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Cancer has the higher mortality rate in both developed and developing countries and
thus poses a serious global health concern (Gopal and Sharpless 2021). Even though
there has been a substantial development in the basic understanding of the biology of
cancer initiation and progression, identification of cancer risk and successful treat-
ment for various cancers still remain as challenges. The cancer biomarker is a
phenotypic attribute that is produced in response to cancer by transformed cells or
other cells in the body or under certain benign (noncancerous) conditions (de Martel
et al. 2020). Cancer biomarkers typically differentiate cancer-affected patients from
the normal populations. Documented alterations in cancer can be due to multiple
factors like germline or somatic mutations, transcriptional changes, and post-trans-
lational modifications. These alterations are vital targets of biomarkers for the early
detection, screening, and identification of cancer (van Gool et al. 2017; Costantini
et al. 2020; Chatterjee et al. 2005).

For many decades, the imaging of biopsied samples has been the backbone of
cancer diagnostics. Despite numerous advancements in imaging techniques, there
remains an intra-observational subjectivity that limits cancer detection in the earlier
stages (Flaherty et al. 2012). For early-stage detection, screening tools must have a
high level of sensitivity (ability to correct identification of diseased people) and
specificity (ability to correct identification of normal people) (Chen et al. 2020).
When a test is highly sensitive, it will detect the majority of people who have the
disease, resulting in very few false-negative results. When a test is highly specific,
only a small percentage of people who do not have the disease will test positive.
They should also be widely distributed, acceptable, affordable, and safe (Pepe
et al. 2016).

A prognostic biomarker informs about a likely cancer outcome (i.e., disease
recurrence, disease progression, death) independent of treatment received. Examples
of prognostic biomarkers are prostate-specific antigen (PSA) level at the time of a
prostate cancer diagnosis or the PIK3CA mutation status of tumors in women with
human epidermal growth factor receptor 2 (HER2)-positive metastatic breast cancer.
The majority of tumor diagnostic markers are generated by both normal and cancer
cells, but they are formed at much higher levels in cancerous conditions. Some
cancer patients’ blood, urine, stool, tumor tissue, or other tissues or bodily fluids
contain these substances (Wirth et al. 1993; Nagpal et al. 2016).



vi Introduction

To date, no tumor marker has been identified that is sensitive or specific enough
to be used alone to screen for cancer. For example, men are often screened for
prostate cancer using the prostate-specific antigen (PSA) test, which quantifies PSA
levels in the blood. The higher PSA level is considered as a tumor marker for
prostate cancer (Wirth et al. 1993). CA-125 is a tumor marker that is sometimes
elevated in the blood of women with ovarian cancer but can also be elevated in
women with benign conditions and thus is not sensitive or specific enough to be used
in screening for ovarian cancer in women at average risk (Nagpal et al. 2016).

The advancement of cancer biology has established that oncogenes and tumor-
suppressor gene mutations can be identified in body fluids that drain from tumors of
affected organs. Measurements of point mutations, loss-of-heterozygosity, and
chromosomal aberrations can be obtained from sputum, saliva, and urine with
novel assays (Huang et al. 2016). For example, there are molecular assays that
have identified p53 and ras mutations from stool and urine samples of cancer patients
(von Knebel Doeberitz and Lacroix 1999; Sidransky 1997; Sidransky et al. 1991).
Detection of anti-apoptotic proteins (e.g., survivin) in the urine appears to provide a
simple, noninvasive diagnostic test to identify patients with new or recurrent bladder
cancer (Smith et al. 2001). DNA degradation into 180-200 base pair fragments is a
hallmark of apoptosis, and resistance to apoptosis is recognized as a mechanism for
the proliferation of cancer cells (Wyllie 1980; Paweletz et al. 2001). Human DNA in
normal stools is primarily in fragmented or “short” form. However, stools from
patients with colorectal neoplasia have been shown to contain subsets of both
non-apoptotic or long DNA arising from dysplastic or anti-apoptotic cells and
short DNA from normal mucosa (Ahlquist et al. 2000). The present book covers
many of the topics concerning discovery, types, and application of markers in the
management of cancers.
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Abstract

