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Abstract

Conventional oncology remains mutation-centric despite modest survival gains and substantial
toxicity. Converging evidence indicates that environmental and dietary toxins, together with
micronutrient insufficiency, act upstream to damage mitochondria—precipitating redox collapse,
impaired oxidative phosphorylation, metabolic inflexibility, genomic instability, and therapy
resistance. These lesions not only initiate and sustain malignancy but also underpin a broader
chronic-disease continuum that includes atherosclerotic cardiovascular disease (ASCVD) and type 2
diabetes mellitus (T2DM). Building on prior root-cause analyses, we introduce the Triple-Principle
Intervention Model (TPIM)—Safety first, Effectiveness via titration-to-target, and Affordability—as a
conservative clinical filter for Integrative Orthomolecular Medicine. We then operationalize
Integrative Orthomolecular Cancer Therapy (IOCT) through a systems-based program combining
restricted ketogenic nutrition and fasting; high-dose intravenous vitamin C; targeted micronutrient
repletion (e.g., niacin/NAD*, D3/K2, Mg, omega-3); mitochondrial redox modulation (e.g.,
PBMT/“Red-Blue” with methylene blue); immune-inflammation regulation; bioidentical hormone
optimization; and circadian/lifestyle realignment. To evaluate such multi-modal, adaptive care, we
propose the Triple-Principle Adaptive RCT (TP-ARC)—a next-generation clinical trial framework
that prioritizes clinical outcomes over isolated pharmacologic effects. Unlike conventional drug-centric
RCTs designed to test single agents under rigid inclusion criteria, TP-ARC assesses the whole-person
therapeutic program and its impact on quality of life, functional capacity, and survival. Biomarker
titration serves as a secondary, supportive tool rather than the primary endpoint. By adapting
interventions to fit each patient—rather than forcing patients to fit protocols —TP-ARC bridges real-
world practice and research, embodying a pragmatic, ethical, and patient-centered evolution of
clinical science. This mitochondrial-metabolism-focused integrative framework reframes cancer as a
preventable and modifiable systems disorder, enabling ethical and economical bedside translation
while providing mechanistic continuity with ASCVD and T2DM to guide future cross-disciplinary
trials.

Keywords: cancer; mitochondria; oxidative stress; metabolic therapy; orthomolecular; IOCT;
ketogenic diet; intravenous vitamin C; TPIM; adaptive trials

Series Note

This is Part III of From Mutation to Metabolism. Part I mapped upstream drivers of cancer[1]; Part
II detailed environmental/dietary toxins as initiators of mitochondrial dysfunction[2]. This paper
(Part IIT) integrates these insights into a mitochondria-centered oncology model (IOCT) filtered by
TPIM[3] and shows how the same mitochondrial lesions explain parallel risk and progression
patterns in chronic diseases such as ASCVD and T2DM.
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1. Introduction

More than fifty years after the launch of the “War on Cancer,” survival gains for most advanced
malignancies remain modest, despite an exponential rise in molecular data, targeted drugs, and
treatment cost. The prevailing paradigm continues to view genetic mutations as cancer’s primary
cause and mutation-targeted therapy as its logical cure; however, accumulating metabolic and
mitochondrial evidence challenges the sufficiency of this model [4-10]. This framework cannot
explain the wide variability of clinical outcomes, the common metabolic features shared by
genetically diverse tumors, or the overlap between cancer and other chronic diseases such as
cardiovascular disease and type 2 diabetes mellitus (T2DM) [4-9,11-16].

Converging data across oncology, cardiometabolism, and aging biology indicate that
mitochondrial dysfunction—rather than random nuclear mutations—is the earliest and unifying
lesion linking environmental, nutritional, and metabolic stressors into a single integrative
pathophysiologic axis—the very foundation of the Integrative Orthomolecular Medicine (IOM)
model [4,9,10,17-21]. Environmental and dietary toxins, together with widespread micronutrient
insufficiency, impair mitochondrial respiration, collapse redox balance, and erode metabolic
flexibility [1,2,22-31]. These insults propagate upward as genomic instability, chronic inflammation,
insulin resistance, and impaired apoptosis, creating the biochemical terrain from which malignant
transformation arises [4,10,17-21].

In this paper—the third installment of the From Mutation to Metabolism series [1,2] —we extend
prior root-cause analyses to position mitochondrial injury as a central driver of cancer and the
mechanistic bridge linking cancer with atherosclerotic cardiovascular disease (ASCVD) and T2DM.
We introduce a mitochondria-centered clinical framework, Integrative Orthomolecular Cancer
Therapy (IOCT), filtered by the Triple-Principle Intervention Model (TPIM) emphasizing safety,
titration-to-target effectiveness, and affordability[3]. While this article focuses on cancer as the lead
indication, the same mechanistic lens clarifies how toxin- and nutrient-driven mitochondrial collapse
underlies multiple chronic diseases, offering a unified, preventive, and therapeutic strategy within
the broader Integrative Orthomolecular Medicine (IOM) framework [1,2,11-16].

2. From Root Causes to Mitochondria: Cancer as the Lead Indication

Cancer seldom arises from a single insult. Instead, multiple upstream drivers—environmental,
dietary, metabolic, and psychosocial —converge on mitochondrial dysfunction. Mitochondria are
both power plants and sentinels of cellular integrity, orchestrating ATP generation, redox balance,
apoptosis, and biosynthetic flux; when their function is compromised, the result is not merely
energetic failure but a cascade of downstream disturbances: excess reactive oxygen species (ROS),
redox collapse, genomic instability, and loss of growth control [4,9,10,17-21].

Our prior analyses (Parts I and II) mapped ten categories of upstream drivers that precede
malignant transformation—ranging from toxin exposure and nutrient deficiency to hormonal,
inflammatory, and lifestyle stressors [1,2]. Although clinically diverse, these factors share a single
biochemical consequence: erosion of mitochondrial resilience [2,22-33]. The same injury patterns
recur in other chronic diseases, notably ASCVD and T2DM, which are likewise characterized by
oxidative stress, metabolic inflexibility, and impaired apoptosis [11-16,34—40].

