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and retained 1n a tumor if each of the first and second agents were administered alone. Also disclosed 1s a combination therapeutic

comprising the first and second agents blended togeth
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METHODS AND COMPOMTIONS FOR SYNERGINSTIC UPTAKE AND RETENTION
OF SMALL MOLECULE LIGANDS
13001 | This application claims the pnonty benelit of US. Provisional Patent Application
sertal No. 63/086.216, filed Uctober 1, 2020, which is hereby meorporated by reference m s

cntirety,
FIKLD

{30021 The present apphication relates to methods and compositions for synergistic

uptake and retention of small molecuie higands.
BACKGROUND

{3003 Combination therapy 1s a common, aceepted treatment approach for virtually all
tvpes of cancers and has been the standard therapeutic approach tor several decades. The basis
for the adoplion of combmation therapy was the early chemotherapy expenence where it was
deternnned that the high mutational rafe of cancers aliowed rapid development of resistant
strains of tumor cells when only a single agent was cmployed. The goal of combination therapics
15 to merease ctficacy and munmimize the development of tumor resistance or escape. This is

-

generatly achieved by emploving 2 or more anti~cancer agents each of which has a ditferent
mechanism of action, making the development of resistant tamor celis more difficalt and less
ikely. The additive or svnergistic effects of combming two or more agents can be the difterence
bebtween successtul and unsuccessiul treatment of the patient.

fUHIEY Many combination freatment regimens are well known in the oncology field. As
an example, MOPP (an acronym for mechlorcthamine, vincnisting, procarbazing, prednisone} is a
curative treatment regumen tor Hodgkins' Dhiscase. deveral different combination regimens
{which all mclude cisplatin, vinblastine, and bleomvcemn) are accepted m the treatment of
testicular cancer, which 1s curable 1 up to 98% of diagnosed cases. In all, more than 300
different combmation regimens have been used.

005 The mam drawback to combination therapy is often that 1t also results m an
tnerease m toxicity. For example, most forms of nonsargical cancer therapy, such as external
uradiation and chemotherapy, are Immrted m thewr ¢fficacy because of toxic side effecis to normal
tissucs and cells as well as the limted specificity of these freatment modalities for cancer celis.
{30061 This linutation 15 also of mportance when anti-cancer antibodies are used for
fargcting toxic agents, such as 1sotopes, drugs, and {oxins, {0 cancer sies, because, as systenug

agents, they also circulate to sensitive cellular compartments such as the bone marrow. In acutc
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rachation myury, there 1s destruction of ivmphoid and hematopoictic compartments as a major
factor m the development of septicemia and subsequent death. Thus, methods of reducing the
toxic ettects of cancer therapy while mamtaiung or even increasing ctficacy are 1 hugh demand.
3007 Further, although small molecules remam mportant drugs used m chnics, n
mimerous ¢ases, their therapeutic impact has reached hnmtations due to msuthicient capability to
rcach targets, iack of spectficity, requirement for high doses lcading to toxicity, and major side
ciiects. Pharmaceutical potency of these molecules remains resincted by their poor stability i
vive, therr rapid exceretion and by their low uptake mio cells. Therefore, “delivery” has become a
crittcal pece of the therapeutic puzzie and new muilestones have been established to vahdate
dehivery strategies: {a) lack of toxicity, (b} cfticiency at low doses 2 vive, (¢} casy to handle for
therapeutic apphcations {d) rapid endosomal release and {¢) ability to reach the target. Although
viral dehvery strategies had given mach hope tor gene and cclhular therapices, thewr chnical
application has suftered from side- and toxicity-ctiects {({lover ¢t al., “"Towards Sate, Non-viral
Therapeutic Gene Expression mn Humans,  Nar. Hev. Gener. 6:299-3 10 (2005} Whitchead et al..
“Knockimg Down Bamers: Advances m siBRNA Delivery,” Natf Rev Drug Discov, 8:129-138
(2009}). Researchers were mainly focused on the development of non-viral strategies, and
difterent methods have been proposed mchuding hpid, polycationic nanoparticies and peoptide-
based tormulations, but ondv a few of these technologies have been etficient in vivo and have

reached the chnic.

FGO08 ] The present application 1s directed to overcoming these and other deficiencies in
the art.

SUMMARY
0091 A first aspect of the prosent application relates to a method of treating a subject

for cancer. The method mvolves providing a first agent comprising a first targeting component
coupled to a first cancer therapeutic component and providing a second agent comprising a
sccond targetmg component coupled to a second cancer therapeutic component. The first and
second targeting components have ditfcrent biodistnibutions and/or pharmacokingtics 1 the
subject. The first and second agents are admumsicred no more than ¢ight hours apart from cach
other, to the subject to treat cancer. As a result of the admuustering, the amount of first and
seoond cancer therapeutic component indernalized and retained within a tumor 1s greater than the
sun of first and second cancer therapeutic component internalized and retamed m a tumor i

cach of the first and second agents were adnunistered mdividually .
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1301 6] A second aspect of the present apphcation relates to a therapeutic composiion
that inciudes a first agent comprising a first targetimg component coupled to a first canc
therapeutic component and a second agent, blended with the first agent. The sccond agent

COMPIIses a second targeting component coupled 1o a second cancer therapeutic component. The

> st and second targeting components have different bodistributions and/or pharmacokinetics in
a subject.
G011 The present application describes a way 0 overcome the maxunum tolerated dose

{(MTD) of a targeted agent i order to achieve mmproved etficacy with no mcrease n, and an
opportunity to decrease, its toxicity. The present apphication proposes the use of two mdividual
14 targecting agents, rather than one, each targeting the same molecule or the same ceil type. In this
approach, cach of the two targeted agents has a different biodistnbution and/or pharmacokinetics
trom the other. Importantly, the different biodistributions and pharmacokinetics of these
respective agents results 1 differing, non-overiapping toxicitics of cach of the two respeciive
targeted agents. When the two targeted agents are combined 1o a treatment strategy, the result 1s
15 that both drugs converge, simultancously or sequentially, at the desired target site thereby
providing a combined treatment ctiect.
{301 2] Combined targeting using two different targeting agents each with diffcrent
brodistributions and/phamacokinetics 18 novel; i has never before been considered or utilized as
described herem. Previous atiempts, for example m the hicld of targeted radiopharmaceuticals,
24 have been limited to use of a single targeting agent {(¢.g.. a somatostatin reeepior type 2 {S5TR-
2} heand) adounistered either (1) m alternating cveles carrving 2 ditterent therapeufic moietics
with a muuniim of 6 weeks between cycles (Villard et al |, “CUohort Study of Somatostatin-Based

e : - Y 18 . o 0
Radiopeptide Thorapy With | Y-DOTATOC Versus | Y-DOTAJ-TOC Plus Em

DOTALTOC m Newroendocrme Cancer,” ./ Clin Oneof 30:1100-1106 (2012}, which is hereby
25  mcorporated by reference m its entirely ) or (2} admpmstenng the single targeting agent with two

therapeutic agents together where cach therapeutic agent was given in reduced dose by 30%

(Kumikowska ¢f al., “Chinweal Kesulis of Radionuchde Therapy of Neurcondocnng Tumors with

G '*}O 1?7 _
‘f DOTATATE and Tandem C La-DOTATATE: Wiach 15 a Better Therapy Option’”

Fur S Nuci Meag Mol Tmaging 38 17881797 (201 1), which 15 hereby mncorporated by reterence

ﬂ
-

30 s entivetvy. Whale both of these eited pubiications used bwo radiopharmaceutical
therapeotics, they were lumfed by the use of only one targehng agent. dmeg this single targeting
agent would, by dettntion, compete with tselt for bindimmg o the target molecude, this required

-

cithor alternatmg the respective radienuclide every other evele or reducing the dosage of cach
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compugated therapeutic 1 order o admunister sunniltaneousty. The approach described hergin

sobves thus protdem by allowing both therapoutic morctics, excmpiitied herem with

-

radiopharmaceuiicals, 1o be admumstered sumuliancousty and at full dose. This methoed also

atlows for a higher therapeuiic dose 1o reach the target sife {e 2., cancer), and therefore more

ctticacy. This can be achieved because the biodistnbabon of the two respeciive agents differ,
they do not cause additive toxacity to normal tissucs. Thus benelit also allows, for the first time,
to overconae the prior inabihity o co-adnumnisier two radiopharmaceunicals where enher or,
especialiv, both are at thewr maxamun oierated dose/s. A anothor opuon, one mav actually
modulate the dose of sither or both agents downward, while sudl delivering a greaier therapeutic
dose 1o the targeted sies than cdber agent imndividusaily, but aiso decreasing side effects by

iowenng the respoctive dose of either or both agenis.

LELIR) Furthermore, as demonstrated below, 1t has been found that not just an additive
dose 1o tumor ¢an be achieved, a benetil o iselt, b svniergy can be derved where the fotal dose

to tumor by this approach excecds the sum of 1is mdividual ggonds. This 15 due o the anpbody

St

altening the phyvsiciogical processing of the small molecule hgand such that the latler's fumor

pptake and 1S tumor retention are both improved and prolonged thereby debvenng an gven
eroater cifeoctive dose to oy,

LEHEY As the critical determnant of treatment eiticacy 1s a funchion of the dose
delivered to the mifended site, the approach descenbed offers the benetit of improved ctticacy as it
can dehiver a higher dose to tumor without excecding dose-limiting toxicity and patient
tolerability. Furthermaore, it offoers the option to decrease the dose of cither or both components
i order to improve treatment toxacity and tolerability whale still providing improved dosing
relative to either agent mdividually .

