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ABSTRACT: This study investigates the diagnostic and prognostic significance of key cancer biomarkers—KRAS, BCR-ABL,
PIVKA-II, and HPV—through literature review and laboratory-based molecular diagnostics. Real-time PCR and immunoassays
were employed to analyze clinical samples for genetic, proteomic, and viral biomarkers. The findings revealed that KRAS
mutations were identified in codon 12, while BCR-ABL fusion transcripts were detected in multiple blood samples, confirming
leukemia diagnosis. Elevated PIVKA-IT levels indicated hepatocellular carcinoma, and HPV 16 & 18 strains were identified in
cervical samples. These results highlight the importance of molecular diagnostics in early detection and the planning of treatment.
The study also highlights challenges in biomarker variability and sample size, and emphasizes the future potential of synthetic

biomarkers and Al-based diagnostics in cancer care.

KEYWORDS: Translational Medical Sciences, Disease Detection and Diagnosis, Biomarkers, Cancer RT PCR, BCR-ABL,

HPV, KRAS Mutation.

B Introduction

Biomarkers in cancer refer to measurable indicators of bio-
logical or pathological processes, including specific molecules
in bodily fluids, tissues, or cells that provide valuable insights
into cancer progression, type, or presence.' Biomarkers can be
proteins, genes, metabolites, or even lipids that are differen-
tially expressed in cancerous tissues as compared to normal
tissue. Cancer biomarkers can be broadly classified as proteom-
ic, genetic, and epigenetic. Genetic biomarkers are alterations
in the DNA sequence that may drive the development of
cancer. KRAS and EGFR are common examples of genetic
biomarkers.? Additionally, HPV (human papillomavirus) de-
tection serves as an epigenetic and viral biomarker in cervical
and oropharyngeal cancers. High-risk HPV strains, particular-
ly HPV-16 and HPV-18, are implicated in the pathogenesis
of these cancers.* Proteomic biomarkers define a change in
protein levels, which reflects alterations in cell signaling,
metabolic pathways, or immune response.* PIVKA-II is an ab-
normal form of prothrombin used in hepatocellular carcinoma
(HCC),® and is an example of a protein biomarker that will be
examined in the literature review (Table 1).

Protein biomarkers include overexpressed proteins such as
HER?2 in breast cancer and mutated proteins like BCR-ABL
in chronic myeloid leukemia (CML), which is critical for treat-
ment with tyrosine kinase inhibitors.®

Biomarkers guide cancer management by classifying tumors
based on molecular signatures that often predict therapeutic
outcomes. For instance, HER2 overexpression in breast cancer
identifies patients likely to respond to targeted therapies like
Trastuzumab, improving prognosis. Predictive biomarkers also
help determine a tumor’s likelihood of responding to specif-
ic treatments. In the context of targeted therapies, biomarkers
like EGFR in non-small cell lung cancer (NSCLC) play a cru-

cial role in identifying patients who will benefit from tyrosine
kinase inhibitors (TKIs), such as erlotinib or gefitinib.”

One of the primary challenges in oncology is accurately
distinguishing between various cancer types, as tumors with
similar histological features may have distinct molecular pro-
files and clinical behaviors. Genetic biomarkers have become
indispensable in overcoming this challenge, particularly in the
case of histological overlap or ambiguous clinical represen-
tation. For instance, mutations in KRAS, a gene encoding a
GTPase involved in cell signaling,® are common in colorec-
tal cancer and pancreatic cancer, where they not only provide
prognostic value but also detect resistance to therapies such as
anti-EGFR monoclonal antibodies like cetuximab.” Similarly,
EGFR mutations, most notably exon 19 deletions, and L858R
point mutations are frequent in adenocarcinoma of the lungs,
particularly in non-smokers and Asian populations,'® and help
differentiate between cancer subtypes while guiding the use
of EGFR inhibitors for targeted treatment.! For instance,
BRCA1/2 mutations: these tumor suppressor genes predis-
pose individuals to hereditary breast and ovarian cancer, where
mutations correlate with high-grade tumors and guide the use
of PARP inhibitors such as Olaparib, significantly improving
patient outcomes in BRCA-mutated cancers, thus proving that
biomarkers are central to the precision medicine approach in
oncology.'?
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Table 1: List of Biomarkers associated with different Cancers. This table
summarizes relevant biomarkers identified in various cancer types, including
the gene name, associated cancer(s), specific mutation(s), diagnostic
application, brief explanation of biomarker relevance-prognostic value,
predictive utility, or clinical applicability.

