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Tumor Markers in Clinical and
Diagnostic Oncology - Revisited

Sushma Susik MS1, Shyam Prasad Reddy D2

ABSTRACT:

The subtle differences between normal and tumor cells are
exploited in the detection and treatment of cancer. Some of these
differences are designated as tumor markers and can be either
qualitative or quantitative in their nature. The structures
produced by tumor cells as well as those produced by host tissues
in excessive amounts under the influence of tumor cells can
function as tumor markers. Speaking in general, the tumor
markers are the specific molecules appearing in the blood, urine,
stool, other bodily fluids or tissues and the occurrence of which
is associated with cancer.

Most tumor markers are proteins. However, more recently,
patterns of gene expression and changes to DNA have also begun
to be used as tumor markers. Markers of the latter type are
assessed in tumor tissue specifically. Some are associated with
only one type of cancer, whereas others are associated with two
or more cancer types. There is no "universal" tumor marker
that can detect any type of cancer. Sometimes, noncancerous
conditions can cause the levels of certain tumor markers to
increase. In addition, not everyone with a particular type of
cancer will have a higher level of a tumor marker associated
with that cancer. Moreover, tumor markers have not been
identified for every type of cancer.

Tumor markers are assuming a growing role in all aspects of
cancer care, starting from screening to follow-up after treatment,
and their judicious application in clinical practice needs a
thorough understanding of the basics of pathophysiology,
techniques of identification or testing, reasons for out-of-range
levels of tumor markers, as well as the knowledge of evidence
of their role in any given malignancy. These are, at the most,
just an adjunct to diagnosis, and establishing a diagnosis on
the basis of tumor markers alone (especially a single result) is
fraught with associated pitfalls because of the problem of non-
specificity. The present review focuses on some of the tumor
markers in clinical oncology that are often used today.
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INTRODUCTION

Tumor markers are substances that are
produced by cancer or by other cells of the body in
response to cancer or certain benign (noncancerous)
conditions. Most tumor markers are made by normal

cells as well as by cancer cells; however, they are
produced at much higher levels in cancerous
conditions. These substances can be found in the
blood, urine, stool, tumor tissue, or other tissues or
bodily fluids of patients with cancer. Most tumor
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markers are proteins. However, more recently,
patterns of gene expression and changes to DNA
have also begun to be used as tumor markers.
Markers of the latter type are assessed in tumor
tissue specifically.1, 2

More than 20 different tumor markers are in
clinical use in oncology. Some are associated with
only one type of cancer, whereas others are
associated with two or more cancer types.3 There is
no “universal” tumor marker that can detect any
type of cancer and there are some limitations to the
use of tumor markers. Sometimes, noncancerous
conditions can cause the levels of certain tumor
markers to increase.4 In addition, not everyone with
a particular type of cancer will have a higher level
of a tumor marker associated with that cancer and
moreover, tumor markers have not been identified
for every type of cancer.5

Brief History of Tumor Markers:

The first known attempt to find tumor markers
for malignancy was made 2000 years ago and is
described in an Egyptian papyrus where breast
cancer was distinguished from mastitis. Incidentally
the first tumor marker in modern medicine was
identified by Bence-Jones, who in 1846 detected a
heat precipitate in samples of acidified urine from
patients suffering from “Mollities osseum”. In 1928
W. H. Brown described about ectopic hormone
syndrome in a case of pluriglandular syndrome. In
1930 B. Zondek identified HCG (human chorionic
gonadotrophin) produced by the trophoblast cells of
the fertilised ovum (blastocyst),which is an excellent
tumor marker for the monitoring of germ cell
tumors. In 1932, ACTH marker was first described
by H. Cushing in Cushings’ syndrome. In 1949,
marker for deletions of blood group antigens was
found by K. Oh-Uti in lung cancer patients.3

Philadelphia chromosome marker is associated
with chronic myeloid leukemia (CML) which was
first discovered and described by Peter Nowell in
1960. In 1963, G. I. Abelev demonstrated that
transplantable hepatocellular carcinomas of the
mouse were synthesizing and secreting into the
blood an embryo-specific α-globulin subsequently
identified as AFP which is an tumor marker in
hepatocellular carcinomas. In 1965, Gold et al
isolated a glycoprotein molecule from specimens of
human colonic cancer and thus discovered the first
“tumor antigen,” later identified as carcino-
embryonic antigen (CEA). Markers for oncogenes
were identified by R. Heubner and G. Todaro in

1969. In 1975, Oncogenes probes & transfection
markers were first described by G. Cooper, R.
Weinber, M. Bishop in 1980 in human bladder and
lung carcinoma cell lines. Suppressor gene marker
was first described by H. Harris, R.Sager and A.
Knudson in 1985 in Colorectal Tumorigenesis.3

Definition of Tumor Marker: There have been
numerous attempts to broaden the definition to
accommodate the rapidly expanding set of identified
tumor markers and include the following: 2

1. Substances present in, or produced by, a tumor
itself or produced by host in response to a tumor
that can be used to differentiate a tumor from
normal tissue or to determine the presence of a
tumor based on measurements in blood or
secretions.

