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Abstract

A tumor marker is a chemical that acts as a tumor indication. Tumor biomarkers are undefined in origin, but
they indicate the existence of a certain tumor. The detection of a specific tumor is aided by an increase or
decrease in the concentration of marker concentrations. Gene expression arrays, proteomic technologies,
and high-throughput sequencing are some of the current methods for detecting cancer. This detection
is important for treatment, prognosis, and determining the success of treatment. Tumor biomarkers are
also used to monitor recurrence. Biomarkers are now being used extensively in medical research and drug
development to combat tumors. Some people believe that tumor biomarkers are better for monitoring
than for diagnosis.
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Introduction

Tumor Biomarkers are the substances secreted by a cancerous cell or other body cell to indicate the
presence of cancer in the body [1]. These markers can be found in the tumor tissue, urine, blood, and
stool of the cancer patients [2]. These markers are secreted both by a normal cell and a cancerous cell,
but in normal cell, concentration of tumour markers is very low as compared to the cancerous cells.
Its high concentration in the cancerous cell is an indicator of the presence of a specific type of cancer
[3,4]. A range of different markers has been identified so far, some of them are linked with single
type of cancer and some are linked with multiple types of cancer [5,6]. They are formed as a result of
modifications in the genetic sequence, metabolites and in proteins expression [7,8].

Nature of biomarker is not defined, as some are protein in nature (receptor, enzyme), some are
nucleic acid based including microRNA and non-coding RNA, whereas some are antibodies in nature
[9,10]. Detailed classification of tumor biomarkers is shown in Table 2 .

Some examples of tumor markers include, an inadequate concentration of Glutathione S-transferase
P1 (GSTP1) marker which indicates the presence of prostate cancer [11], Short-stature homeobox 2
(SHOX2) indicates lungs cancer [12], breast cancer 1 (BRCAI) and breast cancer 2 (BRCA2) is the
most common biomarkers in breast cancer and several others that are secreted in the presence of a
certain type of cancer [13].

Today, biomarkers are seen as a crucial key to treat this disease [14]. A number of biomarker-based
drugs are available that are used against this silent killing disease. Biomarker based therapies also
enhance the effectiveness of cancer [15,16].

History of Tumor Biomarkers

History of tumor biomarkers was dated back to 1846 when a protein was found in the urine
sample of myeloma cancer patient. Later, research on tumor biomarkers changed the way cancer was
seen. Today, biomarker-based drugs are available and frequently used in cancer treatment. Timeline of
tumor biomarker is shown in Table 1 [17].

Then from 1975 till 2017, there are a lot of researchers that contribute in the research of tumor
biomarker to eliminate this disease but at that time researchers neither used these markers for
diagnosing nor for treatment purpose, they only identify them as a unique thing [17].
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Table1. Timeline of tumor biomarker.
Name of observer Year Observation
Bence Jones 1846 Observe protein in the urine that show only in myeloma 17
Brown 1928 Ectopic production of hormones by tumors 17
Zondek 1930 Human chorionic gonadotropin 17
Gushing 1932 Adrenocorticotropic hormone 17
Gutman et al. 1933 Prostatic acid phosphatase in prostatic cancer 17
Markert 1959 Isoenzymes in tissue differentiation 17
1960 Found in breast cancer 1
Newell 1960 Philadelphia Chromosome 17
Abelev 1963 Alpha-fetoprotein in liver carcinoma 17
Gold and Freedman 1965 Carcinoembryonic antigen in colon cancer 17
Huebner and Todaro 1969 Oncogenes as transforming factors 17
Kohler and Milstein 1975 Monoclonal production of antibodies of defined specificities 17
1971-1980 | Prostate specific antigen was detected in human 3
1990 Brcal & Brca2 responsible in breast or ovarian cancer 2
Rigoni-stern 1842 .Cervi.cal cancer is noticed in married woman. Later on,Tumgr Virl:IS protein have been 6
identified and, presence of different Imnmune complex against virus act as a marker.
1996 Brain tumor first noticed k?y Gupta in 1973, later found that Brain tumor is related to the 78
low level of MGMT protein.
Hughes DJ, et al. 2016 Low level of selenium chemical in blood increases the risk of liver cancer 9
W. HANNA, et al. 1967 Renin is a potential biomarker in Juxtaglomerular cell tumor (a rare kidney tumor) 10
H Koprowski, et al. 1979 Biomarker named as CA 19-9 is associated with Pancreatic cancer 11,12
Enders KO Ng, et al. 2009 MicroRNA is reported as a biomarker in the screening of Colorectal Cancer 13

Nature of Tumor Biomarkers.

'The nature of biomarkers is diverse, ranging from being protein
to hormones, and antigens. Categorization of tumor biomarkers on
the basis of their nature is shown in Table 2.

Function of Tumor Biomarkers

Tumor biomarkers play important functions before and after
tumor development. They differ on the basis of their function,
treatment, location, response to treatment. A short summary of the
various aspects making biomarkers different from one another is
given below.

Role of biomarker in normal cell as-well-as in cancer cell

Human epidermal growth factor receptor 2 (HER2) plays a
crucial role in the normal development of a cell. Over-expression
of these types of proteins serves as a tumor biomarker [43]. Because
of over-expression, cells grow faster than the normal cells and may
happen that this biomarker spread into other parts of the body. It
is possible to stop the spread of these proteins by disrupting their

signalling pathway [44,45].

Role of tumor biomarkers in enhancing the effectiveness of
treatment

Secreted Protein Acidic And Cysteine Rich (SPARC) encodes
a protein which is acidic in nature and cysteine rich. The encoded
protein mainly serves as a transporter of albumin into the cell.
Albumin is used in some chemical based therapies to prevent
dissolution in blood and to target specific cells. Over expressed
SPARC serves as a biomarker and also enhances the effectiveness of

the treatment [46,47].
Biomarker role in disruption treatments

Chemotherapeutic drugs are made with platinum to disturb
tumor DNA [48]. ERCC1 is a protein which plays a role in repairing
tumor DNA. High level of ERCC1 is used as a tumor biomarker and
also indicates that the drug will not be able to damage the tumor
DNA. Silencing of this gene for a while is also helpful to treat cancer
[49,50].
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Table 2. Categorization of tumor biomarkers on the basis of their nature.

125, CA15-3, CA27-29

Tumor biomarker Nature Name of biomarker References
Beta,-microglobulin, Prostate specific antigen,
Alpha lactalbumin, Immunoglobulins,
. CEA, Epidermal growth factor receptor,
1. Protein Thyroglobulin, PSA, Cytokeratin’s, Oestrogen [18-21]
receptor, Progesterone receptor, HER2/NEU,
NMP22, Fibrin, BTA
Catecholamines and metabolites
Human chorionic gonadotropin
Antidiuretic hormone
2. Hormones [22-25]
Parathyroid hormone
Calcitonin
Insulin-like growth factors
Alpha-fetoprotein
3. Oncofetal Antigens [24,26,27]
Carcinoembryonic antigen
Prostatic acid phosphate
Neuron- specific enolase
4. Isoenzymes [28-31]
Regan ALP isoenzyme
Lactate dehydrogenase-1
CA-125
5. Mucins and another Glycoprotein CA-19-9 [32]
CA-15-3
Src
N-myc
6. Oncogenes H-ras. K-ras, N-ras [33-35]
FGFR3
PIK3CA
Polyamines
7.  Lipid associated Glycolipids (36]
Sialic acid
Ferritin
8.  Some host responses also act as a tumor | Immune complexes
bi k 37-40
fomarker Some enzymes such as Lactic dehydrogenase [ ]
(LDH), Glutamate dehydrogenase (GDH),
Creatine kinase (CK-BB).
9.  Immune complex IgM, 1gG, IgA, CIC [41]
10. Glycoprotein Human chorionic Gonadotropin-Beta, CA- [42]
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Clinical importance of tumor markers

Tumor biomarkers are of key importance in prognostics,
diagnostics, effectiveness of a treatment, pharmacodynamics and
reoccurrence of the disease [51-53].

Tumor markers play a crucial role in the assessment of a patient
in multiple areas including diagnosis, detection, and differentiation
of one tumor from other or to check acuteness of tumor. All of these
assessments help the clinician to plan the appropriate treatment and
therapy. Tumor biomarkers are used to predict the response of the
patient toward treatment by checking the level or presence of the
marker [54]. Tumor markers are of vital importance in the synthesis
of cancer medicine against a specific cancer type [51-55].

Biomarkers are widely studied during assessment of an
individual’s risk of developing inherited cancer. BRCAI is a
prominent marker in the identification of cancer in families having a
history of ovarian cancer [55].

A biomarker is used to check which therapy is most suitable for
cancer. For example, EGFR is shown poor response against Kirsten
Rat Sarcoma Virus (KRAS) gene that are associated with colorectal
cancer which indicates that this is not suitable therapy against
colorectal cancer therapy [55].

It also plays a role in monitoring the response of patient against
therapy. Some markers such as Carcinoembryonic Antigen (CEA),
cancer antigen 125 (CA125), and Cancer antigen 15-3 (CA 15-
3) are used in the monitoring of different cancers including breast
cancer.

