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Abstract 

The Conglomerate Theory of Oncogenesis extends the foundational principles of the Conglomerate 

Theory of Aging to cancer development. It proposes that many forms of oncogenesis result from the 

reactive species initiated, universal processes that we posit as simultaneously driving aging: 

transition metal bioaccumulation, advanced glycation end product (AGE) formation, advanced 

lipoxidation end product (ALE) formation, and metal-AGE/ALE hybrid complex formation. The 

theory postulates that these processes create autocatalytic, mutually re-enforcing feedback loops that 

accelerate cellular transformation and tumor progression through their gradual accumulation. Unlike 

aging, which manifests as systemic decline, cancer represents a localized acceleration of these 

molecular damage processes, creating tumor-promoting microenvironments that drive oncogenesis, 

metastasis, and therapeutic resistance. This unified framework provides mechanistic insights into 

cancer development and offers a research agenda for multi-targeted therapeutic strategies to address 

the upstream molecular drivers of oncogenesis. 
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1. Introduction 

The Conglomerate Theory of Aging delineates how four synergistic reactive species (RS) 

initiated processes drive aging through the accumulation of self-reinforcing, inexorable molecular 

damage (Nelson-Goedert, 2025). It provides a framework for understanding physical decline over 

time by linking each component to the known hallmarks of aging, followed by identifying the 

lifespan and healthspan amelioration effects of targeted approaches. The Conglomerate Theory of 

Oncogenesis extends this perspective by proposing that cancer arises from the same fundamental 

molecular processes that drive aging but within localized cellular environments and at accelerated 

rates. 

Traditional approaches to cancer focus primarily on downstream cellular and genetic 

consequences rather than the upstream molecular initiators. Mainstream research and treatment 

emphasize intervention at the level of tumor cell growth, genetic mutations, and proliferative 

signaling through avenues that include surgery, chemotherapy, radiation, and hormonal therapy. 

These strategies have improved patient survival and disease management considerably; however, 

they target established cancer rather than thwarting its foundational molecular drivers (Zafar et al., 

2025). This downstream perspective overlooks deeper etiological mechanisms, leaving critical gaps 

in our understanding of cancer's origins. This ultimately limits opportunities to address disease 

before malignant transformation occurs, thus hindering the discovery of durable prevention 

protocols or cures. 

In contrast, the four core Conglomerate processes—transition metal bioaccumulation, AGE 

formation, ALE formation, and metal AGE/ALE hybrid complex formation— individually and in 

tandem produce a cascade of molecular damage that drives the metabolic reprogramming 

characteristic of malignant cells. One case in point for a mutually reinforcing, autocatalytic 
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oncogenesis is the Warburg effect, as cancer cells' preference for aerobic glycolysis generates 

excessive methylglyoxal and other reactive carbonyl species that accelerate AGE formation 

(Antognelli et al., 2018; Rabbani and Thornalley, 2015). Similarly, the elevated RS production in 

cancer cells drives both metal accumulation and lipid peroxidation, creating a perfect storm of 

molecular damage that promotes oncogenesis (Klaunig et al., 2010). 

Thus, the Conglomerate Theory of Oncogenesis provides a unifying framework that explains 

the interconnectedness of seemingly disparate cancer hallmarks, from genomic instability to 

metabolic reprogramming, through the lens of upstream molecular damage phenomena. By 

understanding cancer as an accelerated aging process occurring in localized cellular environments, 

we can develop more targeted and effective therapeutic strategies that address the fundamental 

drivers of malignancy. 

2. Reactive Species Foundation 

Multiple forms of reactive species serve as the central initiating factors in the Conglomerate 

Theory of Oncogenesis, with cancer cells generating substantially higher RS levels than normal cells 

through numerous mechanisms, while also developing more readily in such RS exposures. 

Mitochondrial dysfunction, a hallmark of cancer cells, leads to increased electron leak from the 

respiratory chain, generating superoxide and other reactive oxygen species (ROS) (Penta et al., 2001). 

The hypoxic tumor microenvironment paradoxically increases ROS production through multiple 

mechanisms, including mitochondrial dysfunction under oxygen-limited conditions and the 

activation of NADPH oxidases (Chandel et al., 1998; Cairns et al., 2011). 

The activation of oncogenes, particularly KRAS and MYC, significantly increases intracellular 

ROS production through metabolic reprogramming and direct effects on cellular respiration 

(Weinberg et al., 2010). KRAS-mutated cancer cells demonstrate enhanced oxidative stress through 

upregulation of glucose metabolism and increased mitochondrial biogenesis, creating a pro-oxidative 

cellular environment that facilitates further molecular damage. Inflammatory cell infiltration further 

amplifies ROS generation through the respiratory burst of activated immune cells, creating a cycle of 

inflammation and oxidative stress that promotes tumor progression (Grivennikov et al., 2010). 