2. A molecule, a process or a substance that is
altered quantitatively or qualitatively in
precancerous or cancerous conditions, the
alteration being detectable by an assay.

3. Biochemical indicators of the presence of a
tumor.

However, in common clinical practice, the term
usually refers to a molecule that can be detected in
plasma or other body fluids.2

Characteristics of Tumor Markers:

There are three most important characteristics
of an ideal tumor marker: 2

1) It should be highly specific to a given tumor
type. (Markers’ specificity - Mean probability
that a normal tumor marker value derives from
a tumor-free individual)

2) It should be highly sensitive to avoid false
positive results. (Markers’ sensitivity - Mean
probability of determining an elevated tumor
marker level - over the “cut-off value” - in a
tumor-bearing patient)

3) It should provide a lead-time over clinical
diagnosis.

Additionally, the levels of the marker should
correlate reliably with the tumor burden, accurately
reflecting any tumor progression or regression, along
with a short half-life allowing frequent serial
measurements. The test used for detection should
be simple, cheap for screening application at mass
level and should be of such nature as to be acceptable
to the target population. In reality an ideal tumor
marker does not exist.2-4
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As to the literature, an ideal tumor marker
should fulfil certain criteria when using it as a test
for detection of cancer disease: (1) positive results
should occur in the early stages of the disease, (2)
positive results should occur only in the patients
with a specific type of malignancy, (3) positive
results should occur in all patients with the same
malignancy, (4) the measured values should
correlate with the stage of the disease,(5) the
measured values should correlate to the response
to treatment, (6) the marker should be easy to
measure. Most tumor markers available today meet
several, but not all criteria.1

Classification of Tumor Markers:

Tumor markers can be classified in several
ways: according to their chemical structure, their
tissue of origin, types of malignancies in which they
are elevated, etc.

I. In 1995 Waxman J, based on differences in origin,
structure, biological function or their relationship
to the event in tumor growth or formation,
classified tumor markers as follows: 6

1) Oncofetal antigens e.g. AFP, CEA.

2) Harmones e.g. Catecholamines, Calcitonin, β
hcg.

3) Glycoprotein’s e.g. CA 125, CA 15-3, CA19-9,
CA 72 -4, PSA.

4) Metabolites e.g. VMA, HIAA.

5) Tumor associated antigens

a) Viral antigens e.g. Polyoma, SV 40.

b) MHC related antigens e.g. H-2K antigen.

c) Enzymes e.g. PAP, NSE, PLAP.

d) Oncogene Products e.g. c-myc, c-erb B2.

e) Cytogenic products e.g. Philadelphia
chromosome.

6) Tumor associated markers

a) Proteins e.g. Immunoglobulin’s, β-2M.

b) Enzymes e.g. Lactate, Dehydrogenase,
Alkaline phosphatase, Pterodines, Pterines.

c) Acute phase proteins e.g. C reactive
proteins, Ferritin.

d) Inflammatory markers e.g. ESR, viscosity.

7) Ultrastructural components

a) Intermediate filament components e.g.
Desmin, vimentin

[AFP: Alfa fetoprotein; CEA: Carcinoembryonic
antigen; ESR: Erythrocyte sedimentation rate;
HIAA: Hydroxy indole acetic acid; NSE:
Neuron-specific enolase; PAP: Prostatic acid
phosphatase; PLAP: Placental alkaline
phosphatase; PSA: Prostate-specific antigen;
SV: Simian virus; VMA: Vanillmandelic acid]

II. In 1999, European Group on Tumor markers
recommended selected examples of serologic
tumor markers and malignant diseases
associated with each. Recommendation are as
follows:7

1) Oncofetal Antigens

a) AFP in Primary HCC and Teratoblastomas
of the ovaries & testis.

b) CEA in Colorectal carcinoma and various
carcinomas.