It can also be used in prognosis. Now there are different gene
expression signatures that have been used to estimate prognosis.
Table 3 shows the role of tumor biomarkers in different cancers.

Classification of Tumor Biomarkers

Cancer biomarker is classified on the basis of their role, this
classification is independent of the nature of biomarkers. It depends
upon the role that they mainly played in the different prospects of
disease. For example, some biomarkers play role in the prediction of
an action of specific drug against specific cancer, so they are called

predictive biomarkers. Some biomarkers help the clinician to take
the right decision and approach to treat the specific cancer, called
prognostic biomarkers, some biomarkers indicate the presence of
specific cancer, called diagnostic biomarkers, and some are involved
in the pharmacodynamics by playing a role in the selection of dosage.
So, tumor biomarkers are classified in to four categories including
prediction, prognostic, diagnostic and pharmacodynamics.

Prognostic biomarkers

Prognostic biomarkers may not help the clinician for choosing
the drug best for the individual, instead it can directly provide
the information about clinical outcome, cancer progression or its
recurrence in the future [65]. So, it can help the clinicians to decide
specific approaches for the treatment of cancer [66]. With respect to
this there are different genomic tests that are commercially available
to help the clinician in the treatment as well as therapeutic decision.
Oncotype DX, AviaraDX and, Mamma print are the popular
genomic tests available that help the clinician to take a decision on
the basis of genetic expression readout of individual patient. For
example, 21-gene recurrence score assay predict the breast cancer
and its recurrence [67].

Predictive biomarkers

Predictive biomarkers or response biomarkers are the dominant
factors that play a role in the choosing the specific drug which is
proven best for the treatment of individual. Responses are shown
whether in the form of activation / deactivation or in the form of
overexpression of specific markers [68]. These all indicate the effect
of treatment on individual afterward clinician decide whether this
drug is useful or not for the patients. For example, response of
trastuzumab drug in breast cancer is predicted by the activation of
HER2 protein, similarly HER2 is overexpressed when a patient is
treated with Herceptin drug [68,69] Likewise resistance of Epidermal
Growth Factor Receptor (EGFR) inhibitor in colorectal cancer is
indicated by the activation of KRAS mutation. Some mutations
in specific genes also help to predict the specific treatment such as
mutation in EGFR gene indicates that these two drugs (erlotinib or
gefitinib) are applicable for the treatment of lung cancer [69].

Table 3. Role of tumor biomarkers in different cancers

Role Example Cancer type References

Monltor or progression in metastatic CA 15-3 and CEA Breast Cancer [56]

disease

Estimate the risk of developing cancer | BRCA1 germline mutations Breast cancer and ovarian cancer [57]

Monitor the reoccurrence CEA Colorectal cancer [58]
Estrogen receptor expression Breast cancer [59]

Predict response to therapy HER2 expression and anti-HER2 therapy | Gastric and breast cancer [60]
KRAS mutation and anti-EGFR antibody Colorectal cancer [61]

Screening Prostate specific antigen Prostate cancer [62]

Differential diagnosis Ir.nmunohlstgchemlstry to determine For all cancers [55,63]
tissue of origin

Determine the prognosis of disease 21 gene recurrence score Breast cancer [64]
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Diagnostic biomarkers

Some biomarkers expression indicates the presence of a
specific disease in a patient and these markers are called diagnostic
biomarkers. In cancer, some cases reported that these diagnostic
biomarkers are present in every stage, so it is also considered that they
may be helpful to determine the condition of patient, and stage of
cancer. For example, calcitonin hormone expressed in the early stage
of medullary thyroid cancer [70]. Recently, a bladder tumor antigen
and nuclear matrix protein-22 are two biomarkers approved by US
Food and Drug Administration (FDA) as a diagnostic biomarker for
the bladder cancer [69,71].

Pharmacodynamics biomarkers

Pharmacodynamics biomarkers are expressed to indicate

the effect of a drug in an organism, this indication help the
clinician to decide the accurate dosage of the drug for the patient.
Pharmacodynamics biomarkers can also be used to examine the drug
effect, tumor response, and help to regulate the routine of the drug
course [72]. Combining effect of drug with pharmacodynamics
markers enhance the effect of drug as well as protect the patient for
irrational dosage. To making this type of combining effect there are
two biomarkers program that have been set up to support NExT drug
developing projects, one is “Imaging” and another is “Clinical Assay
Laboratories”. These two programs allow the Accurate screening
of pharmacodynamics biomarkers and overall bio distribution of
Palladium compounds [65,72].

Table 4 shows different biomarkers on the basis of their
classification.

Table 4. Biomarkers classification.

Biomarker Name Cancer type Classification/Role of biomarkers References.

Squamous cell carcinoma (SCC) Head and neck cancer P.Iay role as a predictive, diagnostic, and prognosis [73,74]
biomarker.

Cyfra 21-1 Head and neck cancer Prognosis, and good candidate for diagnosis. [75,76]

Carcinoembryonic antigen (CEA) Lungs cancer Diagnostic, predictive, and prognosis biomarker. [77]
Its high concentration predicts the lung cancer,

Squamous cell carcinoma (SCC) Lungs cancer but not a best candidate marker for diagnosis and | [78,79]
prognosis.

Alpha-fetoprotein (AFP) Liver cancer Diagnostic and prognosis biomarker. Predicts 80,81]
advanced tumor stage.

Beta, fetoprotein Blood cancer. Diagnostic blt?marker, its high level is linked with (82,83]
poor prognosis.

Carcinoembryonic Antigen (CEA) Colon and Rectum cancer strae(;:l;ctlve biomarker, and diagnostic in advanced [84,85]
Elevated level in serum is used for diagnostic

Carbohydrate antigen 19-9 (CA 19-9) | Colon and Rectum cancer purpose. It also plays role as a prognostic and | [86,87]
predictive biomarker.

Carbohydrate antigen 50 (CA50) Colon and Rectum cancer Prognosis and diagnosis biomarker. [88]

Prostate-specific antigen (PSA) and It plays role as a diagnostic, predictive, prognosis,

prostatic acid phosphatase (PAP) Prostate cancer and pharmacodynamics biomarker. (89,901

Beta-HCG Testis cancer Diagnostic and prognosis biomarker. [91,92]

) Prognosis, diagnosis, staging, and surveillance

AFP Testis cancer . [93,94]
biomarker.
Play dominant role in diagnosis, but also play
a role in prognosis. SP-1 also play an important

SP-1 Testis cancer role in the diagnosis, prognosis, prediction, | [95,96]
and pharmacodynamics ~ of  pancreatic
adenocarcinoma.

5-Hydroxyindoleacetic acid (5-HIAA) Nervous System Pharmacodynamlcs, predictive and prognosis [97]
biomarker.

Calcitonin Thyroid cancer Help. |r) earlier d|agnqs|s, pharmacodynamics, 98,99]
prediction, and prognosis.
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Thyroglobulin

Thyroid cancer

Itis good but not a perfect candidate for diagnosis
and prognosis. But helpful for prediction as well as
pharmacodynamics.

[100-102]

CEA

Thyroid cancer

Good for diagnosis, but may be not good for
prognosis and prediction.

[103,104]

SCC

Esophagus cancer

Diagnostic, poor candidate for prognosis.

[105,106]

CEA

Breast cancer

Prognosis, predictive, pharmacodynamics, and
also play a diagnostic role along with other three
biomarkers including BCL2, CA15-3, and HER2,
but individual specificity for diagnostic purpose
of CEA is less as compared to the combining
specificity with CA15-3.

CEA level higher in HER2 positive tumor patient.

Not a good candidate for metastasis information.

[107-110]

Cancer antigen 15-3 (CA 15-3)

Breast cancer

Diagnosis, CA15-3 is more specific for diagnostic
purpose than CEA.

CA15-3 level elevates in ER negative tumor
patient.

Useful for Prognosis, but not a standard marker.
Useful for Earlier detection, not good for screening.

Elevation of CA15-3 linked with tumor size.

[108,109,111,112]

Mucin-like carcinoma-associated

antigen (MCA)

Breast cancer

MCA along with CA15-3 is an excellent candidate
for determining the cancer metastasis.

Along with other biomarkers like CEA, CA15-3, is
a Good candidate for prognostic and diagnostic
purpose.

[113,114]

BRCA1 (Breast Cancer gene 1) and
BRCA2 (Breast Cancer gene 2)

Breast cancer

Diagnosis, paly important role in selection and
management of chemotherapy.

[115,116]

Estrogen and Progesterone Receptor

Breast cancer

Play significant role in selection and management
of Hormonal therapy, serves as a predictive and
pharmacodynamics biomarker.

[117-119]

CEA

Stomach cancer

Serves as a prognosis, predictive, and diagnostic
marker.

[120,121]

Cancer antigen 72-4 (CA 72-4)

Stomach cancer

Highly specific for diagnosis than any other
biomarkers used for stomach. It is also considered
as a best predictive maker but in combination
with other three markers (CEA, CA 19-9, HCG beta).

Play a role in monitoring along with two other
biomarkers (CA19-9, CEA).