ROS-induced DNA damage represents one of the most critical consequences of elevated 

oxidative stress in cancer. The formation of 8-oxoguanosine, a major DNA oxidation product, leads 

to G→T transversions that can activate oncogenes or inactivate tumor suppressor genes (Klaunig et 

al., 2010). Beyond direct DNA damage, ROS also induce replication stress by depleting the dNTP 

pool and interfering with DNA polymerase function, leading to genomic instability characteristic of 

cancer cells (Bester et al., 2011). 

3. Transition Metal Bioaccumulation in Cancer 

The dysregulation of transition metal homeostasis represents a fundamental feature of cancer 

cells, with iron, copper, and zinc showing noteworthy alterations in malignant tissues. Iron 

dysregulation is particularly pronounced in cancer, with elevated intracellular iron levels 

documented across multiple cancer types (Torti and Torti, 2013). Oncogenic KRAS directly regulates 

iron metabolism by upregulating STEAP3 (ferrireductase) expression and downregulating 

ferroportin (iron exporter), creating an iron-rich intracellular environment that promotes Fenton 

chemistry and hydroxyl radical generation (Jiang et al., 2015). 

The molecular mechanisms underlying iron accumulation in cancer involve multiple pathways 

beyond KRAS signaling. Transferrin receptor 1 (TfR1) is overexpressed in many cancers, increasing 

iron uptake from the circulation (Daniels et al., 2012). Simultaneously, ferritin expression is often 

dysregulated, leading to decreased iron storage capacity and increased labile iron pools that 

participate in Fenton reactions (Torti and Torti, 2013). The iron-rich environment not only promotes 

oxidative damage but also supports the high metabolic demands of rapidly dividing cancer cells. 
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Copper dysregulation in cancer involves both increased uptake and altered intracellular 

distribution. Oncogenic KRAS enhances copper uptake through macropinocytosis, while also 

activating copper-dependent signaling pathways including MEK1/MEK2 kinases (Shanbhag et al., 

2021). The ATP7A copper transporter is frequently upregulated in cancer cells, providing protection 

against copper toxicity while maintaining the elevated copper levels necessary for angiogenesis and 

metastasis (Brady et al., 2014). 

Tetrathiomolybdate, a potent copper chelator originally developed for Wilson's disease, has 

demonstrated significant anticancer efficacy through copper depletion. In clinical trials, 

tetrathiomolybdate at doses of 100 mg daily effectively reduced circulating endothelial progenitor 

cells in high-risk breast cancer patients, with 75% achieving copper depletion targets within one 

month (Brewer et al., 1994). The compound works by forming stable tripartite complexes with serum 

albumin and copper, rendering the complexed copper unavailable for cellular uptake. 

Zinc metabolism shows complex alterations in cancer, with many tumors displaying zinc 

depletion despite increased zinc transporter expression. The dysregulation of zinc transporters, 

particularly ZIP1, ZIP4, ZIP6, and ZIP10, leads to altered zinc distribution that compromises 

antioxidant defense and DNA repair mechanisms (Alzahrani and Taylor, 2025). This zinc 

dyshomeostasis contributes to genomic instability and compromised tumor suppressor function 

(Wang et al., 2020). 

4. Advanced Glycation End Products in Cancer 

The metabolic reprogramming characteristic of cancer cells creates an ideal environment for 

accelerated AGE formation. The Warburg effect generates high levels of methylglyoxal and other 

reactive carbonyl species (RCS) that serve as AGE precursors (Antognelli et al., 2018; Rabbani and 

Thornalley, 2015). Methylglyoxal, the primary precursor to many AGEs, is formed spontaneously 

from the glycolytic intermediates dihydroxyacetone phosphate and glyceraldehyde-3-phosphate. 

Cancer cells, with their enhanced glycolytic flux, produce methylglyoxal at rates far exceeding 

normal cells, thus producing an autocatalytic effect for further cancer development.  

The AGE-RAGE (receptor for AGE) signaling axis plays a crucial role in cancer progression. 

RAGE activation by AGEs triggers multiple oncogenic pathways, including NF-κB, STAT3, and 

PI3K/AKT, promoting cell survival, proliferation, and metastasis (Nasser et al., 2015). The AGE-

RAGE interaction also promotes epithelial-mesenchymal transition (EMT), a key process in cancer 

metastasis, through the activation of transcription factors including Snail and Twist (Nasser et al., 

2015). 

Clinical evidence supports the involvement of AGEs in cancer progression. Dietary AGE intake 

has been associated with increased breast cancer risk, with high AGE consumption showing elevated 

risk ratios for overall breast cancer development (Omofuma et al., 2020). AGE levels are consistently 

elevated in cancer patients compared to healthy controls, and higher AGE levels correlate with 

advanced cancer stages and poor prognosis (Nasser et al., 2015). 