2) Hormones

a) β hcg in Chorio carcinoma and Testicular
cancers, trophoblastic tumors.

b) Calcitonin in Medullary carcinoma and
Carcinoma of the thyroid, liver cancer,
renal cancer.

c) Metanephrines in Pheocytocarcinoma,
Neuroblastoma, ganglioneuromas.

d) Chromogranin A in Pheocytocarcinoma,
MEN, small cell lung cancer, carcinoid
tumors and Neuroblastoma.

e) IGF 1 in Pituitary cancer and Insulinoma.

3) Glycoprotein’s

a) CA 15-3 in Breast cancer and various
carcinomas.

b) CA 19-9 in Pancreatic and gastric
carcinomas, various carcinomas.

c) CA 72-4 in Gastric carcinomas and various
carcinomas.

d) CA 125 in Ovarian carcinoma and various
carcinomas.

4) Isoenzymes

a) PSA in Prostate cancer.

b) NSE in Small cell lung carcinoma and
Neuroblastoma, Kidney tumors.

5) Cellular components/products

a) LASA -P in various carcinomas, leukemia,
lymphoma, hodgkins disease.
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b) SCC-A in Squamous carcinoma of the
uterus, lung, cervix, head and neck.

c) TAG 2 in Gastric carcinoma and Colorectal,
lung, pancreatic and ovarian cancers.

6) Immunoglobulins in

a) Multiple myeloma in Gammopathies.

[AFP: Alfa fetoprotein; β-hCG: Beta human
chorionic gonadotropin; CA: Carbohydrate
antigen; CEA: Carcinoembryonic antigen; HCC:
Hepatocellular carcinoma; LASA-P: Lipid-
associated sialic acid P; MEN: Multiple
endocrine neoplasia; NSE: Neuron-specific
enolase; PSA: Prostate-specific antigen; SCC-
A: Squamous cell carcinoma antigen.]

III. In 2001, Johnson PJ gave molecular
classification of circulating tumor markers
which is as follows: 8

Levels of Classification

1. DNA

a. Epigenetic - Promoter hyper mythelation.
e.g. GSP1, DAP in lung cancer; p15, p216
in liver cancer.

b. Endogenous - Mutations. e.g. NADH
dehydrogenase 4.

c. Mitochondrial genetic e.g. (ND4) in urine
in bladder cancer.

d. Oncogene -. Mutation. e.g. K-ras in
pancreatic cancer, micro satellite
alterations in head and neck cancers.

e. Exogenous viral e.g. EBV in NPC and
burkitts lymphoma; HPV in cervical cancer.

2. RNA

a. Cell based - Tissue specific markers. e.g.
PSA m RNA.

b. Endogenous e.g. 20m RNA in breast cancer.

c. Cell free - Circulating m RNA. e.g.
tyrosinase m RNA in melanoma.

d. Exogenous viral - Viral RNA. e.g. EBV
coded RNA in NPC.

3. Translational Protein

a. Native protein e.g. PSA in prostate cancer,
CEA in colonic.

b. Conventional markers.

c. Glycon - Aberrant glycosylation. e.g.
monosialytactec APF in HCC.

[AFP: Alfa fetoprotein; CEA: Carcinoembryonic
antigen; EBV: Epstein-Barr virus; HCC:
Hepatocellular carcinoma; HPV: Human
papilloma virus; mRNA: Messenger RNA; NPC:
Nasopharyngeal carcinoma; PSA: Prostate-
specific antigen]

IV. Based upon methods of detection of tumor
markers, they are classified into 6 major
groups: 9-12

1) Immunological

a. Immunohistochemistry

b. Radioimmuno assay

c. Enzyme linked immunosorbent assay

2) Flow cytometry

3)  Cytogenetic analysis

a. Fluorescent in situ hibridization

b. Spectral karyotying

c. Comparative genomic hybridization

4) Genetic analysis

a. Sequencing

b. Reverse transcription

c. Gel electrophoresis

d. DNA micro array analysis

5) Proteimics

a. Surface enhanced laser desorption /
ionization

V. The most common classification tries to combine
their biochemical properties, tissue of origin,
and functionality. According to this
classification, Srdjan Novakovic in 2004
distinguished tumor markers as follows: 1

1. Oncofetal proteins

2. Hormones and/or carcinoplacental
antigens

3. Enzymes

4. Tumor-associated antigens

5. Special serum proteins

6. Miscellaneous markers

1. Oncofetal proteins:

Oncofetal proteins are antigens that are
normally produced during the embryonic
development and their production is limited or
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completely absent/stopped in adults. Elevated
concentrations in adults result from reactivation
of certain genes that control cellular growth and
are directly connected to malignant process. One
of the typical representative of this group is
Carcinoembryonic antigen (CEA).1

