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Abstract

Early detection and accurate monitoring of malignant tumors are crucial for effective treatment and improved patient out-
comes. This review examines a comprehensive array of biomarkers that can be utilized to detect the early stages of tumor ini-
tiation, promotion, and progression. By integrating metabolic products, gene activity products, and changes in biochemical
markers, this review outlines the distinct characteristics of oxidative stress and membrane potential alterations in cancer
cells compared to healthy cells. We highlight 20 key substances, including oncometabolites, oxidative damage markers, can-
cer-testis antigens, fusion proteins, viral oncogenes, and antioxidant enzymes, as well as additional markers related to mem-
brane potential changes. The synthesis of current research findings provides a robust framework for understanding the bio-
chemical and genetic landscape of early cancer development, paving the way for advancements in diagnostic and therapeu-

tic strategies.
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Introduction

Cancer remains one of the leading causes of mor-
bidity and mortality worldwide. The complexity and hetero-
geneity of cancer necessitate a multifaceted approach to its
early detection and monitoring. Traditional diagnostic
methods, including imaging and biopsy, often detect cancer
at more advanced stages, reducing the effectiveness of treat-
ment. Therefore, identifying reliable biomarkers for early de-

tection is of paramount importance.

This review focuses on metabolic products, gene
activity products, and biochemical markers that are indica-
tive of the early stages of malignant tumor initiation, promo-
tion, and progression. Additionally, we explore the impact
of oxidative stress, changes in membrane potential, and dis-
ruptions in biological rhythms, which are hallmarks of can-
cer cells. By examining these early biomarkers, we aim to
provide a comprehensive understanding of the biochemical
and genetic landscape of early cancer development, thereby
paving the way for advancements in diagnostic and thera-

peutic strategies.

Categories of Biomarkers

To provide a structured approach, we classify the

biomarkers into three main categories:

Metabolic Products: These include oncometabo-
lites and other metabolic byproducts that indicate abnormal
cellular metabolism often seen in cancer cells. Examples in-
clude 2-hydroxyglutarate and lactate, which are associated

with metabolic reprogramming in tumors.

Gene Activity Products: This category encompass-
es cancer-testis antigens, fusion proteins, and viral onco-
genes, which are products of altered gene expression in can-
cer cells. These markers are crucial for understanding the ge-
netic alterations that drive tumor initiation and progres-

sion.

Biochemical Markers: These include markers of
oxidative damage, antioxidant enzymes, and substances re-
lated to changes in membrane potential. Oxidative stress
markers such as 8-hydroxydeoxyguanosine (8-OHdG) re-

flect DNA damage, while changes in membrane potential
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can indicate early disruptions in cellular homeostasis.

Impact of Oxidative Stress and Membrane Potential

Alterations

Oxidative stress and membrane potential altera-
tions are significant early events in cancer development.
Cancer cells often exhibit elevated levels of reactive oxygen
species (ROS) and a corresponding increase in oxidative da-
mage markers. This oxidative stress can lead to DNA dam-

age, promoting genomic instability and cancer progression.

Changes in membrane potential are another hall-
mark of cancer cells. Alterations in ion channel activity and
membrane potential can affect various cellular processes, in-
cluding proliferation, apoptosis, and metastasis. Unders-
tanding these changes can provide insights into the early

stages of tumorigenesis and potential therapeutic targets.

The synthesis of current research findings pro-
vides a robust framework for understanding the biochemi-
cal and genetic landscape of early cancer development. By
integrating data on metabolic products, gene activity prod-
ucts, and biochemical markers, this review highlights 20 key
substances that can serve as early biomarkers of malignant
tumor initiation and progression. This comprehensive ap-
proach underscores the potential for these biomarkers to im-

prove early cancer detection and patient outcomes.

This review aims to not only summarize existing
knowledge but also to stimulate further research into the
early detection of cancer. By advancing our understanding
of early biomarkers, we can enhance diagnostic and thera-
peutic strategies, ultimately leading to better clinical out-

comes for patients.

Metabolic Products and Gene Activity Prod-

ucts as Biomarkers
Oncometabolites
2-Hydroxyglutarate (2-HG)

2-Hydroxyglutarate (2-HG) is an oncometabolite
associated with mutations in the isocitrate dehydrogenase
(IDH) genes, particularly IDH1 and IDH2. These mutations
result in the production of 2-HG, which is not typically pre-

JJ Oncol Clin Res 2024 | Vol 5: 103



sent in significant amounts in normal cells. Elevated levels
of 2-HG are found in various cancers, including gliomas
and acute myeloid leukemia (AML). The presence of 2-HG
disrupts normal cellular metabolism and epigenetic regula-

tion, promoting tumorigenesis [1].
Oxidative Damage Markers

8-Hydroxydeoxyguanosine (8-OHdG)

8-Hydroxydeoxyguanosine (8-OHdG) is a wel-
l-established marker of oxidative DNA damage, resulting
from the interaction of DNA with reactive oxygen species
(ROS). High levels of 8-OHdG indicate increased oxidative
stress and have been found in various cancers, including
lung, breast, and colorectal cancers. Measurement of 8-O-
HdG in blood and urine provides a non-invasive means to
assess oxidative stress and its role in cancer development.
Recent studies have highlighted its potential as a predictive
biomarker for cancer progression and response to therapy
[2,3].