5. Advanced Lipoxidation End Products in Cancer 

Lipid peroxidation and ALE formation represent critical components of the Conglomerate 

damage process in cancer following genesis of reactive nitrogen species (RNS). Elevated RNS and 

ROS levels in cancer cells drive extensive lipid peroxidation, generating reactive aldehydes including 

4-hydroxynonenal (4-HNE), malondialdehyde (MDA), and acrolein that form ALEs through protein 

and DNA adduction (Gentile et al., 2017). These ALEs promote oncogenesis at low levels while 

inducing cancer cell death at substantially high concentrations. 

4-HNE, the most studied ALE, forms DNA adducts that cause G→T transversions, particularly 

at codon 249 of the p53 gene, a mutation hotspot in hepatocellular carcinoma and lung cancer (Gentile 

et al., 2017). The formation of 4-HNE-DNA adducts has been documented in vivo following lipid 

peroxidation stimulation, with significant increases observed in liver cancer models (Hu et al., 2002; 
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Nair et al., 2005). Beyond DNA damage, 4-HNE also impairs DNA repair mechanisms by blocking 

the re-ligation step in base excision repair, allowing more mutations to accumulate. 

MDA, another major ALE, forms M1G adducts with DNA that are highly mutagenic and have 

been detected in human liver, breast, and laryngeal cancer tissues (Marnett, 1999). Normal 

esophageal epithelial tissues exhibited significantly lower levels of M1G adducts compared to 

esophageal cancer tissues, with median levels of 3.4 per 10^8 nucleotides in normal tissue versus 14.1 

per 10^8 nucleotides in cancer tissue. These adducts can induce large deletions and insertions in 

DNA, contributing to the genomic instability characteristic of cancer. 

Advanced lipoxidation end-products have also been identified as RAGE binders, with ALEs 

formed from lipid peroxidation-derived reactive carbonyl species showing significant binding 

affinity to the VC1 domain of RAGE. This binding capability allows ALEs to activate similar 

oncogenic pathways as AGEs, creating additional mechanisms for tumor promotion through RAGE-

mediated signaling (Singh et al., 2001). 

6. Hybrid Complex Formation and Crosslinking 

The formation of metal-AGE and metal-ALE hybrid complexes has been substantiated by a 

considerable body of in vitro research, which demonstrates that AGEs and ALEs can avidly chelate 

transition metals such as iron and copper, resulting in structurally unique hybrid adducts (Singh et 

al., 2001; Rabbani & Thornalley, 2015). These metal-containing complexes exhibit a marked resistance 

to proteolytic degradation and are potent in catalyzing the production of reactive oxygen species 

(ROS) through redox cycling mechanisms in cell-free and cell-based systems (Singh et al., 2001). This 

amplified ROS generation exacerbates oxidative molecular damage, creating damaging feedback 

loops relevant to carcinogenesis (Klaunig et al., 2010). Although direct isolation of these hybrids from 

cancer tissues remains to be conclusively achieved, an excess of both AGEs/ALEs and transition 

metals has consistently been found in tumor samples (Coradduzza et al., 2024). Their mutual 

interaction has been demonstrated under physiological conditions (Singh, 2001).  

These complexes also facilitate extensive protein crosslinking, contributing to the accumulation 

of highly crosslinked, protease-resistant material in both cellular and extracellular compartments, a 

feature observed in both aging and malignancy (Singh et al., 2001). Non-enzymatic crosslinking by 

metal-AGE and metal-ALE complexes may work in parallel with enzymatic pathways, such as those 

mediated by lysyl oxidase (LOX) and lysyl hydroxylase (LH), to increase collagen crosslink density 

in the extracellular matrix (Maller et al., 2021; Erler et al., 2009). The resultant stiffening of the tumor 

microenvironment, driven by both enzymatic and metal-catalyzed non-enzymatic crosslinks, would 

have profound consequences for cancer progression, as increased extracellular matrix rigidity is 

directly linked to enhanced tumor cell invasion, proliferation, and metastatic potential (Maller et al., 

2021; Rubashkin et al., 2014). Empirical studies show that LOX inhibition can reduce the proliferative 

and invasive capacity of cancer cells by decreasing collagen crosslinking and matrix stiffness, 

providing further evidence for the importance of pathological crosslinking in tumor biology (Maller 

et al., 2021). These findings collectively suggest that metal-AGE and metal-ALE hybrid complexes are 

contributors to the pathological remodeling of the tumor microenvironment and synergize with 

enzymatic crosslinking processes in cancer progression (Singh et al., 2001; Gentile et al., 2017; Maller 

et al., 2021). 

