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Combination Therapies for Treating Cancers

Cross-Reference to Related Applications
This application claims priority to PCT/CN2017/086911, filed 2 June 2017, which 1s

incorporated by reference 1n its entirety .

Background
Technical Field

Embodiments of the present disclosure relate to combination therapies and related
compositions and methods for treating cancers, including epithelial tumors, which include a
combination of at least two agents such as an epidermal growth factor receptor (EGFR) inhibitor, a
mitogen-activated protein kinase (MEK) 1/2 inhibitor, and a cyclin dependent kinase (CDK) 4/6

inhibitor.

Briet Summary

Embodiments of the present disclosure relate, 1in pertinent part, to methods of treating a
cancer 1n a subject 1n need thercof, comprising administering to the subject a combination of two or
mor¢ agents selected from:

(a) an epidermal growth factor receptor (EGFR) inhibitor;

(b) a mitogen-activated protein kinase (MEK) 1/2 inhibitor; and

(c) a cyclin dependent kinase (CDK) 4/6 inhibitor.

In certain embodiments, (a) 1s a small molecule or antibody (or antigen-binding fragment
thereof) which specifically binds to EGFR or a ligand thereof, or 1s optionally selected from one or
mor¢ of cetuximab, panitumumab, zalutumumab, nimotuzumab, matuzumab, erlotinib, gefitinib,
afatinib, lapatinib, osimertinib, brigatinib, and 1cotinib.

In certain embodiments, (b) 1s a small molecule or antibody (or antigen-binding fragment
thereof) which specifically binds to a MEK 1/2 or a ligand thercof, or 1s optionally selected from one
or more of trametinib, selumetinib, and cobimetinib.

In certain embodiments, (¢) 1s a small molecule or antibody (or antigen-binding fragment
thereot) which specifically binds to a CDK 4/6 or a ligand thercof, or 1s optionally selected from one
or more of palbociclib, ribociclib, and abemacichib.

Some embodiments comprise administering the combination of (a) and (b) to the subject,
optionally as separatc compositions, or together as part of the same composition. Some embodiments
comprise administering the combination of (a) and (¢) to the subject, optionally as separate
compositions, or together as part of the same composition. Some embodiments comprise
administering the combination of (a), (b), and (¢) to the subject, optionally as separate compositions,

or together as part of the same composition.
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In some embodiments, the cancer 1s a malignant epithelial tumor or carcinoma. In some
embodiments, the carcinoma 1s selected from one or more of an adenocarcinoma, a squamous cell
carcinoma, an adenosquamous carcinoma, an anaplastic carcinoma, a large cell carcinoma, and a
small cell carcinoma. In some embodiments, the carcinoma 1s selected from one or more of an
epithelial neoplasm, a squamous cell neoplasm (squamous cell carcinoma), a basal cell neoplasm
(basal cell carcinoma), a transitional cell carcinoma, an adenocarcinoma (optionally a linitis plastica, a
vipoma, a cholangiocarcinoma, a hepatocellular carcinoma, an adenoid cystic carcinoma, a renal cell
carcinoma, or a Grawitz tumor), an adnexal or skin appendage necoplasm, a nucoepidermoid
ncoplasm, a cystic, mucinous, or Serous Neoplasm, a ductal, lobular, or medullary Neoplasm, an
accinar cell neoplasm, and a complex epithelial neoplasm. In some embodiments, the cancer 1s a
carcinoma selected from one or more of a colon cancer, a gastric cancer, a lung cancer (optionally
small cell lung cancer or non-small lung cell cancer), a breast cancer, a pancreatic cancer, an oral
cancer, a prostate cancer, a germline cancer, a rectal cancer, a liver cancer (optionally hepatocellular
carcinoma), a kidney cancer (optionally renal cell carcinoma), and an ovarian cancer.

In some embodiments, the combination of (a) and (b) reduces cancer cell growth and/or
increases cancer cell-killing by about or at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80,
90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000% or more relative to (a) and/or (b) alone.
In some embodiments, the combination of (a) and (b) synergistically reduces cancer cell growth
and/or synergistically increases cancer cell-killing relative to (a) and/or (b) alone. In some
embodiments, the combination of (a) and (¢) reduces cancer cell growth and/or increases cancer cell-
killing by about or at least about 3, 10, 15, 20, 25, 30, 33, 40, 45, 50, 60, 70, 80, 90, 100, 200, 300,
400, 500, 600, 700, 800, 900, 1000, 2000% or more relative to (a) and/or (¢) alone. In some
embodiments, the combination of (a) and (¢) synergistically reduces cancer cell growth and/or
synergistically mncreases cancer cell-killing relative to (a) and/or (¢) alone. In some embodiments, the
combination of (a), (b), and (c¢) reduces cancer cell growth by about or at least about 3, 10, 15, 20, 23,
30, 33, 40, 43, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000% or more
relative to (a), (b), and/or (¢) alone. In some embodiments, the combination of (a), (b), and (c)
synergistically reduces cancer cell growth and/or synergistically increases cancer cell-killing relative
to (a), (b), and/or (c) alone.

In some embodiments, the combination of (a) and (b), (a) and (c), or (a), (b), and (c) 1s
selected from a combination 1n Tables E1-E6, and optionally wherein the cancer corresponds to a
cancer cell in Tables E1-E6.

Also included are therapeutic composition, comprising a combination of two or more agents
selected from:

(a) an epidermal growth factor receptor (EGFR) inhibitor;

(b) a mitogen-activated protein kinase (MEK) 1/2 inhibitor; and
(¢) a cyclin dependent kinase (CDK) 4/6 inhibitor.

2
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In some embodiments, (a) 1s a small molecule or antibody (or antigen-binding fragment
thereot) which specifically binds to EGEFR or a ligand thercof, and 1s optionally selected from one or
mor¢ of cetuximab, panitumumab, zalutumumab, nimotuzumab, matuzumab, erlotinib, gefitinib,
afatinib, lapatinib, osimertinib, brigatinib, and 1cotinib. In some embodiments, (b) 1s a small molecule
or antibody (or antigen-binding fragment thercot) which specifically binds to a MEK 1/2 or a ligand
thereof, and 1s optionally selected from one or more of trametinib, selumetinib, and cobimetinib. In
some embodiments, (¢) 1s a small molecule or antibody (or antigen-binding fragment thereof) which
specifically binds to a CDK 4/6 or a ligand thercof, and 1s optionally selected from one or more of
palbociclib, ribociclib, and abemaciclib.

Certain compositions comprise the combination of (a) and (b). Certain compositions comprise
the combination of (a) and (c¢). Certain compositions comprise the combination of (a), (b), and (¢).

In some embodiments, the combination of (a) and (b), (a) and (¢), or (a), (b), and (c) 1s
selected from a combination 1n Tables E1-E6, and optionally wherein the cancer corresponds to a
cancer cell/tissue type 1n Tables E1-E6.

Certain therapeutic compositions are for use 1n treating a cancer 1 a subject in need thereof.
In some embodiments, the cancer 1s a malignant epithelial tumor or carcinoma.

Also included are patient care kits, comprising a combination of two or more agents selected
from:

(a) an epidermal growth factor receptor (EGFR) inhibitor;

(b) a mitogen-activated protein kinase (MEK) 1/2 inhibitor; and

(c) a cyclin dependent kinase (CDK) 4/6 inhibitor.

Certain kits comprise the combination of (a) and (b), optionally as separate compositions or as
part of the same composition. Some kits comprise the combination of (a) and (c¢), optionally as
separate compositions or as part of the same composition. Certain kits comprise the combination of

(a), (b), and (c¢), optionally as separate compositions or as part of the same composition.

Brief Description of the Drawings
Figure 1 shows images of patient-derived epithelial tumor cell following exposure to agents

or combinations of agents.

Detailed Description

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by those of ordinary skill i the art to which the disclosure belongs.
Although any methods, materials, compositions, reagents, cells, similar or equivalent similar or
equivalent to those described herein can be used 1n the practice or testing of the subject matter of the
present disclosure, preferred methods and matenals are described. All publications and references,

including but not limited to patents and patent applications, cited 1n this specification are herein

3
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incorporated by reference 1n their entirety as i1f each individual publication or reference were
specifically and individually indicated to be incorporated by reference herein as being fully set forth.
Any patent application to which this application claims priority 1s also incorporated by reference
herein 1n 1ts entirety 1n the manner described above for publications and references.

Standard techniques may be used for recombinant DNA, oligonucleotide synthesis, and tissue
culture and transformation (e.g., electroporation, lipofection). Enzymatic reactions and purification
techniques may be performed according to manufacturer's specifications or as commonly
accomplished 1n the art or as described herein. These and related techniques and procedures may be
oenerally performed according to conventional methods well known 1n the art and as described 1n
various general and more specific references that are cited and discussed throughout the present
specification. Unless specific definitions are provided, the nomenclature utilized 1n connection with,
and the laboratory procedures and techniques of, molecular biology, analytical chemistry, synthetic
organic chemistry, and medicinal and pharmaceutical chemistry described herein are those well-
known and commonly used 1n the art. Standard techniques may be used for recombinant technology,
molecular biological, microbiological, chemical syntheses, chemical analyses, pharmaceutical
preparation, formulation, and delivery, and treatment of patients.

For the purposes of the present disclosure, the following terms are defined below.

The articles “"a” and “an” are used herein to refer to one or to more than one (1.¢., to at least
on¢) of the grammatical object of the article. By way of example, “an element” means one element or
mor¢ than one element.

By “about” 1s meant a quantity, level, value, number, frequency, percentage, dimension, size,
amount, weight or length that varies by as much as 30, 25, 20, 15,10, 9,8, 7,6,5,4,3,2o0r 1% toa
retference quantity, level, value, number, frequency, percentage, dimension, size, amount, weight or
length.

The term “antigen™ refers to a molecule or a portion of a molecule capable of being bound by
a selective binding agent, such as an antibody, and additionally capable of being used 1n an animal to
produce antibodies capable of binding to an epitope of that antigen. An antigen may have one or more
epitopes. As used herein, the term “antigen™ includes substances that are capable, under approprate
conditions, of inducing an immune response to the substance and of reacting with the products of the
immune response. For example, an antigen can be recognized by antibodies (humoral immune
response) or sensitized T-lymphocytes (T helper or cell-mediated immune response), or both.
Antigens can be soluble substances, such as toxins and foreign proteins, or particulates, such as
bacteria and tissue cells; however, only the portion of the protein or polysaccharide molecule known
as the antigenic determinant (epitopes) combines with the antibody or a specific receptor on a
lymphocyte. More broadly, the term “antigen™ includes any substance to which an antibody binds, or
for which antibodies are desired, regardless of whether the substance 1s immunogenic. For such

antigens, antibodies can be 1dentified by recombinant methods, independent of any immune response.
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An “antagonist” or “inhibitor” refers to biological or chemical agent that mnterferes with or
otherwise reduces the physiological action of another agent or molecule. In some 1nstances, the
antagonist specifically binds to the other agent or molecule. Included are full and partial antagonists
and 1nhibitors.

An “agonist” refers to biological structure or chemical agent that increases or enhances the
physiological action of another agent or molecule. In some instances, the agonist specifically binds to
the other agent or molecule. Included are full and partial agonists.

As used herein, the term “amino acid™ 1s intended to mean both naturally occurring and non-
naturally occurring amino acids as well as amino acid analogs and mimetics. Naturally-occurring
amino acids include the 20 (L)-amino acids utilized during protein biosynthesis as well as others such
as 4-hydroxyproline, hydroxylysine, desmosine, 1sodesmosine, homocysteine, citrulline and ornithine,
for example. Non-naturally occurring amino acids include, for example, (D)-amino acids, norleucine,
norvaline, p-fluorophenylalanine, ethionine and the like, which are known to a person skilled in the
art. Amino acid analogs include modified forms of naturally and non-naturally occurring amino acids.
Such modifications can include, for example, substitution or replacement of chemical groups and
moicties on the amino acid or by derivatization of the amino acid. Amino acid mimetics mclude, for
example, organic structures which exhibit functionally similar properties such as charge and charge
spacing characteristic of the reference amino acid. For example, an organic structure which mimics
arginine (Arg or R) would have a positive charge moiety located 1n similar molecular space and
having the same degree of mobility as the e-amino group of the side chain of the naturally occurring
Arg amino acid. Mimetics also include constrained structures so as to maintain optimal spacing and
charge mteractions of the amino acid or of the amino acid functional groups. Those skilled 1n the art
know or can determine what structures constitute functionally equivalent amino acid analogs and
amino acid mimetics.

As used herein, a subject “at risk” of developing a disease, or adverse reaction may or may
not have detectable disease, or symptoms of discase, and may or may not have displayed detectable
discase or symptoms of disease prior to the treatment methods described herein. ““At risk™ denotes that
a subject has one or more risk factors, which are measurable parameters that correlate with
development of a disease, as described herein and known 1n the art. A subject having one or more of
these risk factors has a higher probability of developing disease, or an adverse reaction than a subject
without one or more of these risk factor(s).

“Biocompatible™ refers to materials or compounds which are generally not injurious to
biological functions of a cell or subject and which will not result in any degree of unacceptable
toxicity, including allergenic and disease states.

The term “binding™ refers to a direct association between two molecules, due to, for example,
covalent, electrostatic, hydrophobic, and 1onic and/or hydrogen-bond interactions, including

interactions such as salt bridges and water bridges.
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Throughout this disclosure, unless the context requires otherwise, the words “comprise,”
“comprises,” and “comprising” will be understood to imply the inclusion of a stated step or element or
ogroup of steps or elements but not the exclusion of any other step or element or group of steps or
clements.

By “consisting of” 1s meant including, and limited to, whatever follows the phrase ““consisting
of.” Thus, the phrase “consisting of” indicates that the listed elements are required or mandatory, and
that no other elements may be present. By “consisting essentially of” 1s meant including any elements
listed after the phrase, and limited to other elements that do not interfere with or contribute to the
activity or action specified 1n the disclosure for the listed elements. Thus, the phrase “consisting
essentially of” indicates that the listed elements are required or mandatory, but that other elements are
optional and may or may not be present depending upon whether or not they materially affect the
activity or action of the listed elements.