CEA is one of the first known tumor markers.
During embryonal development, it is produced
in epithelial cells of the gastrointestinal tract,
liver, and pancreas.13 CEA is important for the
follow-up of patients with colorectal cancer
because 65% of all patients (including those with
localized disease and stage I cancer), and as
much as 100% of patients with metastatic
disease have elevated serum levels of CEA.14

Besides, this marker is convenient also for the
follow-up of patients with other malignancies -
especially breast, ovarian, pancreatic, lung,
liver, and endometrial cancer.15 Serum
concentrations between 4 - 10 ng/ml can be
found either in the patients with malignant or
in the patients with benign diseases, and even
in some heavy smokers, while concentrations
above 10 ng/ml speak more in favour of a
malignancy. Elevated serum concentrations can
be found also in the patients with bronchitis,
gastritis, duodenal ulcer, liver diseases,
pancreatitis, colorectal polyposis, etc.16, 17 CEA
is also the standard marker used to follow
patients with colorectal cancer during and after
treatment. In this way CEA levels are used to
see if the cancer is responding to treatment or
if it has recurred after treatment.3, 18

Alpha-fetoprotein (AFP) is known for
approximately as long as CEA. It was discovered
in 1963 by G. I. Abelev in the sera of mice with
hepatocellular carcinoma.19 AFP is a
glycoprotein produced in yolk sac, in the
epithelial cells of the gastrointestinal tract and
liver during embrional development. In
pregnancy, AFP enters amniotic fluid through
fetal blood, and passes the placenta, thus going
into maternal blood. In healthy adults, AFP can
be found in the blood in very minute
concentrations.20 Normal serum concentrations
appear approximately 9 months after birth.
Elevated serum AFP levels (above 10 ng/ml) in
adults can be found in the patients with acute
viral hepatitis, liver cirrhosis, obstructive
icterus, and in some malignant diseases, as
pancreatic cancer, lung cancer or gastric

cancer.18 The main role of AFP is to follow up
the patients with hepatocellular carcinoma (95
to 100% specificity and sensitivity) in whom the
concentrations above 1200 ng/ml practically
confirm the diagnosis of primary liver
(hepatocellular) cancer, and the patients with
non-seminoma germ tumors (specificity 60%).
21 AFP is also higher in certain germ cell tumors,
such as some testicular cancers, certain rare
types of ovarian cancer, and germ cell tumors
that start in the chest (mediastinal germ cell
tumors).1, 3

2. Hormones and/or Carcinoplacental
antigens:

The synthesis and secretion of hormones can
sometimes be altered due to malignancies.
Quantitative and qualitative alterations of the
synthesis and hormone secretion can therefore
be the indicators of a malignant process and can
be monitored as tumor markers.13 Quantitative
alterations occur when tumors develop in the
tissue of endocrine glands, thus influencing the
normal production of hormones by either
increasing or decreasing it. This group
comprises hormones of malignant endocrine
tumors such as parathyroid hormone, insulin,
prolactin, catecholamines and others.22,23

Qualitative changes take place when
malignantly transformed cells of some organs
start producing hormones i.e. the so called
ectopic hormone production e.g. calcitonin and
parathyroid hormone in breast cancer,
lipotropin in carcinoid tumors, calcitonin,
insulin, parathyroid hormone in thymic
malignomas. 24

Among all hormones, beta human chorionic
gonadotropin (β HCG) is one of the most
applicable tumor markers. β HCG is a protein
with the molecular mass of 45 KD. It belongs to
the group of carcinoplacental antigens i.e.
proteins that are synthesized in placenta during
pregnancy and can be found in adults only
exceptionally. Elevated serum concentrations of
βHCG can be found in almost all patients (90%)
with germ tumors. β HCG has a very short
serum half-life (36-48 hours) and is therefore
functional to follow up treatment response, as
well as to predict prognosis. In combination with
AFP, sHCG is an excellent marker for
monitoring the patients with germ tumors.18, 24
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Calcitonin, a hormone produced by
parafollicular C cells in the thyroid gland,
normally helps in regulation of blood calcium
levels. Normal calcitonin levels are below 5 to
12 pg/ml but in medullary thyroid carcinoma
(MTC), a rare cancer that starts in the
parafollicular C cells, blood levels of this
hormone are often greater than 100 pg/ml. This
is one of the rare tumor markers that can be
used to help detect early cancer. Because MTC
is often inherited, blood calcitonin can be
measured to detect the cancer in its very earliest
stages in family members known to be at risk.1

3. Enzymes:

Certain enzymes can also be used as tumor
markers when they are produced more intensely
in malignancies.