7. Tumor Microenvironment and Conglomerate Effects 

7.1. Hypoxia and ROS Generation 

The hypoxic tumor microenvironment creates an ideal environment for conglomerate damage 

processes. Hypoxic tumor regions experience uneven oxygen distribution with severe hypoxia in the 

core due to poor vascularization and high metabolic oxygen consumption. Paradoxically, hypoxic 

conditions increase ROS production through multiple mechanisms, including mitochondrial 

dysfunction, NADPH oxidase activation, and xanthine oxidase upregulation (Chandel et al., 1998). 
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During hypoxia, the electron transport chain in mitochondria becomes disrupted, as oxygen 

availability is insufficient to accept electrons. This disruption causes electron leakage, leading to the 

formation of superoxide. Hypoxia-inducible factors (HIFs), which are the master regulators of the 

hypoxia response, also upregulate genes encoding ROS-generating enzymes such as NADPH 

oxidases (NOX1 and NOX4), which transfer electrons from NADPH to oxygen (Semenza, 2010). 

HIF-1α stabilization under hypoxic conditions directly promotes glycolytic metabolism, 

increasing methylglyoxal production and AGE formation (Semenza, 2010). The hypoxic environment 

also promotes iron accumulation through the upregulation of iron import proteins and the 

downregulation of iron export mechanisms. This iron accumulation, combined with increased ROS 

production, creates ideal conditions for Fenton chemistry and hydroxyl radical generation. 

Hypoxia changes mediated by HIF-1α and elevated ROS levels enhance the differentiation, 

recruitment, survival, and immunosuppressive functions of myeloid-derived suppressor cells 

(MDSCs), fostering a tumor-supportive microenvironment that promotes cancer progression, 

immune evasion, and therapy resistance. ROS stabilize HIFs, driving processes such as disorganized 

angiogenesis and the recruitment of immunosuppressive cells, including tumor-associated 

macrophages (TAMs) and MDSCs (Grivennikov et al., 2010). 

7.2. Inflammatory Microenvironment 

Chronic inflammation within the tumor microenvironment significantly amplifies conglomerate 

damage processes. Inflammatory cells, particularly macrophages and neutrophils, generate 

substantial quantities of ROS through the respiratory burst mechanism, contributing to the overall 

oxidative burden (Grivennikov et al., 2010). Activated immune cells release reactive oxygen species 

and reactive nitrogen intermediates, leading to DNA damage, genomic instability, and epigenetic 

modifications that elevate mutation rates. 

Tumor-associated macrophages (TAMs) play a particularly important role in metal 

dysregulation within tumors. TAMs release iron through ferroportin downregulation and promote 

copper accumulation through ceruloplasmin secretion (Recalcati et al., 2010). The inflammatory 

microenvironment also promotes AGE formation through the release of inflammatory mediators that 

enhance glycolytic metabolism and reactive carbonyl species generation. 

The inflammatory-oxidative cycle, in turn, creates a self-perpetuating environment that 

promotes all aspects of conglomerate damage. Proinflammatory cytokines such as TNF-α, IL-6, IL-

1β, and IL-23 are produced by tumor-associated immune cells, including macrophages and T cells 

recruited to the tumor site in response to signals from the tumor and surrounding stromal cells. These 

cytokines primarily promote tumorigenesis by activating AP-1 and NF-κB transcription factors, 

which regulate genes essential for inflammation, immune evasion, survival, and metastasis (Reuter 

et al., 2010). 

Inflammatory mediators promote ROS generation, which in turn activates inflammatory 

pathways through NF-κB and other redox-sensitive transcription factors (Morgan and Liu, 2011; 

Reuter et al., 2010). This cycle continues throughout tumor progression, creating an environment that 

favors cancer cell survival and metastasis (Grivennikov et al., 2010). STAT3 activation upregulates 

the production of IL-6 and other cytokines that promote tumor cell proliferation and angiogenesis, 

recruiting additional immune cells and perpetuating a cycle of chronic inflammation that drives 

tumor growth (Yu et al., 2009; Fu et al., 2023). 

7.3. Neutrophils 

Recent studies position neutrophils as key mediators in tumor necrosis, vascular occlusion, and 

metastasis. Notably, the September 2025 publication by Adrover et al. demonstrated that neutrophil 

extracellular traps (NETs) aggregate within tumor vasculature, leading to vessel blockage, localized 

hypoxia, and necrosis, and further supporting metastatic progression. Inhibition of NET formation 

in models substantially reduced both necrosis and metastasis (Adrover et al., 2025; Estivill & 

Obenauf, 2025). 
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Within the Conglomerate Theory framework, metal bioaccumulation, advanced glycation end 

products (AGEs), and advanced lipoxidation end products (ALEs) each act through neutrophil 

pathways to escalate tumor progression independently. Elevated metals such as iron and copper 

generate oxidative stress in the tumor microenvironment, which can directly promote neutrophil 

recruitment and NET formation (Cheng et al., 2022). AGEs activate neutrophils via RAGE-dependent 

signaling and inflammatory responses. RAGE has been shown to enhance autophagy and NET 

formation, and increased AGE-RAGE activity is linked to tumor progression (Boone et al., 2015). 