2.1. Mechanistic Convergence

Upstream Driver Mitochondria | Cancer (Lead | ASCVD Parallel | T2DM
1 Lesion Example) Parallel
Environmental & | ETC Warburg shift, | Endothelial [-cell
industrial toxins | inhibition; genomic mitochondrial oxidative
(heavy metals, | TROS; instability, ROS — |[NO | stress —
therapy bioavailability; | impaired
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pesticides, air | mtDNA resistance[2,4,9,22 | vascular ATP/ADP
pollutants) damage -25] calcification[11- | signaling;

16] insulin
secretory
failure[26,34—
40]

High-carbohydrate / | Metabolic Tumor  glucose | Dyslipidemia; Insulin
ultra-processed  diet; | inflexibility; dependence; foam-cell resistance;
hyperinsulinemia sustained anabolic inflammation; hepatic
glycolysis; signaling[4-9,41- | adverse steatosis;
lipotoxicity 43] cardiometabolic | adverse
profiles[11,12,14 | metabolomic

-16] signatures[34—

40]
Micronutrient Redox Impaired TOxidative Mitochondria
insufficiency (C, D3, | collapse; apoptosis; burden; 1  biogenesis;
K2, Mg, Se, Niacin) JOXPHOS immune endothelial reduced
enzyme escape[10,26-33] dysfunction[26— | insulin
activity 33] sensitivity[26—
33]
Chronic Cytokine- Pro-tumor Plaque Systemic low-
infection/inflammatio | driven microenvironmen | inflammation; grade
n; stress hormones ROS/RNS; t; resistance[10,17- | immune inflammation;
mtDNA 19,21,36] activation[11- [-cell
editing 16] fatigue[34-40]
latrogenic & lifestyle | Accumulated | Therapy Accelerated Circadian
stressors (drugs, | oxidative resistance; stem- | vascular aging; | insulin
radiation, inactivity, | load; cell metabolic dysregulation;
poor sleep) circadian survival[10,17- syndrome insulin
disruption 19,21,36] features[11-16] resistance[34—
40]

Interpretation. Across these categories, mitochondrial lesions precede structural disease. The

same ETC inhibition, redox imbalance, and impaired apoptosis that initiate tumorigenesis also
accelerate endothelial injury and (3-cell failure. Thus, mitochondrial injury is a systems-level failure
mode, explaining why cancer, ASCVD, and T2DM frequently co-cluster in the same metabolic

terrain[2,4-9,11-16,34-43].

2.2. Conceptual Shift

Traditional oncology interprets these observations downstream —mutations as cause,

mitochondrial changes as effect. The reverse appears more consistent with biochemical evidence:
toxins and nutrient deficits first disable mitochondria, with genomic instability emerging
secondarily [2,4,9,10,17-19,21-25,36]. This inversion reframes carcinogenesis as a bioenergetic and
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redox disorder within a broader chronic-disease spectrum [4-9,11-16,35-43]. Consequently,
interventions that restore mitochondrial efficiency—through source control of toxins,
orthomolecular repletion, metabolic flexibility, and redox modulation—are not merely supportive
but causally corrective within oncology’s remit [1,2,4-9,41-43]. In the next section, we formalize this
therapeutic logic through the Triple-Principle Intervention Model (TPIM), which functions as the
ethical and clinical filter for Integrative Orthomolecular Cancer Therapy (IOCT).

3. The Triple-Principle Intervention Model (TPIM)

Conventional hierarchies that privilege regulatory status and single-agent RCTs risk excluding
safe, biologically plausible, and accessible strategies for patients with complex metabolic terrain [44].
TPIM is introduced here (and in Parts I-1I of this series) as a conservative clinical filter that prioritizes
Safety first, Effectiveness via titration-to-target, and Affordability/accessibility to operationalize
IOCT within real-world oncology [1,2].

3.1. Safety First

Cancer patients already face substantial toxicity from standard care; any added intervention
must demonstrate a favorable safety profile and incorporate routine monitoring.

e  Low-toxicity metabolic and orthomolecular modalities. Ketogenic/metabolic therapy (KMT)
and related approaches show acceptable tolerability in contemporary reviews and case-series
across tumor types [41-43,45]. High-dose intravenous vitamin C (HDIVC) has extensive
clinical experience with documented safety signals and modern pharmacologic understanding;
adverse-event reviews and clinical protocols emphasize key contraindications (e.g., G6PD
deficiency, significant renal impairment) and practical safeguards [30,31,46—49].

e  Safety monitoring (labs/biomarkers). Standard hepatobiliary panels (ALT/AST, bilirubin,
ALP, bile-acid profiles where indicated) remain foundational for detecting treatment-related
liver stress [50-52]. The GGT + ferritin pair can function as an early, low-cost screen for
oxidative/toxic burden and metabolic risk, supporting risk stratification and follow-up [53-55].

¢  Program integration. Within IOCT, safety checkpoints are staged before dose-escalation of
diet, fasting, HDIVC, niacin, and other agents, with reassessment after meaningful titration
windows [30,31,41-43,46,47,49].

3.2. Effectiveness via Titration-to-Target

Rather than one-size-fits-all protocols, TPIM defines effectiveness as restoration of biological
function measurable through validated or biologically coherent biomarkers, with dose and program
intensity titrated to explicit targets.

e  Metabolic/ketogenic monitoring. The Glucose-Ketone Index (GKI) provides a practical,
continuous readout of the host—tumor metabolic gradient and is suitable for longitudinal
titration in metabolic oncology programs [45,56-58].

e  Terrain correction through diet quality. Evidence linking ultra-processed foods (UPFs) with
adverse cardiometabolic profiles and cancer risk underscores diet quality as a titratable lever
within IOCT [11-16], with metabolomic and insulin-resistance signatures (e.g., TyG, TG/HDL)
supporting monitoring [34—40].

¢ Orthomolecular repletion. Mechanistic and translational literature supports targeted correction

of micronutrient insufficiencies (ascorbate, D3/K2, Mg, Se, niacin/NAD") to stabilize redox,
support OXPHOS, and improve therapy tolerance [10,26-33]; HDIVC delivers pharmacologic
ascorbate levels with tumor-selective effects and host redox support [33,47-49]. (Note: HDIVC
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can transiently interfere with point-of-care glucose meters; confirm glucose with laboratory
assays when needed.)