Elevated Prostatic acid phosphatise serum
concentrations; above 3ng/ml, can be observed
in the patients with prostatic cancer and usually
correlate with an advanced phase of the disease
when the tumor penetrates the prostatic
capsule. The determination of prostatic acid
phosphatase is therefore convenient for the
discrimination of benign from malignant
processes. It was used before the Prostate
specific antigen (PSA) test was developed but
is seldom used now because the PSA test is
better. 25

Alkaline phosphatise, an iso-enzyme, is
synthesized in the liver, bones or placenta.
Elevated serum concentrations in patients with
malignant disease usually indicate a metastatic
spread of the disease into the liver and/or bones,
and/or the presence of primary bone tumors
such as osteosarcoma. 25

Chromogranin A (CgA) is made by
neuroendocrine tumors that include carcinoid
tumors, neuroblastoma, and small cell lung
cancer. The blood level of CgA is often elevated
in patients with these diseases. It’s probably the
most sensitive tumor marker for carcinoid
tumors. Levels can also be elevated in some
advanced forms of prostate cancer that have
neuroendocrine features.18

Neuron specific enolase (NSE) is a cytoplasmic
glycolytic enzyme that was primarily detected
in the cells of neuroectodermal origin and in
neuronal cells. 26 The latter were proved to be
in the tumor tissue of the tumors with

neuroectodermal or neuroendocrine
differentiation. 27 Elevated levels of NSE may
also be found in medullary thyroid cancer,
melanoma, and pancreatic endocrine tumors.
Abnormal levels are usually higher than 9 ug/
L.18, 28

Among other nonspecific markers in this group,
lactic dehydrogenase (LDH) is an enzyme that
is quite often elevated in the sera of patients
with malignant lymphomas and germ tumors
(seminomas); elevated ã glutamyl
transpeptidase  (GGT) indicates cholestasis; and
thymidine kinase (TK) helps to evaluate the
disease spread in the patients with leukemia,
lymphoma, brain tumors, small cell lung cancer,
and breast cancer.1

4. Tumor-associated antigens:

Tumor associated antigens is a heterogeneous
group of markers that comprises various
membrane structures of tumor cells. Updated
technology exploits the possibility of producing
specific monoclonal antibodies against certain
antigenic structure that is most characteristic
for the type of tumor cells. Therefore, the
markers in this group are more specific for the
type of malignancy than the others and quite
often their serum concentrations reflect more
accurately the growth or regression of the tumor
mass.1

Carcinomic antigen 15-3 (CA 15-3) is produced
in the secretory epithelium of the breast, lungs,
gastrointestinal tract, uterus etc and can be
found frequently in the excretions of healthy
adults.16 Elevated serum concentrations of this
marker; above 30 U/ml are detected
predominately in the patients with breast
cancer. CA 15-3 is a good indicator of treatment
response and disease course in breast cancer
patients whose tumors produce that antigen.22

The serum level of CA 15-3 can be influenced
also by different non-tumoral diseases of the
breast, by benign breast tumors, but the values
rarely exceed 40 U/ml. Concomitant
determination of CA 15-3 and CEA in breast
cancer patients increases the sensitivity, while
retaining a substantial specificity of the
procedure.18, 29

Carcinomic antigen 125 (CA 125) is a
characteristic marker for ovarian cancer where
it is elevated in more than 80% of patients with
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non-mucinous ovarian cancer. During
embrional development, CA 125 is produced in
celomic epithelium, Muellerian ducts, epithelial
cells of the pleura, pericardium, and
peritoneum.30 In adults, CA 125 can be found
in mucosa of the cervix uteri and in the lung
parenchyma, however, it is not produced by
healthy ovarian tissue.31 Elevated
concentrations of CA 125 (above 35 U/ml) can
be found not only in the patients with ovarian
cancer but also in the patients with benign or
malignant gynecological diseases such as
endometriosis, ovarian cysts, endometrial
cancer, cervical cancer; as well as in the patients
with non-gynecological malignancies - lung
cancer, prostatic cancer, peritoneal malignant
mesothelioma.32 In the group of patients with
ovarian cancer, CA 125 is most reliable and
applicable in the follow-up of patients with
epithelial and undifferentiated ovarian
cancer.3, 18

Carcinomic antigen 19-9 (CA19-9) is a glycolipid
and actually represents a modified Lewis’s
hapten from the blood group system. CA 19-9
is frequently elevated in the serum of patients
with gastrointestinal tumors. The marker is
slightly more specific for pancreatic and liver
cancer. Normal blood levels of CA 19-9 are below
37 U/ml. A high CA 19-9 level in a newly
diagnosed patient usually means the disease is
advanced.1, 4

