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review

Tumor markers in clinical oncology

Srdjan Novakovic¢

Department of Tumor Biology, Institute of Oncology, Ljubljana, Slovenia

The subtle differences between normal and tumor cells are exploited in the detection and treatment of can-
cer. These differences are designated as tumor markers and can be either qualitative or quantitative in their
nature. That means that both the structures that are produced by tumor cells as well as the structures that
are produced in excessive amounts by host tissues 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 or tissues
and the occurrence of which is associated with cancer.

According to their application, tumor markers can be roughly divided as markers in clinical oncology and
markers in pathology. In this review, only tumor markers in clinical oncology are going to be discussed.
Current tumor markers in clinical oncology include (i) oncofetal antigens, (ii) placental proteins, (iii) hor-
mones, (iv) enzymes, (v) tumor-associated antigens, (vi) special serum proteins, (vii) catecholamine metabo-
lites, and (viii) miscellaneous markers.

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 meas-
ure. Most tumor markers available today meet several, but not all criteria. As a consequence of that, some
criteria were chosen for the validation and proper selection of the most appropriate marker in a particular
malignancy, and these are: (1) markers' sensitivity, (2) specificity, and (3) predictive values. Sensitivity ex-
presses the mean probability of determining an elevated tumor marker level (over the "cut-off value") in a
tumor-bearing patient. Specificity expresses the mean probability that a normal tumor marker value derives
from a tumor-free individual. The predictive value shows the applicability of a tumor marker in a mixed
group of patients.

Many theoretical applications exist for tumor markers in clinical oncology. Clinically important utilization
of markers includes (i) early detection of the tumor, (ii) differentiating benign from malignant conditions,
(iti) evaluating the extent of the disease, (iv) monitoring the response of the tumor to therapy, and (v) pre-
dicting or detecting the recurrence of the tumor. Since no ideal tumor markers with adequate sensitivity and
specificity currently exist, they are only exceptionally used in screening (prostate specific antigen - PSA).
Nevertheless, tumor markers can play a crucial role in the detection of an early disease relapse and assess-
ment of response to therapy in selected groups of patients. In monitoring the patients for disease recurrence,
tumor marker levels should be determined only when meaningful treatment is possible.
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What exactly are tumor markers?

The result of malignant transformation is a
malignant cell that, in each cycle of cell divi-
sion, generates a new malignant cell. In this
process, the malignantly transformed cells ac-
quire some new properties through which
they differ from nonmalignant cells of the
same origin. The acquired properties can be
either the changes in cellular morphology,
physiology, or the changes in cell growth (be-
havior).! These subtle differences between
normal and malignant cells are therefore be-

Table 1. Utilization of tumor markers in oncology

ing exploited in the detection of malignant
cells (or malignancy in general), and the sub-
stances that are being determined in this
process are termed tumor markers.
According to the fact that the differences be-
tween tumor cells and normal ones appear on
various levels (see above), also tumor markers
differ one from another and represent a rather
broad conception that comprises both various
substances and various cellular processes.
Consequently, membrane antigens, hormones,
enzymes, polyamines, nucleosides, products of
oncogenes, products of tumor suppressor

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
¢) 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
3
4
5

binding of drugs to specific MoAb
binding of toxins to specific MoAb

- - - -

inhibition of growth factor receptors

binding of radioactive isotopes to specific MoAb
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genes, or DNA ploidy and proportion of cells in
S phase of the cell cycle (proliferative activity)
can be considered as tumor markers.??
Different fields in oncology utilize different tu-
mor markers according to their needs and their
techniques of follow-up: tumor markers in clin-
ical oncology differ from the ones in molecular
biology, and these differ from the ones in im-
munohistochemistry, in physiology, etc.
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The application of tumor markers

Theoretically, the possibilities for the applica-
tion of tumor markers in oncology are nu-
merous, but the utilization depends upon the
sensitivity and specificity of the marker and
upon reliability of other methods that are be-
ing used for the same purpose (Table 1).

