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METFORMIN COMBINATION THERAPY FOR USE IN CANCER
TREATMENT
RELATED APPLICATION DATA
[0001] This application claims the benefit of priority under 35 U.S.C. § 119(e) of the U.S.
Patent Application No. 63/595,278, filed on November 1, 2023, which is hereby incorporated by

reference in its entirety and for all purposes.

SEQUENCE LISTING
[0002] The material in the accompanying Sequence Listing is hereby incorporated by reference
in its entirety. The accompanying file, named “048440-891001WO_SL_ST26.xml” was created
on October 24, 2024 and is 11,529 bytes.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT

[0003] This invention was made with government support under RO1 CA280389, RO1
CA243386, RO1 CA271497, and ROl CA236399 awarded by the National Institutes of Health.

The government has certain rights in the invention.

BACKGROUND
[0004] In the last decade, advanced therapeutics like targeted therapy and immunotherapy have
substantially improved patient outcomes. However, increased costs become a big financial
burden to the healthcare systems and patients, even in the developed countries such as the United
States of American (U.S.). For instance, the U.S. spends over 18% of GDP on health care, which
is projected to reach 19.6% by 2030, albeit Americans are less healthy and are more likely to die
younger than residents of other high-income countries. Thus, creating cost-effective treatments is
crucial for both developing and developed countries, and is of high social and economic
significance. The compositions and methods provided herein, inter alia, address these and other

problems in the art.

BRIEF SUMMARY
[0005] In an aspect is provided a composition including metformin and a tyrosine kinase

inhibitor (TKI).
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[0006] In another aspect is provided a method of treating cancer in a subject in need thereof,
the method including administering to the subject a therapeutically effective amount of

metformin and a tyrosine kinase inhibitor (TKI), thereby treating the cancer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIGS. 1A-1I show metformin sensitized FLT3-ITD AML cell lines to Gilteritinib. (1A-
1D) The visual diagrams sourced from the CompuSyn Report highlight the effects of Metformin,
Gilteritinib, and the combinations (Combo) after 48 hours treatment. The dose-response graph
illustrates the correlation between fraction affected (Fa) and Dose in MOLM-13 (FLT3-ITD),
MV4-11, MOLM13-RES (FLT3 TKI resistant) and THP-1 (FLT3-WT) cells (top of 1A-1D).
The Combination Index (CI) values < 1 indicate synergistic interactions. (G-J) Inhibition rates of
different concentrations of Gilteritinib before and after combinations with Metformin at 1C10
value (1E-1H, top) and the Bliss index values (G-J, bottom) were shown. Value > 1 indicates
synergy. (11) The dose-response matrix (left) of Metformin and Gilteritinib at varying
concentrations and the Bliss synergy score (determined by SynergyFinder 3.0, right and bottom).
All experimental data are representative of at least three independent experiments. Data are
shown as means + SD and assessed by 2-tailed Student ¢ test (1LE-1H) *P < 0.05, **P < 0.01,
*##%P < 0.001, and ns, not significant. MET, Metformin; GIL, Gilteritinib.

[0008] FIGS. 2A-2I show Gilteritinib and Metformin inhibited cell proliferation/growth,
induced cell cycle arrest and apoptosis in FLT3-ITD cell lines. AML cells were treated with
Gilteritinib and Metformin each alone or in combinations (Combol: Gilteritinib 5 nM +
Metformin 5 mM: Combo2: Gilteritinib 10 nM + Metformin 10 mM; Combo: Gilteritinib 80 nM
+ Metformin 4 mM) for 24-48 hours and then used in different experiments. (2A-2C) MTT
assays showing the relative proliferation/growth of MOLM13 (2A), MOLM13-RES (2B) and
THP-1 cells (2C). (2D-2F) Flow cytometry analysis of cell cycle was performed in MOLM13
(2D). MOLM13-RES (2E), THP-1 (2F) cells 48 hours post-treatment with control (DMSO) or
indicated drugs. (2G-2I) Flow cytometry analysis of apoptosis in MOLM13 (2G), MOLM13-
RES (2H), THP-1 (2I) cells 48 hours post-treatment with control (DMSO) or indicated drugs. All
experimental data are representative of at least three independent experiments. Data are shown as
means = SD and assessed by two-way ANOV A (2A-2C) or one-way ANOVA (2D-2I). *P <
0.05, **P < 0.01, ¥***P < (0.001, and ns, not significant. MET, Metformin; GIL, Gilteritinib.
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[0009] FIGS. 3A-3N show combinational treatment of metformin and gilteritinib strikingly
suppresses human FLT3-ITD AML progression ix vivo. Bioluminescence imaging of leukemia
burden in vehicle control and treated groups was performed from the ventral side in NSG
(MOLM13) mice. Mice were treated with vehicle, metformin (250 mg/kg/day, intraperitoneal
injection), gilteritinib (7.5 mg/kg/day, oral gavage), or Combo (metformin 250 mg/kg/day +
gilteritinib 7.5 mg/kg/day) once daily after 7 days post- bone marrow transplantation (BMT).
(3A-3D) Flow cytometry analysis of the engraftment in bone marrow (BM)(3A), peripheral
blood (PB)(3B) and spleen (SP)(3C) and statistical analysis of spleen weight (3D) in the vehicle
control (n = 3) and treated groups (n = 3) on day 21 post-BMT in NSG (MOLM13) MICE. (3E
and 3F) White blood cell (WBC) counts (3E) and body weight (3F) from the 0 to 18 days post-
BMT in NSG (MOLM13) mice. (3G) Kaplan-Meier survival curves for NSG mice
xenotransplanted with human MOLM13 AML cells. Bioluminescence imaging of leukemia
burden in vehicle control and treated groups was performed from the ventral side in NRGS
(MOLM13-RES) mice. Mice were treated with vehicle, metformin (250 mg/kg/day,
intraperitoneal injection), gilteritinib (15 mg/kg/day, oral gavage), or Combo (metformin 250
mg/kg/day + gilteritinib 15 mg/kg/day) once daily after 10 days post- BMT (3H-3K). Flow
cytometry analysis of the engraftment in BM (3H), PB(3]) and SP (3J)) and statistical analysis of
spleen weight (3K) in the vehicle (n = 5) and treated groups (n = 3) on day 26 post-BMT in
NRGS (MOLM13-RES) MICE. (3L and 3M) WBC counts (K) and body weight (L) from the 0
to 21 days post-BMT in NRGS (MOLM13-RES) mice. (3N) Kaplan-Meier survival curves for
NRGS mice xenotransplanted with human MOLMI13-RES AML cells. Data are shown as mean
+ SD and assessed by 2-tailed Student ¢ test (3A-3D and 3H-3K) or two-way ANOVA (3E-3F
and 3L-3M). Log-rank tests are used for survival analyses (3G and 3N). *P < 0.05, **P < 0.01,
*¥*%P < 0.001. MET, Metformin; GIL, Gilteritinib.

[0010] FIGS. 4A-41 show Metformin synergized with Gilteritinib in treating FLT3-1ITD AML
by co-targeting PLK1. (4A and 4B) qRT-PCR validation of PLK/ mRNA abundance in
untreated MOLM13 cells, MOLMI13-RES cells with and without Gilteritinib, Metformin or
Combo treatment (4A), and in BM samples from MOLM13-RES xenotransplanted NRGS mice
(4B) (i.e.. Gilteritinib: 240 nM; Metformin: 10 mM; and Combo: Gilteritinib 80 nM + Metformin
4mM). (4C) Western blot analvsis of PLK1 expression level changes in MOLM13-RES cells 24

hours post-treatment with different drug concentrations. (4D) Western blot showing the protein

-
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abundance of PLK1 in multiple subtypes of human AML cells compared to healthy BM controls.
(4E-4G) ICso value changes of Gilteritinib upon PLK1 knockdown in MOLM13-RES cells (4E)
or after the overexpression of PLK1 in MOLM13 (4F) or MOLM13-RES cells (4G), compared
to the control cells. (4H) Relative cell proliferation/growth assays (bottom) and western blot
analysis of PLK1 expression levels at 24 hours post-treatment (top) with indicated drug
concentrations in MOLM13-RES cells after overexpressing PLK1 or vehicle vector. (41) Flow
cytometry analysis of apoptosis at 48 hours post-treatment with indicated drug concentrations in
MOLMI3-RES cells overexpressing PLK1 or vehicle control. All experimental data are
representative of at least three independent experiments. Data are shown as mean + SD and
assessed by 2-tailed Student ¢ test (4A-4B, 4E-4F, and 41) or two-way ANOVA (4H). **P <
0.01, ¥***P <0.001. MET, Metformin; GIL, Gilteritinib.

[0011] FIGS. SA-SD show metformin and gilteritinib co-target the PLK1 signaling in FLT3-
ITD AML cells. (5A) Westemn blot analysis of PLK1 and downstream signaling protein
phosphorylation levels post 24-h treatment with gilteritinib (5 nM), metformin (5 mM),
gilteritinib (10 nM), metformin (10 mM), and combinations (Combol: GIL 5 nM + MET 5 mM,
Combo2: GIL 10 nM + MET 10 mM) in MOLM13 cells. Representative data of # = 2 biological
replicates. (5B) Westem blot analysis of PLK1 and downstream signaling protein
phosphorylation levels post 24-h treatment with gilteritinib (80 nM), metformin (4 mM),
gilteritinib (240 nM), metformin (10 mM), and combinations (Combo1: GIL 80 nM + MET 4
mM; Combo2: GIL 240 nM + MET 10 mM) in MOLM13-RES cells. Representative data of n =
2 biological replicates. (SC) Western blot showing PLK1 and downstream signaling protein
phosphorylation level changes upon PLK1 knockdown or overexpression in MOLM13-RES
cells. Representative data of #» = 2 biological replicates. (5D) Western blot showing PLK1 and
downstream signaling protein phosphorylation level changes after 24-h treatment with specified
drug concentrations in MOLMI13-RES cells overexpressing PLK1 or EV. Representative data of

n =2 biological replicates.

[0012] FIGS. 6A-6B show Metformin improved the overall survival of patients with FLT3-
ITD AML. (A) Survival analysis of patients with concurrent FLT3-ITD AML and diabetes. (6B)
gRT-PCR validation of PLK 1 expression in clinical samples. Data are shown as mean + SD and
assessed by 2-tailed Student 7 test (6B). Log-rank tests are used for survival analyses (6A). **P <
0.01, ¥**P <0.001.
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DETAILED DESCRIPTION
DEFINITIONS
[0013] While various embodiments and aspects of the present invention are shown and
described herein, it will be obvious to those skilled in the art that such embodiments and aspects
are provided by way of example only. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the invention. It should be understood
that various alternatives to the embodiments of the invention described herein may be employed

in practicing the invention.

[0014] The section headings used herein are for organizational purposes only and are not to be
construed as limiting the subject matter described. All documents, or portions of documents,
cited in the application including, without limitation, patents, patent applications, articles, books,
manuals, and treatises are hereby expressly incorporated by reference in their entirety for any

purpose.

[0015] The abbreviations used herein have their conventional meaning within the chemical and
biological arts. The chemical structures and formulae set forth herein are constructed according

to the standard rules of chemical valency known in the chemical arts.

[0016] Unless defined otherwise, technical and scientific terms used herein have the same
meaning as commonly understood by a person of ordinary skill in the art. See, e.g., Singleton et
al., DICTIONARY OF MICROBIOLOGY AND MOLECULAR BIOLOGY 2nd ed., J. Wiley &
Sons (New York, NY 1994); Sambrook et al., MOLECULAR CLONING, A LABORATORY
MANUAL, Cold Springs Harbor Press (Cold Springs Harbor, NY 1989). Any methods, devices
and materials similar or equivalent to those described herein can be used in the practice of this
invention. The following definitions are provided to facilitate understanding of certain terms

used frequently herein and are not meant to limit the scope of the present disclosure.

[0017] Antibodies are large, complex molecules (molecular weight of ~150,000 or about 1320
amino acids) with intricate internal structure. A natural antibody molecule contains two identical
pairs of polypeptide chains, each pair having one light chain and one heavy chain. Each light
chain and heavy chain in tum consists of two regions: a variable (V™) region, involved in
binding the target antigen, and a constant (“C”) region that interacts with other components of
the immune system. The light and heavy chain variable regions (also referred to herein as light

5
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chain variable (VL) domain and heavy chain variable (VH) domain, respectively) come together
in 3-dimensional space to form a variable region that binds the antigen (for example, a receptor
on the surface of a cell). In human, two types of light chain are known: kappa chain (VK or Vk),
encoded by the immunoglobulin kappa locus on chromosome 2, and the lambda chain (VA),
encoded by the immunoglobulin lambda locus on chromosome 22. Within each light or heavy
chain variable region, there are three short segments (averaging 10 amino acids in length) called
the complementarity determining regions (“CDRs™). The six CDRs in an antibody variable
domain (three from the light chain and three from the heavy chain) fold up together in 3-
dimensional space to form the actual antibody binding site which docks onto the target antigen.
The position and length of the CDRs have been precisely defined by Kabat, E. et al., Sequences
of Proteins of Immunological Interest, U.S. Department of Health and Human Services, 1983,
1987. The part of a variable region not contained in the CDRs is called the framework ("FR"),

which forms the environment for the CDRs.

[0018] An “antibody variant™ as provided herein refers to a polypeptide capable of binding to
an antigen and including one or more structural domains (e.g., light chain variable domain, heavy
chain variable domain) of an antibody or fragment thereof. Non-limiting examples of antibody
variants include single-domain antibodies or nanobodies, monospecific Fab2, bispecific Fab2,
trispecific Fab3, monovalent IgGs, scFv. bispecific antibodies, bispecific diabodies, trispecific
triabodies, scFv-Fc¢, minibodies, [ENAR. V-NAR, hclgG, VhH, or peptibodies. A “peptibody™ as
provided herein refers to a peptide moiety attached (through a covalent or non-covalent linker) to
the Fc¢ domain of an antibody. Further non-limiting examples of antibody variants known in the
art include antibodies produced by cartilaginous fish or camelids. A general description of
antibodies from camelids and the variable regions thereof and methods for their production,
isolation, and use may be found in references W0O97/49805 and WO 97/49805 which are
incorporated by reference herein in their entirety and for all purposes. Likewise, antibodies from
cartilaginous fish and the variable regions thereof and methods for their production, isolation,
and use may be found in WO2005/118629. which is incorporated by reference herein in its

entirety and for all purposes.

[0019] The terms "CDR L1", "CDR L2" and "CDR L3" as provided herein refer to the
complementarity determining regions (CDR) 1, 2, and 3 of the variable light (L) chain of an

antibody. In embodiments, the variable light chain provided herein includes in N-terminal to C-
6
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terminal direction a CDR L1, a CDR L2 and a CDR L3. Likewise, the terms "CDR H1", "CDR
H2" and "CDR H3" as provided herein refer to the complementarity determining regions (CDR)
1. 2, and 3 of the variable heavy (H) chain of an antibody. In embodiments, the variable heavy
chain provided herein includes in N-terminal to C-terminal direction a CDR H1, a CDR H2 and a
CDR H3.

[0020] Theterms "FR L1", "FR L2", "FR L3" and "FR L4" as provided herein are used
according to their common meaning in the art and refer to the framework regions (FR) 1, 2, 3
and 4 of the variable light (L) chain of an antibody. In embodiments, the variable light chain
provided herein includes in N-terminal to C-terminal direction a FR L1, aFR L2, aFR L3 and a
FR L4. Likewise, the terms "FR H1", "FR H2", "FR H3" and "FR H4" as provided herein are
used according to their common meaning in the art and refer to the framework regions (FR) 1, 2,
3 and 4 of the variable heavy (H) chain of an antibody. In embodiments, the variable heavy chain
provided herein includes in N-terminal to C-terminal direction a FR H1, a FR H2, aFR H3 and a

FR H4.

[0021] An exemplary immunoglobulin (antibody) structural unit comprises a tetramer. Each
tetramer is composed of two identical pairs of polypeptide chains, each pair having one “light™
(about 25 kD) and one “heavy™ chain (about 50-70 kD). The N-terminus of each chain defines a
variable region of about 100 to 110 or more amino acids primarily responsible for antigen
recognition. The terms variable light chain (VL), variable light chain (VL) domain or light chain
variable region and variable heavy chain (VH), variable heavy chain (VH) domain or heavy
chain variable region refer to these light and heavy chain regions, respectively. The terms
variable light chain (VL), variable light chain (VL) domain and light chain variable region as
referred to herein may be used interchangeably. The terms variable heavy chain (VH), variable
heavy chain (VH) domain and heavy chain variable region as referred to herein may be used
interchangeably. The Fc (i.e. fragment crystallizable region) is the "base" or "tail" of an
immunoglobulin and is typically composed of two heavy chains that contribute two or three
constant domains depending on the class of the antibody. By binding to specific proteins, the Fc
region ensures that each antibody generates an appropriate immune response for a given antigen.
The Fc region also binds to various cell receptors, such as Fc receptors, and other immune

molecules, such as complement proteins.
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[0022] The term "antibody" is used according to its commonly known meaning in the art.
Antibodies exist, e.g., as intact immunoglobulins or as a number of well-characterized fragments
produced by digestion with various peptidases. Thus, for example, pepsin digests an antibody
below the disulfide linkages in the hinge region to produce F(ab)'», a dimer of Fab which itself is
a light chain joined to Vg-Cmai by a disulfide bond. The F(ab)'>» may be reduced under mild
conditions to break the disulfide linkage in the hinge region, thereby converting the F(ab)'> dimer
into an Fab' monomer. The Fab' monomer is essentially Fab with part of the hinge region (see
Fundamental Immunology (Paul ed., 3d ed. 1993). While various antibody fragments are defined
in terms of the digestion of an intact antibody, one of skill will appreciate that such fragments
may be synthesized de novo either chemically or by using recombinant DNA methodology.
Thus, the term antibody, as used herein, also includes antibody fragments either produced by the
modification of whole antibodies, or those synthesized de novo using recombinant DNA
methodologies (e.g., single chain Fv) or those identified using phage display libraries (see, e.g.,
McCafferty ef al., Nature 348:552-554 (1990)). The term “antibody™ as referred to herein further
includes antibody variants such as single domain antibodies. Thus, in embodiments an antibody
includes a single monomeric variable antibody domain. Thus, in embodiments, the antibody,
includes a variable light chain (VL) domain or a variable heavy chain (VH) domain. In
embodiments, the antibody is a variable light chain (VL) domain or a variable heavy chain (VH)

domain.

[0023] For preparation of monoclonal or polyclonal antibodies, any technique known in the art
can be used (see, e.g., Kohler & Milstein, Narure 256:495-497 (1975); Kozbor et al.,
Immunology Today 4:72 (1983); Cole et al., pp. 77-96 in Monoclonal Antibodies and Cancer
Therapy (1985)). "Monoclonal" antibodies (mAb) refer to antibodies derived from a single clone.
Techniques for the production of single chain antibodies (U.S. Pat. No. 4,946,778) can be
adapted to produce antibodies to polypeptides of this invention. Also, transgenic mice, or other
organisms such as other mammals. may be used to express humanized antibodies. Alternatively.
phage display technology can be used to identify antibodies and heteromeric Fab fragments that
specifically bind to selected antigens (see, e.g., McCafferty ef al., Nature 348:552-554 (1990);
Marks ef al., Biotechnology 10:779-783 (1992)).

[0024] A single-chain variable fragment (scFv) is typically a fusion protein of the variable

regions of the heavy (VH) and light chains (VL) of immunoglobulins, connected with a short
8
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linker peptide of 10 to about 25 amino acids. The linker may usually be rich in glycine for
flexibility, as well as serine or threonine for solubility. The linker can either connect the N-

terminus of the VH with the C-terminus of the VL, or vice versa.

[0025] The epitope of a mAb is the region of its antigen to which the mAb binds. Two
antibodies bind to the same or overlapping epitope if each competitively inhibits (blocks)
binding of the other to the antigen. That is, a 1x, 5x, 10x, 20x or 100x excess of one antibody
inhibits binding of the other by at least 30% but preferably 50%, 75%, 90% or even 99% as
measured in a competitive binding assay (see, e.g., Junghans et al., Cancer Res. 50:1495, 1990).
Alternatively, two antibodies have the same epitope if essentially all amino acid mutations in the
antigen that reduce or eliminate binding of one antibody reduce or eliminate binding of the other.
Two antibodies have overlapping epitopes if some amino acid mutations that reduce or eliminate

binding of one antibody reduce or eliminate binding of the other.

[0026] For preparation of suitable antibodies of the invention and for use according to the
invention, e.g., recombinant, monoclonal, or polyclonal antibodies, many techniques known in
the art can be used (see, e.g., Kohler & Milstein, Nature 256:495-497 (1975); Kozbor et al.,
Immunology Today 4: 72 (1983); Cole et al., pp. 77-96 in Monoclonal Antibodies and Cancer
Therapy, Alan R. Liss, Inc. (1985); Coligan, Current Protocols in Immunology (1991); Harlow &
Lane, Antibodies, A Laboratory Manual (1988). and Goding, Monoclonal Antibodies: Principles
and Practice (2d ed. 1986)). The genes encoding the heavy and light chains of an antibody of
interest can be cloned from a cell, e.g., the genes encoding a monoclonal antibody can be cloned
from a hybridoma and used to produce a recombinant monoclonal antibody. Gene libraries
encoding heavy and light chains of monoclonal antibodies can also be made from hybridoma or
plasma cells. Random combinations of the heavy and light chain gene products generate a large
pool of antibodies with different antigenic specificity (see, e.g., Kuby, Immunology (31d ed.
1997)). Techniques for the production of single chain antibodies or recombinant antibodies (U.S.
Patent 4,946,778, U.S. Patent No. 4,816,567) can be adapted to produce antibodies to
polypeptides of this invention. Also, transgenic mice, or other organisms such as other mammals,
may be used to express humanized or human antibodies (see, e.g., U.S. Patent Nos. 5,545,807
5,545,806; 5,569,825, 5,625,126, 5,633,425; 5,661,016, Marks et al., Bio/Technology 10:779-
783 (1992). Lonberg et al.. Nature 368:856-859 (1994); Morrison, Nature 368:812-13 (1994);

Fishwild et al.. Nature Biotechnology 14:845-51 (1996); Neuberger, Nature Biotechnology
9
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14:826 (1996); and Lonberg & Huszar, Intern. Rev. Immunol. 13:65-93 (1995)). Alternatively,
phage display technology can be used to identify antibodies and heteromeric Fab fragments that
specifically bind to selected antigens (see, e.g., McCafferty et al., Nature 348:552-554 (1990);
Marks et al., Biotechnology 10:779-783 (1992)). Antibodies can also be made bispecific, i.e.,
able to recognize two different antigens (see, e.g., WO 93/08829, Traunecker et al., EMBO J.
10:3655-3659 (1991); and Suresh et al., Methods in Enzymology 121:210 (1986)). Antibodies
can also be heteroconjugates, e.g., two covalently joined antibodies, or immunotoxins (see, e.g.,
U.S. Patent No. 4,676,980 , WO 91/00360; WO 92/200373; and EP 03089).

[0027] The phrase "specifically (or selectively) binds" to an antibody or "specifically (or
selectively) immunoreactive with," when referring to a protein or peptide, refers to a binding
reaction that is determinative of the presence of the protein, often in a heterogeneous population
of proteins and other biologics. Thus, under designated immunoassay conditions, the specified
antibodies bind to a particular protein at least two times the background and more typically more
than 10 to 100 times background. Specific binding to an antibody under such conditions requires
an antibody that is selected for its specificity for a particular protein. For example, polyclonal
antibodies can be selected to obtain only a subset of antibodies that are specifically
immunoreactive with the selected antigen and not with other proteins. This selection may be
achieved by subtracting out antibodies that cross-react with other molecules. A variety of
immunoassay formats may be used to select antibodies specifically immunoreactive with a
particular protein. For example, solid-phase ELISA immunoassays are routinely used to select
antibodies specifically immunoreactive with a protein (see, e.g.. Harlow & Lane, Using
Antibodies, A Laboratory Manual (1998) for a description of immunoassay formats and

conditions that can be used to determine specific immunoreactivity).

[0028] A "ligand" refers to an agent, e.g., a polypeptide or other molecule, capable of binding

to a receptor or antibody, antibody variant, antibody region or fragment thereof.

[0029] The term "gene" means the segment of DNA involved in producing a protein; it
includes regions preceding and following the coding region (leader and trailer) as well as
intervening sequences (introns) between individual coding segments (exons). The leader, the

trailer as well as the introns include regulatory elements that are necessary during the
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transcription and the translation of a gene. Further, a "protein gene product” is a protein

expressed from a particular gene.

[0030] For specific proteins described herein, the named protein includes any of the protein’s
naturally occurring forms, variants or homologs that maintain the protein transcription factor
activity (e.g., within at least 50%, 80%, 90%, 95%, 96%., 97%. 98%, 99% or 100% activity
compared to the native protein). In some embodiments, variants or homologs have at least 90%,
95%, 96%, 97%, 98%., 99% or 100% amino acid sequence identity across the whole sequence or
a portion of the sequence (e.g. a 50, 100, 150 or 200 continuous amino acid portion) compared to
anaturally occurring form. In other embodiments, the protein is the protein as identified by its
NCBI sequence reference. In other embodiments, the protein is the protein as identified by its

NCBI sequence reference, homolog or functional fragment thereof.

[0031] The term “FLT3” or “FLT3 protein” is used herein according to its plain ordinary
meaning and refers to any of the recombinant or naturally occurring forms of fms like tyrosine
kinase 3, also known as cluster of differentiation antigen 135 (CD135) or fetal liver kinase-2
(F1Ik2), or variants or homologs thereof that maintain FLT3 activity (e.g., within at least 50%,
60%, 70%, 80%, 90%, 95%, 96%, 98%, 99%, or 100% activity compared to FLT3). In some
aspects, the variants or homologs have at least 90%. 95%. 96%. 97%. 98%. 99% or 100% amino
acid sequence 1dentity across the whole sequence or a portion of the sequence (e.g. a 50, 100,
200, 300, 400, 500, 600, 700, 800 or 900 continuous amino acid portion) compared to a naturally
occurring FLT3 protein. In embodiments, the FLT3 protein is substantially identical to the
protein identified by the UniProt reference number P36888 or a variant or homolog having

substantial identity thereto.

[0032] Theterm “PLK1™ or “PLKI1 protein” is used herein according to its plain ordinary
meaning and refers to any of any of the recombinant or naturally occurring forms of polo-like
kinase 1, also known as serine/threonine-protein kinase 13 (STPK13), or variants or homologs
thereol that maintain PLK1 activity (e.g., within at least 50%, 60%, 70%, 80%, 90%, 95%, 96%,
98%, 99%, or 100% activity compared to PLK1). In some aspects, the variants or homologs have
at least 90%, 95%, 96%., 97%, 98%, 99% or 100% amino acid sequence identity across the
whole sequence or a portion of the sequence (e.g. a 50, 100, 200, 300, 400, or 500 continuous

amino acid portion) compared to a naturally occurring PLK1 protein. In embodiments, the PLK1
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protein is substantially identical to the protein identified by the UniProt reference number

P53350 or a variant or homolog having substantial identity thereto.

[0033] The term “STATS™ or “STATS protein™ is used herein according to its plain ordinary
meaning and refers to any of the recombinant or naturally occurring forms of signal transducer
and activator of transcription 5, or variants or homologs thereof that maintain STATS activity
(e.g., within at least 50%, 60%, 70%, 80%, 90%, 95%, 96%, 98%, 99%, or 100% activity
compared to STATS). In embodiments, the STATS protein is a STATSA protein or a STATSB
protein. In embodiments, the STATS protein is a STATS A protein. In some aspects, the variants
or homologs have at least 90%, 95%., 96%. 97%., 98%, 99% or 100% amino acid sequence
identity across the whole sequence or a portion of the sequence (e.g. a 50, 100, 200, 300, 400,
500, 600, or 700 continuous amino acid portion) compared to a naturally occurring STATSA
protein. In embodiments, the STATS protein is substantially identical to the protein identified by
the UniProt reference number P42229 or a variant or homolog having substantial identity thereto.
In embodiments, the STATS protein is a STATSB protein. In some aspects, the variants or
homologs have at least 90%, 95%, 96%, 97%, 98%, 99% or 100% amino acid sequence identity
across the whole sequence or a portion of the sequence (e.g. a 50, 100, 200, 300, 400, 500, 600,
or 700 continuous amino acid portion) compared to a naturally occurring STATSB protein. . In
embodiments, the STATS protein is substantially identical to the protein identified by the

UniProt reference number P51692 or a variant or homolog having substantial identity thereto.

[0034] The term “ERK™ or “ERK protein™ is used herein according to its plain ordinary
meaning and refers to any of any of the recombinant or naturally occurring forms of extracellular
signal-regulated kinase, also known as mitogen-activated protein kinase (MAPK), or variants or
homologs thereof that maintain ERK activity (e.g., within at least 50%, 60%, 70%., 80%, 90%,
95%, 96%, 98%, 99%, or 100% activity compared to ERK). In embodiments, the ERK protein is
a ERK1 protein or a ERK2 protein. In embodiments, the ERK protein is a ERK1 protein. In
some aspects, the variants or homologs have at least 90%, 95%, 96%. 97%. 98%., 99% or 100%
amino acid sequence identity across the whole sequence or a portion of the sequence (e.g. a 50,
100, 150, 200, 250, or 300 continuous amino acid portion) compared to a naturally occurring
ERKI1 protein. In embodiments, the ERK1 protein is substantially identical to the protein
identified by the UniProt reference number P27361 or a variant or homolog having substantial

identity thereto. In embodiments, the ERK protein is a ERK2 protein. In some aspects, the
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variants or homologs have at least 90%, 95%, 96%, 97%, 98%, 99% or 100% amino acid
sequence identity across the whole sequence or a portion of the sequence (e.g. a 50, 100, 150,
200, 250, or 300 continuous amino acid portion) compared to a naturally occurring ERK2
protein. In embodiments, the ERK2 protein is substantially identical to the protein identified by

the UniProt reference number P28482 or a variant or homolog having substantial identity thereto.

