The Warburg Effect

Cancer cells preferentially use aerobic glycolysis (glucose — lactate) even in the presence of oxygen.
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OTTO WARBURG, MD, PHD

‘ ‘ The prime cause of cancer is the replacement
of the respiration of oxygen in normal body
cells by a fermentation of sugar.

- Otto Warburg

NOBEL PRIZE
in Physiology or
Medicine in 1931

e Cancer cells consume large amounts of glucose.

e They convert most glucose to lactate through glycolysis, even when oxygen is available.
KEY POINTS e Mitochondrial respiration is reduced or defective in many cancers.

e Lactate production leads to decreased pH, supporting tumor growth and spread.



The Warburg effect is characterized by metabolic reprogramming in cancer cells,

favoring glycolysis over oxidative phosphorylation even under aerobic conditions. This shift involves
upregulation of glycolytic enzymes and downregulation of tumor suppressors that normally
restrict glycolysis Glume N
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Key Enzymes and Regulators in the Warburg Effect

Enzyme / Regulatory Factor Normal Role

Change in

Functional Impact

(Full Name)

(Phosphoglycerate Mutase 1) 3-PG 2-PG  to 2-phosphoglycerate

PFK i Rate-limiting enzyme
(Phosphofructokinase) | & in glycolysis
HIF-1a Hypoxia-inducible
(Hypoxia-Inducible Factor 1-alpha) l transcription factor

c-Myc

(Cellular Myelocytomatosis W—) Transcription factor
Oncogene)

p33 Tumor suppressor
(Tumor Protein p53)

o0
GLUT1/ GLUTs o 'a y Transport glucose
(Glucose Transporter 1/ 30 8  across the cell membrane
Glucose Transporters) e'e

osphorylates glucose
HK2 » (p) Phosphorylates gl
(Hexokinase 2) Glucose  G6p to glucose-6-phosphate
PKM2 :b — ez Catalyzes PEP to
(Pyruvate Kinase M2) PEP Pyruvate PYruvate (glycolysis)
LDHA gia —_— ‘Q. Converts pyruvate
(Lactate Dehydrogenase A) Pyruvate  Lactate (O lactate
PDK oio -l—x—p Inhibits pyruvate /. R
(K’?:;‘;:?te Dabydregenass Pyruvate  PDH  dehydrogenase (PDH) “7c, o o
PGAMI1 b —» &  Converts 3-phosphoglycerate
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@
- 0 Enhances glucose uptake
@ —5

0% {E{iﬁ} to fuel glycolysis

Traps glucose in cells,
committing it to glycolysis

Less active isoform allows glycolytic
intermediate accumulation for
biosynthesis

Regenerates NAD* to sustain glycolysis
and exports lactate to acidify the
microenvironment

Reduces acetyl-CoA entry into TCA cycle,
favoring lactate production

Supports alternative glycolytic flux
without ATP generation

Accelerates glycolytic flux

Activates glycolytic genes (e.g., GLUT1,
LDHA) under low oxygen

Drives expression of HK2, LDHA, PDK1,
and GLUT1

Loss of function reduces inhibition of
glycolysis and promotes TIGAR
downregulation

Abbreviations: G6P = Glucose-6-phosphate; PEP = Phosphoenolpyruvate; 3-PG = 3-Phosphoglycerate; 2-PG = 2-Phosphoglycerate; NAD* = Nicotinamide Adenine Dinucleotide (oxidized);
PDH = Pyruvate Dehydrogenase; TCA = Tricarboxylic Acid Cycle; ATP = Adenosine Triphosphate; TIGAR = TP53-Induced Glycolysis and Apoptosis Regulator.
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AN INTEGRATED MODEL OF CANCER

A Systems Biology Framework of Tumor Development and Progression

ENVIRONMENTAL AND

e -
e LIFESTYLE FACTORS
‘ . .ﬁ (chronic inflammation, obesity,
Q‘* * hyperinsulinemia, toxins, infections, |

radiation, aging, microbiome)

A
EARLY MITOCHONDRIAL DYSFUNCTION
+ Impaired oxidative phosphorylation
* Decreased ATP production
» Altered redox balance and calcium signaling |
METABOLIC REPROGRAMMING (WARBURG EFFECT) '
+ Increased glucose uptake and glycolysis
+ Lactate production even in the presence of oxygen
‘ + Reduced reliance on mitochondria | FEEDBACK
LOOP
OXIDATIVE STRESS AND GENOMIC INSTABILITY B i
» Excess reactive oxygen species (ROS) reinforcez
+ Damage to DNA, proteins, and lipids Hisiothers

' + Replication stress and impaired DNA repair driving tumor

- ; = =S = evolution
SELECTION OF DRIVER MUTATIONS forward.
+ Mutations in genes such as KRAS, MYC, APC,

TP53, EGFR, PI3K, and others
‘ + Clonal selection of cells with growth advantage |

AMPLIFICATION OF ABNORMAL METABOLISM
+ Oncogenic signaling further increases glycolysis

+ Activation of PI3K/AKT/mTOR, MYC, HIF-1q, etc.