{301 5] Use of two targcting agents also aliows the use of two diffcrent cytotoxic agents
which provides turther potential treatment benefit. For example, one may use two different
radiopharmaceuticals and, mn domng 80, merease the curability of the treatment as descnbed by

{3 Donoghuc et al., "Relationships between Tumor dize and Curability for Uniformiy Targeted
Therapy with Beta-Enutting Radwonuchides,” S Nucl Med 36:1902-1909 (1995}, which is herchy
mcorporated by reference m us entirety. Sumilarly, use of two targeting agents would allow the
use of two cvitotoxuc agents of difterent classes, e.g.. a radiopharmaceutical and a
chemotherapoutic, a pro-drug and the pro-dnig s activator, a drug and 1t's enhancer or moduiator.

Multiple other combinations can be devised by those knowliedgeable in the art.
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1301 6] The approach described hercin allows enhanced specthicity of therapeutic action
as the oniy site/s in the body where the two agents would accumulaie 1n coordination would be

the targeted sue/s.

wr

BRIEF BESMUCRIPTION OF THE DRAWINGS

30171 FIG. 1 shows that, when measured via ex vivo imagmg, mice treated with both

617-Lu'’’ plus J591-Lu'’’ have the greatest number of counts which exceeds the sum of the

fumors that got cither agent alone,

[ 3431 8} Fi(s, 2 shows that, when measured via autopsy 72 hours post-treatment, mice
13 treated with both 617-Lu’’ plue J591-Lu'"" have the greatest number of radioactive counts

which exceeds the sum of the counts m the tumors that got either agent alone.

00194 Fi(. 3 shows the combination of antibody plus small molecule higand targeted

racdhopharmaceuticals dehvered from 44 1o 65% more radiation dose to tumor than the sum of the

2 wmdividual agents when given mdividually.

DETAILED DESCRIPTION

00201 A first aspect of the present application relates to a method of treating a subject
tor cancer. The method mvolves providing a first agent comprising a first targeting component
coupled to a first cancer therapeutic component and providing a second agent comprising a

24 second targeting component coupled to a second cancer therapeutic component. The first and
second targeting components have different biodistnibutions and/or pharmacokmetics i the
sabject. The first and second agents are admunistered no more than eight hours apart from cach
other, 1o the subject {o treat cancer. As a result of the admunistenng, the amount of first and

second cancer therapeutic component intemalized and retamed withun a tumor 1s greater than the

N
A

sum of first and second cancer therapeutic component internahzed and retamed i a tumor st
cach of the first and second agents were administered mdividually .

{30211 As used herem, the term “subject” 1s miended to wclude buman and non-human
animals. Non-human animals nclude all vertebrates, ¢.g., manunals and non~-mammals, such as
non-human primates, sheep, dog, cow, chickens, amphibians, rephiles, ete.

30 JGH22 As used hercin, the term “treat’ refers 1o the apphication or administration of the
first and second agents of the application to a subject, ¢.2., a paticnt. The treatment can be o
cure, heal, alleviate, reheve, alter, remedy, ameliorate, pathate, improve or atfect the cancer, the

symptoms of the cancer or the predisposition toward the cancer.
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(30231 As used herem, the term “cancer” mcludes all tvpes of cancerous growths or

OnCogenic processes, metastatic tissucs or malignantly transformed cells, tissues, or organs,

irrespective of histopathologic tvpe or stage of mvasivenoss.

[ 380243 As used heren, the term “biodistnbution” refers {o the organs and t1ssues Lo
>  which a drug distributes in the body.
325 As used heremn, the term “pharmacokinetics refers to how long a drug stavs m
the body.
LEIRY In certam embodunents, the first and second agents are adounistered no more than

7 hours, 6 hours, 3 hours, 4 hours, 3 hours, 2 hours, or 1 hour apart from cach other. In ong

10 cmbodiment, the first and second agents are adnunisiered simultancousiy.

3027 Regardless of the chosen time of admimistration of both agents, the timing should
result m the amount of first and second cancer therapeutic component internalized and retained
within a fumor being greater than the sum of first and second cancer therapeoulic components
mfernalized and retamned g tumor if each of the first and second agents were admunisicred

15 mdividually.

{30281 in certam embodiments, the cancer 1s prostate cancer, neuroendoCring cancer,
breast cancer, non-Hodgkin s lvmphoma, or Hodgkin s lymyphoma. In some embodiments, the
cancer 15 a primary fumor, while m other emboduments, the cancer 18 a secondary or metastatic
fumor.

20 G029 As used herein, the “targeting component’ 1s a component that is able to bind 1o
or otherwise associate with a molecular target, for example, a membrane component, a ccli
surface receptor, such as prostate specitic membrane antigen (PSMA, which 15 also known as
folate hyvdrolase 1, ghitamate carboxypeptidase H, and NAALADase), or the hike. A first and
second agent comprising the targeting component may become locahized or converge at a

23 particular targeted site, for mstance, a tumor, a discase site, a tissue, an organ, a type of cell, ¢t
As such, the first and sccond agent may be “target-specific.” In some cases, the therapeutic
component that 1s coupled to the tirst and second targeting components may exert its anti-cancer
eifect without the need for reicase from the first and second {argeting components. In other
cases, the therapeutic component may be released from the first and second agents and allowed

30 o mteract locally at the particular targeting site.

30361 bor exampie, 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 hgand for a cell surface receptor, €.¢., a growth factor,

normonge, LDL, transfornn, eic. A targeting component ¢an be an anfibody . which term s
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mtended to mclude antibody fragments and/or denvatives, characteristic portions of antibodies,
single chain tarecting moictics which can be identified, for example, using procedurcs such as
phage display. Targeting components mav also be a targeting peptide, targeting peptidonumetic,
or a small molecule, whether naturally-occurning or artificially created (e.g., via chemical
Synthesis ).

3031 ] In onc embodiment, the first and second fargeting components arg independently
sclected from the group consisting of an anfibody or binding fragment thereot, a protein, a
peptide, and a small molecule.

(3032 Antibodies agamst 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, infer afia, m U N, Patent No. 3,927 1935 to Hansen, and U5
Patont Nos. 4,331,647, 4 348,376, 4361344, 4 468 457, 4444 744 4 318,709 and 4,624,346 to
(oldenberg, the contents of all of which are mcorporated herem by reference in thewr entirety. In
particular, antibodics against an antigen, ¢.2., a gastrointestinal, lung, iver, breast, prostate,
kidnev, bladder, ovarnan, testicular, bram, hematopoietic or iymphatic turmor, 4 sarcoma or a
melanoma, are advantageousty used. Antibodies to cancer-related antigens are well known to
those i the art.

3033 The antibodies of the present apphication may exast in a vanety of forms
including, for example, polycional antibodics, monoclonal antibodies, mitracellalar antibodics
{"mtrabodics”}, antibody fragments {¢.g. Fv, Fab and F{ab}2}, hali-antibodics. hvbnd dernvatives,
as well as single chain antibodies {scFv), clumeric antibodies and humanized antibodies (Ed
Harlow and David Lane, USING ANTIBODIES: A LABORATORY MANUAL {{Cold Sprng Harbor
Laboratory Press, 1999}, Houston et al., "Protein Engmneering of Anttbody Bmding Sites:
Recovery of Specitic Activity m an Anti-Digoxin Single-Chan Fv Analogue Produced in
Ffischerichia coli,” Proc. Natl, Acad. Sci. T/SA 85 5879-5883 (1988); Bird ¢t al, "Smgle-Chain
Antigen~-Bindmg Protems,” Science 242:423-426 (1988}, cach of which is hereby mcorporated
by reference in its entiretvy.

13034 ] Antibodics of the present application mav also be synthetic antibodics. A
svnthelic antibody 18 an antibody which 18 generated using recombmant PNA technology, such
as, for example, an antibody expressed by a bactenophage. Altematively, the synthetic antibody
1s generated by the synthests of a BNA molecule encoding and expressing the antibody of the
present application or the svathesis of an ammo acid sequence specitving the antibody, where the
DNA or anuno acid sequence has been obtamed using svnthetic DNA or aming acid sequence

technology which 1s available and well known 1n the ait.
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[ (303 5] Methods {for monocional antibody production may be carried out using the
technigucs described herein or are weli-known i the art (MONOCLONAL ANTIBODIES
PRODUCTION, ENGINEERING AND CLINICAL APPLICATIONS {Mary A. Ritter and Heather M.

Ladyman eds., 1993}, which 1s hercby meorporated by reference m 1t enfirety). Generally, the

wr

process mvolves obtaimng mmmnme cells (lymphocvies) from the spleen of a mammal which has

been previcusly tmmunized with the antigen of wterest exther in vivo or i vilro.

