

90

Tyr

Ser

10

Ser

Gln

Leu

Asp

Tyr

90

Thr
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Lys

Ser

75

Thr

Trp

Leu

Gln

Lys

Glu

Phe

75

Tyr

Lys

Tyr

60

Ser

Ala

Gly

Ala

Ser

Pro

Ser
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Thr

Cys

Leu

Asn

Ser

Val

Gln

Val

Val

Gly

45

Gly

Leu

Gln

Glu

Glu

Thr

Tyr

Gly
110

Ser

Asp

Gln

Ile

Asn

Gln

Ile
110

Lys

Ala

Phe
95

Thr

Leu
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Phe
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Pro

Ile

Ser
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Lys

Phe

Phe
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Gln

Gly
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Pro
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80
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<210> 3

<211> 118
<212> PRT
<213>

<400> 3
Gln Ile Gln
1

Thr Val Lys

Gly Met Asn
35

Gly Trp Ile
50

Lys Gly Arg
65

Leu Gln Ile

Ala Arg Asp

Ser Val Thr
115
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Ile
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Trp
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Phe
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Val
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Val
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110

Gly
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Asn
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Ala

Ala

Phe
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Glu

Tyr

Met

Phe
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Cys

Thr

Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly

1

5
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Gln Arg Ala Thr Ile Ser Cys Arg Ala Ser Lys Ser Val Ser Thr Ser
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Gly

Lys

Arg

65

Pro

Glu

Tyr

Leu

50

Phe

Val

Val
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<211>
<212>
<213>

<220>
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<400>

Ser
35

Leu

Ser

Glu

Pro

5
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Phe
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Gly

Glu

Trp
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Met

Tyr

Ser

Glu
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Thr

His

Leu

Gly
70

Asp

Phe

Trp

Ala

55

Ser

Gly

Artificial Sequence

Humznized murine

5

Gln Val Gln

1

Ser

Gly

Gly

Lys

65

Met

Val

Met

Trp

50

Gly

Lys

Asn

35

Ile

Arg

Leu

Leu

Val
20

Trp

Asn

Val

Ser

Val

Ser

Val

Thr

Thr

Arg
85

Gln

Cys

Arg

Tyr

Met

70

Leu
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Tyr Gln

40

Ser Asn

Gly Thr

Ala Thr

Gly Gly
105

sequence

Ser

Lys

Gln

Thr

55

Thr

Arg

Gly Ala

Ala Ser
25

Ala Pro
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Gly Glu

Arg Asp

Ser Asp

Gln

Asp

Tyr

90

Thr

Glu

10

Gly

Gly

Pro

Thr

Asp
90
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Lys

Glu

Phe

75

Tyr

Lys

Val

Tyr

Gln

Thr

Ser

75

Thr

Pro

Ser

60

Thr

Cys

Leu

Lys
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Gly

Tyr
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Ile

Ala

Gly

45

Gly

Leu

Gln

Glu

Lys

Phe

Leu

45

Ala

Ser

Val

Gln

Val
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His

Ile
110

Pro

Thr
30

Lys

Asp

Thr

Tyr

Pro

Pro

Ile

Ser

95

Lys

Gly

15

Asn

Trp

Ala

Ala

Tyr
95

Pro

Ala

His

80

Arg

Arg

Ala

Tyr

Met

Phe

Tyr

Cys
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Ala Arg Asp Tyr Gly Asp Tyr Gly Met Asp Tyr Trp Gly Gln Gly Thr
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Thr Val Thr Val Ser Ser

<210>
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<220>
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<400>
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1
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Ser Phe
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10
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Tyr

90

Thr

Leu
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75

Tyr
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Gly
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5
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Thr

Gly
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Gly

Leu

Met

Leu
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Lys

Leu

Ala

Thr
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8
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Glu

