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METHODS AND COMPOSITIONS FOR
TREATING ENDOMETRIAL CANCER

CROSS-REFERENC

L1

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 16/131,985, filed Sep. 14, 2018, which
claims the benefit of priority to U.S. Provisional Application
No. 62/559,294, filed Sep. 15, 2017/, which are incorporated

herein by reference in their entirety.

GOVERNMENT SUPPORT

[0002] This invention was made with government support
under Grant No. P30CA033572 awarded by the National
Institutes of Health. The government has certain rights in the
invention.

BACKGROUND

[0003] Endometrial cancer 1s the most common gyneco-
logic cancer in the United States, and unlike most other
cancers, 1ts incidence and mortality has been rising over the
past decade' . While frequently curable in the early stages
of this disease, a substantial portion of patients are diag-
nosed with incurable, advanced stage and recurrent disease.
Additionally, endometrial cancer patients are often plagued
by comorbidities such as obesity, diabetes mellitus, and
hypertension, making novel therapies, which are frequently
toxic, challenging to study. Only a few treatment options are
available for advanced stage and recurrent endometrial
cancer patients, and few novel drugs have been recently
tested in clinical trial, with modest response rates™'*. One
frequently used drug in endometrial cancer patients, espe-
cially those with metastatic lung lesions or who are deemed
medically unfit for surgical management, 1s the progestin
megestrol acetate, which 1s associated with a 20-30%
response rate in advanced stage/recurrent endometrial can-
cer patients~'°.

BRIEF SUMMARY

[0004] Provided herein are, inter alia, methods and com-
positions for treating cancer in a subject 1in need thereof
comprising a therapeutically eflective amount of a stilbenoid
compound and a progestin.

[0005] In an aspect, provided herein 1s a method of treat-
ing cancer in a subject 1n need thereot, the method including
administering to the subject a therapeutically eflective
amount of (1) pterostilbene or a pharmaceutically acceptable
salt thereof; and (11) megestrol or a pharmaceutically accept-
able salt thereof.

[0006] In an aspect, provided herein 1s a method of pre-
venting cancer in a subject who 1s at risk of cancer, the
method including administering to the subject a therapeuti-
cally effective amount of (1) pterostilbene or a pharmaceu-
tically acceptable salt thereof; and (11) megestrol or a phar-
maceutically acceptable salt thereof.

[0007] In an aspect, provided herein 1s a method of reduc-
ing the likelithood that a subject will develop cancer, the
method including administering to the subject a therapeuti-
cally effective amount of (1) pterostilbene or a pharmaceu-
tically acceptable salt thereof; and (1) megestrol or a phar-
maceutically acceptable salt thereof.

[0008] In an aspect, provided herein 1s a method of
increasing the likelthood that a subject will respond to
treatment for cancer comprising megestrol or a pharmaceu-
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tically acceptable salt thereof, including administering
pterostilbene or a pharmaceutically acceptable salt thereof to
the subject.

[0009] In an aspect, provided herein 1s a method of
increasing the likelihood that a subject will respond to
megestrol acetate treatment for cancer, including adminis-
tering pterostilbene or a pharmaceutically acceptable salt
thereol to the subject.

[0010] In an aspect, provided herein 1s a method of
increasing the likelthood that a subject will respond to
treatment for cancer comprising pterostilbene or a pharma-
ceutically acceptable salt thereof, including administering
megestrol or a pharmaceutically acceptable salt thereotf to
the subject.

[0011] In an aspect, provided herein i1s a method of
increasing the likelithood that a subject will respond to
pterostilbene treatment for cancer, including administering,
megestrol acetate to the subject.

[0012] In an aspect, provided herein 1s a method of treat-
ing cancer in a subject who has previously received a first
amount of megestrol or a pharmaceutically acceptable salt
thereof, including administering (1) a second amount of
megestrol or a pharmaceutically acceptable salt thereof that
1s less than said first amount; and (11) an amount of pteros-
tilbene or a pharmaceutically acceptable salt thereof.

[0013] In an aspect, provided herein 1s a method of treat-
ing cancer in a subject who has previously received a first
amount of megestrol acetate, including administering (1) a
second amount of megestrol acetate that 1s less than said first
amount; and (1) an amount of pterostilbene.

[0014] In an aspect, provided herein 1s a method of treat-
ing cancer in a subject who has previously received a first
amount of pterostilbene or a pharmaceutically acceptable
salt thereot, including administering (1) a second amount of
pterostilbene or a pharmaceutically acceptable salt thereof
that 1s less than said first amount; and (1) an amount of
megestrol or a pharmaceutically acceptable salt thereof.

[0015] In an aspect, provided herein 1s a method of treat-
ing cancer in a subject who has previously received a first
amount of pterostilbene, including administering (1) a sec-
ond amount of pterostilbene that i1s less than said first
amount; and (11) an amount of megestrol acetate.

[0016] In an aspect, provided herein 1s a pharmaceutical
composition including a therapeutically effective amount of
(1) a stilbenoid compound and a progestin, and (11) a phar-
maceutically acceptable excipient.

[0017] In an aspect, provided herein 1s a pharmaceutical
composition including a therapeutically eflective amount of
(1) pterostilbene or a pharmaceutically acceptable salt
thereol and megestrol or a pharmaceutically acceptable salt
thereof, and (1) a pharmaceutically acceptable excipient.

[0018] In an aspect, provided herein 1s a method of treat-
ing estrogen receptor (ER) positive and/or progesterone
receptor (PR) positive cancer in a subject in need thereof,
including administering a therapeutically eflective amount
of pterostilbene or a pharmaceutically acceptable salt thereof
to the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1. Pterostilbene (PTE) inhibits endometrial
cancer cell wiability. Cells were treated with vehicle
(DMSO) or Pterostilbene (37.5-30004) for 48 hrs. Cell

viability was determined using MTS assay. The IC., was
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determined by the Chou-Talalay method. Data are expressed
as the ratio to control treated with vehicle (DMSO).

[0020] FIGS. 2A-2C. Synergistic eflects of Pterostilbene
(PTE) in combination with megestrol acetate (which 1s
shortened to “Megestrol” 1n FIGS. 2A and 2B) 1in human
endometrial cancer cells. HEC-1A (FIG. 2A) and ECC-1
(FIG. 2B) cells were treated with Pterostilbene or megestrol
acetate either alone or 1n combination at various concentra-
tions 1n a fixed molar ratio 1:1. Cell viability was determined
72 h later. FIG. 2C: HEC-1A cells were treated with Pteros-
tilbene or megestrol acetate alone or in combination at
vartous molar ratios. Cell viability was determined 72 h
later.

[0021] FIGS. 3A-3B. Effect of Pterostilbene (PTE) and
megestrol acetate on the expression of cell cycle molecules
and cell survival molecules. FIG. 3A: HEC-1A cells were
treated with Pterostilbene or megestrol acetate at various
concentrations for 24 h. Whole cells were collected and
determined for the expression of cell survival molecules and
cell cycle molecules by Western blot. FIG. 3B: HEC-1A
cells were treated with Pterostilbene (75 uM), megestrol
acetate (75 uM) or the combination for 24 h. Whole cell
lysates were collected and measured for the change of cell
cycle and apoptosis pathways by Western blot.

[0022] FIGS. 4A-4B. Effect of Pterostilbene (PTE) and
megestrol acetate on the expression of cell signaling mol-
ecules. FIG. 4A: HEC-1A cells were treated with Pterostil-
bene or megestrol acetate at various concentrations for 24 h.
Whole cells were collected and determined for the change of

STAT3, AKT and ERK pathways and ER expression by
Western blot. FIG. 4B: HEC-1A cells were treated with
Pterostilbene (75 uM), megestrol acetate (75 uM) or the
combination for 24 h. Whole cell lysates were collected and
measured for the change of cell signaling pathways by
Western blot.

[0023] FIGS. 5A-5C. Anti-tumor activity of Pterostilbene
(PTE) plus megestrol acetate (“Megace™) in HEC-1 A xeno-
graft model. HEC-1A cells were implanted subcutaneously
into the right flank of nude mice. Tumors were treated daily
with vehicle, Pterostilbene (30 mg/kg), megestrol acetate
(10 mg/kg) or combination of both. Tumor volume (FIG.
5A) and body weight (FIG. 5B) were measured once or
twice a week. FIG. 5C: Tumor weight was measured at end
of the treatment. Data represent meansSD (n=8-10). **,
P<0.003, combination versus vehicle.

DETAILED DESCRIPTION

Definitions

[0024] While various embodiments and aspects of the
present invention are shown and described herein, it will be
obvious to those skilled 1n 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 1n practicing the invention.

[0025] The section headings used herein are for organiza-
tional purposes only and are not to be construed as limiting,
the subject matter described. All documents, or portions of
documents, cited 1n the application including, without limi-
tation, patents, patent applications, articles, books, manuals,
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and treatises are hereby expressly incorporated by reference
in their entirety for any purpose.

[0026] Unless defined otherwise, technical and scientific
terms used herein have the same meaning as commonly
understood by a person of ordinary skill 1n the art. See, e.g.,
Singleton et al., DICTIONARY OF MICROBIOLOGY
AND MOLECULAR BIOLOGY 2nd ed., J. Wiley & Sons
(New York, N.Y. 1994); Sambrook et al., MOLECULAR
CLONING, A LABORATORY MANUAL, Cold Springs
Harbor Press (Cold Springs Harbor, N Y 1989). Any meth-
ods, devices and materials similar or equivalent to those
described herein can be used 1n the practice of this invention.
The following definitions are provided to facilitate under-
standing of certain terms used frequently herein and are not
meant to limit the scope of the present disclosure.

[0027] As used herein, the term *““about’ 1n the context of
a numerical value or range means+x10% of the numerical
value or range recited or claimed, unless the context requires
a more limited range.

[0028] Phrases such as ““at least one of” or “one or more
of” may occur followed by a conjunctive list of elements or
features. The term “and/or” may also occur in a list of two
or more elements or features. Unless otherwise implicitly or
explicitly contradicted by the context in which 1t 1s used,
such a phrase 1s intended to mean any of the listed elements
or features individually or any of the recited elements or
features 1n combination with any of the other recited ele-
ments or features. For example, the phrases “at least one of
A and B;” “one or more of A and B;” and “A and/or B”” are
each intended to mean “A alone, B alone, or A and B
together.” A similar interpretation 1s also intended for lists
including three or more items. For example, the phrases “at
least one of A, B, and C;” “one or more of A, B, and C;” and
“A, B, and/or C” are each intended to mean “A alone, B
alone, C alone, A and B together, A and C together, B and
C together, or A and B and C together.” In addition, use of
the term ““based on,” above and 1n the claims 1s intended to
mean, “based at least 1n part on,” such that an unrecited
teature or element 1s also permissible.

[0029] It 1s understood that where a parameter range 1s
provided, all integers within that range, and tenths thereof,
are also provided by the invention. For example, “0.2-5 mg”
1s a disclosure 01 0.2 mg, 0.3 mg, 0.4 mg, 0.5 mg, 0.6 mg etc.
up to and including 5.0 mg.

[0030] The transitional term “comprising,” which 1s syn-
onymous with “including,” 1s 1inclusive or open-ended and
does not exclude additional, unrecited elements or method
steps. By conftrast, the transitional phrase “consisting of”
excludes any element, step, or ingredient not specified in the
claam. The transitional phrase “consisting essentially of”
limits the scope of a claim to the specified matenals or steps
“and those that do not materially affect the basic and novel
characteristic(s)” of the claimed invention.

[0031] As used herein, the singular forms “a,” “an,” and
“the” include the plural reference unless the context clearly
dictates otherwise.

[0032] In embodiments, a compound (e.g., an adminis-
tered compound) 1s an 1solated or purified compound. As
used herein, an “isolated” or “purified” compound, 1s sub-
stantially free of cellular matenial or culture medium when
produced by cells, or chemical precursors or other chemicals
when chemically synthesized. In embodiments, purified
compounds are at least 60% by weight (dry weight) the
compound of interest. In embodiments, the preparation 1s at
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least 753%, more preferably at least 90%, and most prefer-
ably at least 99%, by weight the compound of interest. In
embodiments, a purified compound 1s one that 1s at least
90%, 91%, 92%, 93%, 94%, 95%, 98%, 99%, or 100%
(w/w) of the desired compound by weight. Purity may be
measured by any appropriate standard method, for example,
by column chromatography, thin layer chromatography, or
high-performance liquid chromatography (HPLC) analysis.
In embodiments, punified also defines a degree of sterility
that 1s safe for administration to a human subject, e.g.,
lacking infectious or toxic agents.

[0033] A “combined synergistic amount” as used herein
refers to the sum of a first amount (e.g., an amount of a
pterostilbene) and a second amount (e.g., an amount of a
megestrol acetate) that results 1n a synergistic effect (1.e. an
cllect greater than an additive eflect). Therefore, the terms
“synergy”, “synergism’’, “synergistic”’, “combined synergis-
tic amount”, and “synergistic therapeutic effect” which are
used herein interchangeably, refer to a measured eflect of
compounds administered 1n combination where the mea-
sured effect 1s greater than the sum of the individual effects
of each of the compounds administered alone as a single

agent.

[0034] “‘Pharmaceutically acceptable salts” 1s meant to
include salts of the active compounds that are prepared with
relatively nontoxic acids or bases, depending on the particu-
lar substituents found on the compounds described herein. In
embodiments, when compounds contain relatively acidic
functionalities, base addition salts can be obtained by con-
tacting the neutral form of such compounds with a suilicient
amount of the desired base, either neat or 1n a suitable 1nert
solvent. Examples of pharmaceutically acceptable base
addition salts include sodium, potassium, calcium, ammo-
nium, organic amino, or magnesium salt, or a similar salt.
When compounds contain relatively basic functionalities,
acid addition salts can be obtained by contacting the neutral
form of such compounds with a suflicient amount of the
desired acid, either neat or in a suitable inert solvent.
Examples of pharmaceutically acceptable acid addition salts
include those derived from inorganic acids like hydrochlo-
ric, hydrobromic, nitric, carbonic, monohydrogencarbonic,
phosphoric, monohydrogenphosphoric, dihydrogenphos-
phoric, sulfuric, monohydrogensulturic, hydriodic, or phos-
phorous acids and the like, as well as the salts dertved from
relatively nontoxic organic acids like acetic, propionic,
1sobutyric, maleic, malonic, benzoic, succinic, suberic,
fumaric, lactic, mandelic, phthalic, benzenesulfonic,
p-tolylsulfonic, citric, tartaric, oxalic, methanesulfonic, and
the like. Also included are salts of amino acids such as
arginate and the like, and salts of organic acids like glu-
curonic or galactunoric acids and the like (see, for example,
Berge et al., “Pharmaceutical Salts”, Journal of Pharma-
ceutical Science, 1977, 66, 1-19). In embodiments, a com-
pound contains both basic and acidic functionalities that
allow the compound to be converted into either base or acid
addition salts.

[0035] Thus, the compounds disclosed herein may exist as
salts, such as with pharmaceutically acceptable acids. Cer-
tain aspects include such salts. Examples of such salts
include hydrochlorides, hydrobromides, sulfates, methane-
sulfonates, nitrates, maleates, acetates, citrates, fumarates,
tartrates (e.g., (+)-tartrates, (-)-tartrates, or mixtures thereof
including racemic mixtures), succinates, benzoates, and salts
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with amino acids such as glutamic acid. These salts may be
prepared by methods known to those skilled in the art.

[0036] The terms “treating” or “treatment” refers to any
indicia of success in the treatment or amelioration of an
injury, disease, pathology or condition, including any objec-
tive or subjective parameter such as abatement; remission;
diminishing of symptoms or making the injury, pathology or
condition more tolerable to the subject; slowing 1n the rate
of degeneration or decline; making the final point of degen-
cration less debilitating; improving a subject’s physical or
mental well-being. The treatment or amelioration of symp-
toms can be based on objective or subjective parameters;
including the results of a physical examination, neuropsy-
chuatric exams, and/or a psychiatric evaluation. For
example, the certain methods presented herein successiully
treat cancer by reducing cancer cell proliferation, reducing
tumor growth or size, or reducing metastasis 1 a subject in
need thereof. In embodiments, treatment achieves inhibition
of disease (e.g., cancer) progression. As used herein, “inhi-
bition™ of disease progression or a disease complication 1n a
subject means preventing or reducing the disease progres-
sion and/or a disease complication in the subject.