Tumor markers in clinical oncology

The standard definition of tumor markers in
clinical oncology comprises predominately
the substances that are produced by malig-
nant cells or the substances that are produced
by other cells under the influence of malig-
nant cells and that can be determined in body
fluids. Tumor markers can be either newly
synthesized substances (that are not com-
monly produced by normal healthy cells) or
the substances that can be found in normal
organisms in much lower concentrations.?
The determination of tumor markers in clini-
cal 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 incom-
petences, only exceptionally applied as
screening methods for the detection of malig-
nant 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 al-
so about the patient’s prognosis. In general,

extremely high concentrations of tumor
markers are predictors of poor outcome.®

Determination of tumor marker
in patient’s sera

In body fluids, tumor markers are found in
low concentrations and for their determina-
tion 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 complex-
es. Most widely used techniques are the ra-
dio-immune assay, the enzyme-immune as-
say, 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.”

Sensitivity and specificity of tumor markers

The ideal tumor marker should be (i) present
only in tumor cells, (ii) specific for the organ
and type of tumor, (iii) assessable in the sera
of all patients with the same type of tumor,
(iv) assessable in the serum at the very begin-
ning of tumor development and its concen-
trations in the serum should correlate with
the tumor burden. Besides, the serum con-
centrations of the marker should be regarded
as a valid predictor of disease in patients with
the specific type of tumor.?

Up till now, no antigenic structure is known
that would be present only in tumor cells — and
that means that the antibodies against certain
tumor markers crossreact also with other anti-
genic structures. We can therefore conclude
that no tumor marker and no methods of fol-
lowing up the presence of malignant cells are
100% specific. When assessing these results,
we have to bear in mind that not only a malig-
nant disease causes elevated levels of tumor
markers, but that there are also other factors
that affect their concentration. The most com-
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mon incompetences of tumor markers are (i)
inadequate specificity for the type of malig-
nancy, (ii) production of markers in high con-
centrations in nonmalignant diseases (differ-
ent inflammatory processes, benign tumors,
nonmalignant diseases of the liver and pan-
creas), (iii) production of markers in different
physiological conditions (pregnancy, menstru-
ation, lactation), and (iv) production in per-
fectly healthy tissues.23”

To determine as accurately as possible the
role and applicability of a specific tumor
marker and the method in a specific type of
malignancy, some new terms were intro-
duced - including the sensitivity and speci-
ficity. The sensitivity of a marker reports the
proportion of patients bearing a specific type
of tumor in which the serum (urine, plasma,
cerebrospinal liquor) level of marker is ele-
vated. The more patients with the same type
of tumor have an elevated level, the more sen-
sitive is the marker, and the lower is the ex-
pected number of false negative determina-
tions. The specificity of a marker represents
the proportion of patients who do not have a
certain type of malignancy and in whom the
marker level is normal. That means that the
lower is the number of patients not bearing a
certain type of tumor and having an elevated
marker level, the higher is the specificity, and
the lower is the expected number of false neg-
ative determinations.

In case there are more tumor markers ele-
vated in one type of malignancy, it is possible
to increase the sensitivity of detection by
combining these markers” determinations,
but we have to bear in mind that, in this way,
the specificity of detection is decreased. By
combining properly the marker determina-
tions, the specificity of detection can be only
slightly lowered, while the sensitivity is sig-
nificantly increased. The prerequisite for a
proper combination of different markers is
their high specificity and complementarity
for the type of tumor. An example of such
proper combination is the determination of
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BHCG (human chorionic-gonadotropin) and
AFP (alpha fetoprotein) in non-seminoma
germ tumors. Each of the above-mentioned
markers has a specificity of more than 90%
and the sensitivity of approximately 60% for
this type of tumors. Due to their complemen-
tarity (meaning that they are elevated in dif-
ferent patients), the sensitivity of the combi-
nation of the two markers reaches approxi-
mately 95%.510

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. The most com-
mon classification tries to combine their bio-
chemical properties, tissue of origin, and
functionality. According to this classification,
we distinguish: oncofetal proteins, hormones
and/or carcinoplacental antigens, enzymes,
tumor-associated antigens, special serum pro-
teins, and miscellaneous markers.>!!

