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Abstract

Background/Aim: Ovarian cancer is still a big health concern, with few
early detection options. The present research aimed to explore the test's
usefulness of blood levels of cancer antigen 125 (CA-125), carcinoembry-
onic antigen (CEA), alpha-fetoprotein (AFP), lactate dehydrogenase (LDH)
and beta-human chorionic gonadotropin (3-hCG) in detecting and manag-
ing ovarian cancer.

Methods: Samples were collected from 30 ovarian cancer patients and
30 healthy controls. The levels of CA-125, CEA, AFP; LDH and 3-hCG were
evaluated by ELISA.

Results: Results indicated that ovarian cancer patients had considerably
greater concentrations of CA-125, AFP, CEA and 3-hCG than controls.
LDH levels were not substantially different between the two groups. The
ROC curve study indicated outstanding diagnostic performance for CA-
125, AFP, CEA and B-hCG, with AUC values of 1.000. LDH had reasonable
clinical precision, with an AUC of 0.721.

Conclusion: The correlation analysis revealed strong positive relation-
ships between all biomarkers in the patient group. These data imply that
CA-125, AFP, CEA and B-hCG may be useful biomarkers for diagnosing
and treating ovarian cancer in Iragi women. Additional studies with bigger
sample numbers are needed to corroborate these findings.
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Introduction

Ovarian cancer is still among the most frequent
gynaecologic malignancies and is the fifth most
common cause of cancer mortality in women.
The majority of ovarian cancer patients have
epidermal ovarian neoplasms that develop from
coelomic epithelium or mesothelium tissues.! In
nations with poor infrastructure, ovarian cancer
is the seventh most common malignancy among
women, with 239,000 new cases reported glob-
ally in 2012.2

Notwithstanding concentrated efforts to uncov-
er and discover original effective populace-con-
structed showing tests, no biological markers
have yet been established. However, numerous
putative ovarian cancer diagnostics biomark-
ers are being studied, including, cancer antigen
125 (CA-125), carcinoembryonic antigen (CEA),
alpha-fetoprotein (AFP), lactate dehydrogenase
(LDH) and beta-human chorionic gonadotropin
(B-hCG). For many years, researchers have been
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studying the function of extracellular proteolysis
in cancer growth, with a particular emphasis on
secreted proteases.>*

LDH is a compound identified by several organs,
including the heart, liver, kidneys, muscles, brain
and red blood cells. LDH is required for the me-
tabolism of glucose to energy within cells. The
concentration of LDH may be increased in ovari-
an cancer patients.® Elevated LDH levels may sug-
gest tissue damage and accelerated cell turnover,
this can arise in several conditions, including
cancer. However, LDH levels are not particular to
ovarian cancer; they can be high in a variety of
other illnesses as well.® Ovarian cancer patients
have significantly more abdominal fluid and se-
rum LDH levels compared to individuals with
typical ovarian cancers or other gynaecological
cancers.’

The foetal liver, yolk sac and digestive system
primarily generate AFP. Adult AFP levels are nor-
mally modest, but they might rise under specific
situations.? Tumour marker AFP is not a major
marker for ovarian cancer, although it can be
raised in specific forms of germ cell tumours that
can develop in the ovaries. The most important
forms of ovarian tumours are dysgerminomas
and other non-w, which are used to assess treat-
ment responses and screen for recurrences in
individuals with germ cell tumours.’ The associ-
ation between AFP and ovarian cancer includes
both risk factors and clinical manifestations. El-
evated AFP levels can suggest a variety of ovari-
an tumours, both benign and malignant and may
also serve as a diagnostic marker.*