ALEs also bind RAGE and are prominent in tumor and inflamed tissue, while RAGE activation by 

both AGEs and ALEs fosters ROS production and inflammatory signaling, supporting a pro-tumor 

microenvironment (Mol et al., 2019). 

Together, these damaging byproducts foster a tumor microenvironment that increases 

neutrophil activation and NET-dependent processes, reinforcing the destructive and metastatic 

potential of cancer through innate immune mechanisms. 

 

Figure 1. Diagram illustrating the Conglomerate Theory of Oncogenesis. The arrows depict proposed causal 

pathways, beginning with damage caused by diverse reactive species that generate advanced glycation end 

products, accumulated metals, advanced lipoxidation end products, and hybrid metal AGE/ALE compounds. 

These entities collectively trigger various cancers and aging through synergistic and autocatalytic mechanisms. 

8. Therapeutic Implications and Clinical Applications 
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The Conglomerate Theory of Oncogenesis suggests that effective cancer therapies require 

simultaneous targeting of multiple molecular damage processes that correspond with systemic aging. 

This multi-target approach recognizes that the four conglomerate processes are interconnected and 

mutually reinforcing, making single-target interventions less effective than combination strategies. 

8.1. Metal Chelation Therapy 

Metal chelation represents a promising approach for reducing the catalytic metal burden that 

drives conglomerate damage. Alpha-lipoic acid (ALA) provides unique defense as a dual water- and 

fat-soluble metal chelator. Doses ranging from 50–600 mg/day have been employed in various cancer-

related contexts (Bast & Haenen, 2013). In mice bearing Ehrlich ascites carcinoma, 50 mg/kg of ALA 

reduced tumor volume and viability while enhancing survival and systemic antioxidant defenses (Al 

Abdan, 2012). 

ALA has also demonstrated chemopotentiating properties. In MDA-MB-231 breast cancer cells, 

ALA inhibited migration and invasion through suppression of TGFβ signaling (Tripathy et al., 2018). 

In thyroid cancer models, ALA inhibited proliferation, migration, and invasion via suppression of 

epithelial–mesenchymal transition (Jeon et al., 2016). Given its unique ability to traverse the blood 

brain barrier (BBB) among chelators, it has considerable prospects in brain cancers.  

Deferasirox, an oral iron chelator used to treat iron overload, has also demonstrated significant 

anti-tumor effects in numerous in vitro and in vivo studies. Deferasirox at standard doses of 20–40 

mg/kg daily has shown antiproliferative activity against pancreatic cancer cells, with combination 

therapy using deferasirox plus gemcitabine showing enhanced anticancer effects through 

ribonucleotide reductase activity suppression (Shinoda et al., 2018). Iron chelation therapy with 

deferasirox operates through multiple mechanisms beyond simple iron depletion. Mitochondrially 

targeted deferasirox depletes cells of biologically active iron, as evidenced by decreases in iron-sulfur 

cluster and heme-containing proteins, while also depleting the major cellular antioxidant glutathione 

and quenches lipid peroxidation (Jadhav et al., 2024; Martin-Sanchez et al., 2017; Martelli & Puccio, 

2014). This dual mechanism harnesses the dual nature of iron in a single molecule to combat cancer 

through both iron deprivation and toxic lipid peroxide production via redox activity Jadhav et al., 

2024; Martin-Sanchez et al., 2017; Martelli & Puccio, 2014). 

Tetrathiomolybdate represents the most clinically advanced copper chelation therapy for cancer. 

Clinical trials using tetrathiomolybdate at 100 mg daily to maintain ceruloplasmin levels below 17 

mg/dL have demonstrated promising results in high-risk breast cancer patients (Chan et al., 2017). 

The compound works by forming stable tripartite complexes with serum albumin and copper, 

rendering the complexed copper unavailable for cellular uptake, and has shown excellent safety 

profiles with minimal side effects beyond mild hematologic toxicity (Jain et al., 2013). 

Additionally, clinical evidence supporting copper chelation in cancer comes from multiple 

sources. In phase I/II trials of advanced and metastatic cancers, tetrathiomolybdate treatment showed 

freedom from progression averaging 11 months, with some individual results proving considerable 

(Chan et al., 2017; Jain et al., 2013). The copper-depleting agent completely prevented the 

development of visible mammary cancers in Her2/neu mice genetically programmed to develop 

breast cancer, although avascular microscopic clusters of cancer cells were present in the breasts of 

treated animals (Pan et al., 2002). 