‘ + Enhanced nutrient uptake and biosynthesis

CANCER STEM CELLS, IMMUNE EVASION,
ANGIOGENESIS, AND METASTASIS

* Increased tumor heterogeneity and resilience
+ Invasion, metastasis, and therapy resistance

Cancer Immune  Angiogenesis Metastasis | ~,.4inad evolution and progression

Stem Cells Evasion

A DYNAMIC, SELF-REINFORCING SYSTEM o,

This integrated model recognizes that genetics and metabolism are not competing explanations
but mutually reinforcing processes. Mutations reshape metabolism, while metabolic dysfunction
promotes additional mutations, creating a vicious cycle of tumer evolution. \




Role of the Nucleus and Mitochondria
in the Origin of Cancer

1. Normal Cell 3. Normal Cytoplasm + 4. Tumor Cytoplasm +
Tumor Nucleus Normal Nucleus

~

Normal Cells ‘ Tumor Cells | Normal Cells W [ Tumor Cells/Death

into tumor cells.
Mitochondria and cytoplasm from tumor cells can promote tumor behavior and
induce stress, dysfunction, and cell death in normal cells.

[ @ Seyfried, Cancer as a Metabolic Disease, 2012 John Wiley Press; }

o Key Insight: The nucleus contains genetic information that does not transform normal cells

Seyfried et al., 2015, Frontiers Cell & Dev. Biol.




Overall Metabolic Approach to Management of Cancer
§ Repurposed Drugs )

[ Glucose Restriction

4 mitochondrial
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faster J inflammation ApproaCh to function biogenesis

Intermittent fasting<® Cancer 4 \‘ Q Stress Reduction]
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Avoid ultra-processed

sugars
O This integrated metabolic approach aims to improve mitochondrial function, reduce inflammation,
support immune function, and limit the metabolic factors that promote cancer growth and progression.
\

Anti-inflammatory
agents
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Diet: Low carbohydrate, low-glycemic diet. Add
broccoli sprouts (sulforaphane), matcha tea,
brewed green tea (~4 cups/day)

® lvermectin: 0.2-0.4 mg/kg/daily
(commonly 0.3 mg/kg/daily)

® Vitamin D + K2: Vitamin D 10,000 IU
and vitamin K2 100 mcg daily; with
monitoring of 25-OH vitamin D and
parathyroid hormone (PTH) levels

® Curcumin: High-bioavailability extract,
2-4 g daily, titrated up to 8 g/day

® Doxycycline: 50 mg daily taken with
2 g oral vitamin C (consider cycling after
6 months)

® Melatonin: 20 mg at night, titrated
upward from 5 mg

@ Propranolol: 10-40 mg twice daily
as tolerated

® Green tea extract (EGCG): Twice
daily, less than 800 mg/day

® Berberine: 500 mg twice daily

® Resveratrol: 500 mg twice daily
(high bicavailability)

Cancer is a complicated disease,
and patient care should be supervised
by an integrative clinician: patients
should not treat themselves.
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CORE

AGENTS

IVERMECTIN

MEBENDAZOLE

DOXYCYCLINE

CURCUMIN

4

CANCER IS BEST VIEWED AS A COMPLEX ADAPTIVE_SYSTEM DISEASE—
NOT PURELY A GENETIC DISEASE.

.

CANCER THERAPY
STRATEGIES  ~£

| LIMITED THERAPY

AGGRESSIVE THERAPY

Diet: Low glycemic ketogenic diet, OMAD (one-meal-a-day)
and periodic 48 and 72 hour fasting (7 days fast if feasible
every other month}

Ivermectin: 0.4-0.8 mg/kg/daily (commonly 0.6 mg/kg/daily)
Mebendazole: 200 mg daily
Curcumin: High-bioavailability extract, 2—4 g daily, titrated up to 8 g/day

Vitamin D + K2: Vitamin D 10,000 IU and vitamin K2 100 mcg daily; with
monitoring of 25-OH vitamin D and PTH; titrate to achieve a low-normal
PTH level (Coimbra protocol)

Green tea extract (EGCG): Twice daily, less than 800 mg/day
Berberine: 500 mg twice daily

Resveratrol: 500 mg twice daily (high bicavailability)

Doxycycline: 50 mg daily taken with 2 g oral vitamin C

Sulforaphane: Free stabilized sulforaphane from broccoli seed extract
(dosage varies)

Metformin: 500-1,000 mg twice daily

Propranolol: 10-40 mg twice daily

Melatonin: 20 mg at night, titrated upward from 5 mg

Modified Citrus Pectin (PectaSol): 14.4 g daily; six capsules, 3x a day
Omega-3 fatty acids: 2-4 g daily

Statins: Atorvastatin 40-80 mg daily or simvastatin 40 mg daily; avoid
long-term use or precipitous LDL reduction, which may increase dementia risk
Quercetin: 500-1,000 mg twice daily

Alpha lipoic acid: 300-600 mg daily; .
Dandelion extract: 250-1,000 mg twice daily
Methylene blue: 10-50 mg daily '
Artesunate: 200 mg daily

Low-dose naltrexone: 2—-4.5 mg daily
Epigepin (apigenin): 50-400 mg/day
Pomegranate extract: 250 mg daily

Aged garlic extract: 1,000 mg daily

Monk fruit extract: As sweetener




*? TOP UNIVERSAL ANTI-CANCER AGENTS

Broad-Spectrum « Multi-Target « Works Across Many Cancer Types
Targeting Multiple Hallmarks of Cancer Through Different Mechanisms