Malondialdehyde (MDA) and 4-Hydroxynonenal (4-
HNE)

Malondialdehyde (MDA) and 4-Hydroxynonenal
(4-HNE) are byproducts of lipid peroxidation, indicating
oxidative damage to cell membranes. Elevated levels of th-
ese markers are associated with increased ROS production
and are found in cancer patients. Measurement of MDA
and 4-HNE provides insights into the extent of lipid peroxi-
dation and oxidative stress in tumor cells. Recent studies
have shown that these markers not only reflect oxidative da-
mage but also play a role in signaling pathways that pro-

mote cancer progression and metastasis [4,5].
Recent Studies on Oxidative Damage Markers

1. [2] This study explored the utility of 8-OHdG as
a biomarker for monitoring the effectiveness of antioxidant
therapy in cancer patients. The findings suggest that 8-O-
HdG levels correlate with therapeutic outcomes, making it a

valuable tool for personalized treatment plans.

2. [3] Investigated the relationship between 8-O-
HdG levels and the risk of cancer recurrence. The study

found that patients with lower levels of 8-OHdG post-treat-
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ment had a reduced risk of recurrence, highlighting its prog-

nostic value.

3. [4] Examined the role of MDA and 4-HNE in
cancer cell signaling. The study demonstrated that these
lipid peroxidation products activate signaling pathways that
promote tumor growth and resistance to apoptosis, suggest-

ing that targeting these pathways could enhance cancer ther-

apy.

4. [5] Focused on the dual role of 4-HNE in can-
cer, where it can act as both a marker of oxidative stress and
a modulator of cellular functions. The study provided in-
sights into the mechanisms by which 4-HNE influences can-
cer cell behavior and highlighted its potential as a therapeu-

tic target.

By incorporating these recent studies, the section
on oxidative damage markers not only underscores their im-
portance in cancer diagnosis and prognosis but also empha-
sizes their potential in developing targeted therapies. This
comprehensive overview of oxidative damage markers en-
riches our understanding of their role in cancer biology and

enhances the potential for clinical applications.
Protein Oxidation Markers
Protein Carbonyls and Nitrotyrosine

Protein carbonyls and nitrotyrosine are markers of
protein oxidation and nitration, respectively. These markers
indicate oxidative modifications to proteins, which can alter
their function and contribute to carcinogenesis. Elevated lev-
els of protein carbonyls and nitrotyrosine are found in vari-

ous cancers and are associated with poor prognosis [6].
Redox Balance Markers
Glutathione (GSH/GSSG ratio)

Glutathione (GSH) and its oxidized form (GSSG)
are critical for maintaining cellular redox balance. The ratio
of GSH to GSSG is an important indicator of oxidative
stress. In cancer cells, this ratio is often altered, reflecting a
shift towards a more oxidized state. Monitoring the
GSH/GSSG ratio provides valuable information about the

oxidative environment in tumor cells [7].
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Thioredoxin (TRX) and Thioredoxin Reductase
(TRXR)

Thioredoxin (TRX) and thioredoxin reductase
(TRXR) are essential components of the cellular antioxidant
defense system. Overexpression of TRX and TRXR is ob-
served in many cancers and is associated with increased cell
proliferation and resistance to apoptosis. These markers are

potential targets for cancer therapy [8].
Hypoxia Marker

Hypoxia-Inducible Factor 1-alpha (HIF-1a)

Hypoxia-inducible factor 1-alpha (HIF-la) is a
key regulator of the cellular response to hypoxia. In tumors,
hypoxic conditions stabilize HIF-1a, leading to the activa-
tion of genes involved in angiogenesis, metabolism, and sur-
vival. Elevated levels of HIF-1a are commonly found in

solid tumors and are associated with poor prognosis [9].
Circulating Tumor Markers

Circulating Tumor DNA (ctDNA)

Circulating tumor DNA (ctDNA) consists of frag-
ments of DNA released from tumor cells into the blood-
stream. ctDNA carries tumor-specific genetic alterations,
making it a valuable biomarker for early cancer detection
and monitoring. Techniques such as liquid biopsy enable
the detection of ctDNA and provide insights into tumor dy-

namics [10].
Circulating Tumor Cells (CTCs)

Circulating tumor cells (CTCs) are cells that have
detached from the primary tumor and circulate in the blood-
stream. The presence of CTCs is indicative of metastatic po-
tential. Enumeration and characterization of CTCs offer
prognostic information and can guide treatment decisions
[11].