Thr

mus musculus

Glu Asn Val Leu

1

Glu

His

Lys

Trp

Val

Tyr
35

Ser

Thr
20

Gln

Lys

Gly Asn

Thr

5

Met

Gln

Ser

Cys

Trp

Trp

Thr

70

Ser

Leu

Val

Gln

Thr

Lys

Ala

His
70

Ser

Ile

Trp

55

Ile

Val

Trp

Ser

Ser

Cys

Ser S

Ser
55

Phe

Phe

Arg

40

Asp

Ser

Asp

Ser

Ser
120

Pro

Ser

Gly

Leu
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Ser

25

Gln

Asp

Lys

Thr

Tyr
105

Ala

Ala

25

Thr

Val

Thr

Gly

Pro

Asp

Asp

Ala

90

Tyr

Ile

10

Ser

Ser

Pro

Ile

76f

Phe

Ser

Lys

Thr

75

Asp

Phe

Met

Ser

Pro

Gly

Ser

Gly

Arg

60

Ser

Thr

Asp

Ser

Ser

Lys

Arg

Ser

Leu

Lys

45

Tyr

Ser

Ala

Tyr

Ala

Val

Leu

45

Phe

Met

Ser

30

Gly

Asn

Asn

Ala

Trp
110

Ser

30

Trp

Ser

Glu

Thr

Leu

Pro

Gln

Tyr

95

Gly

Pro

15

Tyr

Ile

Gly

Ala

Ser

Glu

Ala

Val

80

Tyr

Gln

Gly

Met

Tyr

Ser

Glu
80
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Asp Val Ala Thr Tyr Tyr Cys Phe Gln Gly Ser Val Tyr Pro Phe Thr

85

90

Phe Gly Ser Gly Thr Lys Leu Glu Ile Lys Arg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Gln Val
1