(2]

€ CURCUMIN
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Powerful anti-inflammatory & multi-target agent

@ Inhibits NF-kB, STAT3, COX-2

@ Suppresses growth, angiogenesis & metastasis
@ Induces apoptosis & cell-cycle arrest

@ Targets cancer stem cells

@ Enhances immune response

Key Pathways: NF-kB, STAT3, Wnt, PI3K/AKT/mTOR,
Nrf2, COX-2
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Hormone with broad anti-cancer effects
v Induces differentiation & growth inhibition
v Modulates immune response
+ Inhibits angiogenesis & metastasis
v Enhances apoptosis
+ Reduces inflammation

o

EGCG

€© BERBERINE

(from Green Tea) OH
i OH N cl-
OH .
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O8] OCH,
Potent antioxidant & signaling modulator MEtabOlic master regulator
@ Inhibits EGFR, VEGF, Wnt/B-catenin v Activates AMPK, inhibits PI3K/AKT/mTOR
@ Induces apoptosis & inhibits proliferation | v Suppresses glycolysis (Warburg effect)
¢ Targets cancer stem cells I v Induces apoptosis & cell-cycle arrest
¢ Anti-angiogenic & anti-metastatic v Anti-inflammatory & anti-angiogenic
@ Enhances immune function | v Targets cancer stem cells
Key Pathways: EGFR, Wnt/B-catenin, PI3K/AKT, | Key Pathways: AMPK, PI3K/AKT/mTOR, NF-xB,
MAPK, NF-xB /I STAT3, HIF-1a, Wnt
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Anti-parasitic with anti-cancer activity

IVERMECTIN

Inhibits Wnt/p-catenin signaling
Induces apoptosis & autophagy
Targets cancer stem cells
Anti-proliferative & anti-metastatic
Synergizes with other agents

Key Pathways: Wnt/B-catenin, P-gp, NF-kB,

LALLs

€@ MEBENDAZOLE

\_)_J @/ b

Anti-helminthic with multi-target actions
+ Disrupts microtubules (mitotic arrest)
+ Inhibits angiogenesis (1 VEGF)
+ Targets cancer stem cells
v Inhibits Wnt, Hedgehog & BRAF (mut)
+ Induces apoptosis

Key Pathways: B-tubulin, Wnt, Hedgehog, VEGF,

@ MELATONIN

Hormone of darkness & immune support
Antioxidant & reduces oxidative stress
Induces apoptosis & inhibits proliferation
Regulates circadian rhythm & DNA repair
Enhances immune surveillance
Anti-angiogenic

Key Pathways: MT1/MT2, NF-xB, STAT3,
| HIF-1et, p53 /
Vil =
A

DOXYCYCLINE

O.

Antibiotic with anti-cancer properties

v Inhibits mitochondrial protein synthesis
v Targets cancer stem cells

v Inhibits MMPs, EMT & metastasis

v

'
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Anti-inflammatory & anti-angiogenic
Enhances sensitivity to therapies

Key Pathways: VDR, Wnt/B-catenin, NF-«B,
PI3K/AKT, p53
WHY THESE AGENTS? THE 5-AXIS METABOLIC TRAP

PISK/AKT BRAF PI3K/AKT

IMPORTANT NOTE

Extensive preclinical evidence
supports the anti-cancer
activity of these agents.

Key Pathways: MMPs, NF-kB, EMT, STAT3,
Mitochondrial function |
o — -
] 5

Always consult
your healthcare

Multi-Target  Broad-Spectrum Low Toxicity ~ Synergistic METABOLISM  MITOCHONDRIA / CELL DIVISION / TUMOR MICRO- IMMUNE Clinical evidence is evolving. professional
Hit many pathways Active across many  Generallywell  Work better (Glycolysis, ~ CANCER STEMCELLS  CYTOSKELETON ENVIRONMENT RESTORATION :
d o o Insuli/mTOR)  (Energy, Survival) (Proliferation) (inflammation,  (Immune Balance) These agents are not approved before starting
at once cancer types eral ogether e s
ngiogenesis) as cancer treatments. any therapy.
\__ These 8 agents collectively target all 5 axes for maximal anti-cancer effect. | | I

SIMPLE. SAFE. MULTII-TARGET. UNIVERSAL. A POWERFUL FOUNDATION FOR INTEGRATIVE CANCER CARE.

Y




CANCER CELLS ARE METABOLICALLY FLEXIBLE

Block one pathway... cancer finds another.
BLOCK ONE PATHWAY... CANCER TAKES A DETOUR.

Cancer cells can tap many energy sources to survive and grow. When a single pathway is inhibited, cancer cells reroute through
alternative fuels and pathways to keep growing.