3036 Alternatively, monocional antibodies can be made using recombinant DNA

nicthods as described n ULS. Patent No. 4 816,367 to Cabilly et al, which s hereby mncorporated

by reference m s entirety. The polynucicotides encoding a monocional antibody are 1solated

14 from mature B-cells or hvbrnidoma cells, for example, by R1-PUR using ohigonuciecofide primers
that specifically amplity the genes encoding the heavy and light chains of the antbody. The
1solated polvnucieotides encoding the heavy and light chams are then cloned wnto suitabile
expresston vectors, which when transtecied unio host cells such as . cofi cells, simian COS
cells, Chinese bamster ovary {CHO) cells, or myeloma celis that do not otherwise produce

15 mnmunoglobulin protemn, monocional antibodies are generated by the host cells, Also,
recombinant monoclonal antibodies or fragments thercot of the desired species can be 1solated
from phage display bibraries (McCatlerty ct al., "Phage Antibodics: Filamentous Phage
Displaymg Antibody Variable Domams,” Nafure 348.552-5354 (1990); Clackson et al |, "Malkang
Anfibody Fragments using Phage Dasplay Libraries,” Nature 352:624-628 {1991} and Marks ¢t

28 al., "By-Passing immunization. Human Antibodies from V-Gene Libraries Displayved on Phage,”
S Mot Biol 222:581-5%7 (1991}, which are hercby mcorporated by refcrence 1 their entirctv),
3037 The polynucleotide{s} encoding a monoclonal antibody can further be modified
using recombinant DNA technology to gencerate alternative antibodies. For example, the constant
domaims of the light and heavy chains of a human monocional antibody can be substituted tor

253 those regions of a mouse antibody to generate a chimeric antibody. Alternatively, the constant
domams of the hight and heavy chams of a mouse monoclonal antibody can be substituied for a
non-immunogliobulin polypeptide to generate a fusion antibody. In other embodiments, the
constant regions are truncated or reraoved o generate the desired antibody fragment or
denvative of a monocional antibody. Furthermore, sife-direcied or gh-~density mutagenesis of

30 the variable region can be used to oplimize speciticity and attimity of a monocional antibody .

30381 ‘the monocional antibody of the present application can be a humanized antibody .

Humanized antibodies are antibodics that contamn munimal sequences trom non~human {e. 2.,

murine} anfibodics within the vanable regions. duch antibodies are used therapeutically to

reduce antigonicity and human anti-mouse antibody responses when administered to a human
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subect. In prachice, humamzed antibodics are tvpically human antibodies with mimimal {6 1o
non-hiiman sequences. A human antibody 18 an antibody produced by a human or an anfibody
having an amumno acid sequence corresponding 1o an antibody produced by a human.

[ 3339 In addition to whole antibodies, the present application encompasses binding
portions of such antibodics. Such bindmg portions wnclude the monovalent Fab fragments, kv
tragments {(e.2., singic-cham antibody, sckFv), and single variable Vy and Vi domains, and the
bivaicnt ¥(ab )2 fragmonts, Bis-sckv, diabodies, tnabodies, muubodics, ¢ic. These antibody
fragments can be made by conventional procedures, such as proteolyviic fragmentation
procedures, as descnbed i James Goding, MONGCLONAL ANTIRODIES: PRINCIPLES AND
PRACTICE 93-118 {(Acadenuc Press, 1983) and Ed Hardow and David Lane, ANTIBODIES: A
LABORATORY MANUAL {Cold Spring Harbor Laboratory, 1938), which are hereby mcorporated
by reterence i thewr enfirety, or other methods known m the art

T3040 it mav further be desirable. especially i the case of antibody fragments, o
modity the antibody 1 order to mcrease s serum haif-life. This can be achieved, for example,
by mcorporation of a salvage receptor binding epitope mto the antibody fragment by mutation of
the approprate region in the antibody fragment or by incorporating the epttope info a pephide tag
that 1s then fused to the anttbody fragmoent at cither end or 1 the muddic {e. 2., by DNA or peptide
svithesis).

[ 3041 ] Anbibody mnmcs are also suntable for use 1 accordance with the present
apphication. A npumber of antibody mimics are known 1n the art mmchuding, without limitation,
those known as monobodies, which are denved trom the tenth human fibroncctin tyvpe i doman
{(""Fn3) (Koide et al, “The Fibronectin Type I Domamn as a Scaffold for Novel Binding
Protemns,” J Mol Biol 284:1141-1151 (1998} Kotde et al., "Probing Protein Conformational
Changes 1o Laving Cells by Using Designer Binding Proteins: Application to the Estrogen
Receptor, ™ Proc. Natl Acad. Sci. UNA 98 1253-1258 (2602}, cach of whach 1s hereby
incorporated by reference 1 its entirety); and those known as athbodies, which are denved from
the stable alpha-helical bacterial receptor domain Z of staphvlococcal protem A (Nord et al.
“Binding Proteins Selected from Combinatonal Libranies of an alpha-hclical Bactenal Roceptor
Pomam,” Nature Biotechnol 15(8y.772-777 (19973, whach 1s hereby mcorporated by reference
11 its entirety ).

{3042 The peptides used 10 conjunciton with the present application can be oblained by
known 1solation and punfication protocols from natural sources, can be synthesized by standard
sohid or solution phase peptide synthesis methods according {0 the known pephide sequence of

the peptide, or can be obtamed from commercially available preparations. Included hercin arc
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peptides that exhibit the boclogical binding propertics of the nabive peptide and retan the spectfic
tinding characteristics of the native peptide. Denvatives and analogs of the peptide, as used
herem, mchude modifications in the composition, wentity, and denvifization of the mdvidual

amuno acids of the peptide provided that the peptide retamns the specific binding properties of the

wr

native peptide. kExamples of such modifications would mchude modification of any of the amino
actds to mnclude the D-stercoisomer, substitution n the aromatic side chain of an aromatic anuno
acid, derivitization of the amino or carboxyl groups m the side chams of an ammna acid
contaming such a group m a swde chain, substitutions mn the anuno or carboxy terminus of the
peptide, hnkage of the pepiide to a second peptide or biologically active motety, and cvchzation
10 of the peptide (. Van Bust and 3. Tourwe, “Backbone Modifications m Somatostatin
Analogues: Kelation Between Contormation and Activity,” Pepiide Kesearch 5:8-13 (1992},
which 18 hereby mcorporated by reference 1 is entirety ).
G043 in onc cmbodiment, the first and second targeting compounents tarect the same
molecular target. For example, the first and second targeting componcents may bind to the same
15 receptor {e.g. PSMA) expressed by the same cell type.
3044 ] in another embodiment, the first and second targetmg components target different
molccular targets on the same cell type. For example, the first and second targeting compongnts
may bind to ditferent receptors {e.2. HERI and HERZ) expressed on the same cell type.
3045 Asg ased heremn, the "cancer therapeutic component”™ 18 an agent, or combimnation of
24 agents, that freats a cell, fissue, or subiect having a condition requinng therapy., when contacted
with the cell, tissue or subject. The cancer therapeutic component may be, for exampie, a
therapeutic radionuchde, chemotherapeutic agent, cviotoxan, hormone, hormone antagonist,
receptor antagomst, enzyme or proenzyme achivated by ancther agent, biologic, avtocrine or
cytokime. Toxins also can be used 1 the methods of the present application. Other therapeutic
23 agents usciul in the present application mclude anti-DNA, anti-RNA, radiolabeled
oligonucieotides, such as anti~sense ohigodeoxy nbonucleotides, anti-protein and anti-chromatin
cvictoxic or antumicrobial agents. Other therapeutic agents are known to those skilled n the art,
and the use of such other therapeutic agents m accordance with the present apphication is
specifically contemplated.
30 (30461 in one embodiment, the first and second cancer therapeutic components are
idependently selected from the group consisting of a radionuchide and a cvtotoxic agent.
(347 in one embodiment, the first and/or second cancer therapeutic component s a

