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Abstract
It has been authoritatively noted that after 100
years of cancer research, the life expectancy in
most cancers has only increased by about 3
months. New, effective treatments for cancer are
badly needed. The present invention relates to
methods to use high doses of
Dehydroepiandrosterone, doses suAcient to inhibit
tumor Glucose-6-Phosphate Dehydrogenase and
thereby deplete tumor NADP(H) pools, with a
reconstitution mixture that replenishes metabolites
required by normal tissues, thereby avoiding side
effects that would otherwise occur. The
combination of High Dose Dehydroepiandrosterone
and the reconstitution mixture is termed
Naturasone™, and its use is described herein both
as a replacement for prednisone, and as a
standalone cancer medication.
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The embodiments of the invention in which an exclusive
property or privilege is claimed are deVned as follows:
1. A method for treating cancer in mammals comprising
administration of High Dose (HD) Dehydroepiandrosterone
or its congeners in amounts suAcient to deplete tumor
NADP(H), and a reconstitution mixture to prevent the toxic
side effects of NADP(H) depletion in normal cells, tissues
and organs.

2. The substance(s) of claim 1 administered as an
oral, injectable (intravenous, intratumor,
subcutaneous, intraperitoneal, intracranial or
intrathecal), inhalable, aerosolized, respirable,
sublingual, topical (including ophthalmic, otic),
transdermal, or suppository, in amounts suAcient
to treat cancer in a mammal in need of such
treatment.
3. A method for preventing side effects of HD DHEA
performed according to the method of claim 1,
comprising Tetrahydrobiopterin (BH4, Formula 3) or
sepiapterin (Formula 3b), or pharmaceutically
acceptable salts thereof, as a component of the
reconstitution mixture co-administered with the
substance(s) of claim 1, in amounts suAcient to
inhibit the side effects of BH4 depletion in normal
tissues.

4. The substance(s) of claim 3 administered as an
oral, sublingual, injectable (intravenous, intratumor,
subcutaneous, intraperitoneal, intracranial or
intrathecal), inhalable, aerosolized, respirable,
topical (including ophthalmic, otic), transdermal, or
suppository in amounts suAcient to prevent side
effects of BH4 depletion in normal tissues during
HD DHEA performed according to the method of
claim 1, in a mammal in need of such treatment.
5. A method for preventing side effects of HD DHEA
performed according to the method of claim 1,
comprising N6-Isopentenyladenosine (IPA, Formula
5), its 5′-monophosphate or thioether (Formula 5b)
or pharmaceutically acceptable salts thereof, as a
component of the reconstitution mixture coadministered with the substance(s) of claim 1, in
amounts suAcient to restore normal levels of
isopentenylated tRNA in normal tissues.

6. The substance of claim 5 administered as an
oral, sublingual, injectable (intravenous, intratumor,
subcutaneous, intraperitoneal, intracranial or
intrathecal), inhalable, aerosolized, respirable,
topical (including ophthalmic, otic), transdermal, or
suppository in amounts suAcient to prevent side
effects of IPA depletion in normal tissues during HD
DHEA performed according to the method of claim
1, in a mammal in need of such treatment.
7. A method for preventing side effects of HD DHEA
performed according to the method of claim 1,
comprising a nitric oxide donor, e.g., potassium
nitrate (KNO3, FIG. 7) or other nitric oxide donor,
e.g., sodium nitrite (NaNO2, Formula 7b) as a
component of the reconstitution mixture coadministered with the substance(s) of claim 1, in
amounts suAcient to restore healthy levels of nitric
oxide to normal tissues.

8. The substance of claim 7 administered as an
oral, sublingual, injectable (intravenous, intratumor,
subcutaneous, intraperitoneal, intracranial or
intrathecal), inhalable, aerosolized, respirable,
topical (including ophthalmic, otic), transdermal, or
suppository in amounts suAcient to prevent side
effects of nitric oxide depletion in normal tissues
during HD DHEA performed according to the
method of claim 1, in a mammal in need of such
treatment.
9. A method for preventing depletion of ubiquinone
during HD DHEA performed according to the
method of claim 1, comprising alpha, beta, gamma
and/or delta Tocotrienol (Formula 9) as a
component of the reconstitution mixture coadministered with the substances of claim 1, in
amounts suAcient to maintain healthy amounts of
ubiquinone in normal tissues.