[122,123]

CA50

Stomach cancer

Play an important role in prognosis, diagnosis. In
combination with CA19-9 play dominating role in
the earlier detection of gastric carcinoma.

CA 50 with CA19-9 and CEA shown poor prognosis
before surgery.

[124,125]

CA19-9

Pancreas cancer

Prognosis, diagnosis, and also play role as a
predictive biomarker.

[126]

Elastase

Pancreas cancer

Diagnosis marker, low level linked with poor
survival.

[127,128]
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CEA s an excellent earlier diagnostic biomarker, its

CEA Ovary cancer specificity and sensitivity increase by combining | [129,130]
detection with CA125, and CA199.
Play role as a diagnosis, predictive, and prognosis

Cancer antigen 125 (CA 125) Ovary cancer marker. One of the drawbacks is, it also elevates in | [131,132]
individuals without ovary cancer.

AFP Ovary cancer Diagnostic, prognostic, and predictive biomarker. | [133,134]
Play role in prognosis and diagnosis, present in

Beta-HCG Ovary cancer high level in stage 3 and in stage 4. [135]

SCC Cervix Prognosis, diagnosis, and predictive biomarker. [136,137]

Types of Tumor Biomarkers

Tumor biomarkers can be genetic or epigenetic. Some are even
secreted only when a specific protein or hormone is over expressed.

Genetic and epigenetic base markers

Genetic and epigenetic mutations also help to determine a
specific cancer type [138]. Mutations in the genes encoding tumor
protein p53 (tumor suppressor gene) [139], KRAS or epidermal
growth factor receptor (EGFR) are the prominent genes in case of
esophageal, liver, lungs, pancreatic, and colorectal cancer [140-
142]. Mutations in BRCAI & BRCA?Z are the prominent in the case
of breast and ovarian cancer [143]. Epigenetic alterations include
methylation in many tumor suppressor genes. For example, genetic
and epigenetic alterations affecting of P14ARF and P16INK4A
protein found in the patient of oral squamous cell carcinoma, and
laryngeal squamous cell cancer patients [144]. All these genetic and

epigenetic mutations help diagnose a specific cancer type.

Role of genetic mutations in cancer research and in medical
science

Various genetic mutations help to determine the specific cancer
type. These types play a role in diagnosis, treatment, therapy, and
also help to check the response of patient towards treatment. Some
genetic mutations are shown in Table 5 and Table 6.

Both tables explain the region of the marker, its nature, type of
cancer in which specific biomarker is present, sample collection site,
and its usage i.e., how these markers play different roles in diagnosis,
treatment, and monitoring. Table 5 explains the gene mutation
based biomarkers whereas Table 6 is based on protein, hormone,
and enzyme based biomarkers.

Overexpression of some proteins and hormones are also used as
potential tumor biomarkers. Some of them are list in Table 6.

Table 5. Genetic mutations.
Mutated Gene Name Normal function of this Common in Cancer Sample Area Usage References
mutated gene Type
Anaplastic large
Anaplastic Lymphoma cell lymphoma, . Play important role in
Kinase gene (ALK) Cell growth lung cancer, and Tumor region prognosis and treatment [145]
neuroblastoma
Prognosis, diagnosis, and
AFP Immune regulator protein | Liver cancer Blood check response of patient [146,147]
towards treatment
BRCAT and BRCA2 Suppress cell growth Breast, ovarian, and Blood Determine the risk, treatment [148,149]
prostate cancer and therapy
Signaling in cell &in cell Colorectal,
B-RAF gene r?)wth 9 cutaneous, and Tumor Treatment and therapy [150,151]
9 melanoma cancer
BCR-ABL fused gene Linked with cancer Leukemia Bone marrow D.|agn05|s and monitor [152,153]
or blood disease status
Bind with other to pla Mucosal melanoma
D117 . play and gastrointestinal Tumor Diagnose and treatment [154,155]
arole in blood cell growth
stromal tumor
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Citation: Naseem MS. Tumor biomarkers from discovery to clinical practice. ] Cancer Biol 2022;3(1):19-32.

Table 6. Protein, hormone, and enzyme based biomarkers.
Tumor biomarker Name | Nature Common in cancer type Sample area Usage References
Thyroglobulin Hormone Thyroid cancer Blood Diagnosis [156,157]
Prostate specific antigen Protein Prostate cancer Blood Diagnosis, response, and [158,159]
recurrence
Lactate dehydrogenase / Group of Lymphoma, leukemia, and Assess stage, prognosis,
R . Blood [160-162]
beta2-microglobulin. enzymes melanoma and response to treatment
HER2 Protein Brest, ovarian, gastric cancer, Tumor Determlr\e.about [163]
and pancreatic cancer appropriation of therapy
Ovarian cancer and Treatment, prognosis,
HE4 Protein endometrial cancer Blood diagnose and monitor for [164,165]
recurrence
Chromogranin A Protein Gastroenteropancreatlc Blood Treat.ment, prognosis and [166]
Neuroendocrine Neoplasm monitor for recurrence

Identifications Methods

Biomarkers are a source of identification not only limited
to specific disease. They are present in different parts of the body
depending on the progression of the disease. After excretion these
biomarkers become part of the blood, urine, and cerebrospinal fluid.
Some biomarkers also become part of the respiratory system and
become a source of identification, for example acetone smell indicate
the high sugar level in the body and detected through the smell from
the mouth of patient. Biomarkers may be protein, metabolites,
hormone, lipids, and some genomic expressions as shown in Table
2. On the basis of these types, identification technique varies. For
example, If the biomarkers are protein in nature then the diagnostic
techniques are protein based. Similarly, if the maker is a metabolite
than the technique will be like wise, and if biomarkers is a genomic
expression than technique will be genomic based such as DNA
micro arrays, PCR-based, florescence in situ hybridization etc.
Details of all of these identification techniques on the basis of their
nature is available on (The handbook of biomarkers, Springer). Some
important techniques that are commonly used for the identification
purpose and are not mentioned in The handbook of biomarkers is
given below.

Gene expression array

Gene expression profiling technique is used to check the
expression of numbers of genes at once [167]. Human cells
differentiate on the basis of their expression, only a small subset
of gene expression makes one cell different from the rest. So,
gene expression profiling technique utilizes the DNA microarray
technique to evaluate the expression of these genes [167].

In this technique, a series of microscopic spots of Probe is
attached to the gene chip. Target tumor DNA obtained by tumor
biopsy is hybridized to the complementary sequence on the gene
chip. After scanning the strength of fluorescence at every spot provide
the detail about the level of expression of the particular gene [168].

The combination of long oligonucleotides (probe) with
chemiluminescence gives more accurate results than any ordinary
method [169]. Because long oligonucleotide enhances the
specificity, detection, and binding property of the gene expression

profiling technique compared to the normal techniques [169]. For
further analysis and validation process, the system is combined with
different standard database or tools to know more details and check
the validation of specific gene or specific gene related research [167-

169].
Common Proteomic technologies

After whole genome sequencing protein analysis is another
important aspect to study the differential expression of genes
[170]. A Recent study on fragmentome and peptidome provide
important information about physiology and disease processes [171]
Fragmentome and peptidome are the small protein fragments present
in plasma and these fragments play role as a proteomic biomarker.
So, in future, this type of protein-based biomarkers plays important
role in detection, diagnoses, and treatment of tumors [171].

There are different approaches that are currently used in the
area of proteomics such as 2D gel electrophoresis [172], Isotope
coded affinity tag, 2D PAGE, mass spectrometer, Imaging mass
spectrometer, MALDI mass spectrometer, Quantitative mass
spectrometry and real time PCR are the notable technologies that
are currently used in the area of proteomic study [171,172].

High-throughput sequencing

High throughput sequencing is able to perform sequencing of
multiple number of DNA molecules at once [173]. Though this
advantage, HTS is able to create large data sets and generate cellular
genome and transcriptome signatures of various diseases [171]. This
sequencing also plays a dominant role in the identification of novel
variation and mutations, and because of this property, it is extensively
used in tumor study. So, in near future, all these techniques play a
prominent role in the elimination of deadliest disease like cancer

[171,173].
Immunological detection.

Identification of tumor biomarkers by Immunological detection
method is based on interaction between localize specific antigen on
tumor marker with monoclonal and polyclonal antibodies, usually
monoclonal antibodies is used because of their specificity [174].
Antigen consist of specific antibody binding sites, this specific
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binding site composed of saccharides or amino acids knows as
epitopes. A tagged antibody binds to the specific localized antigen
present on the surface of cell either by electrostatic interaction, or by
hydrogen bond or by van der wall interactions. After the attachment,
tag is identified by either immunohistochemistry technique in which
chromogen is used for visualizing purpose or by radio-immuno assay
in which radio tag is used or by enzyme-linked immunosorbent
assay in which enzyme is used to color the product, intensity of color
define the amount of bounded antigen [174,175].