¢  Mitochondrial Repair and Restoration as the Ultimate Target

Within TPIM, effectiveness is ultimately defined as restoration of mitochondrial integrity and
function—the biochemical common denominator of recovery. Mitochondrial repair can be
tracked through improvements in redox balance (| GGT + ferritin), OXPHOS efficiency (1
ATP/ADP ratio, lactate |), and metabolic flexibility (optimized GKI). Orthomolecular and
biophysical interventions —including HDIVC, niacin-driven NAD* repletion, magnesium and
CoQyo support, omega-3 membrane stabilization, and Red-Blue PBMT with methylene blue—
synergistically enhance electron-transport integrity and antioxidant recycling. When titrated-
to-target, these measures not only reverse tumor-associated mitochondrial injury but also
normalize cardiometabolic and endocrine terrain, providing a measurable endpoint for IOCT

programs.

Titration-to-target exemplars used in IOCT (programmatic thresholds):
e GKI: <1 for intensive phases; <3 for maintenance/metabolic control[45,56-59].
¢ Redox/toxic burden: trending GGT + ferritin toward low-normal ranges, with source control
when elevated[53-55,60].
¢ Insulin resistance: fasting insulin/HOMA-IR, TyG, and TG/HDL tracked to predefined clinic
thresholds during diet/fasting cycles[34—40].
¢ Micronutrient sufficiency: correction guided by serial labs for ascorbate status (where
available), 25(OH)D, Mg, Se, and lipids while titrating niacin and omega-3s[10,26-33].
Note: Targets are operational within the IOCT program (author framework) and are justified by
mechanism and feasibility; they are not presented as guideline mandates.

3.3. Affordability and Accessibility

For integrative programs to scale across diverse settings and sustain adherence, components
must be practical and cost-conscious. Many IOCT levers—dietary restructuring, vitamin D3,
magnesium, niacin, and protocolized HDIVC—are comparatively inexpensive and broadly
deployable in community settings[1,2,32]. Affordability therefore functions as an ethical design
constraint within TPIM, improving reach and persistence of care.

TPIM as a Clinical Filter for IOCT (decision funnel)

Root causes — TPIM filter (Safety, Titration-to-Target Effectiveness, Affordability) — IOCT
protocol modules.

Any modality that meets all three TPIM conditions—and aligns with patient goals—qualifies for
inclusion in an IOCT plan; safety labs and biomarker targets guide intensity and sequencing.

4. Clinical Application: Integrative Orthomolecular Cancer Therapy (IOCT)

Effective cancer care within the Integrative Orthomolecular Medicine (IOM) framework requires
systematic evaluation and intervention across all 10 categories of root-level drivers[1]. The
therapeutic aim extends beyond tumor suppression: while controlling tumor growth, the clinician
seeks to restore systemic balance, reduce metabolic and oxidative stress, and rebuild host resilience
and quality of life.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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4.1. Environmental & Occupational Toxins— The Dominant Driver of Global Mortality

In the modern era, toxin exposure has emerged as a leading global health threat. The 2017 Lancet
Commission on Pollution and Health reported that pollution is responsible for over 9 million deaths
annually, or 16% of all deaths worldwide—more than war, smoking, and malnutrition
combined[61,62]. These exposures are not isolated to industrial zones; they are pervasive across air,
water, soil, and consumer products, silently eroding metabolic resilience and driving carcinogenesis.

Cancer represents one of the most visible clinical endpoints of this toxic overload. Heavy metals
(arsenic, cadmium, mercury, lead) damage DNA and mitochondria; pesticides and herbicides disrupt
endocrine and immune function; plastics and phthalates act as estrogenic mimics; airborne
particulates induce chronic oxidative stress; and persistent organic pollutants accumulate in fatty
tissues, altering gene expression and promoting malignant transformation. From an orthomolecular
perspective, toxins accelerate nutrient depletion, glutathione exhaustion, and redox collapse—
precisely the vulnerabilities that set the stage for cancer[22-25].

Recent evidence[2] underscores that toxins drive not only cancer, but also heart disease and type
2 diabetes, through a common mechanism: mitochondrial damage. Industrial chemicals (benzene,
formaldehyde, phthalates), pesticides (glyphosate, atrazine), heavy metals (lead, mercury, cadmium),
air pollutants (PM2.5), and even everyday household chemicals (parabens, triclosan) all impair
mitochondrial DNA integrity, disrupt the electron transport chain, and increase reactive oxygen
species (ROS). The resulting oxidative stress and redox collapse compromise ATP production and
push cells toward glycolysis, a shift that promotes carcinogenesis, atherosclerosis, and insulin
resistance. In cardiovascular disease, such toxic-driven mitochondrial injury accelerates endothelial
dysfunction and arterial stiffness; in type 2 diabetes, it damages pancreatic beta cells and disrupts
insulin signaling. In all three conditions, the unifying feature is that toxins erode metabolic resilience
at the mitochondrial level, creating a fertile ground for chronic disease. This convergence
strengthens the argument that cancer should not be studied in isolation but as part of a broader toxin-
induced chronic disease continuum.

4.1.1. Assessment

Effective toxin management begins with multi-level evaluation:

o Laboratory testing:

o Hair and mineral analysis (chronic heavy metal burden)[63,64].

o Serum and urine panels for lead, cadmium, mercury, arsenic[65,66].
o Organic pollutant screens (PCBs, dioxins, pesticides)[67-69].