Cancer, characterized by abnormal cell growth, remains a significant global
health concern. The intricate interplay of genetic, epigenetic, and proteomic
components is intricately linked to cancer progression and persistence. Molecular
biology research in the field of cancer is rapidly advancing, leading to fruitful
investigations in cancer diagnosis, prognosis, and monitoring. Molecular cancer
biomarkers have emerged as crucial elements in cancer biology, with their
discovery and implications revolutionizing the field. However, the successful
translation of this wealth of information into effective cancer monitoring and
treatment poses a major challenge. This chapter provides a comprehensive
overview of the diverse types of cancer biomarkers, highlighting recent
advancements, addressing associated challenges, and discussing the clinical
implications of molecular cancer biomarkers. By delving into these topics, this
chapter aims to enhance our understanding of the potential of molecular
biomarkers in advancing cancer management strategies.Nowadays, abnormal
cell growth also known as cancer is a major global concern. The functional
intricacy of genetic, epigenetic, and proteomic components has been associated
with the progression and persistence of particular cancer. Molecular biology
dealing with cancer is advancing with the progression of cancer, and new
investigations are fruitful in the diagnosis, prognosis, and monitoring of cancer.
The discovery and implications of molecular cancer biomarkers play a vital role
in cancer biology. Over time, novel cancer biomarkers are being developed on the
basis of cancer type, but the major challenge is the translation of achieved
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information in successful monitoring and curing of cancer. Therefore, this chapter
will summarize the various types of cancer biomarkers, advancements,
challenges, and clinical implications of molecular cancer biomarkers.

Keywords

Cancer - Biomarkers - Diagnosis of cancer

1.1 Introduction

Cancer has the higher mortality in both developed and developing countries and thus
poses a serious global health concern (Gopal and Sharpless 2021). Even though there
has been a substantial development in the basic understanding of the biology of
cancer initiation and progression, the successful treatment for various cancers and
identification of cancer risk remains the challenge. The cancer biomarker is a
phenotypic attribute that is produced in response to cancer by cancerous cells or
other cells in the body or certain benign (noncancerous) conditions (de Martel et al.
2020). Cancer biomarkers typically differentiate cancer-affected patients from the
normal population. Documented alterations in cancer can be due to multiple factors
like germline or somatic mutations, transcriptional changes, and posttranslational
modifications. These alterations are vital targets of biomarkers for the early detec-
tion, screening, and identification of cancer (van Gool et al. 2017; Costantini and
Budillon 2020; Chatterjee and Zetter 2005).

For many decades, the imaging of biopsied samples has been the backbone of
cancer diagnostics. Despite numerous advancements in imaging techniques, there
remains an intraobservational subjectivity that limits cancer detection in the earlier
stages (Flaherty et al. 2012). For early-stage detection, screening tools must have a
high level of sensitivity (ability to correct identification of diseased people) and
specificity (ability to correct identification of normal people) (Chen et al. 2020).
When a test is highly sensitive, it will detect the majority of people who have the
disease, resulting in very few false-negative results. When a test is highly specific,
only a small percentage of people who do not have the disease will test positive.
They should also be widely distributed, acceptable, affordable, and safe (Pepe et al.
2016).

A prognostic biomarker informs about a likely cancer outcome (i.e., disease
recurrence, disease progression, death) independent of treatment received. Examples
of prognostic biomarkers are prostate-specific antigen (PSA) level at the time of a
prostate cancer diagnosis or the PIK3CA mutation status of tumors in women with
human epidermal growth factor receptor 2 (HER2)-positive metastatic breast cancer.
The majority of tumor diagnostic markers are generated by both normal and cancer
cells, but they are formed at much higher levels in cancerous conditions. Some
cancer patients’ blood, urine, stool, tumor tissue, or other tissues or bodily fluids
contain these substances (Wirth et al. 1993; Nagpal et al. 2016).
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To date, no tumor marker has been identified that is sensitive or specific enough
to be used alone to screen for cancer. For example, men are often screened for
prostate cancer using the prostate-specific antigen (PSA) test, which quantifies PSA
levels in the blood. The higher PSA levels (Wirth et al. 1993). CA-125, a tumor
marker that is sometimes elevated in the blood of women with ovarian cancer but can
also be elevated in women with benign conditions and thus is not sensitive or
specific enough to be used in screening for ovarian cancer in women at average
risk (Nagpal et al. 2016).