~ f - e S6T3 . O B7¢%. 16977, ) 127 1D, 143
radionuchde selected from the group consisting of **Re, Y, *'Cu, **'Er, ¥*'Sn, “'Te, "¥Pr, Py,
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1
SA L 19AY 01T, 109Pd, B8R, Dy, 1%He, 47 Pm. 15 Pm, 58m, Gd, 1P Tm, 1®Yb, 177Yh,
P g, fPRA, M Ae, P Y mSn, 22 Ac, 2 Th, “4Ph, U AL and combinations thereof
(33481 Procedures for labeling agents with radioactive 1sotopes are generally known
the art. For example, there are a wide range of moretics which can serve as chelating hgands and
which can be denvatized {o the targeting components of the application. For mstance, the
chelating ligand can be a denvative of 1.4.7,10-tctraazacvclododecanctetraacetic acid (DOTA),
cthyienediaminetetraacetic acid (EDTA ), dicthyienetnanunepentaacetic acid (B31PA), and 1-p-
Isothuocyanato-benzy-methvi-diethyvienetnanunepentaacetic acid ({TC-MX). These chelators
typically have groups on the side cham by which the chelator can be used for attachment to the
targeting components of the present apphication. duch groups mclude, ¢.g.,
benzvhisothiocvanate, by which the DOTA, DTPA, or EDTA can be coupled to, e.g.. an amme
sroup of the targeting component. Procedures forodmating biological agents, such as
antibodics, binding portions thereot, probes. or ligands, are described by Huunter and Greeowood.,
“Preparation of lodine-131 Labelled Human Growth Hormone of High Specific Activity,”
Nature 144:496-496 (1962}, David et al., “"Protem lodination With Solid State Lactoperoxadase,”
Biochemistry 13:1014-1021 (1974}, and U5, Patent Nos. 3,867 517 10 Ling and 4,376,110 {0
David, which are hereby incorporated by reference mn thetr entirety. QOther procedures for
iodinating bislogical agents are descnbed by Greenwood et al., “The Preparation of 1-131-
Labelled Human Growth Hormone of High Speaific Radioactivity,” Biockem. J 89:114-123
{1963}, Marchalonts, “An knzymic Method for the Trace lodmmation of Immunogiobuling and
{Mther Proteins,” Biochem. JJ, 113:299-305 (1969} and Morrison ¢t al, “Use of Lactoperoxudase
{atalvzed lodmation m Inmmunochemical Mudies,” fmmnnochiemistyy §:289-297 (1971}, whach
are herebv incorporated by reference in their entirety. Procedures for ™™ Te-labeling are

described by Rhodes, B, et al. m Burchiel, 5. et al. {eds.}. Tumor fmaging. The

Radicimmunocnenical Deteciion of Cancer, New York: Masson 111-123 {1982} and the
reterences cited theremn, which are hereby mcorporated by reference i their entirety. Procedures
suitable for ' In-labeling biological agents are descnibed by Hnatowich et al., “The Preparation
ot DT PA-coupled Antibodies Radiclabeled With Metaliic Radionuchides: an Improved Method., ™
S dmmul Methods 653 147-157 (1933}, Hnatowich et al., "Coupling Antibody With DTPA--an
Alternative to the Cvehc Anhvdnde,” fvi. J Applied Radiation 35.354-557 (1984}, and Bucklev
ct al., "An Efhicient Mcthod For Labelling Antibodics With 1ilin,” /£ £ 8.5 166:202-204
{1984}, which arc hereby incorporated by reforence 1 their enfirety.

[ 34349} in another embodument, the cancer therapeutic component 1s a eviotoxic agent

selectied from the group consisting of busalfan, cisplatin, carboplatin, chlorambacil,
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10
cyclophosphamide, tfostamde, dacarbazine (DTIC), mechlorcthamine (nitrogen mustard},
meiphalan carmustine (BONUYL lomusting (CUNU)Y, 3-tluorouracid (3-FU), capecitabine.
methotrexate, gemcitabine, cytarabine {ara-(), fludarabine, dactiomyvcin, daunorubicin,
doxorubicin {Adnamyem), idarubicin, mitoxantrone, pachitaxel, docetaxel, cabazitaxel, ctoposide
{(VP-16}, vinblastine, vincristine, vinorelbine, prednmisone, dexamethasone, famoxafen,
tulvestrant, anastrozole, letrozole, megestrol acctate. brcalutamide, Hutamade, leuprodide,
goserclin, L-asparaginase, tretinomn, maytansings, auristatins, pyvrrolobenzodiazepmes,
duocarmyems, and combinations thercof,
{3050 Procedures for conjugating biological agents with cvictoxic agents, such as
chemotherapeutic agents, are well known in the art. Most of the chemotherapeutic agents
currently m use 1 treating cancer possess functional groups that are amenable 1o chemical
crosshinking directly with an amine or carboxyl group of the first targeting component of the
present application. For example, {ree anuno groups are avatlable on methotrexate, doxorubicin,
daunorubicin, cytosimnarabimoside, cisplatin, vindesing, mitomyen, and bleonyein while free
carboxviic acid groups are avauable on methotrexate, melphalan, and chiorambucil. These
functional groups, that 1s free amine and carboxylic acids, are targets for a vanety of homo-
bitunctional and hetero-bifunctional chemical crosslinking agents which can crossiink these
drugs directly to a free anuno group of the first targetng component. Specific procedures for
conjugatng targeting components with chemotherapeutic agents have been described and are
known in the art. By way of example, conjugation of chlorambucii with antibodies is described
by Flechner, “"The Cure and Conconutant Invmunization of Mice Bearing Ehrlich Ascites Tumors
by Treatment With an Antibody--Alkviating Agent Complex,” Buropean Journal of Cancer
9:741-745 (1973). Ghose et al., "Immunochemotherapy of Cancer with Chiorambuctd-Carrying
Antibody,” British Medical Journal 3:495-499 (1972}. and Szckerke et al, “Fhe Usc of
Macromolecules as Carrers of Cyvitotoxic Groups {(part 1) Nurogen Mustard--Protein
Complexes,” Neoplasma 19:211-215 (1972}, which are hereby mcorporated by reference 1 ther
entirety. Procedures for conjugating daunomycin and adriamycin {o antibodics are descrnibed by
Hurwiz et al, "The Covalent Binding of Daunomyvoem and Adnamvcin o Antibodics, With
Ketention of Both Drug and Antibody Activities,” Cancer Research 35 1175-1181 {1973} and

Arnon et al. Cancer Surveys 1:429-449 (19823, which are hereby meorporated by reference i

their entivety. Coupling procedures are also described i BEP 363095162, which s hereby

incorporated by reference 1n 1fs entirety.
1EIN3E it will be appreciated that the exact dosage of the first and second agents of the

apphication 1s chosen by the mdividual physician in view of the patient to be ticated. In general,
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dosage and admunstration are adjusied to provide an cetfective amount of the agent to the patient
being treated. As used herewn, the “eifective amount’ of an agent refers to the amount nocessary
to clicit the desired biological response. As wili be appreciated by those of ordinary skill in this
arl, the effective amount of agent may vary depending on such factors as the desired biological
cndpomt, the drug to be delivered, the target tissue, the route of admimistration, ete. For
example, the effecctive amount of agent contatning an anti-cancer drug might be the amount that
results mn a reduction m tumor size by a desired amount over a desired period of ime.  Addimonal
tactors which may be taken mnto account inchude the seventy of the disease state: age, weight and
cender of the patient being treated, dict, time and frequency of adnnnistration; drug
comibinations; reaction sensiivitics; and tolerance/response to therapy.

3052 In general, doses can range from about 25% to about 100% of the MTD of the
targeled agent when given as a single agent. Based upon the composilion, the dose can be
delivered once, confimuously, such as by continuous pump, or at periodic mtervals. Dosage may
be adjusted appropriately to achieve desired drug levels, locally, or systenucally. In the event
that the response i a subject 1s msufticient at such doses, even higher doses {or ¢ttective higher
doses by a different, more localized delivery rouie) may be employed to the extent that patient
tolerance pernuts. Continucus [V dosing over, for cxample, 24 hours or multiple doses per day
also are contemplated to achieve appropnate svstemic levels of compounds.

| G583 In one embodiment, the cancer therapeutic component has a maxamum {olerated
dose, and the maxmmum tolerated dose of the cancer therapeutic component 15 admiunsiered to
the subject. Because the biodistrnibution and phammacokmetics are different for the two targeting
components, their toxicitics as mdividual drnigs are non- or minimally overlapping. As a resul,
the increased, additive dose to the target site 18 not accompanied by a commensurate mcrease in
foxiciy.

LEIRE] in an alternative cmbodument, less than the maxinmum tolerated dose of the cancer
therapeutic component 1s admunistered to the subject. When the two agents of the present
application are combined mn a freatment strategy, the result 1s that both agents converge
{stmultancously or sequentialiv) at the desired target site thereby providmg a syoergistic
treatment effect and, because the therapeutic component of the first and second agent 1s
admimistered at less than its MTLD, lower toxacity 18 expentenced by the subject.

{{(3055] in one embodiment, the first and/or sccond agent 18 a smalki moiccule conjugated
to a radionuclide Lu'" and 1s adounistered in a Z-week cycle at a total dose of about 300 to 900
mC1 {11.0- 333 GBg), such as a dose of 300, 325, 330, 375, 400, 425, 450, 475, 500, 600, 700,

800 or 900 m{1 {otal m a 2 week cycle. In another embodiment, the small molecule conjugated
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to radionuclide La'’7 1s 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 GBg (133-243m1).
[ (56] in practicing the methods of the present application, the adnunistcnng step is

carned out {o treat cancer m a subject. In one embodiment, a subiect having cancer 15 selected

wr

prior to the admnnistenng step. Such admunistration can be carmed out systenncally or via divect

or local administration to the tumor sitc. By way of example, suitable modes of systemic

adminstration inciude, without imitation, orally, topically, transdermally, parenicrally,
mitradermally, mtramuscularly, mirapentoneally, miravenously, subcutancously, or by mntranasal
wmshiliation, by miracavitary or intravesical mstiliation, mtraoccularly, intraarienaly,

14 ntralesionally, or bv application to muucous membranes. Suitable modes of local admuustration
include, without mitation, cathetenzation, implantation, direct mjection, dermal/transdermal
apphication, or portal vemn admumnstration to relevant tissucs, or by any other local admpnstration
techimigue, method or procedure generaily known in the art. The mode of atfecting delivery of
agent will vary depending on the tyvpe of therapeutic agent {e. ., an antibody or an indibitory

15 nuclec acid molecule) and the disease to be treated.