» Functional biomarkers:

o GGT + ferritin pair as early markers of oxidative stress and toxic overload[53—
55,60].

o ALT, AST, bilirubin, and alkaline phosphatase for hepatic burden[50-52].

o Organic Acids Test (OAT) - evaluates mitochondrial intermediates, oxidative
stress markers, and detox-related metabolites (e.g., pyroglutamate, orotate),

providing a systems view of redox and energy balance[70-72].
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o Comprehensive detox-function profile — includes phase I/II conjugation
capacity (sulfation, glucuronidation, methylation pathways) and glutathione

status to assess liver detoxification efficiency[70,73-79].

o Intestinal permeability (“leaky gut”) and microbiome balance tests — identify
gut-derived endotoxin translocation and dysbiosis that perpetuate systemic

inflammation and toxin recirculation[79-82].

e Imaging: Coronary artery calcium (CAC) and low dose CT scans for vascular
calcification, often reflecting cumulative toxic stress[83-85].

o Clinical history: Occupational exposures (mining, welding, agriculture,
manufacturing), residential proximity to industrial/agricultural zones, and
lifestyle habits (plastic use, processed foods, contaminated water).

4.1.2. Mechanistic Impact on Carcinogenesis

¢ Mitochondrial injury: Heavy metals and pesticides inhibit key enzymes in oxidative
phosphorylation, forcing reliance on glycolysis (the Warburg effect)[2,86].

e DNA damage: Arsenic, cadmium, and air pollutants induce DNA adducts and chromosomal
instability[2,87,88].

¢ Endocrine disruption: Phthalates, bisphenol A (BPA), and pesticides mimic or block hormone
signaling, driving hormone-dependent cancers (breast, prostate, endometrial)[2,89-94].

e  Chronic inflammation: Particulate matter (PM2.5) and diesel exhaust activate NF-kB and IL-6
pathways, fueling systemic inflammation and tumor progression[95-97].

e Nutrient depletion: Many toxins increase turnover of antioxidants (e.g., vitamin C, vitamin E,
glutathione) and micronutrients (selenium, zinc, magnesium), compounding deficiencies

already common in cancer patients[98-102].

4.1.3. Management — Detoxification & Resilience Building

Within the TPIM framework, management of toxin burden is twofold: remove the source, and
restore resilience. Detoxification therapy in cancer treatment encompasses various approaches
aimed at reducing toxicity and improving treatment outcomes. Savchenko et al. (2022) demonstrated
that enterosorbent-based detoxification therapy effectively restored immune function in cancer

patients, normalizing cellular immunity parameters and relieving inflammatory responses compared

to standard therapy alone[103]. However, established alternative detoxification regimens like the

Gerson therapy, which involves dietary modifications and coffee enemas, lack scientific

substantiation and showed no evidence of clinical benefit in controlled studies[104]. Additionally,

fasting-induced metabolic changes may enhance chemotherapy efficacy by protecting normal cells

while potentially reducing multidrug resistance in cancer cells through alterations in glucose, IGF-I,

and other protein levels[105]. These findings suggest that evidence-based detoxification approaches

may complement conventional cancer therapy.

¢ Source elimination:

o Clean air (filtration), clean water (reverse osmosis or distilled), toxin-free diet (organic,
pesticide-free, low in ultra-processed foods)[11-16].

o Reduction of plastic exposure, safe household and personal care products[25].

e Biochemical detoxification:
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o Liver Detox protocol — supports hepatic phase I/II detoxification pathways, enhances bile flow,
and promotes elimination[24,50-52].

o Targeted chelation therapy (EDTA, DMSA, DMPS) for confirmed heavy metal overload[24,64].

o Orthomolecular cofactors: Vitamin C, magnesium, selenium, alpha-lipoic acid, and N-
acetylcysteine to replenish glutathione and enhance redox balance[10,33,48].

e Mitochondrial repair and antioxidant defense:

o High-dose vitamin C (oral/IV) to counteract oxidative burden[33,46—49].

o CoQ10 and carnitine for mitochondprial stabilization[10,18].

Omega-3 fatty acids to counter inflammatory signaling[26-33].

4.1.4. Clinical Imperative

The pervasive, cumulative, and synergistic effects of environmental toxins make them arguably
the most urgent and modifiable driver of cancer and chronic disease today. Unlike genetic
predispositions, toxin exposures are preventable and reversible—provided they are systematically
identified and addressed. Orthomolecular strategies not only facilitate detoxification but also restore
the biochemical defenses required to neutralize ongoing exposures.

In this sense, tackling environmental and occupational toxins represents the frontline of
integrative cancer prevention and management: before cellular mutations arise, before metabolic
collapse occurs, and before irreversible malignant transformation takes hold.

4.2. Dietary & Metabolic Stressors

Cancer cells exhibit profound metabolic inflexibility, relying predominantly on glycolysis for
ATP production even in the presence of oxygen—a phenomenon known as the Warburg effect. This
dependency creates a therapeutic opportunity: by restricting glucose availability and promoting
ketone utilization, one can selectively stress tumor cells while enhancing host metabolic resilience[4—
8].

4.2.1. Restricted Ketogenic Diet and Intermittent Fasting

A restricted ketogenic diet (KD) provides adequate protein and high-quality fats while
minimizing carbohydrate intake, thereby lowering circulating glucose and insulin. This shifts
systemic metabolism toward ketosis, depriving tumor cells of their primary fuel source while
simultaneously enhancing mitochondrial efficiency in normal tissues. Intermittent fasting or
prolonged fasting intervals further reinforce these effects by lowering insulin-like growth factor 1
(IGF-1), improving autophagy, and reducing inflammatory signaling. Together, these strategies
remodel systemic metabolism to favor host survival over tumor growth([5,9,41-43].

Continuous Monitoring

To ensure effectiveness and adherence, continuous glucose monitoring (CGM) and periodic
measurement of blood ketones are employed. These tools allow clinicians and patients to track the
Glucose Ketone Index (GKI) in real time, providing an objective biomarker of metabolic
control[45,56,57,59]. Within the TPIM framework, interventions are titrated-to-target, with a
therapeutic goal of achieving GKI values consistent with metabolic stress on tumors (<1 in intensive
protocols, <3 in maintenance)[45,58,59].

Clinical Goals

The primary aim of metabolic therapies is to reduce tumor glycolysis, thereby limiting growth-
promoting substrates and weakening malignant cells. A secondary but equally important aim is to
improve host metabolic resilience by lowering insulin resistance, enhancing mitochondrial function,
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and stabilizing redox balance. These improvements not only contribute to tumor control but also
reduce the systemic toxicity of conventional therapies, mitigate cachexia, and improve quality of life.