Cancer-Testis Antigens (CTAs)
MAGE-A1, MAGE-A3, and NY-ESO-1

Cancer-testis antigens (CTAs) such as MAGE-A1,
MAGE-A3, and NY-ESO-1 are a unique class of tumor anti-

gens expressed in various cancers but not in normal tissues,
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except for the testis. These antigens are immunogenic and
serve as valuable targets for cancer immunotherapy. The
presence of CTAs in tumors can be used for diagnostic and

therapeutic purposes.
Clinical Applications in Cancer Immunotherapy

CTAs have garnered significant attention in the
field of cancer immunotherapy due to their restricted ex-
pression pattern and strong immunogenicity. The clinical

applications of CTAs include:

1. Diagnostic Biomarkers: CTAs can be used as
biomarkers for the early detection and diagnosis of cancers.
Their expression is often associated with specific tumor
types, making them useful for identifying malignancies at

an early stage.

2. Prognostic Markers: The presence and levels of
CTAs in tumors can provide prognostic information. High
levels of CTAs are often correlated with aggressive tumor be-
havior and poor prognosis, aiding in risk stratification and

treatment planning.

3. Therapeutic Targets: CTAs are prime targets
for cancer vaccines and adoptive T-cell therapies. Cancer
vaccines targeting CTAs aim to stimulate the immune sys-
tem to recognize and destroy cancer cells expressing these
antigens. Adoptive T-cell therapies involve engineering T
cells to specifically target and eliminate CTA-expressing can-

cer cells.

4. Combination Therapies: CTAs can be used in
combination with other treatments, such as checkpoint in-
hibitors, to enhance the efficacy of immunotherapy. By tar-
geting multiple pathways, combination therapies can over-

come resistance and improve clinical outcomes.

Recent Studies on CTAs

1. [12] This study demonstrated the effectiveness
of a personalized cancer vaccine targeting multiple CTAs,
including MAGE-A3 and NY-ESO-1, in eliciting robust im-
mune responses in patients with metastatic melanoma. The
results showed significant tumor regression and prolonged

survival in vaccinated patients.
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2. [13] Investigated the role of NY-ESO-1-specific
T cells in adoptive T-cell therapy for ovarian cancer. The
study found that the engineered T cells effectively targeted
and eliminated NY-ESO-1-expressing tumor cells, leading

to durable remission in several patients.

3. [14] Explored the combination of CTLA-4 block-
ade with a MAGE-A1-targeted vaccine in patients with ad-
vanced lung cancer. The combination therapy enhanced T--
cell responses and improved overall survival compared to

monotherapy.

4. [15] Focused on the expression of CTAs in vari-
ous cancer types and their potential as universal biomarkers
for cancer detection. The study highlighted the diagnostic
value of CTAs and their role in personalized cancer treat-

ment strategies.

By incorporating these recent studies, the section
on cancer-testis antigens underscores their importance in
cancer immunotherapy and highlights their potential in im-
proving diagnostic, prognostic, and therapeutic approaches.
This comprehensive overview of CTAs enriches our unders-
tanding of their clinical applications and enhances the po-

tential for developing targeted cancer treatments.
Oncogenic Fusion Proteins

BCR-ABL Fusion Protein

The BCR-ABL fusion protein results from a chro-
mosomal translocation, commonly seen in chronic myeloid
leukemia (CML). This oncoprotein has constitutive tyrosine
kinase activity, driving uncontrolled cell proliferation. De-
tection of BCR-ABL is crucial for the diagnosis and treat-
ment of CML [16].

TMPRSS2-ERG Fusion Protein

The TMPRSS2-ERG fusion protein is found in a
subset of prostate cancers. This fusion gene results from a
chromosomal rearrangement and contributes to tumorigen-
esis by activating oncogenic pathways. Detection of TM-
PRSS2-ERG is useful for prostate cancer diagnosis and prog-

nosis [17].

Viral Oncogenes
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HPYV E6 and E7 Proteins

Human papillomavirus (HPV) E6 and E7 proteins
are viral oncogenes associated with cervical cancer. These
proteins promote degradation of tumor suppressors such as
p53 and retinoblastoma (RB), leading to uncontrolled cell
proliferation. Detection of HPV E6 and E7 is important for

screening and prevention of HPV-associated cancers [18].
EBV LMP1 and EBNA2 Proteins

Epstein-Barr virus (EBV) latent membrane pro-
tein 1 (LMP1) and Epstein-Barr nuclear antigen 2 (EBNA2)
are viral oncogenes involved in EBV-associated cancers
such as Burkitt lymphoma and nasopharyngeal carcinoma.
These proteins play roles in cell proliferation and survival.
Detection of LMP1 and EBNAZ2 is useful for diagnosing EB-

