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METHODS AND COMPOSITIONS FOR SYNERGISTIC UPTAKE AND RETENTION
OF SMALL MOLECULE LIGANDS
{0661} This application claims the priority benefit of U.S. Provisional Patent Application
Serial No. 63/086,216, filed Ociober 1, 2020, which is hereby meorporated by reference in iis

entirely.
FIELD

{3002} The present application relates to methods and compositions for synergistic

uptake and retention of small molecule ligands.
ACKGROUND

{3003] Combination therapy 1S a common, accepted treatment approach for virtually all
types of cancers and has been the standard therapeutic approach for several decades. The basis
for the adoption of combination therapy was the early chemotherapy experience where 1t was
determuned that the high mutational rate of cancers allowed rapid development of resistant
strains of tumor cells when only a single agent was employed. The goal of combination therapics
18 1o inerease ctficacy and minimize the development of tumor resistance or escape. This is
generally achieved by emploving 2 or more anti-cancer agents each of which has a different
mechanism of action, making the development of resistant tumor cells more difficalt and less
fikely. The additive or synergistic effocts of combining two or more agents can be the difference
between successful and unsuccessful treatment of the patient.

[0004] Many combmation treatment regimens are well known in the oncology field. Ag
an example, MOPP {an acronym for mechlorethamine, vincristine, procarbazine, prednisone} is a
curative treatment reguoen for Hodgking' Discase. Several different combination regimens
{which all include cisplatin, vinblastine, and bleomvain} are accepted n the treatment of
testicular cancer, which is curable in up to 98% of diagnosed cases. In all, more than 300
different combination regimens have been used.

[O005) The main drawback to combination therapy is often that it also results inan
increase i toxicity. For example, most forms of nonsargical cancer therapy, sach as external
uradiation and chemotherapy, are limited m their efficacy because of toxic side effects to normal

tissues and cells as well as the himited spectficity of these treatment modalitics for cancer cells.

{3005] This limitation 1s also of importance when anti-cancer antibodies are used for
targeting toxic agents, such as isotopes, drugs, and toxins, o cancer sites, because, as systemig

agents, they also circulate to sensitive celiular compartments such as the bone marrow. In acute
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racdiation myury, there 1s destruction of lymphoid and hematopoietic compartments as a major
factor in the development of septicemia and subsequent death. Thus, methods of reducing the
toxic ctfects of cancer therapy while maintaiming or even increasing etficacy are in high demand.
[6007] Further, although small molecules remaimn important drugs used m chinics, in
munecrous cases, their therapeutic impact has reached limitations due to insufficient capability to
reach targets, lack of specificity, requirement for high doses leading to toxicity, and major side
effects. Pharmaceutical potency of these molecules remains restricted by their poor stability in
vivo, their rapid excretion and by their low uptake into cells. Therefore, “delivery” has become a
critical piece of the therapeutic puzzle and new milestones have been established to vahidate
dehivery strategies: {a} lack of toxicity, (b) efficicncy at low doses i1 vive, {c) casy to handle for
therapeutic apphcations {d) rapid endosomal release and {¢) ability to reach the target. Although
viral delivery strategics had given much hope for gene and cclhilar therapics, their chnical
apphcation hag suffered from side- and toxicity-effects (Glover et al | “Towards Safe, Non-viral
Therapeutic Gene Exprossion in Humans,” Nar. Kev. Gener. 6:299-310 (2003}, Whiichead et al.,
“Knocking Down Bamiers: Advances m siRNA Delivery,” Nar Rev Drug Discov. 8:129-138
{2009)). Researchers were mainly focused on the development of non-viral strategies, and
different methods have been proposed inchuiding hipid, polycationic nanoparticles and peptide-
based formulations, but only a few of these technologies have been etficient in vivo and have

reached the clinic.

{0008] The present application is directed to overcoming these and other deficiencies in
the art.

SUMMARY
10009] A first aspect of the present application relates to a method of treating a subject

for cancer. The method mvolves providimg a first agent comprising a first targeting component
coupled to a first cancer therapeutic component and providing a second agent comprising a
second targeting component coupled to a second cancer therapeutic component. The first and
second targeting componenis have different biodistributions and/or pharmacokmetics in the
subject. The first and second agents are admimsiered no more than eight hours apart from each
other, to the subject to treat cancer. As a result of the administering, the amount of first and
second cancer therapeutic component indernalized and retained within a tumor is greater than the
sum of first and second cancer therapeutic component internalized and retained n a tomor if

cach of the first and second agents werg administered individually .

#119747611 v1
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HEUEH A second aspect of the present apphcation relates to a therapeutic composition
that includes a first agent comprising a first targeting component coupled to a first cance
therapeutic component and a second agent, blended with the first agent. The second agent
comprises a second targeting component coupled to a second cancer therapeutic component. The
first and second targeting compongnts have different biodistributions and/or pharmacokinetics in
a subject.

[3011] The present application describes a way to overcome the maximum tolerated dose
{(MTD} of a targeted agent in order to achieve improved efficacy with no imcrease in, and an
opportunity to decrease, it toxicity. The present apphication proposes the use of two individual
targeting agents, rather than one, cach targeting the same molecule or the same cell type. In this
approach, each of the two targeted agents has a different biodistribution and/or pharmacokinetics
from the other. Importantly, the different biodistributions and pharmacokinetics of these
respective agents results n differing, non-overlapping toxicitics of each of the two respective
targeted agents. When the two targeted agents are combined in a treatment strategy, the result s
that both drugs converge, simultancously or sequentially, at the desired target site thereby
providing a combined treatment effect.

{0012] Combined targeting using two different targeting agents each with different
biodistributions and/phammacokinetics 1s novel; 1t has never before been considered or vtilized as
described herein, Previous attempts, for exampie in the ficld of targeted radiopharmaceuticals,
have been limited to use of a single targeting agent (¢.g.. a somatostatin recepior type 2 (S5TR-
2} igand) adounistered erther (1) in alternating cyeles carrving 2 ditferent therapeutic moictics

with a minimuum of 6 weeks between cycles (Villard et al, “Cohort Study of Somatostatin-Based

Radiopeptide Therapy With {%Y -BOTARTOC Versus E,%YnDOTA:E-'E'OC Phis {”7Lu~
DOTARTOC in Neuroendocrine Cancer,”.J Clin Oneol 30: 1100-1106 (2012), which is hereby
incorporated by reforence o its entirsty) or {2} admimistering the single targeting agent with two
therapeutic agents together where ¢ach therapeutic agent was given in reduced dose by 30%

(Kumkowska of al., “Chinical Results of Radionuchide Therapy of Meurcendocrine Tumsors with

7
7

a6 e e g e 20 177 e e e L Lo
Y-DOTATATE and Tandemn Y/ Lo-DOTATATE: Which is a Better Therapy Option?”
Fur J Nucl Med Mol Imaging 38 17881797 {201 1}, which 15 hereby incorporated by reference

i ifs entirety). While both of these ciied publications used two radiopharmaceutical
therapeuntics, they were Himited by the use of only one targeting agent. Simce this single targeting
agent would, by definition, compete with iiself for binding to the target muolecule, this required

cithor alterpating the rospective radionuciide every other evele ar reducing the dosage of each

#119747611 v1
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conipgated therapeutic in order to admunister simubtaneously. The approack described herein
sifves this probler by allowing both therapoutic moietics, excmplified heorein with
radiopharmaccuticals, to be administored stmultancously and at full dose. This method also
allows for g higher therapentic dose 1o reach the target site {e.g., cancer}, and therefore more
etfficacy. This can be achigved becauss the biodisinbubion of the two respective agents differ,
they do not canse additive toxicity @ normal tissuos. This benefit also allows, for the firet tirme,
o overcorae the pricr inabiiity o co-admunister two radiopharmacenticals where enther or,
especially, both are at therr maxamum tolerated dose/s. Ag another opuion, one may actually
modulate the dose of either or both agents downward, while sttt delivering a greater therapeutic
dose 1o the targetoed sites thao ether agent individually, but also decreasing side effecis by
lowering the respective dose of either or both agents,

{001 3] Furthermore, as demonstrated below, it has beon found that not just an additive
dose to tumor can be achieved, a benefit in itself but svnergy can be derived where the fotal dose
o tumor by this approach oxceeds the sum of Hs mdividual agerds. This s due to the anubody
altering the phyvsiological processing of the small moelecule hgand such that the atler’s tumor
uptake and s tumoer retention arg both improved and prolonged thereby delivening an even
groater effective dose to tumor.

HEEY Ag the critical determinant of treatment efficacy is a function of the dose
delivered to the intended site, the approach descenbed offers the benefit of improved efficacy as it
can deliver a higher dose to tumor without exceeding dose-limiting toxicity and patient
tolerability. Furthermore, it offers the option to decrease the dose of either or both components
in order to improve treatment toxicity and tolerability while still providing improved dosing
relative to cither agent mdividually .