Within an integrative orthomolecular model, metabolic therapies serve as the foundation of
cancer management, upon which micronutrient, redox, immune, and lifestyle interventions can be
layered.

4.2.2. Ultra-Processed Foods (UPFs): A Dual Driver of Metabolic Stress and Toxic Exposure

While ketogenic diets, fasting, and metabolic monitoring provide powerful tools to exploit the
tumor’s glycolytic dependency, these strategies are constantly undermined by the pervasive global
consumption of ultra-processed foods (UPFs). UPFs are not simply “empty calories”; they represent
a toxic dietary system that simultaneously drives metabolic stress and introduces carcinogenic
exposures[2]. Their elimination, therefore, is not optional but a non-negotiable intervention within
integrative metabolic cancer management.

Defining UPFs

UPFs, as defined by the NOVA classification, are industrially manufactured formulations
composed of refined starches, added sugars, seed oils, emulsifiers, preservatives, colorants, and
flavor enhancers[11]. They can constitute the majority of calories in some high-income populations
and are rapidly expanding into middle- and low-income nations, mirroring the global rise in obesity,
diabetes, and cancer incidence[12-16].

Metabolic Impact

¢ Hyperglycemia and hyperinsulinemia: Refined starches and sugars create repeated glucose
surges, feeding glycolysis and promoting chronic insulin signaling that favors tumor growth
and increases overall cancer risk, while fructose —abundant in UPFs—specifically drives
pancreatic cancer proliferation through the non-oxidative pentose phosphate pathway for
nucleic acid synthesis[34-37].

e Metabolic inflexibility: UPFs suppress fatty acid oxidation and ketone production, locking
metabolism into glycolytic dependence—the same pathway exploited by tumor cells (Warburg
effect)[38—40].

¢ Obesity and inflammation: UPFs drive visceral adiposity, low-grade inflammation, and altered
adipokine signaling, all of which accelerate tumorigenesis[26,27].

e Micronutrient dilution: Despite their caloric load, UPFs are deficient in protective nutrients
such as vitamin D, vitamin C, magnesium, selenium, and omega-3 fatty acids. This compounds

orthomolecular insufficiency and weakens mitochondrial and immune defenses.

Toxicological Burden

UPFs function not only as metabolic disruptors but also as vectors of toxins:
e DPesticide residues in grains, oils, and processed produce bioaccumulate with chronic intake.
¢ Endocrine disruptors (phthalates, BPA) leach from plastics and packaging.
e Chemical additives (emulsifiers, preservatives, sweeteners) disrupt gut microbiota, increase
intestinal permeability, and promote chronic inflammation.
¢ Oxidized seed oils and AGEs (advanced glycation end-products) act as oxidative stressors,

damaging DNA and proteins, and generating mutagenic byproducts.
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Clinical Assessment

e Dietary history: Quantify daily caloric proportion derived from packaged, ready-to-eat, or fast
foods.

¢ Biomarkers: Elevated fasting insulin, HOMA-IR, TG/HDL ratio, and GGT often reflect UPF-
induced metabolic stress and hepatic burden.

¢ Functional measures: Microbiome imbalance and gut permeability testing can reveal

downstream effects of UPF consumption.

Management — Elimination as Core Therapy

e Strict elimination of UPFs: Central to dietary intervention; without this step, neither ketogenic
strategies nor micronutrient repletion can achieve full efficacy.

¢ Replacement with nutrient-dense whole foods: Pasture-raised animal proteins, low-carb
vegetables, wild-caught fish, and orthomolecular supplementation.

e Ketogenic and fasting integration: Rebuilds metabolic flexibility, reverses insulin resistance,
and restores mitochondrial resilience.

e Gut restoration: Anti-inflammatory diets, probiotics, and antioxidant-rich whole foods to

repair intestinal barrier and microbiota disrupted by UPFs.

Clinical Imperative

UPFs represent a modern dietary toxin at the intersection of metabolic and environmental

cancer drivers. They simultaneously:

1. Provide the substrates that fuel tumor glycolysis.

2. Deliver a toxicological payload of pesticides, endocrine disruptors, and synthetic additives.

3. Displace the very nutrients needed to maintain redox stability, mitochondrial function, and
immune surveillance.

For these reasons, the elimination of UPFs is not a lifestyle preference but a therapeutic
mandate. Within the Integrative Orthomolecular Medicine (IOM) framework, the fight against cancer
begins by cutting off this dual source of metabolic stress and toxic exposure, thereby restoring the
biological terrain necessary for recovery and resilience

4.3. Micronutrient Deficiencies — The Orthomolecular Foundation of Cancer Management

Among all root drivers of cancer, micronutrient deficiency is uniquely fundamental, because
it directly compromises mitochondrial energy metabolism, antioxidant defenses, DNA repair,
immune surveillance, and cellular differentiation. Whereas toxins and infections act as external
stressors, and genetic/epigenetic factors shape susceptibility, it is nutrient deficiency that deprives
cells of the essential biochemical “currency” to withstand and repair damage. Orthomolecular
medicine, by definition, seeks to restore optimal concentrations of these molecules, thereby
strengthening the body’s capacity to resist, contain, and reverse malignant transformation.

4.3.1. Assessment of Micronutrient Status

A comprehensive orthomolecular assessment includes:

e Core serum markers: 25(OH)D (Vitamin D3), plasma ascorbate (Vitamin C), serum magnesium,
selenium, zinc, iodine, lipid profile with omega-3 index.

¢ Functional assays: Organic acids test for mitochondrial intermediates, oxidative stress panels

(glutathione status, F2-isoprostanes, 8-OHdG), redox balance (GGT + ferritin pair).
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¢ Clinical context: History of long-term medication use (statins, metformin, PPIs, chemotherapy),
dietary recall (low intake of fresh animal foods, fish, and nutrient-dense vegetables), and
symptom clusters (fatigue, depression, immune suppression, bone fragility).