Carcinomic antigen 27-29 (CA 27-29) is another
marker that can be used to follow patients with
breast cancer during or after treatment.
Although it is a newer test than CA 15-3, it’s
not any better in detecting either early or
advanced disease. The normal level is usually
less than 40 U/ml. This marker can be elevated
in other cancers, too, such as cancers in the
colon, stomach, kidney, lung, ovary, pancreas,
uterus, and liver. It may also be higher than
normal in some non-cancerous conditions, for
instance, in women in the first trimester of
pregnancy; and in people with endometriosis,
ovarian cysts, non-cancerous breast disease,
kidney stones, and liver disease.33

Prostate specific antigen (PSA) is a serine
protease, produced in the prostate tissue and
excreted in the prostate fluid where it can have
very high concentrations. The role of this serine
protease is to prevent coagulation of sperm.25

In healthy persons, very minute amounts of PSA
enter the bloodstream so that its concentration
in serum is rather low. In the patients with
prostatic disease especially in case of prostatic
malignancy, the amounts of PSA that enter
bloodstream increase significantly, thus
generating high serum concentrations.34, 35 A
blood PSA level below 4 ng/ml means cancer is
unlikely and levels higher than 10 ng/ml mean
cancer is likely. This marker is substantially
specific for prostatic cancer and its serum
concentrations reflect very well the tumor
burden.3, 18

BCR-ABL is an abnormal gene seen in chronic
myeloid leukemia (CML) cancer cells. PCR can
be helpful in detecting this gene in very small
amounts in blood or bone marrow. In patient
with blood and bone marrow changes that look
like those seen with CML, detecting the gene
confirms the diagnosis. Also, the level of the
gene can be measured and used to guide
treatment.18

Bladder tumor antigen (BTA) is found in the
urine of many patients with bladder cancer. It
may be a sign of some noncancerous conditions,
too, such as kidney stones or urinary tract
infections. The results of the test are reported
as either positive (BTA is present) or negative
(BTA is not present).1

NMP22 is a protein found in the nucleus of cells.
Levels of NMP22 are often elevated (more than
10 U/ml) in the urine of people with bladder
cancer. It is most often used to look for recurrent
bladder cancer.1

BRAF gene defect (mutations) can be found in
melanoma, thyroid cancer, and colorectal
cancer. About half of melanomas have a BRAF
mutation, most often the one called BRAF V600.
This mutation causes the gene to make an
altered BRAF protein that signals melanoma
cells to grow and divide. This mutation can be
tested for in tumor tissue.18

Soluble mesothelin-related peptides (SMRP) test
is sometimes used along with imaging tests to
watch a rare type of lung cancer called
mesothelioma. It may also be used to see if
mesothelioma has recurred after treatment.18

5. Special serum proteins:

One of the best known of this group is feritin
which binds iron intracellularly and is
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responsible for detoxication (e.g. binding of free
radicals). Under normal circumstances, high
concentrations of feritin can be found in the
liver, spleen, and bone marrow. Normal serum
level of feritin ranges from 8 to 440 ng/ml.
Raised concentrations can be observed in the
patients with acute leukemia, lymphomas
(especially Hodgkin’s lymphomas), lung, liver,
and prostatic cancer.13

Thyroglobulin is an intracellular glycoprotein
responsible for the production and storage of
thyroxine. In low concentrations, it can be found
in the sera of most healthy persons (0-75 ng/
ml), while extremely high concentrations can
be detected in the patients with well
differentiated follicular thyroid carcinoma.13

Some patient’s immune systems make
antibodies against thyroglobulin, which can
affect test results. Because of this, levels of anti-
thyroglobulin antibodies are often measured at
the same time.18, 22

Beta-2-microglobulin (B2M) is a protein that is
identical with the HLA light chain and thus
appears on the cell membrane of almost all
differentiated cells. Raised serum
concentrations can be observed in the patients
with lung, breast, pancreatic, colorectal cancer,
as well as lymphomas and chronic lymphoid
leukemia (CLL).13 Normal levels are usually
below 2.5 mg/L. Patients with higher levels of
B2M usually have poorer outcomes. B2M is also
checked during treatment of multiple myeloma
and Waldenstrom macroglobulinemia to see
how well the patients are responding to the
treatment.22