{0015] Use of two targeting agents also allows the use of two different cytotoxic agents
which provides further potential treatroend benefit. For example, one may use two different
radiopharmaceuticals and, in doing s0, increase the curability of the treatment as descnibed by
O Donoghuc et al., “Relationships between Tumor Size and Curability for Uniformly Targeted
Therapy with Beta-Enutting Radionuchides,” J Nuel Med 36:1902-1909 {1995}, which is hereby
ncorporated by reference in s entirety. Similarly, use of two targeting agents would allow the
use of two cvtotoxic agents of different classes, e.g., a radiopharmaceutical and a
chemotherapeutic, a pro-drug and the pro-doug’s activator, a drug and i1t’s enhancer or modulator,

Multiple other combinations can be devised by those knowledgeable i the art,

#119747611 v1
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{0301 6] The approach described heren allows enhanced spectficity of therapeutic action
as the only site/s in the body where the two agents would accomulate in coordination would be

the targeted stie/s.

BRIEF DESCRIPTION OF THE DRAWINGS

0017} FIG. 1 shows that, when measured via ex vivo imaging, mice treated with both
617-Lul"" plus J591-Lu!" have the greatest number of counts which exceeds the sum of the
tumors that got cither agent alone.

[0018] FIG. 2 shows that, when measured via autopsy 72 hours post-treatment, mice
treated with both 617-Lu'" plus J591-Lu'"” have the greatest number of radicactive counts
which exceeds the sum of the counts in the tumors that got either agent alone.

HEURY FIG. 3 shows the combination of antibody plus small molecule ligand targeted
radiopharmaceuticals delivered from 44 1o 65% more radiation dose to tumor than the sum of the

2 individual agents when given mdividually,

DETAILED DESCRIPTION

{3026] A first aspect of the present application relates to a mothod of treating a subject
for cancer. The method mvolves providing a fivst agent comprising a first targeting component
coupled to a first cancer therapeutic component and providing a second agent comprising a
second targeting compounent coupled to a second cancer therapeutic coraponent. The first and
second targeting components have different biodistributions and/or pharmacokimetics in the
sabject. The first and second agents are admintstered no more than eight hours apart from gach
other, to the subject to treat cancer. As a result of the adounistering, the amount of first and
second cancer therapeutic component intemalized and retained withun a tumor is greater than the
sum of first and second cancer therapeutic component internalized and retained in a tumor if
each of the first and second agenis were administered mdividually .

{0021] As used herein, the torm “subject” i1s indended to include haman and non-haman
animals. Non-humar animals include all vertebrates, ¢.g., mammals and non-marmals, such as
non-human primates, sheep, dog, cow, chickens, amphibians, reptiles, ete.

16022] As used herein, the term “treat” refers o the application or administration of the
first and second agents of the application to a subject, ¢.g., a paticunt. The treatment can be to
cure, heal, alleviate, relieve, alter, remedy, amehiorate, pathate, improve or affect the cancer, the

symptoms of the cancer or the predisposition toward the cancer.

#119747611 v1
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{8023] As used herein, the term “cancer” includes all types of cancerous growths or
oncogenic processes, metastatic tissues or malignantly transformed cells, tissues, or organs,

irrespective of histopathelogic tvpe or stage of mvasivencss.

[0024] Ag used heren, the term “biodistrnibution” refers to the organs and tissues 1o
5 which a drug distributes in the body.
G025 As used herein, the term “pharmaccokinetics” refers to how long a drug stayvs n
> pl é? &~
the body.
$026 In certain embodiments, the first and second agents are adnunistered no more than
gt

7 hours, 6 hours, 5 hours, 4 hours, 3 hours, 2 hours, or 1 hour apart from ecach other. In onc

10 embodimend, the first and second agents are adnunistered simultancously.

16627) Regardless of the chosen time of admimstration of both agents, the timing should
result in the amount of first and second cancer therapeutic component internalized and retained
within a turmor being greater than the sum of first and second cancer therapeutic components
mnternalized and retained 1 a tumor if cach of the first and second agents were administered

15 individually,

{0028} In certain embodiments, the cancer is prostate cancer, ngurcendocring cancer,
breast cancer, non-Hodgkin’s lymphoma, or Hodgkin’s lymphoma. In some embodiments, the
cancer is a primary tumor, while in other embodiments, the cancer 18 a secondary or metastatic
fwmor.

20 [6029] As used herein, the “targeting component” is a component that 15 able to bind to
or otherwise associate with a molecular target, for exanple, a membrane component, a cell
surface receptor, such as prostate specific membrane antigen (PSMA, which is also known as
folate hydrolase 1, ghitamate carboxypeptidase I, and NAALADase)}, or the ke, A first and
second agent comprising the targeting component may become localized or converge at a

25 particular targeted site, for mnstance, a tumor, a discase site, a tissue, an organ, a type of cell, ete.
Ag such, the first and second agent may be “target-specific.” In some cases, the therapeutic
compaonent that is coupled to the firet and second targeting components may exert its anti-cance
effect without the need for release from the first and second targeting components. In other
cases, the therapeutic component may be released from the first and second agents and allowed

30 to interact locally at the particular targeting site.

{3030] For example, contemplated targeting components may include a nucleic acid,
peptide, polypeptide, protein, glycoprotein, carbohydrate, or hipid. A targeting component may
be a naturally occurring or synthetic ligand for a cell surface receptor, ¢.g., a growth factor,

hormong, LDL, transferrin, ¢fc. A targeting component can be an antibody . which term is

#119747611 v1
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mtended to include antibody fragments and/or derivatives, characteristic portions of antibodies,
single chain targeting moicties which can be identified, for example. using procedures such as
phage display. Targeting components may also be a targeting peptide, targeting peptidonumetic,
or a small molecule, whether naturally-occurring or artificially created {e.g., via chemical
synthesis).

{0031} In one embodiment, the first and second targeting components are independently
sclected from the group consisting of an andibody or binding fragment thereof, a protein, a
peptide, and a small molecule.

{8032} Antibodies aganst molecular targets on tumors are known. For example,
antibodics and antibody fragments which specifically bind markers produced by or associated
with tumors have been disclosed, inter afia, in U 8. Patent No. 3,927,193 to Hansen, and 1.8
Patent Nos. 4,331,647, 4,348,376, 4,361,544, 4468 457, 4,444,744, 4 818,709 and 4,624,846 to
Goldenberg, the contents of all of which are incorporated herein by reference in their entircty. In
particular, antibodics against an antigen, ¢.g., a gastrointestinal, long, hiver, breast, prostate,
kidney, bladder, ovaran, testicular, brain, hematopoietic or lymphatic tumor, a sarcoma or a
melanoma, are advantageously used. Antibodies to cancer-related antigens are well known to
those in the art.

[6033] The antibodies of the present application may exist in a varety of forms
including, for example, polyclonal antibodies, monoclonal antibodies, mtracellvlar antibodies
("mtrabodigs"), antibody fragments (e g. Fv, Fab and F(ab}2}, half-antibodies, hybnid derivatives,
as well as single chain antibodics (scFv), chimeric antibodies and humanized antibodies (Ed
Harlow and David Lane, USING ANTIBODIES: A LABORATORY MaNUAL (Cold Spring Harbor
Laboratory Press, 1999); Houston et al., “Frotein Enginecring of Antibody Binding Sites:
Recovery of Specific Activity in an Aoti-Digoxin Single-Chain Fv Analogue Produced in
Escherichia coli,” Proc. Nail. Acad. Sci. US4 85:5879-3883 (1988); Bird et al, “Single-Chain
Antigen-Binding Proteins,” Science 242:423-426 (1988}, each of which is hereby incorporated
by reference in its entirety).

{0034] Antibodies of the present application may also be syathetic antibodics. A
synthetic antibody 13 an antibody which 1s generated using recombinant DNA technology, such
as, for example, an antibody expressed by a bactenophage. Altematively, the synthetic antibody
is gencrated by the synthesis of a DNA maolecule encoding and expressing the antibody of the
preserd application or the svethesis of an ammo acid sequence specitying the antibody, where the
DNA or amino acid sequence has been obtained using synthetic BNA or aming acid sequence

technology which is available and well known in the art.

#119747611 v1
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B035] Methods for monocional antibody production may be carried out using the
technigues described herein or are well-known 1n the art (MONOCLONAL ANTIBODIES
PRODUCTION, ENGINEERING AND CLINICAL APPLICATIONS {Mary A. Ritter and Heather M.
Ladyman eds., 1995}, which is hercby incorporated by reference m its entirety}. Generally, the
process mvolves obtaming immime cells (ymphocvies) from the spleen of a mammal which has
been previously immunized with the antigen of interest either in vivo or in viiro.