Oncofetal proteins

Oncofetal proteins are antigens that are nor-
mally produced during the embrional develop-
ment. In adults, their production is limited or
completely absent (stopped). Elevated concen-
trations in adults result from reactivation of
certain genes that control cellular growth and
are directly connected to malignant process.
Carcinoembryonic antigen (CEA) is a typical
representative of this group and one of the
first known tumor markers. During embrion-
al development, it is produced in epithelial
cells of the gastrointestinal tract, liver, and
pancreas. CEA is important for the follow-up
of patients with colorectal cancer because
65% of all patients (including those with lo-
calized disease and stage I), and as much as
100% of patients with metastatic disease
have elevated serum levels of CEA.2*
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Besides, this marker is convenient also for
the follow-up of patients with other malig-
nancies — especially breast, ovarian, pancre-
atic, lung, liver, and endometrial cancer.!?13
Serum concentrations between 4 - 10 ng/ml
can be found either in the patients with ma-
lignant or in the patients with benign dis-
eases, and even in some heavy smokers,
while concentrations above 10 ng/ml speak
more in favor of a malignancy.'* Elevated
serum concentrations can be found also in
the patients with bronchitis, gastritis, duode-
nal ulcer, liver diseases, pancreatitis, colorec-
tal polyposis, etc.!

Alpha-fetoprotein (AFP) is known for ap-
proximately as long as CEA. It was discov-
ered in 1963 in the sera of mice with hepato-
cellular carcinoma.!’® AFP is a glycoprotein
produced in yolk sac, in the epithelial cells of
the gastrointestinal tract and liver during em-
brional 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.
Normal serum concentrations appear approx-
imately 9 months after birth. Elevated serum
AFP levels (above 10 ng/ml) in adults can be
found in the patients with acute viral hepati-
tis, liver cirrhosis, obstructive icterus, and in
some malignant diseases, as pancreatic can-
cer, lung cancer or gastric cancer. The main
role of AFP is to follow up the patients with
hepatocellular carcinoma (95 to 100% speci-
ficity and sensitivity) in whom the concentra-
tions above 1200 ng/ml practically confirm
the diagnosis of primary liver (hepatocellular)
cancer, and the patients with non-seminoma
germ tumors (specificity 60%).1617

Hormones

Malignant formations can alter the synthesis
and secretion of various hormones.
Quantitative and qualitative alterations of the
synthesis and hormone secretion can there-

fore be the indicators of a malignant process
and can be monitored as tumor markers.
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 malig-
nant endocrine tumors as parathyroid hor-
mone, insulin, prolactin, catecholamines and oth-
ers. Qualitative changes take place when ma-
lignantly transformed cells of some organs
(lungs, breast, stomach, central nervous sys-
tem, ovaries) 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).?>

Among all hormones, human chorionic go-
nadotropin (BHCG) is one of the most applica-
ble tumor markers. This is a protein with the
molecular mass of 45 KD. It belongs to the
group of carcinoplacental antigens — proteins
that are synthesized in placenta during preg-
nancy (most early pregnancy tests are based
on the detection of SHCG) and can be found
in adults only exceptionally.'® Elevated serum
concentrations of SHCG can be found in al-
most all female patients with germ tumors
with trophoblastic component (choriocarci-
nomas), hydatidiform moles, and in the ma-
jority of male patients with germ tumors.
BHCG 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 pa-
tients with germ tumors. On the other hand,
approximately 10% of germ tumors do not
synthesize tumor markers; hence, they can-
not be used for diagnostic purposes and in
the follow-up of these patients. Slightly ele-
vated levels of BHCG can be found also in the
patients with breast, gastric, lung, liver, or
colorectal cancer, but are irrelevant in clinical
monitoring of these patients.!’
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Enzymes

Certain enzymes that are produced more in-
tensely if a malignant process is occurring in the
organism can also be used as tumor markers.

Prostatic acid phosphatase is an enzyme that
is produced in normal prostatic tissue.
Elevated serum concentrations (above 3
ng/ml) can be observed in the patients with
prostatic cancer and usually correlate with an
advanced phase of the disease when the tu-
mor penetrates the prostatic capsule. The de-
termination of prostatic acid phosphatase is
therefore convenient for the discrimination of
benign (hypertrophy) from malignant
processes.?