100

9
120
PRT

Artificial Sequence

Humanized murine

Gln Leu Gln Glu

Thr Leu Ser Leu Thr Cys

Gly Met

Trp Ile
50

Leu Lys
65

Ser Leu

Cys Ala

Gly Thr

<210>
<211>
<212>

20

Gly Val Gly Trp

Gly His Ile Trp T

Ser Arg Val Thr
70

Lys Leu Ser Ser
85

Arg Met Glu Leu
100

Leu Val Thr Val
115

10
107
PRT

sequence

Ser

Thr

Ile

val

Trp

Ser

Gly

Val

Arg

40

Asp

Ser

Thr

Ser

Ser
120

105

Pro

Ser

25

Gln

Asp

Val

Ala

Tyr
105

Gly

10

Gly

His

Asp

Asp

Ala

90

Tyr

76g

Leu

Gly

Pro

Lys

Thr

75

Asp

Phe

Val

Ser

Gly

Arg

60

Ser

Thr

Asp

Lys

Ile

Lys

45

Tyr

Lys

Ala

Tyr

Pro

Ser

30

Gly

Asn

Asn

Val

Trp
110

95

Ser

15

Thr

Leu

Pro

Gln

Tyr

95

Gly

Gln

Ser

Glu

Ala

Phe

80

Tyr

Gln



<213> Artificial Seguence

<220>

<223> Humanized murine

<400> 10

Glu Ile Val Leu Thr Gln

1 5

Glu Arg Ala Thr Leu Ser

20

His Trp Tyr Gln Gln Lys
35

Asp Thr Ser Lys Leu Ala

50

Gly Ser Gly Thr Asp Phe

65 70

Asp Val Ala Val Tyr Tyr

85
Phe Gly Gln Gly Thr Lys
100

<210> 11

<211> 330

<212> PRT

<213> homo sapiens

<400> 11

Ala Ser Thr Lys Gly Pro

1 5

Ser Thr Ser

Phe Pro Glu
35

sequence

Ser

Cys

Pro

Ser

55

Thr

Cys

Leu

Ser

Gly Gly Thr Ala

20

Pro Val Thr Val

Pro

Ser

Gly

Gly

Leu

Phe

Glu

Val

Ala

Ser
40
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Ala Thr
10

Ala Ser

25

Gln Ala

Ile Pro

Thr Ile

Gln Gly

90

Ile Lys
105

Leu

Ser

Pro

Ala

Ser

75

Ser

Arg

Ser

Ser

Arg

Arqg
60

Val

Phe Pro Leu Ala

10

Leu

Val

Leu

45

Phe

Leu

Tyr

Pro

Leu Gly Cys Leu Val

25

Ser

Ser
30

Leu

Ser

Glu

Ser

Lys
30

Pro Gly
15

Tyr Met

Ile Tyr

Gly Ser

Pro Glu
80

Phe Thr
95

Ser Lys
15

Asp Tyr

Trp Asn Ser Gly Ala Leu Thr Ser

76h

45



Gly

Leu

65

Tyr

Lys

Pro

Lys

Val

145

Tyr

Glu

His

Lys

Gln

225

Leu

Pro

Val
50

Ser

Val

Ala

Pro

130

Val

Val

Gln

Ala

210

Pro

Thr

Ser

His

Ser

Cys

Glu

Pro

115

Lys

Val

Asp

Tyr

Asp

195

Leu

Lys

Asp

Thr

Val

Asn

Pro

100

Glu

Asp

Gly

Asn

180

Trp

Pro

Glu

Asn

Ile
260

Phe

Val

Val

85

Lys

Leu

Thr

Val

Val

165

Ser

Leu

Ala

Pro

Gln

245

Ala

Pro

Thr

70

Asn

Ser

Leu

Leu

Ser

150

Glu

Thr

Asn

Pro

Gln

230

Val

Val

Ala

55

Val

His

Cys

Gly

Met

135

His

Val

Tyr

Gly

Ile

215

Val

Ser

Glu

val

Pro

Lys

Asp

Gly

120

Ile

Glu

His

Arg

Lys

200

Glu

Tyr

Leu

Trp
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Leu

Ser

Pro

Lys

105

Pro

Ser

Asp

Asn

Val

185

Glu

Lys

Thr

Thr

Glu
265

Gln

Ser

Ser

90

Thr

Ser

Arg

Pro

Ala

170

Val

Tyr

Thr

Leu

Cys

250

Ser

761

Ser

Ser

75

Asn

His

Val

Thr

Glu

155

Lys

Ser

Lys

Ile

Pro

235

Leu

Asn

Ser

60

Leu

Thr

Thr

Phe

Pro

140

Val

Thr

Val

Cys

Ser

220

Pro

Val

Gly

Gly

Gly

Lys

Cys

Leu

125

Glu

Lys

Lys

Leu

Lys

205

Lys

Ser

Lys

Gln

Leu

Thr

Val

Pro

110

Phe

Val

Phe

Pro

Thr

190

Val

Ala

Arg

Gly

Pro
270

Tyr

Gin

Asp

95

Pro

Pro

Thr

Asn

Arg

175

Val

Ser

Lys

Asp

Phe

255

Glu

Ser

Thr

80

Lys

Cys

Pro

Cys

Trp

160

Glu

Leu

Asn

Gly

Glu

240

Tyr

Asn



Asn

Leu

Val

305

Gln

Tyr

Tyr

290

Phe

Lys

<210>
<211>
<212>
<213>

<400>

Lys
275

Ser

Ser

Ser

12
106
PRT
homo

12

Thr Val Ala

1

Leu

Pro

Gly

Tyr

65

His

val

Lys

Arg

Asn

50

Ser

Lys

Thr

Ser

Glu

35

Ser

Leu

Lys

Thr

Lys

Cys

Leu

Thr

Leu

Ser

Ser
325

sapiens

Ala

Gly

20

Ala

Gln

Ser

Tyr

Ser
100

Pro

Thr

Lys

Glu

Ser

Ala

85

Phe

Pro

Thr

Val

310

Leu

Ser

Ala

Val

Ser

Thr

70

Cys

Asn

Pro

Val

295

Met

Ser

Val

Ser

Gln

Val

55

Leu

Glu

Arg

val

280

Asp

His

Pro

Phe

Val

Trp

40

Thr

Thr

Val

Gly
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Leu

Lys

Glu

Gly

Ile

Val

25

Lys

Glu

Leu

Thr

Glu
105

Asp

Ser

Ala

Lys
330

Phe

10

Cys

val

Gln

Ser

His

90

Cys

76

Ser

Arg

Leu
315

Pro

Leu

Asp

Asp

Lys

75

Gln

Asp

Trp

300

His

Pro

Leu

Asn

Ser

60

Ala

Gly

Gly Ser Phe Phe

285

Gln

Asn

Ser

Asn

Ala

45

Lys

Leu

Gln Gly Asn

His Tyr Thr

Asp

Asn

30

Leu

Asp

Tyr

Ser

Glu

15

Phe

Gln

Ser

Glu

Ser
95

320

Gln

Tyr

Ser

Thr

Lys

80

Pro
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What is Claimed:

1.