The advancement of cancer biology has established that oncogenes and tumor-
suppressor gene mutations can be identified in body fluids that drain from affected
organ by the tumor. Measurements of point mutations, loss-of-heterozygosity and
chromosomal aberrations can be obtained from sputum, saliva, and urine with novel
assays (Huang et al. 2016). For example, there are molecular assays that have
identified p53 and ras mutations in stool and urine of cancer patients (von Knebel
Doeberitz and Lacroix 1999; Sidransky 1997; Sidransky et al. 1991). Detection of
antiapoptotic proteins (e.g., survivin) in the urine appears to provide a simple,
noninvasive diagnostic test to identify patients with new or recurrent bladder cancer
(Smith et al. 2001). DNA degradation into 180-200 base pair fragments is a
hallmark of apoptosis, and resistance to apoptosis is recognized as a mechanism
for the proliferation of cancer cells (Wyllie 1980; Paweletz et al. 2001). Human
DNA in normal stools is primarily in fragmented or “short” form. However, stools
from patients with colorectal neoplasia have been shown to contain subsets of both
nonapoptotic or long-DNA arising from dysplastic or antiapoptotic cells and short-
DNA from normal mucosa (Ahlquist et al. 2000).

1.2  Advancement and Challenges in Cancer Biomarker Science
1.2.1 Specificity of the Biomarkers

Various tumor markers have been recognized and are nowadays being used in
clinical set ups. Some are associated with only one type of cancer, while others are
associated with two or more types of cancer. This presents a major challenge to the
success of the biomarker. The use of cancer diagnostic markers is not without its
drawbacks. Noncancerous conditions sometimes can cause altered levels of tumor
markers. Moreover, not everyone with a particular type of cancer has a higher level
of a tumor marker associated with that cancer (Mayeux 2004; Sauter 2017). Further-
more, tumor markers have not yet been discovered for all types of cancer. Moreover,
cancer biomarkers have not yet been discovered for all forms of tumors. Even if an
elevated level of a tumor marker may indicate the presence of cancer, it is not
perfectly adequate for cancer diagnosis (Henry and Hayes 2012). As a result, tumor
marker assessments are commonly used in accordance with other tests, such as
biopsies, to diagnose cancer. Before treatment, tumor marker levels can be measured
to help doctors plan the best course of action. The level of a diagnostic biomarker can



4 A. U. Ahsan et al.

indicate the stage (amount) of the disease and/or the patient’s prognosis in some
cancers (likely outcome or course of disease) (Mayeux 2004).

1.2.2 Screening Strategies

A screening strategy must be effective enough in diagnosing malignant cells that are
going to grow, differentiate, and ultimately cause death. Unfortunately, little infor-
mation is available regarding the underlying mechanism which instigates cancerous
cells to become malignant and ultimately lethal transformed cells. On the other hand,
complexity of the tissue leads to the development of various types of cancers within
same tissue. These factors have significant effects on the effectiveness of biomarkers
(Bast Jr et al. 2020; Baron 2012).

1.2.3 Inheritance of Particular Cancer

Various researches over time have revealed that inheritance of cancer is not instant
and particular mutation causing may take decades to be lethal. Most cancers exhibit
genomic instability and need multiple environmental and genetic hits to spread to
other parts of the body (Urbach et al. 2012). For example, in the case of pancreatic
cancer, the cells take at least a decade in transforming into metastatic cells. This
usually affects the performance of the cancer biomarkers and still needs to be
investigated properly to overcome the hurdles in designing the appropriate bio-
marker (Yachida et al. 2010).