Deficiencies are nearly universal among cancer patients. Vitamin D insufficiency (<30 ng/mL)
has been documented in 60-80% of cancer cohorts, low vitamin C status is common even in
developed nations, and magnesium intake rarely exceeds two-thirds of the RDA, far below
therapeutic needs.

4.3.2. Mechanistic Rationale

e Vitamin C (ascorbate): Master antioxidant and electron donor; protects DNA from oxidative
mutagenesis, supports collagen matrix integrity, and at pharmacologic IV doses generates
hydrogen peroxide selectively cytotoxic to tumor cells.

e Vitamin D3: Regulates over 2,000 genes, including those controlling cell cycle, apoptosis, and
immune function; deficiency promotes immune escape and unchecked proliferation.

¢ Vitamin K2 (MK-7): Directs calcium away from soft tissues and into bone, reducing vascular
calcification and tumor-associated microcalcifications; synergistic with D3.

¢ Magnesium: Essential for >300 enzymes, stabilizes ATP, DNA repair enzymes, and
mitochondrial oxidative phosphorylation; deficiency accelerates genomic instability.

e Niacin (Vitamin B3): Precursor of NADY, central to mitochondrial respiration and DNA repair
(PARP enzymes); high-dose niacin restores redox capacity and improves lipid and metabolic
profiles.

e Selenium: Critical for glutathione peroxidase and thioredoxin reductase, neutralizing
peroxides and supporting immune function; selenium deficiency is linked to higher cancer
incidence.

¢ Omega-3 fatty acids (EPA/DHA): Compete with pro-inflammatory omega-6 fats, produce
resolvins/protectins, stabilize membranes, and modulate oncogenic signaling pathways.

e Zinc and Iodine: Cofactors for DNA repair, thyroid metabolism, and antioxidant defense;
deficiencies impair immune surveillance and endocrine regulation.

These micronutrients act not in isolation but as a network of redox and metabolic cofactors.
Insufficiency in even one node destabilizes the system, compounding the effects of toxins, infections,
and metabolic stressors.

4.3.3. Management: Orthomolecular Repletion
Guided by TPIM’s principles of safety, titration-to-target, and affordability, micronutrient
repletion is prioritized for every cancer patient:

e Vitamin C: 5-15 g/day orally (in divided doses), plus high-dose intravenous vitamin C
(HDIVC) up to 1,500 mg/kg body weight, administered 2-3 times per week in advanced
cases[30,46-49,106]. Dosing should be titrated by bowel tolerance and plasma ascorbate
monitoring, with screening for G6PD deficiency, renal impairment, and oxalate risk prior to
initiation. Clinicians should also note that HDIVC can transiently interfere with point-of-care
glucose meters, occasionally producing falsely elevated readings; confirm with laboratory
glucose assays when clinically relevant.

e Vitamin D3: 5,000-30,000 IU/day, carefully titrated to maintain serum 25(OH)D levels between
50-100 ng/mL for the general population and up to 100-150 ng/mL in patients with

autoimmune comorbidities. Such dosing should be conducted only under clinician supervision with
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regular monitoring of serum calcium, renal function, and parathyroid hormone. Avoid calcium co-
supplementation and pair with magnesium and vitamin K; for optimal balance and safety
[102,107-111].

e Vitamin K2: Plays a key role in activating matrix Gla protein and osteocalcin, thereby helping
prevent vascular calcification and supporting bone integrity —especially important in patients
with ASCVD or concomitant bone loss. A dose as high as 45 mg/day has been suggested in clinical
studies of osteoporosis, though the optimal formulation and dosing for cardiovascular protection remain
under investigation[112-119].

e Magnesium: 400-800 mg/day (elemental; glycinate/threonate/citrate forms; titrate to bowel
tolerance; adjust for CKD).

¢ Niacin (IR): 500-3,000 mg/day, titrated upward for lipid normalization, NAD* replenishment,
and mitochondrial support; manage flush with gradual escalation.

e Selenium: 200400 pg/day (selenomethionine or sodium selenite).

¢ Omega-3 (EPA/DHA): 2-4 g/day, titrated to achieve Omega-3 index 28%.

e Zinc and Iodine: Individualized dosing, guided by labs and thyroid status.

Regular lab monitoring ensures safety, detects imbalances (e.g., selenium excess), and validates
titration-to-target (e.g., Vit D3, Omega-3 index, redox biomarkers).

4.3.4. High-Dose Intravenous Vitamin C (HDIVC): Hallmark of Orthomolecular Oncology

While broad micronutrient sufficiency forms the biological baseline, HDIVC represents the
flagship therapeutic tool of orthomolecular oncology. By bypassing intestinal absorption limits, IV
dosing achieves plasma levels 100-500 times higher than oral intake, unlocking unique
pharmacologic effects.

Historical Context

HDIVC has a long and distinguished history within orthomolecular medicine. Linus Pauling,
Ph.D.—two-time Nobel laureate—and Scottish surgeon Ewan Cameron first advanced the use of
intravenous vitamin C for cancer in the 1970s, reporting extended survival and improved quality of
life in advanced cancer patients[28]. Their pioneering work was followed by decades of contributions
from orthomolecular physicians including Abram Hoffer[29], Hugh Riordan[30], Ronald
Hunninghake[31] and Thomas Levy[32], who refined dosing strategies, safety protocols, and
mechanistic understanding.

Building on this foundation, modern investigators such as Mark Levine (NIH) and Qi Chen
(University of Kansas) have clarified the pharmacokinetic differences between oral and intravenous
ascorbate, demonstrating the tumor-selective cytotoxicity of HDIVC[33]. More recently, Baghli et al.
(2024), in an ISOM consensus paper, highlighted targeting the mitochondrial-stem cell connection
through a hybrid orthomolecular protocol[120]. In parallel, the Society for International Metabolic
Oncology (SIMO), under the leadership of Thomas N. Seyfried, assembled an international
consortium to outline a clinical research framework for ketogenic metabolic therapy in glioblastoma,
including HDIVC and mitochondrial support[45].

e Mechanisms:
Generates extracellular hydrogen peroxide cytotoxic to cancer cells deficient in catalase.
Enhances mitochondrial respiration and redox stability in normal tissues.