GLUTAMINE %LUEOSE KETONE BODIES
iA /\j\ Glycolysis 0 o4 OH 1. BLOCK GLYCOLYSIS 2. COMPENSATORY ROUTES ACTIVATE
— Pyruvate — Lactate JJ\ / - : it
Hl 12 . (ATP) Heeee Ao GLUTAMINE LACTATE ALANINE FATTY ACIDS
Glutaminolysi B-Hydroxybutyrate / Glucose
A noss : F » - u—KG - TCA = Pyruvati = Pyruvat -Oxidation
— 0-KG = TCA cycle < Acetoacetate 1 Py € Y e B-Oxidatio
; e~ > Acetyl-CoA — TCA : - TCA - TCA = Acetyl-CoA
Glycolysis T——
LACTATE OTHER AMINO ACIDS | \ wlv ‘/4—//
Lactate uptake _’" - e x ACETYL-CoA
m via MCTs eI A | 2\?{ l - =
| i e .- BIOSYNTHESIS
— Pyruvate — TCA g eed in L
\ TCA cycle Pyruvate Nucleotides, Lipids,
R or other pathways ] /_‘i Brctans e
/ M :
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A : & LIPIDS (OXPHOS) —> - ATP

ALANINE
p-Oxidation 1 From stromal cells Building blocks for ‘-/ ENERGY
— Acetyl-CoA — TCA 5 Pyruvate - TCA rapid proliferation

ﬁ Block one road, and cancer cells open another.

g This metabolic diversity allows cancer cells to adapt, This is why single-target therapies often fail and resistance develops.

survive stress, and resist therapy.

THE SOLUTION: HIT CANCER WHERE IT HURTS - EVERYWHERE

_ ) @ Block multiple fuels =

O z‘;i[:'é?;g:iij:;t:g:s @ Inhibit key metabolic nodes .(
reduce metabolic flexibility. O Target the tumor microenvironment
@ Disrupt survival and stress pathways

Comprehensive metabolic COMBINATION & METABOLIC

pressure leaves cancer cells STRATEGIES CREATE

no way out. SUSTAINED CONTROL
AND BETTER OUTCOMES




CANCER IS RARELY SUSTAINED BY A SINGLE ABNORMAL PATHWAY

A tumor may begin with a dominant genetic alteration, but established cancers develop a network of adaptations
that allow them to survive therapy and recur.

1. INITIATING ALTERATION 2. BIOLOGICAL NETWORK 3. THERAPY TARGETS ONE PATHWAY 4. ADAPTATION & RECURRENCE
A dominant genetic The tumor de\felops multiple, interconnected Inhibiting a single pathway may Parallel systems compensate,
adaptations across key systems. shrink the tumor initially. allowing survival, regrowth

change may initiate
tumor growth.

and recurrence.
Y .—| SIGNALING J
’ l PATHWAYS |
METABOLIC
ADAPTATIONS !
STEMNESS & bl
TREATMENT IMMUNE
RESISTANCE DYSFUNCTION / ESCAPE

Inhibiting one pathway can produce a dramatic initial response — but the tumor’s network of adaptations enables escape and recurrence.

TUMOR
MICROENVIRONMENT

SIGNALING
PATHWAYS

TUMOR

M e

STEMNESS &
TREATMENT
RESISTANCE

A MULTI-AXIS STRATEGY: SIMULTANEOUS PRESSURE ON MULTIPLE SYSTEMS

Instead of looking for a single Achilles’ heel, a multi-axis approach targets the five interrelated hallmarks that cancer depends on for survival.

1. METABOLIC 2. METABOLIC 3. STEMNESS & 4. TUMOR 5. IMMUNE DYSFUNCTION
DEPENDENCE FLEXIBILITY TREATMENT RESISTANCE MICROENVIRONMENT OR ESCAPE

Cancer cells rely on Cancer adapts by switching Cancer stem-like cells drive The microenvironment provides | | Cancer evades immune
specific metabolic fuels fuels and pathways when relapse and resist therapy. support, protection and resources. surveillance and suppresses
and pathways. one route is blocked. anti-tumor immunity.

Q

I -
: + Self-renewal COMBINED PRESSURE
s g:i:::?:ol - | + Alternative energy sources « Bigitesistance REDUCES ADAPTATION, ° itfof'ﬂd support . :mmU"e checkpoints .
lu ysis « Pathway plasticity < Sisssance RESISTANCE AND * Angiogenesis + Immunosuppressive cells
. LlPld metab.ollsm _ « Stress adaptation B ; RECURRENCE » Hypoxia « Antigen loss
« Mitochondrial function . repair _ « Inflammation |« Cytokine dysregulation
J 4 £

By attacking multiple, interdependent systems at once, a multi-axis strategy aims to collapse the tumor’s ability to adapt,

improve durability of response, and reduce the risk of recurrence.



AXIS 1: METABOLIC PRESSURE

Dietary & Lifestyle
» Low-Carbohydrate Mediterranean Diet

+ Ketogenic Diet

+ Intermittent Fasting / Time-Restricted Eating
» Regular Physical Activity

+ Weight Management

Repurposed Drugs
+ Metformin

+ Berberine

Nutraceuticals

+ Curcumin

+ EGCG (Green Tea Extract)
+ Sulforaphane

AXIS 5: IMMUNE RESTORATION

Repurposed / Biological Agents
* PSK (Polysaccharide-K)

+ Thymosin-al

Nutraceuticals & Vitamins
« Vitamin D

« Zinc
« Vitamin C
* Probiotics

9 Lifestyle Factors

+ Regular Exercise
+ Adequate Sleep
+ Stress Management
+ Smoking Cessation

d Repurposed Drugs

The Five-Axis Metabolic Trap

A Systems Biology Framework to Complement Precision Oncology in Lung Cancer

AIST /Oy

METABOLIC
PRESSURE

Reduce metabolic
flexibility by targeting
glycolysis, insulin-IGF-1
signaling, and the
AMPK-mTOR pathway.