LEIRYS The agents of the present application may be orally admmmnstiered, for example,
with an inert diluent, or with an assimiabic edible carmier, or it may be cnclosed 1n hard or soft
shell capsules, or it may be compressed mito fablets, or they may be mcorporated durectly with
the food of the diet. Agents of the present apphication may also be admimistered in a time release

28 manner mcorporated within such devices as time-release capsules or nanotubes. Such devices
arford flexibility relative {0 time and dosage. For oral therapeutic admuustration, the agents of
the present apphication may be meorporated with excipients and used m the form of tablets,
capsules, ehixirs, suspensions, svrups, and the hke. Such compositions and preparations should
contain at least {.1% of the agent, although lower concentrations may be eifective and indeed

25 optimal. The percentage of the agent in these composifions may, of course, be varied and may
conveniently be between about 2% (o about 60% of the weight of the unit. The amount of an
agcnt of the present application m such therapeutically usetul composiions 1s such that a suitable
dosage will be obtamed.

LEIRE] When the agents of the present apphication are adnunistered parenterally,

33 solubions or suspensions of the agent can be prepared in water suatably mixed with g surfactant

such as hydroxypropyvlecihulose. Dispersions can also be prepared in glveerol, liguid

polvethviene giveols, and mixtures thereof 1 ouls. Hlustrative oils are those of petroleum,
animal, vegetable, or svnthetic onigm, for example, peanut o1, soyvbean oil, or mineral oil. In

sencral, water, saline, aqueous dextrose and related sugar solution, and glycols, such as
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propylene glyveol or polyethyiene glveol, are preterred higuid carrters, particularly for syectabie
solutions. Under ordinary conditions of storage and usce, these preparations contan a
preservative 1o prevent the growth of microorganisms.

LEIN] Pharmaccutical formulations suitable for mnjectable use mclude sterile agueous

wr

soluttons or dispersions and sterile powders for the extemporangous preparation of stenie
uycotable sclutions or dispersions. in all cases, the form must be stenie and must be fluid (o the
extent that casy svringability exists. H must be stable under the conditions of manufacture and
storage and must be preserved agamst the contanunating action of microorganisims, such as
bacteria and tungi. The carrier can be a solvent or dispersion mediam containing, for example,
10 water, ethanol, polyvol {e.gz., glvcerol, propviene giveol, and hiquid polyethyiene giveol), suitable
mixtures thereot, and vegetable ouls.
| 360 When it 1s desirable to deliver the agents of the present application systemically,
they may be formulated for parenieral admunustration by ijection, ¢ 2., by bolus injection or
continuous iwnhusion. Formulations for mjection may be presented i unyt dosage form, e.g., n
15 ampoules or in multi-dose contamers, with an added preservative. The compositions may take
such forms as suspenstons, solations or enmudsions i oy or agucous vehicles, and may contain
tormulatory agents such as suspending, stabilizing and/or dispersing agents.
3061 ] Intraperitoneal or intrathecal adonunistration of the agents of the present
apphication can also be achicved psing mtusion pump deviees. Such devices allow continuous
28 nfusion of deswred compounds avoiding muliiple myections and multiple mamipulations.
Luiie in addition to the formulations described previously, the agents may also be
tormulated as a depot preparation. Such long acting formulations may be formulated with
suttable polymenc or hydrophobic matenals (for example as an emulsion m an acceptable oil) or

100 exchange resins, or as sparngly scluble denvatives, for example, as a sparingly scluble salt

25 G063 According to one embodiment, the cancer 1s prostate cancer
[ 3064 ] In another embodument of thas aspect of the present application, when the cancer

15 prostate cancer, the first and second targeting components targct the PSMA receptor.
L3365 As used herein, "PSMA’™ or “prostate-spectiic membrane antigen  profein refers
to mammalian PSMA, preferably human PSMA protemn. PSMA 1s also known as Folate

33  Hyvdrolase 1. The long transcript of PSMA encodes a protem product of about 100-120 kDa
molecuiar weight charactenzed as a type H transmembrance recepior having sequence homology
with the transternn receptor and having NAALADase activity {Carter et al., "Prostate-Specific

Membrane Antigen 1s a Hydrolase With Substrate and Pharmacologic Charactenistics of a
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Newropeptidase,” Froc. Natl Acad. Sci. USA 93:749-733 (1996}, which 1s hereby mcorporated
by reference m is entirety).

L G6] in an alternative embodument, the first targeting component 1s a PSMA receptor
antibody or anfigen binding portion thereof and the second targeting component 18 a PSMA
receptor bindmg peptide or PSMA receptor inhibitor.

367 A PSMA receptor antibody 1s an antibody that wteracts with (¢ g., binds to)
PSMA, preferably human PSMA protein. Preferably, the PSMA receptor antibody 1nteracts
with, ¢.g., binds {o, the extracellular domamn of PSMA | ¢.¢., the extraceliular domain of human
PSMA located at about amimo acids 44750 of human PSMA (amino acid residues correspond {o
the human PSMA sequence disclosed m U5, Patent No. 5,338,806, which 1s hereby incorporated
by reference m s enturety ). PSMA receptor antibodies are known in the art (Goldsmith et al |
“Targeted Radiomuchde Therapy tor Prostate Cancer,” m Fherapentic Nuclear Medicine 617-623
{R. Baum od. 2014}, which 1s hercby incorporated by retference in s entircty). Exemplary
POMA receptor antibodics mclude, but are not himted to, 15391, J4135, 5333, and E99 {(Tvkvart ¢t
al., “Comparabive Analvsis of Monoclonal Antibodies Agaimst Prostate-specific Membrane
Antigen {PSMA),” The Prostate 74(16):1674-90 {2014}, which 1s hereby incorporated by
reference m s entircty).

[ 3068 The PSMA receptor mhibitor may mclude any hpids, carbohvdrates,
polynucicotides, pephides, polypeplides, or any other biologic, orgamc or morganic molecules
which mhibit the function of the PSMA receptor. Exemplary PSMA receptor inhibitor are
known mn the art include, but are not lunded to, PSMA 617, PSMA 1&T, DUFBC, DCFPyL,
glutamate-urea-lvsine analogs, phosphoramidate analogs, and Z2-{(phosphinvimethyvi) pentanedioic
acid analogs (Lutie of al., "PSMA Ligands for Radionuchde Imaging and Therapy of Prostate
Cancer: Cluucal Status,” Theranostics 5(121:1388-1401 (2015); Haberkorn et al., “New
Strategics m Prostate Cancer: Prostate~-Specific Membrane Antigen (PSMA) Ligands for
Dhiagnosis and Therapy,” Clin. Cancer Res. 22{13:9~15 {2016}, which arc hereby mcomporated by
reference in their entirgivy.

3069 in onc embodiment, the first targeting component 1s an antibody selected from the
group consisting of 1391, J415, J333, and 99, whale the second targeting component 15 a peptide
selected from the group consisting of PSMA 617, PSMA I&T, BOFBC, DCEPRyL, glutamale-
urca-tysine analogs. phosphoramidate analogs, Z2-{phosphinvimethvl) pentancdiow acid analogs.,
and other PSMA ligands/inhibitors/peptides.

FGE7 0 in one embodiment, the first agent 1s JS91-V"Ly or J391-*"A¢ and the second

agent is PSMA 617-777Lu. PSMA 617-25A¢, PSMA I&T-1"Lu, or PSMA I&T-25Ac . Fither
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agent may carry an alpha or a beta ematting radionuchde resulting i a vancety of pairs such as:
alpha/alpha. beta/beta, alpha/beta or beta/alpha. In ancther embodiment, the targeting agents
may carry other classes of evtotoxic agents {¢.¢., drug or toxin} well known to those m the art.
3071 In ancther embodument of the present application, the cancer 1$ a neuroendocring
cancer. Neuroendocrine cancers mchude, but are not lonited to, carcinoid tumors, gastrinoma,
msulimoma, ghicagonoma, VIiPoma, somatostatinoma, thyroid carcinoma, Merkel cell carcinoma
ot the skin, tumor of the antenior pituitary, meduliary carcmoma, parathvroid tumor, thyomus and
mediastinal carcineid tumor, pulmonary neuwroendocning tumor, adrenomeduliary tumor,
pheochromocvioma, dchwannoma, paraganghioma, neuroblastoma, and urinary {ract

carcinowd neuroendocnng carcinoma,

3472 In accordance with this aspect of the present application, m one embodiment, the
tirst and second targefing components target the somatostatin receptor.

LELEKY At lcast five somatostatin receptors subtypes have been characterized and tumors
can CxXpress varous receptor subtvpes {(Shacr ¢t al., "Somatostatin Keceptor Subtypes sstl, sst,
set3 and sstd Expression m Human Pituitary, Gastroentero-Pancreatic and Mammary tumors:
Comparnson of mRBRNA Analysis With Receptor Autoradiography,” fnf. J. Cancer 70:530-337
(19973, which s bereby meorporated by reference m s entirety}. Naturally cocurring
somatostatin and 18 analogs exhubat differential binding to these receptor subtypes, allowing
procise targeting of a peptide analog {0 specific discased tissues.