Uses of Biomarkers in Cancer Research
Use in the target drug delivery

Surface plasmon amplification by stimulating emission
radiation known as (Spaser) is a 22 nanometer plasmonic
Nanoparticle, usef for the detection as well as eradication of
tumor cell with accuracy [176]. Its properties include water
solubility, super intense Florence, low toxicity, biocompatible,
and target specificity make it a dominating nanoparticle for the
future treatment [176-178]. Its composition includes plasmonic
nano-particles surrounded by the silica, covered with uranine
dye [179,180]. To makes spaser target specific, it is attached with
molecular biomarker so that it is able to target the specific cell,
for example in the case of breast cancer, folic acid attached to
the spaser surface. Then this spaser is only attached to those cells
where this marker receptor is overexpressed. Folic acid receptor is
overexpressed in the breast cancer cell rather than the normal cell,
so this biomarker makes the spaser target specific [176].

Intake of spaser is simple, either by injection or drinking.
Afterward it become part of the blood and sticks on the surface of
tumor cell. Its sticking specificity is based on selective molecular
targeting biomarkers. After sticking it absorb laser light and rise
its internal heat which play a role in the production of shock
waves that destroy the cancer cell [176-179].

Development of specific drug based therapy

Biomarker based drugs account for a reasonable percentage of
the drugs used in treatment of cancer. A range of biomarker-based
drugs have been approved by US Food and Drug Administration
(FDA) for the treatment of various human cancer types. Some
biomarkers are same in different cancers but the difference is on the
basis of concentration or site of the tumor.

Limitations of Tumor Biomarkers

Keeping in mind the number of onco drugs based on
biomarkers, their role in cancer studies cannot be underestimated.
However, biomarkers are not preferred to specifically or sensitively
detect a tumor, especially in the early stages of the cancer, as many
biomarkers can lead to false positive results [181].

Tumor biomarkers play a crucial role in diagnosis and
monitoring of cancer. Some tumor biomarkers are specific to an
organ while some are not, for example CA 19-9 is considered as
specific to the pancreatic cancer but it is not specific for this cancer
so it gives non-accurate results [182]. Tumor biomarkers may
be helpful for the monitoring of cancer but it is not accurate for
the diagnosis purpose [182]. Some previous research shows that
biomarkers are not useful in diagnosis or even in monitoring of
cancer such as CEA in colon or breast cancer, HCG in breast cancer,
CEA, ACTH, ADH, and Calcitonin in Bronchogenic cancer, AFP,

HCG in Nonseminomatous testicular cancer, Acid phosphate in
prostatic cancer, and Immunoglobulin in multiple myeloma [183].
In the beginning of 21* century new biomarkers have been identified
which refute the previous concept about biomarkers by playing a
revolutionary role in the diagnosis or in the management of cancer
treatment [184].

Conclusion

A tumor marker is a substance used as an indicator of a tumor.
The nature of tumor biomarkers is not defined, but they represent
the presence of a specific tumor. Elevation or decrease in the
concentration of marker plays important role in detection of a
specific tumor. There are different identification processes that are
currently in use to identify the cancer including gene expression
array, proteomic technologies, and high-throughput sequencing. This
detection plays a crucial role in treatment, prognosis, and to measure
the effectiveness of the treatment, tumor biomarkers are also used to
check the reoccurrence. Now biomarker is playing an important role
in medical research especially in drug development processes against
tumor. Somehow, it is considered that tumor biomarker is good only
for monitoring purpose but not for diagnostic purpose.

Future Prospect

Through the development of druggable targets, biomarker also
play an important role in the new drug therapies. Now researchers
are developing proteomic based biomarkers to identify cancer in
the earlier stage rather than the end stage. In future, researchers will
sequence the whole genome of the mutant region in cancer that code
the mutant protein and cause cancer. It will make cancer easy to cure
in the very early stage.

It is also possible to make a specific frequency/specific labeled
biomarker-based nanoparticle whose frequency is same with respect
to deregulated cell. After reaching the specific deregulated cell,
the frequency of nanoparticle increases and create resonance as a
result destruction of the cancerous cell occur without damaging the
normal cell. Or in future, it may also be possible that researchers
would be able to make a drug that can make proof reading gene
p53 active that is deactivated by cancer cell and not allow cancer to
reduce the expression of tumor antigen and increase the production
of interferons and interleukins.

References

1. Mishra A, Verma M. Cancer biomarkers: are we ready for the prime
time?. Cancers. 2010 Mar 22;2(1):190-208.

2. Miyachi H, Asai S. Genetic tests for molecular markers of cancer.
Rinsho byori. The Japanese Journal of Clinical Pathology. 2003 Dec
1;51(12):1195-202.

3. Nagpal M, Singh S, Singh P, Chauhan P, Zaidi MA. Tumor markers:
A diagnostic tool. National Journal of Maxillofacial Surgery. 2016
Jan;7(1):17.

4,  Mohammed AA, Hani ET, EI-Khatib HM, Mirza AA, Mirza AA, Alturaifi
TH. Urinary bladder cancer: biomarkers and target therapy, new era
for more attention. Oncology Reviews. 2016 Oct 10;10(2).

5. Martinez-Ledesma E, Verhaak RG, Trevino V. Identification of
a multi-cancer gene expression biomarker for cancer clinical
outcomes using a network-based algorithm. Scientific Reports.
2015 Jul 23;5(1):1-4.

6. Sinise GA. Tumor Markers Research Perspective. Nova Publishers;

J Cancer Biol. 2022;3(1):19-32.

27



Citation: Naseem MS. Tumor biomarkers from discovery to clinical practice. ] Cancer Biol 2022;3(1):19-32.

20.

21.

22.

23.

24,

25.

2007.

Kong AN, editor. Inflammation, oxidative stress, and cancer: dietary
approaches for cancer prevention. CRC Press; 2013 Aug 7.

Hanash S, Schliekelman M. Proteomic profiling of the tumor
microenvironment: recent insights and the search for biomarkers.
Genome Medicine. 2014 Dec;6(2):1-2.

Mishra A, Verma M. Cancer biomarkers: are we ready for the prime
time?. Cancers. 2010 Mar 22;2(1):190-208.

. Xi X, Li T, Huang Y, Sun J, Zhu Y, Yang Y, et al. RNA biomarkers:

frontier of precision medicine for cancer. Non-Coding RNA. 2017
Feb 20;3(1):9.

. Verma M, Patel P, Verma M. Biomarkers in prostate cancer

epidemiology. Cancers. 2011 Sep 30;3(4):3773-98.

. Schmidt B, LiebenbergV, Dietrich D, Schlegel T, Kneip C, Seegebarth

A, et al. SHOX2 DNA methylation is a biomarker for the diagnosis
of lung cancer based on bronchial aspirates. BMC Cancer. 2010
Dec;10(1):1-9.

. Musolino A, Bella MA, Bortesi B, Michiara M, Naldi N, Zanelli P, et al.

BRCA mutations, molecular markers, and clinical variables in early-
onset breast cancer: a population-based study. The Breast. 2007
Jun 1;16(3):280-92.

. Guo H, Zhou X, Lu Y, Xie L, Chen Q, Keller ET, et al. Translational

progress on tumor biomarkers. Thoracic Cancer. 2015 Nov;6(6):665-
71.

. DiMartino S, Rainone A, Troise A, Di Paolo M, Pugliese S, Zappavigna

S, et al. Overview of FDA-approved anti cancer drugs used for
targeted therapy. WCRJ. 2015 Oct 2;2(3):e553WCRJ.

. Twomey JD, Brahme NN, Zhang B. Drug-biomarker co-development

in oncology-20 years and counting. Drug Resistance Updates. 2017
Jan 1;30:48-62.

. Virji MA, Mercer DW, Herberman RB. Tumor markers in cancer

diagnosis and prognosis. CA: a Cancer Journal for Clinicians. 1988
Mar;38(2):104-26.

. Pizzorno JE, Murray MT, Joiner-Bey H. The Clinician’s handbook of

natural medicine E-book. Elsevier Health Sciences; 2016 Jan 5.

. Lee AK, DeLellis RA, Rosen PP, Herbert-Stanton T, Tallberg K, Garcia

C, et al. Alpha-lactalbumin as an immunohistochemical marker for
metastatic breast carcinomas. The American Journal of Surgical
Pathology. 1984 Feb 1;8(2):93-100.

Walker RA. The demonstration of alpha lactalbumin in human
breast carcinomas. The Journal of Pathology. 1979 Sep 1;129(1):37-
42.

Wang Q, Chaerkady R, Wu J, Hwang HJ, Papadopoulos N, Kopelovich
L, et al. Mutant proteins as cancer-specific biomarkers. Proceedings
of the National Academy of Sciences. 2011 Feb 8;108(6):2444-9.

Bishop ML. Clinical Chemistry: Principles, Techniques, and
Correlations, Enhanced Edition: Principles, Techniques, and
Correlations. Jones & Bartlett Learning; 2020 Jun 11.

Sisinni L, Landriscina M. The role of human chorionic gonadotropin
as tumor marker: biochemical and clinical aspects. Advances in
Cancer Biomarkers. 2015:159-76.

Turgeon ML. Immunology & Serology in Laboratory Medicine-E-
Book. Elsevier Health Sciences; 2020 Dec 16.