Strengthen innate and
adaptive immunity to
enhance immune
surveillance and
complement

immunotherapy.

AMPR

AMPK /
mTUEN_/

REDUCING
ADAPTABILITY.
ENHANCING
TREATMENT
SUCCESS.

AXIS 4

TUMOR MICROENVIRONMENT

MODULATION

Reprogram the tumor ecosystem by
reducing inflammation, angiogenesis,
and stromal support while normalizing
the extracellular matrix.

INTEGRATED GOAL

ﬂ Nutraceuticals

2

MITOCHONDRIA &
CANCER STEM CELLS

Target mitochondrial
metabolism and
therapy-resistant
cancer stem cells

to prevent recurrence
and resistance.

AXIS 3

CYTOSKELETAL &
MITOTIC DISRUPTION

Disrupt the cytoskeletal *9
network required for 2
mitosis, intracellular
transport, migration,

and metastasis.

Simultaneous modulation of five key biological systems to reduce tumor adaptability,
overcome resistance, and improve outcomes when combined with standard lung cancer therapies.

T' Diet / Lifestyle

x' Lifestyle Factors

Nutraceuticals
+ Curcumin

AXIS 2: MITOCHONDRIA &
CANCER STEM CELLS
Repurposed Drugs
O + Doxycycline
» lvermectin
» Melatonin

« Resveratrol
* Genistein

Nutraceuticals
» Coenzyme Q10 (CoQ10)
(Support Mitochondrial Function)

AXIS 3: CYTOSKELETAL &

MITOTIC DISRUPTION

Repurposed Drugs
» Mebendazole

)
o

Nutraceuticals
« Piperine (Enhances Bioavailability)

AXIS 4: TUMOR MICROENVIRONMENT
MODULATION
O + Propranolol

Repurposed Drugs

+ Statins

+ Omega-3 Fatty Acids (EPA/DHA)
» Modified Citrus Pectin

+ itamin D

* Aged Garlic Extract

radiotherapy, targeted therapy, and immunotherapy.

[ To be used as an adjunct to surgery, chemotherapy, ]




Targeted energy
system

Therapeutic agents

The Real Metabolic “Trap™

b Multi-axis metabollc pressure in cancer

Mechanistic effect on tumor cells

’ Activates AMPK,
Metformin, reduces insulin signaling,
Berberine suppresses giycalysi‘s .
and tumor growth signaling
A
. : Inhibits mitochondrial ~ OXIDATIVE
Mitochondrial Doxvevcline ribosomes and oxidative ® PHOSPHORYLATION §,
function ycy phosphorylation, targetin:q @,
cancer stem cell metabolism CANCER CTER LELE
Disrupts B-tubulin B
cyt‘{Skel.eton/ Mebendazole polymerization and e ® % %
mitosis mitotic spindle formation
. Reduces B-adrenergic
Adrenerg IC PI"OPI’EI‘IOIO' signaling, angiogenesis, ®
signaling and stress-mediated AMGmGENEls
tumor progression & STRESS SIGNALS
Circadian / Enhances circadian control,
M elatonin increases oxidative stress

\ oxidative stress
| regulation

in tumor cells, supports
immune surveillance

IMMUNE
SURVEILLANCE

J




TIER1

STRONGEST

BIOLOGICAL
RATIONALE

Strong expression of
all five biological
characteristics

TIER 2

STRONG RATIONALE,

LESS CLINICAL/
TRANSLATIONAL

SUPPORT

Many Five-Axis

features present,

but evidence for

adjunctive benefit

is less developed

TIER 3

BIOLOGICALLY
PLAUSIBLE,
HIGHLY CONTEXT-
DEPENDENT

Impertant biclogy,
but disease or
treatment context
limits priority for
aggressive adjunctive
pharmacology

TIER 4

LOW PRIORITY FOR
EXPERIMENTAL
FIVE-AXIS DRUG

Very high cure rates
or excellent outcomes
with establaned
therapy—risk/benefit
unfavorable for
unproven adjuncts

These cancers show extensive metabolic reprogramming,
stemness, TME support, immune escape, and metabolic plasticity.

¢ Glicblastoma / high-grade glioma
* Pancreatic adenocarcinoma
 Triple-negative breast cancer

¢ Colorectal cancer

* KRAS-mutant NSCLC

e Ovarian cancer

¢ Metastatic / castration-
resistant prostate cancer

* Melanoma
¢ Clear-cell renal-cell carcinoma
o Hepatocellular carcinoma

Substantial Five-Axis biology, often heterogeneous disease
or limited clinical data for adjunctive interventions.

¢ Endometrial cancer + Mesothelioma

» [ER-positive breast cancer e Thyroid cancer,

* HER2-positive breast cancer advanced / dedifferentiated
o Bladder / urothelial carcinoma ¢ Adrenocortical carcinoma

s Head & neck sqt cell earci o Selected soft-tissue sarcomas
: Sastr:cadepofarcmomtam"m ol e

e IE ' geal sq il * Chordoma

¢ Cholangiocarcinoma

e Cervical cancer

¢ Small-cell lung cancer

Relevance of the Five Axes varies by subtype and patient.
Emphasize supportive metabolic health and safety.