1.2.4 Identification and Monitoring of Biomarkers

Most tumor markers are proteins. However, more recently, alterations to DNA have
also begun to be used as tumor markers. As we know, cancers are induced by a
cascade of genetic and/or epigenetic changes that lead to changes in the expression
levels of proteins in the affected cells (Takeshima and Ushijima 2019). Protein
alterations can have an impact on cell metabolism and physiology, cell growth and
death, and the secretion of molecules that communicate with other cells and tissues.
The biomarkers include genes and genetic variations, differences in messenger RNA
(mRNA) and/or protein expression, and posttranslational modifications of proteins
and metabolite levels. Thus, the genomic, proteomic, and metabolomic biomarkers
may be used to diagnose cancer, and track the disease progression and therapeutic
response (Tainsky 2009). Biomarker discovery can be done using both hypothesis-
driven and technology-driven approaches. The commonly used genomic
technologies include DNA microarrays, PCR-based assays, and fluorescence in
situ hybridization (FISH). The molecular markers and diagnostic imaging are
complementing each other for biomarker research and now the tumor markers may
be measured periodically during cancer therapy via many technologies. A decline in
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Table 1.1 Different cancer biomarkers and their diagnostic use (Adapted from, Vaidyanathan and
Vasudevan 2012)

Sr. Tissue

no. | Marker Cancer type analyzed Diagnostic role

1. ALK gene Nonsmall cell lung Tumor Treatment and
rearrangements cancer and anaplastic prognosis

and over- large cell lymphoma

expression

2. Alpha-fetoprotein Liver cancer and Blood Diagnosis,

(AFP) germ cell tumors To check the efficacy
of treatment against
cancer and assessment
of recurrence

3. Beta Multiple myeloma, Blood, urine, Prognosis and follow
2-microglobulin chronic lymphocytic or response to treatment

(B2M) leukemia, and some cerebrospinal

lymphomas fluid
4. Beta-human Choriocarcinoma and | Urine or Assessment of stage,
chorionic germ cell tumors blood prognosis, and
gonadotropin response to treatment
(Beta-hCG)
5. BRCAI and BRCA2 | Ovarian cancer Blood To check the efficacy
gene mutations of treatment against
cancer and assessment
of recurrence
6. BCR-ABL fusion Chronic myeloid Blood and/or | Confirmation of
gene (Philadelphia leukemia, Acute bone marrow diagnosis, predict
chromosome) lymphoblastic response to targeted
leukemia, Acute therapy, monitor
myelogenous disease status
leukemia
7. BRAF V600 Cutaneous melanoma | Tumor To select the patients
mutations and colorectal cancer who are most likely to
benefit from treatment
with certain targeted
therapies
8. C-kit/CD117 Gastrointestinal Tumor Diagnosis and
stromal tumor and treatment
mucosal melanoma
9. CA15-3/CA27.29 Breast cancer Blood To check the efficacy
of treatment against
cancer
10. | CAI19-9 Pancreatic, gall Blood To check the efficacy
bladder, bile duct, of treatment against
and gastric cancer cancer
11. | CA-125 Ovarian cancer Blood Diagnosis, assessment

of response to
treatment, and
evaluation of

recurrence

(continued)
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Table 1.1 (continued)

Sr. Tissue

no. | Marker Cancer type analyzed Diagnostic role

12. | Calcitonin Medullary thyroid Blood Diagnosis,

cancer To check the efficacy

of treatment against
cancer and assessment
of recurrence

13. | Carcinoembryonic Colorectal cancer and | Blood Diagnosis,

antigen (CEA) some other cancers To check the efficacy
of treatment against
cancer and assessment
of recurrence

14. | CD20 Non-Hodgkin Blood To check the efficacy
lymphoma of treatment against
cancer and assessment
of recurrence
15. | Chromogranin A Neuroendocrine Blood Diagnosis,

(CgA) tumors To check the efficacy
of treatment against
cancer and assessment
of recurrence

16. Chromosome 3, 7, Bladder cancer Urine Monitoring for tumor

17, and p21 recurrence

17. | Circulating tumor Metastatic breast, Blood To inform clinical
cells of epithelial prostate, and decision making and
origin colorectal cancers prognosis of cancer

(CELLSEARCH")

18. | Cytokeratin Lung cancer Blood Monitoring for
fragment 21-1 recurrence

19. | EGFR gene Nonsmall cell lung Tumor Treatment and
mutation analysis cancer prognosis

20. | Estrogen receptor Breast cancer Tumor To check the efficacy

(ER)/progesterone of treatment with

receptor (PR) hormone therapy
against cancer and
assessment of cancer
recurrence

21. | Fibrin and Bladder cancer Urine Monitoring of
fibrinogen progression and
response to treatment
22. | HE4 Ovarian cancer Blood Cancer treatment
planning, assessment
of disease progression
and monitoring for
recurrence
23. | HER/neu gene Breast cancer, gastric | Tumor To check the efficacy
amplification or cancer, and of treatment with
protein gastroesophageal certain targeted

overexpression

therapies

(continued)
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Table 1.1 (continued)