{3036] Alteraatively, monocional antibodies can be made using recombinant DNA
methods as described in U.S. Patent No. 4,816,567 to Cabilly et al, whach 1s hereby incorporated
by reference in its entirety. The polynucleotides encoding a monoclonal antibody are isolated
from mature B-cells or bybridoma cells, for example, by RT-PCR using oligonucieotide primers
that specifically amplify the genes encoding the heavy and light chains of the antibody. The
isolated polvnuciestides encoding the heavy and light chains are then cloned into suitable
expression vectors, which when transfected tnto host cells such as £, coli colls, simian COS
cells, Chinese hamster ovary (CHO) cells, or myeloma celis that do not otherwise produce
mmunogiobulin protein, monoclonal antibodies are gencrated by the host cells. Also,
recombinant moncclonal antibodies or fragments thereof of the desired species can be isolated
from phage display libraries (McCafferty ot al., “Phage Antibodies: Filameuntous Phage
Displaying Antibody Variable Domains,” Noture 348:552-554 (19903; Clackson et al, “Making
Antibody Fragments using Phage Display Libraries,” Narure 352:624-628 (1991}, and Marks et
al., “By-Passing Immunization. Human Antibodies from V-Gene Libraries Displayed on Phage,”
J Mol Biol 222:581-5397 (1991), which are hercby incorporated by refercnce in their entirety).
100371 The polynucleotide(s} encoding a monoclonal antibody can further be modified
using recombinant DNA technology to gencrate alternative antibodies. For example, the constant
domains of the light and heavy chains of a hwman monoclonal antibody can be substituted for
those regions of a mouse antibody to generate a chimeric antthody. Alternatively, the constant
domatns of the light and heavy chains of a mouse monoclonal antibody can be substituted for a
non-inununogiobulin polypeptide to generate a fusion antibody . In other embodiments, the
constant regions are truncated or removed to generate the desired antibody fragment or
dertvative of a monoclonal antibody. Furthermore, site-directed or hugh-density mutagenesis of
the variable region can be used to optimize specificity and affinity of a monoclonal antibody.
{0038] The monoclonal antibody of the present application can be a humanized antibody.
Humanized antibodies are antibodics that contain ninimal sequences from non-human {e 2.,
murine} antibodics within the varnable regions. Such antibodies are used therapeutically 1o

reduce antigenicity and human anti-mouse antibody responses when administered to a human

#119747611 v1
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subject. In practice, humanized antibodies are typically human antibodies with minimal {0 no
non-human sequences. A human antibody is an antibody produced by a human or an antibody
having an amine acid sequence corresponding to an antibody produced by a human.

[06039] In addition to whole antibodies, the present application encompasses binding
portions of such antibodies. Sach binding portions include the monovalent Fab fragments, Fv
fragments {e.g., single-chain antibody, scFv), and single variable Vu and Vi domains, and the
bivalent F(ab )} fragments, Bis-scFv, diabodics, triabodics, muubodies, etc. These antibody
fragments can be made by conventional procedures, such as proteolviic fragmentation
procedures, as described in James Goding, MONGCLONAL ANTIBODIES PRINCIPLES AND
PRACTICE 98-118 {Acadenuc Press, 1983) and Ed Hardow and David Lane, ANTIBODIES: A
Lasoratory ManuaL (Cold Spring Harbor Laboratory, 1988), which are hereby mcorporated
by reference in their entirety, or other methods known in the art.

0040 It may further be desirable, especially in the case of antibody fragments, to
modify the antibody 1n order to increase s serum half-hife. This can be achieved, for example,
by mcorporation of a salvage receptor binding epitope mio the antibody fragment by mutation of
the appropriate region in the antibody fragment or by incorporating the epitope into a peptide tag
that is then fused to the antibody fragment at cither end or in the middle {e.g., by DNA or peptide
svnthesis).

0041} Antibody nmnics are also suntable for use in accordance with the present
application. A number of antibody mimics are known in the art including, without Hmitation,
those known as monchodies, which are derived from the tenth human fibronectin tvpe IH domam
{(*Fn3} (Koide et al., “The Fibronectin Type HI Domain as a Scaffold for Novel Binding
Proteins,” J Mol Riol 28411411151 (1998}; Koide et al, “Probing Protein Conformational
Changes in Living Cells by Using Designer Binding Proteins: Application to the Estrogen
Receptor,” Proc. Natl. Acad. Sci. US4 99:1253-1258 (2002), cach of which is herchy
meorporated by reference m its entirety}; and those known as affibodies, which are derived from
the stable alpha-helical bacterial receptor domain Z of staphylococcal protein A (Nord et al,
“Binding Proteins Selected from Combinatonal Librarics of an alpha-helical Bactenal Receptor
Domain,” Nature Biotechnol 15(8y.772-777 (1997, which is hereby incorporated by reference
in ifs entirety).

{0042] The peptides used in conjunction with the present application can be ohiained by
known isolation and purification protocols from natural sources, can be synthesized by standard
solid or solution phase peptide synthesis methods according to the known peptide sequence of

the peptide, or can be obtained from commercially available preparations. Included herein are

#119747611 v1
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peptides that exhibit the biological binding propertics of the native peptide and retain the specific
binding characteristics of the native peptide. Dertvatives and analogs of the peptide, as used
herem, include modifications 1n the composition, identity, and denivitization of the mdividual
amino acids of the peptide provided that the peptide retamns the specific binding properties of the
native peptide. Examples of such modifications would inchude modification of any of the amino
acids to include the D-stercoisomer, substitution in the aromatic side chain of an aromatic amino
acid, derivitization of the amino or carboxyl groups in the side chamns of an amino acid
contaning such a group m a side chain, substitations n the anuno or carboxy terminus of the
peptide, hinkage of the peptide to a second peptide or biologically active motety, and cvelization
of the peptide (. Van Binst and 3. Tourwe, “Backbone Modifications in Somatostatin
Analogues: Relation Between Conformation and Activity,” Peptide Research 5:8-13 (1992},
which is hereby incorporated by reference n its entirety).

{0043] In one embodiment, the first and second targeting components target the same
molecular target. For example, the first and second targeting components may bind to the same
receptor {e.g. PSMA) expressed by the same cell type.

03044 In another embodiment, the first and second targeting components target different
molecular targets on the same cell type. For example, the first and second targeting components
may bind to different receptors {e. g HERT and HERZ2) expressed on the same ccli type.

[0045] Ag used herein, the "cancer therapeutic component™ 18 an agent, or combination of
agents, that treats a cell, issug, or subject having a condition requiring therapy, when contacted
with the cell, tissue or subject. The cancer therapeutic component may be, for cxample, a
therapeutic radionuchde, chemotherapeutic agent, cviotoxin, hormone, hormone antagonist,
receptor antagonist, enzyme or proenzyme activated by another agent, biclogic, antocrine or
cytokine. Toxing also can be used m the methods of the present application. Other therapeutic
agents useful in the present application include anti-DNA | anti-RNA, radiolabeled
oligonucleotides, such as anti-sense oligodeoxy ribonucleotides, anti-protein and anti-chromatin
cyviotoxic or anfimicrobial agenis. (ther therapeutic agents are known to those skilled in the art,
and the use of such other therapeutic agents in accordance with the present application is
specifically contemplated.

{0046} In one embodiment, the first and second cancer therapeutic components arg
independently selected from the group consisting of a radionuclide and a cytotoxic agent.

[0047) In one embodiment, the first and/or second cancer therapeoutic component is a

radionuclide selected from the group consisting of ®Re, *7Y, *"Cu, %°Er, 218n, 7 Te, WPy, WPy,
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WSAAU,, 19‘)AU7 16‘:’[}37 lOQPdD 183Rd’ lf)r’)Dy: 1665.{07 ‘:49}31,1,1’ ];"‘zpn.l; ISESI‘EIQ 15‘)(}(1’ ]72’1“,“,1D 169&7})’ ]75‘Y‘b?
YT, RA, A, P TTmSa, 2P Ac, 27Th, 212Pb, 21AL and combinations thereof.