10. The substance(s) of claim 9 administered as an
oral, sublingual, injectable (intravenous, intratumor,
subcutaneous, intraperitoneal, intracranial or
intrathecal), inhalable, aerosolized, respirable,
topical (including ophthalmic, otic), transdermal, or
suppository in amounts suAcient to prevent side
effects of ubiquinone depletion in normal tissues
during HD DHEA performed according to the
method of claim 1, in a mammal in need of such
treatment.
11. A method for preventing depletion of
ubiquinone during HD DHEA according to the
method of claim 1, comprising administration of
ubiquinone (formula 11, chain length 6-10), or
ubiquinol (formula 11b, chain length 6-10) as a
component of the reconstitution mixture coadministered with the substances of claim 1, in
suAcient amounts to inhibit side effects of
ubiquinone depletion in normal tissues.

12. The substance of claim 11 administered as an
oral, sublingual, injectable (intravenous, intratumor,
subcutaneous, intraperitoneal, intracranial or
intrathecal), inhalable, aerosolized, respirable,
topical (including ophthalmic, otic), transdermal, or
suppository in amounts suAcient to prevent side
effects of ubiquinone depletion in normal tissues
during HD DHEA performed according to the
method of claim 1, in a mammal in need of such
treatment.
13. A method for preventing depletion of products
of the folate pathway during HD DHEA performed
according to the method of claim 1, comprising
administration of folinic acid (formula 8, mixed
isomers or puriVed L-isomer) as a component of
the reconstitution mixture co administered with the
substance(s) of claim 1 in suAcient amounts to
inhibit side effects of depletion of folate pathway
products in normal tissues.

14. The substance(s) of claim 13 administered as
an oral, sublingual, injectable (intravenous,
intratumor, subcutaneous, intraperitoneal,
intracranial or intrathecal), inhalable, aerosolized,
respirable, topical (including ophthalmic, otic),
transdermal, or suppository in amounts suAcient to
prevent side effects of folate pathway product
depletion in normal tissues during HD DHEA
performed according to the method of claim 1, in a
mammal in need of such treatment.
15. A method for preventing depletion of
monoamines during HD DHEA performed according
to the method of claim 1, comprising
administration of the monoamine precursors 5Hydroxtryptophan (5-HT; formula 15), pyridoxine
(formula 15b), L-DOPA (formula 15c), Sadenosylmethionine (SAMe; Formula 15d),
ascorbate (ascorbic acid; formula 15e), pantothenic
acid (formula 15f), zinc, as components of the
reconstitution mixture co administered with the
substance(s) of claim 1 in suAcient amounts to
maintain healthy levels of monoamines in normal
tissues.

16. The substances of claim 15 administered as
oral, sublingual, injectable (intravenous, intratumor,
subcutaneous, intraperitoneal, intracranial or
intrathecal), inhalable, aerosolized, respirable,
topical (including ophthalmic, otic), transdermal, or
suppository in amounts suAcient to prevent
monoamine depletion in normal tissues during HD
DHEA performed according to the method of claim
1, in a mammal in need of such treatment.
17. A method for method for treating cancer
without inducing side effects of such treatment,
comprising administration of the substance(s) of
claim 1, the substance(s) of claim 3, the
substance(s) of claim 5, the substance(s) of claim
7, the substances in claim 9, the substances of
claim 11, the substances of claim 13, and the
substances of claim 15, in any combination and at
any time that reduces or eliminates the negative
side effects of HD DHEA performed according to
the method of claim 1.
18. The method of claim 1 in which the
substance(s) of claim 1 are administered
intermittently, according to a schedule that avoids
some or all of the negative side effects of HD DHEA
performed according to the method of claim 1.
19. The method of claim 13 in which adenosine,
adenosine monophosphate, adenosine
diphosphate or adenosine triphosphate are
administered in addition to folinic acid to remediate
adenosine depletion at local sites.
20. The method of claim 5 in which IPA is
substituted for by mevalonic acid, its salts,
hydrates, and saponates, or the isoprenoid donors
geranylgeraniol, geraniol, or farnesol.