The term “endotoxin free™ or ““substantially endotoxin free™ relates generally to compositions,
solvents, and/or vessels that contain at most trace amounts (e.g., amounts having no clinically adverse
physiological effects to a subject) of endotoxin, and preferably undetectable amounts of endotoxin.
Endotoxins are toxins associated with certain micro-organisms, such as bacteria, typically gram-
negative bacteria, although endotoxins may be found m gram-positive bacteria, such as Listeria
monocytogenes. The most prevalent endotoxins are lipopolysaccharides (LPS) or lipo-oligo-
saccharides (LOS) found 1n the outer membrane of various Gram-negative bacteria, and which
represent a central pathogenic feature 1n the ability of these bacteria to cause disease. Small amounts
of endotoxin 1n humans may produce fever, a lowering of the blood pressure, and activation of
inflammation and coagulation, among other adverse physiological effects.

Therefore, m pharmaceutical production, 1t 1s often desirable to remove most or all traces of
endotoxin from drug products and/or drug containers, because even small amounts may cause adverse
cttects in humans. A depyrogenation oven may be used for this purpose, as temperatures 1in excess of
300°C are typically required to break down most endotoxins. For mnstance, based on primary
packaging material such as syringes or vials, the combination of a glass temperature of 250°C and a
holding time of 30 minutes 1s often sufficient to achieve a 3 log reduction 1n endotoxin levels. Other
methods of removing endotoxins are contemplated, including, for example, chromatography and
filtration methods, as described heremn and known 1n the art.

Endotoxins can be detected using routine techniques known 1 the art. For example, the
Limulus Amoecbocyte Lysate assay, which utilizes blood from the horseshoe crab, 1s a very sensitive
assay for detecting presence of endotoxin. In this test, very low levels of LPS can cause detectable
coagulation of the limulus lysate due a powerful enzymatic cascade that amplifies this reaction.
Endotoxins can also be quantitated by enzyme-linked immunosorbent assay (ELISA). To be

substantially endotoxin free, endotoxin levels may be less than about 0.001, 0.005, 0.01, 0.02, 0.03,
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0.04, 0.05, 0.06, 0.08,0.09,0.1,05,1.0,1.5,2,25,3,4,5,6,7,8,9, or 10 EU/mg of active
compound. Typically, 1 ng lipopolysaccharide (LPS) corresponds to about 1-10 EU.

The term “half maximal effective concentration™ or “EC50” refers to the concentration of an
agent (¢.g., small molecule, antibody) as described herein at which 1t induces a response halfway
between the baseline and maximum after some specified exposure time; the EC50 of a graded dose
response curve therefore represents the concentration of a compound at which 509 of 1ts maximal
eftect 1s observed. EC30 also represents the plasma concentration required for obtaining 50% of a
maximum ¢ffect in vivo. Similarly, the "EC90™ refers to the concentration of an agent or composition
at which 90% of 1ts maximal effect 1s observed. The “EC90™ can be calculated from the “EC50” and
the Hill slope, or 1t can be determined from the data directly, using routine knowledge 1n the art. In
some¢ embodiments, the EC50 of an agent (¢.g., small molecule, antibody) 1s less than about 0.01,
0.05,0.1,02,03,04,05,06,0.7,08,09,1,2,3,4,5,6,7,8,9,10, 11,12, 13,14, 15,16, 17, 18,
19, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 200 or 500 nM. In some embodiments, an agent will have
an EC50 value of about 1nM or less.

The “half-life” of an agent can refer to the time 1t takes for the agent to lose half of 1ts
pharmacologic, physiologic, or other activity, relative to such activity at the time of administration
into the serum or tissue of an organism, or relative to any other defined time-point. “Half-life™ can
also refer to the time 1t takes for the amount or concentration of an agent to be reduced by half of a
starting amount administered into the serum or tissue of an organism, relative to such amount or
concentration at the time of administration mto the serum or tissue of an organism, or relative to any
other defined time-point. The halt-life can be measured 1n serum and/or any one or more selected
tissues.

The terms “modulating”™ and “altering™ include “increasing,” “enhancing” or “stimulating,” as
well as “decreasing” or “reducing,” typically 1n a statistically significant or a physiologically
significant amount or degree relative to a control. An “increased,” “stimulated™ or “enhanced”™ amount
1s typically a “statistically significant™ amount, and may include an increase thatis 1.1, 1.2, 1.5, 2, 3,
4,5,6,7,8,9, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100 or more times (¢.g., 500, 1000 times)
(including all integers and ranges 1n betweene.g., 1.5, 1.6, 1.7. 1.8, etc.) the amount produced by no
composition (¢.g., the absence of agent) or a control composition. A “decreased” or “reduced” amount
1s typically a “statistically significant™ amount, and may mclude a 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%,
9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18% , 19%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%., 60%, 65%, 70%, 75%, 80%, 85%., 90%, 95%., or 100% decrecase (including all integers
and ranges m between) 1n the amount produced by no composition (¢.g., the absence of an agent) or a
control composition. Examples of comparisons and “statistically significant™ amounts are described
herein.

2% <o

The terms “polypeptide,” “protemn™ and “peptide™ are used interchangeably and mean a

polymer of amino acids not limited to any particular length. The term “enzyme™ includes polypeptide
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or protein catalysts. The terms include modifications such as myristoylation, sulfation, glycosylation,
phosphorylation and addition or deletion of signal sequences. The terms “polypeptide™ or “protein™
means one or more chains of amino acids, wherein each chain comprises amino acids covalently
linked by peptide bonds, and wherein said polypeptide or protein can comprise a plurality of chains
non-covalently and/or covalently linked together by peptide bonds, having the sequence of native
proteins, that 1s, protems produced by naturally-occurring and specifically non-recombinant cells, or
ogenetically-engineered or recombinant cells, and comprise molecules having the amino acid sequence
of the native protein, or molecules having deletions from, additions to, and/or substitutions of one or
more amino acids of the native sequence. In certain embodiments, the polypeptide 1s a “recombinant™
polypeptide, produced by recombinant cell that comprises one or more recombinant DNA molecules,
which are typically made of heterologous polynucleotide sequences or combinations of
polynucleotide sequences that would not otherwise be found 1n the cell.

The term “1solated™ polypeptide or protein referred to herein means that a subject protein (1)
1s free of at least some other proteins with which 1t would typically be found 1n nature, (2) 1s
essentially free of other proteins from the same source, e.g., from the same species, (3) 1s expressed
by a cell from a different species, (4) has been separated from at least about 50 percent of
polynucleotides, lipids, carbohydrates, or other materials with which 1t 1s associated 1n nature, (5) 1s
not associated (by covalent or non-covalent interaction) with portions of a protein with which the
“1solated protein™ 1s associated 1n nature, (6) 1s operably associated (by covalent or non-covalent
interaction) with a polypeptide with which 1t 1s not associated 1n nature, or (7) does not occur 1n
nature. Such an 1solated protem can be encoded by genomic DNA, cDNA, mRNA or other RNA, of
may be of synthetic origin, or any combination thercof. In certain embodiments, the 1solated protein 1s
substantially free from proteins or polypeptides or other contaminants that are found 1n 1ts natural
environment that would intertere with 1ts use (therapeutic, diagnostic, prophylactic, research or
otherwise).

In certain embodiments, the “purity” of any given agent (¢.g., antibody, small molecule) in a
composition may be defined. For instance, certain compositions may comprise an agent such as a
polypeptide agent that 1s at least 80%, 85%, 90%, 91%, 92%, 93%., 94%, 95%, 96%, 97%, 98%, 99%,
or 100% pure on a protein basis or a weight-weight basis, mcluding all decimals and ranges 1n
between, as measured, for example and by no means limiting, by high performance liquid
chromatography (HPLC), a well-known form of column chromatography used frequently in
biochemistry and analytical chemistry to separate, 1dentity, and quantify compounds.

The term ““solubility™ refers to the property of an agent (¢.g., antibody, small molecule)
provided herein to dissolve 1n a liquid solvent and form a homogeneous solution. Solubility 1s
typically expressed as a concentration, either by mass of solute per unit volume of solvent (g of solute
per kg of solvent, g per dL (100 mL), mg/ml, etc.), molarity, molality, mole fraction or other similar

descriptions of concentration. The maximum equilibrium amount of solute that can dissolve per
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amount of solvent 1s the solubility of that solute 1n that solvent under the specified conditions,
including temperature, pressure, pH, and the nature of the solvent. In certain embodiments, solubility
1s measured at physiological pH, or other pH, for example, at pH 5.0, pH 6.0, pH 7.0, pH 7.4, pH 7.6,
pH 7.8, or pH 8.0 (¢.g., about pH 5-8). In certain embodiments, solubility 1s measured 1n water or a
physiological butfer such as PBS or NaCl (with or without NaP). In specific embodiments, solubility
1s measured at relatively lower pH (e.g., pH 6.0) and relatively higher salt (e.g., S00mM NaCl and
10mM NaP). In certain embodiments, solubility 1s measured 1n a biological fluid (solvent) such as
blood or serum. In certain embodiments, the temperature can be about room temperature (e.g., about
20, 21, 22, 23, 24, 25°C) or about body temperature (37°C). In certain embodiments, an agent has a
solubility of at least about 0.1, 0.2,0.3,04,0.5,0.6,0.7,08,09,1,2,3,4,5,6,7,8,9,10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 40, 50, 60, 70, 80, 90 or 100 mg/ml at room temperature or at
37°C.

A “‘subject” or a ““subject 1n need thercof™ or a “patient” or a “patient in need thercof™
includes a mammalian subject such as a human subject.

“Substantially™ or “essentially” means nearly totally or completely, for instance, 95%, 96%,
97%, 98%, 99% or greater of some given quantity.

By “statistically significant,” 1t 1s meant that the result was unlikely to have occurred by
chance. Statistical significance can be determined by any method known 1n the art. Commonly used
measures of significance include the p-value, which 1s the frequency or probability with which the
observed event would occur, 1f the null hypothesis were true. If the obtained p-value 1s smaller than
the significance level, then the null hypothesis 1s rejected. In simple cases, the significance level 1s
defined at a p-value of 0.05 or less.

“Therapeutic response” refers to improvement of symptoms (whether or not sustained) based
on administration of one or more therapeutic agents.

As used herein, the terms “therapeutically effective amount™, “therapeutic dose,”
“prophylactically effective amount,” or ““diagnostically effective amount™ 1s the amount of an agent
(e.g., antibody, small molecule) needed to elicit the desired biological response following
administration.

As used herein, “treatment” of a subject (¢.2. a mammal, such as a human) or a cell 1s any
type of intervention used 1n an attempt to alter the natural course of the individual or cell. Treatment
includes, but 1s not limited to, administration of a pharmaceutical composition, and may be performed
either prophylactically or subsequent to the mitiation of a pathologic event or contact with an ctiologic
agent. Also included are “prophylactic” treatments, which can be directed to reducing the rate of
progression of the disease or condition being treated, delaying the onset of that disease or condition,
or reducing the severity of 1ts onset. “Treatment™ or “prophylaxis™ does not necessarily indicate

complete eradication, cure, or prevention of the disease or condition, or associated symptoms thereof.
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The term ““wild-type” refers to a gene or gene product (€.g., a polypeptide) that 1s most
frequently observed 1n a population and 1s thus arbitrarily designed the “normal™ or “wild-type™ form
of the gene.

Each embodiment 1n this specification 1s to be applied to every other embodiment unless

expressly stated otherwise.

Pathways and Agents

Certain embodiments employ a combination of any two or more agents that inhibit or
antagonize epidermal growth factor receptor (EGFR) activity, mitogen-activated protein kinase
(MEK) 1/2 activity, and/or cyclin dependent kinase (CDK) 4/6 activity. General examples of such
agents include small molecules and antibodies (or antigen binding fragments thercof), which are
described 1n greater detail herein.

EGFR. The epidermal growth factor receptor (EGFR; ErbB-1; HERI m humans) 1s a
transmembrane protein that 1s a receptor for members of the epidermal growth factor family (EGF
family) of extracellular protein ligands. EGF 1s a growth factor that stimulates cell growth,
proliferation, and differentiation by binding to its receptor EGFR. Human EGF 1s a 6-kDa protein
with 53 amino acid residues and three intramolecular disulfide bonds. EGF acts by binding with high
affinity to EGFR on the cell surface. This stimulates ligand-induced dimerization, which activates the
intrisic protein-tyrosine kinase activity of the receptor. The tyrosine kinase activity then mitiates a
signal transduction cascade that results 1n a variety of biochemical changes within the cell, including a
ris¢ 1n intracellular calcium levels, increased glycolysis and protemn synthesis, and increased
expression of certain genes, mcluding those involved in DNA synthesis and cell proliferation.

Mutations that lead to EGFR overexpression or over activity are associated with a variety of
cancers, including squamous-cell carcinoma of the lung, anal cancers, glioblastoma, and epithelial
tumors of the head and neck, among others. Thus, 1n certain embodiments, the agent inhibits an EGFR
activity or an EGFR-regulated pathway.

For example, 1n certain embodiments the agent 1s an antibody (or antigen-binding fragment
thereof) that specifically binds to EGFR, for example, which specifically binds to the extracellular
ligand binding domain of EGFR and optionally inhibits or reduces the binding of stimulatory ligands
or signal molecules such as EGF. Illustrative anti-EGFR antibodies are described, for example, in
U.S. Patent Nos. 5,844,093; 7,132,511; 7,247,301; 7,595,378 7,723,484; 7,939,072; and 7,960,516,
which are incorporated by reference. Specific non-limiting examples of EGFR 1nhibitor antibodies
include cetuximab, panitumumab, zalutumumab, nimotuzumab, and matuzumab, and fragments or
variants thercot. In specific embodiments, the antibody 1s cetuximab (Erbitux®), or a fragment or
variant thercof. Cetuximab 1s composed of the Fv (vanable; antigen-binding) regions of the 225
murin¢e EGFR monoclonal antibody specific for the N-terminal portion of human EGFR with human

IgG1 heavy and kappa light chain constant (framework) regions.
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Also included are small molecule mhibitors of EGFR, for example, tyrosine kinase inhibitors
of EGFR kinase activity. Non-limiting examples of small molecule EGFR mhibitors include erlotinib,
octitinib, afatinib, lapatinib, osimertinib, brigatinib, and 1cotinib. Thus, 1n certain embodiments, the
EGFR 1nhibitor 1s any one or more of the foregoing antibodies or small molecules.