[0035] The term “mTOR” or “mTOR protein™ is used herein according to its plain ordinary
meaning and refers to any of any of the recombinant or naturally occurring forms of mammalian
target of rapamycin, also known as mechanistic target of rapamycin or FK506-binding protein
12-rapamy cine associated protein 1 (FRAP1), or variants or homologs thereof that maintain
mTOR activity (e.g., within at least 50%, 60%, 70%, 80%, 90%, 95%, 96%, 98%, 99%, or 100%
activity compared to mTOR). In some aspects, the variants or homologs have at least 90%, 95%,
96%, 97%, 98%, 99% or 100% amino acid sequence identity across the whole sequence or a
portion of the sequence (e.g. a 50, 100, 200, 300, 400, 500, 1000, 15000, 2000, or 2500
continuous amino acid portion) compared to a naturally occurring mTOR protein. In
embodiments, the mTOR protein is substantially identical to the protein identified by the UniProt

reference number P42345 or a variant or homolog having substantial identity thereto.

[0036] The term “metformin™ is used herein according to its plain ordinary meaning and refers
to a biguanide. In embodiments, the biguanide is an anti-hyperglycemic agent. In embodiments,
the metformin decreases PLK1 activity. In embodiments, the biguanide is N . N-
dimethylbiguanide. In embodiments, metformin is also known as Fortamet, Glucophage, or

Glumetza.

[0037] The term “tyrosine kinase inhibitor” or “TKI™ is used herein according to its plain
ordinary meaning and refers to a compound that inhibits activity of a tyrosine kinase. In
embodiments, the TKI prevents addition of a phosphate group to the tyrosine kinase. In

embodiments, the TKI is referred to a tyrosine phosphorylation inhibitor or tyrophostin.

[0038] The term “TKlI-resistant cancer” is used herein according to its plain ordinary meaning
and refers to a cancer which is resistant to a TKI treatment. In embodiments, a TKI treatment is

ineffective at killing TKI-resistant cancer cells.
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[0039] A "cell" as used herein, refers to a cell carrying out metabolic or other function
sufficient to preserve or replicate its genomic DNA. A cell can be identified by well-known
methods in the art including, for example, presence of an intact membrane, staining by a
particular dye, ability to produce progeny or, in the case of a gamete, ability to combine with a
second gamete to produce a viable offspring. Cells may include prokaryotic and eukaryotic cells.
Prokaryotic cells include but are not limited to bacteria. Eukaryotic cells include, but are not
limited to, yeast cells and cells derived from plants and animals, for example mammalian, insect

(e.g.. spodoptera) and human cells.

[0040] The term "expression” includes any step involved in the production of the polypeptide
including, but not limited to, transcription, post-transcriptional modification, translation, post-
translational modification, and secretion. Expression can be detected using conventional
techniques for detecting protein (e.g., ELISA, Western blotting. flow cytometry,

immunofluorescence, immunohistochemistry, ezc.).

[0041] “Biological sample” or ““sample” refer to materials obtained from or derived from a
subject or patient. A biological sample includes sections of tissues such as biopsy and autopsy
samples, and frozen sections taken for histological purposes. Such samples include bodily fluids
such as blood and blood fractions or products (e.g., serum, plasma, platelets, red blood cells, and
the like), sputum, tissue, cultured cells (e.g.. primary cultures, explants. and transformed cells)
stool, urine, synovial fluid, joint tissue, synovial tissue, synoviocytes, fibroblast-like
synoviocytes, macrophage-like synoviocytes, immune cells, hematopoietic cells, fibroblasts,
macrophages, T cells, etc. A biological sample is typically obtained [rom a eukaryotic organism,
such as a mammal such as a primate e.g., chimpanzee or human; cow; dog: cat; a rodent, e.g.,

guinea pig, rat, mouse; rabbit; or a bird; reptile; or fish.

[0042] A “control” or “standard control” refers to a sample, measurement, or value that serves
as a reference, usually a known reference, for comparison to a test sample, measurement, or
value. For example, a test sample can be taken [rom a patient suspected ol having a given disease
(e.g. cancer) and compared to a known normal (non-diseased) individual (e.g. a standard control
subject). A standard control can also represent an average measurement or value gathered from a
population of similar individuals (e.g. standard control subjects) that do not have a given disease

(i.e. standard control population), e.g., healthy individuals with a similar medical background,
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same age, weight, etc. A standard control value can also be obtained from the same individual,
e.g. from an earlier-obtained sample from the patient prior to disease onset. For example, a
control can be devised to compare therapeutic benefit based on pharmacological data (e.g.. half-
life) or therapeutic measures (e.g., comparison of side effects). Controls are also valuable for
determining the significance of data. For example, if values for a given parameter are widely
variant in controls, variation in test samples will not be considered as significant. One of skill
will recognize that standard controls can be designed for assessment of any number of
parameters (e.g. RNA levels, protein levels, specific cell types, specific bodily fluids, specific

tissues, etc).

[0043] One of skill in the art will understand which standard controls are most appropriate in a
given situation and be able to analyze data based on comparisons to standard control values.
Standard controls are also valuable for determining the significance (e.g. statistical significance)
of data. For example, if values for a given parameter are widely variant in standard controls,

variation in test samples will not be considered as significant.

[0044] “Patient”, “patient in need thereof™, “subject”, or “subject in need thereof™ refers to a
living organism suffering from or prone to a disease or condition that can be treated by
administration of a pharmaceutical composition as provided herein. Non-limiting examples
include humans, other mammals, bovines, rats, mice, dogs, monkeys, goat, sheep, cows, deer,
and other non-mammalian animals. In embodiments. a patient is human. In embodiments, a
patient in need thereof is human. In embodiments, a subject is human. In embodiments, a subject

in need thereol 1s human.

[0045] The terms “disease™ or “condition™ refer to a state of being or health status of a patient
or subject capable of being treated with the compounds or methods provided herein. The disease
may be a cancer. The cancer may refer to a solid tumor malignancy. Solid tumor malignancies
include malignant tumors that may be devoid of fluids or cysts. For example, the solid tumor
malignancy may include breast cancer, ovarian cancer, pancreatic cancer, cervical cancer, gastric
cancer, renal cancer, head and neck cancer, bone cancer, skin cancer or prostate cancer. In some
further instances, “cancer” refers to human cancers and carcinomas, sarcomas, adenocarcinomas,
lymphomas, leukemias, including solid and lymphoid cancers, kidney, breast, lung, bladder,

colon, ovarian, prostate, pancreas, stomach, brain, head and neck, skin, uterine, testicular,
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glioma, esophagus, and liver cancer, including hepatocarcinoma, lymphoma, including B-acute
lymphoblastic lymphoma, non-Hodgkin's lymphomas (e.g., Burkitt’s, Small Cell, and Large Cell
lymphomas), Hodgkin’s lymphoma, leukemia (including acute myeloid leukemia (AML), ALL,

and CML), or multiple myeloma.

[0046] As used herein, the term “cancer” refers to all types of cancer, neoplasm or malignant
tumors found in mammals (e.g., humans), including leukemia, carcinomas and sarcomas.
Exemplary cancers that may be treated with a compound or method provided herein include
breast cancer, colon cancer, kidney cancer, leukemia, lung cancer, melanoma, ovarian cancer,

prostate cancer, pancreatic cancer, brain cancer, liver cancer, gastric cancer or a sarcoma.

[0047] The term “leukemia” refers broadly to progressive, malignant diseases of the blood-
forming organs and is generally characterized by a distorted proliferation and development of
leukocytes and their precursors in the blood and bone marrow. Leukemia is generally clinically
classified on the basis of (1) the duration and character of the disease-acute or chronic; (2) the
type of cell involved; myeloid (myelogenous), lymphoid (lymphogenous), or monocytic; and (3)
the increase or non-increase in the number abnormal cells in the blood-leukemic or aleukemic
(subleukemic). Exemplary leukemias that may be treated with a compound or method provided
herein include, for example, acute myeloid leukemia, acute nonlymphocytic leukemia, chronic
lvmphocytic leukemia, acute granulocytic leukemia, chronic granulocytic leukemia, acute
promyelocytic leukemia, adult T-cell leukemia, aleukemic leukemia, a leukocythemic leukemia,
basophylic leukemia, blast cell leukemia, bovine leukemia, chronic myelocytic leukemia,
leukemia cutis, embryonal leukemia, eosinophilic leukemia, Gross' leukemia, hairy-cell
leukemia, hemoblastic leukemia. hemocytoblastic leukemia, histiocytic leukemia, stem cell
leukemia, acute monocytic leukemia, leukopenic leukemia, lymphatic leukemia, lymphoblastic
leukemia, lymphocytic leukemia, lymphogenous leukemia, lymphoid leukemia, lymphosarcoma
cell leukemia, mast cell leukemia, megakaryocytic leukemia, micromyeloblastic leukemia,
monocytic leukemia, myeloblastic leukemia, myelocytic leukemia, myeloid granulocytic
leukemia, myelomonocytic leukemia, Naegeli leukemia, plasma cell leukemia, multiple
myeloma, plasmacytic leukemia, promyelocytic leukemia, Rieder cell leukemia, Schilling's

leukemia, stem cell leukemia, subleukemic leukemia, or undifferentiated cell leukemia.
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[0048] The term “sarcoma’ generally refers to a tumor which is made up of a substance like
the embryonic connective tissue and is generally composed of closely packed cells embedded in
a fibrillar or homogeneous substance. Sarcomas that may be treated with a compound or method
provided herein include a chondrosarcoma, fibrosarcoma, lymphosarcoma, melanosarcoma,
myxosarcoma, osteosarcoma, Abemethy's sarcoma, adipose sarcoma, liposarcoma, alveolar soft
part sarcoma, ameloblastic sarcoma, botryoid sarcoma, chloroma sarcoma, chorio carcinoma,
embryonal sarcoma, Wilms' tumor sarcoma, endometrial sarcoma, stromal sarcoma, Ewing's
sarcoma, fascial sarcoma, fibroblastic sarcoma, giant cell sarcoma, granulocytic sarcoma,
Hodgkin's sarcoma, idiopathic multiple pigmented hemorrhagic sarcoma, immunoblastic
sarcoma of B cells, lymphoma, immunoblastic sarcoma of T-cells, Jensen's sarcoma, Kaposi's
sarcoma, Kupffer cell sarcoma, angiosarcoma, leukosarcoma, malignant mesenchymoma
sarcoma, parosteal sarcoma, reticulocytic sarcoma, Rous sarcoma, serocystic sarcoma, svnovial

sarcoma, or telangiectaltic sarcoma.

[0049] The terms “treating”, or “treatment” refers to any indicia of success in the therapy or
amelioration of an injury, disease, pathology or condition, including any objective or subjective
parameter such as abatement; remission; diminishing of svmptoms or making the injury,
pathology or condition more tolerable to the patient: slowing in the rate of degeneration or
decline; making the final point of degeneration less debilitating; improving a patient’s physical
or mental well-being. The treatment or amelioration of symptoms can be based on objective or
subjective parameters; including the results of a physical examination, neuropsy chiatric exams,
and/or a psychiatric evaluation. The term "treating” and conjugations thereof, may include
prevention of an injury, pathology, condition, or disease. In embodiments, treating is preventing.

In embodiments, treating does not include preventing,

[0050] As used herein, “treating” or “treatment of”” a condition, disease or disorder or
symptoms associated with a condition, disease or disorder refers to an approach for obtaining
beneficial or desired results, including clinical results. Beneficial or desired clinical results can
include, but are not limited to, alleviation or amelioration of one or more symptoms or
conditions, diminishment of extent of condition, disorder or disease, stabilization of the state of
condition, disorder or disease, prevention of development of condition, disorder or disease,
prevention of spread of condition, disorder or disease, delay or slowing of condition, disorder or

disease progression, delay or slowing of condition, disorder or disease onset, amelioration or
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palliation of the condition, disorder or disease state, and remission, whether partial or total.
“Treating” can also mean prolonging survival of a subject beyond that expected in the absence of
treatment. “Treating™ can also mean inhibiting the progression of the condition, disorder or
disease, slowing the progression of the condition, disorder or disease temporarily, although in
some instances, it involves halting the progression of the condition, disorder or disease
permanently. As used herein the terms treatment, treat, or treating refers to a method of reducing
the effects of one or more symptoms of a disease or condition characterized by expression of the
protease or symptom of the disease or condition characterized by expression of the protease.
Thus, in the disclosed method, treatment can refer to a 10%, 20%, 30%, 40%. 50%. 60%, 70%,
80%, 90%, or 100% reduction in the severity of an established disease, condition, or symptom of
the disease or condition. For example, a method for treating a disease is considered to be a
treatment if there is a 10% reduction in one or more svmptoms of the disease in a subject as
compared to a control. Thus, the reduction can be a 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 100%, or any percent reduction in between 10% and 100% as compared to native or
control levels. It is understood that treatment does not necessarily refer to a cure or complete
ablation of the disease, condition, or symptoms of the disease or condition. Further, as used
herein, references to decreasing, reducing, or inhibiting include a change of 10%., 20%, 30%.
40%, 50%, 60%, 70%, 80%, 90% or greater as compared to a control level and such terms can

include but do not necessarily include complete elimination.

[0051] The terms “dose™ and “dosage” are used interchangeably herein. A dose refers to the
amount of active ingredient given to an individual at each administration. The dose will vary
depending on a number of factors, including the range of normal doses for a given therapy,
frequency of administration; size and tolerance of the individual; severity of the condition; risk
of side effects; and the route of administration. One of skill will recognize that the dose can be
modified depending on the above factors or based on therapeutic progress. The term “dosage
form™ refers to the particular format of the pharmaceutical or pharmaceutical composition, and
depends on the route of administration. For example, a dosage form can be in a liquid form for
nebulization, e.g., for inhalants, in a tablet or liquid, e.g., for oral delivery, or a saline solution,

e.g., for injection.

[0052] An “effective amount™ is an amount sufficient for a compound to accomplish a stated

purpose relative to the absence of the compound (e.g. achieve the effect for which it is
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administered, treat a disease, reduce enzyme activity, increase enzyme activity, reduce a
signaling pathway, or reduce one or more symptoms of a disease or condition). An example of an
“effective amount™ is an amount sufficient to contribute to the treatment, prevention, or
reduction of a symptom or symptoms of a disease, which could also be referred to as a
“therapeutically effective amount.” A “reduction” of a symptom or symptoms (and grammatical
equivalents of this phrase) means decreasing of the severity or frequency of the symptom(s), or
elimination of the symptom(s). A “prophylactically effective amount™ of a drug is an amount of a
drug that, when administered to a subject, will have the intended prophvlactic effect. e.g.,
preventing or delaying the onset (or reoccurrence) of an injury, disease, pathology or condition,
or reducing the likelihood of the onset (or reoccurrence) of an injury, disease, pathology, or
condition, or their symptoms. The full prophylactic effect does not necessarily occur by
administration of one dose, and may occur only after administration of a series of doses. Thus, a
prophylactically effective amount may be administered in one or more administrations. An
“activity decreasing amount,” as used herein, refers to an amount of antagonist required to
decrease the activity of an enzyme relative to the absence of the antagonist. A “function
disrupting amount,” as used herein, refers to the amount of antagonist required to disrupt the
function of an enzyme or protein relative to the absence of the antagonist. The exact amounts
will depend on the purpose of the treatment, and will be ascertainable by one skilled in the art
using known techniques (see, e.g., Lieberman, Pharmaceutical Dosage Forms (vols. 1-3, 1992);
Llovd, The Art, Science and Technology of Pharmaceutical Compounding (1999); Pickar,
Dosage Calculations (1999). and Remington: The Science and Practice of Pharmacy, 20th
Edition, 2003, Gennaro, Ed., Lippincott, Williams & Wilkins).

[0053] For any compound described herein, the therapeutically effective amount can be
initially determined from cell culture assays. Target concentrations will be those concentrations
of active compound(s) that are capable of achieving the methods described herein, as measured

using the methods described herein or known in the art.

[0054] As is well known in the art, therapeutically effective amounts for use in humans can
also be determined from animal models. For example, a dose for humans can be formulated to
achieve a concentration that has been found to be effective in animals. The dosage in humans can
be adjusted by monitoring compounds effectiveness and adjusting the dosage upwards or

downwards, as described above. Adjusting the dose to achieve maximal efficacy in humans
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based on the methods described above and other methods is well within the capabilities of the

ordinarily skilled artisan.

[0055] By “therapeutically effective dose or amount™ as used herein is meant a dose that
produces effects for which it is administered (e.g. treating or preventing a disease). The exact
dose and formulation will depend on the purpose of the treatment, and will be ascertainable by
one skilled in the art using known techniques (see, e.g., Lieberman, Pharmaceutical Dosage
Forms (vols. 1-3, 1992); Lloyd, The Art, Science and Technology of Pharmaceutical
Compounding (1999); Remington: The Science and Practice of Pharmacy, 20th Edition,
Gennaro, Editor (2003), and Pickar, Dosage Calculations (1999)). For example, for the given
parameter, a therapeutically effective amount will show an increase or decrease of at least 5%,
10%, 15%, 20%, 25%, 40%, 50%, 60%, 75%., 80%, 90%, or at least 100%. Therapeutic efficacy
can also be expressed as “-fold™ increase or decrease. For example, a therapeutically effective
amount can have at least a 1.2-fold, 1.5-fold, 2-fold, 5-fold. or more effect over a standard
control. A therapeutically effective dose or amount may ameliorate one or more symptoms of a
disease. A therapeutically effective dose or amount may prevent or delay the onset of a disease
or one or more symptoms of a disease when the effect for which it is being administered is to

treat a person who is at risk of developing the disease.

[0056] Dosages may be varied depending upon the requirements of the patient and the
compound being employed. The dose administered to a patient, in the context of the present
disclosure, should be sufficient to effect a beneficial therapeutic response in the patient over
time. The size ol the dose also will be determined by the existence, nature, and extent of any
adverse side-effects. Determination of the proper dosage for a particular situation is within the
skill of the practitioner. Generally, treatment is initiated with smaller dosages which are less than
the optimum dose of the compound. Thereafter, the dosage is increased by small increments until
the optimum effect under circumstances is reached. Dosage amounts and intervals can be
adjusted individually to provide levels of the administered compound effective for the particular
clinical indication being treated. This will provide a therapeutic regimen that is commensurate

with the severity of the individual's disease state.

[0057] As used herein, the term "administering" means oral administration, administration as a

suppository, topical contact, intravenous, intraperitoneal, intframuscular, intralesional, intrathecal,
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intranasal or subcutaneous administration, or the implantation of a slow-release device, e.g, a
mini-osmotic pump, to a subject. Administration is by any route, including parenteral and
transmucosal (e.g., buccal, sublingual, palatal, gingival, nasal, vaginal, rectal, or transdermal).
Parenteral administration includes, e.g.. intravenous, intramuscular, intra-arteriole, intradermal,
subcutaneous, intraperitoneal, intraventricular, and intracranial. Other modes of delivery include,
but are not limited to, the use of liposomal formulations, intravenous infusion, transdermal
patches, efc. By "co-administer” it is meant that a composition described herein is administered
at the same time, just prior to, or just after the administration of one or more additional therapies,
for example cancer therapies such as chemotherapy, hormonal therapy, radiotherapy, or
immunotherapy. The compounds of the invention can be administered alone or can be
coadministered to the patient. Coadministration is meant to include simultaneous or sequential
administration of the compounds individually or in combination (more than one compound).
Thus, the preparations can also be combined, when desired, with other active substances (e.g. to
reduce metabolic degradation). The compositions of the present invention can be delivered by
transdermally, by a topical route, formulated as applicator sticks, solutions, suspensions,

emulsions, gels, creams, ointments, pastes, jellies, paints, powders, and aerosols.

[0058] "Co-administer" it is meant that a composition described herein is administered at the
same time, just prior to. or just after the administration of one or more additional therapies. The
compounds provided herein can be administered alone or can be coadministered to the patient.
Co-administration is meant to include simultaneous or sequential administration of the
compounds individually or in combination (more than one compound). Thus, the preparations
can also be combined, when desired, with other active substances (e.g.. to reduce metabolic
degradation). The compositions of the present disclosure can be delivered transdermally, by a
topical route, or formulated as applicator sticks, solutions, suspensions, emulsions, gels, creams,

ointments, pastes, jellies. paints, powders, and aerosols.

[0059] The compositions of the present invention may additionally include components to
provide sustained release and/or comfort. Such components include high molecular weight,
anionic mucomimetic polymers, gelling polysaccharides and finely-divided drug carrier
substrates. These components are discussed in greater detail in U.S. Pat. Nos. 4,911,920;
5,403,841 5,212,162; and 4,861,760. The entire contents of these patents are incorporated herein

by reference in their entirety for all purposes. The compositions of the present invention can also
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be delivered as microspheres for slow release in the body. For example, microspheres can be
administered via intradermal injection of drug-containing microspheres, which slowly release
subcutaneously (see Rao, J. Biomater Sci. Polym. Ed. 7:623-645, 1995; as biodegradable and
injectable gel formulations (see, e.g., Gao Pharm. Res. 12:857-863, 1995); or, as microspheres
for oral administration (see, e.g., Eyles, J. Pharm. Pharmacol. 49:669-674, 1997). In
embodiments, the formulations of the compositions of the present invention can be delivered by
the use of liposomes which fuse with the cellular membrane or are endocytosed, i.e., by
employing receptor ligands attached to the liposome, that bind to surface membrane protein
receptors of the cell resulting in endocytosis. By using liposomes, particularly where the
liposome surface carries receptor ligands specific for target cells, or are otherwise preferentially
directed to a specific organ, one can focus the delivery of the compositions of the present
invention into the target cells in vivo. (See, e.g.. Al-Muhammed, J. Microencapsul. 13:293-306,
1996; Chonn, Curr. Opin. Biotechnol. 6:698-708, 1995; Ostro, Am. J. Hosp. Pharm. 46:1576-

1587, 1989). The compositions of the present invention can also be delivered as nanoparticles.

[0060] As used herein, the term “pharmaceutically acceptable” is used synonymously with
“physiologically acceptable™ and “pharmacologically acceptable”. A pharmaceutical
composition will generally comprise agents for buffering and preservation in storage, and can

include buffers and carriers for appropriate delivery. depending on the route of administration.

[0061] "Pharmaceutically acceptable excipient”" and "pharmaceutically acceptable carrier"
refer to a substance that aids the administration of an active agent to and absorption by a subject
and can be included in the compositions of the present invention without causing a significant
adverse toxicological effect on the patient. Non-limiting examples of pharmaceutically
acceptable excipients include water, NaCl, normal saline solutions, lactated Ringer’s, normal
sucrose, normal glucose, binders, fillers, disintegrants, lubricants, coatings, sweeteners, flavors,
salt solutions (such as Ringer's solution), alcohols, oils, gelatins, carbohydrates such as lactose,
amylose or starch, fatty acid esters, hydroxymethycellulose, polyvinyl pyrrolidine, and colors,
and the like. Such preparations can be sterilized and, if desired, mixed with auxiliary agents such
as lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing osmotic
pressure, buffers, coloring, and/or aromatic substances and the like that do not deleteriously react
with the compounds of the invention. One of skill in the art will recognize that other

pharmaceutical excipients are useful in the present invention.
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[0062] The term "pharmaceutically acceptable salt" refers to salts derived from a variety of
organic and inorganic counter ions well known in the art and include, by way of example only,
sodium, potassium, calcium, magnesium, ammonium, tetraalkylammonium, and the like: and
when the molecule contains a basic functionality, salts of organic or inorganic acids, such as

hydrochloride, hydrobromide, tartrate, mesylate, acetate, maleate, oxalate and the like.

[0063] The term "preparation” is intended to include the formulation of the active compound
with encapsulating material as a carrier providing a capsule in which the active component with
or without other carriers, is surrounded by a carrier, which is thus in association with it.
Similarly, cachets and lozenges are included. Tablets, powders, capsules, pills, cachets, and

lozenges can be used as solid dosage forms suitable for oral administration.

[0064] The pharmaceutical preparation is optionally in unit dosage form. In such form the
preparation is subdivided into unit doses containing appropriate quantities of the active
component. The unit dosage form can be a packaged preparation, the package containing discrete
quantities of preparation, such as packeted tablets, capsules, and powders in vials or ampoules.
Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can be the
appropriate number of any of these in packaged form. The unit dosage form can be of a frozen

dispersion.

[0065] It is understood that the examples and embodiments described herein are for illustrative
purposes only and that various modifications or changes in light thereof will be suggested to
persons skilled in the art and are to be included within the spirit and purview of this application
and scope of the appended claims. All publications, patents, and patent applications cited herein

are hereby incorporated by reference in their entirety for all purposes.

METFORMIN AND TKI COMPOSITIONS

[0066] Provided herein are, infer alia, compositions including metformin and a tyrosine kinase
inhibitor (TKI). The compositions provided herein including embodiments thereof are, infer alia,
useful for treating cancer. Thus, in an aspect is provided a composition including metformin and

a tyrosine kinase inhibitor (TKI).

[0067] In embodiments, the TKI is an antibody or a small molecule. In embodiments, the TKI

is an antibody. In embodiments, the TKI is a small molecule.
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[0068] In embodiments, the TKI is gilteritinib, midostaurin, quizartinib, crenolanib, sunitinib,
lestaurtinib, FLX925, cabozantinib, SEL24-B489, G-749, AMG 925, TTT-3002, or FF-10101. In
embodiments, the TKI is gilteritinib. In embodiments, the TKI is midostaurin. In embodiments,
the TK1 is quizartinib. In embodiments, the TKI is crenolanib. In embodiments, the TKI is
sunitinib. In embodiments, the TKI is lestaurtinib. In embodiments, the TKI 1s FLX925. In
embodiments, the TKI is cabozantinib. In embodiments, the TKI 1s SEL24-B489. In
embodiments, the TKI is G-749. In embodiments, the TKI is AMG 925. In embodiments, the
TKI 1s TTT-3002. In embodiments, the TKI is FF-10101.

[0069] In embodiments, the TKI is not sorafenib, osimertinib, gefitinib, icotinib, or rociletinib.
In embodiments, the TKI 1s not sorafenib. In embodiments, the TKI is not osimertinib. In
embodiments, the TKI is not gefitinib. In embodiments, the TKI is not icotinib. In embodiments,

the TKI is not rociletinib.

[0070] In embodiments, the composition includes an amount of metformin between about 250
mg to about 2500 mg. In embodiments, the composition includes an amount of metformin
between about 300 mg to about 2500 mg. In embodiments, the composition includes an amount
of metformin between about 400 mg to about 2500 mg. In embodiments, the composition
includes an amount of metformin between about 500 mg to about 2500 mg. In embodiments, the
composition includes an amount of metformin between about 600 mg to about 2500 mg. In
embodiments, the composition includes an amount of metformin between about 700 mg to about
2500 mg. In embodiments, the composition includes an amount of metformin between about 800
mg 1o about 2500 mg. In embodiments, the composition includes an amount of metformin
between about 900 mg to about 2500 mg. In embodiments, the composition includes an amount
of metformin between about 1000 mg to about 2500 mg. In embodiments, the composition
includes an amount of metformin between about 1100 mg to about 2500 mg. In embodiments,
the composition includes an amount of metformin between about 1200 mg to about 2500 mg. In
embodiments, the composition includes an amount of metformin between about 1300 mg to
about 2500 mg. In embodiments, the composition includes an amount of metformin between
about 1400 mg to about 2500 mg. In embodiments, the composition includes an amount of
metformin between about 1500 mg to about 2500 mg. In embodiments, the composition includes
an amount of metformin between about 1600 mg to about 2500 mg. In embodiments, the

composition includes an amount of metformin between about 1700 mg to about 2500 mg. In
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embodiments, the composition includes an amount of metformin between about 1800 mg to
about 2500 mg. In embodiments, the composition includes an amount of metformin between
about 1900 mg to about 2500 mg. In embodiments, the composition includes an amount of
metformin between about 2000 mg to about 2500 mg. In embodiments, the composition includes
an amount of metformin between about 2100 mg to about 2500 mg. In embodiments, the
composition includes an amount of metformin between about 2200 mg to about 2500 mg. In
embodiments, the composition includes an amount of metformin between about 2300 mg to
about 2500 mg. In embodiments, the composition includes an amount of metformin between

about 2400 mg to about 2500 mg.

[0071] In embodiments, the composition includes an amount of metformin between about 250
mg to about 2400 mg. In embodiments, the composition includes an amount of metformin
between about 250 mg to about 2300 mg. In embodiments, the composition includes an amount
of metformin between about 250 mg to about 2200 mg. In embodiments, the composition
includes an amount of metformin between about 250 mg to about 2100 mg. In embodiments, the
composition includes an amount of metformin between about 250 mg to about 2000 mg. In
embodiments, the composition includes an amount of metformin between about 250 mg to about
1900 mg. In embodiments, the composition includes an amount of metformin between about 250
mg to about 1800 mg. In embodiments, the composition includes an amount of metformin
between about 250 mg to about 1700 mg. In embodiments, the composition includes an amount
of metformin between about 250 mg to about 1600 mg. In embodiments, the composition
includes an amount of metformin between about 250 mg to about 1500 mg. In embodiments, the
composition includes an amount of metformin between about 250 mg to about 1400 mg. In
embodiments, the composition includes an amount of metformin between about 250 mg to about
1300 mg. In embodiments, the composition includes an amount of metformin between about 250
mg to about 1200 mg. In embodiments, the composition includes an amount of metformin
between about 250 mg to about 1100 mg. In embodiments, the composition includes an amount
of metformin between about 250 mg to about 1000 mg. In embodiments, the composition
includes an amount of metformin between about 250 mg to about 900 mg. In embodiments, the
composition includes an amount of metformin between about 250 mg to about 800 mg. In
embodiments, the composition includes an amount of metformin between about 250 mg to about

700 mg. In embodiments, the composition includes an amount of metformin between about 250
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mg to about 600 mg. In embodiments, the composition includes an amount of metformin
between about 250 mg to about 500 mg. In embodiments, the composition includes an amount of
metformin between about 250 mg to about 400 mg. In embodiments, the composition includes an

amount of metformin between about 250 mg to about 300 mg.