Name of Cancer M Di Expl: References
the gene type/types
KRAS Colorectal, G12A, Sanger KRAS mutations are Shackelford et
Pancreatic, | G12V, sequencing oncogenic drivers that al. 201213
and lung G12C promote uncontrolled cell
cancer growth; they are Huang et al.
common in solid tumors | 2021
and influence treatment
decisions
PIVKA-II Liver, - Biochemical PIVKA-Ilis an abnormal | Zhu et al.
Pancreatic analysis of the prothrombin protein 202415
cancer levels of PIVKA- | elevated in vitamin K
Il (Protein deficiency and
Induced by hepatocellular
Vitamin K carcinoma, used as a
Absence-Il) tumor marker for liver
cancer.
HPV Cervical, HPV-16, HPV test on Persistent infection with Tsakogiannis
Human Anal, Vulvar, | HPV-18 samples taken high-risk HPV types et al. 2022'¢
papillomavi | Vaginal, from the cervical | leads to genomic
rus Penile, and cells instability and is the
Oropharyng primary cause of cervical
eal Cancer and other anogenital
cancers.
BCR-ABL Blood T215I, Flow cytometry BCR-ABL fusion gene Lof et al.
(Chronic E255K/V, results from the 20177
Myeloid Y253F/H, Philadelphia
Leukemia, F3171/L, chromosome Hochhaus et
Acute V299L translocation and is a al. 20118
Lymphoblast key driver in CML;
ic Leukemia) resistance mutations
impact therapy
response.

molecular hybridisation

The process of creating
stable double-stranded
hybrid molecules by pairing
DNA or RNA from different

electron

DNA sequencing microscopy

Electron microscopy is an
advanced imaging
technique that enables the
detailed visualization of the
ultrastructure of cells and
tissues.

A technique that
examines the
arrangement of base
sequences in specific
DNA fragments to identity
tumor markers.

species and identifying
complementary sequences.

crispricas Polymerase

reaction

A gene-editing tool derived
from the bacterial immune
system, characterized by low
cost, high efficiency, and
minimal application o
complexity. T

A molecular
biology technique
used to replicate
and amplify
specific DNA
fragments.

Technologies for tumor
 fluorescent biomarker detection
immunoassay

Immunohist

. ochemistry

vvvvv - “... HC uses antibodies to
identify the location and

distribution of specific

antigens within cells and

tissues, typically in formalin-
fixed, paraffin-embedded

sections.

Atechnique that merges
the precision of an
immune response with the
sensitivity of fluorescence
technology.

Figure 1: Schematic representation of different diagnostic techniques used to
detect tumor biomarkers.

To investigate the diagnostic and prognostic potential of
specific cancer biomarkers, I compiled and analyzed studies
mainly published between 2010 and 2024 by querying data-
bases like PubMed, Google Scholar, Kaggle, SpringerLink,
and PMC for peer-reviewed articles, datasets, and review pa-
pers focused primarily on genetic, proteomic, and epigenetic
biomarkers across various cancer types. The studies select-
ed were mainly from randomized controlled trials (RCTs),
systematic reviews, and meta-analyses to ensure high-quali-
ty evidence, with preference given to studies that addressed
well-established biomarkers in breast, colorectal, lung, and
ovarian cancer. Studies from 2015 to 2024 were mainly chosen
to reflect the latest developments in cancer biomarker research.

The present study aims to investigate specific biomarkers'
diagnostic and prognostic potential by comparing the find-
ings in healthy versus cancer patients. The research will help

examine how these biomarkers can help differentiate cancer
types, predict treatment, and provide insights into disease
progression. By synthesizing current evidence and analyzing
data from a range of studies, this work will contribute to the
ongoing work to refine cancer diagnostics and personalized
therapeutic strategies. Additionally, while previous literature
has extensively described the roles of individual biomarkers
in cancer diagnosis or prognosis, this study aims to provide
a comparative analysis of four key biomarkers through both
literature review and molecular diagnostics, to analyze their
combined diagnostic and prognostic potential across different
cancer types.

B Methodology

KRAS Mutation Diagnosis:

For KRAS mutation analysis, genomic DNA was extract-
ed from fresh, frozen, or formalin-fixed paraffin-embedded
(FFPE) tumor tissues using the QIAamp® FFPE DNA Tis-
sue Kit. DNA purity was verified using spectrophotometric
analysis, ensuring an A260/A280 ratio between 1.7 and 1.9.
Each PCR reaction used 150-200 ng of purified genomic
DNA. The DNA extraction process began by removing ex-
cess paraffin from the tissue block using a scalpel. Up to eight
sections, each 5-10 pm thick, were cut from the block. If the
outermost section was exposed to air, the first 2-3 sections
were discarded to minimize contamination. The remaining
sections were transferred to a 1.5- or 2-ml microcentrifuge
tube, to which 1 ml of xylene was added. The tube was vor-
texed vigorously for 10 seconds, followed by centrifugation at
full speed for 2 minutes at room temperature (15-20 °C). The
supernatant was then carefully removed without disturbing
the pellet. Subsequent steps were carried out according to the
QIAamp® DNA FFPE Tissue Kit protocol to complete the
extraction.