MEK 1/2. Mitogen-activated protein kinase (MAPK) cascades are key signaling pathways
involved 1n the regulation of normal cell proliferation, survival, and differentiation. Aberrant
regulation of MAPK cascades contribute to cancer and other human diseases. In particular, the
extracellular signal-regulated kinase (ERK) MAPK pathway has been implicated in many cancers as a
therapeutic target. ERK 1s a downstream component of an evolutionarily conserved signaling module
that 1s activated by the Raf serme/threonine kinases. Raf activates the MAPK/ERK kinase (MEK) 1/2
dual-specificity protein kinases, which then activate ERK1/2. The mutational activation of Raf in
human cancers supports the important role of this pathway 1n human oncogenesis. Additionally, the
Raf-MEK-ERK pathway 1s a key downstream effector of the Ras small GTPase, the most frequently
mutated oncogene 1n human cancers. Lastly, Ras 1s a key downstream eftector of the epidermal
orowth factor receptor (EGFR), which 1s mutationally activated and/or overexpressed in a wide
varicty of human cancers. ERK activation also promotes upregulated expression of EGFR ligands,
promoting an autocrine growth loop critical for tumor growth.

Thus, certain embodiments are directed to modulating (¢.g., inhibiting) the EGFR-Ras-Rat-
MEK-ERK signaling pathway, for example, by inhibiting the MEK 1/2 dual-specificity protein
kinases. Some embodiments therefore include small molecules that inhibit MEK1 and/or MEK?2.
Non-limiting examples of small molecule MEK 1/2 inhibitors imnclude trametinib, selumetinib,
cobimetinib, and bimimetinib. Additional examples of MEK 1 and MEK2 1inhibitors are described, for
example, in U.S. Application No. 2009/0124595; U.S. Application No. 2009/0246198; and U.S.
Application No. 2010/0004234, which are incorporated by reference.

CDK 4/6. Cyclin-dependent kinases (CDKs) are a family of protein kinases that play a role 1
regulating the cell cycle. CDK4 and CDK6 regulate the cell G1 phase progression and the G1/5
transition of the cell cycle. CDK4 and CDK6 have been shown to phosphorylate and thus regulate the
activity of the tumor suppressor Retinoblastoma protein, and are overexpressed or otherwise
unbalanced 1n a variety of tumors. For example, the overexpression of CDK4 and CDK6 can provide
cancer cells certamn hallmarks of cancer, including deregulation of the cell cycle and of cell
metabolism.

Thus, certain embodiments are directed to modulating (¢.g., inhibiting) CDK 4/6-regulated
pathways, for example, by inhibiting the CDK4 and/or CDK6 kinases. Included are agents that inhibit
the ability or activity of CDK 4/6 to phosphorylate a serine or threonine residue on proteins, or inhibit
the interaction of CDK 4/6 with other proteins/ligands that are involved 1n the signal pathway. CDK4

and CDK6 form a complex with Cyclin D to regulate cell cycle progression from G1 to S phase.
CDK4 has been shown to mteract with retinoblastoma (Rb), CDC37, CDKN1B, CDKN2B,
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CDKN2C, CEBPA, CCNDI1, CCND3, DBNL, MyoD, P16, PCNA, and SERTAD1. CDK®6 has been
shown to interact with retinoblastoma (RB), CDKN2C, PPM1B, Cyclin D3, Cyclin D1, and PPP2CA.
Thus, 1n certain embodiments, the CDK 4/6 inhibitor reduces the interaction of CDK4 and/or CDK6
with any one or more of the foregoing proteins or ligands.

Some embodiments therefore include small molecules that inhibit CDK4 and/or CDK6. Non-
limiting examples of small molecule CDK 4/6 1nhibitors include ribociclib, abemaciclib, and
palbociclib. Additional examples of CDK 4/6 inhibitors are described, for example, in WO
2007/140222; WO 2010/020675; and U.S. Application No. 2013/0035336, which are incorporated by
reference.

Antibodies. In some embodiments, as noted above, the agent 1s an antibody or “antigen-
binding fragment thercof.” The antibody or antigen-binding fragment can be of essentially any type.
As 1s well known 1n the art, an antibody 1s an immunoglobulin molecule capable of specific binding to
a target through at least one epitope recognition site, located 1n the variable region of the
immunoglobulin molecule. In certain embodiments, the target 1s EGFR (¢.g., the ligand binding
domain of EGFR), EGR, MEK 1, MEK2, CDK4, CDK6, or any combination thercof, or any ligand
thereof. Thus, 1n certain embodiments, an antibody specifically binds to a target described herein with
a binding affinity (Kd) of about, at least about, or less than about, 0.01, 0.05, 0.1, 0.2, 0.3, 04, 0.5,
06,07,08,09,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,

26, 27, 28, 29, 30, 40, or 50 nM. In certain embodiments, an antibody (or antigen-binding fragment
thereot) specifically binds to and/or inhibits EGFR, MEK 1, MEK2, CDK4, CDK6, or any
combination thereof, including any ligand thercof (¢.g., EGR), as described herein and known 1n the
art.

As used herein, the term “antibody™ encompasses not only intact polyclonal or monoclonal
antibodies, but also fragments thereof (such as dAb, Fab, Fab’, F(ab')2, Fv), single chamn (ScFv),
synthetic variants thercof, naturally occurring variants, fusion proteins comprising an antibody portion
with an antigen-binding fragment of the required specificity, humanized antibodies, chimeric
antibodies, and any other modified configuration of the immunoglobulin molecule that comprises an
antigen-binding site or fragment (epitope recognition site) of the required specificity. Certain features
and characteristics of antibodies (and antigen-binding fragments thereof) are described 1n greater
detail herein.

The term “antigen-binding fragment™ as used herein refers to a polypeptide fragment that
contains at least one CDR of an immunoglobulin heavy and/or light chain that binds to the antigen of
interest. In this regard, an antigen-binding fragment of the herein described antibodies may comprise
1,2, 3,4,5,orall 6 CDRs of a VH and VL sequence from antibodies that bind to a target molecule.

The term “antigen™ refers to a molecule or a portion of a molecule capable of being bound by

a selective binding agent, such as an antibody, and additionally capable of being used 1n an animal to

12



CA 03063743 2015-11-14

WO 2018/223022 PCT/US2018/035641

produce antibodies capable of binding to an epitope of that antigen. An antigen may have one or more
epitopes.

The term “epitope™ includes any determinant, preferably a polypeptide determinant, capable
of specific binding to an immunoglobulin or T-cell receptor. An epitope 1s a region of an antigen that
1s bound by an antibody. In certain embodiments, epitope determinants include chemically active
surface groupings of molecules such as amino acids, sugar side chains, phosphoryl or sulfonyl, and
may 1n certain embodiments have specific three-dimensional structural characteristics, and/or specific
charge characteristics. Epitopes can be contiguous or non-contiguous 1n relation to the primary
structure of the antigen.

A molecule such as an antibody 1s said to exhibit ““specific binding™ or “preferential binding™
1f 1t reacts or associates more frequently, more rapidly, with greater duration and/or with greater
affinity with a particular cell or substance than 1t does with alternative cells or substances. An
antibody “‘specifically binds™ or “preferentially binds™ to a target 1f 1t binds with greater aftfinity,
avidity, more readily, and/or with greater duration than 1t binds to other substances, for example, by a
statistically significant amount. For mstance, an antibody that specifically or preferentially binds to a
specific epitope 1s an antibody that binds that specific epitope with greater atfiity, avidity, more
readily, and/or with greater duration than 1t binds to other epitopes. It 1s also understood by reading
this definition that, for example, an antibody (or moiety or epitope) that specifically or preferentially
binds to a first target may or may not specifically or preferentially bind to a second target. As such,
“specific binding” or “preferential binding™” does not necessarily require (although 1t can include)
exclusive binding. Generally, but not necessarily, reference to binding means preferential binding.

Immunological binding generally refers to the non-covalent interactions of the type which
occur between an immunoglobulin molecule and an antigen for which the immunoglobulin 1s specific,
for example by way of 1llustration and not limitation, as a result of electrostatic, 1onic, hydrophilic
and/or hydrophobic attractions or repulsion, steric forces, hydrogen bonding, van der Waals forces,
and other interactions. The strength, or affinity of immunological binding interactions can be
expressed 1 terms of the dissociation constant (Kd) of the interaction, wherein a smaller Kd
represents a greater affinity. Immunological binding properties of selected polypeptides can be
quantified using methods well known 1n the art. One such method entails measuring the rates of
antigen-binding site/antigen complex formation and dissociation, wherein those rates depend on the
concentrations of the complex partners, the atfinity of the interaction, and on gecometric parameters
that equally mmfluence the rate in both directions. Thus, both the “on rate constant™ (Kon) and the “off
rate constant” (Koff) can be determined by calculation of the concentrations and the actual rates of
association and dissociation. The ratio of Koft /Kon enables cancellation of all parameters not related
to atfinity, and 1s thus equal to the dissociation constant Kd.

Antibodies may be prepared by any of a variety of techniques known to those of ordinary skill
in the art. See, ¢.g., Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor
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Laboratory, 1988. Monoclonal antibodies specific for a polypeptide of interest may be prepared, for
example, using the technique of Kohler and Milstein, Eur. J. Immunol. 6:511-519, 1976, and
improvements thereto. Also included are methods that utilize transgenic animals such as mice to
express human antibodies. See, €.g., Neuberger et al., Nature Biotechnology 14:826, 1996; Lonberg et
al., Handbook of Experimental Pharmacology 113:49-101, 1994; and Lonberg et al., Internal Review
of Immunology 13:65-93, 1995. Particular examples include the VELOCIMMUNE® platform by
REGENEREX® (see, ¢.g., U.S. Patent No. 6,596,541).

Antibodies can also be generated or 1dentified by the use of phage display or yeast display
librarnies (see, ¢.g., U.S. Patent No. 7,244,592; Chao ¢t al., Nature Protocols. 1:755-768, 2006). Non-
limiting examples of available libraries include cloned or synthetic libraries, such as the Human
Combinatorial Antibody Library (HuCAL), in which the structural diversity of the human antibody
repertoire 1s represented by seven heavy chain and seven light chain vanable region genes. The
combination of these genes gives rise to 49 frameworks 1n the master library. By superimposing
highly vanable genetic cassettes (CDRs = complementarity determining regions) on these
frameworks, the vast human antibody repertoire can be reproduced. Also included are human hibraries
designed with human-donor-sourced fragments encoding a light-chain vanable region, a heavy-chain
CDR-3, synthetic DNA encoding diversity in heavy-chain CDR-1, and synthetic DNA encoding
diversity 1in heavy-chain CDR-2. Other libraries suitable for use will be apparent to persons skilled 1n
the art.

In certain embodiments, antibodies and antigen-binding fragments thercof as described herein
include a heavy chain and a light chain CDR set, respectively iterposed between a heavy chain and a
light chain framework region (FR) set which provide support to the CDRs and define the spatial
relationship of the CDRs relative to each other. As used herein, the term “CDR set™ refers to the three
hypervariable regions of a heavy or light chain V region. Proceeding from the N-terminus of a heavy
or light chain, these regions are denoted as “CDR1,” “CDR2,” and “CDR3” respectively. An antigen-
binding site, therefore, includes six CDRs, comprising the CDR set from cach of a heavy and a light
cham V region. A polypeptide comprising a single CDR, (e.g., a CDR1, CDR2 or CDR3) 1s referred
to herein as a “molecular recognition unit.” Crystallographic analysis of a number of antigen-antibody
complexes has demonstrated that the amino acid residues of CDRs form extensive contact with bound
antigen, wherein the most extensive antigen contact 1s with the heavy chain CDR3. Thus, the
molecular recognition units are primarily responsible for the specificity of an antigen-binding site.

As used herein, the term “FR set™ refers to the four flanking amino acid sequences which
frame the CDRs of a CDR set of a heavy or light chain V region. Some FR residues may contact
bound antigen; however, FRs are primarily responsible for folding the V region into the antigen-
binding site, particularly the FR residues directly adjacent to the CDRs. Within FRs, certain amino
residues and certain structural features are very highly conserved. In this regard, all V region

sequences contain an internal disulfide loop of around 90 amino acid residues. When the V regions
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fold into a binding-site, the CDRs are displayed as projecting loop motifs which form an antigen-
binding surface. It 1s generally recognized that there are conserved structural regions of FRs which
influence the folded shape of the CDR loops mto certain “canonical” structures—regardless of the
precise CDR amino acid sequence. Further, certain FR residues are known to participate in non-
covalent interdomain contacts which stabilize the interaction of the antibody heavy and light chains.

The structures and locations of immunoglobulin variable domains may be determined by
reference to Kabat, E. A. ¢t al., Sequences of Proteins of Immunological Interest. 4th Edition. US
Department of Health and Human Services. 1987, and updates thercof.

Also include are “monoclonal™ antibodies, which refer to a homogencous antibody population
wherein the monoclonal antibody 1s comprised of amino acids (naturally occurring and non-naturally
occurring) that arc imnvolved 1n the selective binding of an epitope. Monoclonal antibodies are highly
specific, being directed against a single epitope. The term “monoclonal antibody™ encompasses not
only intact monoclonal antibodies and full-length monoclonal antibodies, but also fragments thercof
(such as Fab, Fab’, F(ab)2, Fv), simngle chain (ScFv), variants thereof, fusion proteins comprising an
antigen-binding portion, humanized monoclonal antibodies, chimeric monoclonal antibodies, and any
other modified configuration of the immunoglobulin molecule that comprises an antigen-binding
fragment (epitope recognition site) of the required specificity and the ability to bind to an epitope. It 1s
not intended to be limited as regards the source of the antibody or the manner mn which 1t 1s made
(¢.g., by hybridoma, phage sclection, recombinant expression, transgenic animals). The term includes
whole immunoglobulins as well as the fragments etc. described above under the definition of
“antibody.”

The proteolytic enzyme papain preferentially cleaves IgG molecules to yvield several
fragments, two of which (the F(ab) fragments) each comprise a covalent heterodimer that includes an
intact antigen-binding site. The enzyme pepsin 1s able to cleave IgG molecules to provide several
fragments, including the F(ab')2 fragment which comprises both antigen-binding sites. An Fv
fragment for use according to certain embodiments of the present invention can be produced by
preferential proteolytic cleavage of an IgM, and on rare occasions of an IgG or IgA immunoglobulin
molecule. Fv fragments are, however, more commonly derived using recombinant techniques known
in the art. The Fv fragment includes a non-covalent VH:: VL heterodimer including an antigen-binding
site which retains much of the antigen recognition and binding capabilities of the native antibody
molecule. See Inbar et al.. PNAS USA. 69:2659-2662, 1972: Hochman et al., Biochem. 15:2706-
2710, 1976; and Ehrlich et al., Biochem. 19:4091-4096, 1980.