Alkaline phosphatase exists in the form of
iso-enzymes that are synthesized in the liver,
bones or placenta. Elevated serum concentra-
tions in patients with malignant disease usu-
ally indicate a metastatic spread of the dis-
ease into the liver and/or bones, and/or the
presence of primary bone tumors (osteosar-
coma).?0

Neuron specific enolase (NSE) is a cytoplas-
mic glycolytic enzyme that was primarily de-
tected in the cells of neuroectodermal origin
and in neuronal cells. The latter were proved
to be in the tumor tissue of the tumors with
neuroectodermal or neuroendocrine differen-
tiation.?1-23

Among other (nonspecific) markers in this
group, we should not leave out lactic dehydro-
genase (LDH) that is quite often elevated in the
sera of patients with malignant lymphomas
and germ tumors (seminomas), y glutamyl
transpeptidase (GGT) that indicates cholestasis
(often elevated because of liver metastasis),
and thymidine kinase (TK) that helps to evalu-
ate the disease spread in the patients with
leukemia, lymphoma, brain tumors, small cell
lung cancer, and breast cancer.

Tumor-associated antigens

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

Carcinomic antigen 15-3 (CA 15-3) is pro-
duced in the secretory epithelium (of the
breast, lungs, gastrointestinal tract, uterus,
etc.) and can be found frequently in the ex-
cretions of healthy adults. Elevated serum
concentrations of this marker (above 30
U/ml) are detected predominately in the pa-
tients with breast cancer; however, raised lev-
els of CA 15-3 can be observed also in other
malignancies as lung, prostatic, ovarian, cer-
vical, and gastrointestinal cancer.'® ?* Hence,
CA 15-3 is no specific marker either for the
organ or for the type of tumor. Despite that,
CA 15-3 is a good indicator of treatment re-
sponse and disease course in breast cancer
patients (whose tumors produce that anti-
gen). The serum level of CA 15-3 can be in-
fluenced also by different non-tumoral dis-
eases of the breast, by benign breast tumors,
but the values rarely exceed 40 U/ml. Raised
concentrations can be observed in approxi-
mately 8% of pregnant women between 38"
and 40 week of gestation.’

Concomitant determination of CA 15-3 and
CEA in breast cancer patients increases the
sensitivity (reduces the number of false nega-
tive determinations), while retaining a sub-
stantial specificity of the procedure (rather
low number of false positive determinations).

Carcinomic antigen 125 (CA 125) is a charac-
teristic marker for ovarian cancer (it is elevat-
ed in more than 80% of patients with non-mu-
cinous ovarian cancer). During embrional de-
velopment, CA 125 is produced in celomic
epithelium, Muellerian ducts, epithelial cells
of the pleura, pericardium, and peri-
toneum.?26 In adults, CA 125 can be found
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in mucosa of the cervix uteri and in the lung
parenchyma, however, it is not produced by
healthy ovarian tissue. Elevated concentra-
tions 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 malig-
nant gynecological diseases (endometriosis,
ovarian cysts, endometrial cancer, cervical
cancer) as well as in the patients with non-gy-
necological malignancies (lung cancer, pro-
static cancer, peritoneal malignant mesothe-
lioma). In the group of patients with ovarian
cancer, CA 125 is most reliable and applica-
ble in the follow-up of patients with epithelial
and undifferentiated ovarian cancer.?”

Carcinomic antigen 19-9 (CA19-9) is a glycol-
ipid 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 pancreat-
ic and liver cancer, yet quite often raised con-
centrations can be found in patients with col-
orectal, gastric, and ovarian cancer. In rela-
tively high concentrations, it can be detected
in healthy adults in the prostatic fluid, gastric
fluid, amniotic fluid, and in the excretions of
the pancreas and duodenum. Therefore, only
determinations in the serum or plasma are ra-
tional because there the concentrations will
be elevated only in case of disease.?®