The detection of KRAS mutations was based on allele-specif-
ic amplification using the Amplification Refractory Mutation
System (ARMS) in real-time PCR. This method employed
specific primers to selectively amplify mutated DNA sequenc-
es, while fluorescent probes (HEX and FAM) were used to
differentiate between mutant and wild-type alleles. During
amplification, Taq polymerase cleaved the probes, releasing a
fluorescent signal proportional to the number of DNA cop-
ies. The data was analyzed using the BIORAD CFX Maestro
software.

For the PCR setup, the reaction mix included a master mul-
tiplex mix composed of a reaction buffer, MgCl,, stabilizers,
hot-start DNA polymerase, and dNTPs (dATP, dCTP, dGTP,
dTTP). Additionally, specific primer-probe mixes (PPM)
were prepared for each KRAS mutation along with an internal
control primer-probe mix. Internal controls serve to monitor
the efficiency of amplification and detect the presence of po-
tential inhibitors, ensuring assay integrity. Each DNA sample
underwent 12 different PCR reactions, each targeting a dis-
tinct KRAS mutation.
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PCR reaction mixes per assay:

Component Volume per reaction (pl)

Multiplex master mix (including reaction buffer, 10
MgClz, stabilizers, DNA polymerase, and dNTPs)

Primer probe mix (PPM) specific to the target 25
mutation

Internal control primer probe mix 25
Total volume (excluding DNA sample) 15

DNA sample (150-200 ng)

Moutation Detection by Real-Time PCR:

Thermal cycling for the real-time PCR assay was performed
under the following conditions: an initial denaturation step at
94°C for 10 minutes, followed by 40 amplification cycles con-
sisting of denaturation at 94°C for 15 seconds and a combined
annealing and fluorescence acquisition step at 60°C for 60
seconds. Each reaction included appropriate controls—ster-
ile water as the negative control and KRAS-positive control
DNA provided by the manufacturer as the positive control.
Mutation detection was carried out by analyzing cycle thresh-
old (Ct) values. The A Ct value, calculated as the difference
between the mutation-specific Ct and the reference Ct, was
compared to predefined thresholds (as shown in Table 2).
Samples with A Ct values below the cut-off were classified as
mutation-positive.

Upto5

Table 2: Key KRAS mutations along with their codons, exons, and A Ct
thresholds for detection using TRUPCR® KRAS Mutation Kit.

KRAS Codon | Exon Mutation Amino Acid

ACtCut- Clinical Relevance
Mutation Type Change
off ()
G128 12 2 Missense Gly - Ser 7.0 Common in colorectal
and lung cancers
G12D 12 2 Missense Gly - Asp 45 Predicts resistance to
anti-EGFR therapies
G12R 12 2 Missense Gly - Arg 85 Rare; seen in
pancreatic cancer
G13D 13 2 Missense Gly - Asp 55 May retain some
EGFR-inhibitor
sensitivity
G12C 12 2 Missense Gly > Cys 3.5 Targeted by sotorasib
(AMG 510), adagrasib
G12v 12 2 Missense Gly - Val 6.5 Common in NSCLC
G12A 12 2 Missense Gly - Ala 7.5 Occurs in pancreatic
and colorectal cancer
A59x 59 2 Other (e.9., | Ala— X 4.0 Rare; associated with
stop) aggressive phenotype
(Stop)
Q61x 61 2 Other Gln - X 45 Found in various
malignancies
(e.g., His,
Leu)
K117x 17 3 Other Lys - X 5.5 Less frequent, linked
with therapy resistance
A146x 146 3 Other Ala - X 8.0 Detected in colorectal
and hematologic
cancers
BCR-ABL:

RNA Extraction and Reverse Transcription for BCR-ABL1
Detection:

Peripheral blood or bone marrow samples were collected in
EDTA tubes and stored at 2—-8°C. Total RNA was extract-
ed using either the 3B SpeedTools RNA Blood Kit, Qiagen®
RNeasy Mini Kit, or QIAmp® RNA Blood Mini Kit, follow-
ing the manufacturer’s protocols. RNA purity was confirmed
using spectrophotometry (A260/A280 ratio of 1.7-2.0), and

