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Abstract

Discovery of new biomarkers or panels of biomarkersarly diagnosis of ovarian cancer is one @ th
great challenges of modern medicine. The use efidénation of CA125 (the most commonly used bioarark
was improved by taking into account the dynamiueslavailable in the context of screening. Currgritie
highest sensitivity of screening tests performedefoly diagnosis of ovarian cancer is 96% and vedained
using a panel of serum biomarkers composed of pppiotein Al, transthyretin, transferrin and CA125is
paper presents different types of serum proteird #re currently studied, and should be proposedews
biomarkers for detecting ovarian cancer. Futuree@sh needs to be conducted in order to find a hewor
marker panel that is quantitative, reproducibledaast and has an even higher sensitivity and §pégifor the
early detection of ovarian cancer.
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Rezumat

Descoperirea de noi biomarkeri sau paneluri de kadkeri pentru diagnosticarea precoce a cancerului
ovarian este una dintre marile provirc ale medicinei moderne. Folosirea detergninde CA125 (biomarkerul
cel mai des folosit) a fost Tmhitrsita ludnd in considerare valorile Tn dinargicdisponibile in contextul
screening-ului. In prezent, cea mai mare sensiftéita testelor screening efectuate pentru diagonokprecoce
de cancer ovarian a fost de 96% a fost obinutz folosind un panel de biomarkeri serici compus din
apolipoproteina Al, transtiretina, transferinga CA125. Lucrarea de fa prezint: diferite tipuri de compg
proteici din ser, propgi ca biomarkeri pentru detectarea cancerului ovariecare sunt studiain prezent.
Studiile viitoare vor trebui conduse in scopudbigii unui nou panel de markeri tumorali cantitatreproductibil,
rapid si cu sensibilitatesi specificitate chiar mai mari decat cele otute paa acum, pentru diagnosticarea
precoce a cancerului ovarian.
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Introduction

Of all gynecologic malignancies, the
most lethal is ovarian cancer. The lack of symp-
toms in the early stages of the disease and the
intraabdominal location make early detection
and monitoring of the disease, by conventional
methods, difficult. More than 70% of ovarian
cancers are diagnosed in the third or fourth
stage of the disease when the 5-year survival
rate is less then 20%, even with extensive
surgery and chemotherapy (1).

It is wide accepted that early diagnosis
is the cornerstone of successful treatment of
ovarian cancer. Early diagnosis requires new
approaches. An attractive direction is the use of
serum tumor markers.

These tumor markers are a great variety
of substances who have characteristic the fact
that are produced by cancer cells and are elimi-
nated into the blood, where they can be de-
tected. At present, for most diseases, they are
used for differential diagnosis, monitoring the
response to treatment, detecting relapse and
predicting prognosis, but not for early detection
or as positive diagnostic tests (2). Although the
idea of using tumor markers for early detection
of cancer is not new, satisfactory results was not
yet achieved in this direction.

Currently, the research on serum ovarian
cancer markers is underway in many aspects:

- identification of new, more specific, and
sensitive ovarian cancer markers;

+ testing of available or validation of potential
markers in clinical trials;

+ improvement and enhancement of technolo-
gies who are used to determine and analyze
cancer markers;

+ finding markers'association in order to maximize
the sensitivity and specificity of detection t€3)s

Therefore, the discovery of these markers
and finding useful markers’association is one of
the main challenges of modern medicine. This ar-
ticle analyzes the different substances studied as
serum markers of ovarian cancer at the present.
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Screening problems for ovarian cancer

The ideal marker is a substance se-
creted only by cancerous cells (and not by nor-
mal cells), and should be detectable in a bodily
fluid, in constant levels. Additionally, it should
be determined by sufficiently noninvasive and
inexpensive methods, who can be used in a
widespread screening process for the detection
of the disease in asymptomatic women.

Considering the known prevalence data
for ovarian cancer, tests used for his detection,
in the early stage, must have a high sensitivity
(proportion of cancers detected by a positive
test), as well as an extremely high specificity
(proportion of those without cancer identified
by a negative test), to attain a positive predic-
tive value (PPV) of at least 10% (2 - 4).