» Follicular lymphoma * Low-grade glioma

« Mantle-cell lymphoma « GIST (gastrointestinal stromal tumor)
e CLL/SLL « Germline-associated tumors with

* Multiple myeloma fecti geted strategi

* AML (acute myeloid leukemia) s Other select sarcomas

+ MDS (myelodysplasti Y d : » Rarer malignancies with limited

* ALL (acute lymphoblastic leukemia) data or highly variable biclogy

s Neuroendocrine tumors

Standard therapy already has high probability of cure.

+ Diffuse large B-cell lymphoma (DLBCL) * Cutaneous squamous-cell carcinoma
* Testicular germ-cell cancer + Early-stage cervical cancer

+ Classical Hodgkin lympk * Many pediatric leukemias

» Early-stage favorable breast cancer * Wilms tumor

+ Differettiated thyreid cancer * Retinoblastoma

» Early-stage melanoma s Other highly curable cancers

* Basal-cell carcinoma with established regimens

Tumors that strongly express ALL FIVE
characteristics (Tier 1) have the strongest

biological rationale for a multi-axis
adjunctive strategy.

This framework is intended to guide

L". thesi ti and }
prioritizati ot to replace jud

or individualized clinical decision-making.

of Tumor Persistence

Proposed Suitability of Different Cancers for a Five-Axis Adjunctive Strategy

Based on Five Biological Characteristics That Drive Tumor Persistence, Resistance & Recurrence
" THE FIVE AXES

OUTCOME WHEN
AXES ARE ACTIVE:

1. METABOLIC DEPENDENCE
Reliance on altered energy and biosynthetic
pathways: glycolysis, glutaminolysis,
OXPHOS, lipid metabolism, insulin/IGF
signaling.

2. METABOLIC FLEXIBILITY

Ability to switch fuels and energy
pathways to escape single-pathway
blockade.

3. STEMNESS &
TREATMENT RESISTANCE

Cancer stem-like cells, EMT programs,
drug-tolerant persister cells, anti-apoptotic
signaling, and drivers of recurrence.

4, TUMOR MICROENVIRONMENT

Supportive microenvironment with
hypoxia, chronic inflammation,

angiog is, fibrosis, ab I st |
signaling, and nutrient competition.

5. IMMUNE DYSFUNCTION
& ESCAPE

Immune suppression and evasion via
checkpoint signaling, suppressive cells
and cytokines, impaired surveillance,
and metabolic competition

with immune cells,

J

PERSISTENCE
RESISTANCE
RECURRENCE

4
¢

Simultaneous pressure on
multiple systems reduces
the tumor's ability to adapt,
improves durability of
response, and reduces
recurrence risk.

Evidence for most adjunctive metabolic strategies

remains preclinical or early clinical. Safety, interactions,

and treatment context are critical.

BIOLOGICAL FRAMEWORK—NOT A VALIDATED CLINICAL RESPONSE RANKING.

The Five-Axis Adjunctive Approach is a hypothesis-generating model. Clinical outcomes depend on many factors,
including molecular subtype, performance status, standard therapy, and individual patient biclogy.




EGCG (Epigallocatechin-3-gallate): Multi-Targeted Anti-Cancer Activity

EGCG, the most abundant catechin in green tea, acts on multiple signaling pathways to inhibit tumor growth,
metastasis and immune evasion while activating cellular energy regulation.
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Glucose ) EGFR, VEGF, PISK/AKT, MAPK,
L PD-L1
STAT3, NF-«kB, PKD1
@ Activates AMPK to restore energy
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& Reduces glycolysis and lactate
Pyruvate production
i " @ Suppresses cancer stem cells and '
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IVERMECTIN: A MULTI-TARGETED ANTI-CANCER AGENT

Acts on Multiple Pathways Simultaneously Rather Than a Single Molecular Target

<
r‘) INHIBITION OF Wnt/B-CATENIN
AND MYC SIGNALING
wnt &
W (myc
B-(‘iaﬁenin
P 3 5, TCF/LEF 4 Tumor growth
W A 4 Cell cycle progression
i ;:olrferahon } Cancer stem cells
emness

i 4 MYC, Cyclin D1

i

%

o INDUCTION OF APOPTOSIS
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| b %e DP raspase-a
= % > Caspase-8 %@.
° Caspase-gi
Cytochrome ¢ Apoptosis
1 Bax release (Cell death)
4 Bcl-2, Survivin
vy

| o INHIBITION OF PI3K/AKT/mTOR, STAT3 AND NF-«B

@ SUMMARY

o IMPORTANT: Most data are preclinical (in vitro and animal studies). Clinical evidence in humans is limited. Ivermectin is not approved as a cancer treatment.

PI3K/AKT/mTOR
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4 Survival 1 Angiogenesis

4 Chemoresistance
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IVERMECTIN
Repurposed
Multi-Target
Anticancer

Agent

1 VEGF

4 HIF-1a

{ Endothelial cell
migration

1 Microvessel J Intravasation
formation J Extravasation

4 Colonization
4 Metastasis

o

R
[2) SUPPRESSION OF Ak AND YaPT

!