1 pg of RNA per sample was reverse-transcribed using the
TRUPCR® BCR-ABL1 Kit.

gPCR for BCR-ABL1 Transcript Detection:

Quantitative PCR was performed using the TRUPCR®
BCR-ABL1 Kit, which targets major, minor, and micro
BCR-ABLI1 fusion transcripts and ABL1 as a reference. Flu-
orescent probes (FAM, HEX) enabled detection via Taq
polymerase-mediated probe hydrolysis, with signal intensity
proportional to RNA copy number. Data were analyzed using
BIORAD CFX Maestro software. Each reaction included a
master mix (buffer, MgCl,, dNTPs, stabilizers, hot-start poly-
merase), transcript-specific primer-probe mixes, nuclease-free
water, and 5 pl cDNA. Four reactions per sample were run.
Thermal cycling involved initial denaturation at 94°C for 10
min, followed by 45 cycles of 94°C for 15s and 60°C for 60s
(fluorescence acquisition). Negative (sterile water), positive
(BCR-ABL1 standard), and internal (ABL1) controls were
included.

DNA Extraction for HPV Detection:

DNA was extracted from cervical swabs, urine, or FFPE tis-
sue using the TRUPCR® Tissue DNA Extraction Kit. DNA
quality (A260/A280 ratio 1.7-2.0) was verified spectrophoto-
metrically. A volume of 10 pl of DNA per sample was used for

amplification.

gPCR for HPV Genotyping:

HPV detection was performed using the TRUPCR® HPV
HR with 16 and 18 Differentiation Kit. Primers targeted the
E6/E7 regions of HPV 16, 18, and 12 other high-risk gen-
otypes. Fluorescent probes (FAM, HEX, Texas Red, Cy5)
differentiated between genotypes and internal controls. Taq
polymerase cleaved the probes during amplification, generating
genotype-specific signals. Data were analyzed with BIORAD
CFX Maestro. Each reaction included a multiplex master mix
(buffer, MgCl,, dNTPs, polymerase, ROX), primer-probe mix,
and appropriate controls. Samples were tested in a single-tube
multiplex format. Thermal cycling included 94°C for 10 min
(initial denaturation), followed by 38 cycles of 94°C for 15s,
62°C for 30s (annealing), 72°C for 15s (extension), and a final
fluorescence step at 60°C for 30s. Controls included sterile wa-
ter (negative), standard HPV DNA (positive), and an internal

human gene control.

Fluorescent channel selection:

Table 3: Reporter dyes used for the detection of different HPV genotypes for
TRUPCR® HPV HR with 16 & 18 differentiation kit (Single tube) reaction.

Target Reporter/ detection channel | Interpretation / Purpose

HPV HR (14 genotypes) FAM/green Detects the presence of any
of the 14 high-risk HPV

“HPV HR” refers to pooled genotypes
detection of the 14 high-risk
types (e.g., 16, 18, 31, 33, 35,

39, 45, 51, 52, 56, 58, 59, 66,

and 68).

HPV 16 Texas Red/Rox Differentiates specifically the
HPV 16 genotype

HPV 18 HEXNic Differentiates specifically the
HPV 18 genotype

Internal control Cy5/Red Confirms DNA extraction and

PCR reaction validity

16
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PIVKA II-Protein Induced by Vitamin K Absence or Antag-
onist-I1:

Sample preparation:

Human serum or plasma samples were collected using stan-
dard sampling conditions or tubes containing a separating gel.
Acceptable anticoagulants included lithium heparin, K;-ED-
TA, and K3-EDTA. The Cobas e 801 analytical unit used 24
pl of the sample. The sample was automatically prediluted 1:5
with Diluent Universal, and 12 pl of the prediluted sample was
used in the assay.

Assay procedure:

First incubation: The pre-diluted sample was incubated
with a biotinylated monoclonal PIVKA-II-specific antibody
and a monoclonal PIVKA-II-specific antibody labeled with a
ruthenium complex, forming a sandwich complex.

Second incubation: Streptavidin-coated microparticles were
added, allowing the complex to bind to the solid phase via a
biotin-streptavidin interaction.

Measurement: The reaction mixture was aspirated into the
measuring cell, where microparticles were magnetically cap-
tured onto the electrode surface. Unbound substances were
removed, and the electrochemiluminescent signal was mea-
sured; the total assay duration was 18 minutes.