Sr. Tissue
no. | Marker Cancer type analyzed Diagnostic role
junction
adenocarcinoma
24. | Immunoglobulins Multiple myeloma Blood and Diagnosis,
and Waldenstrom urine Assessment of
macroglobulinemia response to treatment,
and look for recurrence
25. | KRAS gene Colorectal cancer and | Tumor To check the efficacy
mutation analysis nonsmall cell lung of treatment with
cancer certain targeted
therapies
26. | Neuron-specific Small cell lung Blood Diagnosis and to assess
enolase (NSE) cancer and response to treatment
neuroblastoma
27. | Nuclear matrix Bladder cancer Urine To monitor response to
protein 22 treatment
28. | Programmed death | Nonsmall cell lung Tumor To check the efficacy
ligand 1 (PD-LI) cancer of treatment with
certain targeted
therapies
29. | Prostate-specific Prostate cancer Blood Diagnosis,
antigen (PSA) Assessment of
response to treatment,
and look for recurrence
30. | Thyroglobulin Thyroid cancer Blood To check the efficacy
of treatment with
hormone therapy
against cancer and
assessment of cancer
recurrence
31. | Urokinase Breast cancer Tumor Cancer progression

plasminogen
activator Upa and
plasminogen
activator inhibitor
(PAI-1)

and look for recurrence

the level of a diagnostic biomarker or a return to the normal level of the marker may
indicate that the carcinoma is responding to treatment, whereas no transformation
may reflect that the cancer is not responding to the treatment. After treatment has
finished, biomarkers can be measured to check for cancer recurrence (Maruvada
et al. 2005; Jain 2013). For a wide range of cancer types, a number of diagnostic
markers currently being used are listed below (Table 1.1).
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1.3 Clinical Implications of Various Cancer Biomarkers
1.3.1 DNA Methylation as an Epigenetic Cancer Biomarker

DNA methylation and histone modifications confer the heritable changes in cellular
phenotype. These epigenetic phenomena play a vital role in DNA-based processes
like replication, transcription, and DNA repair and can thus influence tumorigenesis
stages, eventually promoting pathogenic neoplastic cells. These changes could be
used as prognostic biomarkers in the early stages of cancer diagnosis. Patients with
specific cancers that respond to specific cytotoxic chemotherapies will benefit from
these biomarkers. These epigenetic modifications are reversible and potentially
useful as therapeutic targets (Han et al. 2017). If the genetics or the mutations can
provide us the predisposition of a disease, the epigenetics provide us with the current
status or activity of disease. The epigenetic alterations are innovative biomarkers for
cancer due to their stability, frequency and noninvasive accessibility in bodily fluids
such as blood, sweat, urine, saliva, etc. Recently, there has been great attention for
aberrant methylated DNA being explored for the possible epigenetic biomarkers to
be translated into the clinical application. Multiple studies have investigated global
DNA methylation profiles and gene-specific DNA methylation in blood-based DNA
to develop powerful screening markers for cancer (Wei et al. 2021).

There is currently a scarcity of noninvasive biomarkers with adequate precision
for identifying patients in need of treatment, particularly in the early stages of cancer.
The Food and Drug Administration (FDA) has so far approved only SEPT9 for use
as a blood-based methylated biomarker for the diagnosis of colon cancer (Leygo
etal. 2017). Although, advancements in epigenetics research has led to the improved
disease outcome of patients with certain forms of lymphoma and leukemia’s by
using the drugs that alter DNA methylation and histone acetylation/methylations,
more research for optimizing and validating the methylation markers is needed.
Among its various challenges, the timing and heterogeneity of methylation as well as
the difference in methylation levels between epithelial and stromal tissues in various
cancers is a cutting edge window in epigenetic of cancers (Mikeska et al. 2012).
Unlike mutation screening, in the pathological aberrations for DNA methylation
analysis, a baseline needs to be defined for every region in the appropriate normal
control tissues. Furthermore, many gene loci also show an age-dependent increase in
DNA methylation. Overall, the choice of region to be studied is one of the critical
challenges in establishing a specific DNA methylation biomarker for the clinical use.