Actin Remodeling
Migration + Invasion « EMT

1 Proliferation
} Drug resistance
4 Stemness

} Metastasis
1 Cell migration

p

/9 MITOCHONDRIAL DYSFUNCTION
AND CANCER STEM-CELL TARGETING

4 Cancer stem cells
(CD44, CD133, NANOG,
OCT4, SOX2)

4 Mitochondrial
membrane potential

4 ATP production

.
»
o MODULATION OF IMMUNE EVASION
(PRECLINICAL EVIDENCE)

Tumor cell

CD8+ T cell NK cell Dendritic cell

PD-L1

1 T-cell activity

1 NK-cell function

4+ Dendritic cell maturation
4 Immunosuppressive cells

1 PD-L1 expression

(Tregs, MDSCs)
e

OVERALL

Ivermectin exerts broad anti-cancer activity by simultaneously targeting multiple hallmarks
of cancer. It inhibits oncogenic signaling, impairs metabolism, induces apoptosis, suppresses
cancer stem cells, reduces angiogenesis and metastasis, and may enhance anti-tumor immunity.

INHIBITS PROMOTES MULTI-TARGETED
CANCER NORMAL FUNCTION MULTI-BENEFIT




Repurposed Drugs and Nutraceuticals
Mapped to the 5-Axis Metabolic Model

CYTOSKELETON/ | STRESS SIGNALING /

MICROENVIRONMENT
Afln

2 T GLYCOLYSIS / = MITOCHONDRIA /

15" WARBURG
AGENT i

@ = STRUCTURE
AN

ATP

ﬁ Metformin
¢5' Berberine
¢ Ivermectin

¢’ Atorvastatin
@ Curcumin
Y ecce

I.ﬁ Resveratrol
@ Quercetin
@B sulforaphane
1“_} Aspirin

(}7 Doxycycline
@ Mebendazole
S Omega-3 fatty acids
)~ Vitamin D
‘_ Melatonin
é:’ Propranolol

= -

Strong
Strong
Strong
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Moderate
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Moderate
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Moderate
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Mild
Mild
Mild
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Mild

evidence or primary
nism of action
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Mild
Moderate
Moderate
Moderate
Mild
Moderate
Mild
Strong
Mild
Miid
Mild

Moderate

Moderate evidence or
secondary mechanism

Moderate
Mild

Mild

Strong

Mild evidence or
potential effect

Mild
Mild

Mild

Mild

020

Moderate

Moderate
Strong

Moderate

Strong
Moderate
Moderate
Moderate
Moderate
Moaderate

Mild
Mild
Moderate
Moderate
Moderate

Strong

Mo significant evidence or
not a primary target



It does not matter. S T

Doctor, what You can eat ice-cream,
should I eat? cake, chocolate or
whatever you like!

American Society of Clinical Oncology (ASCO) has a formal guideline addressing
dietary interventions during active cancer treatment, but it does not specifically
recommend a low-glycemic diet.



Metabolic Interventions
to Control Cancer

A

. Limit glucose and
~ glutamine availability -

e “Starve the cancer cells”  LowGlucose  Low Glutamine

Promote cancer cell
death (apoptosis)

@ Ketones and metabolic stress
activate cell death pathways

Alter tumor © Decrease inflammatory cytokines g"';
I;:w%\f w’@r_’ g . microenVironment o Decrease MDSC

@ Decrease Tregs

® Decrease angiogenesis

o Decrease Tumor Stem Cells

= = = = 4

o Decrease
metastasis
@ Reduces invasion,

migration and
colonization

e Enhance sensitivity
to therapy
@ Improves response
to chemotherapy,

radiation and
targeted therapy

@ By switching the body’s primary fuel from glucose to ketones, a ketogenic diet
starves cancer cells while supporting normal cells and enhancing treatment outcomes.



The Effect of a Ketogenic Diet
on Normal and Cancer Cells

KETOGENIC DIET NORMAL CANCER CELL EFFECTS ON
HEALTHY CELL CANCER CELLS

)= Glucose Glucose Glucose

,J

Impaired
Cancer Cell
Growth

Glucose

Oxidative Stress
in Cancer Cells

Struggles Refueled Potential
W to Use (Not Used) = | Enhanced
@ Efficiently uses ketone Ketones P/ Sensitivity

. Glucose _’

bodies for energy N\ to Therapy
Impaired ener roduction '
@& Maintains normal | @ Imp gyp
Reduced Increased cell function . €3 Oxidative stress increases | Reduced
Availability (Ketosis) " : 4 Availability
ketogenic environment €9 Cannot thrive with low glucose
\ -+ | - J

There are no known drugs that can simultaneously target
as many tumor-associated signaling pathways as can calorie restriction.



Glucose Management and Colon Cancer Outcomes

High Dietary Insulin Load Increases the Risk of Recurrence and Mortality

High-Glycemic /
High-Insulinogenic Diet

KEY CONCLUSION

Patients with resected

@9®9® CALGB 89803 - £ =T Hiah Diet | lin Load
#@®  (aliiance) ' : i s s i stage lll colon cancer who
Stage Il p consumed a HIGH-INSULINOGENIC
%
Colon Cancer | e 1 Blood Glucose DIET were at
D Prospective : & INCREASED RISK
Cohort Study J/ 1 Insulin and IGF-1 Levels of RECURRENCE
@y Patients with (Insulin & Insulin-like Growth Factor-1)
I EEEE resected stage Ill & INCREASED RISK
~ colon cancer £ o8 Activation of
| published in: PI3K - AKT - mTOR Pathway . of MORTALITY
JNCI J Natl Cancer Inst O i (Promotes cell growth and survival) i : T g :
o lg nsulin Fromotes Igh Insulin Environmen
(2019) 111(2): djy098 _ > @ ‘ Cancer Progression Supports Tumor Growth
| STo%: 1 Tumor Cell Growth ' '
and Survival
2
1‘ Risk of Cancer Recurrence
? 3

1 Risk of Mortality

CLINICAL IMPLICATION:

Managing glucose and limiting dietary insulin load
may be a critical strategy to improve outcomes in colon cancer survivors.