V-associated malignancies [19].
Metabolic Alterations
Lactate

Elevated lactate levels are a hallmark of the War-
burg effect, where cancer cells preferentially use glycolysis
for energy production even in the presence of oxygen. This
metabolic shift results in increased lactate production,
which can be measured in blood and tumors. High lactate

levels are indicative of aggressive tumor behavior [20].
Antioxidant Enzymes
Superoxide Dismutase (SOD) and Catalase (CAT)

Superoxide dismutase (SOD) and catalase (CAT)
are key antioxidant enzymes that protect cells from oxida-
tive damage. Altered levels of these enzymes are found in
cancer cells, reflecting changes in oxidative stress. Monitor-
ing SOD and CAT activity provides insights into the redox

state of tumor cells [21].
Additional Markers Related to Membrane Potential
Intracellular Sodium (Na+) and Potassium (K+)

Cancer cells often exhibit altered ion homeostasis,
with increased intracellular sodium (Na+) and decreased po-
tassium (K+) levels. These changes contribute to a depo-

larized membrane potential, which supports cell prolifera-
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tion and survival. Monitoring Na+ and K+ levels in blood

can provide early indications of tumor development [22].
Calcium (Ca2+) and Chloride (Cl-)

Altered calcium (Ca2+) and chloride (Cl-) levels
are also associated with cancer cell proliferation and signal-
ing. Increased intracellular Ca2+ can promote cell cycle pro-
gression and resistance to apoptosis, while altered CI- levels
can affect cell volume and membrane potential. Measure-
ment of Ca2+ and CI- levels in blood can serve as additional

biomarkers for cancer [23].
Hydrogen Peroxide (H202)

Hydrogen peroxide (H202) is a ROS that plays a
role in cell signaling and oxidative stress. Elevated H202 lev-
els in the tumor microenvironment promote cancer cell pro-
liferation and survival. Detection of H202 in blood can indi-

cate oxidative stress associated with tumor development

[24].
Glutathione Peroxidase (GPx)

Glutathione peroxidase (GPx) is an enzyme that re-
duces hydrogen peroxide and lipid peroxides, protecting
cells from oxidative damage. Altered GPx activity is found
in cancer cells, reflecting changes in oxidative stress. Moni-
toring GPx activity in blood provides insights into the an-

tioxidant defense mechanisms in tumors [25].
Voltage-Gated Ion Channels

Altered expression of voltage-gated ion channels is
observed in cancer cells, affecting membrane potential and
cellular signaling. Changes in the activity of specific chan-
nels, such as voltage-gated potassium channels, can be de-
tected in blood and serve as early biomarkers for cancer

[26]. Please see table #1 and Figures #1, #2, #3

Table 1: Key Substances for Early Detection and Monitoring of Malignant Tumors

Substance Type Significance Reference

2-Hydroxyglutarate (2-HG) Oncometabolit Associated with 1]

yaroxygiutarate cometabotite IDH1/IDH2 mutations

. Oxidative DNA Damage | Indicator of oxidative DNA
8-Hydroxydeoxyguanosine (8-OHdG) Marker damage [33]
Malondialdehyde (MDA) Lipid Peroxidation Indlcatqr of. lipid [30]
Marker peroxidation
Lipid Peroxidation Byproduct of lipid
4-Hydroxynonenal (4-HNE) Marker peroxidation (30]
Protein Carbonyls Protein Oxidation Marker Indlcat(?r Of. protein (6]
oxidation
Nitrotyrosine Protein Oxidation Marker | Marker of nitrative stress (6]
Glutathione (GSH/GSSG ratio) Redox Balance Marker Indicator of cellular redox (7]
balance
Thioredoxin (TRX) Redox Protein Involved in cellulz.ir redox (8]
homeostasis
Thioredoxin Reductase (TRXR) Redox Enzyme Reduces thioredoxin (8]
Hypoxia-Inducible Factor 1-alpha Hypoxia Marker Regulator of cellul.ar 9]
(HIF-1a) response to hypoxia

Circulating Tumor DNA (ctDNA) Genetic Marker Fragments c;j(ﬁt;glor DNA in [10]
Circulating Tumor Cells (CTCs) Cellular Marker Tumor cells in bloodstream [11]
MAGE-ALl Cancer-Testis Antigen Specific to cancer cells [31]
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MAGE-A3 Cancer-Testis Antigen Specific to cancer cells [31]

NY-ESO-1 Cancer-Testis Antigen Specific to cancer cells (31]

BCR-ABL Fusion Protein Oncogenic Fusion Protein Specific to CML [16]

TMPRSS2-ERG Fusion Protein Oncogenic Fusion Protein | Specific to prostate cancer (17]

HPV E6 Protein Viral Oncogene Associated with cervical (18]
cancer

HPV E7 Protein Viral Oncogene Associated with cervical (18]
cancer

EBV LMP1 Protein Viral Oncogene Associated with EBV- [19]

related cancers
EBV EBNA2 Protein Viral Oncogene Associated with EBV- [19]
related cancers
Lactate Metabolic Marker Indicator of the Warburg [20]
effect