Analytical Specifications and Detection Protocol:

The assay had a measuring range of 3.5-12,000 ng/mL,
with a limit of detection (LoD) of <3.5 ng/mL. Repeatabili-
ty, expressed as the coefficient of variation (CV), ranged from
1.0% to 1.8%. The thermal cycling protocol included an initial
incubation for 18 minutes at room temperature, followed by
electrochemiluminescent signal measurement for detection.
Control reactions included sterile water as a negative control,
a PIVKA-II standard dilution series as the positive control,
and an internal control to ensure consistency across multiple
calibrations.

B Results

This study analyzed four key cancer biomarkers—KRAS,
BCR-ABL, PIVKA-II, and HPV—across multiple clini-
cal samples using real-time PCR and immunoassays. KRAS
mutation analysis of sample M023-A0347 revealed three on-
cogenic mutations—G12C, G12V, and G12A—indicating a
KRAS-positive profile commonly associated with colorectal,
lung, and pancreatic cancers. BCR-ABL testing across 10
hematological samples showed fusion transcripts in 8 cases,
supporting a diagnosis of chronic myeloid leukemia (CML) or
Philadelphia-positive acute lymphoblastic leukemia (ALL). In
the HPV analysis, 3 out of 10 cervical samples tested positive
for high-risk genotypes (HPV 16 and/or 18), suggesting viral
oncogenic involvement in a subset of the population. PIV-
KA-II levels, assessed in liver cancer risk cases, were elevated
in 7 of 10 samples, indicating a potential diagnosis of hepato-
cellular carcinoma (HCC). Collectively, these findings validate
the clinical utility of molecular diagnostics in cancer detection,
while also highlighting biomarker-specific patterns that in-
form diagnosis, prognosis, and potential therapeutic strategies.

KRAS sample analysis:

Detection of KRAS mutations in Sample M023-A0347
using the TRUPCR® KRAS Kit across 11 assays. The table
summarizes Ct values for both mutant (FAM) and control
(HEX) channels, A Ct calculations, and interpretation against
reference thresholds. The analysis revealed that mutations
G12C, G12V, and G12A were detected as positive, indicat-
ing the presence of clinically relevant KRAS mutations in this
sample.

Table 4: KRAS mutation analysis of Sample M023-A0347 using the
TRUPCR® KRAS Kit. A Ct values were compared against reference

thresholds across 11 assays. The mutations G12C, G12V, and G12A were
detected, indicating a KRAS-positive result.

KRAS Ct Fam Ct HEX ACt ACt Result
Mutation (sample) (control) calculated Reference
G12C - PPM 31.65 32.95 1.27 <35 G12C Positive
612S - PPM 32.41 32.41 <70 Wild type or
below LOD
G12R - PPM 33.31 33.31 <85 Wild type or
below LOD
612V - PPM 31.79 32.27 048 <65 G12V Positive
G12D - PPM 33.61 33.61 <45 Wild type or
below LOD
G12A - PPM 32.15 33.01 0.86 <75 G12A Positive
G13D - PPM 33.13 33.13 <55 Wild type or
below LOD
A59X - PPM 32.67 32.16 <40 Wild type or
below LOD
Q61X - PPM 32.80 32.80 <45 Wild type or
below LOD
K117X - PPM 32.63 32.63 <55 Wild type or
below LOD
A146X - PPM 32.62 32.62 <8.0 Wild type or
below LOD
Reference 30.71 33.42 271 No reference
ppm was provided
for direct
comparison.
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Figure 2: Graph showing RT PCR results for the identification of KRAS
mutation in the sample. A. Dual-target amplification showing positive
detection of KRAS G12C mutation (FAM, green) alongside internal control
(HEX, blue). B. Positive detection of KRAS G12V. C. Positive detection
of KRAS G12A. Distinct amplification curves and A Ct values confirm the
presence of these mutations, indicating a KRAS-mutant profile in the sample.
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BCR-ABL1 sample analysis:

Table 5: Summary of RT-PCR results for BCR-ABL1 detection using
ABL1 as the reference gene. Out of 10 samples analyzed, 8 tested positive and
2 tested negative, indicating the presence of BCR-ABLI1 fusion transcripts in

the majority of the cases.

Result

positive

Negative

Positive

Positive

Positive

Positive

Positive

Positive

Negative

S.No. | Sample ID

1 MO02400715
2 MO02400718
3 MO02400720
4 M02470021
5 MO02400725
6 MO02400726
7 M02500001
8 M02500002
9 MO02500005
10 MO02500009

Positive

Ampification Plot

Sample ID-
M02400715

Amplfication Plot

Sample ID-
M02400718

HPV sample analysis:

Table 6: RT-PCR analysis of HPV genotypes in clinical samples. Out of 10
samples tested, 3 were positive for high-risk HPV genotypes, while 7 showed
no detectable HPV DNA, indicating the presence of HPV infection in a
subset of the tested population.