Christopoulos PF, Msaouel P, Koutsilieris M. The role of the insulin-
like growth factor-1 system in breast cancer. Molecular Cancer.
2015 Dec;14(1):1-4.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Grunnet M, Sorensen JB. Carcinoembryonic antigen (CEA) as tumor
marker in lung cancer. Lung Cancer. 2012 May 1;76(2):138-43.

Duffy MJ. Carcinoembryonic antigen as a marker for colorectal
cancer: is it clinically useful?. Clinical Chemistry. 2001 Apr
1;47(4):624-30.

Kong HY, Byun J. Emerging roles of human prostatic acid
phosphatase. Biomolecules & Therapeutics. 2013 Jan;21(1):10.

Ferrigno D, Buccheri G, Giordano C. Neuron-specific enolase is an
effective tumour marker in non-small cell lung cancer (NSCLC).
Lung Cancer. 2003 Sep 1;41(3):311-20.

Bukowczan J, Pattman S, Jenkinson F, Quinton R. Regan isoenzyme
of alkaline phosphatase as a tumour marker for renal cell carcinoma.
Annals of Clinical Biochemistry. 2014 Sep;51(5):611-4.

. Von Eyben FE, Blaabjerg O, Petersen PH, Hgrder M, Nielsen HV,

Kruse-Andersen S, et al. Serum lactate dehydrogenase isoenzyme
1 as a marker of testicular germ cell tumor. The Journal of Urology.
1988 Nov 1;140(5):986-9.

Ghosh |, Bhattacharjee D, Das AK, Chakrabarti G, Dasgupta A, Dey
SK. Diagnostic role of tumour markers CEA, CA15-3, CA19-9 and
CA125 in lung cancer. Indian Journal of Clinical Biochemistry. 2013
Jan;28(1):24-9.

Krishnan H, Miller WT, Goldberg GS. SRC points the way to
biomarkers and chemotherapeutic targets. Genes & Cancer. 2012
May;3(5-6):426-35.

Beltran H.The N-myc Oncogene: Maximizing its Targets, Regulation,
and Therapeutic PotentialN-myc Oncogene. Molecular Cancer
Research. 2014 Jun 1;12(6):815-22.

Kompier LC, Lurkin I, van der Aa MN, van Rhijn BW, van der Kwast
TH, Zwarthoff EC. FGFR3, HRAS, KRAS, NRAS and PIK3CA mutations
in bladder cancer and their potential as biomarkers for Surveillance
and Therapy. PloS One. 2010 Nov 3;5(11):e13821.

Suresh MR. Classification of tumor markers. Anticancer Research.
1996 Jul 1;16(4B):2273-7.

Wang W, Knovich MA, Coffman LG, Torti FM, Torti SV. Serum ferritin:
past, present and future. Biochimica et Biophysica Acta (BBA)-
General Subjects. 2010 Aug 1;1800(8):760-9.

Anderson KS, LaBaer J. The sentinel within: exploiting the immune
system for cancer biomarkers. Journal of Proteome Research. 2005
Aug 8;4(4):1123-33.

McGrowder DA, Fraser YP, Gordon L, Crawford TV, Rawlins JM.
Serum creatine kinase and lactate dehydrogenase activities in
patients with thyroid disorders. Nigerian Journal of Clinical Practice.
2011;14(4):454-9.

Virji MA, Mercer DW, Herberman RB. Tumor markers in cancer
diagnosis and prognosis. CA: a Cancer Journal for Clinicians. 1988
Mar;38(2):104-26.

Parveen S, Taneja N, Bathi RJ, Deka AC. Evaluation of circulating
immune complexes and serum immunoglobulins in oral cancer
patients-A follow up study. Indian Journal of Dental Research. 2010
Jan 1;21(1):10.

Chandler K, Goldman R. Glycoprotein disease markers and
single protein-omics. Molecular & Cellular Proteomics. 2013 Apr
1;12(4):836-45.

Igbal N, Igbal N. Human epidermal growth factor receptor 2 (HER2)
in cancers: overexpression and therapeutic implications. Molecular
Biology International. 2014;2014.

J Cancer Biol. 2022;3(1):19-32.



Citation: Naseem MS. Tumor biomarkers from discovery to clinical practice. ] Cancer Biol 2022;3(1):19-32.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

Cui H, Cheng Y, Piao SZ, Xu YJ, Sun HH, Cui X, et al. Correlation
between HER-2/neu (erbB-2) expression level and therapeutic effect
of combination treatment with HERCEPTIN and chemotherapeutic
agents in gastric cancer cell lines. Cancer Cell International. 2014
Dec;14(1):1-0.

Wolf-Yadlin A, Kumar N, Zhang Y, Hautaniemi S, Zaman M, Kim HD,
et al. Effects of HER2 overexpression on cell signaling networks
governing proliferation and migration. Molecular Systems Biology.
2006;2(1):54.

Larsen MT, Kuhlmann M, Hvam ML, Howard KA. Albumin-based
drug delivery: harnessing nature to cure disease. Molecular and
Cellular Therapies. 2016 Dec;4(1):1-2.

Desai N, Trieu V, Damascelli B, Soon-Shiong P. SPARC expression
correlates with tumor response to albumin-bound paclitaxel in
head and neck cancer patients. Translational Oncology. 2009 Jun
1,2(2):59-64.

Housman G, Byler S, Heerboth S, Lapinska K, Longacre M, Snyder
N, et al. Drug resistance in cancer: an overview. Cancers. 2014 Sep
5;6(3):1769-92.

Manandhar M, Boulware KS, Wood RD. The ERCC1 and ERCC4 (XPF)
genes and gene products. Gene. 2015 Sep 15;569(2):153-61.

Torgovnick A, Schumacher B. DNA repair mechanisms in cancer
development and therapy. Frontiers in Genetics. 2015 Apr 23;6:157.

Torgovnick A, Schumacher B. DNA repair mechanisms in cancer
development and therapy. Frontiers in Genetics. 2015 Apr 23;6:157..

Kabel AM. Tumor markers of breast cancer: New prospectives.
Journal of Oncological Sciences. 2017 Apr 1;3(1):5-11..

Li Q Dai W, Li Y, Xu Y, Li X, Cai S. Nomograms for predicting the
prognostic value of serological tumor biomarkers in colorectal
cancer patients after radical resection. Scientific Reports. 2017 Apr
18;7(1):1-0.

Terpos E, Dimopoulos MA, Shrivastava V, Leitzel K, Christoulas
D, Migkou M, et al. High levels of serum TIMP-1 correlate with
advanced disease and predict for poor survival in patients with
multiple myeloma treated with novel agents. Leukemia Research.
2010 Mar 1;34(3):399-402.

Henry NL, Hayes DF. Cancer biomarkers. Molecular Oncology. 2012
Apr 1;6(2):140-6.

Harris L, Fritsche H, Mennel R, Norton L, Ravdin P, Taube S,
et al. American Society of Clinical Oncology 2007 update of
recommendations for the use of tumor markers in breast cancer.
Journal of Clinical Oncology. 2007 Nov 20;25(33):5287-312.

Easton DF, Ford D, Bishop DT. Breast and ovarian cancer incidence
in BRCAT-mutation carriers. Breast Cancer Linkage Consortium.
American journal of Human Genetics. 1995 Jan;56(1):265.

Thompson D, Easton DF. Cancer incidence in BRCAT mutation
carriers. Journal of the National Cancer Institute. 2002 Sep
18;94(18):1358-65..

Early Breast Cancer Trialists’ Collaborative Group. Relevance of
breast cancer hormone receptors and other factors to the efficacy
of adjuvant tamoxifen: patient-level meta-analysis of randomised
trials. The lancet. 2011 Aug 27;378(9793):771-84.

Thompson D, Easton DF. Cancer incidence in BRCAT mutation
carriers. Journal of the National Cancer Institute. 2002 Sep
18;94(18):1358-65..

Allegra CJ, Jessup JM, Somerfield MR, Hamilton SR, Hammond EH,
Hayes DF, et al. American Society of Clinical Oncology provisional

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

clinical opinion: testing for KRAS gene mutations in patients with
metastatic colorectal carcinoma to predict response to anti-
epidermal growth factor receptor monoclonal antibody therapy.
Journal of Clinical Oncology. 2009 Apr 20;27(12):2091-6.

Early Breast Cancer Trialists’ Collaborative Group. Relevance of
breast cancer hormone receptors and other factors to the efficacy
of adjuvant tamoxifen: Patient-level Meta-Analysis of Randomised
Trials. The lancet. 2011 Aug 27;378(9793):771-84.

Monzon FA, Medeiros F, Lyons-Weiler M, Henner WD. Identification
of tissue of origin in carcinoma of unknown primary with a
microarray-based gene expression test. Diagnostic pathology. 2010
Dec;5(1):1-9.

Paik S, Shak S, Tang G, Kim C, Baker J, Cronin M, et al. A multigene
assay to predict recurrence of tamoxifen-treated, node-negative
breast cancer. New England Journal of Medicine. 2004 Dec
30;351(27):2817-26..

Mishra A, Verma M. Cancer biomarkers: are we ready for the prime
time?. Cancers. 2010 Mar 22;2(1):190-208.