Superoxide Dismutase (SOD) Antioxidant Enzyme Protects against oxidative [21]
damage

Catalase (CAT) Antioxidant Enzyme Protects against oxidative [21]
damage

Intracellular Sodium (Na+) Ton Marker Indicates altere.d ron [22]

homeostasis
Intracellular Potassium (K+) Ion Marker Indicates altere.d ron [22]
homeostasis
Calcium (Ca2+) Ion Marker Affects cell cy'cle and (23]
apoptosis
Chloride (Cl-) Ion Marker Affects cell volume ?nd (23]
membrane potential
Hydrogen Peroxide (H202) ROS Marker Indicates oxidative stress [24]
Glutathione Peroxidase (GPx) Antioxidant Enzyme Detoxifies hydrogen [25]
peroxide
Voltage-Gated Ion Channels Ion Channel Marker Altered in cancer cells [26]
Biological Rhythm Markers Dopamine

Melatonin

Melatonin, a hormone produced by the pineal
gland, plays a crucial role in regulating circadian rhythms.
Disruption in melatonin secretion is associated with various
cancers. Melatonin levels can be measured in blood and 24-
hour urine samples. Lower melatonin levels have been
linked to increased cancer risk, as melatonin has antioxi-
dant properties and can modulate immune responses and in-

hibit cancer cell proliferation [27].
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Dopamine, a neurotransmitter, is involved in vari-
ous physiological processes, including mood regulation and
endocrine function. Changes in dopamine levels have been
observed in cancer patients, particularly those with tumors
affecting the central nervous system. Dopamine levels can
be measured in blood and urine, providing insights into neu-

roendocrine changes associated with cancer [28].

Melatonin Sulfate

Melatonin sulfate is a metabolite of melatonin ex-
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creted in urine. Measuring melatonin sulfate in 24-hour duction and circadian rhythm integrity. Reduced levels of
urine samples provides a reliable indicator of melatonin pro- melatonin sulfate have been associated with increased can-

cer risk and progression [29].
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Materials and Methods 20. HPV E7 Protein

Study Population 21. Intracellular Sodium (Na+)

e Participants: 1700 practically healthy individuals 22. Intracellular Potassium (K+)

from 2017 to 2023. 23. Calcium (Ca2+)
e Age Range: 31-75 years. 24. Chloride (Cl-)
e Exclusion Criteria: Known history of cancer or 25. Hydrogen Peroxide (H202)

chronic diseases.
26. Voltage-Gated Ion Channels

Biomarkers Analyzed
27. Melatonin

1. 2-Hydroxyglutarate (2-HG)
28. Dopamine

2. 8-Hydroxydeoxyguanosine (8-OHdG)
29. Melatonin Sulfate

3. Malondialdehyde (MDA)

Analytical Methods
4. 4-Hydroxynonenal (4-HNE)

High-Performance Liquid Chromatography (HPLC)
5. Lactate

o Biomarkers Analyzed
6. Protein Carbonyls

2-Hydroxyglutarate (2-HG)
7. Nitrotyrosine

. . 8-Hydroxydeoxyguanosine (8-OHdG)
8. Glutathione (GSH/GSSG ratio)

Lactat
9. Thioredoxin (TRX) ® lactate
10. Thioredoxin Reductase (TRXR) * Melatonin
Description

11. Hypoxia-Inducible Factor 1-alpha (HIF-1a)

12.Circulating Tumor DNA (ctDNA) e Sample Preparation: Blood and urine samples were

collected and centrifuged. Supernatants were filtered

13. Circulating Tumor Cells (CTCs) through a 0.22 um filter.

14. MAGE-A1 e HPLC Conditions: Separation was achieved using a
C18 column with a gradient elution method. The

15MAGE-A3 mobile phase consisted of acetonitrile and water

16. NY-ESO-1 with 0.1% formic acid. Detection was performed
using a UV detector set at specific wavelengths for

17. BCR-ABL Fusion Protein each analyte.

18. TMPRSS2-ERG Fusion Protein Amino Acid Analysis (AAA)

19. HPV E6 Protein o Biomarkers Analyzed
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e Glutathione (GSH/GSSG ratio)
e Description

e Sample Preparation: Blood samples were collected
and treated with a derivatizing agent to stabilize

glutathione.

e AAA Conditions: Analysis was carried out on a
dedicated amino acid analyzer. The derivatized
samples were separated on a cation-exchange

column and detected fluorometrically.

Enzyme-Linked Immunosorbent Assay (ELISA)

e Biomarkers Analyzed

e Malondialdehyde (MDA)

¢ 4-Hydroxynonenal (4-HNE)

e Thioredoxin (TRX)

e Thioredoxin Reductase (TRXR)
e Description

e Sample Preparation: Blood samples were collected
and stored at -80°C until analysis. Samples were

thawed and diluted as per the kit instructions.

e ELISA Procedure: Specific ELISA kits for each
biomarker were used following the manufacturer's
protocols. Optical density was measured using a

microplate reader.

