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KEYWORDSABSTRACT

Ovarian cancer is the most frequent cause of death from gynaecological
cancers, characterized by few early symptoms, diagnosis at an advanced
stage as well as poor prognosis. A number of cell surface antigens and
serum proteins are produced by ovarian tumors and can be assayed using
monoclonal antibodies. Some of these assays have been applied clinically
as markers of disease status and are useful in the diagnosis of recurrent
ovarian cancer. CA-125 is currently the serum marker most widely used to
monitor therapeutic response and to detect disease recurrence in patients
treated for epithelial ovarian cancer. Among the other new tumor markers,
M-CSF, HE4, mesotehlin seem to be promising. The serial measurement of
complementary serum markers can improve the use of marker screening for
epithelial ovarian cancer.  2012 Trade Science Inc. - INDIA

INTRODUCTION

Ovarian cancer is the fifth leading cause of death in
women. The incidence of this malignancy increases in
women over the age of 40[1]. Ovarian cancer is the most
frequent cause of death from gynaecological cancers,
characterized by few early symptoms, diagnosis at an
advanced stage as well as poor prognosis. Ovarian can-
cer is a malignancy in which the normal ovarian cells
begin to grow in an uncontrolled, abnormal manner and
produce tumors in one or both ovaries. Epithelial can-
cers, the most common ovarian cancers (> 80%) de-
velop from cells lining the ovarian surface[2]. The high
mortality rate of epithelial ovarian cancers is a conse-
quence of the fact that 70% to 75% of women with
epithelial ovarian cancers are diagnosed with stage III
or IV disease, which has 5-year survival rates of just

15% to 31%[3-6]. In comparison, 5-year survival rates
for stage I epithelial ovarian cancer patients are signifi-
cantly better, in the range of 90% to 95%[3,7,8]. Despite
new therapy options[9,10], the age-adjusted mortality rate
for patients with epithelial ovarian cancer has not
changed significantly over the past 20 years[3,11]. Early
detection, therefore, is a potentially practical approach
for controlling epithelial ovarian cancer.

Unfortunately, no single screening test has proven
to be effective for this purpose and a valid and feasible
program to detect early stage epithelial ovarian cancer
in the general population has not yet been devised. Early
detection of ovarian cancer requires a strategy with high
sensitivity (>75% for stage I disease) and a very high
specificity (> 99.6%) to achieve a positive predictive
value of 10%.

Diagnosis of an ovarian cancer starts with a physi-
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cal examination (including a pelvic examination), a blood
test for CA-125 and transvaginal ultrasound. Treatment
usually involves chemotherapy and surgery and some-
times radiotherapy[12].

CRITERIA FOR ASSESSING THE
DIAGNOSTIC VALUE OF A MARKER

An ideal tumor marker should have 100% sensitiv-
ity, specificity and positive predictive value.

Sensitivity

It refers to the percentage of patients with tumor who
are correctly identified as a result of a positive test.

Specificity

It refers to the percentage of the population with-
out tumor who are correctly identified as a result of a
negative test.

Positive predictive value (PPV)

Refers to the percentage of patients with a positive
test that have tumor (true positives).

BIOCHEMICAL MARKERS OF OVARIAN
CANCER IN SERUM/PLASMA

A tumour marker is defined as a molecule either
produced by the cancer cells or released by the host as
various epiphenomena of metabolic changes caused by
the presence of malignancy[13]. A number of cell surface
antigens and serum proteins are produced by ovarian
tumors and can be assayed using monoclonal antibod-
ies. Some of these assays have been applied clinically
as markers of disease status and are useful in the diag-
nosis of recurrent ovarian cancer.
1. Carcinoembryonic antigen (CEA)
2. Cancer antigen-125 (CA-125)
3. Macrophage-colony stimulating factor (M-CSF)
4. LyGDI
5. Human epididymis protein 4 (HE4)
6. Soluble epidermal growth factor receptor (sEGFR)
7. Mesothelin

CEA (Carcinoembryonic antigen)

CEA was detected in 1965 using serum from rab-
bits immunized with a colon carcinoma[14]. It is an
oncofetal antigen found in small amounts in adult colon.