S-100 protein was first isolated from bovine
brain. Normal serum concentration of this
marker is below 0.3 ng/ml. In addition to being
a good indicator of traumas to CNS, S-100 can
be applied as tumor marker in the patients with
neurilemmoma, neurinoma, glioblastoma,
astrocytoma, and meningeoma.36 It has a special
role as prognostic factor and in the follow-up of
the patients with malignant melanoma - <0.3
mg/ml - 85% 3 years2 survival; 0.3-0.6 mg/ml -
50% 3 years2 survival; >0.6 mg/ml - 10% 3
years2 survival. Tissue samples of suspected
melanomas may be tested for this marker to
help in diagnosis.37

HER2 (or HER2/neu, erbB-2, or EGFR2) is a
protein that helps some cancer cells to grow. It
is present in larger amounts on the surface of
breast cancer cells in about 1 out of 5 people
with breast cancer. Higher than normal levels
can be found in some other cancers, too, such
as some stomach and esophageal cancers. HER2
is usually found by testing a sample of the
cancer tissue itself, not the blood/serum.
Cancers that are HER2-positive tend to grow
and spread faster than other cancers. So all
newly diagnosed breast cancers and advanced
stomach cancers should be tested for HER2.
HER2-positive cancers are more likely to
respond to drugs that work against the HER2
receptor on cancer cells.18

Miscellaneous markers:

This group of markers correlates perfectly with
the changes in velocity of cellular proliferation. They
are not specific for the type of tumor but generally
indicate the presence of a malignant process. The
group comprises polyamines, nucleosides and tissue
polypeptide antigen (TPA). Polyamines like
spermine, spermidine and putrescine were detected
in elevated concentrations in urine in cases of a rapid
regeneration of cells of certain tissue. Nucleosides,
as dimethylguanosine and pseudouridine are
components of RNA that enter the circulation in
larger amounts in cases of enhanced cellular
proliferation.13, 18

Tissue polypeptide antigen (TPA) is likewise a
nonspecific marker of enhanced cellular
proliferation. During embryonal development, it is
produced in various embryonal tissues as well as in
the placenta. A more rapid cellular proliferation
demands a more rapid synthesis of TPA, and
consequently, larger amounts of this polypeptide
enter the circulation. Therefore, TPA is a common/
universal marker that goes together with
pathological cellular proliferation i.e. usually
present in malignant transformation regardless of
the type or localization of the tissue. Unlike in other
markers, the serum concentrations of TPA poorly
reflect the tumor burden. Normal serum
concentrations of TPA are below 90 U/ml and
concentrations higher than 120 U/ml can be either
a consequence of a malignant or of a benign
process. 18

Immunoglobulins are not classic tumor markers
but instead are antibodies, which are blood proteins
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normally made by immune system cells to help fight
germs. There are many types of immunoglobulins,
including IgA, IgD, IgE, IgG, and IgM. Bone marrow
cancers such as multiple myeloma and Waldenstrom
macroglobulinemia often cause a person to have too
much of one type of immunoglobulin in the blood.
These cancers can also cause pieces of
immunoglobulin to be found in the urine. A high
level of immunoglobulins may be a sign of one of
these diseases. Immunoglobulin levels can also be
followed over time to help see how well treatment is
working.1

Application of tumor markers

Possibilities for the application of tumor
markers in oncology are numerous, but the
utilization depends upon the sensitivity and
specificity of the marker and upon reliability of other
methods that are being used for the same purpose.1

Utilization of tumor markers in oncology are:

I. For Follow-Up of the Disease

1. Determination in body fluids

a) To monitor the treatment response

b) To detect early the disease recurrence

c) To evaluate the extent of disease

d) To differentiate benign from malignant
conditions

e) As screening method for some types of
cancer

2. Immunoscintigraphy and Lymphoscintigraphy

3. Immunohistochemistry

a) To set the diagnosis

b) To determine the prognosis

c) To predict the treatment response

II. For Treatment

1. Direct cytotoxicity of specific monoclonal
antibodies (MoAb)

a) Binding of complement to specific MoAb

b) Binding of cytotoxic cells to specific
markers-receptors

2. Binding of drugs to specific MoAb

3. Binding of toxins to specific MoAb

4. Binding of radioactive isotopes to specific MoAb

5. Inhibition of growth factor receptors

Determination of Tumor Markers

The determination of tumor markers in clinical
oncology is helpful in many processes: in the process
of diagnose setting and prognose prediction, in
determining the disease extent and planning the
treatment, as well as in the early detection of disease
recurrence or metastasis. However, the markers in
clinical oncology are nowadays, due to their in
competences, only exceptionally applied as screening
methods for the detection of malignant diseases.
Different markers are used for different purposes -
namely, some of them are more appropriate for the
follow-up of the disease and the others for the early
detection of the disease recurrence. In addition to
the above applications, tumor markers can also serve
as predictors of a disease outcome. The follow up of
malignant disease before, during and after
treatment, and careful processing of the data,
namely, gives us a valuable information about the
nature of malignancy, and thus also about the
patient’s prognosis. In general, extremely high
concentrations of tumor markers are predictors of
poor outcome. 18