Prostate specific antigen (PSA) is a serine pro-
tease first isolated from the tissue extract of
the prostate and sperm. It is produced in the
prostate tissue and excreted in the prostate
fluid where it can have very high concentra-
tions. The role of this serine protease is to pre-
vent coagulation of sperm. In healthy persons,
very minute amounts of PSA enter the blood-
stream so that its concentration in serum is
rather low. In the patients with prostatic dis-
ease, the amounts of PSA that enter blood-
stream increase significantly (especially in
case of prostatic malignancy), thus generating
high serum concentrations. This marker is
substantially specific for prostatic cancer and

its serum concentrations reflect very well the
tumor burden. Due to its high sensitivity and
extraordinary correlation with tumor burden
we prefer applying PSA to prostatic acid phos-
phatase in the follow-up of prostatic cancer
patients.?0?% Besides, the method (together
with other procedures) is being utilized in the
screening of prostatic cancer in the group of
males over 50 years old who have more risk
factors (e.g. prostatic cancer in patient’s fa-
ther, breast cancer in patient’s mother or sis-
ter, obesity, prostatic cancer in more than one
generation). With the determination of differ-
ent forms of PSA (i.e. total, bound or free), and
with a proper evaluation of free to total PSA
ratio, it is possible to predict quite confidently
if the patient suffers from a benign or malig-
nant prostatic disease.>

Special serum proteins

This group comprises various proteins. One
of the best known is feritin that binds iron in-
tracellularly and is responsible for detoxica-
tion (e.g. binding of free radicals). Under nor-
mal 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 concen-
trations can be observed in the patients with
acute leukemia, lymphomas (especially
Hodgkin’s lymphomas), lung, liver, and pro-
static cancer.?

Thyroglobulin is an intracellular glycopro-
tein responsible for the production and stor-
age of thyroxine. In low concentrations, it can
be found in the sera of most healthy persons
(0-75 ng/ml), while extremely high concentra-
tions can be detected in the patients with well
differentiated follicular (rarely anaplastic)
thyroid carcinoma. Conversely, in the pa-
tients with medullary thyroid carcinoma, the
serum levels of thyroglobulin do not follow
the development and course of malignancy.?3

Beta-2-microglobulin is a protein that is identi-
cal with the HLA light chain and thus appears
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on the cell membrane of almost all differentiat-
ed cells. Raised serum concentrations can be
observed in the patients with lung, breast, pan-
creatic, colorectal cancer, as well as lymphomas
and chronic lymphoid leukemia (CLL).>?

S-100 protein was first isolated from bovine
brain. Normal serum concentration of this
marker is below 0.3 ng/ml. In addition to be-
ing a good indicator of traumas to CNS, 5-100
can be applied as tumor marker in the pa-
tients with neurinoma, glioblastoma, astrocy-
toma, and meningeoma. It has a special role
as prognostic factor and in the follow-up of
the patients with malignant melanoma (<0.3
ng/ml - 85% 3 years’ survival; 0.3-0.6 ng/ml -
50% 3 years” survival;, >0.6 ng/ml - 10% 3
years’ survival).31-32

Miscellaneous markers

This group involves markers the production of
which correlates perfectly with the changes in
velocity of cellular proliferation. It is a het-
erogeneous group of substances which are
not specific for the type of tumor but general-
ly 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 concen-
trations in urine in cases of a rapid regenera-
tion of cells of certain tissue.

Nucleosides as dimethylguanosine and
pseudouridine are components of RNA that
(like polyamines) enter the circulation in larg-
er amounts in cases of enhanced cellular pro-
liferation.

Tissue polypeptide antigen (TPA) is likewise a
nonspecific marker of enhanced cellular prolif-
eration. The molecular mass of this polypep-
tide is approximately 180 KD and the molecule
is composed of different cytokeratin units - i.e.
of cytokeratin 19 (44%), cytokeratin 18 (36%),
and cytokeratin 8 (30%). During embrional de-
velopment, it is produced in various embrional
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tissues as well as in the placenta. In adults, TPA
is a part of cellular membranes (cytoskeleton)
of normal and tumor cells. It is synthesized
during S phase of the cell cycle and its concen-
trations reflect the velocity of cellular prolifera-
tion. A more rapid cellular proliferation de-
mands a more rapid synthesis of TPA, and
consequently, larger amounts of this polypep-
tide enter the circulation. Therefore, TPA is a
common (universal) marker that goes together
with pathological cellular proliferation (that is
usually present in malignant transformation)
regardless of the type or localization of the tis-
sue. Unlike in other markers, the serum con-
centrations 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.?

Biological factors that affect serum concen-
trations of tumor markers

Regarding the facts, that no tumor marker is
ideal and that the substances that are being
applied as tumor markers are not synthe-
sized exclusively as a consequence of malig-
nancy, I present some of the most common
factors that affect serum concentrations of
tumor markers (Table 2).