1.3.2 Noncoding RNAs (MicroRNAs) as Cancer Biomarkers

The molecular mechanism of long noncoding RNA is strictly based upon controlling
the gene expression by direct recruitment of histone modification enzymes to cell
chromatin. DNA methylation and the resulting chromatin modifications render the
protein product to be functional. The functional abnormality of these epigenetic
changes is the key to the development of carcinogenesis. The long noncoding RNA
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Table 1.2 miRNAs (miR) with a possible diagnostic use in various cancers

Tumor Prognostic miRNAs Diagnostic miRNAs

Breast cancer miR-335, miR-126 miR-145, miR-195, miR let 7a

Nonsmall cell lung miR-34a, miR-21, miR let-7a, miR-25 miR-223

cancer miR-155

Colorectal cancer MiR 34b/c, miR-148a miR-29a, miR-92a, miR-17,
miR-221

(IncRNAs) reveal diverse gene expression profiles in benign and metastatic tumors.
Small noncoding RNAs, also known as microRNAs, are capable of reprogramming
multiple oncogenic pathways and can thus be used as target agents. MicroRNAs
(miRNAs) are small, endogenous noncoding RNAs, 21-24 nucleotides (nt) long,
which induce posttranscriptional gene silencing, recognizing their target mRNAs by
base complementarity (Hao et al. 2017). They regulate particular target genes and are
thus implicated in various biological processes such as proliferation, death, differen-
tiation, motility and invasiveness. The deregulation or genetic changes of miRNAs
have been critically implicated in the initiation and progression of most cancers.

By using high-resolution array-based genomic hybridization, the spectrums of
cancer-associated miRNAs have been found in various types of cancer cell lines and
clinical tumor specimens. The abnormal expression of miRNAs in cancer is
correlated to different mechanisms which include chromosomal abnormalities,
genomic mutations, polymorphism, epigenetic changes, and alteration in miRNA
biogenesis. All these processes have important roles in cancers. The cells are able to
actively secrete endogenous miRNAs in serum and other body fluids. Besides
finding their roles as oncogenes and tumor suppressors, the various studies suggest
that miRNA expression signatures across solid cancers could represent biomarkers
in cancer diagnosis. For example, miR-145 has been considered to have potential
clinical applications as a novel biomarker for breast cancer diagnosis. Similarly, the
miR-25 and miR-223 are more expressed in lung cancer patients. The increasing
evidence supports a role for miRNAs as prognostic biomarkers of human cancers
and in relation to different types of cancers, the same miRNAs may not have the
same role in prognosis (Corsini et al. 2012) (Table 1.2).

However, the miRNA targeting is known to be sequence specific instead of gene
specific and gene silencing, and the miRNA requires only a partial complementary
between miRNA and protein-coding transcripts (Sohel 2020). Further investigations
are needed to specifically evaluate these approaches in various human tumors for the
successful clinical use.

1.3.3 Protein Biomarkers in various cancers
Cancer is a genetic disease that develops through the progressive accumulation of

activating alterations to growth promoting oncogenes and inactivating alterations to
tumor-suppressor genes. These changes result in a marked difference in protein



10

Table 1.3 Important FDA-approved cancer biomarkers

A. U. Ahsan et al.

Sr. No. Cancer biomarkers Type of cancer

1. CEA Malignant pleural effusion
2. CEA Peritoneal cancer

3. Her-2/neu Stage IV breast cancer

4. Bladder tumor antigen Urothelial cell carcinoma
5. Thyro-globulin Thyroid cancer metastasis
6. Alpha-fetoprotein Hepatocellular carcinoma
7. PSA Prostate cancer