Mishra A, Bharti AC, Varghese P, Saluja D, Das BC. Differential
expression and activation of NF-kB family proteins during oral
carcinogenesis: Role of high risk human papillomavirus infection.
International Journal of Cancer. 2006 Dec 15;119(12):2840-50.

Selleck MJ, Senthil M, Wall NR. Making meaningful clinical use of
biomarkers.BiomarkerInsights.2017Jun19;12:1177271917715236..

Roses RE, Paulson EC, Sharma A, Schueller JE, Nisenbaum H,
Weinstein S, et al. HER-2/neu overexpression as a predictor
for the transition from in situ to invasive breast cancer. Cancer
Epidemiology, Biomarkers & Prevention. 2009 May 1;18(5):1386-9.

Kamel HF, Al-Amodi HS. Exploitation of gene expression and cancer
biomarkers in paving the path to era of personalized medicine.
Genomics, Proteomics & Bioinformatics. 2017 Aug 1;15(4):220-35.

FDA-NIH Biomarker Working Group. BEST (Biomarkers, endpoints,
and other tools) resource [Internet].

Lau P, Chin JL, Pautler S, Razvi H, Izawa JIl. NMP22 is predictive
of recurrence in high-risk superficial bladder cancer patients.
Canadian Urological Association Journal. 2009;3(6):454-8.

Gainor JF, Longo DL, Chabner BA. Pharmacodynamic biomarkers:
falling short of the mark?. Clinical Cancer Research. 2014 May
15;20(10):2587-94.

Palka KT, Slebos RJ, Chung CH. Update on molecular diagnostic
tests in head and neck cancer. InSeminars in Oncology 2008 Jun 1
(Vol. 35, No. 3, pp. 198-210). WB Saunders..

Cortesina G, Martone T. Molecular metastases markers in head
and neck squamous cell carcinoma: review of the literature. Acta
otorhinolaryngologica italica. 2006 Dec;26(6):317.

Hoffmann-Fazel A, Hoffmann M, Gottschlich S, Maass JD, Rudert H,
Maune S. Cyfra 21-1 in diagnosis of distant metastases of head and
neck carcinoma. Anticancer Research. 2003 Mar 1;23(2A):917-20.

Doweck |, Barak M, Uri N, Greenberg E. The prognostic value of
the tumour marker Cyfra 21-1 in carcinoma of head and neck and
its role in early detection of recurrent disease. British Journal of
Cancer. 2000 Dec;83(12):1696-701.

Grunnet M, Sorensen JB. Carcinoembryonic antigen (CEA) as tumor
marker in lung cancer. Lung Cancer. 2012 May 1;76(2):138-43.

Yan W, Wistuba Il, Emmert-Buck MR, Erickson HS. Squamous cell
carcinoma-similarities and differences among anatomical sites.
American journal of Cancer Research. 2011 Jan 1;1(3):275.

J Cancer Biol. 2022;3(1):19-32.

29



Citation: Naseem MS. Tumor biomarkers from discovery to clinical practice. ] Cancer Biol 2022;3(1):19-32.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

Tang Y, Qiao G, Xu E, Xuan Y, Liao M, Yin G. Biomarkers for early
diagnosis, prognosis, prediction, and recurrence monitoring of non-
small cell lung cancer. OncoTargets andTtherapy. 2017;10:4527.

LiuL, ZhaoY, Jia J, Chen H, Bai W, Yang M, et al. The prognostic value
of alpha-fetoprotein response for advanced-stage hepatocellular
carcinoma treated with sorafenib combined with transarterial
chemoembolization. Scientific Reports. 2016 Feb 2;6(1):1-9.

Zhang N, Gu J, Yin L, Wu J, Du MY, Ding K, et al. Incorporation of
alpha-fetoprotein (AFP) into subclassification of BCLC C stage
hepatocellular carcinoma according to a 5-year survival analysis
based on the SEER database. Oncotarget. 2016 Dec 6;7(49):81389.

Sherman M. Current status of alpha-fetoprotein testing.
Gastroenterology & Hepatology. 2011 Feb;7(2):113.

Arrieta O, Cacho B, Morales-Espinosa D, Ruelas-Villavicencio A,
Flores-Estrada D, Hernandez-Pedro N. The progressive elevation of
alpha fetoprotein for the diagnosis of hepatocellular carcinoma in
patients with liver cirrhosis. BMC Cancer. 2007 Dec;7(1):1-9.

Vukobrat-Bijedic Z, Husic-Selimovic A, Sofic A, Bijedic N, Bjelogrlic
I, Gogov B, et al. Cancer antigens (CEA and CA 19-9) as markers of
advanced stage of colorectal carcinoma. Medical Archives. 2013
Dec;67(6):397.

Polat E, Duman U, Duman M, Atici AE, Reyhan E, Dalgic T, et al.
Diagnostic value of preoperative serum carcinoembryonic antigen
and carbohydrate antigen 19-9 in colorectal cancer. Current
Oncology. 2014 Feb;21(1):1-7.

Vukobrat-Bijedic Z, Husic-Selimovic A, Sofic A, Bijedic N, Bjelogrlic
I, Gogov B, et al. Cancer antigens (CEA and CA 19-9) as markers of
advanced stage of colorectal carcinoma. Medical Archives. 2013
Dec;67(6):397.

Yu Z, Chen Z, Wu J, Li Z, Wu Y. Prognostic value of pretreatment
serum carbohydrate antigen 19-9 level in patients with colorectal
cancer: A Meta-Analysis. PLoS One. 2017 Nov 15;12(11):e0188139.

Persson BE, Stahle E, Pahlman L, Glimelius B, Holmgren J. CA-50
as a tumour marker for monitoring colorectal cancer: antigen
rises in patients postoperatively precede clinical manifestations
of recurrence. European Journal of Cancer and Clinical Oncology.
1988 Feb 1;24(2):241-6..

Madu CO, Lu Y. Novel diagnostic biomarkers for prostate cancer.
Journal of Cancer. 2010;1:150.

Liu Y, Hegde P, Zhang F, Hampton G, Jia S. Prostate cancer-a
biomarker perspective. Frontiers in Endocrinology. 2012 May
29;3:72.

Leman ES, Gonzalgo ML. Prognostic features and markers for
testicular cancer management. Indian journal of urology: LJU:
Journal of the Urological Society of India. 2010 Jan;26(1):76.

Milose JC, Filson CP, Weizer AZ, Hafez KS, Montgomery JS. Role of
biochemical markers in testicular cancer: diagnosis, staging, and
surveillance. Open Access Journal of Urology. 2012;4:1.

Leman ES, Gonzalgo ML. Prognostic features and markers for
testicular cancer management. Indian journal of urology: JU:
Journal of the Urological Society of India. 2010 Jan;26(1):76.

Milose JC, Filson CP, Weizer AZ, Hafez KS, Montgomery JS. Role of
biochemical markers in testicular cancer: diagnosis, staging, and
surveillance. Open Access Journal of Urology. 2012;4:1.

Lange PH, Bremner RD, Horne CH, Vessella RL, Fraley EE. Is SP-1 a
marker for testicular cancer?. Urology. 1980 Mar 1;15(3):251-5.

Jiang NY, Woda BA, Banner BF, Whalen GF, Dresser KA, Lu D. Sp1,

a new biomarker that identifies a subset of aggressive pancreatic
ductal adenocarcinoma. Cancer Epidemiology Biomarkers &
Prevention. 2008 Jul;17(7):1648-52.

97. Maroun J, Kocha W, Kvols L, Bjarnason G, Chen E, Germond C, et
al. Guidelines for the diagnosis and management of carcinoid
tumours. Part 1: the gastrointestinal tract. A statement from a
Canadian National Carcinoid Expert Group. Current Oncology. 2006
Apr;13(2):67-76.

98. Bae YJ, Schaab M, Kratzsch J. Calcitonin as biomarker for the
medullary thyroid carcinoma. Medullary Thyroid Carcinoma.
2015:117-37.

99. Werner RA, Schmid JS, Muegge DO, Lickerath K, Higuchi T,
Héanscheid H, et al. Prognostic value of serum tumor markers
in medullary thyroid cancer patients undergoing vandetanib
treatment. Medicine. 2015 Nov;94(45).

100.Gupta-Abramson V, Troxel AB, Nellore A, Puttaswamy K, Redlinger
M, Ransone K ,et al. Phase Il trial of sorafenib in advanced thyroid
cancer. Journal of Clinical Oncology. 2008 Oct 10;26(29):4714.

101.GaoY, Lu H, Yuan Z, Zhu R. Tumor markers in thyroid carcinoma with
pulmonary metastases after thyroidectomy. Laboratory Medicine.
2009 Jan 1;40(1):30-4.

102.Whitley RJ, Ain KB. Thyroglobulin: a specific serum marker for the
management of thyroid carcinoma. Clinics in Laboratory Medicine.
2004 Mar 1;24(1):29-47.

103.Milman S, Whitney KD, Fleischer N. Metastatic medullary thyroid
cancer presenting with elevated levels of CA 19-9 and CA 125.
Thyroid. 2011 Aug 1;21(8):913-6.