Description
STATEMENT REGARDING FEDERALLY
FUNDED RESEARCH OR DEVELOPMENT
[0001] Although the applicant has received
several federal research grants in the past
(e.g., R01 CA47217; R29 CA47217), the
work underlying this invention is unrelated
to the work conducted under such grants.
CROSS REFERENCE TO RELATED
PATENTS
[0002] None
SEQUENCE LISTING
[0003] Not Applicable
PRIOR DISCLOSURES
[0004] There have been no prior disclosures of
this invention
BACKGROUND OF THE INVENTION
[0005] 1. Field of the Invention
[0006] The Veld is directed to compositions and
methods related to a novel treatment of
cancer in which high doses of
Dehydroepiandrosterone (DHEA, CAS 5343-0), doses suAciently high to inhibit
tumor Glucose-6-phosphate
dehydrogenase (G6PD, CAS 9001-40-5)
and thereby deplete tumor Nicotinamide
Adenine Dinucleotide Phosphate, reduced
form (NADPH, CAS 53-59-8), are
supplemented with speciVc metabolites in
order to prevent certain negative
consequences of such high dose DHEA,
such metabolites including
tetrahydrobiotperin (BH4, CAS 17528-722); N6-Δ2-isopentenyladenosine (IPA, CAS
7724-76-7); certain precursors and
cofactors of monoamine biosynthesis;
folinic acid (CAS 58-05-9); ubiquinone
(CAS 303-98-0) and tocotrienols; and a
nitric oxide donor such as potassium
nitrate (7757-79-1).
[0007] 2. Description of Related Art
[0008] Approximately 1.7 million Americans are
diagnosed with cancer each year, and
approximately 600,000 will die each year
from cancer (National Cancer Institute,
Annual Cancer Statistics, United States,
http://seer.cancer.gov/statfacts/).
Worldwide, about 14 million new cases of
cancer are diagnosed annually, and more
than 8 million die from cancer (World
Cancer Research Fund International,
http://www.wcrf.org/int/cancer-factsVgures/worldwide-data). It has been
authoritatively stated that more than 100
years of research into cancer treatment
has resulted in an increased life span of as
little as 3 months for many, if not most
forms of cancer. (See Siddhartha
Mukherjee, The Emperor of All Maladies, a
Biography of Cancer; Simon & Schuster,
2010). In dogs, the situation is even worse
due to their increased cancer risk as
compared to humans. (See Torres de la
Riva, G et al, PLoS One, 2013, 8(2):e55937).
There thus remains a critical need to
augment current treatment modalities, and
to devise new, better treatment modalities
for both human and veterinary cancer.
[0009] Normal cells undergo a process of
differentiation in which they mature into
the adult cell type required for their
integrated participation in the tissue of
which they are a part. The end stage of
this process of differentiation is apoptosis,
or programmed cell death. The cancer cell
possesses faults in its capacity to
differentiate, does not integrate into the
tissue of which it is a part but instead
exceeds its natural boundaries,
metastasizing to distant sites, and
develops resistance to both apoptosis
(programmed cell death) and immune
surveillance. There are both genetic
(mutation driven) and epigenetic (without
mutation) mechanisms of cancer initiation
and development underlying their inability
to differentiate and undergo normal
programmed cell death and identiVcation
and removal by the host immune system.
[0010] Most classical chemotherapy agents,
almost all of which are still in use today,
target rapidly dividing cells. Although
cancer cells do frequently have cell cycle
times that are shortened compared to their
nonmalignant counterparts, there are few
cancer cells which have rates of cell
division that surpass those of rapidly
replicating normal cells (e.g., epithelial
tissues such as those that line the
gastrointestinal tract, hair follicles, etc.).
This fact underlies the frequent side
effects of cytotoxic chemotherapy drugs.
Most cancer cells have shortened cell
cycle times (i.e., increased rates of DNA
synthesis) because they have mutations
that disable certain cell cycle checkpoints.
An example is the G1 checkpoint at which
normal cells assess their DNA for the
presence of lesions that could be Vxed into
the DNA as permanent mutations if they
are not repaired prior to DNA synthesis.
Because mutations in speciVc genes (e.g.,
the p53 tumor suppressor gene) destroy
the G1 checkpoint (See, for example,
Prudhomme, M, Recent Pat Anticancer
Drug Discov 1(1):55-68, 2006), malignant
cells enter DNA synthesis with their DNA
damage unrepaired, thus acquiring more
and more mutations with every cell
division. When these mutations occur in
protein-coding regions or regions of DNA
that control the transcription of proteins,
enormous heterogeneity is introduced into
the tumor cell population. Such
heterogeneity creates a huge pool of
physically altered proteins and altered
expression patterns of normal proteins
from which drug resistant variants (clones)
may be selected for during future attempts
at treatment.
[0011] For example, resistance to cytosine
arabinoside (araC; CAS 147-94-4), a drug
commonly used to treat leukemia, can
occur by natural selection favoring those