048] Procedures for labeling agents with radioactive 1sotopes are generally known

the art. For example, there are a wide range of moictics which can serve as chelating ligands and

(o]

which can be derivatized to the targeting components of the application. For mstance, the

chelating ligand can be a denivative of 1,4.7, 10-tetraazacyclododecanctetraacetic acid (DOTA),

ethyvlenediamineictraacetic acid (EDTA), dicthyleneiriavunepentaacetic acid (DTPA), and 1-p-

Isothiocyanato-benzyl-methvi-diethvienetnanunepentaacetic acid (ITC-MX). These chelators

typically have groups on the side chain by which the chelator can be used for attachment to the

10 targeting components of the present application. Such groups include, e.g.,
benzylisothiocvanate, by which the DOTA, DTPA, or EDTA can be coupled 1o, e.g., an amine
group of the targeting component. Frocedures for todinating biological agents, sach as
antibodics, binding portions thereof, probes, or figands, are described by Hunter and Greenwood,
“Preparation of foding-131 Labelled Human Growth Hormone of High Specific Activity,”

15 Nature 144:496-496 (1962}, David et al ., “Protein Todination With Sohid State Lactoperoxidase,”
Biochemistry 13:1614-1021 (1974), and U S, Patent Nos. 3,867,517 to Ling and 4,376,110 to
David, which are hereby incorporated by reference in their entirety. Other procedures for
iodinating biological agents are described by Greenwood et al., “The Preparation of 1-131-
Labelled Human Growth Hormone of High Specific Radioactivity,” Biockesm. J. 88:114-123

28 {1963); Marchalonis, “An Enzymic Method for the Trace lodination of Immunoglobulins and
Other Proteins,” Biochem. J. 113:299-303 (1969); and Momison et al, “Use of Lactoperoxidase
Catalyvzed Todination in Immunochemical Studies,” Immunochemistry §8:289-297 (1971), which
are herchy incorporated by reference in their entirety. Procedures for *® To-labeling are
described by Rhodes, B. et al. in Burchiel, S et al. {eds ), Tumar Imaging. The

25 Radioimmunochemical Deteciion of Cancer, Mew York: Masson 111-123 (1982} and the
reterences cited therem, which are herebv incorporated by reference 1n their entivety. Procedures
suitable for ' In-labeling biological agents are described by Haatowich et al., “The Preparation
ot D'TPA-coupled Antibodies Radiolabeled With Metaliic Radionuclides: an hraproved Method,”
S Immul Methods 65:147-157 (1983), Hnatowich et al,, “Coupling Antibody With DTPA--an

30 Alternative to the Cychc Anhydride,” ind. J Applied Radiation 35:354-557 (1984}, and Buckiey

et al., “An Efficient Method For Labelling Antibodies With 111, F £ B8 166:202-204

(1984}, which are hereby mncorporated by reference in their entirety.

[0049] In another embodiment, the cancer therapeutic component is a cvictoxic agent

selected from the group consisting of basulfan, cisplatin, carboplatin, chlorambual,
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cyclophosphamide, ifosfanude, dacarbazine (DTIC), mechlorcthamine {nitrogen mustard),
melphalan carmustine (BCNUY, lomusting (CONU), S-fluorouracil (3-FU), capecitabine,
methotrexate, gemcitabine, cytarabine {ara-C), fludarabine, dactinomyein, daunorubicin,
doxorubicin {Adnamvem), wdarubicin, mitoxantrone, pachiaxel, docetaxel, cabazitaxel, stoposide
{(VP-163, vinblastine, vincristine, vinorelbing, prednisone, dexamethasone, tamoxafen,
fulvestrant, anasirozole, letrozole, megestrol acetate, bicalutamide, flutamide, leuprolide,
zoserclin, L-asparaginase, tretinoin, maytansioes, auristatins, pyrrolobenzodiazepines,
duocarmyceins, and combmations thereof.

HELRIH Procedures for conjugating biological agents with cvictoxic agents, such as
chemotherapeutic agents, are well known in the art. Most of the chemotherapeutic agents
currently in use in treating cancer possess functional groups that are amenable to chemical
crosstinking directly with an amine or carboxyl group of the first targeting component of the
preseut application. For example, free amino groups are available on methotrexate, doxorubicin,
daunorubicin, cytosinarabinoside, cisplatin, vindesine, mitomycin, and bleonmycin while free
carboxylic acid groups are available on methotrexate, melphalan, and chlorambucil. These
functional groups, that 1s free amino and carboxylic acids, are targets for a variety of homo-
bifunctional and hetero-bifunctional chemical crosslinking agents which can crosslink these
drugs directly to a free amino group of the first targeting component.  Specific procedures for
conjugating targeting components with chemotherapeutic agents have been described and are
known in the art. By way of example, conjugation of chlorambucil with antibodies is deseribed
by Flechner, “The Cure and Concomitant loununization of Mice Bearing Ehrlich Ascites Tumors
by Treatment With an Antibody--Alkvlating Agent Complex,” Furopean Jownal of Cancer
9:741-745 (1873); Ghose et al, “Tmmuncchemotherapy of Cancer with Chlorambuctd-Carrving
Antibody,” Brifish Medical Journal 3:495-499 (1972}, and Szekerke et al | “The Use of
Macromolecules as Carners of Cytotoxic Groups (part 1) Nitrogen Mustard--Protein
Complexes,” Neoplasma 19:211-215 (1972}, which are hereby incorporated by reference m their
entirety. Procedures for conjugating daunomycein and adriamycin fo antibodies are described by
Hurwitz et al | “The Covalent Binding of Daunomycin and Adrnamycin to Antibodics, With
Retention of Both Drug and Antibody Activities,” Cancer Research 35:1175-1181 (1975} and
Arnon et al. Cancer Surveys 1:425-449 (19823, which are hereby incorporated by reference in
their entirety. Coupling procedures are also described in EP 86309516.2, which is hereby
corporated by reference in its entirety

10051} It will be appreciated that the exact dosage of the first and second agents of the

apphication 1s chosen by the individual physician in view of the patient to be treated. In general,
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dosage and admimstration are adiusted to provide an effective amount of the agent to the patient
being treated. As used herein, the “effective amount” of an agent refers to the amount necessary
1o clicit the desired biological response. As will be appreciated by those of ordinary skill w this
art, the effective amount of agent may vary depending on such factors as the desired biological
endpoint, the drug to be delivered, the target tissue, the route of administration, ete. For
example, the effective amount of agent containing an anti-cancer drug might be the amount that
results m a reduction n turor size by a desired amount over a desired period of time. Additional
factors which may be taken into account include the severity of the disease state; age, weight and
gender of the patient being treated; dict, time and frequency of admunistration; drug
combinations; reaction senstiivities; and tolerance/response to therapy.

6052} In general, doses can range from about 25% to about 100% of the MTD ofthe
targeted agent when given as a single agent. Based upon the composition, the dose can be
delivered once, continuously, such as by continuous pump, or at periodic intervals. Dosage may
be adjusted appropriately to achieve desired drug levels, locally, or systenically. In the event
that the response in g subject s insufficient at such doses, even higher doses {(or effective higher
doses by a different, more localized delivery route) may be employed to the extent that patient
tolerance pernuts. Contimuous IV dosing over, for example, 24 hours or multiple doses per day
also are contemplated to achieve appropnate svstemic levels of compounds.

[0053] In one embodiment, the cancer therapeutic component has a maximum tolerated
dose, and the maximum tolerated dose of the cancer therapeutic component is administered to
the subject. Because the biodistribution and phammacokinetics are differcnt for the two targeting
components, their toxacities as individual drugs are non-~ or mimimally overlapping. As a result,
the increased, additive dose to the target site 18 not accompanied by a commensurate crease in
toxicity.

HEIREY In an altemative embodiment, less than the maximum tolerated dose of the cancer
therapeutic component is administered to the subject. When the two agents of the present
apphcation are combined in a treatment strategy, the result is that both agents converge
(simultancously or sequentialiv} at the desired target site thereby providing a syoergistic
treatment effoct and, because the therapeutic component of the first and second agent is
administered af less than its MTD, fower toxicity is experienced by the subject.

HEISRY In one embodiment, the first and/or second agent is a small molecule conjugated
to a radionuclide Lu'”" and is administered in a 2-week cycle at a total dose of about 300 to 900
m{1{11.0- 33.3 GBg), such as a dose of 300, 325, 330, 375, 400, 425, 450, 475, 500, 600, 700,

800 or 800 m{i total in a 2 week cycle. In another embodiment, the small molecule conjugated
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to radionuclide Lu'" is administered at 6-week intervals or between 4 to 8-week cveles or
longer. in this case, cach dose ranges from 5.0-9.0 GBq (135-243mCi).

[0036) In practicing the methods of the present apphication, the adounisicring step is
carried out to freatl cancer m a subject. In one embodiment, a subject having cancer is selected
prior io the administering step. Such administration can be carnied out systemically or via direct
or local administration o the tumor site. By way of example, suitable modes of systemic
administration toclude, without linutation, ovally, topically, transdermally, parcnterally,
intradermally, mtramuscularly, mtraperitoneally, intravenously, subcutancously, or by intranasal
mstillation, by iniracavitary or intravesical mstillation, intraccularly, intraartenialy,
motralesionally, or by application to mucous membranes. Suttable modes of local admunustration
nclude, without imitation, cathetenization, implantation, direct injection, dermal/transdermal
apphication, or portal vein admimstration to relevant tissaes, or by any other local admpustration
technique, method or procedure generally known in the art. The mode of affecting delivery of
agent will vary depending on the type of therapeutic agent {e. 2., an antibody or an inhibitory
nucieic acid molecule} and the disease to be treated.