[0072] In embodiments, the composition includes an amount of metformin between 250 mg to
2500 mg. In embodiments, the composition includes an amount of metformin between 300 mg to
2500 mg. In embodiments, the composition includes an amount of metformin between 400 mg to
2500 mg. In embodiments, the composition includes an amount of metformin between 500 mg to
2500 mg. In embodiments, the composition includes an amount of metformin between 600 mg to
2500 mg. In embodiments, the composition includes an amount of metformin between 700 mg to
2500 mg. In embodiments, the composition includes an amount of metformin between 800 mg to
2500 mg. In embodiments, the composition includes an amount of metformin between 900 mg to
2500 mg. In embodiments, the composition includes an amount of metformin between 1000 mg
to 2500 mg. In embodiments, the composition includes an amount of metformin between 1100
mg to 2500 mg. In embodiments, the composition includes an amount of metformin between
1200 mg to 2500 mg. In embodiments, the composition includes an amount of metformin
between 1300 mg to 2500 mg. In embodiments, the composition includes an amount of
metformin between 1400 mg to 2500 mg. In embodiments, the composition includes an amount
of metformin between 1500 mg to 2500 mg. In embodiments, the composition includes an
amount of metformin between 1600 mg to 2500 mg. In embodiments, the composition includes
an amount of metformin between 1700 mg to 2500 mg. In embodiments, the composition
includes an amount of metformin between 1800 mg to 2500 mg. In embodiments, the
composition includes an amount of metformin between 1900 mg to 2500 mg. In embodiments,
the composition includes an amount of metformin between 2000 mg to 2500 mg. In
embodiments, the composition includes an amount of metformin between 2100 mg to 2500 mg.
In embodiments, the composition includes an amount of metformin between 2200 mg to 2500
mg. In embodiments, the composition includes an amount of metformin between 2300 mg to
2500 mg. In embodiments, the composition includes an amount of metformin between 2400 mg

to 2500 mg.

[0073] In embodiments, the composition includes an amount of metformin between 250 mg to

2400 mg. In embodiments. the composition includes an amount of metformin between 250 mg to
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2300 mg.
2200 mg.
2100 mg.
2000 mg.
1900 mg.
1800 mg.
1700 mg.
1600 mg.
1500 mg.
1400 mg.
1300 mg.
1200 mg.
1100 mg.
1000 mg.

In embodiments, the composition includes an amount of metformin between 250 mg to
In embodiments, the composition includes an amount of metformin between 250 mg to
In embodiments, the composition includes an amount of metformin between 250 mg to
In embodiments, the composition includes an amount of metformin between 250 mg to
In embodiments, the composition includes an amount of metformin between 250 mg to
In embodiments, the composition includes an amount of metformin between 250 mg to
In embodiments, the composition includes an amount of metformin between 250 mg to
In embodiments. the composition includes an amount of metformin between 250 mg to
In embodiments, the composition includes an amount of metformin between 250 mg to
In embodiments, the composition includes an amount of metformin between 250 mg to
In embodiments, the composition includes an amount of metformin between 250 mg to
In embodiments, the composition includes an amount of metformin between 250 mg to
In embodiments, the composition includes an amount of metformin between 250 mg to

In embodiments, the composition includes an amount of metformin between 250 mg to

900 mg. In embodiments, the composition includes an amount of metformin between 250 mg to

800 mg. In embodiments, the composition includes an amount of metformin between 250 mg to

700 mg. In embodiments, the composition includes an amount of metformin between 250 mg to

600 mg. In embodiments, the composition includes an amount of metformin between 250 mg to

500 mg. In embodiments, the composition includes an amount of metformin between 250 mg to

400 mg. In embodiments, the composition includes an amount of metformin between 250 mg to

300 mg

[0074]

In embodiments, the composition includes an amount of the TKI between about 10 mg

to about 300 mg. In embodiments, the composition includes an amount of the TKI between about

20 mg to about 300 mg. In embodiments, the composition includes an amount of the TKI

between about 30 mg to about 300 mg. In embodiments, the composition includes an amount of

the TKI between about 40 mg to about 300 mg. In embodiments, the composition includes an

amount of the TKI between about 50 mg to about 300 mg. In embodiments, the composition

includes an amount of the TKI between about 60 mg to about 300 mg. In embodiments, the

composition includes an amount of the TKI between about 70 mg to about 300 mg. In

embodiments, the composition includes an amount of the TKI between about 80 mg to about 300

mg. In embodiments, the composition includes an amount of the TKI between about 90 mg to
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about 300 mg. In embodiments, the composition includes an amount of the TKI between about
100 mg to about 300 mg. In embodiments, the composition includes an amount of the TKI
between about 110 mg to about 300 mg. In embodiments, the composition includes an amount of
the TKI between about 120 mg to about 300 mg. In embodiments, the composition includes an
amount of the TKI between about 130 mg to about 300 mg. In embodiments, the composition
includes an amount of the TKI between about 140 mg to about 300 mg. In embodiments, the
composition includes an amount of the TKI between about 150 mg to about 300 mg. In
embodiments, the composition includes an amount of the TKI between about 160 mg to about
300 mg. In embodiments, the composition includes an amount of the TKI between about 170 mg
to about 300 mg. In embodiments, the composition includes an amount of the TKI between about
180 mg to about 300 mg. In embodiments, the composition includes an amount of the TKI
between about 190 mg to about 300 mg. In embodiments, the composition includes an amount of
the TKI between about 200 mg to about 300 mg. In embodiments, the composition includes an
amount of the TKI between about 210 mg to about 300 mg. In embodiments, the composition
includes an amount of the TKI between about 220 mg to about 300 mg. In embodiments, the
composition includes an amount of the TKI between about 230 mg to about 300 mg. In
embodiments, the composition includes an amount of the TKI between about 240 mg to about
300 mg. In embodiments, the composition includes an amount of the TKI between about 250 mg
to about 300 mg. In embodiments, the composition includes an amount of the TKI between about
260 mg to about 300 mg. In embodiments, the composition includes an amount of the TKI
between about 270 mg to about 300 mg. In embodiments, the composition includes an amount of
the TKI between about 280 mg to about 300 mg. In embodiments, the composition includes an

amount of the TKI between about 290 mg to about 300 mg.

[0075] In embodiments, the composition includes an amount of the TKI between about 10 mg
to about 290 mg. In embodiments, the composition includes an amount of the TKI between about
10 mg to about 280 mg. In embodiments, the composition includes an amount of the TKI
between about 10 mg to about 270 mg. In embodiments, the composition includes an amount of
the TKI between about 10 mg to about 260 mg. In embodiments, the composition includes an
amount of the TKI between about 10 mg to about 250 mg. In embodiments, the composition
includes an amount of the TKI between about 10 mg to about 240 mg. In embodiments, the

composition includes an amount of the TKI between about 10 mg to about 230 mg. In
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embodiments, the composition includes an amount of the TKI between about 10 mg to about 220
mg. In embodiments, the composition includes an amount of the TKI between about 10 mg to
about 210 mg. In embodiments, the composition includes an amount of the TKI between about
10 mg to about 200 mg. In embodiments, the composition includes an amount of the TKI
between about 10 mg to about 190 mg. In embodiments, the composition includes an amount of
the TKI between about 10 mg to about 180 mg. In embodiments, the composition includes an
amount of the TKI between about 10 mg to about 170 mg. In embodiments, the composition
includes an amount of the TKI between about 10 mg to about 160 mg. In embodiments, the
composition includes an amount of the TKI between about 10 mg to about 150 mg. In
embodiments, the composition includes an amount of the TKI between about 10 mg to about 140
mg. In embodiments, the composition includes an amount of the TKI between about 10 mg to
about 130 mg. In embodiments, the composition includes an amount of the TKI between about
10 mg to about 120 mg. In embodiments, the composition includes an amount of the TKI
between about 10 mg to about 110 mg. In embodiments, the composition includes an amount of
the TKI between about 10 mg to about 100 mg. In embodiments, the composition includes an
amount of the TKI between about 10 mg to about 90 mg. In embodiments, the composition
includes an amount of the TKI between about 10 mg to about 80 mg. In embodiments, the
composition includes an amount of the TKI between about 10 mg to about 70 mg. In
embodiments, the composition includes an amount of the TKI between about 10 mg to about 60
mg. In embodiments. the composition includes an amount of the TKI between about 10 mg to
about 40 mg. In embodiments, the composition includes an amount of the TKI between about 10
mg to about 30 mg. In embodiments, the composition includes an amount of the TKI between

about 10 mg to about 20 mg.

[0076] In embodiments, the composition includes an amount of the TKI between 10 mg to 300
mg. In embodiments, the composition includes an amount of the TKI between 20 mg to 300 mg.
In embodiments, the composition includes an amount of the TKI between 30 mg to 300 mg. In
embodiments, the composition includes an amount of the TKI between 40 mg to 300 mg. In
embodiments, the composition includes an amount of the TKI between 50 mg to 300 mg. In
embodiments, the composition includes an amount of the TKI between 60 mg to 300 mg. In
embodiments, the composition includes an amount of the TKI between 70 mg to 300 mg. In

embodiments, the composition includes an amount of the TKI between 80 mg to 300 mg. In
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embodiments, the composition includes an amount of the TKI between 90 mg to 300 mg. In

embodiments, the composition includes an amount of the TKI between 100 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 110 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 120 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 130 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 140 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 150 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 160 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 170 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 180 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 190 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 200 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 210 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 220 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 230 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 240 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 250 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 260 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 270 mg to 300 mg.
embodiments, the composition includes an amount of the TKI between 280 mg to 300 mg.

embodiments, the composition includes an amount of the TKI between 290 mg to 300 mg.

In
In
In
In
In
In
In
In
In
In
In
In
In
In
In
In
In
In

In

[0077] In embodiments, the composition includes an amount of the TKI between 10 mg to 290
mg. In embodiments, the composition includes an amount of the TKI between 10 mg to 280 mg.
In embodiments, the composition includes an amount of the TKI between 10 mg to 270 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 260 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 250 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 240 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 230 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 220 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 210 mg. In

embodiments, the composition includes an amount of the TKI between 10 mg to 200 mg. In
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embodiments, the composition includes an amount of the TKI between 10 mg to 190 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 180 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 170 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 160 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 150 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 140 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 130 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 120 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 110 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 100 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 90 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 80 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 70 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 60 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 40 mg. In
embodiments, the composition includes an amount of the TKI between 10 mg to 30 mg. In

embodiments, the composition includes an amount of the TKI between 10 mg to 20 mg.

[0078] In embodiments, the amount of metformin or the amount of the TKI are effective to
inhibit polo-like kinase 1 (PLK1) activity in a human subject or a human cell. In embodiments,
the amount of metformin is effective to inhibit polo-like kinase 1 (PLK1) activity in a human
subject or a human cell. In embodiments, the amount of metformin is effective to inhibit polo-
like kinase 1 (PLK1) activity in a human subject. In embodiments, the amount of metformin is
effective to inhibit polo-like kinase 1 (PLK1) activity in a human cell. In embodiments, the
amount of the TKI is effective to inhibit polo-like kinase 1 (PLK1) activity in a human subject or
a human cell. In embodiments. the amount of the TKI is effective to inhibit polo-like kinase 1
(PLK1) activity in a human subject. In embodiments, the amount of the TKI is effective to

inhibit polo-like kinase 1 (PLK1) activity in a human cell.

[0079] In embodiments, metformin is in a first dosage form and the TKI is in a second dosage
form. In embodiments, the TKI is in a first dosage form and metformin is in a second dosage

form. In embodiments, metformin and the TKI are in a single dosage form.
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[0080] In embodiments, the composition is a pharmaceutical composition, wherein the

pharmaceutical composition further includes a pharmaceutically acceptable excipient.

[0081] In embodiments, metformin and the TKI are present in a combined synergistic amount,
wherein the combined synergistic amount is effective to treat cancer in a subject in need thereof.
A “combined synergistic amount™ is used herein according to its plain ordinary meaning and

refers to the sum of a first amount (e.g., an amount of metformin) and a second amount (e.g., an

amount of a TKI) that results in a synergistic effect (i.e. an effect greater than an additive effect).

Therefore, the terms "synergy," "synergism," "svnergistic," which are used herein
interchangeably, refer to a measured effect of compounds (e.g., metformin and a TKI)
administered in combination where the measured effect (e.g., treatment of cancer) is greater than
the sum of the individual effects of each of the compounds administered alone as a single agent.
In embodiments, the combined synergistic amount is a combined therapeutically effective
amount for treating cancer in a subject in need thereof. In embodiments, the combined
synergistic amount includes an amount of metformin that is less than a therapeutically effective
amount of metformin when administered alone as a single agent. In embodiments, the combined
synergistic amount includes an amount of a TKI that is less than a therapeutically effective
amount of the TKI when administered alone as a single agent. In embodiments, the combined
synergistic amount includes an amount of metformin and an amount of a TKI that are each less
than a therapeutically effective amount of metformin and the therapeutically effective amount of
the TKI when each of the compounds (e.g., metformin and the TKI) are administered alone as a
single agent. In embodiments, the therapeutically effective amount of metformin is an U.S. Food
and Drug Administration (FDA)-approved amount of metformin that is effective in treating a
disease, disorder, or condition in a subject in need thereof. In embodiments, the therapeutically
effective amount of a TKI is an FDA-approved amount of a TKI metformin that is effective in
treating a disease, disorder, or condition in a subject in need thereof. In embodiments, the

combined therapeutically effective amount is a therapeutically effective amount of metformin

combined with a therapeutically effective amount of a TKI.

[0082] In embodiments, a synergistic amount may be about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
09,10,1.1,1.2,13,14,15,1.6,1.7,18,1.9,2.0,21,22,23,24,25,26,2.7,28,29, 3.0,
31.32,33,34,35.36,3.7,38,39,40,4.1,42,43,44,45,46,47,48,49,50,5.1,5.2,

53.54,55,56.57.58,59,60.61,62,63,64,65.66,67,68,.69,7.0,7.1,72,73,74,
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75,76,77,78,79,80,8.1,82,83,84,85,8.6,87,88,89,9.0,91,92,93,94,95,9.6,
9.7,9.8,99,10.0, 11, 12,13, 14, 15, 16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31.
32,33, 34,35, 36,37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68,69, 70, 71,72, 73, 74,75, 76.77. 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% of the amount of metformin
when used separately from the TKI. In embodiments, a synergistic amount may be about 0.1,
02.03,04,05,06,07,08,09,10,1.1,1.2,1.3,14,15,16,1.7,18,19,2.0,2.1,22,2.3,
24,25,26,2.7,28.29,3.0,3.1,3.2,33,3.4,3.5.3.6,3.7,38,39.40,4.1,42,43,44,45,
46,47 48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,6.7,
68,69,70,71,72,73,74,75,76,77,78,79,80,8.1,82,83,84,85,8.6,87,88,8.9,
9.0,9.1,9.2,9.3,94,95,9.6,9.7,98.99,10.0, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35,36, 37,38, 39,40, 41, 42,43, 44,45, 46, 47, 48, 49,
50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75,
76,717,778, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% of

the amount of the TKI when used separately from metformin.

[0083] The svnergistic effect may be a PLK1 activity decreasing effect, an FLT3 activity
decreasing effect, a STATS activity decreasing effect. an ERK activity decreasing effect. and/or
an mTOR activity decreasing effect. In embodiments, the synergistic effect is a PLK1 activity
decreasing effect. In embodiments, the synergistic effect is an FLT3 activity decreasing effect. In
embodiments. In embodiments, the synergistic effect is the synergistic effect is a STATS activity
decreasing effect. In embodiments, the synergistic effect is an ERK activity decreasing effect. In
embodiments, the synergistic effect is. In embodiments, the synergistic effect is an mTOR

activity decreasing effect.

[0084] In embodiments, synergy between metformin and the TKI may result in about 0.1, 0.2,
03,04,05,0.6,07,08,09,1.0,1.1,1.2,1.3,1.4,15.1.6,1.7,1.8,19,2.0,2.1,22,23,2.4,
25.26,27,28,29.3.0,3.1,3.2,33,34,3.5,36,3.7.38,39,40,41,42 43,44.45,4.6,
47,48,49,50,51,52,53,54,55,56,57,58,59,60,6.1,62,63,64,65,66,6.7,6.8,
69,70,71,72,73,74,75,76,77,78,79,8.0,8.1,82,83,84,85,86,8.7,88,89,9.0,
9.1,92,93,94,95,96,9.7,938,99,10.0, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,

51, 52,53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,68, 69,70, 71,72,73,74,75, 76,
33



10

15

20

25

30

WO 2025/097033 PCT/US2024/054235

77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
greater decrease (e.g., decrease of PLK1 activity, decrease of FLT3 activity, decrease of STATS
activity, decrease of ERK activity, or decrease of mTOR activity) than the sum of the decrease of

metformin or the TKI when used individually and separately.

[0085] In embodiments, synergy between metformin and the TKI results in about 0.1, 0.2, 0.3,
04,05,06,0.7,08,09,1.0,1.1,1.2,13,1.4,1.5,1.6,1.7,1.8,19,20,2.1,2.2,23,24,2.5,
26,27,28,29,3.0,3.1,3.2,3.3,34,35,3.6,3.7,38.39,40,41,42,43,44,45,46,4.7,
48,49,50,51,52,53,54,55,56.57,58,59.6.0,6.1,62,63.64,65,66,6.7, 68, 6.9,
70,71,72,73,74,75,76,77,78,79,80,8.1,82,83,84,85,86,87,88,89,9.0,9.1,
92,93,94,95,96,97,98,99,10.0, 11,12, 13, 14, 15, 16,17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,37, 38, 39,40, 41, 42,43, 44, 45, 46, 47, 48, 49, 50, 51,
52,53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73,74, 75,76, 77,
78. 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
greater decrease of PLK1 activity than the sum of the decrease of metformin or the TKI when

used individually and separately.

[0086] In embodiments, synergy between metformin and the TKI results in about 0.1, 0.2, 0.3,
04,05,06,0.7,08,09,1.0,1.1,1.2, 1.3, 1.4, 1.5,1.6, 1.7, 1.8, 1.9, 2.0,2.1,2.2,2.3,24, 2.5,
26,27,28,29.3.0,.3.1,3.2,33.34,35,3.6,37.38.39,4.0,41.42,43,44,45.46,4.7,
48,49,50,51,52,53,54,55,56,57,58,59,60,6.1,62,63,64,65,66,67,68,6.9,
70,71,72,73,74,75,76,7.7,78,79,8.0,8.1,82,83,84,85,86,87,88,89,90,9.1,
92,93,94,95,96.9.7,9.8,9.9,10.0, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36,37, 38, 39,40, 41,42, 43, 44,45, 46, 47, 48, 49, 50, 51,
52,53, 54,55,56,57,58,59.60, 61,62 63,64 65 66,67 68,69, 70, 71,72, 73.74,75,76, 71,
78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
greater decrease of FLT3 activity than the sum of the decrease of metformin or the TKI when

used individually and separately.

[0087] In embodiments, synergy between metformin and the TKI results in about 0.1, 0.2, 0.3,
04,05,06,07,08,09,10, 1.1,1.2, 13,14, 1.5 16,1.7,18,19,20,2.1,22,23,24. 25,
26,27,28,29,30,3.1,3.2,33,34,35,3.6,3.7,3.8,39,40,41,42,43,44,45,46,4.7,
48,49,50,51,52,53,54,55,56.57,58,59,60.6.1,62,63,64,6.5,6.6,6.7, 6.8, 6.9,
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70,71,72,73,74,75,76,77,78,79,8.0,8.1,82,83,84,85,86,87,88,89,90,9.1,
92,93,94,95,96,9.7,9.8,9.9,10.0, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,37, 38, 39,40, 41,42, 43, 44,45, 46, 47, 48, 49, 50, 51,
52,53, 54,55, 56,57, 58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68,69, 70. 71,72, 73, 74, 75,76, 77,
78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
greater decrease of STATS activity than the sum of the decrease of metformin or the TKI when

used individually and separately.

[0088] In embodiments, synergy between metformin and the TKI results in about 0.1, 0.2, 0.3,
04,05,06,07,08,09,10,1.1,1.2,13,14,15,16,1.7,18,19,2.0,2.1,2.2,23,24,2.5,
26,27,28,29,3.0,3.1,3.2,33,34,35,3.6,37,38,39,40,41,42,43,44,45,46,4.7,
48,49,50,51,52,53,54,55,56,57,58,59,60,6.1,62,63,64,65,66,67,68,6.9,
70.71,72,73,74,75,76,7.7,78,79,8.0,8.1,82,83,84,85,86,87,8.8,89,90,9.1,
92.93,94,95,96,9.7,938,9.9,10.0, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36,37, 38, 39,40, 41, 42,43, 44,45, 46, 47, 48, 49, 50, 51,
52,53, 54,55, 56,57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73, 74, 75,76, 77,
78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88. 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
greater decrease of ERK activity than the sum of the decrease of metformin or the TKI when

used individually and separately.

[0089] In embodiments, synergy between metformin and the TKI results in about 0.1, 0.2, 0.3,
04,05,06,0.7,08,09,1.0,1.1,1.2,13,14,1.5,1.6,1.7,1.8,19,20,2.1,2.2,23,24,2.5,
26,27,28,29,3.0,3.1,3.2,3.3,34,35,36,3.7,38,39,40,41,42,43,44,45,46,4.7,
48,49,50,51,52,53,54,55.56.57,58,59.6.0,6.1,62,63,.64,65,66,6.7, 68, 6.9,
70,71,72,73,74,75,76,77,78,79,80,81,82,83.84,85, 86,87, 88,89,90.9.1,
92,93,94,95,96,97,98,9.9,10.0, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52,53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74,75, 76, 77,
78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
greater decrease of mTOR activity than the sum of the decrease of metformin or the TKI when

used individually and separately.
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[0090] In embodiments, synergy between metformin and the TKI may result in 0.1, 0.2, 0.3,
04,05,06,0.7,08,09,1.0,1.1,1.2, 1.3, 1.4,1.5,1.6, 1.7, 1.8, 1.9, 2.0,2.1,2.2, 23,24, 2.5,
26,27,28,29,3.0,3.1,3.2,33,3.4,3.5,3.6,3.7,3.8,3.9,4.0,4.1,42,43,44,45,46,4.7,
48,49,50,51,52,53,54,55,56,57,58,59,6.0,6.1,62,63,64,65,6.6,6.7,6.8, 6.9,
70,71,72,73,74,75,76,77,78,79,8.0,8.1,82,83,84,85,86,87,8.8,89,9.0,9.1,
92,93,94,95,96,9.7,9.8,9.9,10.0, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,40, 41, 42,43, 44,45, 46, 47, 48, 49, 50, 51,
52,53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,70, 71,72,73,74,75,76, 77,
78,79, 80, 81,82, 83, 84. 85, 86, 87, 88, 89,90, 91,92, 93,94, 95,96, 97, 98, 99, or 100%
greater inhibition of the PLK1 protein, the FLT3 protein, the STATS protein, the ERK protein,
and/or the mTOR protein than the sum of the inhibition of metformin or the TKI when used

individually and separately.

[0091] In embodiments, synergy between metformin and the TKI results in 0.1, 0.2, 0.3, 0.4,
0.5,06,07,08,09,1.0,1.1,1.2,1.3,14,15,1.6,1.7,18,1.9,2.0,2.1,2.2,23,24,25,2.6,
27,28,29,3.0,3.1,32,33,3.4,35,36,3.7,3.8,3.9,40,4.1,42,43,44,45,4.6,4.7,4.8,
49,5.0,5.1,52,53,.54,55,56,57.58,59,60,61,62,63,64,65,66,67,68,69,7.0,
7.1,72,73,74,75,76,7.7,78,79,80, 8.1, 82,83, 84,85,86,87,8.38,89,9.0,91,9.2,
93,94,95,96,9.7,9.8,99,10.0, 11, 12, 13,14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53,54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75, 76, 77, 18,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% greater
mhibition of the PLK1 protein, the FLT3 protein, the STATS protein, the ERK protein, or the
mTOR protein than the sum of the inhibition of metformin or the TKI when used individually

and separately.

[0092] In embodiments, synergy between metformin and the TKI results in 0.1, 0.2, 0.3, 0.4,
05,06,07,08,09,10,1.1,1.2,13,14,15,1.6,1.7,1.8,19,2.0,21,22,23,24,25,2.6,
27,28,29,3.0,3.1,32,33,34,35,36,3.7,38,39,40,41,42,43,44,45,46,47,4.38,
49,50,51,52,53,54,55,56,57,58,59,60,6.1,62,63,64,65,66,6.7,68,69,7.0,
71,72,73,74,75,76,7.7,78,79,8.0,8.1,82,83,84,85,86,87,.88,89,9.0,91,9.2,
93.94,95,9.6,97.98,9.9,10.0, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,

27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37. 38, 39, 40, 41. 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
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53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73,74, 75,76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% greater
inhibition of the PLK1 protein than the sum of the inhibition of metformin or the TKI when used

individually and separately.

[0093] In embodiments, synergy between metformin and the TKI results in 0.1, 0.2, 0.3, 0.4,
05,06,07,0.8,09,1.0,1.1,1.2,1.3,1.4,1.5,1.6,1.7,18,1.9,2.0,21,2.2,23,24,25,2.6,
27,28,29,3.0,3.1,3.2,3.3,3.4,3.5,3.6,3.7,3.8,39,40,4.1,42,43,44,45,4.6,47,4.8,
49,5.0,5.1,52,53,54,55,56,57.58,59,60,6.1,62,63,64,65,66,6.7,68,69,7.0,
7.1,72,73,74,75,76,7.7,7.8,79,80,8.1,82,83,84,85,86,87,88,89,9.0,9.1,9.2,
93,94,95,9.6,9.7,98,9.9,10.0, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53,54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75, 76, 77, 18,
79. 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% greater
inhibition of the FLT3 protein than the sum of the inhibition of metformin or the TKI when used

individually and separately.

[0094] In embodiments, synergy between metformin and the TKI results in 0.1, 0.2, 0.3, 0.4,
05,06,0.7,08,09,10,1.1,1.2,1.3,14,15,16,1.7.1.8,19,2.0,2.1,2.2,2.3,24,25,2.6,
27.28,29,3.0,3.1,32,3.3,34,35,3.6,3.7,38,39.40,4.1,42,43,44,45,46,4.7,4.38,
49,50,51,52,53,54,55,56,57,58,59,6.0,6.1,62,63,64,65,6.6,6.7,68,69,7.0,
71,72,73,7.4,75,76,7.7,78,79,80,8.1,82,83,84,85,86,87,88,89,9.0,9.1,9.2,
93,94,95,9.6,9.7.98,9.9,10.0, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53,54,55,56,57,58. 59,60, 61, 62, 63, 64, 65, 66,67, 68, 69,70, 71,72, 73,74, 75,76,77. 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% greater
inhibition of the STATS protein than the sum of the inhibition of metformin or the TKI when

used individually and separately.

[0095] In embodiments, synergy between metformin and the TKI results in 0.1, 0.2, 0.3, 0.4,
05,06,07,08,09,10,1.1,1.2,13,14,15,1.6,1.7,18,19,2.0,21,22 23,2425 2.6,
27,28,29,3.0,3.1,3.2,3.3,34,35,36,3.7,3.8,39,40,41,42,43,44,45,46,47,4.28,
49,50,51,52,53,54,55,56,57.58,59,6.0,6.1,62,63,64,65,6.6,6.7,68, 69, 7.0,
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71,72,73,74,75,76,7.7,78,79,80,8.1,82,83,84,85,86,87,88,89,9.0,9.1,9.2,
93,9.4,95,9.6,9.7,9.8,9.9,10.0, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 20,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54,55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,93, 94, 95, 96, 97, 98, 99, or 100% greater
inhibition of the ERK protein than the sum of the inhibition of metformin or the TKI when used

individually and separately.

[0096] In embodiments, synergy between metformin and the TKI results in 0.1, 0.2, 0.3, 0.4,
05,06,07,08,09,10,1.1,12,13,14,15,16,1.7,18,19,20,21,22,23,24,25,2.6,
27,28,29,3.0,3.1,32,33,34,35,36,37,38,39,40,4.1,42,43,44,45,46,47,4.38,
49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,6.7,68,69,7.0,
71.72,73,74,75,76,7.7,78,79,8.0,8.1,82,83,84,85,86,87,88,89,9.0,91,9.2,
93.94,95,9.6.9.7.9.8,9.9,10.0, 11, 12, 13, 14, 15,16, 17. 18, 19, 20, 21, 22, 23, 24, 25, 26,
217,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54, 55, 56, 57, 58, 39, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75,76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89. 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% greater
inhibition of the mTOR protein than the sum of the inhibition of metformin or the TKI when

used individually and separately.

[0097] The synergistic effect may be a cancer-treating effect such as a lymphoma (i.e. a
lymphoma-treating synergistic effect), Hodgkin lymphoma (i.e. a Hodgkin lymphoma-treating
synergistic effect), Non-Hodgkin lymphoma (i.e. a Non-Hodgkin lymphoma-treating synergistic
effect), leukemia (i.e. a leukemia-treating synergistic effect), mveloma (i.e. a myeloma-treating
synergistic effect), multiple myeloma (i.e. a multiple myeloma-treating synergistic effect), AML
(i.e. a AML-treating synergistic effect), B-ALL (i.e. a B-ALL-treating synergistic effect), T-ALL
(i.e. a T-ALL-treating synergistic effect), renal cell carcinoma (i.e. a renal cell carcinoma-
treating synergistic effect). colon cancer (i.e. a colon cancer-treating synergistic effect),
colorectal cancer (i.e. a colorectal cancer-treating synergistic effect), rectal cancer (i.e. a rectal
cancer-treating synergistic effect), breast cancer (i.e. a breast cancer-treating synergistic effect),
epithelial squamous cell cancer (i.e., epithelial squamous cell cancer-treating synergistic effect),
melanoma (i.e.. melanoma-treating synergistic effect), gastric cancer (i.e. a gastric cancer-

treating synergistic effect), brain cancer (i.e. a brain cancer-treating svnergistic effect). lung
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cancer (i.e. alung cancer-treating synergistic effect), pancreatic cancer (i.e. a pancreatic cancer-
treating synergistic effect), cervical cancer (i.e. a cervical cancer-treating synergistic effect),
ovarian cancer (i.e. an ovarian cancer-treating svnergistic effect), liver cancer (i.e. a liver cancer-
treating synergistic effect), bladder cancer (i.e. a bladder cancer-treating synergistic effect),
prostate cancer (i.e. a prostate cancer-treating synergistic effect), testicular cancer (i.e. a
testicular cancer-treating synergistic effect), thyroid cancer (i.e. a thyroid cancer-treating
synergistic effect), head and neck cancer (i.e. a head and neck cancer-treating synergistic effect).
uterine cancer (i.e. an uterine cancer-treating synergistic effect), endometrial cancer (i.e. an
endometrial cancer-treating synergistic effect), bone cancer (i.e. a bone cancer-treating
synergistic effect), sarcoma (i.e. a sarcoma-treating synergistic effect), soft tissue sarcoma (i.e. a
soft tissue sarcoma-treating synergistic effect), osteosarcoma (i.e. an osteosarcoma-treating
synergistic effect), adenocarcinoma (i.e. an adenocarcinoma-treating synergistic effect), adrenal

cancer (i.e. a adrenal cancer-treating synergistic effect.