Elevated levels are associated with colon and pancre-
atic carcinoma. Levels are also raised in benign disease
of the liver, gastrointestinal tract, and lung and in smok-
ers. Serum CEA levels are elevated in 25% to 50% of
women with ovarian cancer. Although there is some
correlation with ovarian malignancy, this is less satis-
factory than that obtained with the other markers[15].

CA-125

The CA-125 compound was first characterized by
Bast et al using the monoclonal antibody OC125[16]. It
is a membrane glycoprotein expressed by epithelial cells
of different origin and of unknown function[17].

Cancer antigen-125 (CA-125), a heterogeneous
cell membrane glycoprotein that ranges in molecular
weight from 200 to 500 kDa encoded by the MUC16
gene[18,19] has been studied extensively as a potential
screening and diagnostic test of epithelial ovarian can-
cer[20,21]. This marker was initially described by Dr Rob-
ert C Bast and is widely used in clinical practice today.
Immunoassay studies have shown that serum CA-125
(>35 units/mL cutoff) levels are elevated in 1.4% of
healthy women and 82% of all epithelial ovarian cancer
patients, but only 50% of epithelial ovarian cancer pa-
tients with stage I disease[22,23]. CA-125 is raised in
50% cases with stage I ovarian carcinoma and is raised
in more than 90% of cases with advanced carcinoma.
Elevated serum CA-125 levels are not restricted to
epithelial ovarian cancer. Notably, serum CA-125 lev-
els are elevated in various normal and pathologic con-
ditions that affect the endometrium, including menstrua-
tion[24,25], pregnancy[26,27], endometriosis[28-30], and en-
dometrial cancer[31,32]. Serum CA-125 levels also are
elevated in patients with benign and inflammatory dis-
eases of the liver[33,34], pelvis[35], uterus[36], and ovary
and in patients with hematologic, bladder, breast, fallo-
pian, gastrointestinal, liver, lung, and pancreatic can-
cers[37-39]. Despite CA-125�s elevation in other diseases,
immunoassay studies have documented specificities
ranging between 95.4% and 96.7%[40,41].

CA-125 is currently the serum marker most widely
used to monitor therapeutic response and to detect dis-
ease recurrence in patients treated for epithelial ovarian
cancer[42]. The National Comprehensive Cancer Net-
work (NCCN) recommends CA-125 measurement
before each treatment cycle for women with elevated
pretreatment levels[43]. NCCN also recommends CA-
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125 measurement at each follow-up evaluation if the
level was initially elevated. CA-125, however, is not
elevated in all patients with epithelial ovarian cancer;
thus, other markers have been sought.

M-CSF

Macrophage-colony stimulating factor (M-CSF,
CSF-1) receptor is an integral membrane tyrosine ki-
nase encoded by the c-fms proto-oncogene. M-CSF
receptor is expressed in monocytes (macrophages and
their progenitors) and drives growth and development
of this blood cell lineage[44,45]. M-CSF has been found
to be measurable in the serum of 68% of patients with
clinically detectable disease. Some complimentarity with
CA-125 has been documented. M-CSF levels corre-
late with the clinical status of disease in patients with
epithelial ovarian cancer. M-CSF was significantly el-
evated in the serum of patients with advanced as com-
pared to early stage cancer (stage I) of the ovary (p<
0.01), cervix (p< 0.05) and endometrium (p< 0.05).
M-CSF appeared to be a marker with high specificity
for ovarian cancer.