[0037] An “eflective amount™ 1s an amount suflicient to
accomplish a stated purpose (e.g., achieve the eflect for
which 1t 1s administered, treat a disease, reduce cancer cell
proliferation, reduce tumor growth or size, reduce metasta-
s1s, reduce one or more symptoms of a disease or condition,
and the like). In embodiments, an eflective amount of a
single specified compound (e.g., a stilbenoid compound
such as pterostilbene) 1s administered. In embodiments, an
cllective amount 1s the amount of two or more compounds
in combination (e.g., a stilbenoid compound such as pteros-
tilbene and a progestin such as megestrol acetate). In
embodiments relating to an eflective amount that 1s the
amount of two or more compounds 1 combination, the
amount of each compound would be an effective amount 1f
the compound was administered singly, such that multiple
cllective amounts are combined. In embodiments relating to
an ellective amount that 1s the amount of two or more
compounds 1n combination, the amount of one or more of
the compounds 1s less than the eflective amount of the
compound(s) when administered alone, but the combination
thereol 1s eflective. An example of an “eflective amount”™ 1s
an amount suilicient to contribute to the treatment, preven-
tion, or reduction of a symptom or symptoms of a disease
(such as cancer, e.g., breast or endometrial cancer), which
could also be referred to as a “therapeutically eflective
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 eflective amount™ of
a drug 1s an amount of a drug that, when administered to a
subject, will have the mtended prophylactic eflect, 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 1njury,
disease, pathology, or condition, or their symptoms. The full
prophylactic effect does not necessarily occur by adminis-
tration of one dose, and may occur only after adminmistration
of a series of doses. Thus, a prophylactically eflective
amount may be administered 1n one or more administrations.
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, Pharmaceu-
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tical Dosage Forms (vols. 1-3, 1992); Lloyd, The Art,
Science and lechnology of Pharmaceutical Compounding

(1999); Pickar, Dosage Calculations (1999); and Reming-
ton: The Science and Practice of Pharmacy, 20th Edition,
2003, Gennaro, Ed., Lippincott, Williams & Wilkins).

[0038] As used herein, a “symptom” associated with a
disorder includes any clinical or laboratory manifestation
assoclated with the disorder, and 1s not limited to what the
subject can feel or observe.

[0039] “Subject,” “patient,” and the like refer to a living
organism who 1s a member of a species whose members may
suller from a disease or condition (e.g., cancer such as
endometrial cancer or breast cancer) that can be treated by
administration of a compound or pharmaceutical composi-
tion, as provided herein. Non-limiting examples include
humans, other mammals such as primates, bovines, rats,
mice, dogs, monkeys, goat, sheep, cows, deer, and other
non-mammalian animals. In embodlments a subject 1s
human. In embodiments, a subject 1s male. In embodiments,
a subject 1s female.

[0040] The terms “subject,” “patient,” “individual,” and
the like as used herein are not intended to be limiting and can
be generally interchanged. That 1s, an individual described
as a “patient” does not necessarily have a given disease, but
may be merely seeking medical advice.

[0041] “‘Pharmaceutically acceptable excipient” and
“pharmaceutically acceptable carrier” refer to a substance
that aids the admimstration of an active agent to and
absorption by a subject and can be included 1n the compo-
sitions provided herein without causing a significant adverse

toxicological effect on the patient. Unless indicated to the
contrary, the terms

“active agent,” “active ingredient,”
“therapeutically active agent,” “therapeutic agent” and like
are used synonymously. Non-limiting examples of pharma-
ceutically 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 solu-
tion), alcohols, oils, gelatins, carbohydrates such as lactose,
amylose or starch, fatty acid esters, hydroxymethycellulose,
polyvinyl pyrrolidine, polyethylene glycol, and colors, and
the like. Such preparations can be sterilized and, 11 desired,
mixed with auxiliary agents such as lubricants, preserva-
tives, stabilizers, wetting agents, emulsifiers, salts for intlu-
encing osmotic pressure, bullers, 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 waill
recognize that other pharmaceutical excipients are useful in
the present invention.

[0042] As used herein, the term “administering” means
oral administration, administration as an inhaled aerosol or
as an 1inhaled dry powder, suppository, topical contact,
intravenous, parenteral, intraperitoneal, intramuscular,
intralesional, intrathecal, intranasal or subcutaneous admin-
istration, or the implantation of a slow-release device, e.g.,
a mini-osmotic pump, to a subject. Administration i1s by any
route, including parenteral and transmucosal (e.g., buccal,
sublingual, palatal, gingival, nasal, vaginal, rectal, or trans-
dermal). Parenteral administration includes, e.g., intrave-
nous, mtramuscular, intra-arteriole, intradermal, subcutane-
ous, intraperitoneal, intraventricular, and intracranial. Other
modes of delivery include, but are not limited to, the use of
liposomal formulations, intravenous infusion, transdermal
patches, etc. By “coadminister” it 1s meant that a composi-
tion or compound described herein 1s administered at the
same time, just prior to, or just after the administration of
one or more additional therapies, for example cancer thera-
pies such as chemotherapy, hormonal therapy, radiotherapy,
or immunotherapy. In embodiments, a composition or com-
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pound disclosed herein can be administered alone or can be
coadministered to the patient. Coadministration 1s meant to
include simultaneous or sequential administration of a com-
pound or composition individually or in combination (more
than one compound or agent). In embodiments, composi-
tions provided herein can be delivered transdermally, by a
topical route, formulated as applicator sticks, solutions,
suspensions, emulsions, gels, creams, omntments, nanopar-
ticles, pastes, jellies, paints, powders, and aerosols. Oral
preparations include tablets, pills, powder, dragees, cap-
sules, liquids, lozenges, cachets, gels, syrups, slurries, sus-
pensions, etc., suitable for ingestion by the patient. Solid
form preparations include powders, tablets, pills, capsules,
cachets, suppositories, and dispersible granules. Liquid form
preparations include solutions, suspensions, and emulsions,
for example, water or water/propylene glycol solutions. In
embodiments, compositions provided herein may addition-
ally include components to provide sustained release and/or
comifort. Such components include high molecular weight,
anionic mucomimetic polymers, gelling polysaccharides
and finely-divided drug carrier substrates. Non-limiting
examples of these components are discussed 1n 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 1ncorpo-
rated herein by reference in their entirety for all purposes. In
embodiments, compositions provided herein can also be
delivered as microspheres for slow release i the body. For
example, microspheres can be administered via intradermal
injection of drug-containing microspheres, which slowly

release subcutancously (see Rao, J. Biomater Sci. Polym.
Ed. 7:623-645, 1995; as biodegradable and imjectable gel

formulations (see, €.g., Gao Pharm. Res. 12:857-863, 1993);
or, as microspheres for oral administration (see, e.g., Eyles,
Pharm. Pharmacol. 49:669-674, 1997). In embodiments,
compositions provided herein can be delivered by the use of
liposomes which fuse with the cellular membrane or are
endocytosed, 1.¢., by employing receptor ligands attached to
the liposome, that bind to surface membrane protein recep-
tors of the cell resulting 1n endocytosis. By using liposomes,
particularly where the liposome surface carries receptor
ligands specific for target cells, or are otherwise preferen-
tially directed to a specific organ, one can focus the delivery
of the compositions provided herein mto the target cells 1n
vivo. (See, e.g., Al-Muhammed, J Microencapsul. 13:293-
306, 1996; Chonn, Curr. Opin. Biotechnol. 6:698-708, 1993;
Ostro, Am. J. Hosp. Pharm. 46:1576-1587, 1989).

[0043] Pharmaceutical compositions provided by herein
include compositions wherein the active ingredient (e.g.,
compounds described herein, including embodiments or
examples) 1s contained in a therapeutically effective amount,
1.€., 1n an amount eflective to achieve 1ts mtended purpose.
The actual amount eflective for a particular application will
depend, inter alia, on the condition (e.g. cancer or cancer
subtype) being treated. Determination of a therapeutically
cellective amount of a compound of the mvention 1s well
within the capabilities of those skilled 1n the art, especially

in light of the detailed disclosure herein.

[0044] The dosage and frequency (single or multiple
doses) administered to a subject can vary depending upon a
variety of factors, for example, whether the subject suflers
from another disease, and its route of administration; size,
age, sex, health, body weight, body mass index, and diet of
the recipient; nature and extent of symptoms of the disease
being treated, kind of concurrent treatment, complications
from the disease being treated or other health-related prob-
lems. Other therapeutic regimens or agents can be used 1n
conjunction with the methods and compositions provided
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herein. Adjustment and manipulation of established dosages
(e.g., Irequency and duration) are well within the ability of
those skilled 1n the art.

[0045] As used herein, the term “‘progestin” refers to
natural or synthetic steroidal hormones that cause proges-
tational activity. Non-limiting examples ol progestins
include progesterone, megestrol, megestrol acetate,
levonorgestrel, medroxyprogesterone (e.g., Depo-Pro-
vera™), medoxyprogesterone acetate, norethindrone, and
norethindrone acetate. In embodiments, the progesterone 1s
micronized progesterone.

[0046] As used herein, the term “stilbenoid compound”
refers to a hydroxylated derivative of stilbene, which
belongs to the family of phenylpropanoids. Non-limiting
examples of stilbenoid compounds include resveratrol,
isorhapontigenin, piceatannol, oxyresveratrol, rhaponti-
genin, gnetol, and pterostilbene.

[0047] The chemical structure of pterostilbene 1s as fol-
lows:
F OH.
H;CO ‘ " W N
P
OCH,

The PubChem CID for pterostilbene 1s 5281727.

[0048] The chemical structure of resveratrol 1s as follows:

/\‘ /OH
HO NN \/

OH

The PubChem CID for resveratrol 1s 445154.

[0049]
follows:

The chemical structure of isorhapontigenin 1s as

HO

HO /

The PubChem CID for isorhapontigenin 1s 53186350.

[0050] The chemical structure of piceatannol 1s as follows:

/\/OH

HO X e Yd \/\OH.

OH

The PubChem CID for piceatannol 1s 667639,
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[0051] The chemical structure of oxyresveratrol 1s as
follows:
OH.
F
HO \ N ‘
OH

OH

The PubChem CID for oxyresveratrol 1s 5281717.
[0052] The chemical structure of rhapontigenin is as fol-

tows: OH
/\/ﬁ:
N Y Y ‘\OH.
P

N N

The PubChem CID for rhapontigenin 1s 5320954,
[0053] The chemical structure of gnetol 1s as follows:

NG

HO\/\/\Q

L by
T

The PubChem CID for gnetol 1s 45382232,
[0054] The chemical structure of megestrol 1s as follows:

The PubChem CID for megestrol 1s 19090.

[0055] The chemical structure of megestrol acetate 1s as
follows:

The PubChem CID for megestrol acetate 1s 11683.
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[0056] The chemical structure of medroxyprogesterone 1s
as follows:

The PubChem CID for medroxyprogesterone 1s 10631.

[0057]
lows:

The chemical structure of progesterone 1s as fol-

The PubChem CID ifor progesterone 1s 5994,

[0058] The chemical structure of norethisterone acetate 1s
as follows:

The ChemSpider 1D for norethisterone acetate 1s 63021.

[0059]
lows:

The chemical structure of levonorgestrel 1s as fol-

The PubChem CID for levonorgestrel 1s 13109.
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[0060] ARIDIA 1s also known as Al-rich interaction
domain 1A, and includes any recombinant or naturally-
occurring form of Al-rich interaction domain-containing
protein 1A, and homologs, 1soforms, or variants thereof. In
embodiments, homologs, 1soforms, or variants 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, 150 or 200 continuous amino
acid portion) compared to a naturally occurring Al-rich
interaction domain-containing protein 1A. In embodiments,
the ARIDIA gene 1s substantially i1dentical to the nucleic
acid 1dentified by the ENSEMBLE reference number
ENSGO00000117713 or a variant having substantial identity
thereto. A non-limiting example of an amino acid sequence
for an ARID1A protein 1s provided in NCBI Accession No.
NP_006006.3. A non-limiting example of a nucleotide
sequence that encodes ARID1A 1s provided in NCBI Acces-
sion No. NM 006013.5.

[0061] CTNNBI 1s also known as catemin beta 1, and
includes any recombinant or naturally-occurring form of
catenin beta-1, and homologs, 1soforms, or variants thereof.
In embodiments, homologs, 1soforms, or variants 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, 150 or 200 continuous amino
acid portion) compared to a naturally occurring catenin
beta-1 protein. In embodiments, the CINNBI1 gene 1s sub-
stantially i1dentical to the nucleic acid identified by the
ENSEMBLE reference number ENSG00000168036 or a
variant having substantial identity thereto. A non-limiting
example of an amino acid sequence for a CTNNBI1 protein
1s provided in NCBI Accession No. NP_001091679.1. A
non-limiting example of a nucleotide sequence that encodes
CINNB1 1s provided 1m NCBI Accession No.
NM_001098209.1.

[0062] FGFR2 i1s also known as fibroblast growth factor 2,
and 1ncludes any recombinant or naturally-occurring form of

fibroblast growth factor 2, and homologs, i1soforms, or
variants thereol In embodiments, homologs, 1soforms, or
variants have at least 90%, 95%, 96%, 97%., 98%, 99% or
100% amino acid sequence i1dentity across the whole
sequence or a portion of the sequence (e.g. a 50, 100, 150 or
200 continuous amino acid portion) compared to a naturally
occurring fibroblast growth factor 2 protein. In embodi-

ments, the FGFR2 gene 1s substantially identical to the
nucleic acid identified by the ENSEMBLE reference number

ENSG00000066468 or a variant having substantial identity
thereto. A non-limiting example of an amino acid sequence
for a FGFR2 protein 1s provided in NCBI Accession No.
NP_000132.3. A non-limiting example of a nucleotide
sequence that encodes FGFR2 1s provided in NCBI Acces-
sion No. NM 000141 4.

[0063] KRAS includes any recombinant or naturally-oc-
curring form of KRAS, and homologs, 1soforms, or variants
thereof. In embodiments, homologs, 1soforms, or variants
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, 150 or 200
continuous amino acid portion) compared to a naturally
occurring KRAS protein. In embodiments, the KRAS gene
1s substantially identical to the nucleic acid i1dentified by the
ENSEMBLE retference number ENSG00000133703 or a

variant having substantial identity thereto. A non-limiting
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example of an amino acid sequence for a KRAS protein 1s
provided in NCBI Accession No. NP_203524.1. A non-
limiting example of a nucleotide sequence that encodes
CTNNBI 1s provided in NCBI Accession No. NM_033360.
3

[0064] PIK3R1 1s also known as phosphatidylinositol
3-kinase regulatory subunit alpha, and includes any recom-
binant or naturally-occurring form of phosphatidylinositol
3-kinase regulatory subunit alpha, and homologs, 1soforms,
or variants thereof. In embodiments, homologs, 1soforms, or
variants 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, 150 or
200 continuous amino acid portion) compared to a naturally
occurring phosphatidylinositol 3-kinase regulatory subunit
alpha protein. In embodiments, the PIK3R1 gene 1s substan-
tially 1dentical to the nucleic acid identified by the
ENSEMBLE reference number ENSG00000145675 or a
variant having substantial identity thereto. A non-limiting
example of an amino acid sequence for a PIK3R1 protein 1s
provided i NCBI Accession No. NP_852664.1. A non-

limiting example of a nucleotide sequence that encodes
PIK3R1 1s provided in NCBI Accession No. NM_181523.2.

[0065] TP33 1s also known as tumor proteimn p53, and
includes any recombinant or naturally-occurring form of
tumor proteimn p33, and homologs, 1soforms, or variants
thereol. In embodiments, homologs, 1soforms, or variants
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, 150 or 200
continuous amino acid portion) compared to a naturally
occurring tumor protein p53. In embodiments, the TP53
gene 1s substantially i1dentical to the nucleic acid identified
by the ENSEMBLE reference number ENSG00000141510
or a variant having substantial i1dentity thereto. A non-
limiting example of an amino acid sequence for a TP53
protein 1s provided 1n NCBI Accession No. NP_000537.3. A
non-limiting example of a nucleotide sequence that encodes

TP33 1s provided in NCBI Accession No. NM_000546.5.

[0066] PTEN 1s also known as phosphatase and tensin
homolog, and includes any recombinant or naturally-occur-
ring form of phosphatase and tensin homolog, and
homologs, 1soforms, or variants thereof. In embodiments,
homologs, 1soforms, or variants 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, 1350 or 200 continuous amino acid portion)
compared to a naturally occurring phosphatase and tensin
homolog protein. In embodiments, the PTEN gene 1s sub-
stantially 1dentical to the nucleic acid identified by the
ENSEMBLE reference number ENSGO00000171862 or a
variant having substantial identity thereto. A non-limiting
example of an amino acid sequence for a PTEN protein 1s
provided i NCBI Accession No. NP_000305.3. A non-
limiting example of a nucleotide sequence that encodes
PTEN 1s provided in NCBI Accession No. NM_000314.6.

[0067] PPP2RI1A 1s also known as serine/threonine-pro-
tein phosphatase 2A 65 kDa regulatory subunit A alpha
1soform, and includes any recombinant or naturally-occur-
ring form of serine/threonine-protein phosphatase 2A 635
kDa regulatory subunit A alpha isoform, and homologs,

isoforms, or variants thereof. In embodiments, homologs,
1soforms, or svariants have at least 90%, 95%, 96%, 97%.,

98%, 99% or 100% amino acid sequence identity across the
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whole sequence or a portion of the sequence (e.g. a 50, 100,
150 or 200 continuous amino acid portion) compared to a
naturally occurring serine/threonine-protein phosphatase 2A
65 kDa regulatory subunmit A alpha 1soform. In embodiments,
the PPP2R1A gene 1s substantially 1dentical to the nucleic
acid 1dentified by the ENSEMBLE reference number
ENSGO00000105568 or a variant having substantial identity
thereto. A non-limiting example of an amino acid sequence
for a PPP2R1A protein 1s provided in NCBI Accession No.
NP_055040.2. A non-limiting example of a nucleotide
sequence that encodes PPP2R1A 1s provided in NCBI
Accession No. NM 014225.5.