In certain embodiments, single chain Fv or scFV antibodies are contemplated. For example,
Kappa bodies (Ill et al., Prot. Eng. 10:949-57, 1997); minibodies (Martin et al., EMBO J 13:5305-9,
1994); diabodies (Holliger et al., PNAS 90: 6444-8, 1993); or Janusins (Traunecker et al., EMBO J
10: 3655-59, 1991 and Traunecker et al., Int. J. Cancer Suppl. 7:51-52, 1992), may be prepared using
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standard molecular biology techniques following the teachings of the present application with regard
to selecting antibodies having the desired specificity.

A single chain Fv (sFv) polypeptide 1s a covalently linked VH:: VL heterodimer which 1s
expressed from a gene fusion including VH- and VL-encoding genes linked by a peptide-encoding
linker. Huston et al. (PNAS USA. 85(16):5879-5883, 1988). A number of methods have been
described to discern chemical structures for converting the naturally aggregated—but chemically
separated—Ilight and heavy polypeptide chains from an antibody V region into an sFv molecule which
will fold into a three dimensional structure substantially similar to the structure of an antigen-binding
site. See, e.g., U.S. Pat. Nos. 5,091,513 and 5,132,403, to Huston et al.; and U.S. Pat. No. 4,946,778,
to Ladner et al.

In certain embodiments, an antibody as described herem 1s 1 the form of a “diabody.”
Diabodies are multimers of polypeptides, each polypeptide comprising a first domain comprising a
binding region of an immunoglobulin light chain and a second domain comprising a binding region of
an immunoglobulin heavy chain, the two domains being linked (¢.g. by a peptide linker) but unable to
associate with each other to form an antigen binding site: antigen binding sites are formed by the
association of the first domain of one polypeptide within the multimer with the second domain of
another polypeptide within the multimer (W094/13804). A dAb fragment of an antibody consists of a
VH domain (Ward et al., Nature 341:544-546, 1989). Diabodies and other multivalent or multispecific
fragments can be constructed, for example, by gene fusion (sece W094/13804; and Holliger et al..
PNAS USA. 90:6444-6448, 1993)).

Minibodies comprising a scFv joined to a CH3 domain are also included (see Hu et al.,
Cancer Res. 56:3055-3061, 1996). See also Ward et al., Nature. 341:544-546, 1989; Bird et al.,
Science. 242:423-426, 1988; Huston et al., PNAS USA. 85:5879-5883, 1988); PCT/US92/09965;
WO094/13804; and Reiter et al., Nature Biotech. 14:1239-1245, 1996.

Where bispecific antibodies are to be used, these may be conventional bispecific antibodies,
which can be manufactured in a variety of ways (Holliger and Winter, Current Opinion Biotechnol.
4:446-449, 1993), e.g. prepared chemically or from hybrid hybridomas, or may be any of the
bispecific antibody fragments mentioned above. Diabodies and scFv can be constructed without an Fc
region, using only variable domains, potentially reducing the effects ot anti-1idiotypic reaction.

Bispecific diabodies, as opposed to bispecific whole antibodies, may also be particularly
usctul because they can be readily constructed and expressed 1n E. coli. Diabodies (and many other
polypeptides such as antibody fragments) of appropriate binding specificities can be readily selected
using phage display (W094/13804) from libraries. If one arm of the diabody 1s to be kept constant,
for instance, with a specificity directed against antigen X, then a library can be made where the other
arm 1s varied and an antibody of appropriate specificity selected. Bispecific whole antibodies may be

made by knobs-into-holes engineering (Ridgeway et al., Protein Eng., 9:616-621, 1996).
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In certain embodiments, the antibodies described herein may be provided in the form of a
UniBody®. A UniBody® 1s an Ig(G4 antibody with the hinge region removed (see GenMab Utrecht,
The Netherlands; see also, €.g., US20090226421). This antibody technology creates a stable, smaller
antibody format with an anticipated longer therapeutic window than current small antibody formats.
IgG4 antibodies are considered nert and thus do not interact with the immune system. Fully human
IgG4 antibodies may be modified by eliminating the hinge region of the antibody to obtain half-
molecule fragments having distinct stability properties relative to the corresponding intact 1gG4
(GenMab, Utrecht). Halving the IgG4 molecule leaves only one area on the UniBody® that can bind
to cognate antigens (¢.g., disease targets) and the UniBody® therefore binds univalently to only one
site on target cells. For certain cancer cell surface antigens, this univalent binding may not stimulate
the cancer cells to grow as may be seen using bivalent antibodies having the same antigen specificity,
and hence UniBody® technology may afford treatment options for some types of cancer that may be
refractory to treatment with conventional antibodies. The small size of the UmBody® can be a great
benefit when treating some forms of cancer, allowing for better distribution of the molecule over
larger solid tumors and potentially increasing efficacy.

In certain embodiments, the antibodies provided herein may take the form of a nanobody.
Minibodies are encoded by single genes and are efficiently produced 1n almost all prokaryotic and
cukaryotic hosts, for example, E. col1 (see U.S. Pat. No. 6,765,087), molds (for example Aspergillus
or Trichoderma) and yeast (for example Saccharomyces, Kluyvermyces, Hansenula or Pichia (see
U.S. Pat. No. 6,838.254). The production process 1s scalable and multi-kilogram quantitics of
nanobodies have been produced. Nanobodies may be formulated as a ready-to-use solution having a
long shelf life. The Nanoclone method (see WO 06/079372) 1s a proprietary method for generating
Nanobodies against a desired target, based on automated high-throughput selection of B-cells.

In certain embodiments, the antibodies or antigen-binding fragments thercof are humanized.
These embodiments refer to a chimeric molecule, generally prepared using recombinant techniques,
having an antigen-binding site derived from an immunoglobulin from a non-human species and the
remaining immunoglobulin structure of the molecule based upon the structure and/or sequence of a
human immunoglobulin. The antigen-binding site may comprise either complete variable domains
fused onto constant domains or only the CDRs grafted onto appropriate framework regions 1n the
variable domains. Epitope binding sites may be wild type or modified by one or more amino acid
substitutions. This eliminates the constant region as an immunogen 1 human mdividuals, but the
possibility of an immune response to the foreign variable region remains (LoBuglio et al., PNAS USA
86:4220-4224, 1989; Queen et al., PNAS USA. 86:10029-10033, 1988; Riechmann et al., Nature.
332:323-327, 1988). Illustrative methods for humanization of antibodies include the methods
described 1n U.S. Patent No. 7,462,697

Another approach focuses not only on providing human-derived constant regions, but

modifying the varniable regions as well so as to reshape them as closely as possible to human form. It
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1s known that the vaniable regions of both heavy and light chains contain three complementarity-
determining regions (CDRs) which vary 1n response to the epitopes 1in question and determine binding
capability, flanked by four framework regions (FRs) which are relatively conserved 1n a given species
and which putatively provide a scaffolding for the CDRs. When nonhuman antibodies are prepared
with respect to a particular epitope, the variable regions can be “reshaped™ or “humanized™ by
orafting CDRs dernived from nonhuman antibody on the FRs present in the human antibody to be
modified. Application of this approach to various antibodies has been reported by Sato et al., Cancer
Res. 53:851-856, 1993; Riechmann et al., Nature 332:323-327, 1988; Verhoeyen et al., Science
239:1534-1536, 1988; Kettleborough et al., Protein Engineering. 4:773-3783, 1991; Maceda et al..
Human Antibodies Hybridoma 2:124-134, 1991; Gorman ¢t al., PNAS USA. 88:4181-4185, 1991;
Tempest et al., Bio/Technology 9:266-271, 1991; Co et al., PNAS USA. 88:2869-2873, 1991; Carter
ct al., PNAS USA. 89:4285-4289, 1992; and Co et al., ] Immunol. 148:1149-1154, 1992. In some
embodiments, humanized antibodies preserve all CDR sequences (for example, a humanized mouse
antibody which contains all six CDRs from the mouse antibodies). In other embodiments, humanized
antibodies have one or more CDRs (one, two, three, four, five, six) which are altered with respect to
the original antibody, which are also termed one or more CDRs “derived from™ one or more CDRs
from the original antibody.

In certain embodiments, the antibodies may be chimeric antibodies. In this regard, a chimeric
antibody 1s comprised of an antigen-binding fragment of an antibody operably linked or otherwise
fused to a heterologous Fc¢ portion of a different antibody. In certain embodiments, the heterologous
Fc domain 1s of human origin. In other embodiments, the heterologous Fc domain may be from a
different Ig class from the parent antibody, mcluding IgA (including subclasses IgA 1 and IgA?2), IgD.,
IgE, IgG (including subclasses IgG1, 1gG2, IgG3, and IgG4), and IgM. In further embodiments, the
heterologous Fc domain may be comprised of CH2 and CH3 domains from one or more of the
different Ig classes. As noted above with regard to humanized antibodies, the antigen-binding
fragment of a chimeric antibody may comprise only one or more of the CDRs of the antibodies
described herein (e.g., 1, 2, 3, 4, 5, or 6 CDRs of the antibodies described herein), or may comprise an
entire variable domaimn (VL, VH or both).

Small Molecules. In particular embodiments, the inhibitor or antagonist 1s a “‘small
molecule™. A small molecule refers to an organic compound that 1s of synthetic or biological origin
(biomolecule), but which 1s typically not a polymer. Organic compounds refer to a large class of
chemical compounds whose molecules contain carbon, typically excluding those that contain only
carbonates, simple oxides of carbon, or cyanides. A “biomolecule™ refers generally to an organic
molecule that 1s produced by a living organism, including large polymeric molecules (biopolymers)
such as peptides, polysaccharides, and nucleic acids as well, and small molecules such as primary

secondary metabolites, lipids, phospholipids, glycolipids, sterols, glycerolipids, vitamins, and
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hormones. A “polymer” refers generally to a large molecule or macromolecule composed of repeating
structural units, which are typically connected by covalent chemical bond.

In certain embodiments, a small molecule has a molecular weight of less than about 1000-
2000 Daltons, typically between about 300 and 700 Daltons, and including about 50, 100, 150, 200,
250, 300, 350, 400, 450, 500, 550, 500, 650, 600, 750, 700, 850, 800, 950, 1000 or 2000 Daltons.

Certain small molecules can have the ““specific binding™ characteristics described for
antibodies. For instance, in some embodiments, a small molecule specifically binds to a target
described herein with a binding atfinity (Kd) of about, at least about, or less than about, 0.01, 0.05,
0.1,02,03,04,05,06,07,08,09,1,2,3,4,5,6,7,8,9,10, 11, 12,13, 14, 15,16, 17, 18, 19, 20,
21,22, 23,24, 25,26,27, 28, 29, 30, 40, or 50 nM. In certain embodiments, a small molecule
specifically binds to and/or inhibits EGFR, MEK 1, MEK2, CDK4, CDK®6, or any combination

thereof, including any ligand thereof (¢.g., EGR), as described herem and known 1n the art.

Methods of Use and Therapeutic Compositions

As noted above, embodiments of the present disclosure relate to the discovery that certain
combinations of at least two agents provide significant and often synergistically increased cancer cell
ogrowth 1nhibition activity in an ex vivo model of primary cell cancer, relative to the individual agents
alone. Some embodiments therefore relate to methods of treating, ameliorating the symptoms of, or
inhibiting the progression of, a cancer 1n a subject in need thercof, comprising administering to the
subject a combination of two or more agents selected from an epidermal growth factor receptor
(EGFR) inhibitor, a mitogen-activated protein kinase (MEK) 1/2 inhibitor, and a cyclin dependent
kinase (CDK) 4/6 inhibitor. Particular examples of the foregoing agents are described herein.

Certain methods include administering a combination of an EGFR 1nhibitor and a MEK 1/2
inhibitor. Some methods include administering a combination of an EGFR 1nhibitor and a CDK 4/6
inhibitor. Particular methods include administering a combination of a MEK 1/2 inhibitor and a CDK
4/6 mhibitor. Certain methods include administering a combination of an EGFR inhibitor, a MEK 1/2
inhibitor, and a CDK 4/6 mhibitor. In some instances, the agents are administered separately, for
example, 1n separate therapeutic compositions and at the same or different times. In some
embodiments, the agents are administered as part of the same therapeutic composition, at the same
time.

In some embodiments, the combination of agents reduces cancer cell growth and/or increases
cancer cell-killing by about or at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100,
200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000% or more relative to cach individual agent alone.
In some embodiments, the combination of agents synergistically reduces cancer cell growth and/or
synergistically increases cancer cell-killing relative to each individual agent alone.

In some embodiments, the methods and therapeutic compositions described herein increase

median survival time of a subject by at least 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks,
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10 weeks, 15 weeks, 20 weeks, 25 weeks, 30 weeks, 40 weeks, 50 weeks, 60 weeks, 70 weeks, 80
weeks, 90 weeks, 100 weeks, or longer. In certain embodiments, the methods and therapeutic
compositions described herein mcrease median survival time of a subject by at least 1 year, 2 years, 3
years, 4 years, S years, or longer. In some embodiments, the methods and therapeutic compositions
described herein increase progression-free survival by 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks,
7 weeks, 8 weeks, 9 weeks, 10 weeks, 15 weeks, 20 weeks, 25 weeks, 30 weeks, 40 weeks, 50 weeks,
60 weeks, 70 weeks, 80 weeks, 90 weeks, 100 weeks, or longer. In certain embodiments, the methods
or therapeutic compositions described herein increase progression-free survival by 1 year, 2 years, 3
years, 4 years, 5 years, or longer.

In certain embodiments, the methods and therapeutic compositions described herein are
sufficient to result 1n tumor regression, as indicated by a statistically significant decrease 1n the
amount of viable tumor, for example, at least a 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
100% or greater decrease 1n tumor mass, or by altered (¢.g., decreased with statistical significance)
scan dimensions. In certain embodiments, the methods and therapeutic compositions described herein
are sufficient to result in stable discase. In certain embodiments, the methods and therapeutic
compositions described herein are sufficient to result in clinically relevant reduction in symptoms of a
particular disease indication known to the skilled clinician.

In some embodiments, the combination of agents 1s selected from a combination provided 1n
Tables E1-E6.