Use of an auristatin-based antibody drug conjugate in the manufacture of a medicament

for treating cancer in combination with an inhibitor of the PI3K-AKT-mTOR pathway.

Use of an inhibitor of the P13K-AKT-mTOR pathway in the manufacture of a
medicament for treating cancer in combination with an auristatin-base antibody drug

conjugate.

Use of an auristatin-based antibody drug conjugate in the manufacture of a medicament
for treating, killing and/or inhibiting the proliferation of tumor cells in combination with

an inhibitor of the PI3K-AKT-mTOR pathway.

Use of an inhibitor of the P13K-AKT-mTOR pathway in the manufacture of a
medicament for treating, killing and/or inhibiting the proliferation of tumor cells in

combination with an auristatin-based antibody drug conjugate.

Use of an auristatin-based antibody drug conjugate for treating cancer in combination
with an inhibitor of the PI3K-AKT-mTOR pathway.

Use of an inhibitor of the P13K-AKT-mTOR pathway for treating cancer in

combination with an auristatin-based antibody drug conjugate.

Use of an auristatin-based antibody drug conjugate for treating, killing and/or inhibiting
the proliferation of tumor cells in combination with an inhibitor of the PI3K-AKT-
mTOR pathway.

Use of an inhibitor of the P13K-AKT-mTOR pathway for treating, killing and/or
inhibiting the proliferation of tumor cells in combination with an auristatin-based

antibody drug conjugate.
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9. The use of any one of claims 1 to 8, wherein the inhibitor of the PI3K-AKT-mTOR
pathway is a mTOR inhibitor, PI3K inhibitor, or AKT inhibitor.

10. The use of any one of claims 1 to 9, wherein cells of the cancer or the tumor cells are

characterized by constitutive activation of AKT of the PI3K-AKT-mTOR pathway.

11. The use of any one of claims 1 to 10, wherein cells of the cancer or the tumor cells are
characterized by elevated levels of phosphorylated AKT as compared to cells of non-

cancerous or non-tumor tissue.

12. The use of any one of claims 1 to 11, wherein cells of the cancer or the tumor cells are
characterized by elevated levels of phosphorylated S6 ribosomal binding protein and/or
phosphorylated el F4E binding protein 1 as compared to cells of non-cancerous or non-

tumor tissue.

13. The use of any one of claims 1 to 12, wherein the inhibitor of the PI3K-AKT-mTOR
pathway is an active site mTOR inhibitor.

14. The use of claim 13, wherein the active site mTOR inhibitor is a dual specificity
inhibitor of PI3K and mTORC1/2.

15. The use of claim 14, wherein the dual specificity inhibitor of PI3K and mTORC1/2 is
NVP-BEZ235, BGT226, XL765 or SF1126.

16. The use of claim 13, wherein the active site mTOR inhibitor is a selective mTOR
inhibitor.

17. The use of claim 16, wherein the selective mTOR inhibitor selectively inhibits
mTORC!1 and mTORC?2 relative to PIK kinase a, PIK kinase B, PIK kinase 8, or PIK

kinase v.
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18. The use of claim 16, wherein the selective mTOR inhibitor is Torinl, PP242, PP30, Ku-
0063794, WAY-600, WAY-687, WAY-354 or AZD8055.

19. The use of any one of claims 1 to 12, wherein the inhibitor of the PI3K-AKT-mTOR

pathway is a non-active sitt mTOR inhibitor.