[0098] In embodiments, the synergistic effect is a lymphoma-treating synergistic effect. In
embodiments, the synergistic effect is a Hodgkin lymphoma-treating synergistic effect. In
embodiments, the synergistic effect is a Non-Hodgkin lymphoma-treating synergistic effect. In
embodiments, the synergistic effect is a leukemia-treating svnergistic effect. In embodiments, the
synergistic effect is a myeloma-treating synergistic effect. In embodiments, the synergistic effect
is a multiple myeloma-treating synergistic effect. In embodiments, the synergistic effect is an
AML-treating synergistic effect. In embodiments, the synergistic effect is a B-ALL-treating
synergistic effect. In embodiments, the synergistic effect is a T-ALL-treating synergistic effect.
In embodiments, the synergistic effect is a renal cell carcinoma-treating synergistic effect. In
embodiments, the synergistic effect is a colon cancer-treating synergistic effect. In embodiments,
the synergistic effect is a colorectal cancer-treating synergistic effect. In embodiments, the
synergistic effect is a rectal cancer-treating synergistic effect. [n embodiments, the synergistic
effect 1s a breast cancer-treating synergistic effect. In embodiments, the synergistic effect is
epithelial squamous cell cancer-treating synergistic effect. In embodiments, the synergistic effect
is melanoma-treating synergistic effect. In embodiments, the synergistic effect is a gastric
cancer-treating synergistic effect. In embodiments, the synergistic effect is a brain cancer-
treating synergistic effect. In embodiments, the synergistic effect is a lung cancer-treating

synergistic effect. In embodiments, the synergistic effect is a pancreatic cancer-treating
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synergistic effect. In embodiments, the synergistic effect is a cervical cancer-treating synergistic
effect. In embodiments, the synergistic effect is an ovarian cancer-treating synergistic effect. In
embodiments, the synergistic effect is a liver cancer-treating synergistic effect. In embodiments,
the synergistic effect is a bladder cancer-treating svnergistic effect. In embodiments, the
synergistic effect is a prostate cancer-treating synergistic effect. In embodiments, the synergistic
effect is a testicular cancer-treating synergistic effect. In embodiments, the synergistic effect is a
thyroid cancer-treating synergistic effect. In embodiments, the synergistic effect is a head and
neck cancer-treating synergistic effect. In embodiments, the synergistic effect is a uterine cancer-
treating synergistic effect. In embodiments, the synergistic effect is an endometrial cancer-
treating synergistic effect. In embodiments, the synergistic effect is a bone cancer-treating
synergistic effect. In embodiments, the synergistic effect is a sarcoma-treating synergistic effect.
In embodiments, the synergistic effect is a soft tissue sarcoma-treating synergistic effect. In
embodiments, the synergistic effect is an osteosarcoma-treating synergistic effect. In
embodiments, the synergistic effect is an adenocarcinoma-treating synergistic effect. In

embodiments, the synergistic effect is an adrenal cancer-treating synergistic effect.

[0099] In embodiments, the cancer is lymphoma, Hodgkin lymphoma, Non-Hodgkin
lymphoma, leukemia, myeloma, multiple myeloma, acute myeloid leukemia (AML), B-cell acute
lymphoblastic leukemia (B-ALL), T-cell acute lvmphoblastic leukemia (T-ALL), renal cell
carcinoma, colon cancer, rectal cancer, colorectal cancer, breast cancer, epithelial squamous cell
cancer, melanoma, gastric cancer, brain cancer, lung cancer, pancreatic cancer, cervical cancer,
ovarian cancer, liver cancer, bladder cancer, prostate cancer, testicular cancer, thyroid cancer,
head and neck cancer, uterine cancer, endometrial cancer, bone cancer, sarcoma, soft tissue

sarcoma, osteosarcoma, adenocarcinoma, or adrenal cancer.

[0100] In embodiments, the cancer is lymphoma. In embodiments, the cancer is Hodgkin
lymphoma. In embodiments, the cancer is Non-Hodgkin lymphoma. In embodiments, the cancer
is leukemia. In embodiments, the cancer is myeloma. In embodiments, the cancer is multiple
myeloma. In embodiments, the cancer is acute myeloid leukemia (AML). In embodiments, the
cancer is B-cell acute lymphoblastic leukemia (B-ALL). In embodiments, the cancer is T-cell
acute lymphoblastic leukemia (T-ALL). In embodiments, the cancer is renal cell carcinoma. In
embodiments, the cancer is colon cancer. In embodiments, the cancer is rectal cancer. In

embodiments, the cancer is colorectal cancer. In embodiments, the cancer is breast cancer. In
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embodiments, the cancer is epithelial squamous cell cancer. In embodiments, the cancer is
melanoma. In embodiments, the cancer is gastric cancer. In embodiments, the cancer is brain
cancer. In embodiments, the cancer is lung cancer. In embodiments, the cancer is pancreatic
cancer. In embodiments, the cancer is cervical cancer. In embodiments, the cancer is ovarian
cancer. In embodiments, the cancer 1s liver cancer. In embodiments, the cancer 1s bladder cancer.
In embodiments, the cancer is prostate cancer. In embodiments, the cancer is testicular cancer. In
embodiments, the cancer is thyroid cancer. In embodiments, the cancer is head and neck cancer.
In embodiments. the cancer is uterine cancer. In embodiments, the cancer i1s endometrial cancer.
In embodiments, the cancer 1s bone cancer. In embodiments, the cancer 1s sarcoma. In
embodiments, the cancer 1s soft tissue sarcoma. In embodiments, the cancer 1s osteosarcoma. In

embodiments, the cancer is adenocarcinoma. In embodiments, the cancer is adrenal cancer.

[0101] In embodiments, the cancer includes an fms like tyrosine kinase 3 (FLT3) mutation or
increased FLT3 expression. In embodiments, the cancer includes an fms like tyrosine kinase 3

(FLT3) mutation. In embodiments, the cancer includes increased FLT3 expression.
[0102] In embodiments, the cancer includes increased polo-like kinase 1 (PLK1) activity.
[0103] In embodiments, the cancer includes a TKI-resistant cancer.

METHODS OF TREATMENT

[0104] The methods of treatment provided herein including embodiments thereof, are
contemplated, inter alia, for treating cancer. Thus, in an aspect is provided a method of treating
cancer in a subject in need thereof, the method including administering to the subject a
therapeutically effective amount of metformin and a tyrosine kinase inhibitor (TKI), thereby

treating the cancer.

[0105] In embodiments, the therapeutically effective amount of metformin and a TKI is a
combined therapeuticallv effective amount of metformin and a TKI. In embodiments, the
combined therapeutically effective amount is the combined amount of metformin and a TKI that
is effective at treating a cancer in a subject in need thereof. In embodiments, the therapeutically
effective amount of metformin is an U.S. Food and Drug Administration (FDA)-approved
amount of metformin metformin that is effective in treating a disease. disorder. or condition in a

subject in need thereof. In embodiments, the therapeutically effective amount of a TKI is an
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FDA-approved amount of a TKI metformin that is effective in treating a disease, disorder, or
condition in a subject in need thereof. In embodiments, the combined therapeutically effective
amount is a therapeutically effective amount of metformin combined with a therapeutically
effective amount of a TKI. In embodiments, the combined therapeutically effective amount is a

combined synergistic amount.

[0106] In embodiments, the TKI is an antibody or a small molecule. In embodiments, the TKI

is an antibody. In embodiments, the TKI is a small molecule.

[0107] In embodiments, the TKI is gilteritinib, midostaurin, quizartinib, crenolanib, sunitinib,
lestaurtinib, FLX925, cabozantinib, SEL24-B489, G-749, AMG 925, TTT-3002, or FF-10101. In
embodiments, the TKI is gilteritinib. In embodiments, the TKI is midostaurin. In embodiments,
the TKI is quizartinib. In embodiments, the TKI is crenolanib. In embodiments, the TKI is
sunitinib. In embodiments, the TKI is lestaurtinib. In embodiments, the TKI 1s FLX925. In
embodiments, the TKI is cabozantinib. In embodiments, the TKI is SEL24-B489. In
embodiments, the TKI is G-749. In embodiments, the TKI is AMG 925. In embodiments, the
TKI is TTT-3002. In embodiments, the TKI is FF-10101.

[0108] In embodiments, the TKI is not sorafenib, osimertinib, gefitinib, icotinib, or rociletinib.
In embodiments, the TKI 1s not sorafenib. In embodiments, the TKI is not osimertinib. In
embodiments, the TKI is not gefitinib. In embodiments, the TKI is not icotinib. In embodiments,

the TKI 1s not rociletinib.

[0109] In embodiments, metformin and TKI are administered in a combined synergistic
amount. A “combined synergistic amount” is used herein according to its plain ordinary meaning
and refers to the sum of a first amount (e.g., an amount of metformin) and a second amount (e.g.,

an amount of a TKI) that results in a synergistic effect (i.e., an effect greater than an additive

effect). Therefore, the terms "synergy," "synergism," "synergistic," which are used herein
interchangeably, refer to a measured effect of compounds (e.g., metformin and a TKI)
administered in combination where the measured effect (e.g., treatment of cancer) is greater than
the sum of the individual effects of each of the compounds administered alone as a single agent.
In embodiments, the combined synergistic amount includes an amount of metformin that is less
than a therapeutically effective amount of metformin when administered alone as a single agent.
In embodiments, the combined synergistic amount includes an amount of a TKI that is less than
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a therapeutically effective amount of the TKI when administered alone as a single agent. In
embodiments, the combined synergistic amount includes an amount of metformin and an amount
of a TKI that is less than a therapeutically effective amount of metformin and the therapeutically
effect amount of the TKI when each of the compounds (e.g., metformin and the TKI) are

administered alone as a single agent.

[0110] In embodiments, a synergistic amount may be about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
09,10,1.1,1.2,13,14,15,1.6,1.7,1.8,1.9,2.0,21.22,23,24,25,26,2.7,28,29,3.0,
31.32,33,34,35.36,3.7,38,39,40,4.1,42,43,44,45,46,47,48,49,50,5.1,5.2,
53,54,55,56,57,58,59,60,6.1,62,63,64,65,66,67,68,69,7.0,7.1,7.2,73,7.4,
75,76,77,78,79,80,8.1,82,83,84,85,86,87,88,89,90,91,92,93,94,95,9.6,
9.7,9.8,99,10.0, 11, 12,13, 14, 15, 16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43_ 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68,69, 70,71.72,73,74,75,76,77,78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% of the amount of metformin
when used separately from the TKI.

[0111] In embodiments, the synergistic amount is about 0.1% of the amount of metformin
when used separately from the TKI. In embodiments, the synergistic amount is about 0.2% of the
amount of metformin when used separately from the TKI. In embodiments. the synergistic
amount is about 0.3% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 0.4% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 0.5% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
0.6% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 0.7% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 0.8% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 0.9% of the
amount of metformin when used separately from the TKI. In embodiments, the synergistic
amount is about 1.0% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 1.1% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 1.2% of the amount of

metformin when used separately from the TKI. In embodiments, the synergistic amount is about
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1.3% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 1.4% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 1.5% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 1.6% of the
amount of metformin when used separately from the TKI. In embodiments, the synergistic
amount is about 1.7% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 1.8% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 1.9% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about

2.0% of the amount of metformin when used separately from the TKL

[0112] In embodiments, the synergistic amount is about 2.1% of the amount of metformin
when used separately from the TKI. In embodiments, the synergistic amount is about 2.2% of the
amount of metformin when used separately from the TKI. In embodiments. the synergistic
amount is about 2.3% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 2.4% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 2.5% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
2.6% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 2.7% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 2.8% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 2.9% of the
amount of metformin when used separately from the TKI. In embodiments, the synergistic
amount is about 3.0% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 3.1% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 3.2% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
3.3% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 3.4% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 3.5% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 3.6% of the

amount of metformin when used separately from the TKI. In embodiments, the synergistic
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amount is about 3.7% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 3.8% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 3.9% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about

4.0% of the amount of metformin when used separately from the TKI.

[0113] In embodiments, the synergistic amount is about 4.1% of the amount of metformin
when used separately from the TKI. In embodiments, the synergistic amount is about 4.2% of the
amount of metformin when used separately from the TKI. In embodiments, the svnergistic
amount is about 4.3% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 4.4% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 4.5% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
4.6% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 4.7% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 4.8% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 4.9% of the
amount of metformin when used separately from the TKI. In embodiments, the svnergistic
amount is about 5.0% of the amount of metformin when used separately from the TKL In
embodiments, the synergistic amount is about 5.1% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 5.2% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
5.3% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 5.4% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 5.5% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 5.6% of the
amount of metformin when used separately from the TKI. In embodiments. the svnergistic
amount is about 5.7% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 5.8% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 5.9% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about

6.0% of the amount of metformin when used separately from the TKI.
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[0114] In embodiments, the synergistic amount is about 6.1% of the amount of metformin
when used separately from the TKI. In embodiments, the synergistic amount is about 6.2% of the
amount of metformin when used separately from the TKI. In embodiments, the svnergistic
amount is about 6.3% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 6.4% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 6.5% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
6.6% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 6.7% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 6.8% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 6.9% of the
amount of metformin when used separately from the TKI. In embodiments, the svnergistic
amount is about 7.0% of the amount of metformin when used separately from the TKI In
embodiments, the synergistic amount is about 7.1% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 7.2% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
7.3% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 7.4% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 7.5% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 7.6% of the
amount of metformin when used separately from the TKI. In embodiments. the svnergistic
amount is about 7.7% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 7.8% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 7.9% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about

8.0% of the amount of metformin when used separately from the TKI.

[0115] In embodiments, the synergistic amount is about 8.1% of the amount of metformin
when used separately from the TKI. In embodiments, the synergistic amount is about 8.2% of the
amount of metformin when used separately from the TKI. In embodiments, the svnergistic
amount is about 8.3% of the amount of metformin when used separately from the TKI. In

embodiments, the synergistic amount is about 8.4% of the amount of metformin when used
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separately from the TKI. In embodiments, the synergistic amount is about 8.5% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
8.6% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 8.7% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 8.8% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 8.9% of the
amount of metformin when used separately from the TKI. In embodiments, the svnergistic
amount 1s about 9.0% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 9.1% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 9.2% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
9.3% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 9.4% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 9.5% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 9.6% of the
amount of metformin when used separately from the TKI. In embodiments, the svnergistic
amount is about 9.7% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 9.8% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 9.9% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about

10.0% of the amount of metformin when used separately from the TKI.

[0116] In embodiments, the synergistic amount is about 11% of the amount of metformin
when used separately from the TKI. In embodiments, the synergistic amount is about 12% of the
amount of metformin when used separately from the TKI. In embodiments, the synergistic
amount is about 13% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 14% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 15% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
16% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 17% of the amount of metformin when used separately from the

TKI. In embodiments, the synergistic amount is about 18% of the amount of metformin when
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used separately from the TKI. In embodiments, the synergistic amount is about 19% of the
amount of metformin when used separately from the TKI. In embodiments, the svnergistic
amount is about 20% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 21% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 22% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
23% of the amount of metformin when used separately from the TKI. In embodiments. the
synergistic amount is about 24% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 25% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 26% of the
amount of metformin when used separately from the TKI. In embodiments, the svnergistic
amount is about 27% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 28% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 29% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about

30% of the amount of metformin when used separately from the TKI.

[0117] In embodiments, the synergistic amount is about 31% of the amount of metformin
when used separately from the TKI. In embodiments, the synergistic amount is about 32% of the
amount of metformin when used separately from the TKI. In embodiments, the synergistic
amount is about 33% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 34% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 35% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
36% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 37% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 38% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 39% of the
amount of metformin when used separately from the TKI. In embodiments, the synergistic
amount is about 40% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 41% of the amount of metformin when used

separately from the TKI. In embodiments, the synergistic amount is about 42% of the amount of
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metformin when used separately from the TKI. In embodiments, the synergistic amount is about
43% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 44% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 45% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 46% of the
amount of metformin when used separately from the TKI. In embodiments, the synergistic
amount is about 47% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 48% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 49% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about

50% of the amount of metformin when used separately from the TKI.

[0118] In embodiments, the synergistic amount is about 51% of the amount of metformin
when used separately from the TKI. In embodiments, the synergistic amount is about 52% of the
amount of metformin when used separately from the TKI. In embodiments, the synergistic
amount is about 53% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 54% of the amount of metformin when used
separately from the TKI. In embodiments, the svnergistic amount is about 55% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
56% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 57% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 58% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 59% of the
amount of metformin when used separately from the TKI. In embodiments, the synergistic
amount is about 60% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 61% of the amount of metformin when used
separately from the TKI. In embodiments, the svnergistic amount is about 62% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
63% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 64% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 65% of the amount of metformin when

used separately from the TKI. In embodiments, the synergistic amount is about 66% of the
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amount of metformin when used separately from the TKI. In embodiments, the synergistic
amount is about 67% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 68% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 69% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about

70% of the amount of metformin when used separately from the TKI.

[0119] In embodiments, the synergistic amount is about 71% of the amount of metformin
when used separately from the TKI. In embodiments, the synergistic amount is about 72% of the
amount of metformin when used separately from the TKI. In embodiments, the synergistic
amount is about 73% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 74% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 75% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
76% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 77% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 78% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 79% of the
amount of metformin when used separately from the TKI. In embodiments, the synergistic
amount is about 80% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 81% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 82% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
83% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 84% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 85% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 86% of the
amount of metformin when used separately from the TKI. In embodiments, the synergistic
amount is about 87% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 88% of the amount of metformin when used
separately from the TKI. In embodiments, the svnergistic amount is about 89% of the amount of

metformin when used separately from the TKI. In embodiments, the synergistic amount is about
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90% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 91% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 92% of the amount of metformin when
used separately from the TKI. In embodiments, the synergistic amount is about 93% of the
amount of metformin when used separately from the TKI. In embodiments, the synergistic
amount is about 94% of the amount of metformin when used separately from the TKI. In
embodiments, the synergistic amount is about 95% of the amount of metformin when used
separately from the TKI. In embodiments, the synergistic amount is about 96% of the amount of
metformin when used separately from the TKI. In embodiments, the synergistic amount is about
97% of the amount of metformin when used separately from the TKI. In embodiments, the
synergistic amount is about 98% of the amount of metformin when used separately from the
TKI. In embodiments, the synergistic amount is about 99% of the amount of metformin when

used separately from the TKI.

[0120] In embodiments, a synergistic amount may be about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
09,10,1.1,1.2,13,14,15,1.6,1.7,18,1.9,2.0,2.1,22,23,24,25,26,2.7,28,29,3.0,
31,32,33,34,35.36,3.7,38,39.40,4.1,42,43,44,45,46,47,48,49,50,5.1,5.2,
53.54,55,56,57.58,59,6.0,6.1,62,63,64,65,66,67,68,69,70,7.1,72, 73,74,
75,7.6,77,78,79,80,8.1,82,83,84,85,86,87,88,89,90,9.1,9.2.93,94,95,9.6,
97,98,99,10.0, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57.
58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68,69, 70,71,72,73,74,75,76,77,78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% of the amount of the TKI when

used separately from metformin.

[0121] In embodiments, the synergistic amount is about 0.1% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 0.2% of the
amount of the TKI when used separately from metformin. In embodiments, the svnergistic
amount is about 0.3% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 0.4% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 0.5% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is

about 0.6% of the amount of the TKI when used separately from metformin. In embodiments, the
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synergistic amount is about 0.7% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 0.8% of the amount of the TKI
when used separately from metformin. In embodiments, the synergistic amount is about 0.9% of
the amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 1.0% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 1.1% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 1.2% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 1.3% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 1.4% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 1.5% of the amount of the TKI
when used separately from metformin. In embodiments, the synergistic amount is about 1.6% of
the amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 1.7% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 1.8% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 1.9% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is

about 2.0% of the amount of the TKI when used separately from metformin.

[0122] In embodiments, the synergistic amount is about 2.1% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 2.2% of the
amount of the TKI when used separately from metformin. In embodiments, the svnergistic
amount is about 2.3% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 2.4% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 2.5% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 2.6% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 2.7% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 2.8% of the amount of the TKI
when used separately from metformin. In embodiments, the synergistic amount is about 2.9% of
the amount of the TKI when used separately from metformin. In embodiments, the synergistic

amount is about 3.0% of the amount of the TKI when used separately from metformin. In
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embodiments, the synergistic amount is about 3.1% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 3.2% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 3.3% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 3.4% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 3.5% of the amount of the TKI
when used separately from metformin. In embodiments, the synergistic amount is about 3.6% of
the amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 3.7% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 3.8% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 3.9% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is

about 4.0% of the amount of the TKI when used separately from metformin.

[0123] In embodiments, the synergistic amount is about 4.1% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 4.2% of the
amount of the TKI when used separately from metformin. In embodiments, the svnergistic
amount is about 4.3% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 4.4% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 4.5% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 4.6% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 4.7% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 4.8% of the amount of the TKI
when used separately from metformin. In embodiments, the synergistic amount is about 4.9% of
the amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount 1s about 5.0% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 5.1% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 5.2% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 5.3% of the amount of the TKI when used separately from metformin. In embodiments, the

synergistic amount is about 5.4% of the amount of the TKI when used separately from
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metformin. In embodiments, the synergistic amount is about 5.5% of the amount of the TKI
when used separately from metformin. In embodiments, the synergistic amount is about 5.6% of
the amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 5.7% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 5.8% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 5.9% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is

about 6.0% of the amount of the TKI when used separately from metformin.

[0124] In embodiments, the synergistic amount is about 6.1% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 6.2% of the
amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 6.3% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 6.4% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 6.5% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 6.6% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 6.7% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 6.8% of the amount of the TKI
when used separately from metformin. In embodiments, the synergistic amount is about 6.9% of
the amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 7.0% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 7.1% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 7.2% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 7.3% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 7.4% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 7.5% of the amount of the TKI
when used separately from metformin. In embodiments, the synergistic amount is about 7.6% of
the amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 7.7% of the amount of the TKI when used separately from metformin. In

embodiments, the svnergistic amount is about 7.8% of the amount of the TKI when used
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separately from metformin. In embodiments, the synergistic amount is about 7.9% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is

about 8.0% of the amount of the TKI when used separately from metformin.

[0125] In embodiments, the synergistic amount is about 8. 1% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 8.2% of the
amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 8.3% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 8.4% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 8.5% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 8.6% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 8.7% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 8.8% of the amount of the TKI
when used separately from metformin. In embodiments, the synergistic amount is about 8.9% of
the amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 9.0% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 9.1% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 9.2% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 9.3% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 9.4% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 9.5% of the amount of the TKI
when used separately from metformin. In embodiments, the synergistic amount is about 9.6% of
the amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 9.7% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 9.8% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 9.9% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is

about 10.0% of the amount of the TKI when used separately from metformin.

[0126] In embodiments, the synergistic amount is about 11% of the amount of the TKI when

used separately from metformin. In embodiments. the synergistic amount is about 12% of the
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amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 13% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 14% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 15% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 16% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 17% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 18% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 19% of the
amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 20% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 21% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 22% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 23% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 24% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 25% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 26% of the
amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 27% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 28% of the amount of the TKI1 when used
separately from metformin. In embodiments, the synergistic amount is about 29% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is

about 30% of the amount of the TKI when used separately from metformin.

[0127] In embodiments, the synergistic amount is about 31% of the amount of the TKI when
used separately from metformin. In embodiments. the synergistic amount is about 32% of the
amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 33% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 34% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 35% of the amount

of the TKI when used separately from metformin. In embodiments, the synergistic amount is
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about 36% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 37% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 38% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 39% of the
amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 40% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 41% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 42% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 43% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 44% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 45% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 46% of the
amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 47% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 48% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 49% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is

about 50% of the amount of the TKI when used separately from metformin.

[0128] In embodiments, the synergistic amount is about 51% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 52% of the
amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 53% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 54% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 55% of the amount
of the TKI when used separately from metformin. In embodiments, the svnergistic amount is
about 56% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 57% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 58% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 59% of the

amount of the TKI when used separately from metformin. In embodiments, the synergistic
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amount is about 60% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 61% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 62% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 63% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 64% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 65% of the amount of the TKI when
used separately from metformin. In embodiments. the synergistic amount is about 66% of the
amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 67% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 68% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 69% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is

about 70% of the amount of the TKI when used separately from metformin.

[0129] In embodiments, the synergistic amount is about 71% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 72% of the
amount of the TKI when used separately from metformin. In embodiments, the svnergistic
amount is about 73% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 74% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 75% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 76% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 77% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 78% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 79% of the
amount of the TKI when used separately from metformin. In embodiments. the svnergistic
amount is about 80% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 81% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 82% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is

about 83% of the amount of the TKI when used separately from metformin. In embodiments, the
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synergistic amount is about 84% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 85% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 86% of the
amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 87% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 88% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 89% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 90% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 91% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 92% of the amount of the TKI when
used separately from metformin. In embodiments, the synergistic amount is about 93% of the
amount of the TKI when used separately from metformin. In embodiments, the synergistic
amount is about 94% of the amount of the TKI when used separately from metformin. In
embodiments, the synergistic amount is about 95% of the amount of the TKI when used
separately from metformin. In embodiments, the synergistic amount is about 96% of the amount
of the TKI when used separately from metformin. In embodiments, the synergistic amount is
about 97% of the amount of the TKI when used separately from metformin. In embodiments, the
synergistic amount is about 98% of the amount of the TKI when used separately from
metformin. In embodiments, the synergistic amount is about 99% of the amount of the TKI when

used separately from metformin.

[0130] The synergistic effect may be a PLK1 activity decreasing effect, an FLT3 activity
decreasing effect, a STATS activity decreasing effect, an ERK activity decreasing effect, and/or
an mTOR activity decreasing effect. In embodiments, the synergistic effect is a PLK1 activity
decreasing effect. In embodiments, the synergistic effect is an FLT3 activity decreasing effect. In
embodiments. In embodiments, the synergistic effect is the synergistic effect is a STATS activity
decreasing effect. In embodiments, the synergistic effect is an ERK activity decreasing effect. In
embodiments, the synergistic effect is. In embodiments, the synergistic effect is an mTOR

activity decreasing effect.

[0131] In embodiments, synergy between metformin and the TKI may result in about 0.1, 0.2,

03.04,05,06.07.08,09,1.0.1.1,12, 13,14, 15.16,1.7,18,19,2.0,2.1,2.2,23,24,
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25,26,27,28,29,3.0,3.1,3.2,33,34,3.5,3.6,3.7,38,39,40,41,42,43,44,45,4.6,
47,48,49,50,51,52,53,54,55.56,57,58,59.6.0,6.1,62,63,64,65,606,6.7,06.8,
69.70,71,72,73.74,75,76,77,78,7.9,8.0,8.1,82,83,84,85,86,8.7,88.89, 9.0,
9.1,92,93,94,95,96,97,9.8,99,10.0, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35,36, 37, 38,39, 40,41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51,52, 53,54, 55,56, 57, 58, 59, 60, 61, 62,63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74, 75, 76,
77,78,79, 80, 81, 82, 83, 84, 85, 86, 87. 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
greater decrease (e.g., decrease of PLK1 activity, decrease of FLT3 activity, decrease of STATS
activity, decrease of ERK activity, or decrease of mTOR activity) than the sum of the decrease of

metformin or the TKI when used individually and separately.

[0132] In embodiments, synergy between metformin and the TKI may result in about 0.1, 0.2,
03.04,05,06,07,.08,09,1.0,1.1,1.2,1.3,1.4,15,.16,1.7,1.8,19,2.0,2.1,2.2,23,2.4,
25.26,27,28,29.3.0,3.1,3.2,33,34,35,36,3.7.38,39,40,41,42 43,44,.45,4.6,
47,48,49,50,51,52,53,54,55,56,57,58,59,60,6.1,62,63,64,65,66,6.7,6.8,
69,70,71,72,73,74,75,76,77,78,79,8.0,8.1,82,83,84,85,86,8.7,88, 89, 9.0,
9.1,92,93,94,95.96,9.7,9.8,99,10.0, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26,27, 28,29, 30, 31,32,33,34,35,36,37,38.39,40,41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52,53, 54, 55,56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76,
77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
greater decrease of PLK1 activity than the sum of the decrease of metformin or the TKI when

used individually and separately.

[0133] In embodiments, synergy between metformin and the TKI may result in about 0.1, 0.2,
03,04,05,06,07,08,09,1.0,1.1,12,13,14,15,16,1.7, 1.8 19,2.0,2.1,22, 23,24,
25,26,27,28,29,3.0,3.1,3.2,33,34,3.5,3.6,3.7,38,39,40,41,42,43,44,45,4.6,
47,48,49,50,51,52,53,54,55.56,57,58,59.6.0,6.1,62,63,64,65,606,6.7,06.8,
69.70,71,72,73.74,75,76,77,78,7.9,8.0,8.1,82,83,84,85,86,8.7,88.89, 9.0,
9.1,92,93,94,95,96,97,9.8,99,10.0, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,126,217, 28, 29, 30, 31, 32, 33, 34, 35,36, 37,38, 39,40, 41, 42,43, 44, 45, 46, 47, 48, 49, 50,
51, 52,53, 54, 55, 56, 57, 58, 59, 60, 61, 62,63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74, 75, 76,
77,78,79, 80, 81, 82, 83, 84, 85, 86, 87. 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%

60



10

15

20

25

30

WO 2025/097033 PCT/US2024/054235

greater decrease of FLT3 activity than the sum of the decrease of metformin or the TKI when

used individually and separately.