8.2. Anti-Glycation Approaches 

Targeting AGE formation requires interventions that either reduce AGE precursor formation or 

enhance AGE clearance. Aminoguanidine has been extensively studied for its ability to trap reactive 

carbonyl intermediates in the Maillard reaction (Brownlee et al., 1986). Clinical dosing for 

aminoguanidine in preclinical animal studies typically ranges from 1–4 mg/mL in drinking water, 

with 2–4 mg/mL showing significant antitumor effects, including an increase in tumor volume 

doubling time from 7.8 days in controls to 10.0–11.1 days in treated groups. 
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L-carnosine inhibits AGEs via the neutralization of reactive carbonyl species (RCS), contributing 

to its anticancer properties. Cell culture studies have demonstrated carnosine’s antineoplastic effects 

at concentrations ranging from 20–200 mM, including reduced viability, induction of apoptosis, and 

inhibition of cancer cell adhesion, migration, invasion, and proliferation (Iovine et al., 2012; 

Stuerenburg and Kunze, 1999). The compound demonstrates variable IC50 values across different 

cancer cell lines, such as 165 mM for A2780, 125 mM for OVCAR-3, and 485 mM for SKOV-3 ovarian 

carcinoma cells (Turner et al., 2021). 

Animal studies with carnosine have shown promising results at clinically relevant doses. In 

nude mice bearing human breast cancer xenografts, treatment with carnosine reduced tumor volume 

by approximately 50–60% with free carnosine, and by 70–80% with nanoparticle formulations. This 

was accompanied by a greater than 50% decrease in vascular endothelial growth factor (VEGF) and 

cyclin D1 expression in tumors. Apoptosis, indicated by caspase 3 positive cells, increased about 

twofold in treated animals. There was no systemic toxicity or observable weight loss in the treated 

animals. These results confirm carnosine’s chemopreventive potential in breast cancer models and 

support its further study for therapeutic applications (Maugeri et al., 2023). 

Benfotiamine has demonstrated multiple anti-cancer activities at the cellular level. Thiamine 

derivatives, including benfotiamine, suppress breast cancer cell line proliferation, promote apoptosis 

via caspase-3 activation, and regulate proteins essential for cell survival and inflammation (Ciaciuch 

O'Neill et al., AACR Abstract 7311, 2024). High-dose thiamine and benfotiamine reduce cell viability 

in human and mouse cancer cell lines by 25–50%, with effects comparable to the metabolic inhibitor 

dichloroacetate (Hanberry et al., 2014). Notably, 5 mM benfotiamine reduced proliferation of MCF-7 

and HCT-116 cancer cell lines by approximately 40% after 72 hours and induced caspase activation 

and cell cycle disruption (Hanberry et al., 2014). The mechanism appears to involve benfotiamine's 

action as a thiamine mimetic, modulating transketolase activity and reducing cancer cell metabolic 

flexibility (Jonus et al., 2020). Manipulating thiamine metabolism this way disrupts the pentose 

phosphate pathway in cancer cells, cutting off growth and proliferation signals (Zastre et al., 2013). 

Benfotiamine also exhibits direct antioxidative capacity and prevents DNA damage in vitro, which 

adds another layer of potential benefit in cancer therapy (Schmid et al., 2008).  

8.3. Anti-Lipoxidation Approaches  

Lycopene serves as a potent anti-lipoxidation agent with specific anti-cancer properties. Clinical 

evidence supports lycopene's anti-cancer effects across multiple types. In prostate cancer prevention, 

meta-analyses report that each 2 mg/day increase in lycopene intake is associated with a ~1% decrease 

in risk. A pooled analysis showed that high dietary and plasma lycopene levels were associated with 

significantly reduced risks of prostate cancer, with relative risks of 0.88 for both dietary and 

circulating lycopene (95% CI, 0.79–0.98 and 0.78–0.98, respectively) (Chen et al., 2015). 

Clinical studies demonstrate optimal efficacy at doses of 15–30 mg daily for cancer prevention 

and treatment (Chen et al., 2015). The European Food Safety Authority (EFSA) recommends a 

maximum safe intake of 0.5 mg/kg body weight/day, with several clinical trials demonstrating safety 

at doses up to 45 mg/day for six months. Gamma-tocopherol also offers superior antilipoxidation 

protection due to its capacity to neutralize reactive nitrogen species (RNS). Gamma-tocopherol also 

inhibited MCP-1 expression and COX-2 activity, contributing to anti-inflammatory effects critical in 

carcinogenesis (Campbell et al., 2006). 

Gamma-tocopherol shows greater anti-cancer activity than alpha-tocopherol in breast and 

prostate cancer models, highlighting the specific biokinetics of this form of vitamin E. In MCF-7 breast 

cancer cells, gamma-tocopherol at 10–100 µM inhibited estrogen-stimulated proliferation in a dose-

dependent fashion, with alpha-tocopherol showing little or no effect (Campbell et al., 2006). 

Additionally, gamma-tocopherol induced apoptosis in LNCaP prostate cancer cells via 

mitochondria-mediated pathways, including cytochrome c release, caspase-9 activation, and PARP 

cleavage (Jiang et al., 2004). 
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8.4. Reactive Species Modulation Strategies 

The role of reactive species (RS) in cancer requires approaches that both protect normal cells 

from damage and, when appropriate, modulate RS to influence cancer cell behavior (De Flora et al., 

2001).  