During pregnancy, the placenta produces a hor-
mone (3-hCG. However, ovarian tumours can cre-
ate B-hCG, resulting in high levels of the hormone.
This is especially true for ovarian germ cell tu-
mours, a kind of ovarian cancer that arises from
egg-producing cells. These tumours can release
hormones such as 3-hCG, which can be discovered
by blood testing.!* !> The hormone (-hCG is also
believed to be secreted from certain malignan-
cies in both men and women, which include ma-
lignant tumours in the genital tract of males and
ovarian cancer in females, where their behaviour
may be a marker for distinguishing between cer-
tain ovarian tumours.’® In many respects, recog-
nising the free component in the blood of a person
with cancer is like identifying an indication of a
dismal prognosis.'*
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CEA is a protein naturally created in foetal gas-
trointestinal tissue, although its synthesis di-
minishes considerably after birth. CEA is rarely
utilised as a primary marker in the diagnosis or
surveillance of ovarian cancer. Instead, the most
widely utilised tumour marker for ovarian can-
cer is CA-125.1>1¢[s a protein discovered in great-
er concentrations in ovarian cancer cells than in
normal cells. However, in certain situations, CEA
levels may be increased in people with ovarian
cancer, although this is not limited to ovarian
cancer and can also occur in a range of other ill-
nesses.!” CA-125 is a main test in ovarian cancer
that is largely utilised for diagnosis and surveil-
lance. Its levels are associated with the existence
of ovarian lesions, with greater amounts fre-
quently suggesting malignancy. However, CA-125
is not limited to ovarian cancer; increased levels
can occur in benign diseases, confounding its di-
agnostic value. Studies demonstrate that individ-
uals with ovarian cancer had considerably higher
CA-125 concentrations (mean 64.9 U/mL) than
those without (mean 28.6 U/mL).'®

This study aimed to improve understanding of
the value of LDH, AFP, 3-hCG, CEA and CA-125 in
detecting and managing ovarian cancer, particu-
larly in Iraq.

Methods

The study participants were divided into two cat-
egories: patients and controls. The patient collec-
tion consisted of 30 ovarian cancer patients (30
females, ages 40-50). A doctor from the Oncology
Teaching Hospital in Medical City, Baghdad, Iraq,
evaluated patients who had been diagnosed with
breast cancer. The control cohort consisted of 30
healthy people of similar age and gender to the
sick category. Between July and October 2024, all
trial subjects provided informed written permis-
sion before participating and patients completed
a questionnaire. No patients smoked, drank, or
were pregnant. Patients with diseases other than
endometrial cancer were excluded, including di-
abetes, hypertension, hyperthyroidism and pso-
riasis.

From each study participant (patient and con-
trol) 5 mL of blood from the vein was taken. The
samples were collected in a gel tubes. Following
collection, the gel tubes were centrifuged for ten
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minutes at 3000 rpm. The resulting serum was
kept at -20 °C until analysis.

Serum levels of LDH were assessed by VIDAS
(Maizy, France), AFP was assessed using VIDAS
kits and apparatus based on enzyme linked im-
munosorbent assay (ELISA) technology (Mono-
bind Inc, Lake Forest, USA), B-hCG was assessed
using VIDAS kits and ELISA provided by Altas
Medical in Cambridge, UK. CA-125 and CEA were
assessed using VIDAS kits and apparatus based
on enzyme-linked fluorescence assay (ELFA)
technology provided by Biomérieux in Mar-
cy-I'Etoile, France.

Results

Figure 1 shows substantial changes in CA-125,
AFP, CEA and B-hCG levels between the control
and patient groups, but no significant difference
in LDH levels. The average CA-125 level in the
control group was 12.18 # 5.40. In comparison,
patients had a much higher mean CA-125 level of
90.42 + 24.14. The p-value of 0.001 suggests that
CA-125 levels differed significantly between the
groups.

Statistical analysis

The IBM SPSS Statistics application (IBM Corpo-
ration, New York, United States) version 25.0 was
used for the analysis. The data were analysed with
descriptive statistics and presented as means *
standard deviation. The average variances of the
patient and control groups were compared with
an independent sample t-test. Statistical signifi-
cance was determined as p < 0.05 with a 95 %
confidence interval and extremely significant as
p < 0.01 with a 99 % confidence range.

The mean LDH level in the control group was
170.29 + 19.87. Patients group had a somewhat
higher mean LDH level 189.58 + 25.56. However,
the p-value of.144 shows no substantial differ-
ence in LDH levels between the control and pa-
tient groups.