Promotes collagen synthesis, reinforcing tissue barriers to invasion.

O O O O

Reduces inflammation and chemotherapy toxicity.

Dosing: Typically 25-100 g per infusion, 2-3 times weekly; in advanced cases up to 1,500 mg/kg
bodyweight[106].
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e Safety: Decades of clinical use demonstrate an excellent profile, with contraindications limited
to G6PD deficiency, renal insufficiency, and active oxalate nephropathy.

e Evidence: Preclinical studies consistently show tumor-selective toxicity[46,121]. Early-phase
clinical trials report improved quality of life, reduced chemotherapy side effects, and signals of
survival benefit[47-49].

HDIVC thus embodies the Triple-Principle Intervention Model:
e  Safe (low toxicity, decades of use),
o  Effective (selectively stresses tumor metabolism while protecting host),

e Accessible (low cost relative to targeted drugs).

4.3.5. Clinical Integration

Micronutrient repletion is not an adjunct but a cornerstone therapy:

e It corrects the biochemical insufficiency that renders cells vulnerable to carcinogenesis.
¢ It enhances host resilience against chemotherapy and radiation toxicity.

¢ It potentiates metabolic and immune therapies, creating synergistic benefits.

In the IOM framework, orthomolecular sufficiency is the biological baseline—without it, no
other intervention can reach its full potential. Cancer, therefore, must be understood not just as a
disease of mutation and metabolism, but as a disease of biochemical insufficiency compounded by
toxic overload.

4.4. Chronic Infections & Immune Dysregulation
e Assessment: Viral (HBV, HCV, EBV, HPV), bacterial, fungal or biofilm-related pathogens;

labs—hsCRP, ESR, cytokines, autoantibodies.

e Management: Eradicate active infections; strengthen terrain with Vit D, Vit C, zinc, selenium;

low-dose naltrexone (LDN); immune cell therapies (NK/T-cell, dendritic) where feasible.

4.5. Hormonal Imbalance & Endocrine Disruption

e Assessment: Thyroid (TSH, fT3, fT4, antibodies, rT3), sex hormones (E2, P, T, DHEA, SHBG),

adrenal function (cortisol rhythm via saliva), melatonin.

e Management: BHRT (bioidentical hormones for thyroid, adrenal, sex hormones), circadian

rhythm alignment (light/dark therapy, sleep hygiene), melatonin (10-100 mg).

4.6. Lifestyle & Behavioral Risk Factors

e Assessment: Exercise level, sleep quality, alcohol use, smoking, screen time, stress load.

e Management: Outdoor exercise with sunlight exposure, progressive strength training, sleep

optimization, alcohol/smoking cessation, structured breathing and relaxation practices.

4.7. Psychosocial & Emotional Stress

e Assessment: Chronic stress, trauma history, depression, anxiety, HRV monitoring.
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¢ Management: Mindfulness, cognitive behavioral therapy, resilience training, community/social

support, adaptogens (ashwagandha, rhodiola), omega-3s, high-dose B vitamins.

4.8. Developmental & Early-Life Programming

¢ Assessment: Birth history, early malnutrition, toxin/vaccine exposures, childhood illnesses,

methylation/epigenetic testing if available.

¢ Management: Lifelong orthomolecular nutrition, detox support, mitochondrial repair (CoQ10,

carnitine, NAD precursors), regenerative therapies (stem cells, PBMT).

4.9. Genetic & Epigenetic Susceptibility

e Assessment: Family history of cancer, germline mutations, somatic drivers (NGS panels),

methylation profiles.

¢ Management: Personalized nutrition (e.g., methyl donors in MTHFR), fasting, red-blue PBMT

therapy, polyphenols as epigenetic modulators, exercise and hormesis.

4.10. Iatrogenic Injury

¢ Assessment: History of chemotherapy, radiation, chronic drug use (statins, PPIs, metformin,

steroids), nutrient-depletion side effects.

e Management: Corrective orthomolecular support (e.g., CoQ10 with statins, B12 with
metformin, Mg with diuretics), integrative oncology protocols to minimize side effects, patient

education on medication risks.

4.11. Restoration of Mitochondrial Function: Reversing Malignancy

Mitochondrial dysfunction is characteristic of many cancers—driving metabolic rewiring,
apoptosis resistance, oxidative stress imbalance, and therapy resistance. Restoring mitochondrial
function (reactivating oxidative phosphorylation, or OXPHOS) can reduce malignancy, promote
apoptosis, and increase treatment sensitivity, effectively reversing key malignant traits. Cancer cells
typically display hyperpolarized mitochondria, altered calcium flux, reduced ROS signaling, and
impaired apoptosis; restoration of function reactivates OXPHOS, normalizes redox signaling, and re-
sensitizes cells to programmed cell death[17]. Because electron-transport integrity and mitochondrial
DNA (mtDNA) stability are critical for tumor progression, loss of mitochondrial function can act as
a metabolic checkpoint; conversely, restoring mitochondrial quality can constrain tumor
growth[18,19]. Cancer stem cells also rely heavily on OXPHOS, so targeting mitochondrial
metabolism in these cells reduces survival and aggressiveness, with downstream effects on
differentiation state, metastatic potential, and immune interactions[10,20,21].

Mechanistic and translational exemplars reinforce this therapeutic angle. Dichloroacetate
(DCA) inhibits pyruvate dehydrogenase kinase, shifts metabolism from glycolysis toward
mitochondrial oxidation, and can reduce tumor growth while restoring apoptosis in therapy-resistant
models[17]. In a direct test of causality, transplantation of normal mitochondria from mammary
epithelial cells into human breast cancer cells inhibited proliferation dose-dependently and increased
sensitivity to doxorubicin, Abraxane, and carboplatin[122]. Likewise, cancer cells lacking mtDNA
showed delayed tumor growth until host mtDNA was acquired to restore respiration and
tumorigenic potential[123]. More broadly, modulating mitochondrial respiration can induce
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proliferation arrest, differentiation, or death, underscoring the tractability of mitochondrial
manipulation as an anticancer strategy[124].