[0068] PIK3CA is also known as phosphatidylinositol-4,
S-bisphosphate 3-kinase catalytic subunit alpha, and
includes any recombinant or naturally-occurring form of
phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit alpha, and homologs, 1soforms, or variants thereof.
In embodiments, homologs, 1soforms, or variants 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, 150 or 200 continuous amino
acid portion) compared to a naturally occurring phosphati-
dylinositol-4,5-bisphosphate 3-kinase catalytic subunit
alpha. In embodiments, the PIK3CA gene 1s substantially
identical to the nucleic acid identified by the ENSEMBLE
reference number ENSG00000121879 or a variant having
substantial i1dentity thereto. A non-limiting example of an
amino acid sequence for a PIK3CA protein 1s provided 1n
NCBI Accession No. NP_006209.2. A non-limiting example

ol a nucleotide sequence that encodes PIK3CA 1s provided
in NCBI Accession No. NM 006218.3.

[0069] PIK3R1 1s also known as phosphatidylinositol
3-kinase regulatory subunit alpha enzyme, and includes any
recombinant or naturally-occurring form of phosphati-
dylinositol 3-kinase regulatory subunit alpha enzyme, and
homologs, 1soforms, or variants thereof. In embodiments,
homologs, 1soforms, or variants 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, 1350 or 200 continuous amino acid portion)
compared to a naturally occurring phosphatidylinositol 3-ki-
nase regulatory subunit alpha enzyme. In embodiments, the
PIK3R1 gene 1s substantially identical to the nucleic acid

identified by the ENSEMBLE reference number
ENSG00000145675 or a variant having substantial identity
thereto. A non-limiting example of an amino acid sequence
for a PIK3R1 protein 1s provided in NCBI Accession No.
NP_852664.1. A non-limiting example of a nucleotide
sequence that encodes PIK3R1 i1s provided in NCBI Acces-
sion No. NM_181523.2.

[0070] STKI15 1s also known as serine/threonine-protein
kinase 6, and includes any recombinant or naturally-occur-
ring form of serine/threonine-protemn kinase 6, and
homologs, 1soforms, or vaniants thereof. In embodiments,
homologs, 1soforms, or variants 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, 1350 or 200 continuous amino acid portion)
compared to a naturally occurring serine/threonine-protein
kinase 6. In embodiments, the STK15 gene 1s substantially

identical to the nucleic acid identified by the ENSEMBLE
reference number ENSGO0000087586 or a variant having
substantial identity thereto. A non-limiting example of an
amino acid sequence for a STK15 protein 1s provided 1n
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NCBI Accession No. NP_001310232.1. A non-limiting
example ol a nucleotide sequence that encodes STK15 1s
provided in NCBI Accession No. NM_001323303.1.

[0071] CCNEI1 1s also known as G1/S-specific cyclin-El,
and 1ncludes any recombinant or naturally-occurring form of
(G1/S-specific cyclin-El, and homologs, 1soform, or variants
thereof. In embodiments, homologs, 1soforms, or variants
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 a naturally
occurring G1/S- Speciﬁc cyclin-El protein. In embodiments,

the CCNE] gene 1s substantially identical to the nucleic ac1d
identified by the ENSEMBLE reference number
ENSG00000105173 or a variant having substantial identity
thereto. A non-limiting example of an amino acid sequence
for a CCNEI1 protein 1s provided in NCBI Accession No.
NP_001229.1. A non-limiting example of a nucleotide
sequence that encodes CCNE] 1s provided in NCBI Acces-
sion No. NM 001238.3.

[0072] ERBB?2 is also known as receptor tyrosine-protein
kinase erbB-2, and includes any recombinant or naturally-
occurring form of receptor tyrosine-protein kinase erbB-2,
and homologs, 1soforms, or variants thereof. In embodi-
ments, homologs, 1soforms, or vanants 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 a naturally occurring receptor tyrosine-
protein kinase erbB-2. In embodiments, the ERBB2 gene 1s
substantially identical to the nucleic acid identified by the
ENSEMBLE reference number ENSG00000141736 or a
variant having substantial identity thereto. A non-limiting
example of an amino acid sequence for a ERBB2 protein 1s
provided in NCBI Accession No. NP_004439.2. A non-
limiting example of a nucleotide sequence that encodes
ERBB2 1s provided in NCBI Accession No. NM_004448.3.

[0073] CCNDI 1s also known as cyclin-D1, and includes
any recombinant or naturally-occurring form of cyclin-Dl1,
and homologs, 1soforms, or variants thereof. In embodi-
ments, homologs, 1soforms, or variants 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, 130 or 200 continuous amino acid
portion) compared to a naturally occurring cyclin D 1 pro-
tein. In embodiments, the CCNDI1 gene i1s substantially
identical to the nucleic acid identified by the ENSEMBLE
reference number ENSG00000110092 or a variant having,
substantial identity thereto. A non-limiting example of an
amino acid sequence for a CCNDI1 protein 1s provided 1n
NCBI Accession No. NP_444284.1. A non-limiting example

ol a nucleotide sequence that encodes CCND1 1s provided 1n
NCBI Accession No. NM_053056.2.

[0074] MLHI1 1s also known as DNA mismatch repair
protein Mlhl, and includes any recombinant or naturally-
occurring form of DNA mismatch repair protein Mlhl, and
homologs, 1soforms, or variants thereof. In embodiments,
variants have at least 90%, 95%, 96%, 97%, 98%, 99% or
100% amino acid sequence i1dentity across the whole
sequence or a portion of the sequence (e.g. a 50, 100, 150 or
200 continuous amino acid portion) compared to a naturally
occurring DNA mismatch repair protein Mlhl. In embodi-
ments, the MLHI1 gene 1s substantially identical to the

nucleic acid identified by the ENSEMBLE reference number
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ENSG00000076242 or a variant having substantial identity
thereto. A non-limiting example of an amino acid sequence
for a MLH1 protein 1s provided in NCBI Accession No.
NP_000240.1. A non-limiting example of a nucleotide

sequence that encodes MLHI1 1s provided in NCBI Acces-
sion No. NM 000249.3.

[0075] RASSF1A 1s also known as Ras association
domain-containing protein 1, and includes any recombinant
or naturally-occurring form of Ras association domain-
containing protein 1, homologs, 1soforms, or wvariants
thereof. In embodiments, homologs, 1soforms, or variants
have at least 90%, 93%, 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, 150 or 200
continuous amino acid portion) compared to a naturally
occurring Ras association domain-containing protein 1. In
embodiments, the RASSF1A gene 1s substantially 1dentical
to the nucleic acid i1dentified by the ENSEMBLE reference
number ENSG00000068028 or a variant having substantial
identity thereto. A non-limiting example of an amino acid
sequence for a RASSF1A protein 1s provided in NCBI
Accession No. NP_009113.3. A non-limiting example of a
nucleotide sequence that encodes RASSF1A 1s provided in

NCBI Accession No. NM 007182 .4.

[0076] SPRY?2 i1s also known as protein sprouty homolog
2, and includes any of the recombinant or naturally-occur-
ring form of sprouty homolog 2, and homologs, 1soforms, or
variants thereof. In embodiments, homolgos, 1soforms, or
variants 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 a naturally
occurring protein sprouty homolog 2. In embodiments, the
SPRY?2 gene 1s substantially i1dentical to the nucleic acid
identified by the ENSEMBLE reference number
ENSG00000136158 or a varniant having substantial identity
thereto. A non-limiting example of an amino acid sequence
for a SPRY2 protein 1s provided in NCBI Accession No.
NP_001305465.1. A non-limiting example of a nucleotide
sequence that encodes SPRY?2 i1s provided in NCBI Acces-
sion No. NM_001318536.1.

[0077] CDKN2A 1s also known as cyclin-dependent
kinase inhibitor 2A, and includes any recombinant or natu-
rally-occurring form of cyclin-dependent kinase inhibitor
2A, and homologs, 1soforms, or variants thereof. In embodi-
ments, homologs, 1soforms, or variants 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 a naturally occurring cyclin-dependent
kinase inhibitor 2A and/or tumor suppressor ARF protein. In
embodiments, the CDKNZ2A gene 1s substantially identical
to the nucleic acid identified by the ENSEMBLE reference
number ENSG00000147889 or a variant having substantial
identity thereto. A non-limiting example of an amino acid
sequence for a CDKN2A protein 1s provided i NCBI
Accession No. NP_000068.1. A non-limiting example of a

nucleotide sequence that encodes CDKNZ2A 1s provided in
NCBI Accession No. NM 000077 4.

[0078] Estrogen receptors (ERs) are a group of proteins
found inside and on cells. They are receptors that are
activated by the hormone estrogen (17p-estradiol). Two
classes of ER exist: nuclear estrogen receptors (ERa and
ERp), which are members of the nuclear receptor family of
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intracellular receptors, and membrane estrogen receptors
(mERs) (GPER (GPR30), ER-X, and G_-mER), which are
mostly G protemn-coupled receptors.

[0079] Estrogen receptor alpha 1s also known asNR3Al,
and 1ncludes any recombinant or naturally-occurring form of
estrogen receptor alpha, and homologs, 1soforms, or variants
thereol. In embodiments, homologs, 1soforms, or variants
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, 150 or 200
continuous amino acid portion) compared to a naturally
occurring estrogen receptor alpha. In embodiments, the

estrogen receptor alpha gene 1s substantially 1dentical to the
nucleic acid identified by the ENSEMBLE reference number

ENSGO00000091831 or a variant having substantial identity
thereto. A non-limiting example of an amino acid sequence
for an estrogen receptor alpha protein 1s provided in NCBI
Accession No. NP_000116.2. A non-limiting example of a
nucleotide sequence that encodes estrogen receptor alpha 1s

provided in NCBI Accession No. NM_000125.3.

[0080] Estrogen receptor beta 1s also known as NR3A2,
and 1ncludes any recombinant or naturally-occurring form of
estrogen receptor beta, and homologs, 1soforms, or variants
thereol. In embodiments, homologs, 1soforms, or variants
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, 150 or 200
continuous amino acid portion) compared to a naturally
occurring estrogen receptor beta. In embodiments, the estro-

gen receptor beta gene 1s substantially identical to the
nucleic acid identified by the ENSEMBLE reference number

ENSG00000140009 or a variant having substantial identity
thereto. A non-limiting example of an amino acid sequence
for an estrogen receptor beta protein 1s provided in NCBI
Accession No. NP_001035365.1. A non-limiting example of
a nucleotide sequence that encodes estrogen receptor beta 1s

provided in NCBI Accession No. NM_001040275.1.

[0081] Progesterone receptor 1s also known as NR3(C3,
and includes any recombinant or naturally-occurring form of
progesterone receptor, and homologs, 1soforms, or variants
thereof. In embodiments, homologs, 1soforms, or variants
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, 150 or 200
continuous amino acid portion) compared to a naturally
occurring progesterone receptor. In embodiments, the pro-
gesterone receptor gene 1s substantially identical to the
nucleic acid identified by the ENSEMBLE reference number
ENSGO00000082175 or a variant having substantial identity
thereto. Non-limiting examples of amino acid sequences for
progesterone receptor proteins are provided in NCBI Acces-
sion Nos. NP_001189403.1, NP_000917.3, NP_001258090.
1, and NP_001258091.1. Non-limiting examples of nucleo-
tide sequences that encode progesterone receptors are
provided 1n NCBI Accession Nos. NM_001202474.3,
NM_000926.4, NM_001271161.2, and NM_001271162.1.
In embodiments, the progesterone receptor 1s progesterone
receptor 1soform A. A non-limiting example of an amino
acid sequence for progesterone receptor 1soform A 1s pro-
vided 1n NCBI Accession No. NP 001189403.1. A non-
limiting example of a nucleotide sequence that encodes
progesterone receptor 1soform A 1s provided in NCBI Acces-
sion No. NM_001202474 3. In embodiments, the progester-

one receptor 1s progesterone receptor 1soform B. A non-
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limiting example of an amino acid sequence {for
progesterone receptor 1soform B 1s provided in NCBI Acces-
sion No. NP_000917.3. A non-limiting example of a nucleo-
tide sequence that encodes progesterone receptor 1soform B
1s provided in NCBI Accession No. NM_000926.4. In
embodiments, the progesterone receptor 1s progesterone
receptor 1soform C. A non-limiting example of an amino
acid sequence for progesterone receptor 1soform C 1s pro-
vided 1n NCBI Accession No. NP 001258090.1. A non-
limiting example of a nucleotide sequence that encodes
progesterone receptor 1soform C 1s provided in NCBI Acces-

sion No. NM_001271161.2.

[0082] Percentage of sequence 1dentity may be determined
by comparing two optimally aligned sequences over a
comparison window, wherein the portion of the polynucle-
otide or polypeptide sequence 1n the comparison window
may comprise additions or deletions (1.€., gaps) as compared
to the reference sequence (which does not comprise addi-
tions or deletions) for optimal alignment of the two
sequences. The percentage 1s calculated by determining the
number of positions at which the identical nucleic acid base
or amino acid residue occurs in both sequences to yield the
number of matched positions, dividing the number of
matched positions by the total number of positions in the
window of comparison and multiplying the result by 100 to
yield the percentage of sequence i1dentity.

[0083] The term *“1dentical” or percent “identity,” in the
context of two or more nucleic acids or polypeptide
sequences, refer to two or more sequences or subsequences
that are the same or have a specified percentage of amino
acid residues or nucleotides that are the same (e.g., 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or more 1dentity
over a specified region, e.g., of an entire polypeptide
sequence or an 1individual domain thereot), when compared
and aligned for maximum correspondence over a compari-
son window, or designated region as measured using a
sequence comparison algorithm or by manual alignment and
visual inspection. Such sequences that are at least about 80%
identical are said to be “substantially identical.” In embodi-
ments, two sequences are 100% 1dentical. In embodiments,
two sequences are 100% i1dentical over the entire length of
one of the sequences (e.g., the shorter of the two sequences
where the sequences have different lengths). In embodi-
ments, 1dentity may refer to the complement of a test
sequence. In some embodiments, the 1dentity exists over a
region that 1s at least about 10 to about 100, about 20 to
about 75, about 30 to about 50 amino acids or nucleotides 1n
length. In embodiments, the identity exists over a region that
1s at least about 50 amino acids in length, or more preferably

over a region that 1s 100 to 500, 100 to 200, 150 to 200, 175
to 200, 175 to 225, 175 to 2350, 200 to 225, 200 to 250 or
more amino acids in length.

[0084] For sequence comparison, typically one sequence
acts as a relference sequence, to which test sequences are
compared. In embodiments, when using a sequence com-
parison algorithm, test and reference sequences are entered
into a computer, subsequence coordinates are designated, 1f
necessary, and sequence algorithm program parameters are
designated. Preferably, default program parameters can be
used, or alternative parameters can be designated. The
sequence comparison algorithm then calculates the percent
sequence 1dentities for the test sequences relative to the
reference sequence, based on the program parameters.
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[0085] A “comparison window” refers to a segment of any
one of the number of contiguous positions (e.g., least about
10 to about 100, about 20 to about 735, about 30 to about 50,
100 to 500, 100 to 200, 150 to 200, 175 to 200, 175 to 225,
175 to 250, 200 to 225, 200 to 250) in which a sequence may
be compared to a reference sequence of the same number of
contiguous positions after the two sequences are optimally
aligned. In embodiments, a comparison window 1s the entire
length of one or both of two aligned sequences. In embodi-
ments, two sequences being compared comprise diflerent
lengths, and the comparison window 1s the entire length of
the longer or the shorter of the two sequences. Methods of
alignment of sequences for comparison are well-known 1n
the art. Optimal alignment of sequences for comparison can
be conducted, e.g., by the local homology algorithm of
Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the
homology alignment algorithm of Needleman & Wunsch, J.
Mol. Biol. 48:443 (1970), by the search for similarity
method of Pearson & Lipman, Proc. Nat’l. Acad. Sci. USA
85:2444 (1988), by computerized implementations of these
algorithms (GAP, BESTFIT, FASTA, and TFASTA 1n the
Wisconsin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by manual
alignment and visual inspection (see, ¢.g., Current Protocols
in Molecular Biology (Ausubel et al., eds. 1995 supple-
ment)).