[0134] In embodiments, synergy between metformin and the TKI may result in about 0.1, 0.2,
03.04,05,06,07,.08,09,1.0,1.1,1.2,1.3,1.4,15,16,1.7,1.8,19,20,2.1,22,23,2.4,
25,26,27,28,29,30,3.1,3.2,33,34,35,36,3.7,38.39,40,41,42 43,44, 45 4.6,
47,48,49,50,51,52,53,54,55,56,57,58,59,60,6.1,62,63,64,65,66,6.7,6.8,
69,70,71,72,73,74,75,76,77,7.8,79,8.0,81.82, 83,84, 85,86,8.7,88, 89, 9.0,
91.92,93,94,95.96,9.7,9.38,99,10.0, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27,28, 29, 30, 31, 32, 33, 34, 35,36, 37, 38,39, 40, 41, 42, 43, 44 45, 46, 47, 48, 49, 50,
51, 52,53, 54,55, 56,57, 58,59, 60, 61, 62,63, 64, 65, 66, 67, 68, 69, 70,71, 72,73, 74,75, 76,
77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
greater decrease of STATS activity than the sum of the decrease of metformin or the TKI when

used individually and separately.

[0135] In embodiments, synergy between metformin and the TKI may result in about 0.1, 0.2,
03,04,05,0.6,07,08,09,1.0,1.1,1.2,1.3,14,15,16,1.7,1.8,19,2.0,2.1,2.2,23,2.4,
25,26,27,28,29,3.0,3.1,3.2,33,34,35,36,3.7,38,39,40,41,42,43,44,45,4.6,
47,48,49,50,5.1,52,53,54,55.56,57,58,59,6.0,6.1,62,63,64,65,66,6.7,6.8,
69.70,71,72.73.74,75,76,77.78,7.9,80.81.82,83,84.85,86,87,88.89,9.0,
91,92,93,94,95,96,9.7,98,99,10.0, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35,36, 37, 38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51,52,53,54, 55,56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 713, 74, 75, 76,
77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,89, 90,91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
greater decrease of ERK activity than the sum of the decrease of metformin or the TKI when

used individually and separately.

[0136] In embodiments, synergy between metformin and the TKI may result in about 0.1, 0.2,
03,04,05,06,07.08,09,1.0,1.1,1.2,1.3,1.4,15,16,1.7,1.8,19,2.0,2.1,22,23,2.4,
25.26,27,28,29,3.0,3.1,3.2,33,34,3.5,36,3.7.38,39,40,41,42 43,44.45,4.6,
47,48 49,50,51,52,53,54,55,56,57,58,59,60,61,62 63,64 65,66,67 628,
69,70,71,72,73,74,75,76,77,78,79,8.0,8.1,82,83,84,85,86,8.7,88,89,9.0,
9.1,92,93,94,95,9.6,9.7,9.8,99,10.0, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
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25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35,36, 37, 38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51,52, 53,54, 55,56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74, 75, 76.
77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87. 88,89, 90,91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
greater decrease of mTOR activity than the sum of the decrease of metformin or the TKI when

used individually and separately.

[0137] In embodiments, synergy between metformin and the TKI results in about 0.1% greater
decrease than the sum of the decrease of metformin or the TKI when used individually and
separately. In embodiments, synergy between metformin and the TKI results in about 0.2%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 0.3%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 0.4%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 0.5%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 0.6%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 0.7%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 0.8%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 0.9%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 1.0%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments. svnergy between metformin and the TKI results in about 1.1%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 1.2%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 1.3%

greater decrease than the sum of the decrease of metformin or the TKI when used individually
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and separately. In embodiments, synergy between metformin and the TKI results in about 1.4%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 1.5%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 1.6%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 1.7%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 1.8%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 1.9%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 2.0%
greater decrease than the sum of the decrease of metformin or the TKI when used individually

and separately.

[0138] In embodiments, synergy between metformin and the TKI results in about 2.1% greater
decrease than the sum of the decrease of metformin or the TKI when used individually and
separately. In embodiments, synergy between metformin and the TKI results in about 2.2%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 2.3%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 2.4%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 2.5%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments. svnergy between metformin and the TKI results in about 2.6%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 2.7%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 2.8%

greater decrease than the sum of the decrease of metformin or the TKI when used individually
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and separately. In embodiments, synergy between metformin and the TKI results in about 2.9%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 3.0%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 3.1%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 3.2%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 3.3%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 3.4%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 3.5%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 3.6%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 3.7%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 3.8%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments. svnergy between metformin and the TKI results in about 3.9%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 4.0%
greater decrease than the sum of the decrease of metformin or the TKI when used individually

and separately.

[0139] In embodiments, synergy between metformin and the TKI results in about 4.1% greater
decrease than the sum of the decrease of metformin or the TKI when used individually and
separately. In embodiments, synergy between metformin and the TKI results in about 4.2%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 4.3%

greater decrease than the sum of the decrease of metformin or the TKI when used individually
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and separately. In embodiments, synergy between metformin and the TKI results in about 4.4%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 4.5%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 4.6%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 4.7%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 4.8%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 4.9%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 5.0%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 5.1%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 5.2%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 5.3%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments. svnergy between metformin and the TKI results in about 5.4%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 5.5%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 5.6%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 5.7%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 5.8%
greater decrease than the sum of the decrease of metformin or the TKI when used individually

and separately. In embodiments, synergy between metformin and the TKI results in about 5.9%
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greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 6.0%
greater decrease than the sum of the decrease of metformin or the TKI when used individually

and separately.

[0140] In embodiments, synergy between metformin and the TKI results in about 6.1% greater
decrease than the sum of the decrease of metformin or the TKI when used individually and
separately. In embodiments, synergy between metformin and the TKI results in about 6.2%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 6.3%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 6.4%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 6.5%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 6.6%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 6.7%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 6.8%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 6.9%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 7.0%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 7.1%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 7.2%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 7.3%
greater decrease than the sum of the decrease of metformin or the TKI when used individually

and separately. In embodiments, synergy between metformin and the TKI results in about 7.4%
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greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 7.5%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 7.6%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 7.7%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 7.8%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 7.9%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 8.0%
greater decrease than the sum of the decrease of metformin or the TKI when used individually

and separately.

[0141] In embodiments, synergy between metformin and the TKI results in about 8.1% greater
decrease than the sum of the decrease of metformin or the TKI when used individually and
separately. In embodiments, synergy between metformin and the TKI results in about 8.2%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 8.3%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 8.4%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 8.5%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 8.6%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 8.7%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 8.8%
greater decrease than the sum of the decrease of metformin or the TKI when used individually

and separately. In embodiments, synergy between metformin and the TKI results in about 8.9%
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greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 9.0%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 9.1%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 9.2%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 9.3%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 9.4%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 9.5%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 9.6%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 9.7%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 9.8%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 9.9%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 10.0%
greater decrease than the sum of the decrease of metformin or the TKI when used individually

and separately.

[0142] In embodiments, synergy between metformin and the TKI results in about 11% greater
decrease than the sum of the decrease of metformin or the TKI when used individually and
separately. In embodiments, synergy between metformin and the TKI results in about 12%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 13%
greater decrease than the sum of the decrease of metformin or the TKI when used individually

and separately. In embodiments, synergy between metformin and the TKI results in about 14%
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greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 15%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 16%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 17%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 18%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 19%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 20%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 21%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 22%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 23%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 24%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 25%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 26%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 27%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 28%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 29%

greater decrease than the sum of the decrease of metformin or the TKI when used individually
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and separately. In embodiments, synergy between metformin and the TKI results in about 30%
greater decrease than the sum of the decrease of metformin or the TKI when used individually

and separately.

[0143] In embodiments, synergy between metformin and the TKI results in about 31% greater
decrease than the sum of the decrease of metformin or the TKI when used individually and
separately. In embodiments, synergy between metformin and the TKI results in about 32%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 33%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 34%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 35%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 36%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 37%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 38%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 39%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 40%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 41%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments. svnergy between metformin and the TKI results in about 42%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 43%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 44%

greater decrease than the sum of the decrease of metformin or the TKI when used individually
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and separately. In embodiments, synergy between metformin and the TKI results in about 45%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 46%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 47%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 48%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 49%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 50%
greater decrease than the sum of the decrease of metformin or the TKI when used individually

and separately.

[0144] In embodiments, synergy between metformin and the TKI results in about 51% greater
decrease than the sum of the decrease of metformin or the TKI when used individually and
separately. In embodiments, synergy between metformin and the TKI results in about 52%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 53%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 54%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 55%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 56%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments. svnergy between metformin and the TKI results in about 57%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 58%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 59%

greater decrease than the sum of the decrease of metformin or the TKI when used individually
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and separately. In embodiments, synergy between metformin and the TKI results in about 60%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 61%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 62%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 63%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 64%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 65%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 66%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 67%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 68%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 69%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments. svnergy between metformin and the TKI results in about 70%
greater decrease than the sum of the decrease of metformin or the TKI when used individually

and separately.

[0145] In embodiments, synergy between metformin and the TKI results in about 71% greater
decrease than the sum of the decrease of metformin or the TKI when used individually and
separately. In embodiments, svnergy between metformin and the TKI results in about 72%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 73%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 74%

greater decrease than the sum of the decrease of metformin or the TKI when used individually
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and separately. In embodiments, synergy between metformin and the TKI results in about 75%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 76%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 77%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 78%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 79%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 80%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 81%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 82%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 83%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 84%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments. svnergy between metformin and the TKI results in about 85%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 86%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 87%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 88%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 89%
greater decrease than the sum of the decrease of metformin or the TKI when used individually

and separately. In embodiments, synergy between metformin and the TKI results in about 90%
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greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 91%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 92%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 93%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 94%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 95%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, svnergy between metformin and the TKI results in about 96%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 97%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 98%
greater decrease than the sum of the decrease of metformin or the TKI when used individually
and separately. In embodiments, synergy between metformin and the TKI results in about 99%
greater decrease than the sum of the decrease of metformin or the TKI when used individually

and separately.

[0146] In embodiments, synergy between metformin and the TKI may result in 0.1, 0.2, 0.3,
04,05,06,07,08,09,10,1.1,1.2,13,14,15,16,1.7,18,19,20,2.1,22,23,24,2.5,
26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,4.7,
48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,6.7,68,6.09,
70.71,72,73,74,75,7.6,7.7,78.79,8.0,8.1,82,83,84,85,86,87,88,89,90,9.1,
92.93,94,95,96,97,9.8,99,10.0, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26,217, 28,29,30,31,32,33,34,35,36,37,38,39,40, 41,42, 43,44, 45 46,47, 48, 49,50, 51,
52,53, 54,55, 56,57, 38, 39, 60, 61, 62, 63, 64, 65, 66, 67, 638, 69, 70, 71,72, 73, 74,75, 76, 77.
78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
greater inhibition of the PLK1 protein, the FLT3 protein, the STATS protein, the ERK protein,
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and/or the mTOR protein than the sum of the inhibition of metformin or the TKI when used

individually and separately.

[0147] In embodiments, synergy between metformin and the TKI results in 0.1, 0.2, 0.3, 0.4,
05.06,0.7,08,09,10,1.1,1.2,1.3,14,15,1.6,1.7,18,19,20,21,22,23,24,25,2.6,
27,28,29,3.0,3.1,32,33,34,35,36,3.7,38,39,40.41,42 43,44 45,46,47. 428,
49,50,51,52,53,54,55,56,57,58,59,60,6.1,62,63,64,65,66,67,68,69,7.0,
71,72,73,74,75,76,7.7,78,79,8.0,81,82,83.84,85,86,87,88,89,90,91,9.2,
93.94,95,9.6,97.98,99,10.0, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53,54, 55,56,57, 58,59, 60, 61, 62,63,64,65, 66,67, 68, 69,70, 71,72,73,74, 75,76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% greater
inhibition of the PLK1 protein, the FLT3 protein, the STATS protein, the ERK protein, and the
mTOR protein than the sum of the inhibition of metformin or the TKI when used individually

and separately.

[0148] In embodiments, synergy between metformin and the TKI results in 0.1, 0.2, 0.3, 0.4,
0.5,06,07,08,09,1.0,1.1,1.2,1.3,1.4,1.5,1.6,1.7, 1.8, 1.9,2.0,2.1,2.2,2.3,2.4,25, 2.6,
27,.28,29,3.0,3.1,3.2,3.3,3.4,3.5,3.6,3.7,38,3.9,40,4.1,42,43,44,45,4.6,4.7,4.38,
49.50,51,52.53.54,5.5,56.57.58,59,6.0.6.1,62,63,64,.65,66,6.7,6.8, 6.9, 7.0,
71,72,73,74,75,76,77,78,79,8.0,8.1,82,83,84,85,86,87,88,89,9.0,9.1,9.2,
93,94,95,9.6,97,98,9.9,10.0, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53,54, 55,56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,68, 69,70, 71,72,73,74,75,76, 77,18,
79, 80, 81, 82, 83, 84, 85, 86, 87. 88, 89, 90, 91, 92,93, 94, 95, 96, 97, 98, 99, or 100% greater
inhibition of the PLK1 protein, the FLT3 protein, the STATS protein, the ERK protein, or the
mTOR protein than the sum of the inhibition of metformin or the TKI when used individually

and separately.

[0149] In embodiments, synergy between metformin and the TKI results in 0.1, 0.2, 0.3, 0.4,
05,06,07,08,09,10,1.1,1.2,13,14,15,1.6,1.7,18,19,2.0,21,22 23,2425 2.6,
27,28,29,3.0,3.1,3.2,3.3,34,35,36,3.7,3.8,39,40,41,42,43,44,45,46,47,4.28,
49,50,51,52,53,54,55,56,57.58,59,60,6.1,.62,63,64,65,6.6,6.7,68,69, 7.0,
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71,72,73,74,75,76,7.7,78,79,80,8.1,82,83,84,85,86,87,88,89,9.0,9.1,9.2,
93,9.4,95,9.6,9.7,9.8,9.9,10.0, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 20,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54,55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,93, 94, 95, 96, 97, 98, 99, or 100% greater
inhibition of the PLK1 protein than the sum of the inhibition of metformin or the TKI when used

individually and separately.

[0150] In embodiments, synergy between metformin and the TKI results in 0.1, 0.2, 0.3, 0.4,
05,06,07,08,09,10,1.1,1.2,13,14,15,16,1.7,1.8,19,20,21,22,23,24,25,2.6,
27,28,29,3.0,3.1,32,3.3,34,35,36,3.7,38,39,40,41,42 43,44,45,46,47.4.28,
49,50,51,52,53,54,55,56,57,58,59,60,6.1,62,63,64,65,6.6,67,68,69,7.0,
71.72,73,74,75.76,7.7,78,79,8.0,8.1,82,83,84,85,86,87,88,89,90,91,9.2,
93.94,95,9.6,97.98,99,10.0,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53,54, 55, 56,57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74,75, 76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% greater
inhibition of the FLT3 protein than the sum of the inhibition of metformin or the TKI when used

individually and separately.

[0151] In embodiments, synergy between metformin and the TKI results in 0.1, 0.2, 0.3, 0.4,
05,06,0.7,0.8,09,10,1.1,1.2,1.3,14,15,16,1.7,1.8,19,2.0,21,2.2,2.3,24,25,2.6,
27,2.8,29,3.0,3.1,3.2,3.3,34,3.5.3.6,3.7,3.8,3.9.40,4.1,42,43,4.4,45,46,47, 4.8,
49,50,5.1,52,53,54,55,56,57.58,59,6.0,6.1,62,63,64,65,6.6,6.7,68, 69, 7.0,
71,72,73,74,75,76,7.7,78,79,80,81,82,83,84,85,86,87,88,89,9.0,9.1,9.2,
93,94,9.5,9.6,9.7,98,9.9,10.0, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54,55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,70, 71, 72, 73,74, 75,76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% greater
inhibition of the the STATS protein than the sum of the inhibition of metformin or the TKI when

used individually and separately.
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[0152] In embodiments, synergy between metformin and the TKI results in 0.1, 0.2, 0.3, 0.4,
0.5,0.6,07,08,09,10,1.1,1.2,13,14,15,16,1.7.1.8,1.9,20,21,2.2,2.3,24,25,2.6,
27,28,29,3.0,3.1,32,33,34,35,36,3.7,38,39,40,4.1,42,43,44,45,46,47,4.8,
49,50,51.52,53,54,55,56,57,58,59,6.0,6.1,62,63,64,65,66,6.7,6.8,6.9, 7.0,
71,72,73,74,75,76,7.7,78,79,80,8.1,82,83,84,85,86,87,88,89,9.0,9.1,9.2,
9.3,94,95,9.6,9.7,9.8,9.9,10.0, 11, 12, 13, 14, 15. 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53,54, 55,56, 57,58, 59, 60, 61, 62, 63, 64, 65, 66, 67. 68, 69,70, 71,72, 73,74, 75,776,717, 78.
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% greater
inhibition of the the ERK protein than the sum of the inhibition of metformin or the TKI when

used individually and separately.

[0153] In embodiments, synergy between metformin and the TKI results in 0.1, 0.2, 0.3, 0.4,
0.5.06,0.7,08,09,10,1.1,1.2,.1.3,14,15,16,1.7.1.8,19,2.0,2.1,2.2,2.3,24,25, 2.6,
27,28,29,3.0,31,32,3.3,34,35,36,3.7,38,39,40,4.1,42,43,44,45,46,47,438,
49,50,51,52,53,54,55,56,57,58,59,6.0,6.1,62,63,64,65,6.6,6.7,68,69,7.0,
71,72,73,7.4,75,76,7.7,78,79,8.0,8.1,82,83.84,85,86,87,88,89,90,9.1,9.2,
93.94,95,9.6,9.7,98,9.9,10.0, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47. 48, 49, 50, 51, 52,
53,54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,74, 75,76, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% greater
inhibition of the mTOR protein than the sum of the inhibition of metformin or the TKI when

used individually and separately.

[0154] The synergistic effect may be a cancer-treating effect such as a lymphoma (i.e. a
lymphoma-treating synergistic effect), a Hodgkin lymphoma (i.e. a Hodgkin lymphoma-treating
synergistic effect), a Non-Hodgkin lvmphoma (i.e. a Non-Hodgkin lymphoma-treating
synergistic effect), a leukemia (i.e. a leukemia-treating synergistic effect), a myeloma (i.e. a
myeloma-treating synergistic effect), a multiple myeloma (i.e. a multiple myeloma-treating
synergistic effect), an AML (i.e. a AML-treating synergistic effect), a B-ALL (i.e. a B-ALL-
treating synergistic effect), a T-ALL (i.e. a T-ALL-treating synergistic effect), a renal cell
carcinoma (i.e. a renal cell carcinoma-treating synergistic effect), a colon cancer (i.e. a colon

cancer-treating synergistic effect), a colorectal cancer (i.e. a colorectal cancer-treating synergistic
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effect), a rectal cancer (i.e. arectal cancer-treating synergistic effect), a breast cancer (i.e. a
breast cancer-treating synergistic effect), an epithelial squamous cell cancer (i.¢., epithelial
squamous cell cancer-treating synergistic effect), a melanoma (i.e., melanoma-treating
synergistic effect), a gastric cancer (i.e. a gastric cancer-treating synergistic effect), a brain
cancer (i.e. a brain cancer-treating synergistic effect), a lung cancer (i.e. a lung cancer-treating
synergistic effect), a pancreatic cancer (i.e. a pancreatic cancer-treating synergistic effect), a
cervical cancer (i.e. a cervical cancer-treating synergistic effect), an ovarian cancer (i.e. an
ovarian cancer-treating synergistic effect). a liver cancer (i.e. a liver cancer-treating synergistic
effect), a bladder cancer (i.e. a bladder cancer-treating synergistic effect), a prostate cancer (i.e. a
prostate cancer-treating synergistic effect), a testicular cancer (i.e. a testicular cancer-treating
synergistic effect), a thyroid cancer (i.e. a thyroid cancer-treating synergistic effect), a head and
neck cancer (i.e. a head and neck cancer-treating synergistic effect). a uterine cancer (i.e. an
uterine cancer-treating synergistic effect), an endometrial cancer (i.e. an endometrial cancer-
treating synergistic effect), a bone cancer (i.e. a bone cancer-treating synergistic effect), a
sarcoma (i.e. a sarcoma-treating synergistic effect), a soft tissue sarcoma (i.e. a soft tissue
sarcoma-treating synergistic effect), an osteosarcoma (i.e. an osteosarcoma-treating synergistic
effect), an adenocarcinoma (i.e. an adenocarcinoma-treating synergistic effect). or an adrenal

cancer (i.e. a adrenal cancer-treating synergistic effect.

[0155] In embodiments, the synergistic effect is a lymphoma-treating synergistic effect. In
embodiments, the synergistic effect is a Hodgkin lymphoma-treating synergistic effect. In
embodiments, the synergistic effect is a Non-Hodgkin lymphoma-treating synergistic effect. In
embodiments, the synergistic effect is a leukemia-treating synergistic effect. In embodiments, the
synergistic effect is a myeloma-treating synergistic effect. In embodiments, the synergistic effect
is a multiple myeloma-treating synergistic effect. In embodiments, the synergistic effect is an
AML-treating synergistic effect. In embodiments, the synergistic effect is a B-ALL-treating
synergistic effect. In embodiments, the synergistic effect is a T-ALL-treating synergistic effect.
In embodiments, the synergistic effect is a renal cell carcinoma-treating synergistic effect. In
embodiments, the synergistic effect is a colon cancer-treating synergistic effect. In embodiments,
the synergistic effect is a colorectal cancer-treating synergistic effect. In embodiments, the
synergistic effect is a rectal cancer-treating synergistic effect. In embodiments, the synergistic

effect is a breast cancer-treating synergistic effect. In embodiments, the synergistic effect is
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epithelial squamous cell cancer-treating synergistic effect. In embodiments, the synergistic effect
is melanoma-treating synergistic effect. In embodiments, the synergistic effect is a gastric
cancer-treating synergistic effect. In embodiments, the synergistic effect is a brain cancer-
treating synergistic effect. In embodiments, the synergistic effect is a lung cancer-treating
synergistic effect. In embodiments, the synergistic effect is a pancreatic cancer-treating
synergistic effect. In embodiments, the synergistic effect is a cervical cancer-treating synergistic
effect. In embodiments, the synergistic effect is an ovarian cancer-treating synergistic effect. In
embodiments, the synergistic effect is a liver cancer-treating synergistic effect. In embodiments.
the synergistic effect is a bladder cancer-treating synergistic effect. In embodiments, the
synergistic effect is a prostate cancer-treating synergistic effect. In embodiments, the synergistic
effect is a testicular cancer-treating synergistic effect. In embodiments, the synergistic effect is a
thyroid cancer-treating svnergistic effect. In embodiments, the synergistic effect is a head and
neck cancer-treating synergistic effect. In embodiments, the synergistic effect is a uterine cancer-
treating synergistic effect. In embodiments, the synergistic effect is an endometrial cancer-
treating synergistic effect. In embodiments, the synergistic effect is a bone cancer-treating
synergistic effect. In embodiments, the synergistic effect is a sarcoma-treating synergistic effect.
In embodiments, the synergistic effect is a soft tissue sarcoma-treating synergistic effect. In
embodiments, the synergistic effect is an osteosarcoma-treating synergistic effect. In
embodiments, the synergistic effect is an adenocarcinoma-treating synergistic effect. In

embodiments, the synergistic effect is an adrenal cancer-treating synergistic effect.

[0156] In embodiments, meformin and the TKI may be administered in combination either
simultaneously (e.g.. as a mixture), separately but simultaneously (e.g., via separate formulations
or intravenous lines) or sequentially (e.g., one agent is administered first followed by
administration of the second agent). Thus, the term combination is used to refer to concomitant,

simultaneous or sequential administration of metformin and the TKI.

[0157] In embodiments, metformin and the TKI are administered simultaneously or
sequentially. In embodiments, metformin and the TKI are administered simultaneously. In
embodiments, metformin and the TKI are administered sequentially. During the course of
treatment metformin and the TKI may at times be administered sequentially and at other times be

administered simultaneously.
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[0158] In embodiments, metformin is administered at a first time point and the TKI is

administered at a second time point, wherein the first time point precedes the second time point.

[0159] In embodiments, the TKI is administered at a first time point and metformin is

administered at a second time point, wherein the first time point precedes the second time point.
[0160] In embodiments, metformin and the TKI are admixed prior to administration.

[0161] In embodiments, metformin is administered at an amount of about 250 mg/day to about
2500 mg/day. In embodiments, metformin is administered at an amount of about 300 mg/day to
about 2500 mg/day. In embodiments, metformin is administered at an amount of about 400
mg/day to about 2500 mg/day. In embodiments, metformin is administered at an amount of about
500 mg/day to about 2500 mg/day. In embodiments, metformin is administered at an amount of
about 600 mg/day to about 2500 mg/day. In embodiments, metformin is administered at an
amount of about 700 mg/day to about 2500 mg/day. In embodiments, metformin is administered
al an amount of about 800 mg/day to about 2500 mg/day. In embodiments, metformin is
administered at an amount of about 900 mg/day to about 2500 mg/day. In embodiments,
metformin is administered at an amount of about 1000 mg/day to about 2500 mg/day. In
embodiments, metformin is administered at an amount of about 1100 mg/day to about 2500
mg/day. In embodiments, metformin is administered at an amount of about 1200 mg/day to about
2500 mg/day. In embodiments, metformin is administered at an amount of about 1300 mg/day to
about 2500 mg/day. In embodiments, metformin is administered at an amount of about 1400
mg/day to about 2500 mg/day. In embodiments, metformin is administered at an amount of about
1500 mg/day to about 2500 mg/day. In embodiments, metformin is administered at an amount of
about 1600 mg/day to about 2500 mg/day. In embodiments. metformin is administered at an
amount of about 1700 mg/day to about 2500 mg/day. In embodiments, metformin is
administered at an amount of about 1800 mg/day to about 2500 mg/day. In embodiments,
metformin is administered at an amount of about 1900 mg/day to about 2500 mg/day. In
embodiments, metformin is administered at an amount ol about 2000 mg/day to about 2500
mg/day. In embodiments, metformin is administered at an amount of about 2100 mg/day to about
2500 mg/day. In embodiments, metformin is administered at an amount of about 2200 mg/day to

about 2500 mg/day. In embodiments, metformin is administered at an amount of about 2300
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mg/day to about 2500 mg/day. In embodiments, metformin is administered at an amount of about

2400 mg/day to about 2500 mg/day.

[0162] In embodiments, metformin is administered at an amount of about 250 mg/day to about
2400 mg/day. In embodiments, metformin is administered at an amount of about 250 mg/day to
about 2300 mg/day. In embodiments, metformin is administered at an amount of about 250
mg/day to about 2200 mg/day. In embodiments, metformin is administered at an amount of about
250 mg/day to about 2100 mg/day. In embodiments, metformin is administered at an amount of
about 250 mg/day to about 2000 mg/day. In embodiments, metformin is administered at an
amount of about 250 mg/day to about 1900 mg/day. In embodiments, metformin is administered
at an amount of about 250 mg/day to about 1800 mg/day. In embodiments, metformin is
administered at an amount of about 250 mg/day to about 1700 mg/day. In embodiments,
metformin is administered at an amount of about 250 mg/day to about 1600 mg/day. In
embodiments, metformin is administered at an amount of about 250 mg/day to about 1500
mg/day. In embodiments, metformin is administered at an amount of about 250 mg/day to about
1400 mg/day. In embodiments, metformin is administered at an amount of about 250 mg/day to
about 1300 mg/day. In embodiments, metformin is administered at an amount of about 250
mg/day to about 1200 mg/day. In embodiments, metformin is administered at an amount of about
250 mg/day to about 1100 mg/day. In embodiments, metformin is administered at an amount of
about 250 mg/day to about 1000 mg/day. In embodiments, metformin is administered at an
amount of about 250 mg/day to about 900 mg/day. In embodiments, metformin is administered
at an amount of about 250 mg/day to about 800 mg/day. In embodiments, metformin is
administered at an amount of about 250 mg/day to about 700 mg/day. In embodiments,
metformin is administered at an amount of about 250 mg/day to about 600 mg/day. In
embodiments, metformin is administered at an amount of about 250 mg/day to about 500
mg/day. In embodiments, metformin is administered at an amount of about 250 mg/day to about
400 mg/day. In embodiments, metformin is administered at an amount of about 250 mg/day to

about 300 mg/day.

[0163] In embodiments, metformin is administered at an amount of 250 mg/day to 2500
mg/day. In embodiments, metformin is administered at an amount of 300 mg/day to 2500
mg/day. In embodiments, metformin is administered at an amount of 400 mg/day to 2500

mg/day. In embodiments, metformin 1s administered at an amount of 500 mg/day to 2500
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mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.

[0164]

mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.