Currently, for early-stage detection, there
are no markers who are fully satisfying. Only a
few markers for ovarian cancer have a sufficiently
high sensitivity and even among them, most have
a very poor specificity. The most limiting facter i
the lack of specificity. Many markers are tu-
mor-associated rather than tumor-specific and are
elevated in multiple cancers, benign and physio-
logical conditions also (2).

CA-125 (Cancer Antigen 125)

The most used marker for ovarian can-
cer is CA-125, which is a cell surface glycopro-
tein (5). For the moment the determination of
the CA-125 in serum is the “gold standard” in
ovarian cancer diagnosis. The serum levels of
CA-125 increase in advanced ovarian cancer for
about 80-90% of patients. The great disadvan-
tage is that only 50% or less of the patients in
the first stage of the disease have elevated lev-
els (3). In addition, serum levels are also ele-
vated in several nonmalignant conditions,
which can lead to false-positive results.

Recently, new studies show that the ef-
fectiveness of the use of CA-125 levels could
be improved by using the serial values analysis.
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Jacobs et al. made a study of more than 50.000

determinations of serum CA-125, involving
22.000 volunteers who were followed for an av-
erage of 8.6 years. They noted that high CA-
125 levels in women without ovarian cancer
had a static, flat or decreasing profile over time,
whereas levels associated with malignancy
tended to increase (6). Thus the time evolution
of CA-125 levels appear to be more important
than the value of a single determination.

These data were used to construct a
computerized algorithm to estimate a woman’s
risk of ovarian cancer (OCR). The algorithm in-
creases the sensitivity compared with a single
cut-off value of CA-125 because women with
normal but rising levels are identified as being
at increased risk, while women with elevated
levels who are static are classified as low risk
(2). Using this method, for a target specificity
of 98%, the OCR calculation achieved a sensi-
tivity of 86% (Table J (2).

In 2009, encouraging results using this
algorithm have been reported in the UK (United
Kingdom) and USA (United States of America).
In the ongoing randomized-controlled UK Collab-
orative Trial of Ovarian Cancer Screening (UKC-
TOCS), the multimodal screening using the OCR
algorithm achieved a sensitivity of 89.5%, speci-
ficity of 99.8%, and PPV of 35.1% for ovarian ep-
ithelial cancers detected in an early stage (7).

In a study realised on 3238 subjects, by Lu
et al., OCR algorithm followed by transvaginal scan
had a specificity of 99.7% and PPV of 37.5% (8).

HE4 (Human Epididymal Protein 4)

HE4 is a protein that was first found in
the epididymal epithelial cells but is also
expressed in other epithelial cells. As a marker,
HE4 is was proposed for ovarian cancer. Has
been shown that levels of the protein HE4,
while not elevated in benign gynecologic
conditions, is elevated in epithelial ovarian
cancers (EOC), the most common type of
ovarian cancer.
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In 2009, in the USA, HE4 was ap-
proved for monitoring women who had been di-
agnosed with epithelial ovarian cancer, for indi-
cations similar to those of CA-125.

Combination of the determination of CA-
125 and HE4

Even initially, the combination of the
determination of CA-125 with HE4 seemed to
be promising by increasing the sensitivity and
the specificity in detecting ovarian cancer, more
recently, by analyzing the results of other stud-
ies, some researchers concluded that there is no
benefit in clinical settings (2, 6, 9 - 11).

In 2011, in the USA was approved the
marketing of the HE4 Test along with the CA-
125 test. These tests were combined inRfsk
of Ovarian Malignancy Algorithm called
ROMA, to determine the likelihood of finding
malignancy at surgery in women who have an
adnexal mass. The diagnostic performance of
ROMA was advocated for the first time by
Moore et al. (12) who sustained that CA-125
combined with HE4 reveals the highest sensitiv-
ity and specificity among nine markers studied.