few cells in a leukemic cell population that
do not express active deoxycytidine kinase
(either by epigenetic gene silencing or
mutation). Deoxycytidine kinase (dCK, CAS
9039-45-6) is a protein that is required for
activation of araC to its active form.
Alternatively, resistance to araC can occur
via ampliVcation of the cytidine deaminase
(CD, CAS 9025-05-2) gene. CD is a protein
which deactivates araC to its non-toxic
uracil derivative. In yet another variation on
this theme, resistance to araC may occur
in a leukemia cell population via mutation
in the site at which the drug binds to dCK,
or at the site in dCK where ATP, the
phosphate donor in this enzymatic
reaction, binds. In either case, the ability of
leukemic clones possessing such
modiVcations decreases their ability to
activate araC. Even small changes in araC
activation may be suAcient to confer a
selective advantage to leukemia cell
clones possessing them, creating a drug
resistant subpopulation within the cancer
cell population—toxicity will occur in
normal cells before it does in such a drugresistant population. Such mechanisms of
drug resistance occur for virtually all small
molecule drugs in current use. A new drug
which reduced mutation rate in cancer cell
populations, and which maintained the
expression of critical activating genes by
preventing their epigenetic silencing, would
represent a signiVcant improvement over
currently available cancer drugs.
[0012] There are several non-surgical approaches
to cancer treatment, including cytotoxic
chemotherapy, as with araC, noted above;
the use of cancer-selective antibodies; the
induction of a tumor-speciVc immune
response by injection into the tumor of
polio or other viruses or bacteria;
differentiation therapy; and stimulation of
the host immune system. Differentiation
therapy is designed not to kill the cancer
cell outright (as in cytotoxic
chemotherapy) but rather to induce the cell
to undergo a more substantive
differentiation than it has heretofore been
capable of. The goal is to induce either
apoptosis, or the silencing of expression of
genes that confer a protective advantage
to the cancer cell. Among this latter
category falls a cell surface protein called
CD47. CD47 has been described as a “don't
eat me” signal to the immune system. It is
present on the surface of all normal cells
when they are young, and its expression
gradually decreases until during the end
stages of differentiation, when the cell is
approaching apoptosis, expression
reaches zero and the cell becomes visible
to the immune system. Because almost all
cancer cells fail to differentiate, they fail to
extinguish the expression of CD47, and
remain invisible to the immune system.
One goal of some cancer differentiation
agents, such as the agent of the present
invention (see below), is to induce
apoptosis and/or the extinction of CD47
gene expression. Agents capable of
inducing differentiation to the extent of
inducing either apoptosis or extinction of
CD47 expression would represent an
important addition to the clinical protocols
currently available to treat human and
veterinary cancer.
[0013] Another way that cancer cells escape
immune surveillance is by secretion of
extremely high amounts of adenosine into
the tumor microenvironment. Adenosine
potently inactivates a variety of immune
system effector cells by activating their
adenosine A2A receptors. Although
methods to prevent adenosine secretion
by tumors and subsequent inactivation of
immune cells by activation of their A2A
receptors are under discussion, none are
yet in use in man or animals. The present
invention describes a method to achieve
adenosine depletion in the tumor
microenvironment, thereby deactivating
A2A receptors and activating host immune
effector cells.
[0014] Still other pathways play important roles in
most tumors. Mutations of two genes, one
coding for the Ras oncoprotein and the
other coding for the p53 tumor suppressor
protein, have been found to occur in a high
percentage of all animal and human
cancers. The Ras oncoprotein requires
isoprenylation (enzymatic addition of
hydrophobic isoprene units) before it can
attach to the inner surface of the plasma
membrane, the only site from which it can
exert its tumorigenic effects. The p53
tumor suppressor protein has many
functions, one of which is to inhibit the
enzyme glucose-6-phosphate
dehydrogenase (G6PD), the rate limiting
step of the pentose phosphate pathway
(PPP). Up regulation of the PPP in cancer
cells appears to account for much or all of
the classic observation that cancer cells
preferentially synthesize ATP via
glycolysis, instead of by oxidative
phosphorylation in the mitochondria.
Accordingly, a novel drug treatment that
could inhibit the isoprenylation of the Ras
oncoprotein, thereby inactivating it, and
assume one or more roles of missing p53
tumor suppressor function in cancer cells,
e.g., the inhibition of G6PD, would
represent a signiVcant improvement in
cancer chemotherapy.
[0015] An example of a current, widely used
cytotoxic chemotherapy protocol is CHOP.