[0086] In embodiments, algorithms that are suitable for
determining percent sequence identity and sequence simi-
larity are the BLAST and BLAST 2.0 algorithms, which are
described 1n Altschul et al., Nuc. Acids Res. 25:3389-3402
(19°77) and Altschul et al., J. Mol. Biol. 213:403-410 (1990),
respectively. BLAST and BLAST 2.0 may be used, with the
parameters described herein, to determine percent sequence
identity for nucleic acids and proteins. Software for per-
tforming BLAST analyses 1s publicly available through the
National Center for Biotechnology Information (NCBI), as
known 1n the art. This algorithm mvolves first identifying
high scoring sequence pairs (HSPs) by identifying short
words of length W 1n the query sequence, which either
match or satisfy some positive-valued threshold score T
when aligned with a word of the same length 1n a database
sequence. T 1s referred to as the neighborhood word score
threshold (Altschul et al., supra). These 1initial neighborhood
word hits act as seeds for imtiating searches to find longer
HSPs containing them. The word hits are extended 1n both
directions along each sequence for as far as the cumulative
alignment score can be increased. Cumulative scores are
calculated using, for nucleotide sequences, the parameters M
(reward score for a pair of matching residues; always >0)
and N (penalty score for mismatching residues; always <0).
For amino acid sequences, a scoring matrix 1s used to
calculate the cumulative score. Extension of the word hits 1n
cach direction are halted when: the cumulative alignment
score falls off by the quantity X from its maximum achieved
value; the cumulative score goes to zero or below, due to the
accumulation of one or more negative-scoring residue align-
ments; or the end of either sequence 1s reached. The BLAST
algorithm parameters W, T, and X determine the sensitivity
and speed of the alignment. The BLASTN program (for
nucleotide sequences) uses as defaults a wordlength (W) of
11, an expectation (E) of 10, M=5, N=—4 and a comparison
of both strands. For amino acid sequences, the BLASTP
program uses as defaults a wordlength of 3, and expectation

(E) of 10, and the BLOSUMG62 scoring matrix (see Henikofl
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& Henikofl, Proc. Natl. Acad. Sci. USA 89:10915 (1989))
alignments (B) of 50, expectation (E) of 10, M=35, N=-4, and
a comparison of both strands.

[0087] Lynch syndrome, often called hereditary nonpoly-
posis colorectal cancer (HNPCC), 1s an inherited disorder
that increases the risk of many types of cancer, particularly
cancers of the colon (large intestine) and rectum, which are
collectively referred to as colorectal cancer. People with
Lynch syndrome also have an increased risk of cancers of
the stomach, small intestine, liver, gallbladder ducts, upper
urinary tract, brain, and skin. Additionally, women with this
disorder have a high risk of cancer of the ovaries and lining
of the uterus (the endometrium). People with Lynch syn-
drome may occasionally have noncancerous (benign)
growths (polyps) 1n the colon, called colon polyps. In
individuals with this disorder, colon polyps occur earlier but
not 1 greater numbers than they do 1n the general popula-
tion. Additional non-limiting features of Cowden syndrome
are described 1n the U.S. National Library of Medicine’s
Genetics Home Reference entry for “Lynch syndrome”,
which 1s available at ghr.nlm.mh.gov/condition/lynch-syn-
drome.

[0088] Cowden syndrome is an autosomal-dominant syn-
drome with a PTEN germline mutation, predisposing
patients to a lifetime risk of 5-10% for endometrial cancer.
Cowden syndrome 1s a disorder characterized by multiple
noncancerous, tumor-like growths called hamartomas and
an increased risk of developing certain cancers. Almost
everyone with Cowden syndrome develops hamartomas.
These growths are most commonly found on the skin and
mucous membranes (such as the lining of the mouth and
nose), but they can also occur 1n the mtestine and other parts
of the body. The growth of hamartomas on the skin and
mucous membranes typically becomes apparent by a per-
son’s late twenties. Cowden syndrome 1s associated with an
increased risk of developing several types of cancer, par-
ticularly cancers of the breast, a gland 1n the lower neck
called the thyroid, and the lining of the uterus (the endo-
metrium). Other cancers that have been 1dentified 1n people
with Cowden syndrome include colorectal cancer, kidney
cancer, and a form of skin cancer called melanoma. Com-
pared with the general population, people with Cowden
syndrome develop these cancers at younger ages, oiten
beginning 1n their thirties or forties. Other diseases of the
breast, thyroid, and endometrium are also common in
Cowden syndrome. Additional signs and symptoms can
include an enlarged head (macrocephaly) and a rare, non-
cancerous brain tumor called Lhermitte-Duclos disease. A
small percentage of affected individuals have delayed devel-
opment or intellectual disability. Additional non-limiting
features of Cowden syndrome are described in the U.S.
National Library of Medicine’s Genetics Home Reference
entry for “Cowden syndrome”, which 1s available at ghr.
nlm.nih.gov/condition/cowden-syndrome.

Methods of Treatment

[0089] In an aspect, included herein a method of treating
cancer 1n a subject in need thereof, the method including
administering to the subject a therapeutically eflective
amount of (1) a stilbenoid compound; and (11) a progestin. In
embodiments, a combination comprising a therapeutically
ellective amount of (1) a stilbenoid compound (e.g., resvera-
trol, 1sorhapontigenin, piceatannol, oxyresveratrol, rhapon-
tigenin, gnetol, or pterostilbene); and (11) a progestin (e.g.,
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progesterone, megestrol, megestrol acetate, levonorgestrel,
medroxyprogesterone, medoxyprogesterone acetate, nore-
thindrone, and norethindrone acetate) 1s administered to the
subject. In embodiments, a combination consisting essen-
tially of (1) a stilbenoid compound (e.g., resveratrol, 1sorha-
pontigenin, piceatannol, oxyresveratrol, rhapontigenin, gne-
tol, or pterostilbene); and (11) a progestin (e.g., progesterone,
megestrol, megestrol acetate, levonorgestrel, medroxypro-
gesterone, medoxyprogesterone acetate, norethindrone, and
norethindrone acetate) 1s administered to the subject. In
embodiments, a combination consisting of (1) a stilbenoid
compound (e.g., resveratrol, 1sorhapontigenin, piceatannol,
oxyresveratrol, rhapontigenin, gnetol, or pterostilbene); and
(11) a progestin (e.g., progesterone, megestrol, megestrol
acetate, levonorgestrel, medroxyprogesterone, medoxypro-
gesterone acetate, norethindrone, and norethindrone acetate)
1s administered to the subject. In embodiments, no other
active agent that 1s used to kill or inhibit the proliferation of
cancer cells 1s administered to the subject.

[0090] In embodiments, the stilbenoid compound 1s res-
veratrol, 1sorhapontigenin, piceatannol, oxyresveratrol, rha-
pontigenin, gnetol, pterostilbene, or a pharmaceutically
acceptable salt thereof. In embodiments, the stilbenoid 1is
resveratrol or a pharmaceutically acceptable salt thereof. In
embodiments, the stilbenoid i1s 1sorhapontigenin or a phar-
maceutically acceptable salt thereof. In embodiments, the
stilbenoid 1s piceatannol or a pharmaceutically acceptable
salt thereof. In embodiments, the stilbenoid 1s oxyresveratrol
or a pharmaceutically acceptable salt thereol. In embodi-
ments, the stilbenoid 1s rhapontigenin or a pharmaceutically
acceptable salt thereof. In embodiments, the stilbenoid 1is
gnetol or a pharmaceutically acceptable salt thereof. In
embodiments, the stilbenoid 1s pterostilbene or a pharma-
ceutically acceptable salt thereof.

[0091] In embodiments, the progestin is progesterone. In
embodiments, the progestin 1s medroxyprogesterone or a
pharmaceutically acceptable salt thereof (e.g., medoxypro-
gesterone acetate or “MPA”), norethindrone or a pharma-
ceutically acceptable salt thereolf (e.g., norethindrone
acetate), micronized progesterone, depot MPA, levonorg-
estrel, or megestrol. In embodiments, the progestin 1is
medroxyprogesterone or a pharmaceutically acceptable salt
thereol (e.g., medoxyprogesterone acetate). In embodi-
ments, the progestin 1s micronized progesterone. In embodi-
ments, the progestin 1s depot MPA. In embodiments, the
progestin 1s norethindrone acetate. In embodiments, the
progestin 1s levonorgestrel. In embodiments, the levonorg-
estrel 1s 1n a levonorgestrel-releasing intrauterine device
(e.g., LNg20 or Mirena®). In embodiments, the progestin 1s
megestrol or a pharmaceutically acceptable salt thereof (e.g.,
megestrol acetate). In embodiments, a progestin binds to a
nuclear progesterone receptor (nPR).

[0092] In an aspect, provided herein 1s a method of treat-
ing cancer 1n a subject 1n need thereot, the method including
administering to the subject a therapeutically eflective
amount of (1) pterostilbene or a pharmaceutically acceptable
salt thereof; and (11) megestrol or a pharmaceutically accept-
able salt thereof.

[0093] In an aspect, provided herein 1s a method of pre-
venting or reducing the risk of cancer 1n a subject who does
not have the cancer, the method including administering to
the subject a therapeutically eflective amount of (1) pteros-
tilbene or a pharmaceutically acceptable salt thereot; and (11)
megestrol or a pharmaceutically acceptable salt thereof.
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[0094] In an aspect, provided herein 1s a method of pre-
venting cancer 1 a subject who 1s at risk of cancer, the
method including administering to the subject a therapeuti-
cally eflective amount of (1) pterostilbene or a pharmaceu-
tically acceptable salt thereof; and (1) megestrol or a phar-
maceutically acceptable salt thereof.

[0095] In an aspect, provided herein 1s a method of reduc-
ing the likelithood that a subject will develop cancer, the
method including administering to the subject a therapeuti-
cally eflective amount of (1) pterostilbene or a pharmaceu-
tically acceptable salt thereof; and (1) megestrol or a phar-
maceutically acceptable salt thereof.

[0096] In embodiments, the therapeutically eflective
amount 1s a combined synergistic amount.

[0097] In embodiments, pterostilbene 1s administered to
the subject.

[0098] In an aspect, provided herein 1s a method of treat-
ing ER positive and/or PR positive cancer 1n a subject 1n
need thereof, including admimstering a therapeutically
cllective amount of pterostilbene or a pharmaceutically
acceptable salt thereof to the subject. In embodiments, ER
positive cancer includes cancer cells that express ER (e.g.,
ER-a or ER-f). In embodiments, ER positive cancer
includes cancer cells that express more ER (e.g., ER-a or
ER-f) compared to normal cells or tissue of the same type.
In embodiments, the ER 1s expressed on the plasma mem-
branes of cancer cells. In embodiments, the ER 1s a nuclear
ER. In embodiments, PR positive cancer includes cancer
cells that express PR. In embodiments, PR positive cancer
includes cancer cells that express more PR compared to
normal cells or tissue of the same type. In embodiments, the
PR 1s expressed on the plasma membranes of cancer cells.
In embodiments, the PR 1s a nuclear PR. In embodiments,
the PR 1s a cytoplasmic PR. In embodiments, the PR 1s
nuclear and cytoplasmic PR. In embodiments, the PR 1s
1soform A of PR. In embodiments, the PR 1s 1soform B of
PR. In embodiments, the PR 1s 1soform C of PR. Methods for
identifving ER and PR positive endometrial cancer are well
known 1n the art. Non-limiting descriptions relating to ER
and PR positive endometrial cancer are provided in Singh et
al. (2007) Gynecol Oncol. 106(2):325, the entire contents of

which are incorporated herein by reference.

[0099] In embodiments, the pterostilbene 1s administered
at a dose of less than 280 mg. In embodiments, the pteros-
tilbene 1s administered at a dose of less than 270 mg. In
embodiments, the pterostilbene 1s administered at a dose of
less than 260 mg. In embodiments, the pterostilbene 1is
administered at a dose of less than 250 mg. In embodiments,
the pterostilbene 1s administered at a dose of less than 240
mg. In embodiments, the pterostilbene 1s admimistered at a
dose of less than 230 mg. In embodiments, the pterostilbene
1s administered at a dose of less than 220 mg. In embodi-
ments, the pterostilbene 1s administered at a dose of less than
210 mg. In embodiments, the pterostilbene 1s administered
at a dose of less than 200 mg. In embodiments, the pteros-
tilbene 1s administered at a dose of less than 190 mg. In
embodiments, the pterostilbene 1s administered at a dose of
less than 180 mg. In embodiments, the pterostilbene 1is
administered at a dose of less than 170 mg. In embodiments,
the pterostilbene 1s administered at a dose of less than 160
mg. In embodiments, the pterostilbene 1s admimistered at a
dose of less than 150 mg. In embodiments, the pterostilbene
1s administered at a dose of less than 140 mg. In embodi-
ments, the pterostilbene 1s administered at a dose of less than




US 2023/0172947 Al

130 mg. In embodiments, the pterostilbene 1s administered
at a dose of less than 120 mg. In embodiments, the pteros-
tilbene 1s administered at a dose of less than 110 mg. In
embodiments, the pterostilbene 1s administered at a dose of
less than 100 mg. In embodiments, the pterostilbene 1is
administered at a dose of less than 90 mg. In embodiments,
the pterostilbene 1s administered at a dose of less than 80 mg.
In embodiments, the pterostilbene 1s administered at a dose
of less than 75 mg. In embodiments, the pterostilbene 1s
administered at a dose of less than 70 mg. In embodiments,
the pterostilbene 1s administered at a dose of less than 65 mg.
In embodiments, the pterostilbene 1s administered at a dose
of less than 60 mg. In embodiments, the pterostilbene 1s
administered at a dose of less than 355 mg. In embodiments,
the pterostilbene 1s administered at a dose of less than 50 mg.
In embodiments, the pterostilbene 1s administered at a dose
of less than 48 mg. In embodiments, the pterostilbene is
administered at a dose of less than 46 mg. In embodiments,
the pterostilbene 1s administered at a dose of less than 44 mg.
In embodiments, the pterostilbene 1s administered at a dose
of less than 42 mg. In embodiments, the pterostilbene is
administered at a dose of less than 40 mg. In embodiments,
the pterostilbene 1s administered at a dose of less than 38 mg.
In embodiments, the pterostilbene 1s administered at a dose
of less than 36 mg. In embodiments, the pterostilbene 1s
administered at a dose of less than 34 mg. In embodiments,
the pterostilbene 1s administered at a dose of less than 32 mg.
In embodiments, the pterostilbene 1s administered at a dose
of less than 30 mg. In embodiments, the pterostilbene is
administered at a dose of less than 28 mg. In embodiments,
the pterostilbene 1s administered at a dose of less than 26 mg.
In embodiments, the pterostilbene 1s administered at a dose
of less than 24 mg. In embodiments, the pterostilbene is
administered at a dose of less than 22 mg. In embodiments,
the pterostilbene 1s administered at a dose of less than 20 mg.
In embodiments, the pterostilbene 1s administered at a dose
of at least 1 mg, 2 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7 mg, 8 mg,
9mg, 10 mg, 15 mg, 20 mg, 25 mg, 30 mg, 35 mg, 40 mg,
or 50 mg, but less than an amount indicated above. In
embodiments, the pterostilbene 1s administered at a dose of
at least 1 mg, 2 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7 mg, 8 mg,
9mg, 10 mg, 15 mg, 20 mg, 25 mg, 30 mg, 35 mg, 40 mg,
or 50 mg. In embodiments, the pterostilbene 1s administered
at a dose of at least 1 mg, 2 mg, 3 mg, 4 mg, 5 mg, 6 mg,
7 mg, 8 mg, Y mg, 10 mg, 15 mg, 20 mg, 25 mg, 30 mg, 35
mg, 40 mg, or 50 mg, but less than 300 mg, 250 mg, 200 mg,
150 mg, or 100 mg.

[0100] In embodiments, the pterostilbene 1s administered
(e.g., at a dose disclosed herein or another dose) at least 1,
2, 3, 4, or 5 times per day, per week, or per month. In
embodiments, the pterostilbene 1s administered (e.g., at a
dose disclosed herein or another dose) 1, 2, 3, 4, or 5 times
per day, per week, or per month. In embodiments, the
pterostilbene 1s admimstered (e.g., at a dose disclosed herein
or another dose) about 1, 2, 3, 4, or 5 times per day, per
week, or per month. In embodiments, the pterostilbene 1s
administered once per day. In embodiments, the pterostil-
bene 1s administered twice per day.

[0101] In embodiments, the pterostilbene 1s administered
orally.
[0102] In embodiments, the megestrol or the pharmaceu-

tically acceptable salt thereot 1s megestrol acetate.

[0103] In embodiments, the megestrol acetate 1s adminis-
tered at a dose of 40 mg to 800 mg. In embodiments, the
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megestrol acetate 1s administered at a dose of 40 mg to 750
mg. In embodiments, the megestrol acetate 1s administered
at a dose o1 40 mg to 700 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 40 mg to 650 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 600 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 40 mg to 550 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 500 mg. In embodiments, the megestrol
acetate 1s admimstered at a dose of 40 mg to 450 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 400 mg. In embodiments, the megestrol
acetate 1s admimstered at a dose of 40 mg to 350 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 320 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 45 mg to 320 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 50 mg to 320 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 60 mg to 320 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 70 mg to 320 mg. In embodiments, the megestrol
acetate 1s admimistered at a dose of 80 mg to 320 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 90 mg to 320 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 100 mg to 320 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 110 mg to 320 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 120 mg to 320 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 130 mg to 320 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 140 mg to 320 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 150 mg to 320 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 160 mg to 320 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 170 mg to 320 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 180 mg to 320 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 190 mg to 320 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 200 mg to 320 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 210 mg to 320 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 220 mg to 320 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 230 mg to 320 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 240 mg to 320 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 250 mg to 320 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 260 mg to 320 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 270 mg to 320 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 280 mg to 320 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 290 mg to 320 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 300 mg to 320 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 310 mg to 320 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 310 mg to 315 mg.