20. The use of claim 19, wherein the non-active site mTOR inhibitor is a rapalog.

21. The use of claim 20, wherein the rapalog is temsirolimus, everolimus, or deforolimus
(AP23573).

22. The use of claim 19, wherein the non-active site mTOR inhibitor is sirolimus.

23. The use of any one of claims 1 to 12, wherein the inhibitor of the PI3K-AKT-mTOR
pathway is a PI3K inhibitor.

24. The use of claim 23, wherein the P13K inhibitor is a selective PI3K inhibitor.

25. The use of claim 23, wherein the PI3K inhibitor is BKM120, XL147, GDC0941,
GSK1059615, PX-866, or CAL-101.

26. The use of any one of claims 1 to 12, wherein the inhibitor of the PI3K-AKT-mTOR
pathway is an AKT inhibitor.

27. The use of claim 26, wherein the AKT inhibitor is perifosine, MK2206, VQD-002,
X1418, or PX316.

28. The use of any one of claims 1 to 27, wherein the auristatin-based antibody drug
conjugate has the following formula:
L -(LU-D), @

or a pharmaceutically acceptable salt thereof;

79

CA 2815363 2019-08-16



CA2815363

wherein:

L is an antibody that specifically binds to a cancer cell antigen on the surface of a
cancer cell; and

(LU-D) is a Linker unit-Drug unit moiety, wherein:

LU- is a Linker unit, and

-D is an auristatin having cytostatic or cytotoxic activity against cells of the cancer or
tumor; and

pis from 1 to 20.

29. The use of claim 28, wherein the auristatin has the formula:

JS H ') ! n OH
N N/, N %@
5 | O_ O O O

or a pharmaceutically acceptable salt form thereof,

wherein the wavy line indicates covalent attachment to LU.
30. The use of claim 28, wherein the auristatin has the formula:

N.,
o] 0. O 0L 9 o2 ~on .

or a pharmaceutically acceptable salt form thereof, wherein the wavy line indicates

covalent attachment to LU.

31. The use of claim 28, wherein the Linker unit has the formula;
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—As—Wy—Y,—

or a pharmaceutically acceptable salt form thereof,
wherein:

-A-1s a Stretcher unit;

aisOorl;

each -W- is independently an Amino Acid unit;

w is independently an integer ranging from 0 to 12;
-Y- is a Spacer unit; and

y is 0, 1 or 2, provided a, w and y are not all 0.

32. The use of claim 31, wherein the auristatin-based antibody drug conjugate has the

formula:

L{S_&;\/\/\g—ww—vy — D)

or a pharmaceutically acceptable salt form thereof.

P

33. The use of claim 31, wherein the auristatin-based antibody drug conjugate has the

formula:
0]
{80
L—S o
© P

or a pharmaceutically acceptable salt form thereof.
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34. The use of claim 31, wherein the auristatin-based antibody drug conjugate has the
formula:

H 0
|
N \)'—YY—D
L A,—N p
| =
H 0 = Y
HN
O)\NH2

or a pharmaceutically acceptable salt form thereof.

35. The use of claim 31, wherein the auristatin-based antibody drug conjugate has the
formula

(0]
0]
LLs 0 H 0 /@/\OJ\D
N\/\/\)j\ N
N }JJ\N
O H e} } H P
NH

0=

NH,

or a pharmaceutically acceptable salt form thereof.

36. The use of claim 31, wherein the auristatin based antibody drug conjugate has the
formula:
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if/\/\/\)\\/(’(%@ﬂ 5An§§3§(j¥ﬂﬁnﬁ©
hl

NH

A

H,N" S0

or a pharmaceutically acceptable salt form thereof, wherein mAb is a monoclonal

antibody, S is a sulfur atom of the antibody, and p is from 1 to 8.

37. The use of claim 31, wherein the auristatin-based antibody drug conjugate has the

formula:

5' oC CH;,

p

or a pharmaceutically acceptable salt form thereof wherein mAb is a monoclonal

antibody, S is a sulfur atom of the antibody, and p is from 1 to 8.
38. The use of claim 37, wherein the S atom is from a sulfur atom of a cysteine residue.
39. The use of any one of claims 1 to 38, wherein the antibody drug conjugate is present in
a composition comprising antibody drug conjugate compounds wherein the average

number of drug molecules per antibody in the composition is from about 2 to about 6.