3741 in accordance with this aspect of the application, the first and second targeting
components have at icast one bioclogical activity of native somatostatin; preferably, this activily
1s the ability to specifically bind {0 a somatostatin receptor on a somatostatin receptor-bearmg
cetl, Many such analogs having biological actividy are known and have been described, tor
cxample, in U s, Patent No. 5,770,687 to Homuk et al.; U.S. Patent No. 5,708,135 tc Cov et al;
U.s. Patent Mo, 5,750,499 to Hoeger ¢t al; LS. Patent No. 5,620,675 to McBnde et al.; U
Patent No. 5,633 263 to Cov et al; US. Patent No. 5,597 394 to Cov et al; U5, Patent No.
5.073.341 to Tavlor et al; U S, Patent No. 4,904,642 to Cov et al; U.S. Patent No. 6,017,565 to
Pean; WO 98/47524 to Hothman ¢t al.; and U5, Patent No. 5,411,943 to0 Bogden, each of which
1s hereby incorporated by reference m s enfirety,

(307 5] In one embodiment, the first and second targeting components target the

somatostatin receptor-2.

76} in another embodument of the present application the cancer 1s breast cancer,
3077 In accordance with this embodument of the present application, when the cancer 1s

breast cancer, the first and second targeting components target the HER receptor tamly,
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30781 First and second agents, as well as targeting and therapeutic components, are
described above.
797 in another embodument of the present appication the cancer 1s non-Hodglan's
Lymphoma.
> [OHS3 In accordance with this embodiment, when the cancer 1s non-Hodgkin's

lvmphoma, the first and sccond targeting components target CD20.
3081 ] in another cmmbodiment of the present application the cancer s Hodglan s discase.
30821 In accordance with this embodiment, when the cancer 15 Hodgkin s disease, the
first and sccond targeting components target D30,

10 JOO83] Ancther aspect of the present application relates o a therapeutic composifion that

includes a first agent comprising a first targeting component coupled to a first cancer therapeulic
component and a second agent, blended with the first agent. The second agent comprises a
sceond targcting component coupled to a second cancer therapeutic component. The first and
second targetmg components have ditferent biodistnbutions and/or pharmacokmetics in a

15 subiect.
30841 tirst and second agents, as well as targeting and therapeutic components, are
described above.
| 3U85] Pharmaccutical composiiions containing agents tor use m the methods of the
present apphcation can melude a pharmacceutically acceptable camer as described infra, one or

24 myore active agents, and a suitable delivery vehicle, Sutable delivery vehicles melude, but are
not hinuted to, viruses. baciena, hiodegradable microspheres, microparticles, nanoparticics,
iposomes, collagen munipellets, and cochleates.
[ 3086] in one embodiment of the present application, the pharmaceuatical composition or
formulation contaiming an mhibitory nucleic acid molecule {e. g, siRNA mwolecuie) is

23 encapsulated 1o a hynd formulation to form a nucicic acid-iymd particie as described m Semple ¢f
al., “Rational Design of Cationie Lapids for siRNA Delivery,” Nature Biotech. 28:172-176
(2010), WOZ2011/034798 to Bumcrot et al., WQ2009/111638 to Bumcrot et al., and
WOZO /105209 to Bumcerot et al., whach are bereby mcorporated by reference i thewr entuety,
30871 in another embodiment of the present application, the dehveryv vehicle 1s a

33 nanoparticle. A vanety of nanoparticle dehvery vehicles are known 1 the art and are suwitable for
deiivery of an mnhibitor of the application {sce e 2., van Vierken et al., "Multi-functional
Polymenic Nanoparticics for Tumour-targeted Drug Dehvery, fxperi Opin. Drug Deliv,
3(2}.205-216 (2006}, whach 1s hereby incorporated by reference in its entiretv). dutable

nanoparticles include, without limitation, poly{beta-ammo esters) {Sawicky ¢t al., "Nanoparticic
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Pehvery of Suicide DINA tor Eptthelial Ovanan Cancer Cell Therapy,” dav. Lixp. Med. Biol,
622:209-219 (2608}, which 1s hereby incorporated by reference n ifs entircty),
polvethvieninune-alt-poly{cthviene glycol) copolymers (Park et al., "Diegradable
Polvethvienimine-alt-Polv{cthviene giveol) Copolvmers As Novel Gene Carners,” J. Conirol
Release 105(3):367-80 (2005} and Park et al., “Intratumoral Admnistration of Anti-KEPTENIN
shRNA-Loaded PEI-alt-PEG Nanoparticies Suppressed Colon Carcinoma Established

wr

Subcutancously m Mice,” J Nanosci. Nanotecimology 10{5).3280-3 {2010}, which arc hereby
mcorporated by reference m thew enfirety ), and hiposome-entrapped siRNA nanoparticles
{Kenny ¢t al., "Novel Multtfunctional Nanoparticie Mediates stRNA Tumor Belivery,

1 Visuabization and Therapeutic Tumor Reduchion /n Vive,” J. Confrol Kelease 1492y 111-116
(2011}, which 1s hercby mceorporated by reference m s entirety). Other nanoparticle delivery
vehicles suitable for use i the present application mchade microcapsule nanotube devices
disclosed 1in U.S. Patent Publication No. 2010/0215724 to Prakash ¢t al., which i1s hereby
mncorporated by reference m s entircty.

15 [O08S8] in another embodiment of the present application, the pharmaceutical composition
1s contamed in a hiposome delivery vehicle, The term “hiposome™ means a vesicle composed of
amphiphilic hpids arranged in a sphernical bilayer or bilavers. Liposomes are undamellar or
multidamellar vesicles whach have a membrane formed from a hipophilic matenal and an agueous
inferior. The aqueous portion contains the composition to be dehvered. Catiomc hposomes

23 possess the advantage of bemg able to tuse to the cell wall, Non-cationic iposomes, atthough
not able to fuse as efficiently with the cell wall, are taken up by macrophages in vive.

LEUSY Several advantages of hiposomes mclude: ther hiocompatibility and
biodegradability, incorporation of a wide range of water and hipid soluble drugs: and they aftord
protection to encapsulated drugs from metabolism and degradation. Important conswderations

23 t{he preparation of iposome tormulations are the lipid surface charge, vesicle size, and the
aqueous volume of the hiposomes.

FOOOGH Liposomes arc uschul for the transicr and dehivery of active megredients to the site
ot action. Because the hiposomal membrane s structurally simidar to biological membranes,

when hiposomes are applied (o a tissue, the hiposomes start to merge with the cellular membranes

L

33  and as the merging of the liposome and cell progresses, the hiposomal contents are empticd into
the cell where the active agent may act.
391 ] Methods for preparing hiposomes for use m the present application inciude those

disclosed m Bangham et al, “"Dhithusion of Unsvalent lons Across the Lamellae of dwollen

Phosphohipids,” J Mol Biol 13:238-32 (1963}, U5, Patent No. 5,653,996 to Hsu; U.S. Patent
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No. 364359910 Lec et al.; U.S. Patent No. 5 885,613 to Holland et al.; U.S. Patent No.
5,631,237 1o Dzau & Kaneda, and U.S. Patent No. 3,059,421 to Loughrev ¢t al., which are
hereby incorporated by reference i their entirety

30921 In another embodiment of the present application, the dehvery velhacie 15 a viral
vector. Viral vectors are particularly saitable for the dehvery of mhibitory nucleic acid
molecules, such as siRNA or shRNA molecules, but can also be used to deliver molecules
encoding an anfi-integrin antibody. Suitable gene therapy vectors mehude, without hmtation,
adenoviral vectors, adeno-associated viral vectors, retroviral vectors, lentiviral vectors, and
herpes viral vectors.

LLIER] Adenoviral viral vector dehivery vehicles can be readuv prepared and utiized as
described m Berkner, "Development of Adenovirus Vectors for the Expression of Heterologous
(enes,” Biotecnnigues 6:616-627 {1988}, Rosenteld ¢t al ., “Adenoviras-Mediated Transier ot a
Recombmant Alpha -Antitrvpsin Gene to the Lang Epithelam In Vivo,” Science 252:431-434
(1991), WO 93/07283 to Curicl ¢t al., WO 93/06223 1o Pernicaudet ot al., and WO 93/07282 1o
Curiel ¢t al., which are herebv mncorporated by reference m their entirety. Adeno-associated viral
dehivery vehicles can be construcied and used {o dehiver an mhbitory nucleic acid molecale of
the present application to cclls as descnbed 1 Sha et al., “Therapeutic Expression of an Aonti-
Death Receptor-) dingle~Cham FMixed Vanable Region Prevents Tumor Growth m Mice,”
Cancer Res. 66:11946-53 (2006); Fukachi et al., "Anb-AR Smmgle-Cham Antibody Delivery via
Adeno-Assoctated Virus tor Treatment of Alzheimer's Dhisease,” Neurobiol f¥s. 23:502-511
{2006}, Chattenjee ¢t al, "Dual-Target Inhubition of HIV-1 In Vitro by Mecans ot an Adeno-
Associated Virus Antisense Vector,” Soierice 258:1485-1488 (1992): Ponnazhagan et al |
“Suppression of Human Alpha-Globm Gene Expression Mediated by the Recombinant Adeno-

38 {1994}): and Zhou et al..

e

Associated Virus 2-Based Antisense Vectors, A fixp. Med 179733~
“Adcno-associated Virus 2-Mediated Transduction and Envithroid Cell-Specific Expression of a
Huaman Beta-Globin Gene,” Gene Ther. 3:223-229 {1996}, which are hereby incorporated by
reference in their entirety. {n vive use of these vehicles 1s described 1 Flotic et al., "Stabic m
Vivo BExpression of the Cystic Fibrosis Transmembrane Conductance Regulator With an Adeno-
Associated Virus Vector,” Proc. Nat'l Acad. Sci. D0 10613-10617 (1993} and Kaplitt et al
“Long-Term Gene Expression and Phenotvpic Correction Usimg Adeno-Assoctated Virgs
Vectors n the Mammalian Bram,” Naiure Gener. 8:148-153 (1994), which are hercby
incorporated by reference 1o their entirety, Additional tvpes of adenovirus vectors are descnbed
1n Us. Patent No. 6,057 155 to Wickbam et al.; US. Patent No. 6,033,908 o Bout et al.; U.S.