S.No. Sample ID Result
1 M024-00061 Negative
2 M024-00062 Negative
3 M024-582 Negative
4 M024-583 Negative
5 M024-590 Positive
6 M025-015 Negative
7 M025-056 Positive
8 M025-084 Negative
9 M025-092 Positive
10 M025-103 Negative
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Figure 3: RT-PCR amplification curves for BCR-ABL1 detection across
multiple samples. Positive samples (A, C-H, ]) display dual amplification
curves for BCR-ABL1 (red) and the internal control ABL1 (blue), while
negative samples (B, I) show only the ABL1 control curve. These results align
with the sample analysis summarized in Table 5.
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Figure 4: Graphs showing RT PCR results for the identification of HPV
genotypes (HPV 16 and 18) in a sample. All samples showed Cy5/Red line
(internal control). Graph C is positive for HPV 18 (HEX) (blue line). Graphs
E and G (Texas red and HEX blue) are positive for both HPV 16 and HPV

18.
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PIVKA II sample analysis::

Table 7: PIVKA-II levels in samples with risk classification based on the
reference range (<28.4 ng/mL). Values above this indicate high risk, while
those below are normal.

Sample ID Result Risk Bio Ref Range
IMM2403116 2213 Normal <284
IMM2403112 23.27 Normal <284
IMM2403116 35.77 High <28.4
IMM2403117 19.78 Normal <28.4
IMM2403118 126.7 High <284
IMM2403122 33.91 High <28.4
IMM2500005 45.64 High <28.4
IMM2500006 243.9 High <284
IMM2500011 30.65 High <28.4
IMM2500031 55.70 High <284

Clinical Significance of the Results:
The clinical interpretation of the results obtained in this
study is summarized (Table 8) below.

Table 8: Clinical Interpretation of Biomarker Results.

Biomarker Detected Associated Cancer(s) Clinical Implication
Mutation /
Result
KRAS G12C, G12V, Colorectal, Lung, Confirms oncogenic mutations; indicates
G12A mutations Pancreatic likely resistance to anti-EGFR therapies
(e.g., cetuximab); supports the need for
alternative targeted treatments.
BCR-ABL Fusion gene Chronic Myeloid Confirms diagnosis; guides use of
detected in Leukemia (CML), tyrosine kinase inhibitors (TKIs) such as
multiple samples | Philadelphia-positive imatinib; essential for monitoring
ALL treatment response and disease
progression.
PIVKA-II Elevated in Hepatocellular Suggests liver malignancy; aids early
multiple samples | Carcinoma (HCC) diagnosis and monitoring of tumor
(e.g., 35.77 burden or recurrence; valuable in
ng/mL) surveillance of high-risk patients.
HPV High-risk types Cervical, Oropharyngeal | Confirming oncogenic viral infection,
16 and 18 were associated with elevated cancer risk,
detected guides screening, prevention (e.g., HPV
vaccination), and early treatment
strategies.

B Discussion

Introduction to Biomarkers in Oncology:

This literature review explores the diagnostic and prognostic
significance of key biomarkers—-KRAS, BCR-ABL, PIVKA-II,
and HPV-in various cancers (Table 1). This study analyzes
existing mutations and evaluates their effectiveness in ear-
ly detection, disease monitoring, and treatment stratification.
Understanding the clinical utility of these biomarkers is im-
proving patient care, as accurate diagnosis and prognosis can
lead to more targeted and effective therapeutic strategies, ulti-
mately enhancing survival and quality of life.

KRAS in Solid Tumors:

The KRAS gene encodes a GTPase integral to the RAS/
MAPK" signaling pathway, which regulates cellular prolif-
eration, differentiation, and survival. Mutations in KRAS,
particularly at codons 12,13, and 61, result in constitutive acti-
vation of the RAS protein, leading to uncontrolled cell division
and tumorigenesis."* These mutations are present in various

malignancies, including pancreatic (approximately 90%), col-
orectal (30-50%), and non-small cell lung cancers (15-30%).*
The presence of KRAS mutations (Table 4; Figure 2) serves
as a diagnostic marker, differentiating malignant from benign
lesions, and has prognostic implications, often correlating with
resistance to particular therapies and poorer clinical outcomes.