The Risk of Ovarian Malignancy Algo-
rithm (ROMA) combines the result of the deter-
minations of CA-125 and HE4, by taking in
consideration of the premenopausal or the
menopausal status, and converting them into a
numerical score. ROMA is interpreted in con-
junction with an independent clinical and radio-
logical assessment. The aim is to aid the assess-
ing for premenopausal or postmenopausal
woman, who presents an ovarian adnexal mass,
and to estabilish if there is a high or low likeli-
hood of finding malignancy at surgery. The
ROMA test is indicated for women with age
over 18, who have an ovarian pelvic mass for
which surgery is planned and are not yet re-
ferred to an oncologist. In tHenportant Safety
Information extracted from the prescribing in-
formation provided by the company that pro-
duces and promotes test, Fujirebio Diagnostics
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Table 1. Sensitivity and specificity of serum biomiker panels for detection of ovarian cancer
Autor Year Panel/biomarkers No subjects  Sensitivity  Speafficity Ref.
Jacobs 1999 OCR algorithm 22,000 86% 98% 8
Zhang 2004 Apo Al, TTR, H4, CA125 503 74% 97% 10
Mor 2005 Prolactin, OPN, leptin, IGF-II 206 95% 95% 11
Visintin 2008  Leptin, prolactin, OPN, IGF-II, 518 95.3% 99.4% 12
MIF, CA125
Nosov 2009 ApoAl, TTR, TF, CA 125 358 96% 96% 13

Inc., it shows that ROMA "should not be used
without an independent clinical/ radiological
evaluation and is not intended to be a screening
test or to determine whether a patient should
proceed to surgery” and follows "Incorrect use
of ROMA carries the risk of unnecessary test-
ing, surgery, and/or delayed diagnosis” (13).

Additional markers

To date, no marker or algorithm has met
the criteria for early diagnosis of ovarian cancer.
There is a great need for additional markers to im-
prove sensitivity of detection with retained or-bet
ter specificity. Efforts have been made to improve
the tests’ performance by discovering and com-
bining new markers, which continue to be evalu-
ated. Current studies show that combining other
several markers, which could be added to the de-
termination of CA-125, could improve the sensi-
tivity of ovarian cancer detection (2).

In a five-center case-control study by
Zhang et al. from 2004, serum proteomic expres-
sions were analyzed for 153 patients with inva-
sive epithelial ovarian cancer, 42 with other
ovarian cancers, 166 with benign pelvic masses
and 142 healthy women. Data from patients with
early stage ovarian cancer and healthy women
were analyzed independently and the results
cross-validated in order to discover potential
markers. After protein identification, three of
them seems to be important: apolipoprotein Al
(down-regulated in cancer), a truncated form of
transthyretin (TTR) (down-regulated), a cleavage

fragment of inter-alpha-trypsin inhibitor heavy
chain H4 (up-regulated).

Using a model that combines these three
markers and CA-125 in order to detect early stage
invasive epithelial ovarian cancer in healthy con-
trols the sensitivity obtained was 74%, higher than
that of CA-125 alone. When compared at a fixed
sensitivity of 83%, the specificity of the model
(94%) was significantly better than that of CA-
125 alone (52%) (14 - 16). These markers demon-
strated potential to improve the detection of early
stage ovarian cancefable J).

In a study by Mor et al. from 2005, the
levels of 169 serum proteins were analyzed from
18 patients with untreated epithelial ovarian can-
cer (EOC) and 28 healthy age-matched controls,
using receiver operating characteristic (ROC)
curve with immunoassay microarray (10). Of
these 169 proteins only leptin, prolactin (PRL),
osteopontin (OPT) and insulin-like growth factor-
II (IGF-II) had significant differences between
disease-free and cancer patients. Then the combi-
nation of these four markers was tested in a
blinded cross-validation study on 206 serum sam-
ples, 106 coming from healthy subjects and 100
from patients with ovarian cancer. Both PRL and
OPT are significantly elevated in the serum of pa-
tients with EOC, whereas leptin and IGF-II levels
are reduced. The final results of the test have a
sensitivity of 95%, a specificity of 95%, a PPV of
95%, and a negative predictive value (NPV) of
94% (10) Table 2.

Another assay that used a panel of six
serum markers, leptin, PRL, OPT, IGF-II,
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macrophage inhibitory factor (MIF), and CA-
125, was studied on 362 healthy controls and
156 patients with ovarian cancer, including 13
stage | cases, yielded a 95.3% sensitivity and
99.4% specificity (3, 8).