When to determine tumor markers?

Tumor markers are determined in such a way
that we gain as much as possible of clinically
useful data. We have to prepare an approxi-
mate concept that includes the determination
of markers (i) prior to surgery or any kind of
treatment (chemotherapy, radiotherapy, bio-
logical therapy, or hormonal therapy); (ii) after
the surgery, during the treatment, and after
the treatment once in 3 to 6 months’” period
during the first and second year, then once
yearly or at regular controls; (iii) in case of sus-
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Table 2. Factors (in addition to malignant disease) that affect serum concentrations of tumor markers

False positive results

> presence of inflammatory processes;

> benign liver diseases and consequential disturbancies in metabolism and
excretion (AFP, TPA, CEA, CA 19-9, CA 15-3);

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

» extensive tumor necrosis;

» as a consequence of diagnostic and therapeutic procedures (digitorectal

examination, mamography, surgery, radio and chemotherapy);

> as a consequence of different physiological conditions
(pregnancy - SHCG, CA 125, CA 15-3, MCA, AFP, menstrual cycle - CA 125).

False negative results

» complete absence of production (e.g. CA 19-9 in Le®™ persons);

> insufficient expression of a certain antigenic determinant

(or production in only some of tumor cells);

» insufficient blood circulation in the tumor;

> production of immune complexes with autoantibodies;

> rapid degradation and clearance of antigens;

pected relapse or disease progression; (iv) pri-
or to introduction of a novel treatment; (v) at
least 3 weeks after the introduction of a novel
treatment; (vi) 2 to 3 weeks after the determi-
nation of raised concentrations of the marker.

The proposed concept of tumor marker de-
terminations is applicable in the majority of tu-
mor markers. Certainly, the demands in clini-
cal oncology are quite often different and we
have to adjust the dynamics of determinations
in accordance with the type and properties of
the tumor, and with the planned methods of
treatment. In other words, the above men-
tioned 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).

Conclusion

Determination of tumor markers for moni-
toring the course of malignant disease is an
established and often an irreplaceable onco-
logical laboratory method. Tumor markers

are reliable predominately in monitoring the
treatment response, as well as in early detec-
tion of disease recurrence (prior to develop-
ment of clinically notable signs). Due to their
incompetences, tumor markers’ determina-
tions can be only exceptionally applied as
screening methods or as the sole diagnostic
tool; however, in combination with other di-
agnostic methods, they play an important
role in the diagnostic process and in treat-
ment planning. Besides, by combining vari-
ous tumor markers we can achieve a greater
specificity and sensitivity in the follow up of
one type of malignancy. The simplicity and
noninvasiveness of the method for the deter-
mination of tumor markers enable monitor-
ing the disease also in the patients not eligi-
ble for other types of diagnostic procedures.

On account of individual differences in the
serum concentrations of each individual tumor
marker, we recommend multiple determina-
tions of tumor markers and monitoring the dy-
namics of serum concentrations (even in cases
when serum concentrations are below the cut-
off values). It would be ideal to determine the
level of tumor markers in each patient before
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treatment, several times between the treatment
(depending upon the type of treatment, type of
malignancy, and the sort of tumor marker), and
after the treatment. Tumor markers should be
monitored also for a certain period after the
treatment has been finished, best at regular con-
trol examinations (once in six months or once
yearly). This kind of follow up will enable a time-
ly detection of disease recurrence even in
asymptomatic patients. From a single determi-
nation of tumor markers we can find out
whether the malighancy has developed or not
and, if it has, what is its extent, but only if the
concentrations are very high. In patients who
are undergoing just symptomatic (palliative)
therapy, the determination of tumor markers no
longer makes sense. If the patient had normal
concentrations of tumor markers prior to any
kind of treatment, and if these concentrations
did not change (increase or decrease) at disease
progression or regression, it is very unlikely that
concentrations will be elevated in case of disease
recurrence. In these patients, tumor marker lev-
els need not to be followed either during treat-
ment or after treatment. Hence, it is important
to make the first determination of tumor mark-
ers prior to any treatment in order to disclose the
group of patients in whom tumor marker deter-
minations are not sensible.
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