[0104] In embodiments, the megestrol acetate 1s adminis-
tered at a dose of 40 mg to 310 mg. In embodiments, the
megestrol acetate 1s administered at a dose of 40 mg to 300
mg. In embodiments, the megestrol acetate 1s administered
at a dose o1 40 mg to 290 mg. In embodiments, the megestrol
acetate 1s admimstered at a dose of 40 mg to 280 mg. In
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embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 270 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 40 mg to 260 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 250 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 40 mg to 240 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 230 mg. In embodiments, the megestrol
acetate 1s admimstered at a dose of 40 mg to 220 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 200 mg. In embodiments, the megestrol
acetate 1s admimstered at a dose of 40 mg to 190 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 180 mg. In embodiments, the megestrol
acetate 1s admimstered at a dose of 40 mg to 170 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 160 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 40 mg to 150 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 140 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 40 mg to 130 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 120 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 40 mg to 110 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 100 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 40 mg to 90 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 80 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 40 mg to 70 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 60 mg. In embodiments, the megestrol
acetate 1s administered at a dose of 40 mg to 50 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of 40 mg to 45 mg.

[0105] In embodiments, the megestrol acetate 1s adminis-
tered at a dose of less than 800 mg. In embodiments, the
megestrol acetate 1s administered at a dose of less than 700
mg. In embodiments, the megestrol acetate 1s administered
at a dose of less than 600 mg. In embodiments, the megestrol
acetate 1s administered at a dose of less than 500 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of less than 400 mg. In embodiments, the megestrol
acetate 1s administered at a dose of less than 300 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of less than 200 mg. In embodiments, the megestrol
acetate 1s administered at a dose of less than 100 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of less than 50 mg. In embodiments, the megestrol
acetate 15 administered at a dose of less than 40 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of less than 30 mg. In embodiments, the megestrol
acetate 1s administered at a dose of less than 20 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of less than 15 mg. In embodiments, the megestrol
acetate 15 administered at a dose of less than 10 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of less than 9 mg. In embodiments, the megestrol
acetate 1s administered at a dose of less than 8 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of less than 7 mg. In embodiments, the megestrol
acetate 1s administered at a dose of less than 6 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of less than 5 mg. In embodiments, the megestrol
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acetate 1s administered at a dose of less than 4 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of less than 3 mg. In embodiments, the megestrol
acetate 1s administered at a dose of less than 2 mg. In
embodiments, the megestrol acetate 1s administered at a
dose of less than 1 mg. In embodiments, the megestrol
acetate 1s administered at a dose of at least 1 mg, 2 mg, 3 mg,
4 mg, S mg, 6 mg, 7 mg, 3 mg, Y mg, 10 mg, 15 mg, 20 mg,
25 mg, 30 mg, 35 mg, 40 mg, or S0 mg, but less than an
amount indicated above. In embodiments, the megestrol
acetate 1s administered at a dose of at least 1 mg, 2 mg, 3 mg,
4 mg, S mg, 6 mg, 7 mg, 3 mg, Y mg, 10 mg, 15 mg, 20 mg,
25 mg, 30 mg, 35 mg, 40 mg, or 50 mg. In embodiments, the
megestrol acetate 1s administered at a dose of at least 1 mg,
2 mg, 3 mg, 4 mg, S mg, 6 mg, 7 mg, 3 mg, Y mg, 10 mg,
15 mg, 20 mg, 25 mg, 30 mg, 35 mg, 40 mg, or 50 mg, but
less than 300 mg, 250 mg, 200 mg, 150 mg, or 100 mg.
[0106] In embodiments, the megestrol acetate 1s adminis-
tered (e.g., at a dose disclosed herein or another dose) at least
1, 2, 3, 4, or 5 times per day, per week, or per month. In
embodiments, the megestrol acetate 1s administered (e.g., at
a dose disclosed herein or another dose) 1, 2, 3, 4, or 5 times
per day, per week, or per month. In embodiments, the
megestrol acetate 1s administered (e.g., at a dose disclosed
herein or another dose) about 1, 2, 3, 4, or 5 times per day,
per week, or per month. In embodiments, the megestrol
acetate 1s administered once per day. In embodiments, the
megestrol acetate 1s administered twice per day.

[0107] In embodiments, the megestrol acetate 1s adminis-
tered orally.
[0108] In embodiments, the pterostilbene or pharmaceu-

tically acceptable salt thereof and the megestrol or pharma-
ceutically acceptable salt thereof are administered to the
subject 1n a single pharmaceutical composition.

[0109] In embodiments, the pterostilbene or pharmaceu-
tically acceptable salt thereof and the megestrol or pharma-
ceutically acceptable salt thereol are administered to the
subject 1n separate pharmaceutical compositions.

[0110] In embodiments, the pterostilbene or pharmaceut-
cally acceptable salt thereol and the megestrol or pharma-
ceutically acceptable salt thereof are administered daily.
[0111] In embodiments, the therapeutically eflective
amount 1s eflective to synergistically reduce tumor volume
in the subject.

[0112] In embodiments, treating the subject includes
reducing the volume of a tumor 1n the subject.

[0113] In embodiments, the subject 1s a male subject.
[0114] In embodiments, the subject 1s a female subject.
[0115] In embodiments, the subject does not have cancer.
[0116] Inembodiments, the subject 1s about 20, 25, 30, 35,

40, 45, 50, 55, 65, 70, 73, or 80 years old.

[0117] Inembodiments, the subject 1s at risk of developing
cancer. In embodiments, the subject 1s at risk of developing
breast cancer. In embodiments, the subject 1s at risk of
developing endometrial cancer. Non-limiting examples of
risk factors for endometrial cancer include: obesity, admin-
istration of unopposed estrogen therapy, nulliparity, increas-
ing age, tamoxifen use, Lynch syndrome, early menarche,
polycystic ovarian syndrome (PCOS), chronic anovulation,
diabetes mellitus, estrogen-secreting tumors, Cowden syn-
drome, and family history of endometrial/ovarian/breast or
colon cancer. In embodiments, the subject who 1s at risk of
developing endometrial cancer 1s obese. In embodiments,
the subject who 1s at risk of developing endometrial cancer
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has received unopposed estrogen therapy (estrogen therapy
alone without progesterone). In embodiments, the subject
who 1s at risk of developing endometrial cancer has nulli-
parity. In embodiments, the subject who 1s at risk of devel-
oping endometrial cancer 1s at least about 40, 45, 50, 55, 65,
70, 75, or 80 years old. In embodiments, the subject who 1s
at risk of developing endometrial cancer has been adminis-
tered tamoxifen. In embodiments, the subject who 1s at risk
of developing endometrnial cancer has Lynch syndrome, or at
least 1 or 2 grandparents, parents, aunts, uncles, cousins
(e.g., first or second cousins), siblings, nieces, nephews, or
children who have Lynch syndrome. In embodiments, the
subject who 1s at risk of developing endometrial cancer has
Lynch syndrome. In embodiments, the subject who 1s at risk
of developing endometrial cancer has early menarche. In
embodiments, the subject who 1s at risk of developing
endometrial cancer has PCOS. In embodiments, the subject
who 1s at risk of developing endometrial cancer has chronic
anovulation. In embodiments, the subject who 1s at risk of
developing endometrial cancer has diabetes mellitus. In
embodiments, the subject who 1s at risk of developing
endometrial cancer has an estrogen-secreting tumor. In
embodiments, the subject who 1s at risk of developing
endometrial cancer has Cowen syndrome, or at least 1 or 2
grandparents, parents, aunts, uncles, cousins (e.g., first or
second cousins), siblings, nieces, nephews, or children who
have Cowen syndrome. In embodiments, the subject who 1s
at risk of developing endometrial cancer has Cowen syn-
drome. In embodiments, the subject who 1s at risk of
developing endometrial cancer has at least at least 1 or 2
grandparents, parents, aunts, uncles, cousins (e.g., first or
second cousins), siblings, nieces, nephews, or children who
have been diagnosed with endometrial cancer. In embodi-
ments, the subject who 1s at risk of developing endometrial
cancer has at least 1 or 2 grandparents, parents, aunts,
uncles, cousins (e.g., first or second cousins), siblings,
nieces, nephews, or children who have been diagnosed with
ovarian cancer. In embodiments, the subject who 1s at risk of
developing endometrial cancer has at least 1 or 2 grandpar-
ents, parents, aunts, uncles, cousins (e.g., first or second
cousins), siblings, nieces, nephews, or children who have
been diagnosed with breast cancer. In embodiments, the
subject who 1s at risk of developing endometrial cancer has
at least 1 or 2 grandparents, parents, aunts, uncles, cousins
(e.g., first or second cousins), siblings, nieces, nephews, or
chuldren who have been diagnosed with colon cancer.

[0118]

[0119] In embodiments, the subject has an endometrial
hyperplasia. Non-limiting descriptions regarding endome-
trial hyperplasia are provided 1n Giuntoli and Zacur (2014 )
Management of endometrial hyperplasia, UpToDate, avail-
able from www.uptodate.com/contents/management-of-en-
dometnal-hyperplasia. In embodiments, the subject has
simple without atypia endometrial hyperplasia. In embodi-
ments, the subject has complex without atypia endometrial
hyperplasia. In embodiments, the subject has simple with
atypia endometrial hyperplasia. In embodiments, the subject
has complex with atypia endometrial hyperplasia.

[0120] In embodiments, the subject has an endometrial
glandular dysplasia. In embodiments, the subject has endo-
metrial mtraepithelial neoplasia. In embodiments, the sub-
ject has endometrial intraepithelial carcinoma.

10121]

In embodiments, the subject has a hyperplasia.

In embodiments, the subject has breast cancer.
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[0122] In embodiments, the subject has endometrial can-
cer.

[0123] In embodiments, the subject 1s post-menopausal.
[0124] In embodiments, the subject 1s pre-menopausal.
[0125] In embodiments, the subject 1s obese. In embodi-

ments, the subject 1s post-menopausal and obese.

[0126] In embodiments, the subject has polycystic ovarian
syndrome. In embodiments, the subject 1s pre-menopausal
and has polycystic ovarian syndrome.

[0127] In embodiments, the subject has Lynch syndrome.
In embodiments, the subject has Cowden syndrome.

[0128] In embodiments, the subject has been administered
tamoxifen.
[0129] In embodiments, the subject has previously been

administered radiotherapy to the pelvis.

[0130] In embodiments, the subject has previously been
diagnosed with ovarian cancer.

[0131] In embodiments, the subject has previously been
diagnosed with an ovarian granulosa cell tumor or a the-
coma. In embodiments, the subject has previously been
diagnosed with an ovarian granulosa cell tumor. In embodi-
ments, the subject has previously been diagnosed with a
thecoma.

[0132] In embodiments, the subject has a mutation 1 or
altered expression of an ARIDIA, CINNBI1, FGFR2,

KRAS, PIK3R1, TP53, PTEN, PPP2R1A, PIK3CA,
PIK3R1, STK15, CCNE1, ERBB2, or CCND1 gene or any
combination of 1, 2, 3, 4,5,6,7,8,9,10, 11, 12, 13, or 14
thereof. In embodiments, the subject has a mutation in or
altered expression of an ARID1A gene. In embodiments, the
subject has a mutation 1n or altered expression of a CTNNBI
gene. In embodiments, the subject has a mutation 1n or
altered expression of a FGFR2 gene. In embodiments, the
subject has a mutation in or altered expression of a KRAS
gene. In embodiments, the subject has a mutation 1 or
altered expression of a PIK3R1 gene. In embodiments, the
subject has a mutation 1n or altered expression of a TP33
gene. In embodiments, the subject has a mutation 1 or
altered expression of a PIEN gene. In embodiments, the
subject has a mutation 1n or altered expression of a
PPP2R1A gene. In embodiments, the subject has a mutation
in or altered expression of a PIK3CA gene. In embodiments,
the subject has a mutation in or altered expression of a
PIK3R1 gene. In embodiments, the subject has a mutation 1n
or altered expression of a STK15 gene. In embodiments, the
subject has a mutation 1n or altered expression of a CCNEI]
gene. In embodiments, the subject has a mutation 1n or
altered expression of an ERBB2 gene. In embodiments, the
subject has a mutation in or altered expression of a CCNDI
gene.

[0133] In embodiments, the subject has a mutation 1n an
ARIDIA, CTNNBI1, FGFR2, KRAS, PIK3R1, TP353,
PTEN, PPP2R1A, PIK3CA, PIK3R1, STK15, CCNEI,
ERBB2, or CCNDI1 gene or any combination of 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, or 14 thereotf. In embodiments,
the subject has a mutation 1 an ARID1A gene. In embodi-
ments, the subject has a mutation 1n a CTNNBI1 gene. In
embodiments, the subject has a mutation in a FGFR2 gene.
In embodiments, the subject has a mutation 1n a KRAS gene.
In embodiments, the subject has a mutation in a PIK3R1
gene. In embodiments, the subject has a mutation 1n a TP53
gene. In embodiments, the subject has a mutation 1n a PTEN
gene. In embodiments, the subject has a mutation 1n a
PPP2R1A gene. In embodiments, the subject has a mutation
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in a PIK3CA gene. In embodiments, the subject has a
mutation 1n a PIK3R1 gene. In embodiments, the subject has
a mutation in a STK15 gene. In embodiments, the subject
has a mutation 1n a CCNE1 gene. In embodiments, the
subject has a mutation 1n an ERBB2 gene. In embodiments,
the subject has a mutation 1n a CCND1 gene.

[0134] In embodiments, the subject has altered expression
of an ARIDIA, CINNBI, FGFR2, KRAS, PIK3R1, TP33,
PTEN, PPP2R1A, PIK3CA, PIK3R1, STK15, CCNEI,
ERBB2, or CCNDI1 gene or any combination of 1, 2, 3, 4,
5,6,7,8,9, 10, 11, 12, 13, or 14 thereof. In embodiments,
the subject has altered expression of an ARIDI1A gene. In
embodiments, the subject has altered expression of a
CTNNBI1 gene. In embodiments, the subject has altered
expression of a FGFR2 gene. In embodiments, the subject
has altered expression of a KRAS gene. In embodiments, the
subject has altered expression of a PIK3R1 gene. In embodi-
ments, the subject has altered expression of a TP53 gene. In
embodiments, the subject has altered expression of a PIEN
gene. In embodiments, the subject has altered expression of
a PPP2R1A gene. In embodiments, the subject has altered
expression of a PIK3CA gene. In embodiments, the subject
has altered expression of a PIK3R1 gene. In embodiments,
the subject has altered expression of a STK15 gene. In
embodiments, the subject has altered expression of a
CCNE1 gene. In embodiments, the subject has altered
expression of an ERBB2 gene. In embodiments, the subject
altered expression of a CCNDI1 gene.

[0135] In embodiments, the subject has reduced expres-
sion of a MLHI1, RASSF1A, SPRY2, or CDKN2A gene. In
embodiments, the subject has reduced expression of a
MLH]1 gene. In embodiments, the subject has reduced
expression of a RASSF1A gene. In embodiments, the sub-
ject has reduced expression of a SPRY2 gene. In embodi-
ments, the subject has reduced expression of a CDKN2A
gene.

[0136] In embodiments, the endometrial cancer 1s Type I
or Type II endometrial cancer. In embodiments, the endo-
metrial cancer 1s Type I endometrial cancer. In embodi-
ments, the endometrial cancer 1s Type 11 endometrial cancer.
In embodiments, Type I endometrial cancer typically arises
from complex atypical hyperplasia and 1s frequently patho-
genetically linked to unopposed estrogenic stimulation. In
embodiments, Type II endometrial cancer typically develops
from atrophic endometrium and 1s not linked to hormonally
driven pathogenesis.

[0137] In embodiments, the endometrial cancer 1s a car-
cinoma, an adenocarcinoma, a carcinosarcoma, or a mesen-
chymal tumor. In embodiments, the endometrial cancer 1s a
carcinoma. In embodiments, the endometrial cancer 1s an
adenocarcinoma. In embodiments, the endometrial cancer 1s
a carcinosarcoma. In embodiments, the endometrial cancer
1s a mesenchymal tumor.

[0138] In embodiments, the endometrial cancer has
adenosquamous histology with ER-a expression.

[0139] In embodiments, the endometrial cancer 1s endo-
metroid, serous, or clear-cell endometrial cancer. In embodi-
ments, the endometrial cancer 1s endometroid endometrial
cancer. In embodiments, the endometrial cancer 1s serous
endometrial cancer. In embodiments, the endometrial cancer
1s clear-cell endometrial cancer. In embodiments, the endo-
metrial cancer 1s mucinous histology endometrial cancer. In
embodiments, the endometrial cancer 1s a mixed histology
endometrial cancer. In embodiments, the endometrial cancer
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1s an undifferentiated histology endometrial cancer. In
embodiments, mucinous 1s uncommon, but can occur. In
embodiments, not uncommonly, patients have mixed his-
tologies (a combination of any of the above two or more
histologies) within the same tumor. Undiflerentiated endo-
metrial cancer 1s a very aggressive, though rare subtype.