In embodiments, metformin is administered at an amount of 600 mg/day to 2500

In embodiments, metformin is administered at an amount of 700 mg/day to 2500

In embodiments, metformin is administered at an amount of 800 mg/day to 2500

In embodiments, metformin is administered at an amount of 900 mg/day to 2500

In embodiments, metformin is administered at an amount of 1000 mg/day to 2500
In embodiments, metformin is administered at an amount of 1100 mg/day to 2500
In embodiments, metformin is administered at an amount of 1200 mg/day to 2500
In embodiments, metformin is administered at an amount of 1300 mg/day to 2500
In embodiments, metformin is administered at an amount of 1400 mg/day to 2500
In embodiments, metformin is administered at an amount of 1500 mg/day to 2500
In embodiments, metformin is administered at an amount of 1600 mg/day to 2500
In embodiments, metformin is administered at an amount of 1700 mg/day to 2500
In embodiments, metformin is administered at an amount of 1800 mg/day to 2500
In embodiments, metformin is administered at an amount of 1900 mg/day to 2500
In embodiments, metformin is administered at an amount of 2000 mg/day to 2500
In embodiments, metformin is administered at an amount of 2100 mg/day to 2500
In embodiments, metformin is administered at an amount of 2200 mg/day to 2500
In embodiments, metformin is administered at an amount of 2300 mg/day to 2500

In embodiments, metformin is administered at an amount of 2400 mg/day to 2500

In embodiments, metformin is administered at an amount of 250 mg/day to 2400
In embodiments, metformin is administered at an amount of 250 mg/day to 2300
In embodiments, metformin is administered at an amount of 250 mg/day to 2200
In embodiments, metformin is administered at an amount of 250 mg/day to 2100
In embodiments, metformin is administered at an amount of 250 mg/day to 2000
In embodiments, metformin is administered at an amount of 250 mg/day to 1900
In embodiments, metformin is administered at an amount of 250 mg/day to 1800
In embodiments, metformin is administered at an amount of 250 mg/day to 1700
In embodiments, metformin is administered at an amount of 250 mg/day to 1600
In embodiments, metformin is administered at an amount of 250 mg/day to 1500

In embodiments, metformin is administered at an amount of 250 mg/day to 1400
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mg/day. In embodiments, metformin is administered at an amount of 250 mg/day to 1300
mg/day. In embodiments, metformin is administered at an amount of 250 mg/day to 1200
mg/day. In embodiments, metformin is administered at an amount of 250 mg/day to 1100
mg/day. In embodiments, metformin is administered at an amount of 250 mg/day to 1000
mg/day. In embodiments, metformin is administered at an amount of 250 mg/day to 900 mg/day.
In embodiments, metformin is administered at an amount of 250 mg/day to 800 mg/day. In
embodiments, metformin is administered at an amount of 250 mg/day to 700 mg/day. In
embodiments, metformin is administered at an amount of 250 mg/day to 600 mg/day. In
embodiments, metformin is administered at an amount of 250 mg/day to 500 mg/day. In
embodiments, metformin is administered at an amount of 250 mg/day to 400 mg/day. In

embodiments, metformin is administered at an amount of 250 mg/day to 300 mg/day.

[0165] In embodiments, the TKI is administered at an amount of about 10 mg/day to about 300
mg/day. In embodiments, the TKI is administered at an amount of about 20 mg/day to about 300
mg/day. In embodiments, the TKI is administered at an amount of about 30 mg/day to about 300
mg/day. In embodiments, the TKI is administered at an amount of about 40 mg/day to about 300
mg/day. In embodiments, the TKI is administered at an amount of about 50 mg/day to about 300
mg/day. In embodiments, the TKI is administered at an amount of about 60 mg/day to about 300
mg/day. In embodiments, the TKI is administered at an amount of about 70 mg/day to about 300
mg/day. In embodiments, the TKI is administered at an amount of about 80 mg/day to about 300
mg/day. In embodiments, the TKI is administered at an amount of about 90 mg/day to about 300
mg/day. In embodiments, the TKI is administered at an amount of about 100 mg/day to about
300 mg/day. In embodiments, the TKI is administered at an amount of about 110 mg/day to
about 300 mg/day. In embodiments, the TKI is administered at an amount of about 120 mg/day
to about 300 mg/day. In embodiments, the TKI is administered at an amount of about 130
mg/day to about 300 mg/day. In embodiments, the TKI is administered at an amount of about
140 mg/day to about 300 mg/day. In embodiments, the TKI 1s administered at an amount of
about 150 mg/day to about 300 mg/day. In embodiments, the TKI is administered at an amount
of about 160 mg/day to about 300 mg/day. In embodiments, the TKI is administered at an
amount of about 170 mg/day to about 300 mg/day. In embodiments, the TKI is administered at
an amount of about 180 mg/day to about 300 mg/day. In embodiments, the TKI is administered

at an amount of about 190 mg/day to about 300 mg/day. In embodiments, the TKI is
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administered at an amount of about 200 mg/day to about 300 mg/day. In embodiments, the TKI

is administered at an amount of about 210 mg/day to about 300 mg/day. In embodiments, the

TKI is administered at an amount of about 220 mg/day to about 300 mg/day. In embodiments,

the TKI is administered at an amount of about 230 mg/day to about 300 mg/day. In

embodiments, the TKI is administered at an amount of about 240 mg/day to about 300 mg/day.

In embodiments, the TKI is administered at an amount of about 250 mg/day to about 300

mg/day
300 mg

. In embodiments, the TKI is administered at an amount of about 260 mg/day to about

/day. In embodiments, the TKI is administered at an amount of about 270 mg/day to

about 300 mg/day. In embodiments, the TKI is administered at an amount of about 280 mg/day

to about 300 mg/day. In embodiments, the TKI is administered at an amount of about 290

mg/day

[0166]
mg/day

mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.
mg/day.

to about 300 mg/day.

In embodiments, the TKI is administered at an amount of about 10 mg/day to about 290
. In embodiments, the TKI is administered at an amount of about 10 mg/day to about 280
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 270
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 260
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 250
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 240
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 230
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 220
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 210
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 200
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 190
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 180
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 170
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 160
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 150
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 140
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 130
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 120
In embodiments, the TKI is administered at an amount of about 10 mg/day to about 110

In embodiments, the TKI is administered at an amount of about 10 mg/day to about 100
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mg/day. In embodiments, the TKI is administered at an amount of about 10 mg/day to about 290
mg/day. In embodiments, the TKI is administered at an amount of about 10 mg/day to about 80
mg/day. In embodiments, the TKI is administered at an amount of about 10 mg/day to about 70
mg/day. In embodiments, the TKI is administered at an amount of about 10 mg/day to about 60
mg/day. In embodiments, the TKI is administered at an amount of about 10 mg/day to about 50
mg/day. In embodiments, the TKI is administered at an amount of about 10 mg/day to about 40
mg/day. In embodiments, the TKI is administered at an amount of about 10 mg/day to about 30
mg/day. In embodiments, the TKI is administered at an amount of about 10 mg/day to about 20

mg/day.

[0167] In embodiments, the TKI is administered at an amount of 10 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 20 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 30 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 40 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 50 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 60 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 70 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 80 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 90 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 100 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 110 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 120 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 130 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 140 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 150 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 160 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 170 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 180 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 190 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 200 mg/day to 300 mg/day. In
embodiments, the TKI is administered at an amount of 210 mg/day to 300 mg/day. In

embodiments, the TKI is administered at an amount of 220 mg/day to 300 mg/day. In
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embodiments, the TKI is administered at an amount of 230 mg/day to 300 mg/day.
embodiments, the TKI is administered at an amount of 240 mg/day to 300 mg/day.
embodiments, the TKI is administered at an amount of 250 mg/day to 300 mg/day.
embodiments, the TKI is administered at an amount of 260 mg/day to 300 mg/day.
embodiments, the TKI is administered at an amount of 270 mg/day to 300 mg/day.

embodiments, the TKI is administered at an amount of 280 mg/day to 300 mg/day.

In
In
In
In
In

In

embodiments, the TKI is administered at an amount of 290 mg/day to 300 mg/day.

[0168] In embodiments, the TKI is administered at an amount of 10 mg/day to 290 mg/day. In

embodiments, the TKI is administered at an amount of 10 mg/day to 280 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 270 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 260 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 250 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 240 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 230 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 220 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 210 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 200 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 190 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 180 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 170 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 160 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 150 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 140 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 130 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 120 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/dayv to 110 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 100 mg/day.
embodiments, the TKI is administered at an amount of 10 mg/day to 290 mg/day.

In
In
In
In
In
In
In
In
In
In
In
In
In
In
In
In
In
In
In

In

embodiments, the TKI is administered at an amount of 10 mg/day to 80 mg/day. In

embodiments, the TKI is administered at an amount of 10 mg/day to 70 mg/day. In

embodiments, the TKI is administered at an amount of 10 mg/day to 60 mg/day. In
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embodiments, the TKI is administered at an amount of 10 mg/day to 50 mg/day. In
embodiments, the TKI is administered at an amount of 10 mg/day to 40 mg/day. In
embodiments, the TKI is administered at an amount of 10 mg/day to 30 mg/day. In

embodiments, the TKI is administered at an amount of 10 mg/day to 20 mg/day.

[0169] In embodiments, metformin is administered at an amount of about 1200 mg/day and the
TKI is administered at an amount of about 70 mg/day. In embodiments, metformin is
administered at an amount of 1200 mg/day and the TKI is administered at an amount of 70

mg/day.

[0170] In embodiments, metformin is in a first dosage form and the TKI is in a second dosage
form. In embodiments, the TKI is in a first dosage form and metformin is in a second dosage
form. In embodiments, the first dosage form and the second dosage form are the same dosage
form. In embodiments, the first dosage form and the second dosage form are different dosage

forms. In embodiments, metformin and the TKI are in a single dosage form.

[0171] The course of treatment is best determined on an individual basis depending on the
particular characteristics of the subject and the type of treatment selected. The treatment, such as
those disclosed herein, can be administered to the subject on a daily, twice daily, bi-weekly,
monthly or any applicable basis that is therapeutically effective. The treatment can be
administered alone or in combination with any other treatment disclosed herein or known in the
art. The additional treatment can be administered simultaneously with the first treatment, at a
different time, or on an entirely different therapeutic schedule (e.g., the first treatment can be

daily, while the additional treatment is weekly).

[0172] In embodiments, metformin or the TKI is administered daily. In embodiments, the
metformin and the TKI are administered daily. In embodiments, metformin is administered daily.

In embodiments, the TKI is administered daily.

[0173] In embodiments, metformin or the TKI is admisntered once daily, twice daily, three
times daily, four times daily, or five times daily. In embodiments, metformin is admisntered once
daily, twice daily, three times daily, four times daily, or five times daily. In embodiments,
metformin is admisntered once daily. In embodiments, metformin is admisntered twice daily. In

embodiments, metformin is admisntered three times daily. In embodiments, metformin is
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admisntered four times daily. In embodiments, metformin is admisntered five times daily. In
embodiments, the TKI is admisntered once daily. In embodiments, the TKI is admisntered twice
daily. In embodiments, the TKI is admisntered three times daily. In embodiments, the TKI is

admisntered four times daily. In embodiments, the TKI is admisntered five times daily.

[0174] In embodiments, metformin or the TKI is administered orally. In embodiments,

metformin is administered orally. In embodiments, the TKI is administered orally.
[0175] In embodiments, the subject is a mammal. In embodiments, the subject is a human.

[0176] In embodiments, the cancer is lymphoma, Hodgkin lymphoma, Non-Hodgkin
lymphoma, leukemia, myeloma, multiple myeloma, acute myeloid leukemia (AML), B-cell acute
lvmphoblastic leukemia (B-ALL), T-cell acute lymphoblastic leukemia (T-ALL), renal cell
carcinoma, colon cancer, rectal cancer, colorectal cancer, breast cancer, epithelial squamous cell
cancer, melanoma, gastric cancer, brain cancer, lung cancer, pancreatic cancer, cervical cancer,
ovarian cancer, liver cancer, bladder cancer, prostate cancer, testicular cancer, thyroid cancer,
head and neck cancer, uterine cancer, endometrial cancer. bone cancer, sarcoma, soft tissue

sarcoma, osteosarcoma, adenocarcinoma, or adrenal cancer.

[0177] In embodiments, the cancer is lymphoma. In embodiments, the cancer is Hodgkin
lymphoma. In embodiments, the cancer is Non-Hodgkin lymphoma. In embodiments, the cancer
is leukemia. In embodiments, the cancer is myeloma. In embodiments, the cancer is multiple
myeloma. In embodiments, the cancer is acute myeloid leukemia (AML). In embodiments. the
cancer is B-cell acute lymphoblastic leukemia (B-ALL). In embodiments, the cancer is T-cell
acute lymphoblastic leukemia (T-ALL). In embodiments, the cancer is renal cell carcinoma. In
embodiments, the cancer 1s colon cancer. In embodiments, the cancer is rectal cancer. In
embodiments, the cancer is colorectal cancer. In embodiments, the cancer is breast cancer. In
embodiments, the cancer is epithelial squamous cell cancer. In embodiments, the cancer is
melanoma. In embodiments, the cancer is gastric cancer. In embodiments, the cancer is brain
cancer. In embodiments, the cancer is lung cancer. In embodiments, the cancer is pancreatic
cancer. In embodiments, the cancer is cervical cancer. In embodiments. the cancer is ovarian
cancer. In embodiments, the cancer is liver cancer. In embodiments, the cancer is bladder cancer.
In embodiments, the cancer is prostate cancer. In embodiments, the cancer is testicular cancer. In
embodiments, the cancer is thyroid cancer. In embodiments, the cancer is head and neck cancer.
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In embodiments, the cancer 1s uterine cancer. In embodiments, the cancer is endometrial cancer.
In embodiments, the cancer 1s bone cancer. In embodiments, the cancer 1s sarcoma. In
embodiments, the cancer is soft tissue sarcoma. In embodiments, the cancer is osteosarcoma. In

embodiments, the cancer is adenocarcinoma. In embodiments, the cancer 1s adrenal cancer.

[0178] In embodiments, the cancer includes a fms like tyrosine kinase 3 (FLT3) mutation or
increased FLT3 expression. In embodiments, the cancer includes a fms like tyrosine kinase 3

(FLT3) mutation. In embodiments. the cancer includes increased FLT3 expression.
[0179] In embodiments, the cancer includes increased polo-like kinase 1 (PLK1) activity.

[0180] In embodiments, the cancer includes a TKI-resistant cancer

EXAMPLES
Example 1
[0181] Fms-like tyrosine kinase 3 (FLT3) mutations occur in over 30% of human acute
myeloid leukemia (AML) cases. with FLT3-intermal tandem duplication (FLT3-ITD) mutation
being the major form and associated with poor prognosis. Tyrosine kinase inhibitors (TKIs),
including Gilteritinib, have shown promise in treating FLT3-mutated AML, but also face
challenges such as drug resistance, relapse and relatively high cost. Pairing FLT3 TKIs with
other agents like BCL2 inhibitors improves therapeutic efficacy but simultaneously amplifies
adverse reactions and financial burdens. Here, we report that Metformin, a cheap, safe and
widely-used anti-diabetic agent, shows a striking synergistic effect with Gilteritinib in treating
FLT3-ITD AML. The combination (Metformin+Gilteritinib) showed a robust synergy in
suppressing cell proliferation and promoting apoptosis and cell cycle arrest in multiple FLT3-
ITD AML cell lines, including FLT3 TKI-resistant MOLM 13 cells. Furthermore, the
combinational treatment showed a dramatic synergy in reducing leukemia burden and prolonging
survival in FLT3 TKI-resistant AML mouse models. Mechanistically, the combinational
treatment synergistically suppresses Polo-like kinase 1 (PLK1) expression and phosphorylation
of FLT3, STATS, ERK, and mTOR. Intriguingly. our retrospective clinical analysis has unveiled
a significant correlation between Metformin intake and improved survival rates among FLT3-
ITD AML patients. Collectively, the cotreatment of Metformin and Gilteritinib showed robustly
enhanced therapeutic efficacy in treating FLT3-mutated AML by synergistically suppressing

PLK1 expression and phosphorylation of FLT3/STATS/ERK/mTOR. In conclusion, the
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Metformin/Gilteritinib combination holds great promise as a potent, safe and cost-effective
therapeutic strategy for patients with FLT3-mutated AML (including TKI-resistant AML),

particularly in developing countries where affordability is a major issue.

[0182] Acute myeloid leukemia (AML) often presents with recurrent genetic abnormalities,>*
with 25-30% associated with Fms-like tyrosine kinase 3-internal tandem duplication (FLT3-ITD)
mutations.>® These mutations can ligand-independently activate FLT3, trigging pathways
involving PI3K/AKT, RAS/MAPK, and STATS.7!? Clinically, FLT3-ITD mutations often lead
to poor overall survival (OS) and relapse-free survival (RFS).>!12 Recently, tyrosine kinase
inhibitors targeting FLT3 (FLT3 TKIs) like Midostaurin and Gilteritinib (GIL) were approved by
the US Food and Drug Administration (FDA),'* with Gilteritinib showing significant promise
against FLT3-ITD mutations.!* As clinical trials reported, Gilteritinib could significantly
improve median OS for FLT3-mutated AML patients compared to salvage chemotherapy (9.3 vs.
5.6 months, P <.001); however, 26.7% of patients showed no response, and only 37.1%
achieved an OS exceeding one year due to drug resistance or relapse.'* Exploring combinations,
Wang et al. reported a 58.1% composite complete remission (CRc) rate with Gilteritinib and
Azacitidine.”® Daver et al. found a 75% CRc rate with a combination of Gilteritinib and
Venetoclax (a BCL2 inhibitor), surpassing the monotherapy of Gilteritinib (43% rate, P <
.05).1%17 However, these combination regimens face challenges, such as elevated side effects
(e.g., myelosuppression and infections)'® and high costs. The cumulative cost of FLT3 TKIs,
coupled with other small-molecule inhibitors like Venetoclax, would be pretty high (totaling
over $0.5 million or even $1 million for lifetime treatment in the U.S.'%!°) and thus would be a
big financial burden to the health care systems and patients. This underscores the need for
research to decipher FLT3 TKI-resistance mechanisms and pave the way for developing cost-

effective FLT3-TKI-based combinations.

[0183] Here we showed that combining Metformin with Gilteritinib synergistically eradicates
FLT3-ITD AML and TKI-resistant FLT3-ITD AML cells in vitro and in vivo, outperforming
single treatments. Moreover, we identified PLK! as a key factor for TKI resistance in FLT3-ITD
AML, and as a co-target of Metformin and Gilteritinib that mediates their synergistic therapeutic
effect. Strikingly, a retrospective clinical analysis further confirmed the role of Metformin in

improving OS in AML patients. Collectively, our results demonstrate that Metformin plus
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Gilteritinib represents a more affordable, safe, and effective treatment strategy for FLT3-mutated

AML patients, including TKI-resistant cases.

Example 2: Materials and Methods

[0184] Cell Culture. The human AML cell lines MOLM 13, NOMO-1 (DSMZ), and MV4-11,
THP-1, Kasumi-1 (ATCC) were cultured in in RPMI 1640 (11875119, Thermo Fisher
Scientific) supplemented with 10% FBS (Omega Scientific); MA9.3ITD (MLL-AF9 and FLT3-
ITD carrying human CD34+ cord blood cells), established by Dr. James Mulloy,! was
maintained in IMDM (12440079, Thermo Fisher Scientific) supplemented with 20%

FBS. MOLM13-RES cell line (MOLM13 cells resistant to FLT3 inhibitors) was kindly provided
by Dr. Sharyn Baker? and was cultured in RPMI 1640 medium supplemented with 10% FBS.
HEK293T (ATCC) were maintained in DMEM (11965118, Thermo Fisher Scientific)
supplemented with 10% FBS. All the cell lines were validated by a Short Tandem Repeat (STR)
analysis within 6 months, cultured with 100 [U/mL penicillin, 100 pg/mL streptomycin (1% P/S)
at 37°C with 5% CO2 after tested to be mycoplasma free by mycoplasma detection kit (G238,
ABM).

[0185] Compounds. FLT3 inhibitor Gilteritinib (HY-12432) was purchased from MedChem
Express, Metformin was purchased from MillipoerSigma. For in vitro studies, Gilteritinib was
dissolved in DM SO and Metformin was dissolved in 1xPBS, aliquoted and stored at -20°C. For
in vivo applications, Gilteritinib was formulated in a solution of 85% saline, 10% Cremophor EL
(HY-Y 1890, MedChem Express), and 5% ethanol, and administered via oral gavage. Metformin
was prepared in 1xPBS for intraperitoneal injections. Compounds for iz vivo use are [reshly

prepared every day.

[0186] Cell viability assay. The cell proliferation and growth were assessed by MTT (3-(4.5-

dimethylthiazol-2-y1)-2,5-diphenylltetrazolium bromide, G4000, Promega) assay followed by the
manufacturer’s instructions. Briefly, cells were seeded into non-treated 96-well plates in 100 uL
complete medium at the density of 2 x 10%well for AML cell lines and 5 x 10°/well for primary
AML samples. 10 ul MTT dye solution was added to each well at indicated time points and
followed by 100 pl solubilization/stop solution after 4 hours incubation. The absorbance at 570
nm was measured by BioTek Synergy Neo2 (Agilent Technologies) 24 hours later. The

percentage of cell viability compared to the control was determined by the following equation:
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OD of Treated—0D of Blank
0D of Control-0D of Blank’

Cell viability (%) =100 x

[0187] Proliferation analysis and Bliss index. Cell proliferation was measured using MTT as

described in the cell viability assay. Metformin was fixed at IC10, IC30 and ICso values to
combine with varying concentrations of Gilteritinib. To systematically assess the effects of
Metformin and Gilteritinib, we compared the observed and expected outcomes from their
combined administration. Utilizing the well-established Loewe additivity model,® we projected
the influence of the individual drugs. The expected combination effect (£exp) was based on the

individual effects of each drug:

Fop™ Fangr + Fowgr— (Fang X Eog).
[0188] The ratio of observed to expected outcomes was determined utilizing the Bliss index
method,? with values greater than 1 denoting synergistic effects, respectively. Isobolograms
illustrate the relationship between observed and expected effects when combining two drugs.

The top left section of the graph indicates heightened synergistic effects.

[0189] Cell cycle analysis. Propidium lodide (PI, P4170, MillipoerSigma) and EdU (5-ethynyl-

2'-deoxyuridine, C10424, Invitrogen) DNA staining was used to assess cell cycle phases
(GO/G1, S and G2/M). Hoechst 33342 (B2261, MillipoerSigma) and Pyronin Y (P9172,
MillipoerSigma) were used to determine stages of GO, G1 and S/G2/M. In brief, 2 x 10° cells
were seeded into non-treated 6-well plates, incubated with DMSO/drugs for 48 hours and then
collected for assays. For PI staining, cells were washed once with cold PBS, then resuspended in
Krishan's reagent (0.05 mg/ml PI, 0.02 mg/ml ribonuclease A, 0.1% trisodium citrate, and 0.3%
NP-40), and incubated for 30 minutes at 37°C prior to flow cvtometry analvsis. For EAU assay,
cells were collected and re-seeded into plates with 1.5 mL fresh complete medium after 48 hours
treatment. 10 uM EdU was added into the media and incubated with cells for 24 hours. Then
cells were fixed in 4% formaldehyde and EdU incorporation was assessed using the Click-1T
EdU Alexa Fluor 647 Kit (Invitrogen), according to manufacturer's protocols. For
Hoechst/Pyronin Y staining, cells were placed in cell culture medium, followed by a 45-minute
incubation with 10ug/mL Hoechst 33342 at 37°C and then another 15-minute incubation with
Pyronin Y at 37°C.

[0190] Apoptosis. Cell apoptosis was detected by Apoptosis Detection Kit from BD

Biosciences. In Brief, 2 x 10° cells were seeded into non-treated 6-well plates, incubated with
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DMSO/drugs for 48 hours and then collected for staining with APC-conjugated anti-Annexin V
(29057, Biotium) for 15 minutes at dark followed by DAPI (1 ug/mL. MillipoerSigma) before

flow cytometry.

[0191] Flow cyvtometrv. Analysis was conducted using LSR Fortessa flow cytometer (BD

Biosciences) and the results were analyzed with Flowjo Version 10 software. The cells were
stained using the following reagents: PE-conjugated anti-human CD33 (12-0339-42, Invitrogen),
APC-conjugated anti-human CD45 (17-9459-42, Invitrogen), Propidium lodide (P1, P4170,
MillipoerSigma), EdU (5-ethynyl-2’-deoxyuridine, C10424, Invitrogen), Hoechst 33342 (B2261,
MillipoerSigma) and Pyronin Y (P9172, MillipoerSigma) and APC-conjugated anti-Annexin V
(29057, Biotium).

[0192] [n vivo Xenotransplantation Experiments. MOLM13 cells and NSG mice were used in

the regular FLT3-ITD AML xenotransplantation models. 1x10° luciferase-expressing MOLM13
cells were injected into sublethally irradiated NSG mice aged 8 weeks via lateral tail vein. 7 days
post-transplantation, bioluminescence signal was measured to confirm the engraftment of human
leukemia cells then mice were randomly grouped into following groups: Vehicle (85% saline,
10% Cremophor EL, and 5% ethanol, oral gavage, 1<PBS, intraperitoneally, once daily, n = 8),
Metformin (250 mg/kg/d, intraperitoneally, #» = 10), Gilteritinib (7.5 mg/kg/d, oral gavage, n =
10). or the combination of both drugs (n =9).

[0193] MOLMI3-RES cells (human-derived, resistant to Gilteritinib) and NRGS mice were
used in TKI-resistant xenotransplantation models. In brief, 5x10° luciferase-expressing
MOLMI13-RES cells were injected into sublethally irradiated NRGS mice aged 8-10 weeks via
lateral tail vein. 10 days post-transplantation, bioluminescence signal was measured to confirm
the engraftment of human leukemia cells then mice were randomly grouped into following
groups: Vehicle (85% saline, 10% Cremophor EL, and 5% ethanol, oral gavage, 1<PBS,
intraperitoneally, once daily n=8), Metformin (250mg/kg/d, intraperitoneally, n=9), Gilteritinib
(15mg/kg/d, oral gavage. n=10), or the combination of both drugs (n=9). AML progression was
monitored by examining human engrafts in peripheral blood and bioluminescence signals in the
whole body. Engraftment rates of donor cells in total mononuclear cells were assessed by flow
cytometry analysis using human CD45 and CD33 markers. All mice were treated 5 days/week

until either succumbed or euthanized. The overall survival of the recipients was monitored.
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[0194] Bioluminescence imaging. Bioluminescence imaging was used to track the engraftment
of MOLM13 cells or MOLM13-RES cells in NSG or NRGS recipient mice, respectively. Mice
were weighed and injected intraperitoneally with D-luciferin (LUCK-2G, Goldbio) dissolved in
PBS at the dosage of 150mg/kg, 10 minutes prior to imaging. Bioluminescence signals were
measured using Lago X (Spectral Instruments Imaging) and analyzed by Aura imaging software
(Spectral Instruments Imaging). The bioluminescence signal, representing the leukemia burden,
was depicted in radiance with the unit "photons/seconds/cm2/steradian”, and signal strength was

illustrated using pseudocolor.

[0195] RNA extraction and quantitative RT-PCR. Total RNA was isolated with the miRNeasy
Kit (Qiagen). 500-1000 ng of the extracted RNA was converted to first-strand cDNA using the

QuantiTect Reverse Transcription Kit (Qiagen) following the manufacturer’s protocols.
Quantitative real-time PCR (qPCR) was carried out using the Applied Biosystems PowerUp
SYBR Green Master Mix on the QuantStudio™ 7 Flex Real-Time PCR System (Thermo Fisher
Scientific). Reference genes ACTB and GAPDH were employed. Primer sequences were

provided in Table 2.

[0196] Western blotting. Cells were harvested, washed once with cold PBS and lysed in RIPA
Lysis Buffer (R0278, Sigma-Aldrich) containing phenylmethylsulfonyl fluoride (PMSF),

protease inhibitor cocktail (78438, Thermo Fisher Scientific), and phosphorylase inhibitor (Santa
Cruz Biotechnology, Dallas, Texas). Samples were chilled on ice for 30 minutes, then
centrifuged at 12,000rpm for 15 minutes at 4°C, with the supernatants subsequently collected.
Protein concentration was quantified using Bio-Rad Protein Assay (5000006, Bio-Rad). Equal
total protein amount (15 ug-25 pg) was loaded into SDS-PAGE gels, then transferred to 0.45 pm
PVDF membranes (Thermo Fisher Scientific). Membranes were blocked with 5% non-fat milk
for 1 hour at room temperature, sequentially incubated with the specified primary antibodies at
4°C overnight. The next day, membranes were washed 3 times with 1x PBST and then incubated
with secondary antibody at room temperature for 1 hour. For protein phosphorylation detection,
samples were loaded in duplicates to detect total and phospho-proteins simultaneously. Signal
underwent immunoblotting using Pierce ECL Western Blotting Substrate (Thermo Fisher
Scientific). The following antibodies were used: anti-PLK1 (#4513, Cell Signaling Technology),
anti-FLT3 (#3462, Cell Signaling Technology), anti-phospho-FLT3 (#3466, Cell Signaling

Technology). anti-STATS (ab178941, Abcam), anti-phospho-STATS (#4322, Cell Signaling
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Technology), anti-AKT (9272, Cell Signaling Technology), anti-phospho-AKT (4060, Cell
Signaling Technology), anti-ERK (#9102, Cell Signaling Technology), anti-phospho-ERK
(#4370, Cell Signaling Technology). anti-mTOR (#2983, Cell Signaling Technology), anti-
phospho-mTOR (#5536, Cell Signaling Technology), anti-GAPDH (10494-1-AP, Proteintech)
and anti-Vinculin (sc-73614, Santa Cruz Biotechnology).

[0197] RNA-seq and Data Analysis. Total RNA extraction was performed from MOLM]13-
RES cells with/without drug(s) using QIAzol reagent and miRNeasy Mini Kit (Qiagen). RNA

concentration and RNA integrity were assessed by NanoDrop 1000 (Thermo Fisher Scientific)
and Bioanalyzer (Agilent, Santa Clara, USA) respectively. 300 ng RNA was used for library
construction with the KAPA mRNA HyperPrep Kit (Illumina Platforms, Kapa Biosystems,
Wilmington, USA), followed by 10 PCR amplification cycles and purification using the AxyPrep
Mag PCR Clean-up kit (Thermo Fisher Scientific). Quality assurance for the library engaged
both Qubit fluorometer (Thermo Fisher Scientific) and the 2100 Bioanalyzer (Agilent
Technologies). Sequencing was performed using an Illumina® HiSeq 2500 system, utilizing a 51
bp single-end configuration via the TruSeq SR Cluster Kit V4-cBot-HS (Illumina, San Diego,
CA, USA). The obtained reads underwent alignment against the human GRCh38 reference
genome using STAR software. Gene transcription levels (RPKM) were computed using RSEM
software. For differential gene expression evaluation between different groups, DESeq2* was
employed in the R environment.’ Enrichment pathways were identified through GSEA. Genes
manifesting significant alterations in expression (absolute log foldchange > .5, P < .05) were
further scrutinized. The average gene expressions of three biological replicates were used for the

analysis.