Low-Gchemic Regular Monitor Lower Insulin
Diet Exercise Glucose ILET




nature metabolism 3

Letter https://doi.org/10.1038/s42255-025-01368-w

Fructose and glucose from sugary drinks
enhance colorectal cancer metastasis

via SORD

METABOLIC REPROGRAMMING ENHANCED COLORECTAL

ACTIVATION OF IN CANCER CELLS CANCER METASTASIS

SUGARY DRINKS
SORD A P
o & * '
Liver

metastasis

FRUCTOSE production
|

GLUCOSE

Redox balance
& antioxidant

j capacity

Cell survival
& proliferation

Sorbitol dehydrogenase Epithelial-mesenchymal 27
(SORD) transition (EMT)
High in fructose \ / & motility :
and glucose & @ Lymph node
\ J Metastatic (@ metastasis
potential

- e
-

DIET MATTERS: High intake of sugary drinks (fructose and glucose) activates SORD in colorectal cancer cells,
driving metabolic reprogramming that promotes metastasis.

Reducing sugary drink consumption may help limit colorectal cancer spread.




¢ THE FUTURE IS PROBABLY COMBINATION BIOLOGY§

Cancer is Complex. A Single Target Is Rarely Enough.

It is unlikely that the future of Rather, the most effective strategies may integrate:

oncology lies in:

Single-Target
Approaches
* One mutation
*"One gty GENOMIC METABOLIC IMMUNE MICROENVIRONMENT STEM-CELL
* One drug TARGETING TARGETING MODULATION REPROGRAMMING SUPPRESSION
"""" « Target actionable « Disrupt cancer « Reinforce immune + Normalize vasculature « Target cancer
X Limited durability mutations energy pathways recognition « Reduce inflammation stem cells
X Resistance emerges « Precision + Block metabolic . Over.corne immune + Modify stroma * Prevent recurrence
X Tumor adapts informed flexibility evasion « Improve drug * Reduce metastasis
by genomics « Starve the tumor * Activate durable delivery = Overcome resistance
) anti-tumor immunity
WHY COMBINATION BIOLOGY?
MULTIPLE PREVENT DEEPER AND DURABLE $a  PATIENT-CENTERED LTIVl  “The goalis not just
HALLMARKS RESISTANCE RESPONSES JGM  STRATEGIES oraitvbiall to treat the cancer,
Hit cancer on several Block escape routes Greatf!r likelihottd of “— Tailor combinations to the ] l I quality of life, but to outsmart it.”
fronts at once. and adaptive changes. meaningful, lasting biology of each patient. and long-term control.
outcomes. - 3 e'_g
A HOLISTIC, SYSTEMS-BASED APPROACH EXAMPLE INTEGRATIVE STRATEGY THE TAKE-HOME MESSAGE
g Genomic Metabolic GE““;:C Jaretoc S . :;:'A‘:Q;f:cf The future of oncology is not
7 erapy mal Modifiers
Srestion State W e one drug, one target, or one pathway—
Metabolic i Lo Cancer Stem Cell sy s s 3 3
i » (9 =l it is combination biology.
7 Immune ¢ ' ’
ﬁ“ Contexture f e = 5 R N .
’z“ Microenvironment Immune Checkpoint i EP'Qe':'et_'CJ" Integrating genomics, metabolism,
F 2] Facrors Therapy Transcriptional . immunity, the microenvironment,
e -/ Modulgtors a‘ ‘n and stem cell biology offers the
@ ‘\'_ Stem Cell '_/ Different drugs. Different mechanisms. best chance to transform cancer
i One coordinated strategy. from a fatal disease to a manageable one.

% COMBINATION. COMPLEMENTATION. COORDINATION. THIS IS WHERE THE FUTURE LIES.




A COMPREHENSIVE P’ THIS LIBRARY
RESOURCE IS A LIVING,
EVIDENCE-INFORMED DYNAMIC RESOURCE

,_ @ e THAT WILL GROW,

. CHANGE, AND

" Knowledge. Empowerment. H‘;F—’_e_,' FOR PATIENTS,
. p—— P @ CAREGIVERS & EXPAND OVER TIME.

CLINICIANS
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CONVENTIONAL
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| CANCER LIBRARY
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| CANCER
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Some posts = MONTORING | MYTHS, [ PATIENT ~  THEFUTURE = METABOLIC

v 4 .
are already fve. & CONTROVERSIES | ADVOCACY ~  OF CANCER HEALING
SURVIVORSHIP & FACTS | CARE LIBRARY
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are in progress. | - T ([ X ]

] 3 /\ A
‘* New topics will be | = lw .“
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Our goal: the most
comprehensive cancer |{f
resource available. '
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