104.Werner RA, Schmid JS, Muegge DO, Liickerath K, Higuchi T,
Hanscheid H, et al. Prognostic value of serum tumor markers
in medullary thyroid cancer patients undergoing vandetanib
treatment. Medicine. 2015 Nov;94(45).

105.Mealy K, Feely J, Reid I, McSweeney J, Walsh T, Hennessy TP. Tumour
marker detection in oesophageal carcinoma. European Journal of
Surgical Oncology (EJSO). 1996 Oct 1;22(5):505-7.

106.Tan C, Qian X, Guan Z, Yang B, Ge Y, Wang F, et al. Potential
biomarkers for esophageal cancer. SpringerPlus. 2016 Dec;5(1):1-7.

107.Samy N, Ragab HM, EI Maksoud NA, Shaalan M. Prognostic
significance of serum Her2/neu, BCL2, CA15-3 and CEA in breast
cancer patients: a short follow-up. Cancer Biomarkers. 2010 Jan
1;6(2):63-72.

108.Stieber P, Nagel D, Blankenburg I, HeinemannV, Untch M, Bauerfeind
|, et al. Diagnostic efficacy of CA 15-3 and CEA in the early detection
of metastatic breast cancer—a retrospective analysis of kinetics
on 743 breast cancer patients. Clinica Chimica Acta. 2015 Aug
25;448:228-31.

109.Shao Y, Sun X, He Y, Liu C, Liu H. Elevated levels of serum
tumor markers CEA and CA15-3 are prognostic parameters for
different molecular subtypes of breast cancer. PloS One. 2015 Jul
24;10(7):e0133830.

110.Gam LH. Breast cancer and protein biomarkers. World Journal of
Experimental Medicine. 2012 Oct 10;2(5):86.

111.Kazarian A, Blyuss O, Metodieva G, Gentry-Maharaj A, Ryan A,
Kiseleva EM, et al. Testing breast cancer serum biomarkers for early
detection and prognosis in pre-diagnosis samples. British Journal
of Cancer. 2017 Feb;116(4):501-8.

112.Nieder C, Dalhaug A, Haukland E, Mannsaker B, Pawinski A.
Prognostic impact of the tumor marker CA 15-3 in patients
with breast cancer and bone metastases treated with palliative

J Cancer Biol. 2022;3(1):19-32.



Citation: Naseem MS. Tumor biomarkers from discovery to clinical practice. ] Cancer Biol 2022;3(1):19-32.

radiotherapy. Journal of Clinical Medicine Research. 2017 Mar;
9(3):183.

113.De Wit R, Hoek FJ, BARKER P, Veenhof CH. The value of MCA, CA
15-3, CEA and CA-125 for discrimination between metastatic
breast cancer and adenocarcinoma of other primary sites. Journal
of Internal Medicine. 1991 May; 229(5):463-6.

114.Scatena R, editor. Advances in Cancer Biomarkers: From
biochemistry to clinic for a critical revision. Springer; 2015 Nov 3.

115.Smith KL, Isaacs C. BRCA mutation testing in determining
breast cancer therapy. Cancer Journal (Sudbury, Mass.). 2011
Nov;17(6):492.

116.James CR, Quinn JE, Mullan PB, Johnston PG, Harkin DP. BRCA1, a
potential predictive biomarker in the treatment of breast cancer.
The oncologist. 2007 Feb;12(2):142-50.

117.Taneja P, Maglic D, Kai F, Zhu S, Kendig RD, Elizabeth AF, et al.
Classical and novel prognostic markers for breast cancer and their
clinical significance. Clinical Medicine Insights: Oncology. 2010
Jan;4:CMO-S4773.

118.Bulut N, Altundag K. Does estrogen receptor determination affect
prognosis in early stage breast cancers?. International Journal of
Clinical and Experimental Medicine. 2015;8(11):21454.

119.McDonnell DP, Wardell SE. The molecular mechanisms underlying
the pharmacological actions of ER modulators: implications for new
drug discovery in breast cancer. Current Opinion in Pharmacology.
2010 Dec 1;10(6):620-8.

120.Pectasides D, Mylonakis A, Kostopoulou M, Papadopoulou M,
Triantafillis D, Varthalitis J, et al. CEA, CA 19-9, and CA-50 in
monitoring gastric carcinoma. American Journal of Clinical
Oncology. 1997 Aug 1;20(4):348-53.

121.Jia S, Cai J. Update on biomarkers in development of anti-
angiogenic drugs in gastric cancer. Anticancer Research. 2016 Mar
1;36(3):1111-8.

122.Cidon EU, Bustamante R. Gastric cancer: tumor markers as predictive
factors for preoperative staging. Journal of Gastrointestinal Cancer.
2011 Sep;42(3):127-30.

123.Cdinap C, Nagy V, Gherman A, Cetean S, Laszlo |, Constantin AM, et
al. Classic tumor markers in gastric cancer. Current standards and
limitations. Clujul Medical. 2015;88(2):111.

124.Pectasides D, Mylonakis A, Kostopoulou M, Papadopoulou M,
Triantafillis D, Varthalitis J,. CEA, CA 19-9, and CA-50 in monitoring
gastric carcinoma. American Journal of Clinical Oncology. 1997 Aug
1;20(4):348-53.

125.Wu L, Huang P, Wang F, Li D, Xie E, Zhang Y, et al. Relationship
between serum CA19-9 and CEA levels and prognosis of pancreatic
cancer. Annals of Translational Medicine. 2015 Dec;3(21).

126.Ballehaninna UK, Chamberlain RS. Serum CA 19-9 as a biomarker
for pancreatic cancer—a comprehensive review. Indian Journal of
Surgical Oncology. 2011 Jun;2(2):88-100.

127 Vujasinovic M, Valente R, Del Chiaro M, Permert J, Léhr JM.
Pancreatic exocrine insufficiency in pancreatic cancer. Nutrients.
2017 Feb 23;9(3):183.

128.Partelli S, Frulloni L, Minniti C, Bassi C, Barugola G, D'Onofrio M,
et al. Faecal elastase-1 is an independent predictor of survival in
advanced pancreatic cancer. Digestive and Liver Disease. 2012 Nov
1;44(11):945-51.

129.Kobayashi E, UedaY, Matsuzaki S, YokoyamaT, KimuraT, Yoshino K, et
al. Biomarkers for Screening, Diagnosis, and Monitoring of Ovarian

CancerBiomarkers for Ovarian Cancer. Cancer Epidemiology,
Biomarkers & Prevention. 2012 Nov 1; 21(11):1902-12.

130.Guo J, Yu J, Song X, Mi H. Serum CA125, CA199 and CEA combined
detection for epithelial ovarian cancer diagnosis: a meta-analysis.
Open Medicine. 2017 Jan 1; 12(1):131-7.

131.Gupta D, Lis CG. Role of CA125 in predicting ovarian cancer
survival-a review of the epidemiological literature. Journal of
Ovarian Research. 2009 Dec; 2(1):1-20.

132.Guo J, Yu J, Song X, Mi H. Serum CA125, CA199 and CEA combined
detection for epithelial ovarian cancer diagnosis: a meta-analysis.
Open Medicine. 2017 Jan 1;12(1):131-7.

133.Malati T, Kumari GR, Yadagiri B. Application of tumor markers in
ovarian malignancies. Indian Journal of Clinical Biochemistry. 2001
Jul;16(2):224-33.

134.Isonishi S, Ogura A, Kiyokawa T, Suzuki M, Kunito S, Hirama M,
et al. Alpha-fetoprotein (AFP)-producing ovarian tumor in an
elderly woman. International Journal of Clinical Oncology. 2009
Feb;14(1):70-3.

135.Djurdjevic S, Maksimovic M, Pantelic M, Golubovic A, Curcic A,
Curcic A. Usefulness of beta hCG as tumor marker in the diagnosis
and follow up of patients with ovarian cancer. Journal of BUON.
2011 Oct 1;16(4):715-21.

136.Ueda Y, Enomoto T, Kimura T, Miyatake T, Yoshino K, Fujita M, et
al. Serum biomarkers for early detection of gynecologic cancers.
Cancers. 2010 Jun 14;2(2):1312-27.

137.lida M, Banno K, Yanokura M, Nakamura K, Adachi M, Nogami Y, et
al. Candidate biomarkers for cervical cancer treatment: Potential
for clinical practice. Molecular and Clinical Oncology. 2014 Sep
1;2(5):647-55.

138.Herceg Z, Hainaut P. Genetic and epigenetic alterations as
biomarkers for cancer detection, diagnosis and prognosis.
Molecular Oncology. 2007 Jun 1;1(1):26-41.

139.Hainaut P. TP53 tumor suppressor gene: 20 years (and ten thousand
mutations) later. Bulletin du Cancer. 2000 Jan;87(1):11-8.

140.Gormally E, Vineis P, Matullo G, Veglia F, Caboux E, Le Roux E, et
al. TP53 and KRAS2 mutations in plasma DNA of healthy subjects
and subsequent cancer occurrence: a prospective study. Cancer
Research. 2006 Jul 1;66(13):6871-6.

141.Tan C, Du X. KRAS mutation testing in metastatic colorectal cancer.
World Journal of Gastroenterology: WJG. 2012 Oct 10;18(37):5171.