Electrochemiluminescence Immunoassay (ECLIA)

o Biomarkers Analyzed

Protein Carbonyls
e Nitrotyrosine

o Circulating Proteins

Description

Sample Preparation: Plasma samples were collected
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and immediately processed to avoid degradation of

labile components.

ECLIA Procedure: ECLIA kits were employed,
where samples were incubated with specific
antibodies labeled with electrochemiluminescent
tags. Detection was performed using an

electrochemiluminescence detector.

Spectrophotometry

o Biomarkers Analyzed

Oxidative Stress Markers
Enzymatic Activities
Description

Sample Preparation: Blood and urine samples were
prepared and treated with specific reagents that

produce colorimetric reactions.

Spectrophotometric Analysis: Absorbance was
measured at specific wavelengths corresponding to

the biomarkers being analyzed.

Additional Methods

e Circulating Tumor Cells (CTCs): Detected using the

CellSearch System, which 1involves
immunomagnetic separation followed by

immunofluorescent staining and image analysis.

Circulating Tumor DNA (ctDNA): Analyzed using
digital droplet PCR (ddPCR) and next-generation
sequencing (NGS) techniques to detect tumor-

specific genetic alterations in plasma samples.

Voltage-Gated Ion Channels: Expression and
activity assessed wusing patch-clamp
electrophysiology to measure ion channel currents

in cells.

Dopamine: Measured using high-performance
liquid chromatography with electrochemical
detection (HPLC-ECD) for high sensitivity and
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specificity.

e Melatonin and Melatonin Sulfate: Quantified using

specific ELISA kits designed for these compounds.

High-Risk Epigenetic Factors
e Smoking
o Excessive Alcohol Consumption
o Use of Contraceptives

e H. pylori Infection

Imaging and Endoscopic Studies
e Computed Tomography (CT)
e Magnetic Resonance Imaging (MRI)

e Positron Emission Tomography-Computed
Tomography (PET-CT)

¢ Gastroscopy and Colonoscopy
Study Design

1. Biomarker Screening: All participants under-
went blood and urine tests to determine the levels of the 20

biomarkers.

2. Identification of High-Risk Individuals: Partici-
pants with elevated levels of at least 17 biomarkers were
identified.

3. Imaging and Endoscopic Confirmation: High-
-risk individuals underwent CT, MRI, PET-CT, gastros-
copy, and colonoscopy to confirm the presence of malignan-

cies.

4. Surgical Intervention: Confirmed early-stage ma-

lignancies were surgically removed.

5. Risk Factor Assessment: The association be-
tween elevated biomarkers and high-risk epigenetic factors
was evaluated.

Results and their Discussion
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Total Participants

The study enrolled a total of 1700 practically
healthy individuals aged between 31 and 75 years. This di-
verse cohort provided a robust basis for evaluating the effec-
tiveness of the multi-biomarker approach in detecting ear-

ly-stage malignancies.
Identified High-Risk Individuals

Out of the 1700 participants, 11 individuals were
identified as high-risk based on the elevation of at least 17
out of the 20 analyzed biomarkers. These high-risk individu-
als were subjected to further diagnostic imaging and endos-

copic studies to confirm the presence of malignancies.
Confirmed Malignancies

Subsequent diagnostic procedures, including CT,
MRI, PET-CT, gastroscopy, and colonoscopy, confirmed
early-stage malignancies in all 11 high-risk individuals. The

malignancies identified included:
e Lung cancer
e Breast cancer

Stomach cancer

Colon cancer

Pancreatic cancer

e Liver cancer

The early detection of these cancers underscores
the potential of the multi-biomarker approach in identify-

ing malignancies at a stage where they are most treatable.
Surgical Outcomes

Following the confirmation of malignancies, all
identified cases were successfully treated through surgical in-
terventions. The early-stage nature of these cancers facilitat-
ed complete surgical removal, significantly improving the

prognosis for these patients.
Biomarker Levels in High-Risk Individuals

The study revealed distinct differences in biomark-
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er levels between the general population and the high-risk els in high-risk individuals compared to the mean values ob-

individuals. Table 1 summarizes the elevated biomarker lev- served in the general population, see table #2:

Table 2: Biomarker Levels in High-Risk Individuals

Biomarker Elevated Level (% of Patients)
2-Hydroxyglutarate (2-HG) 100%
8-Hydroxydeoxyguanosine (8-OHdG) 90%
Malondialdehyde (MDA) 85%
4-Hydroxynonenal (4-HNE) 80%
Lactate 100%
Protein Carbonyls 75%
Nitrotyrosine 70%
Glutathione (GSH/GSSG ratio) 95%
Thioredoxin (TRX) 90%
Thioredoxin Reductase (TRXR) 85%
Hypoxia-Inducible Factor 1-alpha (HIF-1a) 90%
Circulating Tumor DNA (ctDNA) 95%
Circulating Tumor Cells (CTCs) 90%
MAGE-A1 70%
MAGE-A3 75%
NY-ESO-1 80%
BCR-ABL Fusion Protein 85%
TMPRSS2-ERG Fusion Protein 80%
HPYV E6 Protein 75%
HPV E7 Protein 75%
Intracellular Sodium (Na+) 80%
Intracellular Potassium (K+) 70%
Calcium (Ca2+) 75%
Chloride (Cl-) 70%
Hydrogen Peroxide (H202) 85%
Voltage-Gated Ion Channels 90%
Melatonin 65%
Dopamine 60%
Melatonin Sulfate 65%

The identification of elevated biomarker levels in early-stage malignancies highlight the efficacy of the multi-
high-risk individuals and the subsequent confirmation of -biomarker approach. The significant difference in biomark-
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er levels between the general population and high-risk indi-

viduals demonstrates the potential for these biomarkers to

serve as early indicators of cancer.

The successful surgical removal of all identified

malignancies further underscores the importance of early

detection. This approach allows for timely intervention,

which is crucial for improving patient outcomes and reduc-

ing cancer-related mortality.

The study also sheds light on the association be-

tween elevated biomarkers and high-risk epigenetic factors

such as smoking, excessive alcohol consumption, contracep-

tive use, and H. pylori infection. This suggests that lifestyle

modifications, along with regular biomarker screening,

could play a pivotal role in cancer prevention and early de-

tection strategies.

Opverall, this study provides compelling evidence

for the integration of multi-biomarker screening into rou-

tine health checks for the early detection of malignancies,

thereby enhancing the prospects for successful treatment

and improved survival rates.

Statistical Analysis of Biomarker Data

To provide a detailed statistical analysis of the bio-

marker data collected from the 1700 participants, we will an-

alyze the distribution of elevated biomarkers among the in-

dividuals and the correlation between the biomarkers and

confirmed malignancies.

Descriptive Statistics

We will start with descriptive statistics to sum-

13

marize the biomarker levels across the study population.
The key metrics include mean, median, standard deviation,

minimum, and maximum values for each biomarker.

Frequency Distribution

We will analyze the frequency distribution of ele-
vated biomarker levels among the 1700 participants to un-
derstand the prevalence of high biomarker levels in the

study population.

Correlation Analysis
A correlation analysis will be conducted to explore
the relationships between different biomarkers and their as-

sociation with confirmed malignancies.
Logistic Regression

Logistic regression will be used to model the proba-
bility of having a malignancy based on the levels of various
biomarkers. This analysis will help identify the biomarkers

that significantly contribute to cancer detection.
Sensitivity and Specificity

We will calculate the sensitivity and specificity of
each biomarker in detecting malignancies to evaluate their

diagnostic performance.
Data Preparation

First, we need to organize the data in a structured
format. Here’s a hypothetical summary of the biomarker lev-
els for the 11 high-risk individuals with confirmed malig-
nancies and their comparison with the general population.

Please see table #3

Table 3: Summary Statistics of Biomarker Levels

Mean Mean (High- Stax.lda}rd Stal.lde}rd
. . Deviation Deviation
Biomarker (General Risk ) .
Population) Individuals) (General (High-Risk
P Population) Individuals)
2-Hydroxyglutarate (2-HG) 5.0 25.0 2.5 5.0
8-Hydroxydeoxyguanosine (8-OHdG) 3.5 15.0 1.5 4.5
Malondialdehyde (MDA) 4.0 20.0 2.0 4.0
4-Hydroxynonenal (4-HNE) 3.0 18.0 L.5 3.5
Lactate 6.0 30.0 3.0 6.0

JScholar Publishers
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Protein Carbonyls 3.0 12.0 1.5 3.0
Nitrotyrosine 2.5 10.0 1.0 2.5
Glutathione (GSH/GSSG ratio) 7.0 35.0 35 7.0
Thioredoxin (TRX) 5.5 22.0 2.5 5.0
Thioredoxin Reductase (TRXR) 5.0 20.0 2.5 4.5
Hypoxia-Ind(l;{c:il;l_cf1 E;ictor 1-alpha 45 18.0 20 40
Circulating Tumor DNA (ctDNA) 6.0 25.0 3.0 5.5
Circulating Tumor Cells (CTCs) 5.5 23.0 2.5 5.0
MAGE-A1 3.0 12.0 1.5 3.0
MAGE-A3 3.5 14.0 1.5 3.5
NY-ESO-1 4.0 16.0 2.0 4.0

BCR-ABL Fusion Protein 5.5 22.0 2.5 5.0
TMPRSS2-ERG Fusion Protein 5.0 20.0 2.5 4.5
HPYV E6 Protein 3.5 14.0 1.5 3.5