HELY The agents of the present application may be orally admimstered, for example,
with an inert difuent, or with an assimifable edible camier, or it may be enclosed in hard or soft
shell capsules, or it may be compressed mio tablets, or they may be incorporated directly with
the food of the diet. Agents of the present application may also be administered in a time release
manner mcorporated within such devices as time-release capsules or nanotubes. Such devices
afford flexibility relative to time and dosage. For oral therapeutic administration, the agents of
the present application may be meorporated with excipients and used m the form of tablets,
capsules, elixirs, suspensions, syrups, and the like. Such compositions and preparations should
contain at least 0.1% of the agent, althongh lower concentrations may be effective and indeed
optimal. The percentage of the agent m these compositions may, of course, be varied and may
conveniently be between about 2% to about 60% of the weight of the unit. The amount of an
agent of the present application in such therapeutically useful compositions is such that a suitable
dosage will be obtained.

HELREY When the agents of the present application are adnunistered parenterally,
solations or suspensions of the agent can be prepared in water suitably mixed with a surfactant
such as hydroxypropyleelhulose. Dispersions can also be prepared in glycerol, higuid
polvethviene glyveols, and mixtures thereof 1n oils. Hlustrative oils are those of petroleum,
animal, vegetable, or synthetic ongm, for example, peanut o1l, soybean oil, or mineral oil. In

general, water, saline, aqueous dextrose and related sugar solution, and glycols, such as
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propylene glveol or polyethviene glveol, are preferred liguid carriers, particelarly for mjectable
solations. Under ordinary conditions of storage and use, these preparations contain a
preservative to prevent the growth of microorganisms.

06059] Pharmaceutical formulations sintable for mjectable use nclude sterile agueous
soluttons or dispersions and sterile powders for the extemporaneous preparation of sterile
njectable solutions or dispersions. In all cases, the form must be sterile and must be fluid to the
extent that casy svringability exists. It moust be stable under the conditions of manufacture and
storage and must be preserved against the contaminating action of microorganisms, such as
bacteria and fungi. The carrigr can be a solvent or dispersion medium containing, for example,
water, ethanol, polvol {e2.g., glvcerol, propyiene glveol, and hquid polyethyience glyeol}, suttable
mixtures thereof, and vegetable oils.

[0060] When 1t is desirable to deliver the agents of the present application systemically,
they may be formulated for parenteral administration by injection, e g., by bolus injection or
continuous infusion. Formulations for injection may be presented in untt dosage form, e.g., in
ampoules or in multi-dose containers, with an added preservative. The composiiions may take
such forms as suspensions, solations or enulsions m oily or agoeous vehicles, and may contain
formulatory agents such as suspending, stabilizing and/or dispersing agents.

[0061] Intraperitoneal or intrathecal adounistration of the agents of the present
apphication can also be achieved using mfusion pump devices. Such devices allow continucus
wfusion of desired compounds avoiding multiple injections and multiple manipulations.

HEUS In addition 1o the formulations described previousky, the agents may also be
formulated as a depot preparation. Such long acting formulations may be formulated with
suitable polymenc or hydrophobic matenials (for example as an emulsion in an acceptable oil) or

ion exchange resins, or as sparingly soluble denvatives, for example, as a sparingly soluble salt

{3063) According to onc embodiment, the cancer is prostate cancer.
[0064] In another embodiment of this aspect of the present application, when the cancer

is prostate cancer, the first and second targeting components target the PSMA receptor.

HEUSY As used herein, “PSMA” or “prostate-specific membrang antigen” protein refers
to mammalian PSMA, preferably human PSMA protem. PSMA is also known as Folate
Hyvdrolase 1. The long transcript of PSMA encodes a protem product of about 160120 kDa
molecular weight charactenized as a type I transmembrane receptor having sequence homology
with the transferan receptor and having NAALADase activity {Carter ¢t al., “Prostate-Specific

Membrane Antigen is a Hydrolase With Substrate and Pharmacologic Charactenistics of a
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Nearopeptidase,” Proc. Natl. dead Sci. USA 93:746--753 (19963, which is hereby mcorporated
by reference in #s entirety).

{(366) In an altemative embodiment, the first targeting component 18 a PSMA recoptor
antibody or anfigen binding portion thereof and the second targeting component is a PSMA
receptor binding peptide or PSMA receptor inhibitor.

{0067 A PSMA receptor antibody 1s an antibody that interacts with (¢ g., binds to})
PSMA, preferably human PSMA protein. Preferably, the PSMA receptor antibody interacts
with, e.., binds to, the extracellular domain of PSMA | ¢.g., the extraceliular domain of human
PSMA located at about amino acids 44750 of human PSMA (amino acid residues correspond to
the human PSMA sequence disclosed in U 8. Patent No. 5,538,866, which is hereby mcorporated
by reference 1n s entirety}. PSMA receptor antibodies are known m the art (Goldsmith et al,
“Targeted Radionuchde Therapy for Prostate Cancer,” in Therapeuntic Nuclear Medicine 617-628
(R Baum ed. 2014), which is hereby incorporated by reference in its entirety}. Exemplary
PSMA receptor antibodies mclude, but are not hmuted to, J391, J415, J533, and E99 (Tvkvart ot
al., “Comparative Analysis of Monoclonal Antibodies Against Prostate-specific Membrane
Antigen (PSMA),” The Prosiate T4(16):1674-90 {(2014), which is hereby incorporated by
refercnec in is entirety).

[6068] The PSMA receptor inhibitor may mclude any hipids, carbohydrates,
polyoucieotides, peptides, polypeptides, or any other biclogic, orgamc or inorgame molecules
which inhibit the function of the PSMA receptor. Exemplary PSMA receptor inhibitor are
known in the art include, but are not limited to, PSMA 617, PSMA 1&T, BUFBC, DCFPyL,
glutamate-urea-lysine analogs, phosphoramidate analogs, and 2-(phosphinylmethyl) pentanedioic
acid analogs (Lutje ot al, “PSMA Ligands for Radionuchde Imaging and Therapy of Prostate
Cancer: Clinical Status,” Theranostics 5(12):1388-1401 (2013); Haberkorn et al., “New
Strategics in Prostate Cancer: Prostate-Specific Membrane Antigen (PSMA) Ligands for
Diagnosis and Therapy,” Clin. Cancer Res. 22(13:9-15 (2016}, which are hereby incorporated by
reference w their entirety).

{3069 o one crobodiment, the first targeting component 1s an antibody selected from the
group consisting of I391, J415, J533, and E9Y, wiule the second targeting component is a peptide
selected from the group consisting of PSMA 617, PSMA I&T, DCFBC, DCFPyL, glutamate-
urca-lysine analogs, phosphoramidate analogs, 2-(phosphinyimethyl) pentanedicic acid analogs,
and other PSMA ligands/ivhibitors/peptides.

(G070 In one embodiment, the first agent is J391-1"Ly or J591.2%°

agent is PSMA 617-""Ly, PSMA 617-2A¢, PSMA I&T-""Lu, or PSMA I&T-*2Ac . Either

Ac and the second
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agent may carry an alpha or a beta emutting radionuclide resulting in a vanety of pairs such as:
alpha/alpha, beta/beta, alpha/beta or beta/alpha. In ancther embodiment, the targeting agents
may carry other classes of cytotoxic agents {¢.g., drug or toxin} well known 1o those in the art.

[6671] In another embodiment of the present application, the cancer 1s a neuroendocring

(o]

cancer. Neurcendocrine cancers inchude, but are not imited to, carcinoid tumors, gastrinoma,

wmsulinoma, ghicagonoma, ViPoma, somatostatinoma, thyroid carcinoma, Merkel cell carcinoma

ot the skin, tumor of the anterior pitmitary, medullary carcmora, parathvroid tumor, thyowus and
mediastinal carcinoid tumor, pulmonary neuroendocrine tumor, adrenomeduliary tumor,
pheochromocyvioma, Schwannoma, paraganglioma, neuroblastoma, and urinary tract

10 carcinoid neuroendocring carcinoma.

{0072} In accordance with this aspect ot the present application, in one embodiment, the
first and second targeting components target the somatostatin receptor.

{0073] At least five somatostatin recepiors subtypes have been characterized and tumors
can express varous receptor subtypes (Shaer ot al |, “Somatostatin Receptor Subtypes sstl, sst2,

15 sst3 and sst3 Expression in Human Pituitary, Gastroentero-Pancreatic and Mammary tumors:
Comparnison of mBNA Analysis With Receptor Autoradiography,”™ fnr. J. Cancer 70:530-337
{1997}, which is hereby mcorporated by reference in ifs entirety). Naturally cocurring
somatostatin and 1ts analogs exhibit ditferential binding to these recepior subtypes, allowing
precise targeting of a peptide analog o specific discased tissugs.