8. CA 125 Nonsmall cell lung cancer
9. CAI9.9 Pancreatic cancer

10. CA 153 Breast cancer

11. Leptin, prolactin, osteopontin, and IGF-I1 Ovarian cancer

12. CD9S, fascin Lung cancer

expression between normal and cancerous cells, some of which can be collected
from peripheral body fluids and analyzed to determine the status of a tumor in vivo.
In 1847, Bence-Jones discovered the cancer biomarker proteins and since this
discovery, only about ten proteins have progressed to the level of FDA-approved
cancer diagnostic markers tests, and the majority of these lack ideal cancer specific-
ity and sensitivity (Anderson et al. 2004). Also the current proteomics technology is
limited in its ability to detect low-abundance potential cancer biomarkers against a
background of high-abundance plasma proteins, which means that many of the best
markers may be missed until discovery technology improves. The intensive research
is being conducted to identify biomarkers capable of identifying the populations
most at risk for a disease and of detecting the disease before it becomes clinically
apparent. Unfortunately, not all the cancers have biomarkers available for clinical or
for efficiently screening patients at a high risk (Table 1.3).

Recently, the exosomes which are endosome derived nanometer-sized
(30-150 nm) vesicles that are secreted from various types of cells are being studied
extensively. As exosomes are stable in peripheral blood, they are a promising tumor-
derived material for the characterization of tumor behavior, so exosomes can be
monitored and exosome-derived proteins can be used for early diagnosis of various
cancers. Since the sensitivity and specificity are the two major standards to be
evaluated for the diagnostic marker; however, no study has yet indicated sensitivity
and specificity of an exosomal biomarker, so further evaluation needs to be
conducted with regard to these (Li et al. 2017). In recent years, other peripheral
blood tests such as circulating tumor cells and circulating tumor DNA are also used
to make early diagnosis in clinical studies, so the advantage and disadvantage can be
compared between circulating tumor cells or DNA and exosome biomarkers in
future. Also, more clinical studies are needed to establish a strong correlation
between exosome biomarkers, diagnosis and prognosis with their sensitivity as
well as specificity.
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Table 1.4 FDA-approved drugs targeting gene fusions in malignant disorder

Gene fusion Drug Disease

ALK fusions Crizotinib | Nonsmall cell lung cancer (NSCLC)

BCR-ABLI Imatinib Chronic myeloid leukemia (CML) and acute lymphoblastic
leukemia (ALL)

COLIAI- Imatinib Dermatofibrosarcoma protuberans (DFSP)

PDGFRB

FIPILI- Imatinib Hypereosinophilic syndrome/chronic eosinophilic leukemia

PDGFRA (HES/CEL)

PDGFR fusions | Imatinib Myelodysplastic syndrome/myeloproliferative neoplasm
(MDS/MPN)

1.3.4 Fusion Genes in Cancer Diagnostics

These are neoplasia-related mutations that play a key role in tumorigenesis and thus
are implicated in malignant hematological diseases and solid tumors. They arise by
structural chromosome rearrangements such as chromosomal insertion, deletion
translocation, or inversion, which bring together two genes that were previously
separated. The integrated gene products from such processes have the potential for
cancer development, therefore making them potential prognostic markers in cancer.
The prototypic fusion oncogene associated with prolonged myeloid leukemia is the
BCR-ABLI fusion gene found on the well-known Philadelphia (Ph) chromosome
(CML). It is now used as a biomarker in the diagnosis and treatment monitoring of
patients. It is well established that the oncogenic potential of ETS-related gene
(ERQG) is involved in Ewing’s sarcoma and leukemia. It is also observed that
40-70% of men with castration-resistant prostate cancers have ETS-related gene
(ERG) rearrangements, which may respond better to antihormonal therapy than
ERG-negative ones. Imatinib is a tyrosine kinase inhibitor and was the first drug
that was specifically designed to target a fusion gene, i.e., BCR-ABLI in CML
(Mertens et al. 2015). BRAF, FGFR3, NTRK1, RET, and ROS1 are some kinase
encoding regions which show fusions in various cancers. Because more novel drugs
involving gene fusions are awaiting FDA approval, stratification of diagnosis and
treatment may become increasingly important in clinical practice (Table 1.4). Many
technologies such as cytogenetics, fluorescence in situ hybridization (FISH), chro-
mosome banding analysis, reverse transcriptase-polymerase chain reaction, and
Sanger sequencing are being used in detecting gene fusions and other genetic
aberrations. It is better to combine the next-generation sequencing (NGS) result
with high-throughput functional cellular assays and more functional data in cancer
genomics (Kuchenbauer et al. 2008).