[0140] In embodiments, the endometrial cancer 1s an
endometrioid adenocarcinoma, an endometrioid carcinoma,
a serous carcinoma, a clear-cell carcinoma, a mucinous
carcinoma, a mixed or undifferentiated carcinoma, a squa-
mous cell carcinoma, a transitional cell carcinoma, or an
endometrial stromal sarcoma. In embodiments, the endome-
trial cancer 1s an endometrioid adenocarcinoma. In embodi-
ments, the endometrial cancer 1s an endometrioid carcinoma.
In embodiments, the endometrial cancer 1s a serous carci-
noma. In embodiments, the endometrial cancer 1s a clear-cell
carcinoma. In embodiments, the endometrial cancer 1s a
mucinous carcinoma. In embodiments, the endometrial can-
cer 1s a mixed carcinoma. In embodiments, the endometrial
cancer 1s an undifferentiated carcinoma. In embodiments,
the endometrial cancer 1s a squamous cell carcinoma. In
embodiments, the endometrial cancer 1s a transitional cell
carcinoma. In embodiments, the endometrial cancer 1s an
endometrial stromal sarcoma.

[0141] In embodiments, the endometrial cancer 1s recur-
rent endometrial cancer.

[0142] In embodiments, the endometrial cancer i1s staged
using the 2009 International Federation of Gynaecology and
Obstetrics staging system. This system 1s described 1n
Pecorelli S: Revised FIGO staging for carcinoma of the

vulva, cervix, and endometrium. Int J Gynaecol Obstet 105
(2): 103-4, 2009, the entire content of which 1s incorporated
herein by reference. In embodiments, the endometrial cancer
1s Stage 0, Stage 1A, 1B, II, IIIA, IIIB, IIIC1, IIIC2, IVA or
IVB endometrial cancer. In embodiments, the endometrial
cancer 1s Stage 0 endometrial cancer. In embodiments, the
endometrial cancer 1s Stage IA endometrial cancer. In
embodiments, the endometrial cancer 1s Stage 1B endome-
trial cancer. In embodiments, the endometrial cancer 1s Stage
II endometrial cancer. In embodiments, the endometrial
cancer 1s Stage IIIA endometrial cancer. In embodiments,
the endometrial cancer 1s Stage II1IB endometnial cancer. In
embodiments, the endometrial cancer 1s Stage I1IC1 endo-
metrial cancer. In embodiments, the endometrial cancer 1s
Stage 111C2 endometrial cancer. In embodiments, the endo-
metrial cancer 1s Stage IVA endometrial cancer. In embodi-
ments, the endometrial cancer 1s Stage IVB endometrial
cancer.

[0143] Stage O endometrial cancer 1s referred to as carci-
noma 1n situ, and includes a group or population of abnormal
cells that are not cancer cells. In embodiments, Stage 1A
endometrial cancer 1s a tumor that 1s confined to the uterus
with less than half myometrial imnvasion. In embodiments,
Stage IB endometrial cancer 1s a tumor that 1s confined to the
uterus with more than half myometrial invasion. In embodi-
ments, Stage 11 endometrial cancer 1s a tumor that involves
the uterus and the cervical stroma. In embodiments, Stage
IITA endometrial cancer 1s a tumor that cancer 1s a tumor that
invades serosa or adnexa. In embodiments, Stage I1IB endo-
metrial cancer 1s endometrial cancer that has vaginal and/or
parametrial involvement. In embodiments, Stage IIICI
endometrial cancer 1s endometrial cancer that has pelvic
lymph node involvement. In embodiments, Stage IIIC2
endometrial cancer 1s endometrial cancer that has para-aortic
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lymph node involvement, with or without pelvic node
involvement. In embodiments, Stage IVA endometrial can-
cer 1s a tumor that invades bladder mucosa and/or bowel
mucosa. In embodiments, Stage IVB endometrial cancer 1s
endometrial cancer with distant metastases 1ncluding
abdominal metastases and/or inguinal lymph nodes.

[0144] In embodiments, the subject has not received a
hysterectomy.
[0145] In embodiments, the subject has not been previ-

ously administered radiation therapy or a chemotherapeutic
agent. In embodiments, the subject has not been previously
administered radiation therapy. In embodiments, the subject
has not been previously administered a chemotherapeutic
agent.

[0146] In embodiments, the subject has previously been
administered megestrol acetate without pterostilbene.

[0147] In embodiments, the cancer has progressed after a
previous administration of megestrol acetate without pteros-
tilbene.

[0148] In embodiments, the subject has previously been
administered pterostilbene without megestrol acetate.

[0149] In embodiments, the cancer has progressed after a
previous administration of pterostilbene without megestrol
acetate.

[0150] In embodiments, the subject has previously been
administered a chemotherapeutic agent other than megestrol
acetate or pterostilbene.

[0151] In embodiments, the cancer has progressed after
administration of a chemotherapeutic agent other than mege-
strol acetate or pterostilbene.

[0152] In embodiments, the subject has previously been
administered a taxane, an anthracycline, or a platin. In
embodiments, the subject has previously been administered
a taxane. In embodiments, the subject has previously been
administered an anthracycline. In embodiments, the subject
has previously been administered a platin.

[0153] In embodiments, the subject has previously been
administered paclitaxel, docetaxel, doxorubicin, cisplatin, or
carboplatin. In embodiments, the subject has previously
been administered paclitaxel. In embodiments, the subject
has previously been administered docetaxel. In embodi-
ments, the subject has previously been administered doxo-
rubicin. In embodiments, the subject has previously been
administered cisplatin. In embodiments, the subject has
previously been administered carboplatin. In embodiments,
the subject has previously been administered a doxorubicin
hydrochloride liposome injection (e.g., Doxil®). In embodi-
ments, the subject has previously been administered beva-
cizumab (e.g., Avastin®). In embodiments, the subject has
previously been administered temsirolimus. In embodi-
ments, the subject has previously been administered 1fosi-
amide. In embodiments, the subject has previously been
administered topotecan.

[0154] In embodiments, the subject has previously been
administered hydroxyprogesterone caproate, letrozole, or
medroxyprogesterone. In embodiments, the subject has pre-
viously been administered hydroxyprogesterone caproate. In
embodiments, the subject has previously been administered
letrozole. In embodiments, the subject has previously been
administered medroxyprogesterone.

[0155] In an aspect, provided herein 1s a method of
increasing the likelthood that a subject will respond to
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megestrol acetate treatment for cancer, mcluding adminis-
tering pterostilbene or a pharmaceutically acceptable salt
thereol to the subject.

[0156] In embodiments, the subject has not been admin-
1stered megestrol acetate.

[0157] In embodiments, the subject has a tumor, the sub-
ject has been administered megestrol acetate, and the vol-
ume of the tumor has not decreased since the subject was
administered megestrol acetate.

[0158] In an aspect, provided herein 1s a method of
increasing the likelihood that a subject will respond to
megestrol or a pharmaceutically acceptable salt thereof
treatment for cancer, including administering pterostilbene
or a pharmaceutically acceptable salt thereotf to the subject.

[0159] In embodiments, the subject has not been admin-

istered megestrol or a pharmaceutically acceptable salt
thereof.

[0160] In embodiments, the subject has a tumor, wherein
the subject has been administered megestrol or a pharma-
ceutically acceptable salt thereot, and wherein the volume of
the tumor has not decreased since the subject was adminis-
tered megestrol or a pharmaceutically acceptable salt
thereof.

[0161] In an aspect, provided herein 1s a method of
increasing the likelihood that a subject will respond to
pterostilbene treatment for cancer, including administering
megestrol acetate to the subject.

[0162] In embodiments, the subject has not been admin-
istered pterostilbene.

[0163] In embodiments, the subject has a tumor, the sub-
ject has been administered pterostilbene, and the volume of
the tumor has not decreased since the subject was adminis-
tered pterostilbene.

[0164] In an aspect, provided herein 1s a method of
increasing the likelthood that a subject will respond to
pterostilbene or a pharmaceutically acceptable salt thereof
treatment for cancer, including administering megestrol or a
pharmaceutically acceptable salt thereot to the subject.

[0165] In embodiments, the subject has not been admin-
istered pterostilbene or a pharmaceutically acceptable salt
thereof.

[0166] In embodiments, the subject has a tumor, the sub-
ject has been admimistered pterostilbene or a pharmaceuti-
cally acceptable salt thereof, and the volume of the tumor
has not decreased since the subject was administered pteros-
tilbene or a pharmaceutically acceptable salt thereof.

[0167] In an aspect, provided herein 1s a method of treat-
ing cancer in a subject who has previously received a first
amount of megestrol acetate, including administering (1) a
second amount of megestrol acetate that 1s less than said first
amount; and (1) an amount of pterostilbene.

[0168] In an aspect, provided herein 1s a method of treat-
Ing cancer 1n a subject who has previously received a first
amount of megestrol or a pharmaceutically acceptable salt
thereof, including administering (1) a second amount of
megestrol or a pharmaceutically acceptable salt thereof that
1s less than said first amount; and (11) an amount of pteros-
tilbene or a pharmaceutically acceptable salt thereof.

[0169] In an aspect, provided herein 1s a method of treat-
ing cancer in a subject who has previously received a first
amount of pterostilbene, including administering (1) a sec-
ond amount of pterostilbene that i1s less than said first
amount; and (11) an amount of megestrol acetate.
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[0170] In an aspect, provided herein 1s a method of treat-
ing cancer in a subject who has previously received a first
amount of pterostilbene or a pharmaceutically acceptable
salt thereof, including administering (1) a second amount of
pterostilbene or a pharmaceutically acceptable salt thereof
that 1s less than said first amount; and (1) an amount of
megestrol or a pharmaceutically acceptable salt thereof.

Pharmaceutical Compositions

[0171] In an aspect, provided herein 1s a pharmaceutical
composition comprising a therapeutically eflective amount
of (1) a stilbenoid compound (e.g., resveratrol, 1sorhaponti-
genin, piceatannol, oxyresveratrol, rhapontigenin, gnetol, or
pterostilbene) and a progestin (e.g., progesterone, megestrol,
megestrol acetate, levonorgestrel, medroxyprogesterone,
medoxyprogesterone acetate, norethindrone, and norethin-
drone acetate), and (11) a pharmaceutically acceptable
excipient. In embodiments, the pharmaceutical composition
consists essentially of a therapeutically effective amount of
(1) a stilbenoid compound (e.g., resveratrol, 1sorhaponti-
genin, piceatannol, oxyresveratrol, rhapontigenin, gnetol, or
pterostilbene) and a progestin (e.g., progesterone, megestrol,
megestrol acetate, levonorgestrel, medroxyprogesterone,
medoxyprogesterone acetate, norethindrone, and norethin-
drone acetate), and (11) a pharmaceutically acceptable
excipient. In embodiments, the pharmaceutical composition
consists of a therapeutically effective amount of (1) a stil-
benoid compound (e.g., resveratrol, 1sorhapontigenin, picea-
tannol, oxyresveratrol, rhapontigenin, gnetol, or pterostil-
bene) and a progestin (e.g., progesterone, megestrol,
megestrol acetate, levonorgestrel, medroxyprogesterone,
medoxyprogesterone acetate, norethindrone, and norethin-
drone acetate), and (11) a pharmaceutically acceptable
excipient. In embodiments, the composition does not com-
prise another active agent that 1s used to kill or inhibit the
proliferation of cancer cells 1s adminmistered to the subject.
[0172] In embodiments, the stilbenoid compound 1s res-
veratrol, 1sorhapontigenin, piceatannol, oxyresveratrol, rha-
pontigenin, gnetol, pterostilbene, or a pharmaceutically
acceptable salt thereof. In embodiments, the stilbenoid 1s
resveratrol or a pharmaceutically acceptable salt thereof. In
embodiments, the stilbenoid is 1sorhapontigenin or a phar-
maceutically acceptable salt thereof. In embodiments, the
stilbenoid 1s piceatannol or a pharmaceutically acceptable
salt thereof. In embodiments, the stilbenoid 1s oxyresveratrol
or a pharmaceutically acceptable salt thereol. In embodi-
ments, the stilbenoid 1s rhapontigenin or a pharmaceutically
acceptable salt thereof. In embodiments, the stilbenoid 1is
gnetol or a pharmaceutically acceptable salt thereof. In
embodiments, the stilbenoid 1s pterostilbene or a pharma-
ceutically acceptable salt thereof.

[0173] In embodiments, the progestin 1s progesterone. In
embodiments, the progestin 1s medroxyprogesterone or a
pharmaceutically acceptable salt thereof (e.g., medoxypro-
gesterone acetate), norethindrone or a pharmaceutically
acceptable salt thereof (e.g., norethindrone acetate), micron-
1zed progesterone, depot MPA, levonorgestrel, or megestrol.
In embodiments, the progestin 1s medroxyprogesterone or a
pharmaceutically acceptable salt thereof (e.g., medoxypro-
gesterone acetate). In embodiments, the progestin 1s micron-
1zed progesterone. In embodiments, the progestin 1s depot
MPA. In embodiments, the progestin i1s norethindrone
acetate. In embodiments, the progestin i1s levonorgestrel. In
embodiments, the levonorgestrel 1s 1 a levonorgestrel-
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releasing intrauterine device (e.g., LNg20 or Mirena®). In
embodiments, the progestin 1s megestrol or a pharmaceuti-
cally acceptable salt thereof (e.g., megestrol acetate). In
embodiments, a progestin binds to nPR.

[0174] In an aspect, provided herein 1s a pharmaceutical
composition that comprises a therapeutically eflective
amount of (1) pterostilbene or a pharmaceutically acceptable
salt thereol and megestrol or a pharmaceutically acceptable
salt thereot, and (11) a pharmaceutically acceptable excipient.
In embodiments, the pharmaceutical composition consists
essentially of a therapeutically eflective amount of (1)
pterostilbene or a pharmaceutically acceptable salt thereof
and megestrol or a pharmaceutically acceptable salt thereot,
and (11) a pharmaceutically acceptable excipient. In embodi-
ments, the pharmaceutical composition consists of a thera-
peutically effective amount of (1) pterostilbene or a pharma-
ceutically acceptable salt thereof and megestrol or a
pharmaceutically acceptable salt thereof, and (11) a pharma-
ceutically acceptable excipient.

[0175] In embodiments, the therapeutically eflective
amount 1s a combined synergistic amount.

[0176] In embodiments, the pharmaceutical composition
includes less than 280 mg pterostilbene. In embodiments,
the pharmaceutical composition includes less than 270 mg
pterostilbene. In embodiments, the pharmaceutical compo-
sition includes less than 260 mg pterostilbene. In embodi-
ments, the pharmaceutical composition includes less than
250 mg pterostilbene. In embodiments, the pharmaceutical
composition includes less than 240 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 230 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes less than 220 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 210 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes less than 200 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 190 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes less than 180 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 170 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes less than 160 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 150 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes less than 140 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 130 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes less than 120 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 110 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes less than 100 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 90 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes less than 80 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 75 mg pterostilbene. In embodiments, the pharmaceu-
tical composition 1ncludes less than 70 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 65 mg pterostilbene. In embodiments, the pharmaceu-
tical composition 1ncludes less than 60 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 55 mg pterostilbene. In embodiments, the pharmaceu-
tical composition 1ncludes less than 50 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 48 mg pterostilbene. In embodiments, the pharmaceu-
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tical composition includes less than 46 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 44 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes less than 42 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 40 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes less than 38 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 36 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes less than 34 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 32 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes less than 30 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 28 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes less than 26 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 24 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes less than 22 mg pterostilbene. In
embodiments, the pharmaceutical composition includes less
than 20 mg pterostilbene. In embodiments, the pharmaceu-
tical composition includes at least 1 mg, 2 mg, 3 mg, 4 mg,
>mg, 6 mg, 7 mg, 8 mg, Y mg, 10 mg, 15 mg, 20 mg, 25
mg, 30 mg, 35 mg, 40 mg, or 50 mg pterostilbene, but less
than an amount indicated above. In embodiments, the phar-
maceutical composition includes at least 1 mg, 2 mg, 3 mg,
4 mg, S mg, 6 mg, 7 mg, 3 mg, Y mg, 10 mg, 15 mg, 20 mg,
25 mg, 30 mg, 35 mg, 40 mg, or 50 mg pterostilbene. In
embodiments, the pharmaceutical composition 1ncludes at
least 1 mg, 2 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7 mg, 8 mg, 9
mg, 10 mg, 15 mg, 20 mg, 25 mg, 30 mg, 35 mg, 40 mg, or
50 mg, but less than 300 mg, 250 mg, 200 mg, 150 mg, or
100 mg pterostilbene.