8.4.1. N-Acetylcysteine 

N-acetylcysteine (NAC) acts both as a direct ROS scavenger and by enhancing intracellular 

glutathione synthesis. Extensive experimental and clinical data demonstrate NAC’s safety, even at 

high and long-term doses, and support its use in chemoprevention protocols (De Flora et al., 2001). 

Preclinical and clinical studies have shown that NAC reduces DNA damage, inhibits carcinogen-

induced genotoxicity, and modulates processes such as cell cycle progression, inflammation, and 

apoptosis. These protective effects have been observed across varied animal models and clinical trials, 

primarily involving populations at elevated risk for cancer (De Flora et al., 2001). 

Recent large-scale, population-based evidence further supports NAC’s anticancer potential. In a 

comprehensive cohort of patients with chronic obstructive pulmonary disease (COPD), long-term 

NAC use (≥28 cumulative defined daily doses per year) was associated with a significantly decreased 

risk of developing several cancers, including breast, prostate, gynecologic, hepatocellular, and 

colorectal cancers (Yang et al., 2025). The risk reductions were dose-dependent, and the benefits were 

most pronounced for non-lung cancer types, highlighting NAC’s chemopreventive relevance for 

high-risk populations (Yang et al., 2025). Together, animal and human studies demonstrate NAC’s 

diverse mechanisms of action and support its ongoing investigation as a safe, effective agent for 

cancer chemoprevention. 

8.4.2. Glycine 

Glycine has emerged as a noteworthy candidate in anti-cancer therapy, with support from 

multiple preclinical studies. In animal models, dietary glycine supplementation reduced tumor 

volumes by approximately 50–75% in B16 melanoma mouse models, relative to controls (Rose et al., 

1999; Mikalauskas et al., 2019). At the time of necropsy in the melanoma experiments, tumors from 

glycine-fed mice weighed nearly 65% less than those from control-fed animals, and the number of 

tumor arteries was reduced by 70% (Rose et al., 1999). These effects appear to stem from inhibition of 

tumor angiogenesis and microvascular density, rather than direct cytotoxicity, as glycine 

supplementation did not alter cancer cell proliferation in vitro, body weight, or general animal health 

(Rose et al., 1999; Mikalauskas et al., 2019). In vitro, glycine inhibits endothelial cell migration and 

proliferation while exhibiting little to no direct effect on tumor cell growth (Yamashina et al., 2007; 

Rose et al., 1999).  

8.4.3. Selenium  

Selenium has been extensively investigated as a potential anti-cancer agent, with mechanistic, 

preclinical, and human data yielding a nuanced picture. In animal studies, multiple forms of 

selenium, including selenite, selenomethionine, and selenium-enriched yeast, have been shown to 

protect against carcinogenesis and reduce tumor incidence across numerous models, with one meta-

analysis finding a pooled odds ratio (OR) for cancer risk of 0.75 (95% CI: 0.69–0.82) in animals or 

populations with higher selenium exposure (Combs and Gray 1998; Ip 1986; Cai et al., 2016; Vinceti 

et al., 2018). In vitro, selenium compounds often induce apoptosis, cell cycle arrest, and growth 

inhibition in a variety of cancer cell lines, partly through redox modulation and activation of tumor 

suppressor p53, and by downregulating oncogenes such as c-myc (Zhong and Oberley, 2001; Rudolf 

et al., 2008). In humans, early trials such as the Nutritional Prevention of Cancer (NPC) study reported 

that selenium supplementation in selenium-deficient people reduced total cancer incidence (Clark et 

al., 1996); however, later large randomized controlled trials (SELECT) in generally selenium-replete 

populations failed to replicate these benefits for prostate or total cancer risk (Lippman et al., 2009; 
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Vinceti et al., 2018). Meta-analyses of observational studies suggest an approximate 20–25% reduced 

cancer risk for subjects with higher serum or plasma selenium, though the association is U-shaped 

and there is evidence that excessive supplementation may increase risks of certain cancers or other 

adverse effects (Filippini et al., 2025; Cai et al., 2016). Recent early-phase clinical studies of sodium 

selenite in advanced cancer have found it to be safe and potentially synergistic with radiation or 

chemotherapy, without major systemic toxicity up to 33 mg single dose or 10.2 mg/m^2 in cycle 

therapy (He et al., 2025). Altogether, selenium’s anti-cancer effects appear most pronounced in 

deficiency states and are dependent on both the chemical form and baseline selenium status, 

underscoring the importance of precision and context in its therapeutic use. 

9. Clinical Translation and Future Directions 

9.1. Biomarker Development 

The Conglomerate Theory of Oncogenesis provides a framework for developing novel 

biomarkers that reflect the underlying molecular damage processes driving cancer progression. 