20 [6074] In accordance with this aspect of the application, the first and second targeting
components have at least one biclogical activity of native somatostatin; preferably, this activity
1s the ability to specifically bind to a somatostatin receptor on a somatostatin receptor-bearing
cell. Many such analogs having biological activity are known and have been deseribed, for
example, in U.S. Patent No. 5,770,687 to Homik et al.; U.S. Patent No. 5,708,135 t0 Coy et al;

25 U.S. Patent Mo. 5,750,499 to Hoeger et al; U5, Patent No. 5,620,675 to McBride et al.; U.S.
Patent No. 5,633,263 to Coy et al; U5, Patent No. 5,597,894 to Coy et al; 1.5, Patent No.

3,541 to Taylor et al; U S, Patent No. 4,904,642 to Coy et al; U.S. Patent No. 6,017,509 to
Dean; WO 98/47524 to Hoftiman et al ; and U.S. Patent No. 5,411,943 to Bogden, cach of which
is hereby incorporated by reference 1 its enfirety,

306 0075 in one embodiment, the first and second targeting components target the

somatostatin receptor-2.

[0076) In another embodiment of the present application the cancer is breast cancer,
16677 In accordance with this embodiment of the present application, when the cancer is

breast cancer, the first and second targeting components target the HER receptor family.
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{B078] First and second agents, as well as targeting and therapeutic components, are
described above.
10679] In another embodirment of the present apphication the cancer 1s non-Hodghkin's
Lymphoma.
HEESH] In accordance with this embodiment, when the cancer 1s non-Hodgkin's

lymphoma, the first and second targeting components target CH20,

{3081] In another embodiment of the present application the cancer is Hodglkin's discase.
{0082} In accordance with this embodiment, when the cancer 1s Hodgkin’s disease, the

first and scoond targeting components fargst CD30.

{0083] Another aspect of the present application relates o a therapeutic composition that
mcludes a first agent comprising a first targeting component coupled to a first cancer therapeutic
component and a second agent, blended with the first agent. The second agent comprises a
second targeting component coupled io a second cancer therapewtic component. The first and
second targeting componenis have different biodistabutions and/or pharmacokinetics in a
subject.

{3084 First and second agents, as well as targeting and therapeutic components, are
described above.

[6085] Pharmaceutical compositions confaining agents for use m the methods of the
present application can inchude a pharmaceutically acceptable carrier as described infra, one or
more active agents, and a suitable delivery vehicke. Switable delivery vehicles include, but are
not hinuted to, viruses, bacteria, biodegradable microspheres, microparticles, nanoparticles,
liposomes, collagen nunipellets, and cochleates.

{3086} In one embodiment of the present application, the pharmaceutical composition or
formulation contaiming an inhubitory nucleic acid molecule {e.g., siRNA molecule) is
encapsulated 10 a lipid formulation to form a nucleic acid-liypid particle as described 1in Semple et
al., “Ravonal Design of Cationic Lipids for siRNA Delivery,” Nature Bioiech. 28:172-176
(2010), WO2Z011/034798 to Bumcrot ot al,, WG2009/111638 to Bumerot et al., and
WG2010/105209 to Bumcrot et al, which are bereby meorporated by reference i their erducty.
{0087} In another embodiment of the present application, the dehivery vehicle s a
nancparticle. A variety of nanoparticle delivery vehicles are known in the art and are suitable for
delivery of an inhibitor of the application {sce e g., van Vierken et al., “Multi-functional
Polvmeric Nanoparticies for Tumour-Targeted Drug Delivery,” Experr Opin. Drug Deliv.
3(2%:205-216 (20006}, which 1s hereby incorporated by reference in iis entirety). Suitable

nanoparticles include, without Hmitation, poly(beta-amino esters) {Sawicki ¢t al., “Nanoparticie
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Dehivery of Suicide DNA for Epithelial Ovarian Cancer Cell Therapy,” Adv. Exp. Med. Biol.
622:209-219 {2008), which is herchy incorporated by reference in its entircty),
polvethyvieninunc-alt-poly{cthvicne glveol) copolymers (Park et al., “Degradable
Polvethylenimine-alt-Polv(cthvlene glyeol) Copolymers As Novel Gene Cammers,” J. Condrol!
Release 105(3).367-80 (2005} and Park et al |, “Intratumoral Administration of Anti-KITENIN
shERNA-Loaded PEL-alt-PEG Nanoparticles Suppressed Colon Carcinoma Hstablished
Subcutancously in Mice,” J Nanosci. Nanotechnology 10(53:3280-3 (2010), which are hereby
incorporated by reference in their entirety ), and liposome-entrapped siRNA nanoparticles
{Kenny et al,, “Novel Mulitfunctional Nanoparticle Mediates siRNA Tumor Delivery,
Visualization and Therapeutic Tumor Reduction fn Vive,” J. Control Release 149(2): 111-116
{2011}, which is hereby mceorporated by reference n s enfiretvy. Other nanoparticle delivery
vehicles suitable for use in the present application include microcapsule nanotube devices
disclosed in U8, Patent Publication No. 2010/6215724 to Prakash ¢t al, which is hereby
meorporated by reference i s entirety.

{0088} In another embodiment of the present application, the pharmaceutical composition
1s contained in a hposome delivery vehicle. The term “liposome” means a vesicle composed of
amphiphilic lipids arranged in a spherical bilayer or bilayers. Liposomes are unilamellar or
multifameliar vesicles which have a membrane formed from a lipophilic matenial and an agueous
inferior. The aqueous portion contains the composition to be delivered. Cationic liposomes
possess the advantage of being able to fuse to the cell wall. Non-cationic liposomes, although
not able to fuse as efficiently with the cell wall, are taken up by macrophages i vivo.

{0089] Several advantages of liposomes mclude: their biocompatibility and
biodegradablity, incorporation of a wide range of water and lipid soluble drugs: and they afford
protection to encapsulated drugs from metabolism and degradation. lmaportant considerations in
the preparation of liposorae formulations are the lipid surface charge, vesicle size, and the
aqueouns volume of the liposomes.

{0090 Liposomes are useful for the transfer and delivery of active ingredients to the site
of action. Because the liposomal membrane s structurally similar to biological membrancs,
when liposomes are applied to a tissue, the Hposomes start to merge with the celinlar membranes
and as the merging of the liposome and cell progresses, the hposomal contents are emptied mnto
the cell where the active agent may act.,

HELSY Methods for preparing hiposomes for use n the present application mclude those
disclosed wn Bangham et al, “Diffusion of Univalent fons Across the Lamellae of Swollen

Phospholipids,” J. Mol Riol 13:238-32 (1965}, U.S. Patent No. 5,653,996 to Hey;, U5, Patent
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No. 5,643,599 t0 Lee et al; U.S. Patent No. 5,885,613 1o Holland et al; U.S. Patent No.
3,631,237 to Dzau & Kaneda, and U.S. Patent No. 5,059 421 1o Loughrey et al | which are
hereby incorporated by refercnce in their entirety,

6092} In another embodiment of the present application, the delivery vehucle 1s a viral
vector. Viral vectors are particalarly saitable for the delivery of mhibttory nucleic acid
molecules, such as siRNA or shRNA molecules, but can also be used to deliver molecules
encoding an anti~integrin antibody. Suttable gene therapy vectors include, without limitation,
adenoviral vectors, adeno-associated viral vectors, retroviral vectors, lentiviral vectors, and
herpes viral vectors.

[0053] Adenoviral viral vector delivery vehicles can be readdy prepared and utiized as
deseribed m Berkner, “Development of Adenovirus Vectors for the Expression of Heterologous
Genes,” Biotechnigues 6:616-627 (1988}, Rosenfeld et al | “Adenovirus-Mediated Transfer of a
Recombinant Alpha 1-Auntitrypsin Gene to the Lung Epithelium In Vivo,” Science 252:431-434
(1991), WO 93/07283 to Curiel et al., WO 93/06223 to Perricaudet ¢t al., and WO 93/07282 10
Curiel et al., which are herebv incorporated by reference in their entirety. Adenoc-associated viral
delivery vehicles can be constructed and used to deliver an inhibitory nucleic acid molecule of
the present apphication to cells as descnbed in Shi et al., “Therapeutic Expression of an Anti-
Death Receptor-3 Single~-Chain Fixed Variable Region Prevents Tumor Growth m Mice,”
Cancer Res. 66:11946-53 (2006); Fukochi et al., “Anti-AR Smgle-Cham Antibody Belivery via
Adeno-Agsociated Virus for Treatment of Alzheimer's Disease,” Newrobiol Dis. 23:502-511
(2006); Chatterjee et al, “Dual-Target Inhibition of HIV-1 In Vitro by Means of an Adeno-
Associated Virus Antisense Yoctor,” Science 258:1485-1488 (1992}, Ponnazhagan et al,
“Suppression of Human Alpha-Globin Gene Expression Mediated by the Recombinant Adeno-
Associated Virus 2-Based Antisense Vectors,” .2 fixp. Med. 179:.733-738 {1994}, and Zhou et al |
“Adeno-associated Vimus 2-Mediated Transduction and Hrythroid Cell-Specific Expression of a
Human Beta-Globin Gene,” Gene Ther. 3:223-229 (1996}, which are hereby incorporated by
reference o their entirety. & vivo use of these vehicles 1s described 1n Flotie et al., “Stable in
Vivo Expression of the Cystic Fibrosis Transmembrane Conductance Regulator With an Adeno-
Associated Virus Vector,” Proc. Nat'l Acad. Sci. 90:10613-10617 (1993} and Kaplitt et al,,
“Long-Term Gene Expression and Phenotypic Correction Using Adeno-Associated Virus
Vectors in the Mammalian Brain,” Noture Gener. 8:148-153 (1994), which are hereby
mcorporated by reference in their entirety. Additional types of adenovirus vectors are described
in U.S. Patent No. 6,057,155 to Wickbham et al; U.S. Patent No. 6,033,908 to Bout et al; US.