The methods and therapeutic compositions described herein can be used 1n the treatment of
any varicty of cancers. In some embodiments, the cancer 1s a malignant epithelial tumor or carcinoma.
In some embodiments, the carcinoma 1s selected from one or more of an epithelhial neoplasm, a
squamous cell neoplasm (squamous cell carcinoma), a basal cell neoplasm (basal cell carcinoma), a
transitional cell carcinoma, an adenocarcinoma (optionally a liitis plastica, a vipoma, a
cholangiocarcinoma, a hepatocellular carcimoma, an adenoid cystic carcinoma, a renal cell carcinoma,
or a Grawitz tumor), an adnexal or skin appendage necoplasm, a nucoepidermoid neoplasm, a cystic,
mucinous, or Serous Neoplasm, a ductal, lobular, or medullary Neoplasm, an accimar cell neoplasm,
and a complex epithelial neoplasm.

In some embodiments, the cancer or carcinoma 1s selected from one or more of a colon or
colorectal cancer, a gastric cancer, a lung cancer (optionally small cell lung cancer or non-small lung
cell cancer), a breast cancer (for example, estrogen receptor positive (ER+), estrogen receptor
ncgative (ER-), Her2 positive (Her2+), Her2 negative (Her2-), or a combination thercof, ¢.g.,
ER+/Her2+, ER+/Her2-, ER-/Her2+, or ER-/Her2-; or “triple negative™ breast cancer which 1s
estrogen receptor-negative, progesterone receptor-negative, and HER2-negative), a pancreatic cancer,
an oral cancer, a prostate cancer, a germline cancer, a rectal cancer, a liver cancer (optionally
hepatocellular carcinoma), a kidney cancer (optionally renal cell carcinoma), and an ovarian cancer.

In some embodiments, the cancer or carcinoma 1s metastatic cancer of any one of the foregoing.
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In some embodiments, the cancer or carcinoma 1s selected from one or more of melanoma
(¢.g., metastatic melanoma), bone cancer, mesothelioma, leukemia (e.g., lvmphocytic leukemia,
chronic myelogenous leukemia, acute myeloid leukemia, relapsed acute myeloid leukemia),
lymphoma, sarcoma, B-cell malignancy, glioma (e.g., astrocytoma, oligodendroglioma, ependymoma,
or a choroid plexus papilloma), glioblastoma multiforme (¢.g., giant cell gliobastoma or a
gliosarcoma), meningioma, pituitary adenoma, vestibular schwannoma, primary CNS lymphoma,
primitive neurocctodermal tumor (medulloblastoma), bladder cancer, uterine cancer, esophageal
cancer, laryngeal cancer, brain cancer, head and neck cancers, cervical cancer, testicular cancer,
stomach cancer, virus-induced tumors such as, for example, papilloma virus-induced carcinomas (¢.g.,
cervical carcinoma, cervical cancer), adenocarcinomas, herpes virus-induced tumors (e.g. Burkitt's
lymphoma, EBV-1nduced B-cell lymphoma), hepatitis B-induced tumors (hepatocellular carcinomas),
HTLV-1-indued and HTLV-2-induced lymphomas, acoustic neuroma, lung cancers (¢.g., lung
carcinoma, bronchial carcinoma), pharyngeal cancer, anal carcinoma, glioblastoma, rectal carcinoma,
astrocytoma, brain tumors, retinoblastoma, basalioma, brain metastases, medulloblastomas, vaginal
cancer, Hodgkin's syndrome, meningiomas, Schneeberger disease, hypophysis tumor, Mycosis
fungoides, carcinoids, neurinoma, spinalioma, Burkitt’s lymphoma, renal cancer, thymoma, corpus
carcinoma, bone cancer, non-Hodgkin’s lymphomas, urcthral cancer, CUP syndrome, head/neck
tumors, oligodendroglioma, vulval cancer, intestinal cancer, oesophageal cancer, wart mmvolvement,
tumors of the small intestine, craniopharyngeomas, genital tumors, endometrial carcinoma, liver
metastases, penile cancer, tongue cancer, gall bladder cancer, plasmocytoma, and lid tumor. In some
embodiments, the cancer or carcinoma 1s a metastatic cancer of any one of the foregoing.

In some embodiments, the cancer or carcinoma has an EGFR-associated mutation or
alteration, and at least on¢ of the agents 1s an EGFR 1nhibitor. Examples include an EGFR-expressing

Or overexpressing cancer or carcinoma. In some embodiments, the cancer has an EGFR mutation, for
example, an EGFR exon 19 deletion and/or an exon 21 L858R substitution mutation.

In some embodiments, the cancer or carcinoma type 1s selected from Tables E1-E6, and 1s
optionally treated by the corresponding combination of agents provided in Tables E1-E6.

The methods for treating cancers can be combined with other therapeutic modalities. For
example, a combiation therapy described herein can be administered to a subject betore, during, or
after other therapeutic interventions, mcluding symptomatic care, radiotherapy, surgery,
transplantation, hormone therapy, photodynamic therapy, antibiotic therapy, or any combination
thereot. Symptomatic care includes administration of corticosteroids, to reduce cerebral edema,
headaches, cognitive dysfunction, and emesis, and administration of anti-convulsants, to reduce
se1zures. Radiotherapy includes whole-brain 1rradiation, fractionated radiotherapy, and radiosurgery,
such as stercotactic radiosurgery, which can be further combined with traditional surgery.

Methods for identifying subjects with one or more of the diseases or conditions described

herein are known 1n the art.
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For in vivo use, as noted above, for the treatment of human disease or testing, the agents
described herein are generally incorporated into one or more therapeutic or pharmaceutical
compositions prior to administration.

Thus, certaimn embodiments relate to therapeutic compositions that comprise a combination of
two or more (¢.g., 3, 4, 5, 6) agents sclected from an EGFR 1nhibitor, a MEK 1/2 inhibitor, and a
CDK 4/6 inhibitor, as described herein. Some therapeutic compositions comprise the combination of
an EGFR mhibitor and a MEK 1/2 inhibitor. Certain therapeutic compositions comprise the
combination of an EGFR nhibitor and a CDK 4/6 inhibitor. Particular therapeutic compositions
comprise the combination of a MEK 1/2 inhibitor and a CDK 4/6 imnhibitor. Some therapeutic
compositions comprise the combination of an EGFR 1nhibitor, a MEK 1/2 inhibitor, and a CDK 4/6
inhibitor. In particular embodiments, the therapeutic composition comprises combination of agents
selected from a combination provided 1in Tables E1-E6.

In some nstances, a therapeutic or pharmaceutical composition comprises one or more of the
agents described herein in combination with a pharmaceutically- or physiologically-acceptable carrier
or excipient. Certain therapeutic compositions further comprise at least one cancer immunotherapy
agent, as described herein.

In particular embodiments, the therapeutic composition comprising the agents such as
antibodies 1s substantially pure on a protein basis or a weight-weight basis, for example, the
composition has a purity of at least about 80%, 85%, 90%, 95%, 98%., or 99% on a protein basis or a
welght-weight basis.

In some embodiments, the antibodies provided herein do not form aggregates, have a desired
solubility, and/or have an immunogenicity profile that 1s suitable for use in humans, as described
herein and known 1n the art. Thus, 1n some embodiments, the therapeutic composition comprising an
antibody agent 1s substantially aggregate-free. For example, certain compositions comprise less than
about 10% (on a protein basis) high molecular weight aggregated proteins, or less than about 5% high
molecular weight aggregated proteins, or less than about 4% high molecular weight aggregated
proteins, or less than about 3% high molecular weight aggregated proteins, or less than about 2 %
high molecular weight aggregated proteins, or less than about 1% high molecular weight aggregated
proteins. Some compositions comprise an antibody agent that 1s at least about 50%, about 60%, about
70%, about 80%, about 90% or about 95% monodisperse with respect to i1ts apparent molecular mass.

In some embodiments, antibody agents are concentrated to about or at least about 0.1 mg/ml,
0.2 mg/ml, 0.3 mg/ml, 0.4 mg/ml, 0.5 mg/ml, 0.6, 0.7, 0.8, 0.9, I mg/ml, 2 mg/ml, 3 mg/ml, 4 mg/ml,
5 mg/ml, 6 mg/ml, 7 mg/ml, 8 mg/ml, 9 mg/ml, 10 mg/ml, 11, 12, 13, 14 or 15 mg/ml and arc
formulated for biotherapeutic uses.

To prepare a therapeutic or pharmaceutical composition, an effective or desired amount of
on¢ or more agents 1s mixed with any pharmaceutical carrier(s) or excipient known to those skilled 1n

the art to be suitable for the particular agent and/or mode of administration. A pharmaceutical carrier
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may be liquid, semi-liquid or solid. Solutions or suspensions used for parenteral, intradermal,
subcutaneous or topical application may include, for example, a sterile diluent (such as water), saline
solution (e.g., phosphate buffered saline; PBS), fixed oil, polyethylene glycol, glycerin, propylene
glycol or other synthetic solvent; antimicrobial agents (such as benzyl alcohol and methyl parabens);
antioxidants (such as ascorbic acid and sodium bisulfite) and chelating agents (such as
cthylenediaminetetraacetic acid (EDTA)); buffers (such as acetates, citrates and phosphates). If
administered intravenously (e.g., by IV mfusion), suitable carriers include physiological saline or
phosphate buftered saline (PBS), and solutions containing thickening and solubilizing agents, such as
glucose, polyethylene glycol, polypropylene glycol and mixtures thereof.

Administration of agents described herein, 1n pure form or 1n an approprate therapeutic or
pharmaceutical composition, can be carried out via any of the accepted modes of administration of
agents for serving similar utilities. The therapeutic or pharmaceutical compositions can be prepared
by combining an agent-containing composition with an approprate physiologically acceptable carrier,
diluent or excipient, and may be formulated into preparations 1n solid, semi-solid, liquid or gascous
forms, such as tablets, capsules, powders, granules, ointments, solutions, suppositories, 1njections,
inhalants, gels, microspheres, and aerosols. In addition, other pharmaceutically active ingredients
(including other small molecules as described elsewhere herein) and/or suitable excipients such as
salts, buffers and stabilizers may, but need not, be present within the composition.

Admiistration may be achieved by a variety of different routes, including oral, parenteral,
nasal, intravenous, intradermal, intramuscular, subcutaneous or topical. Preferred modes of
administration depend upon the nature of the condition to be treated or prevented. Particular
embodiments include administration by I'V infusion.

Carriers can include, for example, pharmaceutically- or physiologically-acceptable carriers,
excipients, or stabilizers that are non-toxic to the cell or mammal being exposed thereto at the dosages
and concentrations employed. Often the physiologically-acceptable carrier 1s an aqueous pH buttered
solution. Examples of physiologically acceptable carriers include buffers such as phosphate, citrate,
and other organic acids; antioxidants including ascorbic acid; low molecular weight (less than about
10 residues) polypeptide; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, arginine
or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, or
dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt-forming
counterions such as sodium; and/or nonionic surfactants such as polysorbate 20 (TWEENT™)
polyethylene glycol (PEG), and poloxamers (PLURONICS™), and the like.

In some embodiments, one or more agents can be entrapped 1n microcapsules prepared, for
example, by coacervation techniques or by interfacial polymerization (for example,
hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate)microcapsules,

respectively), in colloidal drug delivery systems (for example, liposomes, albumin microspheres,
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microemulsions, nano-particles and nanocapsules), or in macroemulsions. Such techniques are
disclosed 1n Remington’s Pharmaceutical Sciences, 16th edition, Oslo, A ., Ed., (1980). The particle(s)
or liposomes may further comprise other therapeutic or diagnostic agents.

The precise dosage and duration of treatment 1s a function of the disease being treated and
may be determined empirically using known testing protocols or by testing the compositions i model
systems known 1n the art and extrapolating theretfrom. Controlled clinical trials may also be
performed. Dosages may also vary with the severity of the condition to be alleviated. A
pharmaccutical composition 1s generally formulated and administered to exert a therapeutically useful
eftect while minimizing undesirable side etfects. The composition may be administered one time, or
may be divided into a number of smaller doses to be administered at intervals of time. For any
particular subject, specific dosage regimens may be adjusted over time according to the individual
need.

Typical routes of administering these and related therapeutic or pharmaceutical compositions
thus include, without limitation, oral, topical, transdermal, inhalation, parenteral, sublingual, buccal,
rectal, vaginal, and intranasal. The term parenteral as used herein includes subcutancous 1njections,
intravenous, intramuscular, intrasternal injection or infusion techniques. Therapeutic or
pharmaceutical compositions according to certain embodiments of the present disclosure are
formulated so as to allow the active ingredients contained therein to be bioavailable upon
administration of the composition to a subject or patient. Compositions that will be administered to a
subject or patient may take the form of one or more dosage units, where for example, a tablet may be
a smgle dosage unit, and a container of a herein described agent 1n acrosol form may hold a plurality
of dosage units. Actual methods of preparing such dosage forms are known, or will be apparent, to
those skilled 1n this art; for example, see Remington: The Science and Practice of Pharmacy, 20th
Edition (Philadelphia College of Pharmacy and Science, 2000). The composition to be administered
will typically contain a therapeutically eftective amount of an agent described herein, for treatment of
a disease or condition of interest.

A therapeutic or pharmaceutical composition may be 1n the form of a solid or liquid. In one
embodiment, the carrier(s) are particulate, so that the compositions are, for example, 1n tablet or
powder form. The carrier(s) may be liquid, with the compositions being, for example, an oral oil,
injectable liquid or an aerosol, which 1s useful 1n, for example, inhalatory administration. When
intended for oral administration, the pharmaceutical composition 1s preferably mn either solid or liquid
form, where semi-solid, semi-liquid, suspension and gel forms are included within the forms
considered herein as either solid or liquid. Certain embodiments include sterile, injectable solutions.

As a solid composition for oral administration, the pharmaceutical composition may be
formulated 1into a powder, granule, compressed tablet, pill, capsule, chewing gum, water or the like.
Such a solid composition will typically contain one or more nert diluents or edible carriers. In

addition, one or more of the following may be present: binders such as carboxymethylcellulose, ethyl
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cellulose, microcrystalline cellulose, gum tragacanth or gelatin; excipients such as starch, lactose or
dextrins, disintegrating agents such as alginic acid, sodium alginate, Primogel, corn starch and the
like; lubricants such as magnesium stearate or Sterotex; glidants such as colloidal silicon dioxide;
sweetening agents such as sucrose or saccharin; a flavoring agent such as peppermint, methyl
salicylate or orange flavoring; and a coloring agent. When the pharmaceutical composition 1s 1n the
form of a capsule, for example, a gelatin capsule, 1t may contain, 1n addition to materials of the above
type, a liquid carrier such as polyethylene glycol or oil.