40. The use of claim 39, wherein the average number of drug molecules per antibody in the

composition is from about 3 to about 5.
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41. The use of claim 40, wherein the cysteine residue is a cysteine residue from reduction

on an interchain disulfide bond of the antibody.

42. The use of any one of claims 1 to 41, wherein the cancer expresses the CD30 antigen
and the auristatin-based antibody drug conjugate is an anti-CD30 auristatin-based

antibody drug conjugate.

43. The use of any one of claims 1 to 27, wherein the cancer expresses the CD30 antigen
and the auristatin-based antibody drug conjugate is an anti-CD30 auristatin-based
antibody drug conjugate, and wherein the auristatin-based antibody drug conjugate is a

cAC10-mc-ve-E antibody drug conjugate.

44. The use of claim 43 wherein the cAC10-mc-ve-E antibody drug conjugate is

brentuximab vedotin.

45. The use of claim 42, 43, or 44, wherein the cancer is Hodgkin Lymphoma.

46. The use of any one of claims 1 to 41, wherein cells of the cancer express the CD70
antigen and the auristatin-based antibody drug conjugate is an anti-CD70 auristatin-
based antibody drug conjugate.

47. The use of any one of claims 1 to 27, wherein cells of the cancer express the CD70
antigen and the auristatin-based antibody drug conjugate is an anti-CD70 auristatin-
based antibody drug conjugate, and wherein the auristatin-based antibody drug
conjugate is a h1F6-mcF conjugate..

48. The use of claim 47 wherein the h1F6-mcF antibody drug conjugate is SGN-75.

49. The use of claim 46, 47, or 48, wherein the cancer is renal cell carcinoma.

50. The use of claim 46, 47, or 48, wherein the cancer is non-Hodgkin lymphoma .
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52.

53.

54.

55.

56.

57.

58.

59.

60.
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. The use of claim 50, wherein the cancer is mantle cell lymphoma or diffuse large B cell

lymphoma.

The use of any one of claims 1 to 41, wherein cells of the cancer express the CD19
antigen and the auristatin-based antibody drug conjugate is an anti-CD19 auristatin-

based antibody drug conjugate.

The use of any one of claims 1 to 27, wherein cells of the cancer express the CD19
antigen and the auristatin-based antibody drug conjugate is an anti-CD19 auristatin-
based antibody drug conjugate, wherein the auristatin-based antibody drug conjugate is
a hBU12-mcF conjugate.

The use of claim 53, wherein the hBU12-mcF antibody-drug conjugate is SGN-19A.

The use of claim 52, 53, or 54, wherein the cancer is non-Hodgkin lymphoma.

The use of claim 52, 53, or 54, wherein the cancer is mantle cell lymphoma or diffuse

large B cell lymphoma.

The use of claim 52, 53, or 54, wherein the cancer is chronic lymphocytic leukemia or

acute lymphoblastic leukemia.

The use of any one of claims 1 to 41, wherein cells of the cancer or the tumor cells are

those of a hematological malignancy.

The use of claim 58, wherein the hematologic malignancy is a B cell

lymphoproliferative disorder.

The use of claim 58, wherein the hematologic malignancy is a T cell

lymphoproliferative disorder.
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61. The use of claim 58, wherein the hematological malignancy is Hodgkin lymphoma.

62. The use of claim 58, wherein the hematological malignancy is a Non-Hodgkin

lymphoma.

63. The use of claim 58, wherein the hematological malignancy is a diffuse large B-cell

lymphoma (DLBCL).

64. The use of claim 58, wherein the hematological malignancy is a mantle cell lymphoma
(MCL).

65. The use of claim 58, wherein the hematological malignancy is anaplastic large cell

lymphoma.

66. The use of claim 58, wherein the hematological malignancy is follicular lymphoma.

67. The use of claim 58, wherein the hematological malignancy is a leukemia.

68. The use of any one of claim 1 to 41, wherein the cancer is in the form of a solid tumor.

69. The use of claim 68, wherein the cancer is renal cell carcinoma.
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