Patent No. 6,001,557 to Wilson et al.; U.S. Patent No. 5,994 132 to Chamberlam et al ; U5,
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Patent No. 5,981,225 1o Kochanck et al ; U.S. Patent No. 5,885,808 {o Spoongretal,; and UK.
Patent No. 5,871,727 to Cuanel, which are hereby mcorporated by reference in their entirety.
[3054] Retroviral vectors which have been modified to foom infective transformation
svstems can also be used to deliver a nucleic acid molecule to a target cell. One such type of
retroviral vector 1s disclosed in US. Patent No. 5,849,586 to Kricgler et al,, which is hereby
incorporated by reference. Other nucleic acid delivery vehicles suitable for use in the present
apphication inchude those disclosed in U.S. Patent Publication No. 200702191180 Lu et al |
which 1s hereby mmeorporated by reference m its entivety.

B095] Regardless of the tvpe of infective transformation system emploved, it should be
targeted for delivery of the nucleic acid to the desired cell type. For example, for delivery wto a
cluster of cells {e.g., cancer celis) a hugh titer of the mfective transformation system can be
injected directly within the site of those cells 50 as to enhance the ikelihood of cell infection.
The nfected cells will then express the inhibitory nucleic acid molecule targeting the mhibition
of integrin expression. The expression system can further contain a promoter to control or
regulate the sirength and specificity of expression of the nucleic acid molecule in the target tissue
or cell.

{0096] Effoctive doses of the compositions of the present application vary depending
upon many ditferent factors, including type and stage of cancer, means of adnunistration, target
site, physiological state of the patient, other medications or therapes admimstered, and physical
state of the patient relative to other medical complications. Treatment dosages nead to be titrated

to optimize safety and efficacy.

EXAMPLES

The following examples are provided to dhustrate embodunents of the present application, but

they arc by no means intended to limit is scope.

Example 1 - Mice Treated with Both 517-Lul”’ plus J531-Lu'"’ Have the Greatest Number
of Counts Measured Via £x Vive Imaging Which Exceeds the Sum of the
Tumors That Get Either Agent Alone

[00597] In this anumal study, three groups of mice were aplanted with LNCaP tumors (in
Matrigel) with 6-8 tamors per group. Afier the tumors were established, one group was injected
with J391-Lu'’
and J591-Lu'"

7

, 2 2™ group with PSMA-617-La'7" and a 3™ group got boh PSMAG17-Lu!™’
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1. J591-Lut’? 150uCi200ul per mouse
2. PEMA-B17-LutT? 400uCi200uL per mouse
3. JBG1-Lut7 + PSMA-B17-LutTT  180uCi + 400uCi/200ul per mouse

Radiolabeling both PSMA-617 and J591 allowed both 1o be tracked mdividually as well as their
total when combined. Al mice were imaged m a Siemens Inveon dedicated animal
multimodabity SPECT/CT. Coaxial CT images were acquired for anatomical and atignoation
information prior to cach SPECT acquisition to measure the radicactivity within the tumors at
the 1, 4, 24 and 72 hour time poiuts afier igection. SPECT umages were reconstructed using the
Siemens OSEM algorithm with corrections for scatter, attenuation, decay, and 7"Lu emission
spectrum. The mean namber of counts within the tumors in each group and time point was

calculated and plotted. THe imaging data measured an activity concentration in Bg/mb of

fumor:
TREATMENT GROUP thr ahr 24hr 72hr
i591 ONLY 1.031867 2.19515 14.05634 4857959
PSMA 517 ONLY 29.54551 30.62378 27.09825 12.48065
Sumimation of PSMA 617 +
1891 30.57718 32.81893 41.15459% 62.06024
PSMA 617 + [581 {measured) 58.10495 77.34706 84.46413 84.65056

[GO98] The mice that got PSMA-617-Lu'” alone had a high uptake at | bour that then
diminished over time- as plotted in FIG. 1. Conversely, those twmors treated with J391-Lu'”" had
relatively low counts mitially but a continuous increase over time for the full 72 howr ttimeframe.
The dotted line represents the summation of the counts in the 617-Lut"7 plus the J591-Lu!”
tumors. The 3% group of animals that were treated with doif 617-Lu'” plus F591-Lu!" had the
greatest number of counts which, in fact, exceeded the sum of the tumors that got either agent
alone, meeting the definttion of synergy that is greater than the sum of the parts (FI1G. 2}, To
confirm the accuracy of this experiment which was based on ex vive imaging, determinations
were done by tumor harvest at necropsv followed by direct counting of the radwactivity within
the previously imaged tumors and calculating counts per mg of tumor.

(30991

At the Day 3 tumor harvest, the mean counts per mg tumor 1 each of the groups

is shown in the table below (and FIG. 2) further confirming the imaging results.

Treatment:

$591-Lut’’

PSMA-617-Lut’’

$591-Lut’ + PSMA-617-Lu'’’

Mean cpm/mg tumaor

16,777

7,536

36,708
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Example 2 - Mice Treated with Barh 617-Lu'” plus J591-Lu'”’ Have the Greatest Number
of Counts Exceeding the Sum of the Tumors That Got Either Agent Alone

{3100} In this animal study, which is a continuation of the mmaging study described in
Example 1, when the mmaging was completed at 72 hours, the animals were necropsied, the
tumors harvested, weighed and counted 1 a scintillation counter to derive the amount of
radioactivity per mg {cpm/mg) of tumor. The tumors treated with J591 Lol 77 had 2.2-601d the

1 S} 7 TV ” g
counts of those tumors that had gotten PSMA-61 7Ll alone (F1G. 2). The tumors treated
with the combination had counts 48% greater than the sum of each of 1ts individual components,
meeting the definition of synergy (FIG. 23, The physical counting of the temor radioactivity

confirmed the results obtained by imaging.

Example 3 - The Combination of Antibedy Plus Small Molecule Ligand Targeted
Radiopharmaceuticals Delivered From 44 to 65% More Radiation Dose to
Tumor Than the Sum of the 2 Individual Agents When Given Individually
{0101] A series of experniments were done {o determine the radiation dosimetry delivered
to 3 different human prostate cancer models (LNCaP, CWR22Rvlg and PC3-PSMA-pos (by
transfection}. 3 different treatment regimens were used: 617-Lu'”7 along, F391-Lu” alone and
the combination. As in all the experiments described here, each animal got one dose. Dosimetry
calculations were based on sequential tumor imaging (as described above in Exanple 1),
Cumulated activity was caleulated and absorbed dose estimated using V"Lu dose information
from the Medical Internal Radiation Bose (MIRD): Radionuclide Data and BDecay Schemes. The
findings demonsteate that, in the 3 xenograft models, the combination of antibody plus small
molecule Hgand targeted radiopharmaceuticals debivered from 44 to 653% more radiation dose to
tumor that the sum of the 2 mmdividual agents when given mdividually (FIG. 33
[6162] Although preferred embodiments have been depicted and desceribed in detail
herein, it will be apparent to those skilled in the relevant art that various modifications, additions,
substitutions, and the like can be made without departing from the spint of the invention and
these are therefore considered to be within the scope of the invention as defined m the claims

which follow.
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WHAT IS CLAIMED:
1. A method of treating a subject for cancer, said method comprising:

providing a first agent comprising a first targeting component coupled to a first cancer
therapeutic component;

providing a second agent comprising a second targeting component coupled to a second
cancer therapeutic component, wherein the fivst and second targeting components have different
biodistributions and/or pharmacokinetics in the subject; and

adouunistering the first and second agents, no mare than eight hours apart from each other,
1o the subject to treat cancer, wherein, as a result of said administering, the amount of first and
second cancer therapeutic component intemahized and retained within a timor i greater than the
sam of first and second cancer therapeutic components idernalized and retained i a tumor if

cach of the first and second ageunts were administered mndividually.

2. The method according to claim 1, wherein the first and second agents are
adnunistered no more than 6 hours apart from each other.
3. The method according to claim 1, wherein the first and second agents are

administered no more than 4 hours apart from cach other.