A several studies published in 2008 by
Hellstrom and al., were focused on the role
played by soluble mesothelin-related proteins
(SMRP) and HE4 in ovarian cancer, but also
other markers were taken into account.
Mesothelin is a protein that was discovered in
mesothelial cells but her physiological role is
not well known. It is presumed that mesothelin
may be involved in cell adhesion and it was
found that she is overexpressed in several hu-
man tumors, including mesothelioma, ovarian
and pancreatic adenocarcinoma. The studies re-
veal that mesothelin has a relatively high speci-
ficity for ovarian cancer. In the cases of ovarian
cancer with little or no detectable CA-125 ex-
pression, mesothelin and HE4 stood out as the
most promising markers (17, 18).

The objectives of a study from 2009 by
Nosov et al., were to test whether the panel of
serum biomarkers Apo Al, TTR, and TF (transfer-
rin) either with or without CA-125 can detect
early-stage ovarian cancer and even find differ-
ences between different histological forms (19).
First, sensitivity, specificity, and OCR were deter
mined for Apo Al, TTR and TF panel. In that case
sensitivity and specificity for detection of early-
stage ovarian cancer were 86% and grow to 94%
for late-stages ovarian cancer. Second, to assess t
contribution of CA-125 to the biomarker panel, a
separate analysis was performed including deter-
mination of CA-125. Combining the results of de-
terminations for all the four biomarkers brouglat th
sensitivity and specificity to 96%. The early-stage
ovarian cancer group was further subdivided into
histological categories. Each histological subtype
was analyzed separately to determine the sensitiv-
ity and specificity of the biomarker panel for aete
tion of different subtypes of ovarian carcinoma, ex
cluding mucinous subtype. Identification of en-
dometrioid tumors was associated with a sensitivity
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and specificity of 98%. To date, 96% is the highest
sensitivity recorded for the early detection ofreva
ian cancer. However, because the low prevalence
of ovarian cancer, a sensitivity and specificity of
96% would only detect 1 case of cancer per 100
oophorectomies done for positive screens due to
the high false-positive rate (19). Future research
needs to be conducted to find a tumor marker panel
that has an even higher sensitivity and specificity
(Table 1.

The research of Dieplinger H. et al.,
published in 2009, about the role of afamin, led
to the discovery that this substance may indi-
rectly help to detect and follow the evolution of
ovarian cancer. Afamin, which was discovered
by the same group, is a vitamin E-binding glyco-
protein, a member of the albumin family, synthe-
sized by the liver, and secreted in plasma. It can
also be found in substantial quantities in the ex-
travascular fluid. Afamin concentrations in
serum decreased in pre-operative patients diag-
nosed with ovarian cancer and rose again after
tumor removal and chemotherapy. In conclusion,
afamin, possibly in combination with other al-
ready established markers, may serve in a panel
for early detection of ovarian cancer (20).

In a study from 2011 Zhu C.S. and al.
started from the idea that until then, serum sam-
ples, who was used, collected at the time of diag-
nosis generally included a high proportion of
cases with advanced stage diseases (21). Thus,
their utility for screening, which requires detec-
tion during an asymptomatic phase, cannot be
determined. Therefore, this study provided the
first example of a systematic approach to a
marker validation using prediagnosis specimens.
Indeed, it is possible that markers discovered in
diagnostic samples can have significantly differ-
ent values only when the tumor increases in size
or is clinically observable. Such markers may
have little value for early diagnosis (19).

Using a nested case-control design, 28
markers were measured laboratory-blinded in
118 serum samples obtained before cancer diag-
nosis and 951 serum samples from matched
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Table 2. Summary of five predictive models of biom&er panels in a study from Zhum et al. (2011)

Panel A B C D E
Markers CA125 B7-H4 CA125 APOAl CA125
IGF-II CA125 HE4 B2M CA72-4
Leptin CA15-3 IGFBPII CA125 EGFR
MIF CA72-4 Mesothelin CTAPIII Eotaxin
OPN HE4 MMP-7 TTR HE4
Prolactin SPLI MMP-3
SPON2 Prolactin
sVCAM-1

SPLI - secretory leukocyte protease inhibitor, SRGNpondin2, B2M - beta-2-microglobulin.

controls (21). They were grouped into five
model panelsTable 3, each containing six to
eight biomarkers.