Patent No. 6,001,557 to Wilson et al .. U.S. Patent No. 5,994 152 to Chamberlam et al ; UN.
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Patent No. 53,981,225 to Kochanck et al.; U.S. Patent No. 5,885,808 {0 Spooneret al.; and U
Patent No. 3.871.727 to Canel, wiuch are hereby meorporated by refercnce m their entirety,
(394 Retroviral vectors which have been moditied to form infective transformation
svstemis can also be used to deliver a nuclere acid molecule to a target cell. Une such type of
refroviral vector is disclosed m UL, Patent No. 3,849 586 to Kniegler ¢t al., which 15 hereby
imcorporated by retercnce. Other nucleic acid delivery vehicles suntable for use in the present
apphication mchude those disclosed m ULy, Patend Publication No, 20070219118 to Lu et al,
which 1s hereby mceorporated by reference m its entirety.

[ 3095] Regardless of the type of mfective transtormation system emploved, it should be
targeted for dehivery of the nucicic acid to the deswred cell type. For example, for delivery tto a
cluster of cells {e. g., cancer celis) a hugh titer of the infective transtormation system can be
ijected directly withan the site of those cells 30 as {0 enhance the hkelthood of cell mfection.
the mitected celis will then express the minhibitory nucleic acid molecule targeting the miubition
of micgrin cxpression. the cxpression systom can further contam a promoter to control or
regulate the strength and specificity of expression of the nucleic acid molecule m the target tissue
or cell.

{3096} Effcctive doses of the composifions of the present application vary depending
upon many ditterent factors, mcluding tvpe and stage of cancer, means of administration, target
site, physiological state of the patient, other medications or therapics admimstered, and physical
state of the patient relafive to other medical complications. Treatment dosages need o be titrated

to optimize safety and efficacy.

EXAMPLES

the following exampies are provided to dlustrate embodunents of the present application, but

they are by no means mtended to limit s scope.

Example 1 - Mice Treated with Borh 617-Lut’" plus J581-Lu'’"’ Have the Greatest Number
of Counts Measured Via £x Vive Imaging Which Exceeds the Sum of the
Tumors That Got Either Agent Alone

{07 in this anumal study, three groups of nuce were yaplanted with LN{aP tumors (i
Matrigel) with 6-8 tumors per group. Atter the tumors were established, one group was mjected
77 7

with J391-Lu'”’, a 2™ oroup with PSMA-617-La'’ and a 3™ group got both PSMAG617-Lub

and J591-Lu'’’.
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1. J591-Lut 150uCi/200uL per mouse
2. PEMA-B8TT7-Lu' 400uCi200uL per mouse
3. J581-Lu + POMA-B17-Lu /T 150uli + 400uCi20Cul per mouse

(A

Radiolabehing both POMA-617 and 1591 aliowed both to be tracked mdividually as well as thewr
total when combined. Al nuce were imaged n a Siemens Inveon dedicated anumal
muttimodality SPECT/CT. Coaxaal U1 mimages were acqured for anatonmcal and attengation
wtormation prior o cach SPECT acquusition to measure the radicactivity within the tumors at
10 the 1. 4, 24 and 72 hour fime points aficr imjection. SPECT umnages were reconstructed using the
Siemens O5SEM algonithm with corrections for scatter, attenuation, decay, and VLo emission
spectrum.  The mean namber of counts within the tumors 1in cach group and time point was

calculated and plotted. THe mmaging data measured an activity concentration m Bg/mkb of

umaor:

| TREATMENT GROUP Lhe ahr 24hr | 72h |
JssionLy b 103167 | 219515 | 14.05634 | 49.57959 |
PSMABITONLY | 29.54551 | 3062378 | 27.08825 |  12.480865 |
Summation of PSMA 617 +
e 3087718 32.81893 | 4115458 |  62.08024
 PSMA 617 + I591 (measured) | 5810435 7734706 | 84.46413 |  94.65056 |

15
[O98] The nuce that got PSMA-617-Lu'’’ alone had a high uptake at 1 hour that then

dinunished over time- as plotied in FIG. 1. Conversely, those tumors treated with J591-Lu'”" bad
relatively low counts matially but a continuous increase over time for the full 72 hour timeframe.
The dotted line represents the sumumation of the counts in the 617-Lu'’’ plus the I591-Lu'”

20 tumors. The 3% group of animals that were treated with Aorf 617-Lu'" plus J591-Lu'"" had the
greatest number of counts which, 1o fact, exceeded the sum of the tumors that got cither agent
alone, meeting the defomtion of synergy that 1s greaier than the sum of the parts (FiG. 2). To
confirm the accuracy of this experiment which was based on ex vive imaging, deternunations
were done by tumor harvest at necropsy followed by direct counting of the radwsactivity within

23 the previoushy imaged tumors and calculating counts per mg of tumor.
tEuSY At the Bay 3 tumor harvest, the mean counts per mig tumor in each of the groups

15 shown 1n the table below (and FIG. 2) further contirming the imagmg results.,

Treatment: | 591-Lu'7 | PSMA-617-Lu’” | 3591-Lu'” + PSMA617-Lu'T
- Mean cpm/mg tumor 16,777 7,536 36 708
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Example 2 - Mice Treated with Borh 617-Lu'’’ plus §3591-La'’’ Have the Greatest Number
of Counts Exceeding the Sum of the Tumors That Got Fither Agent Alone

|31 00 in this anumal study, which 15 a contimuation of the maging stady described
Fxample 1, when the imaging was completed at 72 hours, the antmals were necropsied, the

tumors harvested, weighed and counted 1o a semitillation counter to derve the amount of

radioactivity per mg {cpmy/mg) of tumor. The tumors treated with J 501-Lal’’ had 2.2-fold the

counts of those tumors that had gotten PSE\/{A-SE?J_;II}?;

alone (FIG. 2}, The tumors treated
with the combination had counts 4894 greater than the sum of cach of 1is mdividual components,
meeting the defmition of synergy (FIG. 23, The physical counting of the tumor radioactivity

confirmed the results obtained by imaging.

Exampie 3 - The Combmnation of Anttbody Plus dmall Molecule Ligand Targeted
Radiopharmaceuticals Delivered From 44 to 65% More Radiation Dose to
FTumor Than the sum of the 2 Individual Agents When Given Individually

3101 A sertes of experiments were done o determine the radiation dosimetry delivered

transfection). 3 different treatment regimens were used: 617-Lu’’ alone, 1391-Lu'"’ alone and
the combination. As i all the experiments described bere, cach anumal got one dose. Dosmmetry
catlculations were based on sequential tumor imaging {as descnbed above m Example 1}
Cumulated activity was calculated and absorbed dose estimated using 'Ly dose information
from the Medical Internal Radiatton Dose (MIRD): Radionuclide Bata and Decay Schemes. The
findings demonstrate that, i the 3 xenograft models, the combination of antibody plus small
moleccule higand targeted radiopharmacceuticals delivered from 44 to 65% more radiation dosc 1o
tumior that the sum of the ? individual agents when given mdividually (FIG. 3).

[ 31821 Although preterred embodiments have been depicted and described m detanld
herein, f will be apparent to those skilled m the relevant art that various moditfications, addifions,
substitutions, and the bike can be made without departing {rom the spint of the mvention and
these are theretore considered (o be within the scope of the mnvention as defined m the clanms

which tollow.
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WHAT IS5 CLAIMED:
i, A method of treating a subiect for cancer, sawd method comprnsing:

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

therapeutic component;

o

providing a second agent comprising a second targeting component coupled 1o a second
cancer therapeulic component, wheremn the fivst and second targeting components have ditfcrent
bicdistributions and/or pharmacokinetics in the subject; and

adounistenng the first and second agents, no maore than cight hours apart from each other,
to the subject to treat cancer, wherein, as a result of sawd admuustenng, the amount of first and
1 sccond cancer therapeutic component mtemahized and retamned within a tumor s greater than the
sum of first and second cancer therapeutic components internalized and retained w a tumor if

cach of the first and second agents were adnunistered imndividually .