HE4

Human epididymis protein 4 (HE4) is a low mo-
lecular weight (25 Kd) member of the Whey Acidic
Protein family of protease inhibitors. Because it con-
tains two of the 4-disulphide core domains characteris-
tic of this family, it is sometimes referred to as whey
acidic protein four disulphide core protein 2,
WFDC2[46]. HE4 gene expression is up-regulated in
invasive epithelial ovarian cancer as well as adenocar-
cinomas of the lung. Human epididymis protein 4 (HE4),
a relatively new marker for ovarian carcinoma, is the
product of the WFDC2 (HE4) gene that is
overexpressed in patients with ovarian carcinoma[47,48].
Using an immunoassay, a small study indicated compa-
rable sensitivity for CA 125 and HE4 in postmenopausal
women with ovarian cancer[49]. A subsequent and larger
study confirmed the sensitivity of HE4[50]. Another study
evaluated the utility of HE4 in the follow-up of 80 pa-
tients with ovarian cancer. This study indicated serial
HE4 levels correlated with clinical status (progression
vs no progression) in 70% (247/354) of the samples.

LyGDI

LyGDI is an inhibitor of Rho protein activation by
blocking its transformation between guanosine- 5�-

diphosphate and guanosine- 5�- triphosphate bound
states. LyGDI has significant potential as a markers for
detection of ovarian cancer in the patients with ovarian
enlargement including detection of early-stage cancers[51].

Soluble EGF receptor

Soluble epidermal growth factor receptor (sEGFR/
sErbB1) is a 110-kDa glycoprotein found in human
serum that is encoded by a 3.0 kb alternate mRNA
transcript of the EGFR gene[52,53]. Immunoassay stud-
ies have shown that patients with epithelial ovarian can-
cer have significantly lower serum p110 sEGFR con-
centrations than healthy women, and that sEGFR con-
centrations are inversely associated with serum con-
centrations of follicle-stimulating hormone (FSH) and
luteinizing hormone (LH), as well as with age in healthy
women[53,54]. Moreover, age and menopausal status
modify the association between sEGFR concentrations
and epithelial ovarian cancer versus healthy women[72].
Serum sEGFR concentrations were found to have 74%
sensitivity to detect epithelial ovarian cancer among pre-
menopausal women, but only 50% sensitivity to detect
epithelial ovarian cancer among postmenopausal
women. Test sensitivity was lower for detecting stage I/
II compared with stage III/IV epithelial ovarian cancer
among premenopausal women (64% versus 81%) and
postmenopausal women (28% versus 54%). Thus, se-
rum sEGFR concentrations seem to be most useful for
detecting epithelial ovarian cancer among younger, pre-
menopausal women.

Mesothelin

Mesothelin is a cell surface protein present on nor-
mal mesothelial cells lining the body cavities. It is highly
expressed in several cancers, including mesotheliomas,
ovarian and pancreatic cancers, and some squamous
cell carcinomas[55,56]. Human mesothelin is made as a
69 kDa polypeptide with a hydrophobic sequence at
the carboxyl end that is removed and replaced by
phosphatidylinositol. This glycosyl-phosphatidylinositol
linkage anchors mesothelin to the cell membrane[56,57].
Mesothelin is shed like many other cell membrane pro-
teins[58]. There are soluble mesothelin-related (SMR)
protein which are 42 to 44 kDa protein[59,60]. Soluble
mesothelin-related peptides are members of the mega-
karyocyte potentiating factor (MPF) family and have
been detected in both the serum and urine of patients
with ovarian cancer[61]. A recent study presented evi-
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dence that mesothelin binds CA-125 and may, there-
fore, play a role in the dissemination ovarian cancer in
the peritoneal cavity[62].

CONCLUSION

The serial measurement of complementary serum
markers can improve the use of marker screening for
epithelial ovarian cancer. With the use of several differ-
ent methods of analysis, it has been shown that this ap-
proach improves the sensitivity, specificity, and positive
predictive value of serum markers. A procedure that
measures complementary serum markers over time can
be used as a primary screening technique followed by
transvaginal ultrasonography. This could provide a cost-
effective means of early detection and could significantly
decrease the probability of surgical intervention for false-
positive test results.
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