The therapeutic or pharmaceutical composition may be 1in the form of a liquid, for example,
an ¢lixir, syrup, solution, emulsion or suspension. The liquid may be for oral administration or for
delivery by 1njection, as two examples. When intended for oral administration, preferred composition
contain, 1n addition to the present compounds, one or more of a sweetening agent, preservatives,
dye/colorant and flavor enhancer. In a composition intended to be administered by 1njection, one or
more of a surfactant, preservative, wetting agent, dispersing agent, suspending agent, buffer, stabilizer
and 1sotonic agent may be included.

The liquid therapeutic or pharmaceutical compositions, whether they be solutions,
suspensions or other like form, may include one or more of the following adjuvants: sterile diluents
such as water for injection, saline solution, preferably physiological saline, Ringer’s solution, 1sotonic
sodium chlonde, fixed oils such as synthetic mono or diglycerides which may serve as the solvent or
suspending medium, polyethylene glycols, glycerin, propylene glycol or other solvents; antibactenal
agents such as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as ethylenediaminetetraacetic acid; butfers such as acetates, citrates or
phosphates and agents for the adjustment of tonicity such as sodium chloride or dextrose. The
parenteral preparation can be enclosed in ampoules, disposable syringes or multiple dose vials made
of glass or plastic. Physiological saline 1s a preferred adjuvant. An injectable pharmacecutical
composition 1s preferably sterile.

A liquid therapeutic or pharmaceutical composition intended for either parenteral or oral
administration should contain an amount of an agent such that a suitable dosage will be obtained.
Typically, this amount 1s at least 0.01% of the agent of interest in the composition. When mtended for
oral administration, this amount may be varied to be between 0.1 and about 70% of the weight of the
composition. Certain oral therapeutic or pharmaceutical compositions contain between about 4% and
about 75% of the agent of interest. In certain embodiments, therapeutic or pharmaceutical
compositions and preparations according to the present invention are prepared so that a parenteral
dosage unit contains between 0.01 to 10% by weight of the agent of interest prior to dilution.

The therapeutic or pharmaceutical compositions may be intended for topical administration,
in which case the carrier may suitably comprise a solution, emulsion, ointment or gel base. The base,
for example, may comprise one or more of the following: petrolatum, lanolin, polyethylene glycols,

bee wax, mineral oil, diluents such as water and alcohol, and emulsifiers and stabilizers. Thickening
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agents may be present 1n a therapeutic or pharmaceutical composition for topical administration. If
intended for transdermal administration, the composition may include a transdermal patch or
1ontophoresis device.

The therapeutic or pharmaceutical compositions may be intended for rectal administration, 1n
the form, for example, of a suppository, which will melt in the rectum and release the drug. The
composition for rectal administration may contain an oleaginous base as a suitable nonirritating
excipient. Such bases include, without limitation, lanolin, cocoa butter, and polyethylene glycol.

The therapeutic or pharmaceutical composition may include various materials, which modify
the physical form of a solid or liquid dosage unit. For example, the composition may include matenals
that form a coating shell around the active ingredients. The materials that form the coating shell are
typically mnert, and may be selected from, for example, sugar, shellac, and other enteric coating
agents. Alternatively, the active ingredients may be encased 1 a gelatin capsule. The therapeutic or
pharmaceutical compositions 1n solid or liguid form may include a component that binds to agent and
thereby assists 1 the delivery of the compound. Suitable components that may act in this capacity
include monoclonal or polyclonal antibodies, one or more proteins or a liposome.

The therapeutic or pharmaceutical composition may consist essentially of dosage units that
can be administered as an acrosol. The term acrosol 1s used to denote a variety of systems ranging
from those of colloidal nature to systems consisting of pressurized packages. Delivery may be by a
liquetied or compressed gas or by a suitable pump system that dispenses the active mgredients.
Acrosols may be delivered 1n single phase, bi-phasic, or tri-phasic systems 1n order to deliver the
active ingredient(s). Delivery of the acrosol includes the necessary container, activators, valves,
subcontainers, and the like, which together may form a kit. One of ordinary skill 1in the art, without
undue experimentation may determine preferred aerosols.

The compositions described herein may be prepared with carriers that protect the agents
against rapid elimination from the body, such as time release formulations or coatings. Such carriers
include controlled release formulations, such as, but not limited to, implants and microencapsulated
delivery systems, and biodegradable, biocompatible polymers, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, polyorthoesters, polylactic acid and others known to those of
ordinary skill in the art.

The therapeutic or pharmaceutical compositions may be prepared by methodology well
known 1n the pharmaceutical art. For example, a therapeutic or pharmaceutical composition intended
to be administered by 1njection may comprise one or more of salts, buffers and/or stabilizers, with
sterile, distilled water so as to form a solution. A surfactant may be added to facilitate the formation of
a homogeneous solution or suspension. Surfactants are compounds that non-covalently interact with
the agent so as to facilitate dissolution or homogeneous suspension of the agent 1n the aqueous

dehivery system.
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The combination therapies described herein may include administration of a single
pharmacecutical dosage formulation, which contains a combiation of two or three or more agents
(optionally with one or more additional active agents), as well as administration of compositions
comprising each individual agent 1n 1ts own separate pharmaceutical dosage formulation. For
example, an EGFR 1nhibitor and a MEK 1/2 inhibitor can be administered to the subject together 1n a
single oral dosage composition such as a tablet or capsule, or each agent administered 1n separate oral
dosage formulations. Stmilarly, an EGFR mhibitor and a MEK 1/2 imhibitor can be administered to
the subject together 1 a single parenteral dosage composition such as i a saline solution or other
physiologically acceptable solution, or each agent administered 1n separate parenteral dosage
formulations. Likewise, an EGFR 1nhibitor and a CDK 4/6 ihibitor can be administered to the subject
together 1 a single oral dosage composition such as a tablet or capsule, or cach agent administered 1n
separate oral dosage formulations. Also, an EGFR inhibitor and a CDK 4/6 mhibitor can be
administered to the subject together 1n a single parenteral dosage composition such as 1n a saline
solution or other physiologically acceptable solution, or each agent administered in separate parenteral
dosage formulations. As another example, a MEK 1/2 and a CDK 4/6 inhibitor can be administered to
the subject together 1 a single oral dosage composition such as a tablet or capsule, or each agent
administered 1n separate oral dosage formulations. Likewise, a MEK 1/2 mhibitor and a CDK 4/6
inhibitor can be administered to the subject together 1n a single parenteral dosage composition such as
1in a saline solution or other physiologically acceptable solution, or cach agent administered 1n
separate parenteral dosage formulations. As a further example, an EGFR mhibitor, a MEK 1/2, and a
CDK 4/6 immhibitor can be administered to the subject together 1n a single oral dosage composition
such as a tablet or capsule, or cach agent administered 1n separate oral dosage formulations. Similarly,
an EGFR inhibitor, a MEK 1/2 inhibitor, and a CDK 4/6 inhibitor can be administered to the subject
together 1 a single parenteral dosage composition such as 1n a saline solution or other physiologically
acceptable solution, or each agent administered in separate parenteral dosage formulations. Where
separate dosage formulations are used, the compositions can be administered at essentially the same
time, 1.¢., concurrently, or at separately staggered times, 1.¢., sequentially and 1n any order;
combination therapy 1s understood to include all these regimens.

Also included are patient care kits, comprising a combination of two or more (¢.g., 3, 4, 5, 6)
agents selected from an EGFR mhibitor, a MEK 1/2 inhibitor, and a CDK 4/6 inhibitor. Some patient
care kits comprise the combination of an EGFR imhibitor and a MEK 1/2 inhibitor, optionally as
separate compositions or as part of the same composition. Certain patient care kits comprise the
combination of an EGFR inhibitor and a CDK 4/6 mhibitor, optionally as separate compositions or as
part of the same composition. Certain patient care kits comprise the combination of a MEK 1/2
inhibitor and a CDK 4/6 inhibitor, optionally as separate compositions or as part of the same
composition. Particular patient care kits comprise the combination of an EGFR 1mhibitor, a MEK 1/2

inhibitor, and a CDK 4/6 imhibitor, optionally as separate compositions or as part of the same
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composition. In particular embodiments, the patient care kit comprises combination of agents selected
from a combination provided 1n Tables E1-E6, optionally as separate compositions or as part of the
same composition.

The kits herein may also include a one or more additional therapeutic agents or other
components suitable or desired for the indication being treated, or for the desired diagnostic
application. The kits heremn can also include one or more syringes or other components necessary or
desired to facilitate an intended mode of delivery (€.g., stents, implantable depots, etc.).

In some embodiments, a patient care kit contains separate containers, dividers, or
compartments for the composition(s) and informational material(s). For example, the composition(s)
can be contained 1n a bottle, vial, or syringe, and the informational material(s) can be contained 1n
association with the container. In some embodiments, the separate elements of the kit are contained
within a single, undivided container. For example, the composition 1s contained 1n a bottle, vial or
syringe that has attached thereto the informational material in the form of a label. In some
embodiments, the kit includes a plurality (¢.g., a pack) of individual containers, each containing one
or more unit dosage forms (¢.g., a dosage form described herein) of an agent or agents described
herein. For example, the kit includes a plurality of syringes, ampules, foil packets, or blister packs,
cach containing a single unit dose of each agent. The containers of the kits can be air tight, waterproof
(¢.g., impermeable to changes 1n moisture or evaporation), and/or light-tight.

The patient care kit optionally includes a device suitable for administration of the
composition, €.g., a syringe, inhalant, dropper (¢.g., eye dropper), swab (¢.g., a cotton swab or
wooden swab), or any such delivery device. In some embodiments, the device 1s an implantable
device that dispenses metered doses of the agent(s). Also included are methods of providing a kit, ¢.g.,
by combining the components described herein.

All publications, patent applications, and 1ssued patents cited 1n this specification are herein
incorporated by reference as if each individual publication, patent application, or 1ssued patent were
specifically and individually indicated to be incorporated by reference.

Although the foregoing invention has been described mn some detail by way of illustration and
example for purposes of clarity of understanding, 1t will be readily apparent to one of ordinary skill in
the art in light of the teachings of this invention that certain changes and modifications may be made
thereto without departing from the spirit or scope of the appended claims. The following examples are
provided by way of illustration only and not by way of limitation. Those of skill in the art will readily
recognize a variety of noncritical parameters that could be changed or modified to yvield essentially

similar results.

Examples
Example 1
Ex vivo Drug Tests Using Conditional Reprogramming Cell Pools
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Surgical specimen from colorectal cancer patients, liver cancer patients, lung cancer patients,
pancreatic cancer, gastric cancer patients and breast cancer patients were obtained from the Beiljing
Cancer Hospital and the Cancer Hospital of Chinese Academy of Medical Science after recerving
patient consensus. Patient-derived xenograft tumor specimens were obtained from Nod/SCID mice
inoculated with surgical tumor specimen from patients.

For ex vivo drug sensitivity assays, the tumor cells were 1solated from the patient tissue
sample or PDX xenograft tumor tissue. Briefly, the tumor tissues were cut mto small pieces less than
1 mm 1n diameter using scissors. The tumor fragments were transterred into a sterile 100-ml triangle
glass flask loaded with a magnet stir bar. A 10-15 ml digestion media containing 0.25 U/ml Liberase
DH was added into the minced tumor tissues to start enzyme digestion. The enzyme mixture was
incubated at 37°Cfor 1-2 hours with moderate stirring. The digested tumor tissue was filtered through
a 100-um cell retainer. The filtrates were re-filtered through a 40-um cell restrainer. The tumor cell
clusters retained on the 40-um cell restrainer was collected, wash twice with HBSS, then re-
suspended 1n a defined growth media supplemented with several stem cell growth factors.

The tumor cell clusters retained on the 40-um cell restrainer were collected, wash twice with
HBSS, then re-suspended 1n a defined growth media supplemented with cell growth factors and small
molecule inhibitors. The tumor cell clusters were recovered i a defined growth medium overnight.
The defined growth medium was StemPro® hESC SFM (defined, serum- and feeder-free medium
(SFM)) supplemented with: Nicotinamide, Wnt3A, Noggin (Bone Morphogenetic Protein (BMP)
inhibitor), R-spondin-1 (Wnt/B-catenin signaling agonist), and Y 27632 (Rho-associated, coiled-coil
containing protein kinase (ROCK-1) inhibitor).

For conditional reprogramming, the recovered CTOSs were dissociated mto single cells and
seeded 1n a feeder cell/Rock mhibitor (Y27632) co-culture system at about 3000 cells per well 1 cell
culture plate, and grow at 37 C for 3 days.

For ex vivo drug testing, the seeded tumor cells were exposed to seven EGFR 1nhibitors, three
MEK 1/2 ihibitors, and three CDK 4/6 inhibitors alone, or a combination of EGFR inhibitor and
MEK 1/2 imhibitor, a combination of EGFR 1nhibitor and CDK 4/6 inhibitor, a combination of MEK
1/2 ihibitor and CDK 4/6 mhibitor, and a triple combination of EGFR inhibitor, MEK 1/2 mhibitor,
and a CDK 4/6 inhibitor for 72 hours. The treated tumor cells were re-exposed to the same drug or
drug combination with a fresh media change for another 72 hours. All drugs were prepared in DMSO
and the final concentration of DMSO 1n media was 0.1%. The tested concentration of the drug and

drug combinations were at relevant AUC concentration (see Table E1).