Beyond metabolic switches, novel modalities target mitochondrial structure—function coupling.
Mitochondrial transplantation has shown promise in drug-resistant settings (e.g., TNBC) by
restoring bioenergetics and improving mitochondrial dynamics (fusion via MFN1/OPA1),
reorganizing the network to enhance metabolism and apoptotic responsiveness, and thereby
reducing tumor growth while improving chemotherapy sensitivity[17-19]. Emerging mitochondria-
targeting organic sensitizers (MTOSs) disrupt mitochondrial homeostasis (membrane potential,
ROS generation, ETC integrity), induce regulated cell-death programs, and promote release of
DAMPs to activate antitumor immunity —though clinical translation will require better delivery and
biocompatibility within heterogeneous tumors[20]. Collectively, mitochondrial restoration and
modulation (via metabolic reprogramming, organelle transfer, and targeted sensitizers) provide
convergent routes to reverse malignant phenotypes and overcome resistance[10,17-21].

Red-Blue Therapy in IOCT.

Red-Blue Therapy (near infrared light + methylene blue) exemplifies how integrative
orthomolecular cancer therapy incorporates biophysical and biochemical modalities into a unified
mitochondrial-restoration framework. Within PBMT, two wavelengths are particularly well studied:
660 nm red light, which penetrates a few millimeters and optimally activates cytochrome c oxidase
(Complex IV) in superficial tissues, and 850 nm near-infrared light, which penetrates deeper into
muscle, brain, and thoracic organs to stimulate mitochondrial respiration and microcirculatory
dynamics. Together, these bands span the “optical window” for tissue penetration, with evidence of
enhanced ATP generation, mitochondrial membrane potential recovery, and hormetic ROS
modulation.

Methylene blue (MB) complements these effects by acting as a redox shuttle within the electron
transport chain, bypassing Complex I and III bottlenecks, restoring NAD*/NADH ratios, and limiting
electron leak that drives oxidative stress. MB also broadens light absorption, functioning as a photo-
sensitizer, so PBMT at 660 nm and 850 nm enhances MB’s cycling between reduced and oxidized
forms—yielding synergistic improvements in OXPHOS and redox stability.

Clinical implications.

e Supportive oncology: PBMT at 660/850 nm is guideline-endorsed for oral mucositis and has
demonstrated benefit for neuropathic pain, wound healing, and fatigue in cancer patients, per

MASCC/ISOO clinical practice guidelines[125].

e Neurocognitive and fatigue support: MB at low doses (e.g., <1-2 mg/kg has shown
mitochondrial and cognitive benefits in neurodegeneration and may reduce “chemo-brain” or

treatment-related fatigue when combined with PBMT[126-132].

¢ Integration with IOCT: Red-Blue Therapy can be combined with HDIVC, ketogenic
metabolic therapy, niacin, CoQ10, magnesium, and lifestyle-based mitochondrial

conditioning to consolidate OXPHOS resilience, terrain optimization, and therapy tolerance.

TPIM alignment.
e Safety: Both PBMT (when delivered at appropriate fluence and with eye protection) and low-

dose MB have favorable long-term safety records, with well-defined contraindications (e.g.,

serotonergic medications, G6PD deficiency).

¢ Effectiveness: Improvements in fatigue, neuropathy, cognitive function, and mitochondrial

biomarkers are measurable and titratable.
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e Affordability: PBMT devices emitting 660/850 nm wavelengths are increasingly accessible, and

MB is inexpensive at therapeutic doses compared to conventional biologics.

In sum, mitochondrial restoration represents a unifying therapeutic axis in Integrative
Orthomolecular Cancer Therapy (IOCT). Normalizing mitochondrial function decreases cancer cell
malignancy by reinstating apoptosis, re-establishing metabolic control, and enhancing therapy
sensitivity [10,17-21,122-124,133]. Within this framework, Red-Blue Therapy—the combination of
660 nm red and 850 nm near-infrared light with methylene blue—extends the IOCT mitochondrial
toolkit by safely enhancing OXPHOS, stabilizing redox signaling, and improving host resilience.
Early translational and supportive-care data justify its structured evaluation in adaptive clinical trials
and its integration alongside HDIVC and metabolic therapy as part of a mitochondria-centered
cancer-terrain strategy.

4.12. Integrated Care Model

Cancer patients rarely have a single dominant driver; multiple drivers interact synergistically.
A patient-specific IOM plan requires:
1. Mapping all 10 categories via labs, imaging, and history.

2. Prioritizing interventions based on safety, impact, and feasibility.
3. Titrating therapies-to-target (e.g., GKI, Vit D3 levels).

4. Continuous monitoring with labs, imaging, and symptom feedback.

This structured approach transforms cancer care from a tumor-centered war into a host-
centered restoration strategy, integrating metabolic, nutritional, and regenerative therapies to
support remission and long-term resilience.

5. Research and Trial Implications: TP-ARC

The Triple-Principle Adaptive RCT (TP-ARC) expands TPIM into a research model. It differs
from conventional trials by:

¢ Testing programs, not isolated agents

e Allowing titration and personalization

¢ Embedding safety, effectiveness, and affordability metrics
e Using real-world populations with comorbidities

¢ Measuring survival, quality of life, and cost rather than short-term surrogates

TP-ARC thus provides a reproducible yet pragmatic pathway to validate integrative cancer
management strategies.

6. Discussion

By combining root cause analysis with triple-principle intervention, cancer is reframed as a
preventable and modifiable systems failure. While genetics and advanced therapies have their
place, the majority of upstream drivers remain environmental, nutritional, and metabolic—domains
amenable to intervention.

Integrative metabolic therapy offers both tumor control and host protection, minimizing
toxicity while maximizing resilience. The TPIM framework ensures that interventions remain safe,
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titrated to effect, and broadly accessible. The TP-ARC research design ensures that such strategies
can be tested rigorously and scaled globally.

7. Conclusions

Cancer care must evolve beyond late-stage, mutation-focused rescue toward upstream,
mitochondria-centered prevention and management. The combination of root cause analysis,
triple-principle intervention, and adaptive clinical trials offers a blueprint for transforming
oncology into a discipline grounded in safety, effectiveness, and sustainability.
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