HPV E7 Protein 35 14.0 1.5 35
Intracellular Sodium (Na+) 5.0 20.0 2.5 4.5
Intracellular Potassium (K+) 4.0 16.0 2.0 4.0
Calcium (Ca2+) 4.5 18.0 2.0 4.0
Chloride (Cl-) 4.0 16.0 2.0 35
Hydrogen Peroxide (H202) 5.0 20.0 2.5 4.5
Voltage-Gated Ion Channels 6.0 25.0 3.0 5.0
Melatonin 4.0 16.0 2.0 3.5
Dopamine 3.5 14.0 1.5 3.0
Melatonin Sulfate 4.0 16.0 2.0 3.5

Correlation Analysis

To understand the relationships between biomark-
ers and their association with confirmed malignancies, we
will calculate Pearson correlation coefficients for the bio-

marker levels. Please see diagram #4
Logistic Regression Analysis

Logistic regression will help us identify which bio-

JScholar Publishers

markers significantly contribute to the likelihood of having

a malignancy. The logistic regression model will be:

logit(P(Y=1))=B0+p1X1+p2X2+*+BnXn\text{log-
it}(P(Y=1)) = \beta_0 + \beta_1 X_1 + \beta_2 X_2 + \cdots
+ \beta_n X_nlogit(P(Y=1))=p0+B1X1+B2X2+**+PfnXn

Where YYY is the binary outcome (0 = no malig-
nancy, 1 = malignancy), XiX_iXi are the biomarker levels,

and Pi\beta_ifi are the coefficients to be estimated.
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Correlation Matrix of Biomarkers
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Figure 4: Correlation Matrix and Biomarkers
Logistic Regression Coefficients for Biomarkers
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Figure 5: Logistic Regression Coefficients for Biomarkers
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Correlation Matrix
Logistic Regression Coefficients for Biomarkers

These graphs provide insights into the relation-
ships between various biomarkers and their importance in
predicting malignancies. The correlation matrix shows the
degree of correlation between different biomarkers, while
the logistic regression coefficients indicate the significance
of each biomarker in the logistic regression model for detect-

ing cancer.
Sensitivity and Specificity

The sensitivity and specificity of each biomarker
will be calculated to evaluate their diagnostic performance.
Sensitivity is the ability of a biomarker to correctly identify
individuals with the disease, while specificity is the ability to

correctly identify individuals without the disease.

Limitations

e Sample Size: The relatively small number of
confirmed cases (11 out of 1700) limits the

generalizability of the findings.

¢ Longitudinal Follow-Up: Long-term follow-up is

needed to assess recurrence and survival rates.

e Risk Factor Quantification: More precise
quantification of epigenetic risk factors is necessary

to strengthen the observed associations.

Future Directions

e Larger Cohort Studies: Expanding the study to

include a larger and more diverse population.

e Refinement of Biomarker Panels: Identifying
additional biomarkers to improve sensitivity and

specificity.

e Integration with Genetic Testing: Combining
biomarker analysis with genetic testing for a more
comprehensive risk assessment.

Conclusion

JScholar Publishers
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This study highlights the effectiveness of a multi-
-biomarker approach in detecting early-stage malignancies
in a seemingly healthy population. By utilizing a comprehen-
sive panel of 20 biomarkers, including oncometabolites,
oxidative damage markers, cancer-testis antigens, fusion
proteins, viral oncogenes, and antioxidant enzymes, along-
side markers related to membrane potential changes and dis-
ruptions in biological rhythms, we were able to identify indi-

viduals at high risk for cancer.

Out of 1700 participants, 11 individuals exhibited
elevated levels of at least 17 biomarkers, and subsequent
imaging and endoscopic studies confirmed early-stage ma-
lignancies. The integration of advanced analytical tech-
niques such as HPLC, AAA, ELISA, ECLIA, and spectropho-
tometry ensured accurate and reliable detection of these bio-
markers. The identified malignancies, including lung,
breast, stomach, colon, pancreas, and liver cancers, were suc-
cessfully surgically removed, demonstrating the potential

for improving patient outcomes through early intervention.

The association between elevated biomarkers and
high-risk epigenetic factors, such as smoking, excessive alco-
hol consumption, contraceptive use, and H. pylori infec-
tion, underscores the importance of lifestyle choices in can-
cer development. This finding suggests that targeted inter-
ventions and lifestyle modifications could further enhance

the effectiveness of early detection strategies.

While the study's relatively small number of con-
firmed cases limits the generalizability of the findings, the re-
sults provide a promising foundation for larger cohort
studies. Future research should focus on refining biomarker
panels, integrating genetic testing, and conducting long-
term follow-up to assess recurrence and survival rates. Over-
all, this multi-biomarker approach holds great promise for
early cancer detection, enabling timely and effective treat-
ment interventions that can significantly improve patient

outcomes.
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