These biomarkers could serve multiple purposes: early detection, risk stratification, treatment 

monitoring, and prognosis assessment. 

Potential metal dysregulation biomarkers include serum iron/copper/zinc ratios, labile iron pool 

measurements, ferroportin and transferrin receptor expression, and ceruloplasmin and 

metallothionein levels. Clinical studies have demonstrated that these markers correlate with cancer 

risk and progression, with elevated iron levels and altered copper metabolism consistently observed 

across multiple cancer types (Wu et al., 2004). 

AGE/ALE biomarkers encompass fluorescent levels in serum and tissues, specific AGE 

compounds such as carboxymethyl lysine and methylglyoxal derivatives, AGE-RAGE activation 

markers, and lipid peroxidation products including 4-HNE and MDA adducts. Clinical evidence 

shows these markers are elevated in cancer patients compared to healthy controls and correlate with 

cancer stage and prognosis (Rašić et al., 2018; van Heijst et al., 2005). 

Crosslinking biomarkers involve collagen crosslink analysis in tumor samples, LOX and lysyl 

hydroxylase activity measurements, matrix stiffness measurements, and extracellular matrix 

composition analysis. Studies demonstrate that collagen crosslinking correlates with tumor 

aggressiveness and patient outcomes across multiple cancer types (Yu et al., 2019; Levental et al., 

2009; Xiao and Ge, 2012). 

9.2. Therapeutic Development 

The multi-target nature of the Conglomerate Theory suggests that combination therapies 

addressing multiple damage processes simultaneously will be more effective than single-target 

approaches. This has important implications for drug development and clinical trial design. 

Combination therapy strategies should focus on metal chelation plus AGE and ALE inhibition, 

and reactive species inhibition to slow or eliminate these cascade effects.  

Personalized medicine applications include genetic profiling for metal metabolism variants, 

metabolic profiling for AGE formation propensity, tumor microenvironment analysis for optimal 

intervention selection, and biomarker-guided therapy adjustment. These approaches recognize that 

individual variations in conglomerate damage processes may require tailored therapeutic strategies. 

9.3. Resistance Mechanisms and Therapeutic Adaptation 

Cancer cells may develop resistance to anti-conglomerate therapies through multiple 

mechanisms, including enhanced antioxidant defenses, altered metal homeostasis, and changes in 

metabolic programming. Understanding these resistance mechanisms is crucial for developing 

effective long-term treatment strategies. Potential resistance mechanisms include upregulation of 

antioxidant enzymes, enhanced metal efflux mechanisms, metabolic reprogramming to reduce AGE 
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formation, and increased DNA repair capacity. Clinical monitoring for these changes will be essential 

for early detection and intervention. 

Strategies to overcome resistance involve sequential targeting of different conglomerate 

processes, combination with agents that inhibit resistance pathways, pulsed therapy protocols to 

prevent adaptation, and monitoring with early intervention for resistance development. These 

approaches recognize the dynamic nature of cancer cell adaptation and the need for flexible 

therapeutic strategies. 

10. Conclusions 

The Conglomerate Theory of Oncogenesis reframes cancer as an accelerated aging process 

driven by four interconnected molecular damage pathways resulting from RS: metal 

bioaccumulation, AGE formation, ALE formation, and metal AGE/ALE hybrids. These processes are 

mutually reinforcing, creating self-perpetuating cycles that drive cancer progression. Unlike 

conventional approaches that target downstream cellular consequences, this theory addresses 

upstream molecular causes, providing a mechanistic framework for multi-target therapeutic 

intervention. Individual variations in metal metabolism, antioxidant capacity, and metabolic 

programming allow for personalized treatment strategies that recognize cancer heterogeneity at its 

molecular roots. The comprehensive protocol outlined here represents the first systematic attempt to 

target all four damage processes simultaneously, using agents with decades of safety data: alpha-

lipoic acid for metal chelation, L-carnosine and benfotiamine for AGE inhibition, gamma-tocopherol 

and lycopene for ALE inhibition, plus N-acetylcysteine and selenium for reactive species quenching. 

This paradigm shift to addressing root causes opens new avenues for cancer prevention, early 

detection, and treatment. Clinical studies demonstrate that combination approaches targeting 

multiple damage pathways outperform single-agent therapies, validating the theory's core premise 

that effective cancer treatment requires simultaneous intervention at multiple molecular levels. 

Future research must focus on validating multi-target protocols through carefully designed clinical 

trials, developing biomarkers that reflect upstream damage processes, and understanding resistance 

mechanisms. The journey from theory to clinical application will require continued refinement, but 

the foundation is promising. By targeting all four molecular damage processes at once, this approach 

offers hope for more effective and less toxic cancer care, potentially improving patient outcomes 

while addressing the fundamental molecular processes that drive oncogenesis.  
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