142.Herceg Z, Hainaut P. Genetic and epigenetic alterations as
biomarkers for cancer detection, diagnosis and prognosis.
Molecular Oncology. 2007 Jun 1;1(1):26-41.

143.Friedenson B. BRCA1 and BRCA2 pathways and the risk of cancers
other than breast or ovarian. Medscape General Medicine.
2005;7(2):60.

144.Kis A, Tatar TZ, Gall T, Boda R, Tar I, Major T, et al. Frequency of
genetic and epigenetic alterations of p14ARF and p16INK4A in
head and neck cancer in a Hungarian population. Pathology &
Oncology Research. 2014 Oct;20(4):923-9.

145.Shackelford RE, Vora M, Mayhall K, Cotelingam J. ALK-
rearrangements and testing methods in non-small cell lung cancer:
a review. Genes & Cancer. 2014 Jan;5(1-2):1.

146.Virji MA, Mercer DW, Herberman RB. Tumor markers in cancer
diagnosis and prognosis. CA: A Cancer Journal for Clinicians. 1988
Mar;38(2):104-26.

J Cancer Biol. 2022;3(1):19-32.

31



Citation: Naseem MS. Tumor biomarkers from discovery to clinical practice. ] Cancer Biol 2022;3(1):19-32.

147 Kitada M, Ozawa K, Sato K, Matsuda Y, Hayashi S, Tokusashi Y, et
al. Alpha-fetoprotein-producing primary lung carcinoma: a case
report. World Journal of Surgical Oncology. 2011 Dec;9(1):1-4.

148.Henry NL, Hayes DF. Cancer biomarkers. Molecular Oncology. 2012
Apr 1;6(2):140-6.

149.Cavanagh H, Rogers K. The role of BRCAT and BRCA2 mutations
in prostate, pancreatic and stomach cancers. Hereditary Cancer in
Clinical Practice. 2015 Dec;13(1):1-7.

150.Holderfield M, Deuker MM, McCormick F, McMahon M. Targeting
RAF kinases for cancer therapy: BRAF-mutated melanoma and
beyond. Nature Reviews Cancer. 2014 Jul;14(7):455-67.

151.Ascierto PA, Kirkwood JM, Grob JJ, Simeone E, Grimaldi AM, Maio
M, Palmieri G, Testori A, Marincola FM, Mozzillo N. The role of BRAF
V600 mutation in melanoma. Journal of translational medicine.
2012 Dec;10(1):1-9.

152.Nashed AL, Rao KW, Gulley ML. Clinical applications of BCR-ABL
molecular testing in acute leukemia. The Journal of Molecular
Diagnostics. 2003 May 1;5(2):63-72.

153.Keramatinia A, Ahadi A, Akbari ME, Mohseny M, Jarahi AM, Mehrvar
N, et al. Genomic profiling of chronic myelogenous leukemia:
basic and clinical approach. Journal of Cancer Prevention. 2017
Jun;22(2):74.

154.Zhao X, Yue C. Gastrointestinal stromal tumor. Journal of
Gastrointestinal Oncology. 2012 Sep;3(3):189.

155.Gerrish ST, Smith JW. Gastrointestinal stromal tumors—diagnosis
and management: A brief review. Ochsner Journal. 2008 Dec
21;8(4):197-204.

156.Gupta M, Chia SY. Circulating thyroid cancer markers. Current
Opinion in Endocrinology, Diabetes and Obesity. 2007 Oct
1;14(5):383-8.

157.Whitley RJ, Ain KB. Thyroglobulin: a specific serum marker for the
management of thyroid carcinoma. Clinics in Laboratory Medicine.
2004 Mar 1;24(1):29-47.

158.Adhyam M, Gupta AK. A review on the clinical utility of PSA in cancer
prostate. Indian Journal of Surgical Oncology. 2012 Jun;3(2):120-9.

159.Lilja H, Ulmert D, Vickers AJ. Prostate-specific antigen and prostate
cancer: prediction, detection and monitoring. Nature Reviews
Cancer. 2008 Apr;8(4):268-78.

160.Palmer SR, Erickson LA, Ichetovkin I, Knauer DJ, Markovic SN.
Circulating serologic and molecular biomarkers in malignant
melanoma. InMayo Clinic Proceedings 2011 Oct 1 (Vol. 86, No. 10,
pp. 981-990). Elsevier.

161.Bien E, Balcerska A. Serum Soluble Interleukin-2 Receptor,
Beta2-Microglobulin, Lactate Dehydrogenase and Erythrocyte
Sedimentation Rate in Children with Hodgkin’s Lymphoma.
Scandinavian Journal of Immunology. 2009 Nov;70(5):490-500.

162.Garg, R. J, et al. (2011). Chronic lymphocytic leukemia and
associated disorders. MD Anderson manual of medical oncology,
The McGraw-Hill Medical Publishing Division, New York: 33-52.

163.English DP, Roque DM, Santin AD. HER2 expression beyond breast
cancer: therapeutic implications for gynecologic malignancies.
Molecular Diagnosis & Therapy. 2013 Apr;17(2):85-99.

164.Li J, Dowdy S, Tipton T, Podratz K, Lu WG, Xie X, et al. HE4 as a
biomarker for ovarian and endometrial cancer management.
Expert Review of Molecular Diagnostics. 2009 Sep 1;9(6):555-66.

165.Simmons AR, Baggerly K, Bast Jr RC. The emerging role of HE4 in

the evaluation of advanced epithelial ovarian and endometrial
carcinomas. Oncology (Williston Park, NY). 2013 Jun;27(6):548.

166.Wang YH, Yang QC, Lin Y, Xue L, Chen MH, Chen J. Chromogranin A
as a marker for diagnosis, treatment, and survival in patients with
gastroenteropancreatic neuroendocrine neoplasm. Medicine. 2014
Dec;93(27).

167.Tarca AL, Romero R, Draghici S. Analysis of microarray experiments
of gene expression profiling. American Journal of Obstetrics and
Gynecology. 2006 Aug 1;195(2):373-88.

168.Ding Y, Xu L, Jovanovic BD, Helenowski IB, Kelly DL, Catalona WJ, et
al. The methodology used to measure differential gene expression
affects the outcome. Journal of Biomolecular Techniques: JBT. 2007
Dec;18(5):321.

169.Jain KK, Jain KK. The handbook of biomarkers. New York: Springer;
2010 Feb 6.

170.Sydor JR, Nock S. Protein expression profiling arrays: tools for
the multiplexed high-throughput analysis of proteins. Proteome
Science. 2003 Dec;1(1):1-7.

171.Jain KK, Jain KK. The handbook of biomarkers. New York: Springer;
2010 Feb 6.

172.Chambers G, Lawrie L, Cash P, Murray Gl. Proteomics: a new
approach to the study of disease. The Journal of Pathology. 2000
Nov;192(3):280-8.

173.Liang M, Cowley Jr AW, Greene AS.High throughput gene expression
profiling: a molecular approach to integrative physiology. The
Journal of Physiology. 2004 Jan;554(1):22-30.

174.Sharma S. Tumor markers in clinical practice: General principles
and guidelines. Indian Journal of Medical and Paediatric Oncology.
2009 Jan;30(01):1-8.

175.Berg JM, Tymoczko JL, Stryer L. Glycolysis is an energy-conversion
pathway in many organisms. Biochemistry. 5th ed. New York: WH
Freeman. 2002:433-.

176.Galanzha El, Weingold R, Nedosekin DA, Sarimollaoglu M,
Nolan J, Harrington W, et al. Spaser as a biological probe. Nature
Communications. 2017 Jun 8;8(1):1-7.

177.Noginov MA, Zhu G, Belgrave AM, Bakker R, Shalaev VM, Narimanov
EE, et al. Demonstration of a spaser-based nanolaser. Nature. 2009
Aug; 460(7259):1110-2.

178.Stockman MI.Nanoplasmonics: The physics behind the applications.
Phys. Today. 2011 Feb 1;64(2):39-44.

179.Alford R, Simpson HM, Duberman J, Hill GC, Ogawa M, Regino C,
et al. Toxicity of organic fluorophores used in molecular imaging:
literature review. Molecular Imaging. 2009 Nov 1;8(6):7290-2009.

180.Richard G, Soubrane G, Lieb WA. Fluorescein and ICG Angiography:
textbook and Atlas. Thieme; 1998.

181.Diamandis EP. Cancer biomarkers: can we turn recent failures
into success?. Journal of the National Cancer Institute. 2010 Oct
6;102(19):1462-7.

182.Ishii M. Limitation of clinical usefulness of tumor marker. Gan to
Kagaku ryoho. Cancer & Chemotherapy. 1995 Aug 1;22(9):1139-45.

183.Bates SE, Longo DL. Tumor markers: value and limitations in the
management of cancer patients. Cancer Treatment Reviews. 1985
Sep 1;12(3):163-207.

184.Diamandis EP. Cancer biomarkers: can we turn recent failures
into success?. Journal of the National Cancer Institute. 2010 Oct
6;102(19):1462-7.

J Cancer Biol. 2022;3(1):19-32.

32