Results showed that only one model
showed comparable performance to CA-125, with
sensitivity and specificity at 69.2% and 96.6% re-
spectively (ROC 0.892). Remaining models had
poorer performance than CA-125 alone. Even a
model derived from all 28 markers failed to show
improvement over CA-125. Also in the study con-
clusions it warns that, it may be possible that-ind
cator panels found in samples from patients with
confirmed diagnosis do not have the same impor-
tance in prediagnostic samples (21, 22).

Discussions

The ability to reduce cancer mortality
through population screening is widely ac-
cepted and consequently, extensive efforts are
underway to explore this posshility for all forms
of cancer. Screening methods depend on the

characteristics of the disease to be diagnosed.

For the ovarian cancer direct examination or
even imaging methods can not give satisfactory
results, in early stage, due to his localization.
Idea of using serum tumor markers for this pur-
pose seems attractive although there are signifi-
cant barriers that must be overcome.
In the last years, promising markers for

ovarian cancer diagnosis were discovered and
studied. Of these proteins only mesothelin, OPT

and HE4 have been selected by the SPORE
(Specialized Program of Research Excellence)
committee for their high level of sensitivity and
specificity in differentiating EOC from normal
ovarian epithelium (17) but many more awaits
validation in clinical trials.

Other substances, such as TF, are acute
phase proteins and have been associated with sys-
temic inflammation as well as other non-cancer-
ous conditions (19, 23). Afamin could add inde-
pendent diagnostic information to CA-125 and
other markers but it is not suitable as single-diag
nostic marker for ovarian cancer (20).

However, even they are not all can-
cer-specific markers or all produced directly by
the ovarian cancer cells, they can be useful for
differentiating the serum samples from pacients
with cancer from samples of patients with be-
nign conditions or healthy.

Conclusions

To date there is no adequate screening
test for the early detection of ovarian cancer.

Serum CA-125 remains the best marker
for ovarian cancer in single determination, with
sensitivity of 86% in cases where blood was
drawn within 6 months from diagnosis.

The second best marker is HE4, with
sensitivity of 73%.

The biomarker panel, which includes
Apo Al, TTR, TF, and CA-125 has the highest
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sensitivity for early-stage ovarian cancer re-
ported to date, but it needs to be higher in order
to validate this panel of biomarkers as an effec-
tive screening tool for ovarian cancer.

Mesothelin has a relatively high speci-
ficity for ovarian cancer and for the cases of
ovarian cancer where is no detectable or little
CA-125 expression, is a promising marker who
can increase the sensitivity and the specificity
of an biomarker panel test if included.

Although there are substances that do not
comply with the classic definition of tumor mark-
ers (like afamin) can be used in combination with
authentic markers within panels and can be useful
for early detection of ovarian cancer.

The growing understanding of ovarian
cancer etiology and subtypes, increasing atten-
tion in design of biomarker studies, and use of
new technologies on carefully selected pre-di-
agnostic sample sets, give hope for identifica-
tion of novel biomarkers.

The identification of more sensitive and
specific markers or marker panels for the early
detection of ovarian cancer would be immedi-
ately beneficial because the majority of patients
with ovarian carcinomas are still diagnosed in
the late stages.

In the future, it will still be crucial to fur-
ther develop panels of biomarkers not only for
early detection but also for treatment guidance of
ovarian cancer and detecting recurrence.
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Abbreviations

Apo Al — apolipoprotein

TTR — transthyretin

PPV — positive predictive value

NPV — negative predictive value

OCR - risk of ovarian cancer

EOC - epithelial ovarian cancer

ROC - Receiver operating characteristic curve
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OPT - osteopontin

IGF-1l — insulin-like growth factor-II
MIF — macrophage inhibitory factor
TF - transferrin
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