2. The method according to claim 1, wherein the first and sccond agents are

15 adnunistered no more than 6 hours apart from cach other.

3. The method according to claim 1, wherein the first and second agenis are
administered no more thao 4 hours apart from cach other.
20 4 The method according to claim 1, whergin the first and second agents arg

adminstered no more than 2 hours apart from ¢ach other.

5. The method according to clamm 1, wherem the first and second agents arge

administercd somultaneously.

5. The method according to claim 1, wherein the first and sccond targeting
componenis are independently selected from the group consisting of an antibody or anfigen
bimding {ragment or dentvative thergof, a proten, a peptide, and a small molecule.

30 7. The method according to clamm |, wheremn the first and second targeting

components target the same molecular target.
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8. The method according to clanm 1, wherein the first and sccond targeting

components target different molecular tarects on the same cell,

Q. The method according to claim 1, wherem the first and second cancer therapeutic

wr

components ¢ach have a maxymum tolerated dose, and the maxumum tolerated doses of the first

and second cancer therapeutic components are given during said adnunistenng .

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

10 the first and sccond cancer therapeufic components are given during said admuustermg.

11, The method according to claxm 1, wherein the first and second cancer therapeutic
components are mdependently selected from the group consisting of a radionuchide and a

cyiotoxic agent,

12, The method according to claim 11, wherem the first and/or second cancer
therapeutic component is a radionuciide mdependently selected from the group consisting of
BRe, 00y, 67y, WEr, M8n, 177 e, W2Pr, 197Pr, 1Ay, 1PAy, 161 Th, 199Pd, BSR4, Dy, 156Ho,
9P, BiPm, B3Sm, PGd, V2 Tm, 1Yh, USYb, ha, 1Rh, VIAg, B 1708y 2340 27T,

o

28 2UPb, 2PAL and combinations thereof

i3 The method according to claim 11, wherem the first and/or second cancer

therapeutic component 18 a cytotoxic agent independently selected from the group consisiing of
busuifan, asplatin, carboplatin, chiocrambucil, cyclophosphamide, ifosfamide, dacarbazine

23 (DTIC), mechlorcthamune {mitrogen mustard), melphalan carmustine (BUNU ), {lomusting
(CONU)Y, S-thuorouractt {5-FU}, capecitabine, methotrexate, gemaitabing, evtarabine (ara~{},
tludarabine, dactmomvcin, davnomibicin, doxorubicin {Adnanyycin}, danibicin, nutoxantrone,
pactitaxel, docetaxel, cabazitaxel, ctoposide { VP-16), vinblastine, vincristine, vinoreibing,
predunisone, dexamethasone, tamoxaten, fulvestrant, anastrozole, letrozole, megestrol acetate,

30 bicalutamude, flutannde, leuprohide, goserchin, L-asparaginase, tretinoimn, mayiansiies, aunstatins,

pyrrolobenzodiazepines, duocarmycms, and combinations thereof,

14 The method according to claim 1, wherem the cancer 1s prostate cancer.
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15, The method according to claim 14, wherem the first and scoond targeting

components target the prostate-specific membrane antigen {(PSMA)} receptor.

-

16, The method according to clamm 15, wheremn the hivst targeting component 18 a

wr

PSMA receptor antibody or antigen binding porltion thereof and the second targeting component

15 a PSMA receptor binding peptide or PSMA receptor mnbibitor.

17 The method according to claim 16, wherein the first targeting component 1$s an
antibody sclected from the group consisting of 1591, J415, J533, and E99, while the second
10 targeting component 1s a pephide selected from the group consisting of PSMA 617, PSMA &1,
DUFBC, DCFPyL, glutamate-urca~lysine analogs, phosphoranudate analogs, 2-

{(phosphimyimethyl) pentanedioic acid analogs, and other PSMA hgands/mhabitors/peptides.
18 The method according to claim 16, wherein the first agent 1s J591-" "Ly or J591-
15 A and the second agent 1s PSMA 617-V"Ly, PSMA I&T-"Lu, PSMA 617-°"Ac, or PSMA

f&T-"AcC,

19, The method according to clamm |, wheremn the subject 1s a human.

AL 2G.  The method according to claim 1, wherein the cancer 1s a neurcendocring cancer.
21 The method according to claim 20, whereimn the first and sccond targeting

components target the somatostatin receptor.

23 22 1he method according to claim 21, wherem the first and second targeting

components target the somatostatin receptor-2 (SSTR-2) 1sotorm.

23, The method according to clatm 20, wherein the neuroendocnng cancer is selected
trom the group consistmg of carcinoid tumors, gasirinoma, msubmoma, giucagonoma, YiPoma,
30 somatostatinoma, thyroiwd carcinoma, Merkel cell carcinoma of the sk, tumor of the antenor
pituitary, medullary carcinoma, parathyrowd tumor, thyvmus and mediastinal carcinoid tumaor,
pulmonary neurcendocnne tumor, adrenomeduliary tumor, pheochromocytoma, Schwannoma.

paraganghioma, neuroblastoma, and urmary tract carcinoid neuroendocrnng carcinoma.
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24, The method according to clamm 1, wheremn the cancer 1s breast cancer.
25, 'The method according to clamm 24, wheremn the first and second targeting
components target the HER receptor famuly.
3
26, The method according to clamm 1, wherewn the cancer i1s non-Hodgkin s
Lymphoma.
27.  The method according to clamm 26, wherem the first and sccond targeting
10 components farget C20,
28, The method according to claim 1, wherem the cancer 1s Hodghin's disgase.
29, The method according to claim 28, wherein the first and sccond targeting
15 components target CD30,
2%,  The method according to clamm I, wherein the first and second agents are
ditferent.
AL 29, The method according to clamm 1, wherein the first and second targeting

componenis target a cancer cell membrane molecule.

30, A therapeutic composilion COmMprising.
a first agent compnsing a first targeting component coupled to a first cancer
25 therapeutic component and
a second agent, biended with sard first agent, said second agent comprising a
sccond farecting component coupled o a second cancer therapoutic component, wherein the first
and second {argeting componends have dificrent biodistiibutions and/or pharmacokinetics m a
subject.
30
32.  'The therapeutic composition according to claum 31, wherem the first and second
fargeting components are imndependently selected from the group consisting of an antibody or

bmding fragment thereot, a protem, a peptide, and a small molecule.
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33, The therapeutic composiiion according to clamm 31, wherem the first and second
cancer therapeutic components are mdependently selecied from the group consistimg of a
radionuciide and a cviotoxic agent.
34, The therapeutic composition according to ¢laym 33, wherein the first and/or
sccond cancer therapeutic component 18 a radionuciide mndependently selected from the group
consisting of *Re, VY, ¢'Cu, Er, ¥'8n, “Te, MPr, P, "Au, MAu, 1Th, 'YPd, PR,
66Dy 5 o, WPm. UPm, P8m, 1PGd, 2 Tm, "°Yh, 15Yh, Ly, PRh, HAg, P, UTnSy

229A¢, #4'Th, 2¥Ph, VAt and combinations thereof

35, The therapeutic composition according o claum 31, wheremn the first and/or
second cancer therapeutic component 13 a eytotoxic agent mdependently selected from the groap
consisting of busutian, cisplatin, carboplatin, chiorambuci, cvelophosphamide, tostamide,
dacarbazine (D11}, mechlorethanune (nifrogen mustard ), melphalan carmusting (BONU),
lomustine (CUNU), S-fluorouraci (5-FU}), capecitabime, methotrexate, gemcitabine, cytarabing
{ara~(}, fludarabine, dactimomycin, daunorubicin, doxorabicm (Adnamycin}, idarubicin,
mitoxantrone, pachitaxel, docctaxel, cabazitaxel, ctoposide (VP-16), vinblastine, vincnsting,
vinorelbine, prednisone, dexamethasone, tamoxaten, fulvestrant, anastrozole, letrozole, megestrol
acctate, brcalutamide, hitamide, lcuprolide, goserclin, L-asparaginase, tretinoim, maytansings,

auristating, pyvrrolobenzodiazepines, duocarmycins, and combmations thereof

36 The therapeutic composiion accordmg {o claim 31, wherem the first targeting
component 1s 3 PSMA receptor antibody or antigen binding portion thercot and the second

tarecting component 15 a PSMA receptor bimding peptide or PSMA receptor wbibitor,

37, 'The therapeutic composition according to clawm 36, wherem the first targeting
component is an antibody selected fromy the group consisting of J501, 1413, 5333, and E99, wiule
the sccond targeting component 1s a peptide selected from the group consisting of POMA 617,
PSMA I&T, DUFBC, DOFPyL, glutamate-urca~-lysine analogs, phosphoranmudate analogs, Z2-

{phosphinyimethvl) pentanediote acid analogs, and other PAMA ligands/inhibitors/peptides.

34,  'ihe therapeutic compasifion according to claum 36, wherem the first agent 18

f

I591-""Lu or 153912 Ac and the second agent is PSMA 617-Lu, PSMA 617 A¢, PSMA
I&T-1"Lu or PSMA I&T-"Ac
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