[0198] Genome-wide expression profiling analyvsis. RNA-Seq data has been deposited at GEO

database with accession number GSE244855 (www.ncbi.nlm.nih. gov/geo/querv/acc.cgl, secure

token for reviewer access is sronycgcrlehtij). Gene expression profiling in MOLM13 and
MOLM13-RES cells was analyzed using public datasets (GSE180180, GSE180181), sourced
from the Gene Expression Omnibus (www.ncbi.nlm.nih.gov/geo/). Differential gene expressions

between the two groups were analyzed using the DEseq2* package in R
g

[0199] Plasmids and shRNAs. The pcDNA3-PLK1 was purchased from GenScript and used as

the template to produce PLK/ fragments via PCR amplification using the CloneAmp™ HiFi
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PCR Premix (639298, Takara Bio). Subsequently, these PCR fragments were integrated into the
pCDH vector, yielding the pCDH-PLK1 construct, utilizing the In-Fusion HD Cloning Plus Kits
(638909, Takara Bio). Lentiviral vectors from TRC encoding shRNAs for PLK/ were obtained
from MilliporeSigma. The lentiviral packaging vectors (pMD2.G, pMDLg/pRRE and pRSV-

Rev) were obtained from Addgene. The primers used in this research can be found in Table 1.

[0200] Healthy donor and primary patient samples. Primary patient and healthy donor samples
were collected from City of Hope Hospital and Fujian Medical University Union Hospital with
institutional review boards (IRBs) approval, following the Declaration of Helsinki. All
participants provided written consent. Sample size was estimated using power analysis
(homepage.univie.ac.at/robin.ristl/samplesize. php) and based on clinical observations to ensure
adequate power for detecting meaningful differences. FLT3-ITD AML patients with concurrent
diabetes were retrospectively selected from clinical records. Subjects were divided into groups
based on their use of Metformin. A comprehensive statistical analysis of baseline characteristics,
including age, gender, bone marrow blast percentage, blood cell levels, and treatment regimens,
was conducted to confirm no significant differences between groups, ensuring balanced
representation and minimizing confounding variables. Health and immune status were
documented from clinical records to ensure all included patients met the study’s criteria. Clinical
records were reviewed to ascertain any previous medical procedures or treatments. Only patients
who were drug- and test-naive and had no prior involvement in related experimental conditions
were included to maintain the integrity of the study groups. Characteristics of AML patients for
assessing the effects of drug treatment can be found in Table 2. Mononuclear cells were
extracted from leukemia specimens using Ficoll-Paque Plus (GE Healthcare Life Sciences) and

cultured in RPMI 1640 with 10% FBS for cell viability assays, RNA or protein extraction.

[0201] Determination of combination index. We used the Combination Index (CI) method to

evaluate drug interactions between Metformin and Gilteritinib. The dose-response curve
illustrated the relationship between fraction affected (Fa) and dosage. If individual drug curves
lie below the combination curve, a lower combined dose achieves the same Fa and vice versa. CI
values indicate synergistic (CI < 1) effects. Analysis was conducted using the CompuSyn

software by Chou.*

96



10

15

20

25

30

WO 2025/097033 PCT/US2024/054235

[0202] Animal model. All animal studies followed institutional guidelines and received
IACUC approval at City of Hope under SPF (Specific Pathogen Free)-grade pathogen-free
conditions. The facility is equipped with HEPA filtration to maintain air quality and prevent
contamination. We used a "human-in-mouse" leukemia xenotransplantation model for in vivo
bioluminescence imaging, established by transplanting AML cells into 8-10-week-old NRGS
mice (NOD.Cg-Ragltm1Mom I12rgtm1Wjl Tg (CMV-IL3, CSF2, KITLG) 1Eav/J, RRID:
IMSR_JAX:024099), from the Jackson laboratory. NSG mice were injected with MOLM13
(FLT3-ITD) cells, and NRGS mice received MOLM13-RES (TKlI-resistant) cells. Both male and
female mice were used for the experiments. Mice were randomly assigned into each group. The
mice were kept at 22 + 2°C with around 50% humidity, under a 12-h light/dark cvcle, and had
free access to standard laboratory chow and water. Bedding material was changed twice a week,

and environmental enrichment was provided to promote natural behaviors.

[0203] Lentiviral construction and infection. Lentiviral particles for pLKO.1-shPLK1-2/4
(TRCNO0000121322, TRCN0000121325, MilliporeSigma), pLKO.1-shNS, pCDH-PLKI1, and

pCDH were produced in HEK-293T cells. The lentiviral particles were generated by co-
transfecting HEK-293T cells with the desired lentiviral vector and a packaging helper mix
(contains pMD2.G, pMDLg/pRRE and pRSV-Rev) using X-tremeGENE HP (MilliporeSigma)
transfection reagent in treated 10cm dishes. After 12 h, the medium was refreshed. Supernatants
containing viruses were collected at 48- and 72-h post-transfection, filtered through a 0.45 uM
filter, and used to infect AML cells. For effective transduction, AML cells were mixed with the
viral supernatant in the presence of 4 pg/mL polybrene (H9268, Sigma-Aldrich), followed by
two rounds of spinoculation (1500 rpm, 32°C). Following the second transduction, cells were

subjected to puromycin selection at the concentration of 2 pg/mL after recovery for 24 h.

[0204] Quantification and Statistical Analysis. Data were analyzed using GraphPad Prism 9.3

and presented as mean + SD. Statistical tests were used for group differences, with survival
evaluated via the Log-Rank test. Synergy scores were determined using SynergyFinder 3.0.3! A
*P < .05 indicated statistical significance. in vitro assays were repeated twice with three
technical replicates. Kaplan-Meier curves were plotted in GraphPad Prism 9.3, and mice were

randomized by non-participant evaluators.
Table 1: Sequences of Oligos
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Primer Name Target Sequence Region Company Clone ID
shPLK1-2 GCCGCACCAGAGGGAGAAGAT CDS Sigma TRCNO0001
21322
(SEQ ID NO:1)
shP1.K1-4 CCCGAGGTGCTGAGCAAGAAA CDS Sigma TRCNO0O0O01
21325
(SEQ ID NO:2)
PLK1-Xbal-Forward TCTAGAGCCACCATGCACCACCAC | CDS Eton N/A
CACCACCACAGTGCTGCAGTGACT Bioscience
GCAGGGAA
(SEQ ID NO:3)
PLK 1-Notl-Reverse ATCCTTCGCGGCCGCTTAGGAGGC | CDS Eton N/A
CTTGAGACGGTTGCTG Bioscience
(SEQ ID NO:4)
pCDH-Forward GCGGCCGCGAAGGATCTGCGA CDS Eton N/A
Bioscience
(SEQ ID NO:5)
pCDH-Reverse CATGGTGGCTCTAGAATCTTCTATG | CDS Eton N/A
Bioscience
(SEQ ID NO:6)
PLK1-qPCR-Forward AAAGAGATCCCGGAGGTCCTA CDS Eton N/A
Bioscience
(SEQ ID NO:7)
PLK1-gPCR-Reverse GGCTGCGGTGAATGGATATTTC CDS Eton N/A
Bioscience
(SEQ ID NO:8)
GAPDH-qPCR-Forward | GGAGCGAGATCCCTCCAAAAT CDS Eton N/A
Bioscience
(SEQ ID NO:9)
GAPDH-qPCR-Reverse | GGCTGTTGTCATACTTCTCATGG CDS Eton N/A
Bioscience
(SEQ ID NO:10)
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ACTB-qPCR-Forward CATGTACGTTGCTATCCAGGC CDS Eton N/A
Bioscience
(SEQ ID NO:11)
ACTRB-qPCR-Reverse CTCCTTAATGTCACGCACGAT CDS Fton N/A
Bioscience
(SEQ ID NO:12)

N/A, not available.

Table 2: Information of primary FLT3-ITD AML patient samples used herein

Discase Sex Age,y | PB blast, Cytogenetics Oncogene Disease
% Status
AML Female 55 81 46, XX [20] FLT3-ITD: | No remission
DNMT3A4; #2
NPM]

AML Malc 48 91 73-87, XXYY, -3.-4,- | FLT3-ITD, Progressive
5,48, del (8) (q22) x2, | TP53;JAK2 discase #2
+9, 49, add (9) (q13),

del (11) (ql4q2), del
(12) (p11p12). +13,
+16, +19, inc [CP7]
AML Male 62 86 46, XY [20] FLT3-ITD:; Relapse #1
RUNXI, WTI
AML Female 46 93 46, XX [20] FLT3-ITD; Relapse #2
dupMLL,
KIT, CEBPA

Table 3: Cotreatment with Metformin shows no increase in side effects
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Parameters Chemotherapy Chemotherapy + P-value
(N=53) Metformin (N=16)
History of diabetes Yes Yes /
Medication of metformin No Yes /
Co-administration, n (%) / 4(25.0) /
Administration belore / 12 (75.0) /

chemotherapy, n (%)

Median duration, year (range) / 4 (1-10) /

In combination with FLT3 inhibitors. 10 (18.9) 2(12.5) 0.7185
n (%)

Adverse events, n (%)

Hematologic toxicities (> 3

grade)
Neutropenia 3 1 > 0.9999
Anemia 2 | 0.4545
Thrombocytopenia 2 1 0.4545
Fever 3 1 >0.9999
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Liver function impairment 2 0 > 0.9999

Details of Metformin usage, duration, and side effects for samples illustrated in Fig. 6A.

Example 3: Metformin synergizes with Gilteritinib in suppressing survival/proliferation
and promoting apoptosis and cell cycle arrest of human FLT3-1TD AML cells in vitro
[0205] To determine whether Metformin can synergize with Gilteritinib in treating FLT3-1TD
AML, we conducted a series of in vifro assays with human AML cell lines including those
carrying FLT3-ITD (MOLM13, MV4-11, and MA9.3-1TD), FLT3 TKI1 resistant cells
(MOLM13-RES) and those carrying FLT3 wild-type (FLT3-WT) (THP1, NOMOI1 and Kasumi-
1). While the ICso values of Metformin were relatively consistent across all three types of AML
cell lines, the ICso values of Gilteritinib were notably lower in FLT3-ITD AML cells compared
to MOLM13-RES and FLT3-WT cells. We next evaluated the combinatorial effect of Metformin
and Gilteritinib using the Chou-Talalay method and CompuSyn software. We observed
synergistic effects (CI values < 1) of Metformin and Gilteritinib in killing FLT3-ITD AML cell
lines (Figs. 1A and 1B) and MOLM13-RES cells (Fig. 1C), but not in FLT3-WT AML cell lines
(Fig. 1D).

[0206] Using the Bliss Independence Model, we combined the fixed concentrations of
Metformin (IC1o, ICz0, ICs0, respectively) with different concentrations of Gilteritinib. The
synergy between Metformin and Gilteritinib was evident in FLT3-ITD and MOLM13-RES AML
cell lines (with Bliss indices > 1; Figs. 1E-1G), but not in FLT3-WT AML cell lines (Fig. 1H).
To determine the optimal drug combination for MOLM13-RES cells, we conducted various
combination groups and found that the pairing of Metformin at 4 mM with Gilteritinib at 80 nM
yielded a standout synergy score of 21.11 (Fig. 11), indicating superior synergistic efficacy.
Collectively, our findings reveal the synergistic effects of Metformin and Gilteritinib on

suppressing AML cell survival in FLT3-ITD and FLT3 TKI-resistant AML cell lines.

[0207] We next assessed their synergistic effects on AML cell proliferation. [n MOLM13
cells, either Gilteritinib or Metformin alone substantiallv inhibited cell growth. Specifically,
gilteritinib at both 5 and 10 nM concentrations, as well as metformin at 5 and 10 mM,
independently showed significant inhibition of cell growth/viability. Interestingly the Combol
group (Gilteritinib 5 nM + Metformin 5 mM) not only exhibited a substantially greater inhibitor
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effect than did each treatment alone, but also showed similar inhibitory effect to that of a higher-
dose (10 nM) Gilteritinib monotherapy in MOLM13 cells (Fig. 2A).This indicates that with the
help from a low dose of Metformin, a lower dose of Gilteritinib can work as effective as a higher
dose of Gilteritinib. Moreover, Combo2 (Gilteritinib 10 nM + Metformin 10 mM) had a
significantly more robust inhibitory effect than that of Gilteritinib and Metformin each alone
(Fig. 2A). In MOLM13-RES cells, Gilteritinib only exerted growth inhibitory effect at a much
higher concentrations of 80 and 240 nM., The Combo1 group (Gilteritinib 80 nM + Metformin 4
mM) exhibited a greater inhibitory effect compared to Gilteritinib alone at 80 nM and even at the
higher concentration of 240 nM; moreover, Combo 2 group (gilteritinib 240 nM + metformin 10
mM) showed greater inhibition of cell growth than either treatment did alone (Fig. 2B). In
contrast, the combination of Gilteritinib and Metformin did not show such a synergistic effect in
FLT3-WT AML (THP-1) cells (Fig. 2C). Furthermore, we also observed a significant synergy
between Gilteritinib and Metformin in suppressing the proliferation of human primary FLT3-
ITD AML cells, with the combination of the half dose of each compound (120 nM Gilteritinib +
10 mM Metformin) surpassing the full dose of each alone.

[0208] By flow cytometry, we also observed a synergistic effect between Metformin and
Gilteritinib on promoting cell cycle arrest at GO/G1 in FLT3-ITD AML cell lines, with the lower
concentration combination (5 mM Metformin and 5 nM Gilteritinib) showing a comparable
effect to the higher concentration of Gilteritinib (10 nM) while the higher concentration
combination (10 mM Metformin and 10 nM Gilteritinib) showing a significantly greater effect
than each alone (Fig. 2D). This was further verified in MOLM13 cells using EdU staining.
Similarly, in MOLM13-RES cells, both the Combo] (gilteritinib 80 nM + metformin 4 mM) and
the Combo2 (gilteritinib 240 nM + metformin 10 mM) treatments led to greater GO/G1 cell cycle
arrest than did each individual drug alone, with the effect of Combo1 surpassing that of a higher
concentration of gilteritinib (240 nM) (Fig. 2E), further supported by EAU and Hoechst/Pyronin
staining. In contrast, in THP-1 cells (FLT3-WT), the combined treatment showed no svnergistic

or cooperative effects (Fig. 2F).

[0209] Regarding apoptosis, we observed similar patterns. In FLT3-ITD AML cells, the
induction of apoptosis by Combol (gilteritinib 5 nM + metformin 5 mM) was on par with 10 nM
Gilteritinib alone, while Combo2 (gilteritnib 10 mM + metformin 10 mM) induced significantly

higher apoptosis than did single treatment (Fig. 2G). In MOLMI13-RES cells. combining a
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reduced dose of Gilteritinib (80 nM) with Metformin (4 mM) achieved greater apoptosis than did
240 nM Gilteritinib alone (Fig. 2H), suggesting that even a relatively low dose of Metformin
could greatly sensitize FLT3 TKI-resistant AML cells to Gilteritinib. Again, no synergistic effect
on apoptosis was seen in FLT3-WT AML cells (Fig. 21). Together, Metformin specifically
amplifies the anti-proliferative and pro-apoptotic effects of Gilteritinib in FLT3-ITD and FLT3
TKI-resistant AML cells, but not in FLT3-WT AML cells.

Example 4: Metformin and Gilteritinib combinational treatment synergistically inhibits
FLT3-1ITD AML progression in vivo

[0210] To evaluate the therapeutic potential of the Metformin and Gilteritinib combination in
treating FLT3-ITD AML in vivo, we developed “human-in-mouse” AML models using
luciferase-expressing MOLM13 (FLT3-ITD AML) OR MOLM13-RES (TKI-resistant FLT3-
ITD AML) cells and monitoried human AML progression in the recipient mice and recorded the
surivial of the mice. In the regular FLT3-1TD AML model. 7 days after bone marrow
transplantation (BMT), treatments commenced, involving either vehicle control, metformin
(250 mg/kg/day), gilteritinib (7.5 mg/kg/day), or their combination. Subsequently, luciferase
imaging revealed a notable suppression of AML progression in all the treated groups,
particularly in the combinational treatment group. Moreover, on day 21 post-BMT, our analysis
of AML engraftment in peripheral blood (PB), bone marrow (BM), and spleen revealed the
lowest engraftment levels in the combinational treatment group (Figs. 3A-3D). While the control
group experienced significant and consistent increases in white blood cells and weight loss, the
treatment groups, especially the combinational treatment group, maintained relatively stable
white blood cell counts and body weight (Figs. 3E-3F). Furthermore, on day 45, flow cytometry
unveiled that the combinational treatment group maintained remarkably low engraftment levels
(0.43%) compared to the significant elevations in the monotherapy groups (metformin: 82.4%;
gilteritinib: 69.3%). As a result, all the mice in the combinational treatment group survived
beyond 70 days with minimal leukemia burden, in stark contrast to the significantly shorter
median survival times in the control (21 days), metformin (46 days), and gilteritinib (52 days)
groups (Fig. 3G). In the TKI-resistant FLT3-ITD AML mouse models, after 10 days post-
transplantation, mice were randomly grouped and administered with vehicle control or
Metformin (250 mg/kg/day) and Gilteritinib (15 mg/kg/day) or in combination once daily. After

one week of treatment (i.e., BMT-D17), AML progression was significantly inhibited in all the
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drug-treated mice, especially those in the combination group, as shown by bioluminescence
imaging. We also collected peripheral blood (PB) from 5 randomly chosen mice of each group
simultaneously on day 22 post xenotransplantation (BMT-D22), i.e., 12 days post the first
treatment (T-D12), to analyze human AML engraftment in mice. As expected, the combinational
treatment resulted in the lowest engraftment levels. Similarly, the combinational treated group
showed the least AML engraftment in PB, bone marrow (BM) and the spleen on day 26 post
transplantation (DMT-D26 or T-D16) (Figs. 3H-3K). Periodic monitoring indicated the control
group had escalated white blood cell counts and body weight loss, while the combination group
remained stable, suggesting great therapeutic benefits in the treated mice (Figs. 3L-3M). Of note,
while AML gradually progressed to a very high level in mice treated with Metformin or
Gilteritinib alone (71.3% and 66.7% engraftment in PB, respectively, on day 55 post-
transplantation (BMT-D55 or T-D45)), the Combo treatment strikingly and constantly
suppressed AML progression to a very low level (2.08% engraftment in PB). As a result, while
Metformin or Gilteritinib single treatment significantly increased OS more than two folds
compared to the vehicle-control group (the median survival in the vehicle-, Metformin- and
Gilteritinib-treated mice was 28, 58 and 66 days, respectively), the combinational treatment
exhibited a much more significant therapeutic efficacy, with ~90% of the Combo-treated mice
survived over 120 days (Fig. 3N) with minimal leukemia burden. Such data demonstrate the
synergistic effect of Metformin and Gilteritinib iz vivo and highlight the very promising
therapeutic potential of the combination in treating FLT3-mutated AML (even with TKI-

resistance).

Example 5: PLK1 is a common target of Metformin and Gilteritinib and mediates FLT3-
ITD AML cells response to Gilteritinib

[0211] To understand the molecular mechanism(s) underlying the synergistic effect of
Metformin and Gilteritinib in FLT3-mutated AML, we subjected MOLM13-RES cells from both
the control and drug-treated groups (Gilteritinib: 240 nM: Metformin: 10 mM; Combo:
Gilteritinib 80 nM + Metformin 4 mM) after 24 h of treatment to RNA sequencing (RNA-seq).
followed by a comprehensive data analysis. We performed Gene Set Enrichment Analysis
(GSEA) of those significantly down-regulated genes in drug treated samples and found three
pathways (i.e., E2F TARGETS, G2M CHECKPOINT, and MTORC1 SIGNALING) were

commonly suppressed in the three treated groups. Moreover, we performed integrative analysis
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with the RNA-seq data from the datasets: GSE180180, GSE180181 to reveal differentially
expressed genes in MOLM13-RES cells compared to parental MOLM13 cells. We found that
PLK1 is elevated in MOLM13-RES cells relative to MOLM13 cells, and is also significantly
down-regulated in all the three groups of drug treated samples and is shared by the above three
commonly suppressed pathways, implying its essential role in FLT3-ITD AML and Gilteritinib
resistance. We then confirmed by qPCR that PLK1 mRNA level is significantly higher in
MOLMI13-RES than in parental MOLM13 cells, but down-regulated upon drug treatments,
especially the combinational treatment (Fig. 4A).This observation was further validated in vivo
using PB samples from MOLM13-RES AML NRGS mice(Fig. 4B). Interestingly, while both
Gilteritinib and Metformin regulated PLK1 protein level in MOLM13-RES cells in a dose-
dependent manner, their lower-does combination (Gilteritinib: 80 nM; Metformin: 4 mM)
induced a stronger inhibition on PLK1 expression than did higher dose individually (Gilteritinib
240 nM or Metformin 10 mM) (Fig. 4C), highlighting the synergistic effect of Gilteritinib and
Metformin on inhibiting PLK1 expression in MOLM13-RES cells. In addition, PLK1 was
particularly overexpressed in FLT3-ITD AML cells relative to healthy controls or FLT3-WT
AML cells (Fig. 4D), which further supports its specific role in FLT3-ITD AML.

[0212] To examine PLK1 s roles in the response of FLT3-ITD AML cells to Gliteritinib, we
knocked down PLK1 in both MOLM13 and MOLM13-RES cells and found that PLK1 depletion
substantially decreased I1Cso of Gilteritinib (Fig. 4E, mimicking the effect of Metformin (4 nM)
co-treatment (10 mM in MOLM13 cells and 4 mM in MOLM13-RES cells). Conversely.
overexpression of PLK1 strikingly increased the ICso (> 7-fold) of Gilteritinib in MOLM13 cells
(Fig. 4F). Notably, in MOLM13-RES cells, overexpression of PLK1 largely reversed the synergy
between Metformin and Gilteritinib (Fig. 4G), and rescued the growth inhibition and apoptosis-
promoting effects caused by Gilteritinib and Metformin treatment alone or in combination (Figs.
4H-41). Collectively, these data indicate that PLK1 is a functionally essential target/effector of
Metformin and Gilteritinib treatments, and mediates TKI resistance in FLT3-ITD AML.

Example 6: Metformin and Gliteritinib treatments synergistically suppress expression of
PLK1 and the activation of its downstream pathways in FLT3-ITD AML cells

[0213] PLKI, acritical serine/threonine-protein kinase, is known to impact many cellular
functions and may affect pathways like MAPK and mTOR.**-** To investigate the effects of

Metformin and Gilteritinib treatments on the activity of PLK1’s downstream pathwavs, we
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detected protein abundance and phosphorylation levels of the key signaling proteins in those
pathways. Western blotting showed that in MOLM13 cells, a 6-hour treatment with Metformin,
Gilteritinib, and especially their combination led to marked decreases in PLK1 levels. This led to
reduced phosphorylation of FLT3, STATS, ERK, and mTOR, with combined treatment being the
most effective, whereas their total protein levels largely persisted. Such effects became more
evident at 24 hours (Fig. 5A). Similar patterns were observed in the MOLM13-RES cells, with
the combination again showing the most robust suppression effects, whereas Gilteritinib 10 nM

alone treatment did not show evident effects (Fig. 5B).

[0214] Mimicking the effects of Metformin/Gilteritinib treatments, knockdown of PLK1
expression in MOLM13-RES cells also led to a substantial decline in the phosphorylation levels
of FLT3, STATS, ERK, and mTOR, and the opposite is true when PLK1 was forced expressed
(Fig. 5C). Furthermore, forced expression of PLK1 could also sufficiently reverse the reduced
phosphorylation levels caused by Metformin/Gilteritinib treatments in MOLM13-RES cells (Fig.
5D). Thus, our data suggest that the synergistic effect of Metformin and Gilteritinib appears to be

attributed to their synergistically targeting of PLK1 and its downstream signaling pathways.

Example 7: Metformin-intake prolongs survival in FLT3-ITD AML patients with Diabetes:
clinical insights and implications of PLK1 expression

[0215] To investigate the impact of Metformin treatment on AML patients with FLT3-ITD
mutation, we executed a retrospective clinical analysis, involving AML patients possessing
FLT3-ITD mutations who were also diagnosed with diabetes. These patients were segregated
into two cohorts: Metformin recipients and non-recipients. Strikingly, we [ound a notable
elongation in OS in the Metformin-intake group, with a median OS stretching to 13.2 months,
significantly longer than that in the group without Metformin (4.5 months; P =.0197) (Fig. 6A).
Notably, the analysis comparing the metformin-intake group with the non-metformin group
demonstrated no increase in the incidence of hematologic toxicities, fever, or liver function
impairment, showing no statistically significant differences between the groups (Table 3).
Patients exposed to Metformin had a higher CR rate than did the patients without Metformin
exposure (64.3% vs 39.0%, P = .1277). Notably, the proportion of FLT3-ITD AML patients
receiving FLT3 TKIs was remarkably low (Metformin group 2/16, without-Metformin group
10/53), underscoring their limited accessibility due to high costs. A comparative analysis of

PLK I levels amongst healthy individuals (n = 13). AML patients with FLT3-WT (n = 13) or
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FLT3-ITD (n = 16) and FLT3-ITD CR patients (n = 5) (with Metformin exposure) revealed that
1) PLK1 ‘s expression level in the FLT3-ITD AML cases is significantly higher than that in
healthy individuals or FLT3-WT AML patients; and 2) PLK/ s expression level strikingly
decreased in FLT3-ITD CR patients (with Metformin exposure) (Fig. 6B). These results further
implicate the role of PLK in the adverse prognosis associated with FLT3-ITD AML. Survival
analysis from the GSE37642 dataset confirmed worse outcomes for AML patients with high
PLK 1 levels (P = 0.0063). In short, the real-world data suggest that Metformin improves survival
in FLT3-ITD AML patients, which appears to be at least in part through targeting PLK1 and its

downstream pathways.
[0216] Discussion

[0217] This study evidences an elevated expression of PLK1 in FLT3-TKI-resistant AML
cells. PLK1 was particularly upregulated in TKI-resistant FLT3-ITD AML cells. Both
Gilteritinib and Metformin independently downregulated PLK1 in FLT3-ITD cells. Yet, higher
doses of Gilteritinib were required to meaningfully diminish PLK1 expression in MOLM13-RES
cells. Notably, their combinational treatment yielded a substantially enhanced inhibitory effect
on PLK1 expression in FLT3-ITD AML and TKI-resistant cells, highlighting the synergy in
targeting PLK1.

[0218] PLKI, central to various oncogenic pathways like MAPK and mTOR *?% exhibits a
significant downregulation, especially when Metformin and Gilteritinib are combined. These
restuls show taht this treatment can not only curtail the expression of PLK1 but also the
phosphorylation levels of FLT3, STATS, ERK, and mTOR. By countering the persistently active
PLK1-MAPK/mTOR pathway in MOLM13-RES cells with Metformin, we re-sensitize these
cells to FLT3-TKI. Conversely, forced expression of PLKI1 largely reversed the beneficial effects
of Metformin and Gilteritinib, reinstating TKI resistance in FLT3-ITD AML cells. Additionally,
our retrospective clinical data pointed to elevated PLK1 levels in FLT3-ITD AML patient
samples, which dropped post-Met{ormin treatment during remission. Collectively, our results
provide evidence that PLK1 plays a pivotal role in regulating the response of FLT3-mutated
AML cells to TKI treatment, and is also a critical effector that mediates the therapeutic effects of

Metformin and Gilteritinib in treating FLT3-mutated AML.
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[0219] Our data demonstrated that FLT3-ITD AML patients with diabetes on Metformin
showed an improved OS. Our analysis was limited to diabetic individuals. By combining
Metformin with a reduced Gilteritinib dose, a cost-effective and safer treatment for FLT3-

mutated AML may be provided.

[0220] In summary, our studies highlight the benefits of combining Metformin with a TKI
(e.g., Gilteritinib) to treat FLT3-mutated AML. We have identified PLK1 as a pivotal regulator

in FLT3 TKI resistance and a critical co-target for Metformin and Gilteritinib.
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Example 8: Metformin Potentiates Gilteritinib Sensitivity via Targeting PLK1 Signaling: A
Strategy to Improve Qutcomes and Reduce Costs in Treating FLT3-Mutated Acute
Myeloid Leukemia

[0272] FLT3 mutations (including FLT3-ITD and FLT3-TKD), occurring in ~30% of acute
myeloid leukemia (AML) patients, signal poor prognosis due to elevated relapse risk. Albeit
FLT3 tyrosine kinase inhibitors (FLT3 TKI) demonstrated efficacy in treating FLT3-mutated
AML in the clinic, there are issues such as high cost, side effects, and high rate of drug
resistance/relapse. Hence, an affordable, efficient treatment with lower side effects is needed.
Metformin (MET), a cost-effective anti-diabetic drug with minimal side effects, has
demonstrated anti-tumor effects (Dowling R et al. Cancer Res. 2007). Here we aimed to
determine if combining MET with FLT3 TKI, like Gilteritinib (GLT), could enhance efficacy,

reduce side effects and costs in treating FLT3-mutated AML.

[0273] To this end, we first assessed the IC50 values of MET and GLT across various AML
cell lines including those carrying FLT3/ITD (MOLM13, MV4-11, and MA9.3-ITD), FLT3 TKI
resistant cells (MOLM13-RES) and those carrying FLT3 wild-type (FLT3/WT) (THP1, NOMO1
and Kasumi-1). MET's IC50S were consistent (7.284 -12.76 mM), while GLT’s varied, with
lower values in FLT3/ITD cells (10 nM) and higher in FLT3 TKI resistant (241 nM) and
FLT3/WT cells (334-1,053 nM). Using the Chou-Talalay Method, a Combination Index (CI)
below 1 in FLT3/ITD and MOLM13-RES cells indicated synergy, whereas it showed
antagonism (CI>1) in FLT3/WT cells. Both MET and GLT induced cell cycle arrest and
apoptosis, with Combol (GLT 5 nM + MET 5 mM) matching GLT 10 nM effects; Combo2
(GLT 10 nM + MET 10 mM) amplified these effects.
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[0274] We next evaluated the synergistic effect of MET and GLT in treating TKI-resistance
AML in vivo using NRGS mice xeno-transplanted with MOLM13-RES cells. Both
bioluminescence imaging and flow cytometry assays showed each treatment alone reduced
leukemia burden, and their combination had a synergistic effect, reducing AML burden
dramatically. While MET or GLT alone doubled overall survival compared to vehicle treatment
(56-62 days vs. 26 days), ~90% of the mice treated with the Combo survived over 120 days and
their leukemia burden was still minimal, highlighting the synergistic effect and the promising
therapeutic potential of this combination in treating FLT3-mutated AML (even with TKI-

resistance).