Table E1
control control Erlotinib | Erlotimib | Afatimib Afatimib |[Osimertinib [Osimertinib [Cobimetinmib|Cobimetinib
DMSO DMSO 5 1 0.2 0.04 2 0.4 0.2 0.04
0.2% 0.5%
Dabrafenib |Dabrafenib | Erlotinib + | Erlotinib +| Afatinib + | Afatimib + |Osimertinib |Osimertinib|Selumetinib|Selumetinib
Dabratenib | Dabrafenib [ Dabrafenib | Dabratenib + +
Dabratenib | Dabrafenib
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2 0.4 5+2 1 +04 02+2 10.04+04 2+2 04+04 2 0.4
Trametinib | Trametimib | Erlotimb + [ Erlotimb +| Afatimb + | Afatimb + |Osimertinib |Osimertinib| Lapatinib | Lapatinib
Trametinib | Trametinib | Trametinib | Trametinib + +
Trametinib | Trametimb
0.02 0.004 5+002 | 1+0.004 102+002| 0.04+ 2+0.02 10.4+0.004 10 2
0.004
Palbociclib [Palbociclib | Erlotimib + | Erlotimib +| Afatinib + | Afatimb + [Osimertinib |Osimertinib| Vorinostat | Vorinostat
Palbociclib | Palbociclib |Palbociclib | Palbociclib + +
Palbociclib | Palbociclib
0.5 0.1 5+0.5 1 +0.1 02+05 1004+01 2+0.5 04+0.1 1 0.2
Dabrafenib [ Dabrafenib | Erlotimib + | Erlotimib +| Afatinib + | Afatimib + |Osimertinib|Osimertinib| Olaparib | Olaparib
+ + Dabrafenib | Dabrafenib | Dabrafenib | Dabrafenib + +
Trametinmib | Trametinib + + + + Dabrafenib | Dabrafenib
Trametinmb | Trametinib | Trametinib | Trametinib + +
Trametinib | Trametinmb
2+002 [04+0004] 5+2+ 1+04+ [ 02+2+ [004+04(2+2+0.02/04+04+ 10 2
0.02 0.004 0.02 +0.004 0.004
Dabrafenib|Dabrafenib | Erlotimib + | Erlotimb +| Afatinib + | Afatimib + |Osimertinib |Osimertinib| Everolimus | Everolimus
+ + Dabrafenib | Dabrafenib | Dabrafenib | Dabrafenib + +
Palbociclib|Palbociclib + + + + Dabrafenib | Dabrafenib
Palbociclib | Palbociclib |Palbociclib | Palbociclib + +
Palbociclib | Palbociclib
2+0.5 04+01 [5+2+05[1+04+ [02+2+ [004+04|2+2+05|104+04+ 0.03 0.006
0.1 0.5 + 0.1 0.1
Trametimib | Trametinib | Erlotimib + | Erlotimb + | Afatinib + | Afatimib + [Osimertinib|Osimertinib| Crizotinib | Crizotinib
+ + Trametimb | Trametinib | Trametinmb | Trametinib + +
Palbociclib |Palbociclib + + + + Trametinib | Trametinib
Palbociclib | Palbociclib |Palbociclib | Palbociclib + +
Palbociclib | Palbociclib
0.02+05(0004+0.1[/5+002+[1+0004+02+002] 004+ |24+002+1({04+0.004 0.3 0.06
0.5 0.1 +0.5 [0.004 +0.1 0.5 +0.1
Dabrafenib |Dabrafenib | Erlotimib + | Erlotimib +| Afatinib + | Afatimib + |Osimertinib|Osimertinib|Osimertinib |{Osimertinib
+ + Dabrafenib | Dabrafenib | Dabrafenib | Dabrafenib + + + Crizotinib|+ Crizotinib
Trametinmb | Trametinib + + + + Dabrafenib | Dabrafenib
+ + Trametimb | Trametinib | Trametinmb | Trametinib + +
Palbociclib |Palbociclib + + + + Trametinib | Trametinib
Palbocilcib | Palbocilcib |Palbociclib | Palbociclib + +
Palbociclib | Palbociclib
24+002+104+0004) 5+2+ 1+04+|102+24+1004+0412+2+002104+04 + 2+ 0.3 0.4+ 0.06
0.5 +0.1 0.02+05(0.004+0.1]1]0.02+05] +0.004 + +0.5 0.004 + 0.1
0.1

Following exposure with drug, the epithelial tumor cells were labeled with S-ethynyl-2°-

deoxyuridine (Edu) to assess the tumor cell proliferation rates. The labeling lasted 24 hours 1n the

presence of drug exposure. In the control group, epithelial tumor cells recerved no drug exposure with

media change, but were similarly labeled with Edu. The labeled tumor cell were fixed and stained

with Hoechst 33342 1n blocking bufter containing 0.5% Triton X-100 and 3% BSA overnight at 4°C.

The tumor cells were incubated with EpCAM antibody (1:4000) for 2 hours at room temperature and

rinsed with PBST. Subsequently, the tumor cells were incubated with Alexa Fluor® 647 conjugated

goat-anti-mouse secondary antibody for 30 minutes at room temperature and rinsed with PBST.

The incorporated Edu was detected by Click-1T reaction where fixed cells were incubated

with a reaction mixture containing 1X Click-1T Edu reaction bufter, CuSO4, and azide-conjugated

Alexa Fluor dye 1n the dark. The stained cells were washed with PBS two times before image

acquisition and analysis.
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For image acquisition and analysis, the stained tumor cells were imaged by a high-content

screening (HCS) platform (Thermo Scientific CellomicsArrayScanX'T1 HCS reader). The 10X

objective was used to collect images. Twenty-five ficlds were imaged for each well for the analysis.

From the 1images three fluorescent signals were obtained from the HCS reader. Blue fluorescent

signals recorded nucleus signals stained with Hoechst 33342, green fluorescent signal detected the

Edu incorporated in newly synthesized DNA, and red fluorescent signal detected the EpCAM positive

epithelial cells population (see Figure 1).

The MI (Maximum Inhibition Index) was calculated using the EpCAM and Edu positive

readout (see Table E2 and Table E3 below).

Table E2

Patient | Cancer | Control E E+D E+T E+P E+D+ E+D+ | E+T+P | E+D+ E+C
ID type EdU+ T P T+P

NYL- colon 5876 11.79 3.34 123.96 30.18 58.82 19.99 309.74 | 172.72 20.59
102

NYL- colon 16127 0.76 1.68 15.55 6.83 2.75 2.44 238.92 39.24 0.72
081

NYL- liver 15032 61.79 11.63 5693.8 | 983.12 | 22230 | 223.29 | 13918. | 9954.8 | 126.96
088 9 39 7

CKY- colon 3095 2.32 3.24 271.22 1027 20.73 8.99 87.49 49.63 1.74
016

NYL- colon 3047 49 .07 24 .67 19260 | 44743 | 111.37 | 21984 | 447.00 | 447.00 50.03
HZ-
002

ZKB- colon 8605 13.50 522 3921 123.10 87.79 1041 907.67 | 220.07 39.08
171

NYL- colon 3810 67.63 21.85 45143 | 10854 | 254.00 | 44930 | 10850 | 10850 | 101.57
109 9 0 0

NYL- colon 19624 1.82 2.15 2.69 10.25 4.46 7.07 21447 | 279.07
17

NYL- colon 5065 7.79 4.57 115.97 8.60 21.49 15.83 107.09 80.15 13.40
IN-
025

NYL- colon 1498 2.18 2.95 140.79 6.18 10.77 5.20 561.03 50.59 3.82
14

NYL- colon 27848 5.35 3.44 7.86 49 .45 6.80 28.37 17498 | 229.54 6.47
161

NYL- colon 25722 1.19 9.37 110.04 2.69 956.90 42 .00 44044 | 813.97
13

NYL- colon 15034 3.58 2.77 65.15 32.23 21.23 9.95 23978 | 124.20
113

NYL- colon 4512 0.81 1.20 3.83 2.14 1.46 1.70 38.92 13.11 0.77
170

ZKB- colon 4765 18.49 7.78 55.34 1430.9 34.59 172.96 | 50157 | 5015.7 25.58
070 1 3 3

NYP- gastric 1236 2.07 0.98 1.22 1.85 1.06 1.55 9.49 9.60 1.30
006

NYL- colon 6000 10.06 8.74 64.88 194.75 39.67 14494 | 20690 | 586.54 11.95
040 8

ZKB- colon 6871 18.18 9.20 55.93 1861.9 38.94 30241 | 6871.0 | 6871.0 33.29
007 7 0 0

ZKB- gastric 3984 0.65 0.85 6.48 32.57 3.40 24.17 25738 | 320.02 0.65
165

ZKB- | pancrea | 12746 2.54 1.99 7.39 13.43 3.62 7.36 171.41 78.59 2.62
011

NYL- colon 13107 11.48 7.45 84 .80 143.21 16.96 36.64 1040.2 | 255.79 42 .40
053 3
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NYL- lung 3471 7.97 3.33 155.25 | 158.08 13.65 26.95 3337.8 | 396.73 11.77
171 4
E, EGFR 1inhibitor; D, BRAF inlibitor; T, MEK 1/2 imnhibitor; P CDK4/6 inhibitor; C, c-MET inhibitor
Table E3
Patient Cancer Control D T P D+T D+P T+P D+T+P
[D type EdU+
NYL-102 colon 5876 1.81 2.58 4.44 2.83
NYL-081 colon 16127 0.93 2.18 5.68 2.63
NYL-088 liver 15032 1.39 2.69 2.81 1.39
CKY- colon 3095 4.43 3.20 98.06 17.12
016
NYL- colon 3047 0.83 2.06 2.10 2.02 2.08 4.11 3.40
HZ-002
CKY- colon 12553 1.05 1.10 0.90 1.64 1.01 1.14
041
ZKB-171 colon 8605 1.18 1.85 1.43 1.46 1.81 3.92 2.77
NYL-109 colon 3810 1.52 7.57 1.68 5.45 1.41 6.46 3.42
NYL-178 colon 19624
NYL-JN- colon 5065 3.56 3.13 4.37 4.13
025
NYL-149 colon 1498 4.01 4.13 2.35 0.59 5.23 4.28 1.59
NYL-161 colon 27848 0.94 1.01 1.35 0.96 1.39 1.43 1.62
NYL-132 colon 25722 1.42 1.42 1.94 2.45 2.88 2.40 3.97
NYL-113 colon 15034 0.96 1.86 1.79 1.12 1.21 3.98 1.88
NYL-170 colon 4512 2.11 0.61 3.09 0.51 5.68 0.89 0.93
ZKB-070 colon 4765 1.18 0.74 4.35 0.73 3.29 1.72 1.23
NYP-006 | gastric 1236 0.47 0.55 2.89 0.35 1.16 0.86 0.79
NYL-040 colon 6000 1.08 0.85 6.68 0.57 4.82 3.02 2.99
ZKB-007 colon 6871 0.91 0.76 3.00 0.69 2.93 2.37 1.60
ZKB-165 gastric 3984 1.83 0.60 7.38 0.63 9.15 8.00 13.40
ZKB-011 | pancrea 12746 1.00 1.08 6.85 0.73 5.44 20.42 17.06
NYL-053 colon 13107 1.10 1.96 2.71 1.36 1.90 5.00 2.48
E. EGFR inhibitor; D, BRAF inhibitor; T, MEK 1/2 mhibitor; P CDK4/6 inhibitor; C, c-MET 1nhibitor

MI (Maximum Inhibition Index) = Edu positive cells in control / Edu positive cells 1n
Treatment.

The mhibition percentage was calculated using the EpCAM and Edu positive readout as
follows (see Table E4 and Table E5 below).

Table E4

Patient | Cancer Cntrl. | E E+D E+T E+P E+D+ | E+D+ | E+T+P | E+D+ | E+C
D type EdU+ T P T+P

NYL- colon 5876

102

NYL- colon 16127 | 91.52 70.03 99.19 96.69 98.30 95.00 99.68 99 .42 95.14
081 %o %o %o Yo Yo Yo Yo Yo Yo
NYL- liver 15032 | 0.00% | 40.42 93.57 85.37 63.59 58.97 99.58 97.45 0.00%
088 %o %o %o Yo Yo Yo Yo

CKY- colon 3095 98.38 91.40 99 .98 99.90 99.55 99.55 99.99 99.99 99.21
016 %o %o %o Yo Yo Yo Yo Yo Yo
NYL- colon 3047 56.85 69.12 99.63 90.27 95.18 88.87 98.86 97.99 42.66
HZ- %o %o %o Yo Yo Yo Yo Yo Yo
002

CKY- colon 12553 | 97.96 95.95 99 48 99.78 99.10 99.55 99.78 99.78 98.00
041 %o %o %o Yo Yo Yo Yo Yo Yo
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ZKB- colon 8605 0.00% [ 100.00 | 77.58 70.98 59.45 39.82 96.07 79.35 0.00%
171 % %o %o % %o %o %o
NYL- colon 3810 92.59 80.85 97 .45 99.19 98.86 90.40 99.89 99.55 97.44
109 % % % %o % %o %o % %o
NYL- colon 19624 | 98.52 95.42 99.78 99.91 99.61 99.78 99.91 99.91 99.02
178 % % %o %o % %o %o %o %o
NYL- colon 5065 45.19 53.44 62.79 90.24 77.60 85.86 99.53 99.64
JN-025 % %o %o %o % %o %o %o
NYL- colon 1498 87.17 78.10 99.14 88.38 95.35 93.68 99.07 98.75 92.54
149 % %o %o %o %o Yo Yo %o %o
NYL- colon 27848 | 54.23 66.12 99.29 83.82 90.72 80.78 99 .82 98.02 73.82
161 % %o %o %o % %o %o % %o
NYL- colon 25722 | 81.30 70.90 87.27 97.98 85.30 96.47 99 .43 99.56 84.55
132 % % %o %o % %o %o %o %o
NYL- colon 15034 | 15.74 89.33 99.09 62.77 99.90 97.62 99.77 99 .88
113 % %o %o %o %o %o %o %o
NYL- colon 4512 72.06 63.84 98.47 96.90 95.29 89.95 99.58 99.19
170 % % % %o % %o %o %

ZKB- colon 4765 0.00% | 16.37 73.87 53.16 31.43 41.25 97.43 92.37 0.00%
070 % %o %o % %o %o %o
NYP- gastric 1236 94.59 87.15 98.19 99.93 97.11 99.42 99.98 99.98 96.09
006 % %o %o %o % %o %o %o %o
NYL- colon 6000 51.75 -2.54% | 18.31 46.01 5.55% | 35.42 89.46 89.58 23.26
040 %o %o %o Yo Yo %o %o
ZKB- colon 6871 90.06 88.56 98.46 99.49 97.48 99.31 99.95 99 .83 91.63
007 % % % %o % %o %o % %o
ZKB- gastric 3984 94 .50 89.13 98.21 99.95 97.43 99.67 99.99 99.99 97.00
165 % % %o %o % %o %o %o %o
ZKB- pancrea | 12746 | 0.00% | 0.00% | 84.57 96.93 70.61 95.86 99.61 99.69 0.00%
011 % %o % %o %o %o
NYL- colon 13107 | 60.61 49.87 86.46 92.55 72.39 80.41 99 .42 98.73 61.79
053 % %o %o %o %o Yo Yo %o %o
E, EGFR 1inhibitor; D, BRAF inlubitor; T, MEK 1/2 imhibitor; P CDK4/6 inhibitor; C, c-MET inhibitor
Table ES
Patient Cancer Control D T P D+T D+P T+P D+T+P
D type EdU+