BCR-ABL and Hematologic Malignancies:

BCR-ABL is a fusion oncogene resulting from the t(9;22)
(q34;q11) chromosomal translocation, known as the Phil-
adelphia chromosome.’® This translocation juxtaposes the
breakpoint cluster region (BCR) gene on chromosome 22
with the Abelson murine leukemia viral oncogene homolog
1 (ABL1) gene on chromosome 9, producing a constitutive-
ly active tyrosine kinase. The BCR-ABL fusion protein drives
leukemogenesis by activating multiple signaling pathways that
enable proliferation and inhibit apoptosis. This fusion gene
is a hallmark of chronic myeloid leukemia (CML) (Table 5;
Figure 3) and is also present in a subset of Acute Lympho-
blastic Leukemia (ALL) cases.”” Detection of BCR-ABL is
diagnostic for this leukemia and guides targeted therapies with
tyrosine kinase inhibitors, such as imatinib,' which have im-
proved patient outcomes.

PIVKA-II as a marker for Hepatocellular Carcinoma:

PIVKA-II, or des-y-carboxy prothrombin, is an abnormal
form of the blood-clotting protein prothrombin. It is produced
in the absence of vitamin K or under the influence of vitamin
K antagonists. Elevated PIVKA-II levels (Table 7) are strongly
associated with hepatocellular carcinoma (HCC), as malignant
hepatocytes show impaired prothrombin carboxylation. This
biomarker helps distinguish malignant hepatic tumors from
benign liver conditions and is especially valuable for early
HCC detection in high-risk populations by identifying tu-

mor-specific proteins in the blood.?

HPV in Virus-Associated Cancers:

Human Papillomavirus (HPV), a double-stranded DNA
virus from the Papillomaviridae family, includes high-risk sub-
types like HPV 16 and 18, which are major drivers of cervical
and oropharyngeal cancers.”® These subtypes promote on-
cogenesis via E6 and E7 oncoproteins that inactivate tumor
suppressors p53 and pRB, enabling uncontrolled prolifer-
ation.?> HPV DNA (Table 6; Figure 4) and E6/E7 mRNA
tests support early detection and risk stratification. Addition-
ally, HPV integration into host DNA acts as a prognostic
marker, influencing tumor behavior and therapeutic response.

Prognostic Value Across Biomarkers:

Prognostic implications of biomarkers (Table 8) differ
across cancers. KRAS mutations are linked to aggressive tu-
mor phenotypes and poor survival, notably in colorectal and
lung cancers.™* These mutations cause constitutive activation of
proliferative pathways, enhancing invasiveness and resistance
to apoptosis. KRAS-mutant tumors also display increased
metastatic potential, signifying a worse prognosis. Similarly,
BCR-ABL transcript levels are a recognized prognostic factor
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in hematologic malignancies such as chronic myeloid leuke-
mia (CML). Elevated baseline levels or inadequate molecular
response to tyrosine kinase inhibitors (TKIs) indicate a higher
risk of disease progression to blast crisis.** Continuous mon-
itoring of BCR-ABL helps assess relapse risk and optimize
therapy. In HCC, PIVKA-II also serves a prognostic role.

Elevated levels correlate with larger tumors, vascular inva-
sion, and reduced survival.®® Post-surgical PIVKA-II levels
predict recurrence, identifying patients who may need adjuvant
therapy or intensive follow-up.

Biomarkers in Treatment Monitoring and Resistance:

Biomarkers are also critical for assessing treatment effi-
cacy and resistance. For example, KRAS mutations predict
resistance to EGFR-targeted therapies in colorectal cancer.'
Patients with KRAS mutations do not benefit from anti-EG-
FR agents like cetuximab and panitumumab, underscoring the
need for genotyping before treatment to avoid ineffective reg-
imens and unnecessary costs. In CML, BCR-ABL transcript
quantification informs treatment response. A major molecular
response (MMR), defined as a 23-log reduction in BCR-ABL
transcripts, correlates with prolonged progression-free sur-
vival.** Failure to achieve MMR suggests primary resistance,
warranting dose adjustment or switching to second-genera-
tion TKIs such as dasatinib or nilotinib. Some patients may
develop additional ABL mutations, like T315I, necessitating
third-generation TKIs like ponatinib. In HCC, persistently
high PIVKA-II levels post-treatment may indicate minimal
residual disease or early recurrence.” Successful resection or
targeted therapy typically reduces levels, while sustained eleva-
tion suggests incomplete tumor clearance or resistant disease,

highlighting PIVKA-II's role in treatment monitoring.