[0177] In embodiments, the pharmaceutical composition
includes 40 mg to 800 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 40 mg to
750 mg megestrol acetate. In embodiments, the pharmaceus-
tical composition includes 40 mg to 700 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 40 mg to 650 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 40 mg to
600 mg megestrol acetate. In embodiments, the pharmaceu-
tical composition ncludes 40 mg to 350 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 40 mg to 500 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 40 mg to
450 mg megestrol acetate. In embodiments, the pharmaceu-
tical composition ncludes 40 mg to 400 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 40 mg to 350 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 40 mg to
320 mg megestrol acetate. In embodiments, the pharmaceus-
tical composition includes 45 mg to 320 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 50 mg to 320 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 60 mg to
320 mg megestrol acetate. In embodiments, the pharmaceu-
tical composition ncludes 70 mg to 320 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 80 mg to 320 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 90 mg to
320 mg megestrol acetate. In embodiments, the pharmaceu-
tical composition includes 100 mg to 320 mg megestrol
acetate. In embodiments, the pharmaceutical composition
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includes 110 mg to 320 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition icludes 120 mg to
320 mg megestrol acetate. In embodiments, the pharmaceus-
tical composition 1ncludes 130 mg to 320 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 140 mg to 320 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition imncludes 150 mg to
320 mg megestrol acetate. In embodiments, the pharmaceu-
tical composition includes 160 mg to 320 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 170 mg to 320 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 180 mg to
320 mg megestrol acetate. In embodiments, the pharmaceu-
tical composition includes 190 mg to 320 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 200 mg to 320 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 210 mg to
320 mg megestrol acetate. In embodiments, the pharmaceus-
tical composition 1ncludes 220 mg to 320 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 230 mg to 320 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 240 mg to
320 mg megestrol acetate. In embodiments, the pharmaceu-
tical composition includes 250 mg to 320 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 260 mg to 320 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 270 mg to
320 mg megestrol acetate. In embodiments, the pharmaceu-
tical composition includes 280 mg to 320 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 290 mg to 320 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition imncludes 300 mg to
320 mg megestrol acetate. In embodiments, the pharmaceus-
tical composition 1ncludes 310 mg to 320 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 310 mg to 315 mg megestrol acetate.

[0178] In embodiments, the pharmaceutical composition
includes 40 mg to 310 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 40 mg to
300 mg megestrol acetate. In embodiments, the pharmaceus-
tical composition includes 40 mg to 290 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 40 mg to 280 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 40 mg to
2’70 mg megestrol acetate. In embodiments, the pharmaceu-
tical composition includes 40 mg to 260 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 40 mg to 250 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 40 mg to
240 mg megestrol acetate. In embodiments, the pharmaceu-
tical composition includes 40 mg to 230 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 40 mg to 220 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 40 mg to
200 mg megestrol acetate. In embodiments, the pharmaceus-
tical composition includes 40 mg to 190 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 40 mg to 180 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 40 mg to
1’70 mg megestrol acetate. In embodiments, the pharmaceu-
tical composition includes 40 mg to 160 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 40 mg to 150 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 40 mg to
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140 mg megestrol acetate. In embodiments, the pharmaceu-
tical composition ncludes 40 mg to 130 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 40 mg to 120 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes 40 mg to
110 mg megestrol acetate. In embodiments, the pharmaceus-
tical composition includes 40 mg to 100 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 40 mg to 90 mg megestrol acetate. In embodiments,
the pharmaceutical composition includes 40 mg to 80 mg
megestrol acetate. In embodiments, the pharmaceutical
composition includes 40 mg to 70 mg megestrol acetate. In
embodiments, the pharmaceutical composition includes 40
mg to 60 mg megestrol acetate. In embodiments, the phar-
maceutical composition includes 40 mg to 50 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes 40 mg to 45 mg megestrol acetate.

[0179] In embodiments, the pharmaceutical composition
includes less than 800 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes less than
700 mg megestrol acetate. In embodiments, the pharmaceu-
tical composition includes less than 600 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes less than 500 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes less than
400 mg megestrol acetate. In embodiments, the pharmaceus-
tical composition includes less than 300 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes less than 200 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes less than
100 mg megestrol acetate. In embodiments, the pharmaceu-
tical composition includes less than 50 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes less than 40 mg megestrol acetate. In embodiments,
the pharmaceutical composition includes less than 30 mg
megestrol acetate. In embodiments, the pharmaceutical
composition 1includes less than 20 mg megestrol acetate. In
embodiments, the pharmaceutical composition includes less
than 15 mg megestrol acetate. In embodiments, the phar-
maceutical composition includes less than 10 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes less than 9 mg megestrol acetate. In embodiments,
the pharmaceutical composition includes less than 8 mg
megestrol acetate. In embodiments, the pharmaceutical
composition includes less than 7 mg megestrol acetate. In
embodiments, the pharmaceutical composition includes less
than 6 mg megestrol acetate. In embodiments, the pharma-
ceutical composition includes less than 5 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes less than 4 mg megestrol acetate. In embodiments,
the pharmaceutical composition includes less than 3 mg
megestrol acetate. In embodiments, the pharmaceutical
composition ncludes less than 2 mg megestrol acetate. In
embodiments, the pharmaceutical composition includes less
than 1 mg megestrol acetate. In embodiments, the pharma-
ceutical composition includes at least 1 mg, 2 mg, 3 mg, 4
mg, S mg, 6 mg, 7 mg, 3 mg, Y mg, 10 mg, 15 mg, 20 mg,
25 mg, 30 mg, 35 mg, 40 mg, or 50 mg megestrol acetate,
but less than an amount indicated above. In embodiments,
the pharmaceutical composition includes at least 1 mg, 2
mg, 3 mg, 4 mg, > mg, 6 mg, 7 mg, 3 mg, Y mg, 10 mg, 15
mg, 20 mg, 25 mg, 30 mg, 35 mg, 40 mg, or 50 mg
megestrol acetate. In embodiments, the pharmaceutical
composition includes at least 1 mg, 2 mg, 3 mg, 4 mg, 5 mg,
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6 mg, 7 mg, 8 mg, Y mg, 10 mg, 15 mg, 20 mg, 25 mg, 30
mg, 35 mg, 40 mg, or 50 mg, but less than 300 mg, 250 mg,
200 mg, 150 mg, or 100 mg megestrol acetate.

[0180] In embodiments, the pharmaceutical composition
includes less than 50 mg pterostilbene and less than 40 mg
megestrol acetate. In embodiments, the pharmaceutical
composition includes less than 50 mg pterostilbene and less
than 30 mg megestrol acetate. In embodiments, the phar-
maceutical composition includes less than 50 mg pterostil-
bene and less than 20 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes less than 50
mg pterostilbene and less than 15 mg megestrol acetate. In
embodiments, the pharmaceutical composition includes less
than 50 mg pterostilbene and less than 10 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes less than 50 mg pterostilbene and less than 5 mg
megestrol acetate. In embodiments, the pharmaceutical
composition includes less than 50 mg pterostilbene and less
than 1 mg megestrol acetate.

[0181] In embodiments, the pharmaceutical composition
includes less than 40 mg pterostilbene and less than 40 mg
megestrol acetate. In embodiments, the pharmaceutical
composition includes less than 40 mg pterostilbene and less
than 30 mg megestrol acetate. In embodiments, the phar-
maceutical composition includes less than 40 mg pterostil-
bene and less than 20 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes less than 40
mg pterostilbene and less than 15 mg megestrol acetate. In
embodiments, the pharmaceutical composition includes less
than 40 mg pterostilbene and less than 10 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes less than 40 mg pterostilbene and less than 5 mg
megestrol acetate. In embodiments, the pharmaceutical
composition includes less than 40 mg pterostilbene and less
than 1 mg megestrol acetate.

[0182] In embodiments, the pharmaceutical composition
includes less than 30 mg pterostilbene and less than 40 mg
megestrol acetate. In embodiments, the pharmaceutical
composition includes less than 30 mg pterostilbene and less
than 30 mg megestrol acetate. In embodiments, the phar-
maceutical composition includes less than 30 mg pterostil-
bene and less than 20 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes less than 30
mg pterostilbene and less than 15 mg megestrol acetate. In
embodiments, the pharmaceutical composition includes less
than 30 mg pterostilbene and less than 10 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes less than 30 mg pterostilbene and less than 5 mg
megestrol acetate. In embodiments, the pharmaceutical
composition includes less than 30 mg pterostilbene and less
than 1 mg megestrol acetate.

[0183] In embodiments, the pharmaceutical composition
includes less than 20 mg pterostilbene and less than 40 mg
megestrol acetate. In embodiments, the pharmaceutical
composition includes less than 20 mg pterostilbene and less
than 30 mg megestrol acetate. In embodiments, the phar-
maceutical composition includes less than 20 mg pterostil-
bene and less than 20 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes less than 20
mg pterostilbene and less than 15 mg megestrol acetate. In
embodiments, the pharmaceutical composition includes less
than 20 mg pterostilbene and less than 10 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes less than 20 mg pterostilbene and less than 5 mg
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megestrol acetate. In embodiments, the pharmaceutical
composition includes less than 20 mg pterostilbene and less
than 1 mg megestrol acetate.

[0184] In embodiments, the pharmaceutical composition
includes less than 10 mg pterostilbene and less than 40 mg
megestrol acetate. In embodiments, the pharmaceutical
composition includes less than 10 mg pterostilbene and less
than 30 mg megestrol acetate. In embodiments, the phar-
maceutical composition mcludes less than 10 mg pterostil-
bene and less than 20 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes less than 10
mg pterostilbene and less than 15 mg megestrol acetate. In
embodiments, the pharmaceutical composition includes less
than 10 mg pterostilbene and less than 10 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes less than 10 mg pterostilbene and less than 5 mg
megestrol acetate. In embodiments, the pharmaceutical
composition includes less than 10 mg pterostilbene and less
than 1 mg megestrol acetate.

[0185] In embodiments, the pharmaceutical composition
includes less than 5 mg pterostilbene and less than 40 mg
megestrol acetate. In embodiments, the pharmaceutical
composition mcludes less than 5 mg pterostilbene and less
than 30 mg megestrol acetate. In embodiments, the phar-
maceutical composition includes less than 5 mg pterostil-
bene and less than 20 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes less than 3
mg pterostilbene and less than 15 mg megestrol acetate. In
embodiments, the pharmaceutical composition includes less
than 5 mg pterostilbene and less than 10 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes less than 5 mg pterostilbene and less than 5 mg
megestrol acetate. In embodiments, the pharmaceutical
composition mcludes less than 5 mg pterostilbene and less
than 1 mg megestrol acetate.

[0186] In embodiments, the pharmaceutical composition
includes less than 1 mg pterostilbene and less than 40 mg
megestrol acetate. In embodiments, the pharmaceutical
composition includes less than 1 mg pterostilbene and less
than 30 mg megestrol acetate. In embodiments, the phar-
maceutical composition includes less than 1 mg pterostil-
bene and less than 20 mg megestrol acetate. In embodi-
ments, the pharmaceutical composition includes less than 1
mg pterostilbene and less than 15 mg megestrol acetate. In
embodiments, the pharmaceutical composition includes less
than 1 mg pterostilbene and less than 10 mg megestrol
acetate. In embodiments, the pharmaceutical composition
includes less than 1 mg pterostilbene and less than 5 mg
megestrol acetate. In embodiments, the pharmaceutical
composition includes less than 1 mg pterostilbene and less
than 1 mg megestrol acetate.

[0187] In embodiments, the pharmaceutical composition
1s 1n an oral dosage form.

[0188] In embodiments, the pharmaceutical composition
1s 1n the form of a tablet, a capsule, a suspension, or an
aqueous solution. In embodiments, the pharmaceutical com-
position 1s 1n the form of a tablet. In embodiments, the
pharmaceutical composition 1s in the form of a capsule. In
embodiments, the pharmaceutical composition is in the form
ol a suspension. In embodiments, the pharmaceutical com-
position 1s 1n the form of an aqueous solution.
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EXAMPLES

[0189] Examples are provided below to facilitate a more
complete understanding of the mvention. The following
examples illustrate the exemplary modes of making and

practicing the invention. However, the scope of the iven-
tion 1s not limited to specific embodiments disclosed 1n these
Examples, which are for purposes of illustration only, since
alternative methods can be utilized to obtain similar results.

Example 1. The Natural Stilbenoid Pterostilbene
Synergizes the Antineoplastic Effects of Megestrol
Acetate 1n Endometrial Cancer

[0190] FEndometrial cancer 1s the most common gyneco-
logic cancer i the United States and its incidence and
mortality has been rising over the past decade. Few treat-
ment options are available for patients with advanced and
recurring endometrial cancers. Novel therapies, which are
frequently toxic, are diflicult to establish in this patient
population which tends to be older and plagued by comor-
bidities such as diabetes mellitus and hypertension. There-
fore, novel, non-toxic therapies are urgently needed. Mege-
strol acetate 1s a frequently used drug 1n endometrial cancer
patients, however, 1ts response rate 1s only 20-30%. To
enhance the activity of megestrol acetate 1n endometrial
cancer patients, the potential of combining natural supple-
ments with megestrol acetate was explored, and i1t was found
that the addition of the natural antioxidant, pterostilbene, to
megestrol acetate resulted 1 a synergistic inhibition of
cancer cell growth in vitro and an enhanced reduction of
tumor growth 1n a xenograit mouse model. In addition, dual
treatment led to attenuation of signaling pathways, as well as
cell cycle and survival pathways. The results demonstrated
for the first time that the anti-tumor activity of megestrol
acetate can be enhanced by combining with pterostilbene.
The data also indicate that the combination of pterostilbene
and megestrol acetate 1s usetful for the treatment of endo-
metrial cancer.

[0191] To potentially enhance the activity of megestrol
acetate 1n endometrial cancer patients, non-toxic natural
supplements were explored. Recently, the resveratrol analog
pterostilbene, a naturally occurring antioxidant primarily
found 1n blueberries, has been shown to possess antitumor
activity' ">°. Pterostilbene has superior bioavailability as
compared to Resveratrol, with a favorable safety profile, and
appears to act via apoptotic and anti-proliferative mecha-
nisms in multiple solid cancer cells'”>'®”. Specifically, its
ellects on cell death and cell cycle alterations have been
documented in bladder, lung, and gastric cancer”"~. Recent
reports suggest that 1ts antioxidant and anticancer eflects are
mediated by estrogen receptors, as reported 1n breast cancer
and colon cancer ~°°~° To date, the antitumor effects of
pterostilbene have not been studied in endometrial cancer, a
common estrogen-responsive cancer.

[0192] In embodiments, pterostilbene eflectively reduces
endometrial cancer growth both 1 vitro and 1n vivo, and
enhances the antitumor activity of megestrol acetate 1n
endometrial cancer. The antiproliferative eflect of pterostil-
bene was tested with and without megestrol acetate in
multiple endometrial cancer cells, and their anti-tumor effect
was tested 1n an endometrial cancer xenograit mouse model,
while elucidating their eflect on multiple growth and sur-
vival pathways, including MAPK/ERK and PI3K/AKT

pathways. The results introduce pterostilbene as a potential
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therapeutic adjunct which eflfectively synergizes the antine-
oplastic eflects of megestrol acetate 1n endometrial cancer,
likely by reducing estrogen receptor expression, inhibiting
MAPK/ERK signaling and subsequently suppressing cancer
cell growth and survival.

[0193] Results

[0194] Pterostilbene Inhibits Endometrial Cancer Cell
Growth.

[0195] To study the anti-tumor activity of pterostilbene 1n

endometrial cancer, 1ts eflect was tested on cell growth 1n
two endometrial cancer cell lines, ECC-1, an ER/PR respon-
sive cell line derived from a patient with a well-differenti-
ated endometrial cancer, and HEC-1A, a cell line derived
from an endometrial cancer patient with adenosquamous
histology with moderate ER-c. expression”*~°. Exponen-
tially growing cells were treated with increasing concentra-
tions of pterostilbene (37.5-300 um) for 48 h. As shown in
FIG. 1, pterostilbene significantly reduced cell viability 1n a
dose-dependent manner, with IC., (concentration for 50%
growth inhibition) between 72 and 78 uM. These results
indicate that pterostilbene can potently inhibit endometrial
cancer cell growth.

[0196] Synergistic Effects of Pterostilbene in Combination

with Megestrol Acetate.

[0197] To study the eflect of adding pterostilbene to mege-
strol acetate (optionally referred to as “Megace”), its eflect
on cell growth was tested in the two endometrial cancer cell
lines, ECC-1 and HEC-1A, either alone or in combination at
various concenftrations in a fixed molar ratio 1:1. Cell
viability was determined 72 hours later (FIGS. 2A-2B). The
combination index (CI) was determined using the Chou-
Talalay method®’. Evaluation of the synergistic interaction
revealed a positive synergistic effect for the combination of
pterostilbene and megestrol acetate 1n both ECC-1 and
HEC-1A cells, as shown 1n Table 1. The synergistic inter-
action between pterostilbene and megestrol acetate in HEC-
1A 1s additionally depicted 1in a variety of molar ratios 1n
FIG. 2C and Table 2. The combination treatment produced
a strong synergism at each molar ratio. But 1t appears the
combination at 1:1 molar ratio produced stronger synergy
and a lower IC., for both agents in the HEC-1A cells.

[0198] Combination Treatment of Pterostilbene and
Megestrol Acetate Suppresses Cell Survival and Cell Cycle
Pathways in Endometrial Cancer Cells.