NYL-102 colon 5876 44 .87% 61.27% 77.49% | 64.68%
NYL-081 colon 16127 0.00% 54.05% 82.38% | 61.97%
NYL-088 liver 15032 27.88% 62.76% 64.39% | 27.80%

CKY- colon 3095 77.43% 68.76% 98.98% | 94.16%

016

NYL- colon 3047 0.00% 51.53% 52.48% 50.56% 51.99% 75.66% | 70.61%

HZ-002

CKY- colon 12553 5.05% 9.05% 0.00% 39.07% 0.56% 12.42%

041
ZKB-171 colon 8605 15.07% 46.02% 30.13% 31.67% 44 .81% 74.51% | 63.87%
NYL-109 colon 3810 34.25% 86.79% 40.42% 81.65% 28.85% 84.52% | 70.73%
NYL-178 colon 19624
NYL-JN- colon 5065 71.95% 68.06% 77.12% | 75.78%

025
NYL-149 colon 1498 75.06% 75.78% 57.40% 0.00% 80.86% 76.61% | 37.06%
NYL-161 colon 27848 -6.33% 0.59% 26.16% 0.00% 27.82% 30.25% | 38.17%
NYL-132 colon 25722 29.59% 29.60% 48.53% 59.20% 65.24% 58.39% | 74.82%
NYL-113 colon 15034 -3.84% 46.31% 44.25% 10.74% 17.53% 74.90% | 46.70%
NYL-170 colon 4512 52.58% 0.00% 67.64% 0.00% 82.40% 0.00% 0.00%
ZKB-070 colon 4765 15.53% -34.50% 77.00% 0.00% 69.60% 41.91% | 18.51%
NYP-006 gastric 1236 0.00% 0.00% 65.36% 0.00% 13.84% 0.00% 0.00%
NYL-040 colon 6000 7.18% 0.00% 85.02% 0.00% 79.24% 66.85% | 66.51%
ZKB-007 colon 6871 0.00% 0.00% 66.72% 0.00% 65.86% 57.89% | 37.46%
ZKB-165 gastric 3984 45.31% 0.00% 86.45% 0.00% 89.07% 87.51% | 92.54%
ZKB-011 pancrea 12746 0.00% 7.36% 85.40% 0.00% 81.61% 95.10% | 94.14%
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NYL-053 | colon | 13107 | 9.11% | 49.02% | 63.04% | 26.59% | 47.25% | 79.99% | 59.60%

E, EGFR 1inhibitor; D, BRAF inlubitor; T, MEK 1/2 imhibitor; P CDK4/6 inhibitor; C, c-MET inhibitor

Inhibition percentage for drug A (Al) = 1-Edu positive cells in A treatment / Edu positive
cells 1n control.

Inhibition percentage for drug AB (ABI) = 1-Edu positive cells in AB treatment / Edu
positive cells in control.

Inhibition percentage for drug ABC (ABCI) = 1-Edu positive cells i ABC treatment / Edu
positive cells 1n control.

The combinational index at the AUC concentration for drug combinations was calculated

using the Bliss Independence model under effect-based strategy (see Table E6 below).

Table E6
Patien | Cancer | E+D | E+T | E+P | E+D | E+D | E+T | E+D | E+C | D+T | D+P | T+P | D+T
t ID type +T +P +P +T+ +P

P

NYL- colon 1.99 0.53 0.23 0.91 0.47 0.48 0.48 0.98 1.02 1.01 1.06 1.28
HZ-
002
CKY- colon 0.24 0.32 0.05 1.00 1.15
041
ZKB- colon 3.04 0.64 0.16 0.34 2.18 0.04 0.19 0.40 1.49 0.93 0.68 1.13
171
NYL- colon 4.71 1.13 0.10 3.06 0.38 0.79 1.20 0.97 2.11 1.82 1.97 5.65
109
NYL- colon 2.97 0.06 0.83 3.36 3.95 0.04 1.68 0.57 | 16.56 | 1.80 227 | 24.46
149
NYL- colon 1.56 0.68 0.15 0.79 0.26 0.04 0.03 0.83 1.01 0.98 0.95 0.84
161
NYL- colon 0.18 0.02 0.86 0.00 0.08 0.01 0.01 0.82 0.96 1.15 0.99
132
NYL- colon 1.29 0.10 0.20 0.31 0.65 0.05 0.10 1.66 1.48 0.84 1.78
113
NYL- colon 1.76 0.26 1.45 1.45 3.83 0.08 0.50 1.00 2.11 1.15 3.09 6.52
170
ZKB- colon 2.81 0.33 0.06 0.63 0.55 0.02 0.02 0.72 1.18 1.56 2.53 4.19
070
NYP- gastric 2.07 1.69 3.23 1.96 3.86 0.63 0.62 1.59 1.00 2.49 2.89 2.89
006
NYL- colon 1.24 0.16 0.34 0.27 0.50 0.03 0.12 0.84 1.08 1.49 2.21 2.41
040
ZKB- colon 1.98 0.33 0.03 0.47 0.18 0.01 0.01 0.60 1.00 1.03 1.27 1.88
007
ZKB- gastric 1.83 0.15 0.23 0.54 0.56 0.03 0.04 1.31 1.83 1.47 0.92 1.01
165
ZKB- | pancrea 1.27 0.37 1.29 0.76 2.36 0.11 0.24 1.03 1.08 1.26 0.36 0.43
011
NYL- colon 1.70 0.27 0.22 1.46 0.93 0.06 0.26 0.39 1.58 1.57 1.06 2.36
053
NYL- lung 3.71 0.05 0.15 0.95 1.33 0.01 0.10 0.74 1.63 1.55 1.02 2.13
171
E, EGFR 1inhibitor; D, BRAF inlubitor; T, MEK 1/2 imhibitor; P CDK4/6 inhibitor; C, c-MET inhibitor

CI(AB) = (AI + BI-AT*BI)/(ABI).
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The combinational index at the AUC concentration for drug triple combinations were
calculated using Bliss Independence model under effect-based strategy .

CI(ABC) = (Al + BI + CI-AI*BI-AI*CI-BI*CI + AI* BI*CI)/(ABCI)

If CI <1, the combination of A and B 1s synergistic.

If CI=1, the combination of A and B 1s additive.

1f CI > 1, the combination of A and B 1s antagonistic.

These results 1llustrate that various combinations of EGFR, MEK 1/2, and/or CDK 4/6
inhibitors provide significantly increased (e.g., synergistically-increased) tumor-cell killing activity in
an ex vivo model of primary tumor cells of a vaniety of tissues, including colon, gastric, pancreatic,

and lung tissues, among others.
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Claims
1. A method of treating a cancer 1n a subject i need thercof, comprising administering
to the subject a combination of two or more agents selected from:
(a) an epidermal growth factor receptor (EGFR) inhibitor;
(b) a mitogen-activated protein kinase (MEK) 1/2 inhibitor; and
(¢) a cyclin dependent kinase (CDK) 4/6 inhibitor.

2. The method of claim 1, wherein (a) 1s a small molecule or antibody (or antigen-
binding fragment thereof) which specifically binds to EGFR or a ligand thereof, or 1s optionally
selected from one or more of cetuximab, panitumumab, zalutumumab, nimotuzumab, matuzumab,

erlotinib, gefitinib, afatinib, lapatiib, osimertinib, brigatinib, and 1cotinib.

3. The method of claim 1 or 2, wherein (b) 1s a small molecule or antibody (or antigen-
binding fragment thercof) which specifically binds to a MEK 1/2 or a ligand thereof, or 1s optionally

selected from one or more of trametinib, selumetinib, and cobimetinib.

4. The method of any one of claims 1-3, wherein (¢) 1s a small molecule or antibody (or
antigen-binding fragment thereof) which specifically binds to a CDK 4/6 or a ligand thereof, or 1s

optionally selected from one or more of palbociclib, ribociclib, and abemaciclib.

5. The method of any one of claims 1-4, comprising administering the combination of
(a) and (b) to the subject, optionally as separate compositions, or together as part of the same

composition.

6. The method of any one of claims 1-4, comprising administering the combimation of
(a) and (¢) to the subject, optionally as separate compositions, or together as part of the same

composition.
7. The method of any one of claims 1-4, comprising administering the combiation of
(a), (b), and (c) to the subject, optionally as separate compositions, or together as part of the same

composition.

8. The method of any one of claims 1-7, wherein the cancer 1s a malignant epithelial

tumor or carcinoma.

36



CA 03063743 2015-11-14

WO 2018/223022 PCT/US2018/035641

9 The method of claim 8, wherein the carcinoma 1s selected from one or more of an
adenocarcinoma, a squamous cell carcimoma, an adenosquamous carcinoma, an anaplastic carcinoma,

a large cell carcinoma, and a small cell carcinoma.

10. The method of claim 8 or 9, wherein the carcinoma 1s selected from one or more of
an epithelial neoplasm, a squamous cell neoplasm (squamous cell carcinoma), a basal cell neoplasm
(basal cell carcinoma), a transitional cell carcinoma, an adenocarcinoma (optionally a linitis plastica, a
vipoma, a cholangiocarcinoma, a hepatocellular carcinoma, an adenoid cystic carcinoma, a renal cell
carcinoma, or a Grawitz tumor), an adnexal or skin appendage necoplasm, a nucoepidermoid
ncoplasm, a cystic, mucinous, or Serous Neoplasm, a ductal, lobular, or medullary Neoplasm, an

accinar cell neoplasm, and a complex epithelial neoplasm.

11. The method of any one of claims 1-10, wherein the cancer 1s a carcinoma selected
from one or more of a colon cancer, a gastric cancer, a lung cancer (optionally small cell lung cancer
or non-small lung cell cancer), a breast cancer, a pancreatic cancer, an oral cancer, a prostate cancer, a
ocrmline cancer, a rectal cancer, a liver cancer (optionally hepatocellular carcinoma), a kidney cancer

(optionally renal cell carcinoma), and an ovarian cancer.

12. The method of any one of claims 1-11, wherein the combination of (a) and (b)
reduces cancer cell growth and/or increases cancer cell-killing by about or at least about 5, 10, 15, 20,
25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000% or

more relative to (a) and/or (b) alone.

13. The method of claim 12, wherein the combination of (a) and (b) synergistically
reduces cancer cell growth and/or synergistically increases cancer cell-killing relative to (a) and/or (b)

alone.

14. The method of any one of claims 1-11, wherein the combination of (a) and (c)
reduces cancer cell growth and/or increases cancer cell-killing by about or at least about 5, 10, 13, 20,
25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000% or

more relative to (a) and/or (¢) alone.
15. The method of claim 14, wherein the combination of (a) and (¢) synergistically

reduces cancer cell growth and/or synergistically increases cancer cell-killing relative to (a) and/or (¢)

alone.
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16. The method of any one of claims 1-11, wherein the combination of (a), (b), and (¢)
reduces cancer cell growth by about or at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80,
90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000% or more relative to (a), (b), and/or (c¢)

alone.

17. The method of claim 16, wherein the combination of (a), (b), and (¢) synergistically
reduces cancer cell growth and/or synergistically increases cancer cell-killing relative to (a), (b).

and/or (c) alone.

18. The method of any one of claims 1-17, wherein the combination of (a) and (b), (a)
and (c¢), or (a), (b), and (c) 1s selected from a combination 1in Tables E1-E6, and optionally wherein the

cancer corresponds to a cancer cell in Tables E1-E6.

19. A therapeutic composition, comprising a combination of two or more agents selected
from:
(a) an epidermal growth factor receptor (EGFR) inhibitor;

(b) a mitogen-activated protein kinase (MEK) 1/2 inhibitor; and
(¢) a cyclin dependent kinase (CDK) 4/6 inhibitor.

20. The therapeutic composition of claim 19, wherein (a) 1s a small molecule or antibody
(or antigen-binding fragment thercof) which specifically binds to EGFR or a ligand thercof, and 1s
optionally selected from one or more of cetuximab, panitumumab, zalutumumab, nimotuzumab,

matuzumab, erlotinib, gefitinib, afatinib, lapatinib, osimertinib, brigatinib, and 1cotinib.

21. The therapeutic composition of claim 19 or 20, wherein (b) 1s a small molecule or
antibody (or antigen-binding fragment thereof) which specifically binds to a MEK 1/2 or a ligand

thereof, and 1s optionally selected from one or more of trametiib, selumetinib, and cobimetinib.

22. The therapeutic composition of any one of claims 19-21, wherein (¢) 1s a small
molecule or antibody (or antigen-binding fragment thereof) which specifically binds to a CDK 4/6 or
a ligand thereof, and 1s optionally selected from one or more of palbociclib, rbociclib, and

abemaciclib.

23. The therapeutic composition of any one of claims 19-22, comprising the combination

of (a) and (b).
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24. The therapeutic composition of any one of claims 19-22, comprising the combination
of (a) and (¢).
25. The therapeutic composition of any one of claims 19-22, comprising the combination

of (a), (b), and (¢).

26. The therapeutic composition of any one of claims 19-25, wherein the combination of
(a) and (b), (a) and (c), or (a), (b), and (c) 1s selected from a combination i Tables E1-E6, and

optionally wherein the cancer corresponds to a cancer cell/tissue type 1n Tables E1-E6.

27. The therapeutic composition of any one of claims 19-26, for use 1n treating a cancer

in a subject 1n need thereof.

28. The therapeutic composition for use according to claim 27, wherein the cancer 1s a

malignant epithelial tumor or carcinoma.

29. A patient care kit, comprising a combination of two or more agents selected from:
(a) an epidermal growth factor receptor (EGFR) inhibitor;

(b) a mitogen-activated protein kinase (MEK) 1/2 inhibitor; and

(¢) a cyclin dependent kinase (CDK) 4/6 inhibitor.

30. The patient care kit of claim 29, comprising the combination of (a) and (b), optionally

as separate compositions or as part of the same composition.

31. The patient care kit of claim 29, comprising the combination of (a) and (c), optionally

as separate compositions or as part of the same composition.

32. The patient care kit of claim 29, comprising the combination of (a), (b), and (¢),

optionally as separatc compositions or as part of the same composition.
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