Validation of Molecular Diagnostics in the study:

This study explored molecular diagnostics using RT-PCR
for detecting BCR-ABL, HPV, and KRAS mutations, along-
side PIVKA-II screening for HCC (Figure 1). Although
limited in sample size, findings support RT-PCR as a sensitive
and specific technique for oncologic diagnostics.?” PIVKA-II
results aligned with previous studies validating its diagnostic
role in HCC.5 Future research with larger cohorts can confirm
these methods’ clinical utility.

Challenges in Biomarker-Based Diagnostics:

Despite progress, early tumor detection via biomarkers faces
challenges. Low biomarker abundance in early-stage cancers
impairs detection, and non-specific expression in benign con-
ditions can cause false positives. Furthermore, the sensitivity
of current techniques may not suffice for detecting low-level
ctDNA, leading to false negatives.”® Tumor heterogeneity and
dynamic biomarker expression add complexity, demanding
more robust assays.

Future Directions:

Recent innovations address these limitations.?” Paper-based
microfluidic devices offer rapid, low-cost biomarker detection,
even outside clinical labs. Such platforms have been developed

for KRAS mutation screening, facilitating early cancer diag-
nosis.*® Additionally, inter-patient variability, including genetic
differences, tumor microenvironment conditions, and immu-
nity status, contributes to differential biomarker expression,
which in turn affects detection sensitivity and reliability.

Al integration further enhances diagnostic accuracy. Al al-
gorithms can identify patterns in imaging and molecular data,
improving early detection.®® Al-assisted imaging, for example,
has advanced breast cancer screening outcomes.*? Additional-
ly, Al aids in interpreting liquid biopsies, increasing sensitivity
and specificity in cancer detection.’*** Interestingly, some of
the clinical samples tested negative for biomarkers despite be-
ing suspected cases. For instance, two samples expected to show
BCR-ABL transcripts (Table 5) and seven samples for HPV
(Table 6) were negative. These outcomes could be due to sev-
eral factors: (1) low disease burden resulting in biomarker levels
below detection thresholds, especially if the disease is in the
early or latent stages; (2) technical limitations such as RNA
degradation or suboptimal sample storage; and (3) In some
cases, the disease may behave differently in different people
(biological heterogeneity), and might not involve the specific
biomarker we tested for. This means a person could still have
the disease, but test negative because their version of the illness
is caused by a different mechanism (e.g., non-HPV cervical
cancers or atypical BCR-ABL-negative leukemia). Addition-
ally, host immune response and virus clearance might explain
HPV-negative results in previously exposed individuals.

Traditional biomarkers like ctDNA, proteins, and metabo-
lites have improved cancer diagnostics but often face challenges
such as low abundance, variability, and limited early-stage
detection. To overcome these, synthetic biomarkers—engi-
neered biological molecules®*® introduced into the body to
amplify disease signals—are emerging as promising tools.
These rationally designed molecules or nano sensors interact
with tumor-specific enzymes or microenvironmental changes,
producing detectable signals.?? They improve sensitivity and
specificity by amplifying weak biological signals.

Recent innovations include nano sensors that release syn-
thetic biomarkers when triggered by tumor enzymes,®
enabling early tumor detection. An MIT study*® showcased
a paper-based test using synthetic biomarkers for accurate,
non-invasive cancer screening. Beyond detection, synthetic
biomarkers show prognostic value. By dynamically respond-
ing to tumor progression, they help monitor treatment and
recurrence, supporting personalized treatment plans and better
outcomes.’’

B Limitations

This literature review offers insights into the diagnostic and
prognostic value of biomarkers, but some limitations must
be noted. A primary constraint was the inability to perform
independent lab analyses due to the biological nature of the
samples. As a minor, and following Good Laboratory Practices
and lab regulations, I was restricted from handling most clin-
ical specimens. Consequently, the sample size was small, and
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access to positive cases was limited, impacting the validation of
certain biomarker trends.

Another limitation was biomarker heterogeneity across
cancers. Although KRAS, BCR-ABL, and PIVKA-II are es-
tablished biomarkers, their expression and clinical relevance
can vary among patients. Tumor evolution, genetic mutations,
and technical issues in detection also complicate standardiza-
tion for early diagnosis and prognosis.

B Conclusion

This review and lab investigation emphasized the role of
KRAS, PIVKA-II, HPV, and BCR-ABL in distinguishing
cancerous from healthy tissues. These biomarkers enhance early
detection and guide clinical decisions. They also offer prog-
nostic insights into disease progression, treatment response,
and survival, aiding in therapy selection and risk stratifica-
tion. Continued research on synthetic and novel biomarkers is
crucial to improving diagnostic precision and advancing per-
sonalized oncology care.
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