Determination of tumor marker in patient’s sera

In body fluids, tumor markers are found in low
concentrations and for their determination highly
sensitive technology is needed. The techniques that
are being used are more or less based on the same
principle i.e. the determination of antigen-antibody
complexes. Most widely used techniques are the radio-
immune assay, the enzyme-immune assay, and the
luminometric-immune assay, which differ in the
compound bound to the detection antibodies, and in
the method of detection of the formed complexes.1

Factors (in addition to malignant disease)
that affect serum concentrations of tumor
markers: 1

False positive results:

a) Presence of inflammatory processes;

b) Benign liver diseases and consequential
disturbances in metabolism and excretion (AFP,
TPA, CEA, CA 19-9, CA 15-3);

c) Disturbances of renal function (beta-2-
microglobulin, calcitonin, PSA, CEA, CA 19-9,
CA 15-3);

d) Extensive tumor necrosis; as a consequence of
diagnostic and therapeutic procedures
(digitorectal examination, mamography,
surgery, radio and chemotherapy);
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e) As a consequence of different physiological
conditions (pregnancy - sHCG, CA 125, CA 15-
3, MCA, AFP, menstrual cycle - CA 125).

False negative results:

a) Complete absence of production (e.g. CA 19-9
in Le (a-b-) persons);

b) Insufficient expression of a certain antigenic
determinant (or production in only some of
tumor cells);

c) Insufficient blood circulation in the tumor;

d) Production of immune complexes with
autoantibodies;

e) Rapid degradation and clearance of antigens.

Tumor markers are determined:

1. Prior to surgery or any kind of treatment
(chemotherapy, radiotherapy, biological
therapy, or hormonal therapy);

2. After the surgery, during the treatment, and
after the treatment once in 3 to 6 months2
period during the first and second year, then
once yearly or at regular controls;

3. In case of suspected relapse or disease
progression;

4. Prior to introduction of a novel treatment;

5. Atleast 3 weeks after the introduction of a novel
treatment;

6. 2 to 3 weeks after the determination of raised
concentrations of the marker.

The proposed concept of tumor marker
determinations is applicable in the majority of
tumor markers. The above mentioned concept
represents only an approximate model that has
to be further modified in each patient
specifically regarding the fact that each patient
is a control to himself (monitoring of the
dynamics of serum concentrations).1

Drawbacks of tumor markers:

A simple blood test that could find cancers in their
earliest stages could prevent the deaths of millions
of people. But very few tumor markers are useful
for finding cancer at a very early stage. There are a
few reasons/drawbacks for this which are as
follows: 18

1. Almost everyone has a small amount of these
markers in their blood, so it’s very hard to spot
early cancers by using these tests.

2. The levels of these markers tend to get higher
than normal only when there’s a large amount
of cancer present.

3. Some people with cancer never have high tumor
marker levels.

4. Even when levels of these markers are high, it
doesn’t always mean cancer is present. For
example, the level of the tumor marker CA 125
can be high in women with Gynaecologic
conditions other than ovarian cancer.

Conclusion

Determination of tumor markers for monitoring
the course of malignant disease is an established
and often an irreplaceable oncological laboratory
method. Tumor markers are reliable predominately
in monitoring the treatment response, as well as in
early detection of disease recurrence; prior to
development of clinically notable signs. Due to their
incompetence’s, tumor markers determinations can
be only exceptionally applied as screening methods
or as the sole diagnostic tool; however, in
combination with other diagnostic methods, they
play an important role in the diagnostic process and
in treatment planning.

A variety of new tumor markers are in the
process of emerging. Indeed, this is a highly studied
field in which further improvements in terms of
clinical evaluation and treatment of cancers
regularly occurs. Current focus is on the use of
antibodies to certain epitopes, and a number of
antibodies are now being elucidated as potential
targeted therapies. Cancer researchers are also now
turning to proteomics, which details the study of
protein shape, function, and patterns of expression.
Proteomic knowledge may serve to screen cancers
more efficiently, to find them in early stages as well
as to decipher the best treatment options and/or
effectiveness of therapy.
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