[0199] The effect of combined treatment on the expression
of proteins involved 1n cell survival was 1nvestigated next.
The administration of pterostilbene by 1tself caused
increased cleavage of caspase 3, a molecular marker for
apoptosis, and a decrease in BCL-2 and BCL-x1, two pro-
teins for cell survival, in a dose dependent manner (FIG.
3A). Megestrol acetate alone had little eflect on the expres-
sion of these proteins (FI1G. 3A). The combination of pteros-
tilbene and megestrol acetate caused an increase 1n cleavage
of caspase 3 and poly-ADP ribose polymerase (PARP),
indicating that more cells underwent apoptosis when pteros-
tilbene was combined with megestrol acetate. Consistent
with this result, an enhanced reduction of BCL-2 and
BCL-x1 was also found 1n cells treated with both pterostil-
bene and megestrol acetate (FIG. 3B).

[0200] In addition, the effect of pterostilbene and mege-
strol acetate on cell cycle regulators, such as cyclin D1,
cyclin Bl and CDK4, was examined. While pterostilbene
alone inhibited the expression of these proteins 1n a dose
dependent manner, megestrol acetate had little impact on
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these proteins (FIG. 3A). The combination treatment led to
an increased inhibition of cyclin D1, cyclin B1 and CDK4
(F1G. 3B). The results demonstrated that addition of pteros-
tilbene to megestrol acetate led to an enhanced nhibition of
cell survival and cell cycle progression i endometrial
cancer.

[0201] Combiation Treatment of Pterostilbene and
Megestrol Acetate Suppresses MAPK/ERK Signaling and
Estrogen Receptor Expression in Endometrial Cancer Cells.

[0202] To understand the molecular mechamism underly-
ing this synergistic eflect, the molecular changes in the
HEC-1A endometrial cancer cells in response to combina-
tion treatment of pterostilbene and megestrol acetate was
investigated. A number of signaling pathways, including
MAPK/ERK, PI3K/AKT and JAK/STAT3 pathways, are
constitutively activated and play important roles in the
growth and progression of endometrial cancer. To study the
cllect of pterostilbene and megestrol acetate on these sig-
naling pathways, HEC-1A cells were treated with pterostil-
bene and megestrol acetate either alone or in combination
for 24 hours, and tested for the expression of p-STAT3,
p-AKT, p-ERK and ER-ca by Western blot. As shown 1 FIG.
4B, the combination of pterostilbene with megestrol acetate
caused an enhanced reduction of p-ERK1/2 and ER expres-
sion. When administered alone, neither agent significantly
aflected these pathways. Pterostilbene alone slightly
decreased the expression of ER, but had no significant effect
on the expression of p-STAT3, p-AKT and p-ERK1/2, while
megestrol acetate alone did not significantly alter the expres-
sion of p-STAT3, p-AKT, p-ERK or ER (FIG. 4A). Taken
together, the results demonstrated that dual treatment of
pterostilbene and megestrol acetate can more eflectively
inhibit MAPK/ERK signaling pathway and led to an

enhanced inhibition of cancer cell growth.

[0203] Pterostilbene in Combination with Megestrol
Acetate Reduces Tumor Growth 1n an Endometrial Cancer

Xenogralt Mouse Model.

[0204] Anti-tumor activity of pterostilbene and/or mege-
strol acetate was evaluated 1n a HEC-1A xenograft mouse
model (FIGS. 5A-5C). HEC-1A cells were implanted sub-
cutaneously in the right flank of nude mice. When the tumors
are palpable, mice were randomized into four groups and
treated with vehicle control, pterostilbene, megestrol acetate
and pterostilbene plus megestrol acetate via oral gavage.
Tumor volume (FIG. 5A) and body weight (FIG. 5B) were
monitored twice weekly, and tumor weight measured at the
end of the treatment (5 weeks) (FIG. 5C). The combination
ol pterostilbene and megestrol acetate showed significant
tumor growth reduction (both tumor volume and tumor
weight), while the tumor growth reduction for pterostilbene
or megestrol acetate alone were non-significant (FIG. 5A

and FIG. 5C).

[0205] The Natural Stilbenoid Pterostilbene Synergizes
the Antineoplastic Effects of Megestrol Acetate in Endome-
trial Cancer

[0206] Few treatment options are available for patients
with advanced stage and recurrent endometrial carcinoma.
Novel therapies are diflicult to establish 1 this patient
population which tends to be older and plagued by comor-
bidities such as diabetes mellitus, morbid obesity, and hyper-
tension. Therefore, novel, non-toxic therapies are urgently
needed. In the current investigation, the therapeutic eflect of
the addition of the orally available, natural antioxidant,
pterostilbene, to a well-established endometrial cancer
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therapy, megestrol acetate, was tested 1n endometrial cancer
cells and a mouse model. The results demonstrate for the
first time that dual treatment of pterostilbene and megestml
acetate results 1n a synergistic antiproliferative eflect 1n
endometrial cancer cells, and significantly reduces tumor
growth 1n a xenograft endometrial cancer mouse model, as
demonstrated by reduction i tumor weight and volume.
Investigation into molecular mechanisms leading to this
synergy reveals that the combination more eflectively sup-
presses activation of the ERK1/2 pathway, as well as ER
expression, but did not impact AKT or STAT3 activation.

[0207] The role of pterostilbene in induction of apoptosis
and cell cycle arrest has been demonstrated in other cancers,
including bladder, lung and gastric cancer " >~. These pro-
apoptotic eflects have been observed 1n numerous 1n vitro
tumor cell lines, and include upregulation of proapoptotic
mitochondrial derived proteins (Bax, Bak etc), while down-
regulating anti-apoptotic proteins Bcl-2 and Bcl-xl, and
inducing the expression of caspase 3.°° For example, in
breast cancer, pterostilbene induces apoptosis and anti-
proliferation 1n ER-a. rich breast cancer cells, with additive
effect by administration of tamoxifen®”*° In endometrial
cancer cell lines, pterostilbene was recently demonstrated to
induce cytotoxicity via caspase-dependent apoptosis, via
down-regulation of miR-663b, and upregulation of BCL-
G*'. The investigation herein demonstrated that pterostil-
bene as a single treatment led to an increased cleavage of an
apoptotic marker, caspase 3, and a decreased expression of
cell survival proteins, BCL-2 and BCL-x1, in endometrial
cells, stmilar to the pro-apoptotic eflects by pterostilbene
reported for other cancer cell lines. In addition, pterostilbene
alone 1nhibited the expression of the cell cycle regulators,
such as cyclin D1, cyclin Bl and CDK4. These activities
were further enhanced when pterostilbene was combined
with megestrol acetate, while megestrol acetate alone had
little eflect on apoptosis and cell cycle progression 1n
endometnial cells.

[0208] The efiect of pterostilbene on estrogen receptors
(ER) 1n endometrial cancer has not vet been studied else-
where. Its structural analogue, Resveratrol, has been shown
to bind to both estrogen receptor alpha and beta™**.
Recently, both Resveratrol and pterostilbene have been
shown to act as ER beta agonists in prostate cancer cells,
through which they inhibit cell proliferation via induction of
mitochondrial antioxidant enzymes™ . Combination of Res-
veratrol and pterostilbene was also shown to restore ERal-
pha expression in triple negative breast cancer*®. In colon
cancer, pterostilbene suppressed AKT and ERK phosphory-
lation more eflectively in ER-f3 rich colon cancer cells, as
opposed to ER-f poor cells®”. While the majority of ERs are
located 1n the nucleus and act as transcription factors,
estrogen binding to membranous ERs leads to non-genomic
processes which activate signal transduction pathways such
as PI3K/AKT and MAPK/ERK pathways*’. This non-ge-
nomic eflect has previously been described in the endome-
trial cancer cell line, HEC-1A, where estradiol binding to
ER induces ERK1/2 activation, but not AKT activation’°.
Similarly, the results disclosed herein show that in HEC-1A
cells, the combination of pterostilbene and megestrol acetate
suppresses ERK1/2 phosphorylation, but not AK'T phospho-
rylation. Whether binding of pterostilbene to membrane-
bound ERs reduces estrogen binding and therefore results in
attenuation of the MAPK/ERK pathway 1s unknown, but

may be hypothesized from the above studies. This study
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revealed mild reduction of ER expression by pterostilbene or
megestrol acetate alone, however the combination of mege-
strol acetate and pterostilbene together significantly reduced
ER expression 1 endometrial cancer cells. Conventionally
speaking, progestins are not anti-estrogens, and only 1ndi-
rectly reduce ER expression via negative feedback. Despite
decades of use, the exact mechanism of progestin therapy
has not been elucidated 1n endometrial cancer, and has been
attributed largely to the atrophy-inducing eflect on the
endometrium' >**~” Nonetheless, lung metastases from
endometrial cancer can occasionally be treated eflectively
with progestins. In this study, neither pterostilbene nor
megestrol acetate alone substantially attenuated ERK sig-
naling, though their combined efl

ect on the attenuation of
the ERK pathway points to an additive effect 1n enhanced
antineoplastic activity. One could hypothesize that the com-
bination of megestrol acetate and pterostilbene 1s synergistic
in inhibiting important signaling pathways such as MAPK/
ERK, by way of reduced ER expression via megestrol
acetate, and ER binding by pterostilbene, but further studies
are needed to confirm this.

[0209] The 1n vivo study demonstrates that dual treatment
ol pterostilbene and megestrol acetate results 1n significant
tumor growth inhibition. The pterostilbene dose used for
oral gavage of mice was 30 mg/kg, which 1s reported to be
the equivalent of 5 times the mean human intake of pteros-
tilbene (25 gm/day), or 125 mg/day for humans.”' A recent
clinical trial investigating the safety of pterostilbene con-
cluded that pterostilbene 1s generally safe for use 1n humans
up to 250 mg/day. °* Similarly, the megestrol acetate dose
used mm our animal study (10 mg/kg), would favorably
compare to human doses of up to 800 mg/day used for
endometrial cancer patients.'> Both pterostilbene and mege-
strol acetate are well tolerated 1n comparison to most cyto-
toxic treatments for endometrial cancer, and 1ts synergistic in
vivo activity to mhibit tumor growth 1s thus promising for
endometrial cancer patients who frequently have a poor
performance status.

[0210] This study shows that the dual treatment with
pterostilbene and megestrol acetate can inhibit multiple cell
growth and survival pathways and results 1n an enhanced
inhibition of cancer cell growth. In embodiments, the com-
bination of pterostilbene and megestrol acetate shows anti-
tumor activity in endometrial cancer.

[0211] Matenials and Methods

[0212] Reagents. Pterostilbene was kindly provided by
Chromadex, Inc, Irvine, Calif. Megestrol acetate was from
Selleck Chemicals, megestrol acetate suspension was

obtained from Morton Grove Pharmaceuticals (Morton
Grove, Il1.). Antibodies against p-ERK (1T202/Y204), ERK,

p-AKT (54773), BCL-2, Cyclin D, caspase 3, PARP, ER-66
and GAPDH were obtained from Cell Signaling Technology
(Danvers, Mass.). The antibody against AKT was from
Santa Cruz Biotechnology (Dallas, Tex.).

[0213] Cell Culture. Human endometrial cancer cell lines
HEC-1A and ECC-1 cells were from American Type Culture
Collection (Rockville, Md.). Both cell lines were cultured 1n
RPMI-1640 medium, containing 10% FBS and 1% penicil-

lin/streptomycin (P/S). All cells were grown 1n 5% (v/v)
CO, at 37° C.

[0214] Cell viability assays. Cells (4000 per well) were

plated 1 96-well plate format 1 100 ul growth medium.
Cells were treated with DMSO or drugs the next day at the
indicated concentrations and 1incubated for an additional 2-3
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days. Viable cells were determined either by the MTS assay
(Promega, Madison, Wis., USA) or the acid phosphatase
assay”~"". For the MTS assay, 25 ul MTS solution was
added directly into each well according to the manufactur-
er’s 1nstructions. For the acid phosphatase assay, all the
media was removed and p-nitrophenyl phosphate substrate
(10 mM 100 ul) was added into each well and incubated at
377° C. for 45 mins. NaOH was added to stop the reaction and
the absorbance was read at 415 nM. The IC., was deter-

mined using the Calcusyn software (Biosoit, Ferguson,
Mo.).

[0215] Determination of combination index (CI). The
combination index (CI) was determined using the Chou-
Talalay method®’ using the Calcusyn software (Biosoft,

MO).

[0216] Western blot analysis. Western blots were per-
formed as described previously®>>° Cells were grown in
complete medium overnight and treated with DMSO or
drugs at various concentrations for 24 hrs. Cells were
washed 1n cold PBS and lysed 1n RIPA lysis bufler (Thermo
Scientific) containing Halt protease and phosphatase inhibi-
tors (Thermo Scientific). Proteins were quantified using
BCA protein assay reagent (Thermo Scientific). Equal
amounts of protein were separated by SDS-polyacrylamide
gel electrophoresis, transferred to polyvinylidene fluoride
membranes and incubated with total and phosphorylated
protein-specific antibodies. Binding of the primary antibody
was detected using a horseradish peroxidase (HRP)-conju-
gated secondary antibody and chemiluminescent substrates
(Thermo Scientific).

[0217] Animal models. All animal studies were carried out
under protocols approved by the Institutional Amimal Care
and Use Committee (IACUC) at City of Hope 1n accordance
with all applicable federal, state, and local requirements and
institutional guidelines. HEC-1A cells (2x10° in 100 nl)
were moculated subcutaneously into the right flank of 6- to
8-week-old female nude mice. Once the tumors were pal-
pable, animals were randomized 1nto groups of 10 to achieve
an equal distribution of tumor sizes 1n all treatment groups.
Mice were then treated by oral gavage daily with vehicle,
Pterostilbene (30 mg/kg), megestrol acetate (10 mg/kg), or
a combination of both agents. The doses for these two drugs
were chosen based on previously published studies. Tumor
volumes were assessed using calipers twice a week. Tumor
volumes were determined using the formula (Width)*x
Lengthx0.52. Body weight was monitored weekly as an
indicator of drug-induced toxicity and overall health of the
mice.

[0218] Statistical analysis. Data are presented as mean+S.
D. Student’s t-test was used to compare the means of two
groups. All the experiments were repeated 2 to 4 times.
P<0.05 was considered statistically significant.

TABLE 1

Evaluation of synergistic interaction between PTE and
Megestrol acetate in HEC-1A and ECC-1 cells.

PTE: Fold reduction (IC50)
Megestrol  Combination index (CI) Megestrol
Cells acetate ED50  ED75  ED90 PTE acetate
HEC-1A 1:1 0.36 0.47 0.61 2.75 >1000
ECC-1 1:1 0.34 0.47 0.64 2.91 >1000
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TABLE 2

Evaluation of synergistic interaction between PTE and Megestrol acetate
in variety of molar ratios on the viability of HEC-1A cells.

[IC50 (uM)
PTE:Megestrol Combination Index (CI) Megestrol
acetate ED>50 ED75 EDS0 PTE acetate
12:1 0.86 0.89 0.93 51.66 4.30
3:1 0.71 0.72 0.74 36.57 12.19
1:1 0.36 0.47 0.61 23.30 23.30
1:2 0.17 0.50 1.43 11.17 22.34
1:4 0.08 1.16 16.8 5.10 20.40

[0219] Pterostilbene in Combination with Megestrol
Acetate Reduces Tumor Growth in Endometrial Cancer
[0220] Pterostilbene (PTE) 1s a resveratrol analog with
improved bioavailability, and known antitumor activity 1n
several cancers. It acts by antiproliferative and apoptotic
mechanisms to reduce tumor growth. The dietary supple-
ment pterostilbene was tested 1n endometrial cancer cells
and 1n an endometrial cancer mouse model with or without
megestrol acetate (MA), a progestin hormone that 1s 1fre-
quently used to treat endometrial cancer. The studies show
significant reduction in proliferation of endometrial cancer
cells following treatment with pterostilbene with or without
megestrol acetate, compared to megestrol acetate alone. The
combination of PTE and MA 1s synergistic 1n significantly
reducing proliferation 1n several endometrial cancer cells.
Additionally, markers for cell cycle and cell survival are
downregulated by PTE with or without MA, and this com-
bination 1ncreased the expression of apoptosis markers. In a
xenogralt endometrial cancer mouse model, the combination
of PTE and MA significantly reduced tumor growth as
compared to MA alone. These results present compelling
prool for the anti-tumor activity of PTE, which in combi-
nation with MA, exceeds the eflect of MA alone 1n endo-
metrial cancer.

[0221] Megestrol acetate (and other progestins) has long
been used as alternative or second-line treatment for endo-
metrial cancer. In metastatic and recurrent endometrial can-
cer patients, the reported response rate of MA 1s 25-30%.
MA 1s also used for fertility sparing treatment of young
endometrial cancer and endometrial hyperplasia patients
who desire to avoid a hysterectomy. The addition of a natural
polyphenol with a low toxicity profile that could improve the
cllectiveness of MA would be specifically welcome 1n a
cancer population that 1s often plagued by obesity and
comorbidities, making 1t diflicult to test novel drugs with
significant side eflects.
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1. A method of treating cancer 1n a subject 1n need thereof,
the method comprising administering to the subject a thera-
peutically eflective amount of (1) pterostilbene or a pharma-
ceutically acceptable salt thereof; and (1) megestrol or a
pharmaceutically acceptable salt thereof.
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