[0275] To understand the underlying molecular mechanism(s), we performed RN A-seq with
vehicle- or drug-treated MOLM13-RES cells, followed by pathway analysis and
validation/mechanistic studies, we identified Polo-like kinase 1 (PLK1) as a key target of MET
and GLT. PLK1’s expression is notably suppressed bv both treatments. Mimicking MET
treatment, PLK1 knockdown enhanced GLT sensitivity, reducing IC50 from 259.2 nM to 47-60
nM. Conversely, PLK1 overexpression increased GLT's IC50 7-fold (13.07 nM to 95.94 nM),
largely reversing MET’s effect. PLK1. a crucial serine/threonine-protein kinase, influences
multiple signaling pathways such as MAPK and mTOR pathways. Upon treating MOLM13 or
MOLM13-RES cells with MET and GLT alone or combined, the PLK1 levels and
phosphorylation levels of FLT3, STATS, ERK, and mTOR were decreased, with the most
significant decrease occurred upon the combined treatment. Depletion and overexpression of
PLK1 decreased and increased these phosphorylation levels, respectively. Together, our findings
suggest that the synergistic therapeutic effect of MET and GLT in treating FLT3-mutated AML

is likely through synergistically targeting PLK1 and its downstream pathways.

[0276] Meanwhile, we executed a retrospective clinical study of FLT3/ITD AML patients who
were also diagnosed with diabetes. Metformin users showed a notably longer median OS (13.2
months) than non-MET users (4.5 months, P=0.0197). Despite FLT3/ITD status, FLT3 TKIs
were seldom used in China due to high cost. Additionally, PLK1 level was dramatically higher in
FLT3/ITD AML cases than in both healthy and FLT3/WT cases (P<0.001), implying PLK1's
role in FLT3/ITD's poor prognosis.
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[0277] Insummary, our findings demonstrate a synergistic approach in treating FLT3-mutated

AML using MET and GLT.

Example 9

[0278] FLT3-ITD AML, historically challenging to treat due to poor outcomes and high
relapse rates, has shown some promising results with costly TKI-based combination treatments
like gilteritinib plus venetoclax. Their high costs (over $327K for gilteritinib lifetime usage and
~$12K for venetoclax monthly usage (400 mg/day) in the US), combined with significant side
effects, restrict their broader adoption, evident from our data with only 17% (12/69) of patients
with FLT3-ITD AML in Fujian (one of the richest provinces in China) receiving TKI treatment.
Our study offers a solution: combining metformin and gilteritinib targeting PLK1 signaling. This
combination showcased improved survival in preclinical and clinical settings. Based on the doses
used in our mouse model and following the US FDA (FDA, 2005) guidelines and the human
equivalent dose conversion formula, the projected doses for a 60 kg patient equate to roughly
1,200 mg/day for metformin and 70 mg/day for gilteritinib. This gilteritinib dose is merely half
the current clinical recommendation (120 mg/day). Given that a patient can safely take up to
2.500 mg/day of metformin, the gilteritinib dose could be even lower (e.g., 30 mg/day) for
optimal therapeutic efficacy. Considering metformin’s affordability (<$30 or $60/month, if
taking 1,000 or 2,000 mg tablets daily) and safety (without serious side effects), the
metformin/gilteritinib combination presents a much more affordable, safer, and effective

therapeutic strategy for FLT3-mutated AML.

[0279] As described herein, we discovered that metformin and gilteritinib synergistically
eradicated FLT3-ITD AML, including those resistant to TKIs. Expanding upon prior research
that highlighted metformin-mediated enhancement of sorafenib sensitivity in AML, we
broadened our study to include a diverse range of FLT3-ITD cell lines and TKI-resistant models.
PLKI1 has been implicated in the pathogenesis of various cancers. Dufies et al. reported its
association with clear cell renal cell carcinoma resistance to sunitinib, while Renner et al.
demonstrated that its overexpression in leukemic cell lines, when suppressed, could impede
proliferation and clonogenicity of AML cells. Our study pinpointed an elevated expression of
PLK1 in FLT3-ITD AML cell lines and primary patient samples, with a particular upregulation
in TKI-resistant FLT3-ITD AML cells, underscoring its potential as a resistance reversal target.

Both gilteritinib and metformin independently down-regulated PLK1 in FLT3-ITD AML cells.
115



10

15

20

25

WO 2025/097033 PCT/US2024/054235

Yet, higher concentrations of gilteritinib were required to meaningfully diminish PLK1
expression in MOLM13-RES cells. Notably, their combinational treatment yielded a
substantially enhanced inhibitory effect on PLK1 expression in regular and TKI-resistant FLT3-
ITD AML cells, highlighting the synergy in targeting PLK1.

[0280] PLKI, central to various oncogenic pathways like MAPK and mTOR, exhibits a
significant down-regulation, especially when metformin and gilteritinib are combined. This
treatment not only curtails the expression of PLK1 but also the phosphorylation levels of FLT3,
STATS, ERK, and mTOR. By countering the persistently active PLK1-MAPK/mTOR pathway
in MOLM13-RES cells with metformin, we re-sensitized these cells to FLT3 TKI. Conversely,
forced expression of PLK1 largely reverses the beneficial effects of metformin and gilteritinib,
reinstating TKI resistance in FLT3-ITD AML cells. Additionally, our retrospective clinical data
pointed to elevated PLK1 levels in FLT3-1ITD AML patient samples, which dropped post-
metformin treatment during remission. Collectively. our results suggest that PLK1 plays a
pivotal role in regulating the response of FLT3-mutated AML cells to TKI treatment and is also a
critical effector that mediates the therapeutic effects of metformin and gilteritinib in treating
FLT3-mutated AML. Previous research has established the capability of metformin to enhance
chemotherapv efficacy and counter drug resistance in AML, particularly through its impact on
key pathways such as PI3K/Akt/mTOR. Here, we delved deeper into the mechanistic
interactions, identifying the pivotal role of PLK1 in FLT3-ITD AML and its modulation by
metformin in synergy with gilteritinib, adding a critical dimension to our understanding of how
these therapies interact at the molecular level. While recent small-molecule PLK1 inhibitors
demonstrate potential in preclinical studies, their clinical application is limited bv moderate
response rates and potential side effects. Metformin, with broader effects and minimal side
effects, presents a safer and more potent and cost-effective alternative of PLK1 inhibitors. In
addition, although here we focused on PLK1 as a critical co-target of metformin and gilteritinib,
metformin definitely also targets other pathways, such as insulin and insulin-like growth factor 1

signaling and mitochondrial function.

[0281] Our data suggest that patients with FLT3-ITD AML and diabetes showed an improved
OS upon metformin uptake. However, due to the high cost of FLT3 TKIs, very few of patients
with FLT3-ITD AML in our cohort had received TKI treatment. The limited use of FLT3 TKIs,

like gilteritinib, in our samples points to cost barriers in developing nations. By combining
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metformin with a reduced gilteritinib dose, we propose a cost-effective and safer treatment for
FLT3-mutated AML. Future clinical trials are needed to investigate whether an even lower
dosage (e.g., 1/3 or even 1/5 of the standard dosage) of gilteritinib combined with an optimal
dosage of metformin can match or outperform the gilteritinib and venetoclax combination (thus
far the most effective FLT3 TKI-based combinational therapy) in efficacy. If so, this approach
could cut treatment costs dramatically (to 1/5 or even 1/10 of that of the gilteritinib and
venetoclax combination), making it more accessible/affordable globally (especially in

developing countries) and possibly making a paradigm shift in FLT3-mutated AML therapy.

[0282] In summary, our studies highlight the benefits of combining metformin with a TKI
(e.g., gilteritinib) to treat FLT3-mutated AML. We have identified PLK1 as a pivotal regulator in
FLT3 TKI resistance and a critical co-target for metformin and gilteritinib. Thus, this work not
only sheds light on the molecular mechanism(s) underlying TKI resistance of FLT3-mutated
AML .
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INFORMAL SEQUENCE LISTING

[0283] P Embodiment 1.
inhibitor (TKI).

[0284] P Embodiment 2.

antibody or a small molecule.

[0285] P Embodiment 3.

SEQID NO: | Name of sequence | Sequence
1. shPILK1-2 GCCGCACCAGAGGGAGAAGAT
2. shPILK1-4 CCCGAGGTGCTGAGCAAGAAA
3. PI.K1-Xbal-Forward | TCTAGAGCCACCATGCACCACCACCACCACCACAGTGCTGCAG
TGACTGCAGGGAA
4. PLK1-Notl-Reverse ATCCTTCGCGGCCGCTTAGGAGGCCTTGAGACGGTTGCTG
5. pCDH-Forward GCGGCCGCGAAGGATCTGCGA
6. pCDH-Reverse CATGGTGGCTCTAGAATCTTCTATG
7. PLKI1-qPCR- AAAGAGATCCCGGAGGTCCTA
Forward
8. PLKI1-gPCR-Reverse | GGCTGCGGTGAATGGATATTTC
9. GAPDH-qPCR- GGAGCGAGATCCCTCCAAAAT
Forward
10. GAPDH-qPCR- GGCTGTTGTCATACTTCTCATGG
Reverse
11. ACTB-qPCR- CATGTACGTTGCTATCCAGGC
Forward
12. ACTB-qPCR- CTCCTTAATGTCACGCACGAT
Reverse
P EMBODIMENTS

A composition comprising metformin and a tyrosine kinase

The composition of P embodiment 1, wherein the TKI is an

The composition of P embodiment 1 or 2, wherein the TKI is

gilteritinib, midostaurin, quizartinib, crenolanib, sunitinib, lestaurtinib, FLX925, cabozantinib,
SEL24-B489, G-749, AMG 925, TTT-3002, or FF-10101.
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[0286] P Embodiment4. The composition of any one of P embodiments 1-3, wherein the

TKI is not sorafenib, osimertinib, gefitinib, icotinib, or rociletinib.

[0287] P Embodiment 5. The composition of any one of P embodiments 1-4, wherein the

composition comprises an amount of metformin between about 250 mg to about 2500 mg.

[0288] P Embodiment 6. The composition of any one of P embodiments 1-5, wherein the

composition comprises an amount of the TKI between about 10 mg to about 300 mg.

[0289] P Embodiment 7. The composition of any one of P embodiments 5 or 6, wherein the
amount of metformin or the amount of the TKI are effective to inhibit polo-like kinase 1 (PLK1)

activity in a human subject or a human cell.

[0290] P Embodiment8.  The composition of any one of P embodiments 1-7, wherein

metformin is in a first dosage form and the TKI is in a second dosage form.

[0291] P Embodiment9. The composition of any one of P embodiments 1-7, wherein

metformin and the TKI are in a single dosage form.

[0292] P Embodiment 10. The composition of any one of P embodiments 1-9, wherein the
composition is a pharmaceutical composition, wherein the pharmaceutical composition further

comprises a pharmaceutically acceptable excipient.

[0293] P Embodiment 11. The composition of any one of P embodiments 1-10, wherein
metformin and the TKI are present in a combined synergistic amount, wherein the combined

synergistic amount is effective to treat cancer in a subject in need thereof.

[0294] P Embodiment 12. The composition of any one of P embodiments 1-11, wherein the
cancer is lymphoma, Hodgkin lymphoma, Non-Hodgkin Ilymphoma, leukemia, myeloma,
multiple myeloma, acute myeloid leukemia (AML), B-cell acute lvmphoblastic leukemia (B-
ALL), T-cell acute lymphoblastic leukemia (T-ALL), renal cell carcinoma, colon cancer, rectal
cancer, colorectal cancer, breast cancer, epithelial squamous cell cancer, melanoma, gastric
cancer, brain cancer, lung cancer, pancreatic cancer, cervical cancer, ovarian cancer, liver cancer,
bladder cancer, prostate cancer, testicular cancer, thyroid cancer, head and neck cancer, uterine
cancer, endometrial cancer, bone cancer, sarcoma, soft tissue sarcoma, osteosarcoma,

adenocarcinoma, or adrenal cancer.
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[0295] P Embodiment 13. The composition of any one of P embodiments 1-12, wherein the

cancer comprises an fms like tyrosine kinase 3 (FLT3) mutation or increased FLT3 expression.

[0296] P Embodiment 14. The composition of any one of P embodiments 1-13, wherein the

cancer comprises increased polo-like kinase 1 (PLK1) activity.

[0297] P Embodiment 15. The composition of any one of P embodiments 1-14, wherein the

cancer comprises a TKI-resistant cancer.

[0298] P Embodiment 16. A method of treating cancer in a subject in need thereof, the
method comprising administering to the subject a therapeutically effective amount of metformin

and a tyrosine kinase inhibitor (TKI), thereby treating the cancer.

[0299] P Embodiment 17. The method of P embodiment 16, wherein the TK1 is an antibody

or a small molecule.

[0300] P Embodiment 18. The method of P embodiment 16 or 17, wherein the TKI is
gilteritinib, midostaurin, quizartinib, crenolanib, sunitinib, lestaurtinib, FLX925, cabozantinib,

SEL24-B489, G-749, AMG 925, TTT-3002. or FF-10101.

[0301] P Embodiment 19. The method of any one of P embodiments 16-18, wherein the TKI

is not sorafenib, osimertinib, gefitinib, icotinib, or rociletinib.

[0302] P Embodiment 20. The method of any one of P embodiments 16-18, wherein

metformin and TKI are administered in a combined synergistic amount.

[0303] P Embodiment 21. The method of any one of P embodiments 16-20, wherein

metformin and the TKI are administered simultaneously or sequentially.

[0304] P Embodiment 22. The method of any one of P embodiments 16-21, wherein
metformin is administered at a first time point and the TKI is administered at a second time

point, wherein the first time point precedes the second time point.

[0305] P Embodiment 23. The method of any one of P embodiments 16-21, wherein the TKI
is administered at a first time point and metformin is administered at a second time point,

wherein the first time point precedes the second time point
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[0306] P Embodiment 24. The method of any one of P embodiments 16-23, wherein

metformin and the TKI are admixed prior to administration.

[0307] P Embodiment 25. The method of any one of P embodiments 16-24, wherein

metformin is administered at an amount of about 250 mg/day to about 2500 mg/day.

[0308] P Embodiment 26. The method of any one of P embodiments 16-25, wherein the TKI

is administered at an amount of about 10 mg/day to about 300 mg/day.

[0309] P Embodiment 27. The method of any one of P embodiments 16-26, wherein
metformin is administered at an amount of about 1200 mg/day and the TKI is administered at an

amount of about 70 mg/day.

[0310] P Embodiment 28. The method of any one of P embodiments 16-27, wherein

metformin is in a first dosage form and the TKI is in a second dosage form.

[0311] P Embodiment 29. The method of any one of P embodiments 16-27, wherein

metformin and the TKI are in a single dosage form.

[0312] P Embodiment 30. The method of any one of P embodiments 16-29, wherein

metformin or the TKI is administered daily.

[0313] P Embodiment 31. The method of any one of P embodiments 16-30, wherein

metformin or the TKI is administered orally.

[0314] P Embodiment 32. The method of any one of P embodiments 16-31, wherein the

subject is a mammal.

[0315] P Embodiment 33. The method of any one of P embodiments 16-32, wherein the

subject is a human.

[0316] P Embodiment 34. The method of any one of P embodiments 16-33, wherein the
cancer is lymphoma, Hodgkin lymphoma, Non-Hodgkin lymphoma, leukemia, myeloma,
multiple myeloma, acute myeloid leukemia (AML), B-cell acute lymphoblastic leukemia (B-
ALL), T-cell acute lymphoblastic leukemia (T-ALL), renal cell carcinoma, colon cancer, rectal
cancer, colorectal cancer, breast cancer, epithelial squamous cell cancer, melanoma, gastric

cancer, brain cancer, lung cancer, pancreatic cancer, cervical cancer, ovarian cancer, liver cancer,
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bladder cancer, prostate cancer, testicular cancer, thyroid cancer, head and neck cancer, uterine
cancer, endometrial cancer, bone cancer. sarcoma, soft tissue sarcoma, osteosarcoma,

adenocarcinoma, or adrenal cancer.

[0317] P Embodiment 35. The method of any one of P embodiments 16-34, wherein the

cancer comprises an fms like tyrosine kinase 3 (FLT3) mutation or increased FLT3 expression.

[0318] P Embodiment 36. The method of any one of P embodiments 16-35, wherein the

cancer comprises increased polo-like kinase 1 (PLK1) activity.

[0319] P Embodiment 37. The method of any one of P embodiments 16-36, wherein the

cancer comprises a TKI-resistant cancer.
EMBODIMENTS

[0320] Embodiment 1. A composition comprising metformin and a tyrosine kinase
inhibitor (TKI).

[0321] Embodiment 2. The composition of embodiment 1, wherein the TKI is an antibody

or a small molecule.

[0322] Embodiment 3. The composition of embodiment 1 or 2, wherein the TKI is
gilteritinib, midostaurin, quizartinib, crenolanib, sunitinib, lestaurtinib, FLX925, cabozantinib,

SEL24-B489, G-749, AMG 925, TTT-3002, or FF-10101.

[0323] Embodiment 4. The composition of any one of embodiments 1-3, wherein the TKI

is not sorafenib, osimertinib, gefitinib, icotinib, or rociletinib.

[0324] Embodiment 5. The composition of any one of embodiments 1-4, wherein the

composition comprises an amount of metformin between about 250 mg to about 2500 mg.

[0325] Embodiment 6. The composition of any one of embodiments 1-5, wherein the

composition comprises an amount of the TKI between about 10 mg to about 300 mg,

[0326] Embodiment 7. The composition of any one of embodiments 5 or 6, wherein the
amount of metformin or the amount of the TKI are effective to inhibit polo-like kinase 1 (PLK1)

activity in a human subject or a human cell.
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[0327] Embodiment 8. The composition of any one of embodiments 1-7, wherein

metformin is in a first dosage form and the TKI is in a second dosage form.

[0328] Embodiment 9 . The composition of any one of embodiments 1-7. wherein

metformin and the TKI are in a single dosage form.

[0329] Embodiment 10.  The composition of any one of embodiments 1-9, wherein the
composition is a pharmaceutical composition, wherein the pharmaceutical composition further

comprises a pharmaceutically acceptable excipient.

[0330] Embodiment 11.  The composition of any one of embodiments 1-10, wherein
metformin and the TKI are present in a combined synergistic amount, wherein the combined

synergistic amount is effective to treat cancer in a subject in need thereof.

[0331] Embodiment 12.  The composition of embodiment 11, wherein the cancer is
lymphoma, Hodgkin lymphoma, Non-Hodgkin lymphoma, leukemia, myeloma, multiple
myeloma, acute myeloid leukemia (AML), B-cell acute lymphoblastic leukemia (B-ALL), T-cell
acute lymphoblastic leukemia (T-ALL), renal cell carcinoma, colon cancer, rectal cancer,
colorectal cancer, breast cancer, epithelial squamous cell cancer, melanoma, gastric cancer, brain
cancer, lung cancer, pancreatic cancer, cervical cancer, ovarian cancer, liver cancer, bladder
cancer, prostate cancer, testicular cancer, thyroid cancer, head and neck cancer, uterine cancer,
endometrial cancer, bone cancer, sarcoma, soft tissue sarcoma, osteosarcoma, adenocarcinoma,

or adrenal cancer.

[0332] Embodiment 13.  The composition of embodiment 11 or 12, wherein the cancer

comprises an fms like tyrosine kinase 3 (FLT3) mutation or increased FLT3 expression.

[0333] Embodiment 14.  The composition of any one of embodiments 11-13, wherein the

cancer comprises increased polo-like kinase 1 (PLK1) activity.

[0334] Embodiment 15.  The composition of any one of embodiments 11-14, wherein the

cancer comprises a TKI-resistant cancer.

[0335] Embodiment 16. A method of treating cancer in a subject in need thereof, the
method comprising administering to the subject a therapeutically effective amount of metformin

and a tyrosine kinase inhibitor (TKI), thereby treating the cancer.
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[0336] Embodiment 17.  The method of embodiment 16, wherein the TKI is an antibody or

a small molecule.

[0337] Embodiment 18.  The method of embodiment 16 or 17, wherein the TKI is
gilteritinib, midostaurin, quizartinib, crenolanib, sunitinib, lestaurtinib, FLX925, cabozantinib,
SEL24-B489. G-749, AMG 925, TTT-3002, or FF-10101.

[0338] Embodiment 19.  The method of any one of embodiments 16-18, wherein the TKI is

not sorafenib, osimertinib, gefitinib, icotinib, or rociletinib.

[0339] Embodiment 20.  The method of any one of embodiments 16-18, wherein metformin

and TKI are administered in a combined synergistic amount.

[0340] Embodiment 21.  The method of any one of embodiments 16-20, wherein metformin

and the TKI are administered simultaneously or sequentially .

[0341] Embodiment 22.  The method of any one of embodiments 16-21, wherein metformin
is administered at a first time point and the TKI is administered at a second time point, wherein

the first time point precedes the second time point.

[0342] Embodiment 23.  The method of any one of embodiments 16-21, wherein the TKI is
administered at a first time point and metformin is administered at a second time point, wherein

the first time point precedes the second time point

[0343] Embodiment 24.  The method of any one of embodiments 16-23, wherein metformin

and the TKI are admixed prior to administration.

[0344] Embodiment 25.  The method of any one of embodiments 16-24, wherein metformin

is administered at an amount of about 250 mg/day to about 2500 mg/day.

[0345] Embodiment 26.  The method of any one of embodiments 16-25, wherein the TKI is

administered at an amount of about 10 mg/day to about 300 mg/day.

[0346] Embodiment 27.  The method of any one of embodiments 16-26, wherein metformin
is administered at an amount of about 1200 mg/day and the TKI is administered at an amount of

about 70 mg/day.
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[0347] Embodiment 28.  The method of any one of embodiments 16-27, wherein metformin

is in a first dosage form and the TKI is in a second dosage form.

[0348] Embodiment 29.  The method of any one of embodiments 16-27, wherein metformin

and the TKI are in a single dosage form.

5 [0349] Embodiment 30.  The method of any one of embodiments 16-29, wherein metformin

or the TKI is administered daily.

[0350] Embodiment 31.  The method of any one of embodiments 16-30, wherein metformin

or the TKI is administered orally.

[0351] Embodiment 32.  The method of any one of embodiments 16-31, wherein the subject

10  1s a mammal.

[0352] Embodiment 33.  The method of any one of embodiments 16-32. wherein the subject

1S @ human.

[0353] Embodiment 34.  The method of any one of embodiments 16-33, wherein the cancer
is lymphoma, Hodgkin lymphoma, Non-Hodgkin lymphoma, leukemia, myeloma, multiple

15  myeloma, acute myeloid leukemia (AML), B-cell acute lymphoblastic leukemia (B-ALL), T-cell
acute lymphoblastic leukemia (T-ALL), renal cell carcinoma. colon cancer, rectal cancer,
colorectal cancer, breast cancer, epithelial squamous cell cancer, melanoma, gastric cancer, brain
cancer, lung cancer, pancreatic cancer, cervical cancer, ovarian cancer, liver cancer, bladder
cancer, prostate cancer, testicular cancer, thyroid cancer, head and neck cancer, uterine cancer,

20  endometrial cancer, bone cancer, sarcoma, soft tissue sarcoma, osteosarcoma, adenocarcinoma,

or adrenal cancer.

[0354] Embodiment 35.  The method of any one of embodiments 16-34, wherein the cancer

comprises an fms like tyrosine kinase 3 (FLT3) mutation or increased FLT3 expression.

[0355] Embodiment 36.  The method of any one of embodiments 16-35, wherein the cancer

25  comprises increased polo-like kinase 1 (PLK1) activity.

[0356] Embodiment37.  The method of any one of embodiments 16-36, wherein the cancer

comprises a TKI-resistant cancer.
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WHAT IS CLAIMED IS:

1. A composition comprising metformin and a tyrosine kinase inhibitor
(TKI).

2. The composition of claim 1, wherein the TKI is an antibody or a small
molecule.

3. The composition of claim 1, wherein the TKI is gilteritinib,

midostaurin, quizartinib, crenolanib, sunitinib, lestaurtinib, FLX925, cabozantinib, SEL.24-

B489, G-749, AMG 925, TTT-3002, or FF-10101.

4. The composition of claim 1, wherein the TKI is not sorafenib,

osimertinib, gefitinib, icotinib, or rociletinib.

5. The composition of claim 1, wherein the composition comprises an

amount of metformin between about 250 mg to about 2500 mg.

6. The composition of claim 1, wherein the composition comprises an

amount of the TKI between about 10 mg to about 300 mg,

7. The composition of claim 5, wherein the amount of metformin or the
amount of the TKI are effective to inhibit polo-like kinase 1 (PLK1) activity in a human

subject or a human cell.

8. The composition of claim 1, wherein metformin is in a first dosage

form and the TKI is in a second dosage form.

9. The composition of claim 1. wherein metformin and the TKI are in a

single dosage form.

10. The composition of claim 1, wherein the composition is a
pharmaceutical composition, wherein the pharmaceutical composition further comprises a

pharmaceutically acceptable excipient.
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1L The composition of claim 1, wherein metformin and the TKI are
present in a combined synergistic amount, wherein the combined synergistic amount is

effective to treat cancer in a subject in need thereof.

12. The composition of claim 11, wherein the cancer is lymphoma,
Hodgkin lvmphoma, Non-Hodgkin lymphoma, leukemia, myeloma, multiple myeloma, acute
myeloid leukemia (AML), B-cell acute lymphoblastic leukemia (B-ALL), T-cell acute
lymphoblastic leukemia (T-ALL), renal cell carcinoma, colon cancer, rectal cancer, colorectal
cancer, breast cancer, epithelial squamous cell cancer, melanoma, gastric cancer, brain
cancer, lung cancer, pancreatic cancer, cervical cancer, ovarian cancer, liver cancer, bladder
cancer, prostate cancer, testicular cancer, thyroid cancer, head and neck cancer, uterine
cancer, endometrial cancer, bone cancer, sarcoma, soft tissue sarcoma, osteosarcoma,

adenocarcinoma, or adrenal cancer.

13. The composition of claim 11, wherein the cancer comprises an fms like

tyrosine kinase 3 (FLT3) mutation or increased FLT3 expression.

14. The composition of claim 11, wherein the cancer comprises increased

polo-like kinase 1 (PLK1) activity.

15. The composition of claim 11, wherein the cancer comprises a TKI-

resistant cancer.

16. A method of treating cancer in a subject in need thereof, the method
comprising administering to the subject a therapeutically effective amount of metformin and

a tyrosine kinase inhibitor (TKI), thereby treating the cancer.

17. The method of claim 16, wherein the TKI is an antibody or a small

molecule.

18. The method of claim 16, wherein the TKI is gilteritinib, midostaurin,
quizartinib, crenolanib, sunitinib, lestaurtinib, FLX925, cabozantinib, SEL24-B489, G-749,
AMG 925, TTT-3002, or FF-10101.
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19. The method of claim 16, wherein the TKI is not sorafenib, osimertinib,

gefitinib. icotinib, or rociletinib.

20. The method of claim 16, wherein metformin and TKI are administered

in a combined synergistic amount.

21. The method of claim 16, wherein metformin and the TKI are

administered simultaneously or sequentially.

22, The method of claim 16, wherein metformin is administered at a first
time point and the TKI is administered at a second time point, wherein the first time point

precedes the second time point.

23. The method of claim 16, wherein the TKI is administered at a first time
point and metformin is administered at a second time point, wherein the first time point

precedes the second time point.

24, The method of claim 16, wherein metformin and the TKI are admixed

prior to administration.

25. The method of claim 16, wherein metformin is administered at an

amount of about 250 mg/dav to about 2500 mg/day.

26. The method of claim 16, wherein the TKI is administered at an amount

of about 10 mg/day to about 300 mg/day.

27. The method of claim 16, wherein metformin is administered at an

amount of about 1200 mg/day and the TKI is administered at an amount of about 70 mg/day.

28. The method of claim 16, wherein metformin is in a first dosage form

and the TKI is in a second dosage form.

29. The method of claim 16, wherein metformin and the TKI are in a

single dosage form.

30. The method of claim 16, wherein metformin or the TKI is administered

daily.
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31 The method of claim 16, wherein metformin or the TKI is administered
orally.

32. The method of claim 16, wherein the subject is a mammal.

33. The method of 16, wherein the subject is a human.

34, The method of claim 16, wherein the cancer is lymphoma, Hodgkin

lymphoma, Non-Hodgkin lymphoma, leukemia, myeloma, multiple myeloma, acute myeloid
leukemia (AML), B-cell acute lvmphoblastic leukemia (B-ALL), T-cell acute lyvmphoblastic
leukemia (T-ALL), renal cell carcinoma, colon cancer, rectal cancer, colorectal cancer, breast
cancer, epithelial squamous cell cancer, melanoma, gastric cancer, brain cancer, lung cancer,
pancreatic cancer, cervical cancer, ovarian cancer, liver cancer, bladder cancer, prostate
cancer, testicular cancer, thyroid cancer, head and neck cancer, uterine cancer, endometrial
cancer, bone cancer, sarcoma, soft tissue sarcoma, osteosarcoma, adenocarcinoma, or adrenal

cancer.

35. The method of claim 16, wherein the cancer comprises an fms like

tyrosine kinase 3 (FLT3) mutation or increased FLT3 expression.

36. The method of claim 16, wherein the cancer comprises increased polo-

like kinase 1 (PLK1) activity.

37. The method of claim 16, wherein the cancer comprises a TKI-resistant

cancer.
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