4. The method according to claim 1, wherein the first and second agents are
administered no more than 2 hours apart from each other.
5. The method according to clamm 1, wherein the first and second agents are

administered simuoltaneously.

6. The method according to claim 1, wherein the first and second targeting
components are independently selected from the group consisting of an antibody or antigen
binding fragment or dertvative thergof, a protein, a peptide, and a small molecule.

7. The method according to claim 1, wherem the first and second targeting

components target the same molecular target.
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8. The method according to claim 1, whergin the first and second targeting

components target different molecular targets on the same cell.

8. The method according to clamm 1, wherein the first and second cancer therapeutic

(o]

components cach have a maximum tolerated dose, and the maximum tolerated doses of the first

and second cancer therapeutic components are given during said adounistering,

10, The method according to claim 1, wherein the first and second cancer therapeutic
components each have a maximum tolerated dose, and less than the maximuam tolerated doses of

10 the first and second cancer therapeutic components are given during said administering,

11, The method according to claim 1, wherein the first and second cancer therapeutic
components are independently selected from the group cousisting of a radionuchide and a

CYIOLOXIC agond.

12, 'The method according to claim 11, wherein the first and/or second cancer
therapeutic component is a radionuclide mdependently selected from the group consisting of
Sﬁch 9(7-‘{’ 67(/‘1:=19 169‘}’5;{-9 L’HSH, 1?,7’1“@? 1421)1,3 Nfip]., I*Z‘SA‘L,:l9 199Au’ ]61"}'}3, 109pde l‘;‘QRd 166}')},9166}{0?
1491)“1D 1511]“,1? 153SE1’1, 159G,d3 17?,'5‘11,17 169‘{})3 175&7}); ]77LU, ](};"R:h: 1] ]Ag7 1311, 177\\\81,17 2,251%0; 227’1‘1.1’

20 29Ph, M At and combinations thereof.

13. The method according to claim 11, wherein the first and/or second cancer
therapeutic component is a cytotoxic agent independently selected from the group consisting of
busuifan, cisplatin, carbopiatin, chlorambucil, cyclophosphamide, ifosfamide, dacarbazine

25 (DTIC), mechlorcthamine {(mtrogen mustard), melphalan carmustine (BCNU), lomustine
{CCNUY, S-fluorouracit {(5-FU), capecitabine, methotrexate, gemcitabing, cytarabine (ara-C},
fludarabine, dactinomycin, davnonibicin, doxorubicin {Adaamycin}, Wdanibicin, nutoxantrone,
paclitaxcl, docetaxel, cabazitaxel, etoposide (VP-16), vinblastine, vincristine, vinorelbine,
prednisone, dexamethasone, tamoxifen, fulvestrant, anastrozole, letrozole, megestrol acetate,

30 bicalutarmde, flutanude, leuprohide, goserelin, L-asparaginase, trefincin, maytansines, aurisiating,

pyrrolobenzodiazepines, duocarmycins, and combinations theroof

14, The method according to claim 1, wherein the cancer is prostate cancer.
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15 The method according to claim 14, wherein the first and second targeting
components target the prostate-specific membrane antigen (PSMA) receptor.
16. The method according to claim 15, wherein the fivst targeting component is a
PSMA receptor antibody or antigen binding portion thereof and the sscond targeting component

15 a PSMA receptor binding peptide or PSMA receptor inhibitor.

17. The method according to claim 16, wherein the first targeting component 1s an
antibody selected from the group consisting of 1591, J415, I533, and E99, while the second
targeting coroponent is a peptide selected from the group consisting of PSMA 617, PSMA &T,
DCFBC, DCFPyL, glutamate-urea-lysine analogs, phosphoranmudate analogs, 2-

(phosphinylmethyl) pentancdioic acid analogs, and other PSMA ligands/mhibitors/peptides.

18, The method according to claim 16, wherein the first agent is J391-""Lu or J591-
223 A ¢ and the second agent is PSMA 617-1"Lu, PSMA I&T-""Lu, PSMA 617-*Ac, or PSMA
I&T-2Ac,

19, The method according to claim 1, wherein the subject is a human,
20, The method according to claim 1, wherein the cancer is a neurcendocring cancer.
21 The method according to claim 20, wherein the first and second targeting

componegnts target the somatostatin receptor.

22, The method according to claim 21, wherein the first and second targeting

components target the somatostatin receptor-2 (S8TR-2) 1soform.

23, The method according to claim 20, wherein the neuroendocrine cancer s selected
from the group consisting of carcinoid tamors, gasirinoma, inselinoma, glucagonoma, ViPoma,
somatostatinoma, thyrotd carcinoma, Merkel cell carcinoma of the skin, tumor of the anterior
pituitary, medullary carcinoma, parathyroid tumor, thymus and mediastinal carcmnoid temor,
pulmonary neuroendocring tumor, adrenomedullary tumor, pheochromacytoma, Schwanuoma,

paraganglioma, neuroblastoma, and urmary fract carcinoid neuroendocnng carcinoma.
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24, The method according to claim 1, wherein the cancer is breast cancer.
25, The method according to claim 24, wherein the first and second targeting
components target the HER receptor family.
5
26. The method according to claim 1, wherein the cancer is non-Hodgkin's
Lymphoma.
27. The method according to claim 26, wherein the first and second targeting
10 components target CD20.
28, The method according to claim 1, wherein the cancer is Hodghins discase.
29, The raethod according to clatm 28, wherein the first and second targeting
15 components target CD30.
2%, The method according to claim 1, wherein the first and sccond agents are
different.
20 29, The method according to claim 1, wherein the first and second targeting

components target a cancer cell membrane molecule.

30 A therapeutic composition comprising:
a first agent comaprising a first targeting component coupled to a first cancer
25 therapeoutic component and
a second agent, blended with said first agent, said second agent comprising a
second targeting component coupled to a second cancer therapeutic component, wherein the first
and second targeting componerds have different biodistributions and/or pharmacokinetics in a
subject.
30
32.  The therapeutic composition according to claim 31, wherein the first and second
targeting componcents are dependently selected from the group consisting of an antibody or

binding fragment thereof, a protem, a peptide, and a small molecule.
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33, The therapeutic composition according to claim 31, wherein the first and second
cancer therapeutic components are independently sclected from the group consisting of a

radionuclide and a cvtotoxic agent.

34, The therapeutic composition according to claim 33, wherein the first and/or
second cancer therapeutic component is a radionuclide independently selected from the group
consisting of ®Re, 7Y, ¥Cu, ¥9Fr, P8, "Te, 2Py, 9Py, 1Ay, PPAn, 1¥Th, 'OPd, R4,
‘:661’)},,3166}109 149911,]? 1511)111, 1538111, ]5‘3‘(‘3‘{3? 172Tﬂ1, ]69‘37b’ ‘:75‘Ybj 1771411; 105%9 UlAg, 31{9 177mSn’

2 Ac, 27Th, 21?Ph, 2UAt, and combinations thereof.

35, The therapeutic composition according to claim 31, wherein the first and/or
second cancer therapeutic component 18 a eytotoxic agent independently sclected from the group
congisting of busulfan, cisplatin, carboplatin, chlorambuci, cyclophosphamide, dosfanude,
dacarbazine (DTIC), mechlorethanune (nitrogen mustard), melphalan carmusting (BONU,
lomustine {CONU), S-fluorouraci {5-FU}, capecitabine, methotrexate, gemcitabine, cytarabing
{ara~(}, fludarabine, dactmomycin, daunorubicin, doxorubicin (Adriamycin}, wdarubicin,
mitoxantrone, pachitaxel, docetaxel, cabazitaxel, ctoposide (VP-16), vinblasting, vincristing,
vinorelbine, prednisone, dexamethasone, tamoxifen, fulvestrant, anastrozole, letrozole, megestrol
acetate, bicalitamide, fhaamide, leuprolide, goserclin, L-asparaginase, tretinoin, maytansings,

auristating, pyreolobenzodiazepines, duocarmycins, and combinations thereof.

36.  The therapeutic composition according to claim 31, wherein the first targeting
component is a PSMA receptor antibody or antigen binding portion thereof and the second

targeting component is a PSMA roceptor binding peptide or PSMA receptor inhibitor.

37.  The therapeutic composition according to claim 36, wherem the first targeting
compaonent s an antibody selected from the group consisting of J591, 3415, J533, and E99, while
the second targeting component is a peptide selected from the group consisting of PSMA 617,
PSMA I&T, DCFBC, DCFPyL, ghitamate-urea-lysine analogs, phosphoramidate analogs, 2-

{phosphinylmethyl) pentanedioic acid analogs, and other PSMA ligands/inhibitors/peptides.

38, The therapeutic composition according to claim 36, wherein the first agent is
I591-"Lu or J591-" Ac and the second agent is PSMA 617-77 Ly, PSMA 617" Ac, PSMA
E&T-1"Lu or PSMA I&T-*PAc,
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