The mean AFP level in the control collection was
5.24 + 2.29. Patients had a significantly higher
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Figure 1: Serum levels of cancer antigen 125 (CA-125), carcinoembryonic antigen (CEA), alpha-feto-
protein (AFP), lactate dehydrogenase (LDH) and beta-human chorionic gonadotropin (3-hCG) in the

control and patient group
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mean AFP level of 100.08 + 24.31. A p-value of
0.001 indicates that the distinction was statisti-
cally significant.

The average CEA level in the control group was
2.22 + 0.99. Patients had a considerably high-
er mean CEA level 80.42 * 24.14. The p-value of
0.001 indicates a significant difference in CEA lev-
els between the control and patient groups. The
average (3-hCG level in the control group was 2.32
* 0.99. Patients had a significantly higher mean
B-hCG level 105.42 + 19.91. The p-value of 0.001
suggests that B-hCG levels differed substantially
between groups.

Table 1: The area under the curve (AUC) for cancer antigen 125
(CA-125), carcinoembryonic antigen (CEA), alpha-fetoprotein
(AFP), lactate dehydrogenase (LDH) and beta-human chorionic
gonadotropin (3-hCG)

Test result bl

A Area SE p-value Lower Upper
variable(s) bound bound
CA-125 1.000 0.000 0.000 1.000 1.000
LDH 0.721 0.066 0.003 0.593 0.850
AFP 1.000 0.000 0.000 1.000 1.000
B-hCG 1.000 0.000 0.000 1.000 1.000
CEA 1.000 0.000 0.000 1.000 1.000

Cl: confidence interval; SE: standard error;

Table 1 shows the area under the curve (AUC),
which is an instant measure of the receiver op-
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AUC of 1.000, suggesting that the classification
model was excellent and error-free. The AUC for
LDH is 0.721, with a standard deviation of 0.066
(Figure 2).

The asymptotic significance was 0.003, indicat-
ing that the AUC differs considerably from 0.5.
The 95 % confidence interval for LDH’s AUC was
0.593-0.850. AFP, 3-hCG and CEA had AUC values
of 1.000, suggesting flawless classification mod-
els for these variables.

According to the given footnote, the calculations
were based on the nonparametric assumption.
Furthermore, the null hypothesis states that the
real area under the curve is 0.5. The findings for
LDH reveal that the AUC was considerably differ-
ent from 0.5, showing that the LDH model adds
value beyond random chance. Finally, The AUC
values indicate that the models for CA-125, AFP,
B-hCG and CEA were ideal classifiers, but the
model for LDH performed decently but not flaw-
lessly. The statistical significance and confidence
intervals give further information about the
model’s dependability and accuracy in categoris-
ing the data on which it is based.

Table 2: Person correlations (r) for cancer antigen 125 (CA-125),
alpha-fetoprotein (AFP), lactate dehydrogenase (LDH) and be-
ta-human chorionic gonadotropin (B-hCG)

erating characteristic (ROC) curve that indicates Parameter CA-125  LDH AFP CEA  B-hCG
the diagnostic test’s overall presentation. An AUC CA-125 1000 0.880** 0941 0.917** 0905
of 1 represents a seamless model, whereas an LDH 0.880* 1.000 0.896™ 0.917** 0.882**
AUC of 0.5 indicates that the model achieved no AFP 0.941** 0896 1.000 0931 0.937*
recovery other than by mistake. CA-125 has an CEA 0.917** 0.917** 0.931** 1.000 0.951**
B-hCG 0.905** 0.882** 0.937** 0.951** 1.000
e 2
ROC Curve **p<0.01;
10 7]
_,_[J_ Table 2 shows correlations indicating that there
0 ] were significant linear links between the bio-
r'_'_' markers CA-125, LDH, AFP, CEA and B-hCG in the
z 0 _,_%_r patient_group upder research, which mig}_lt give
2 useful information about potential associations
s F’J between these biomarkers in the context of the
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Figure 2: Receiver operating characteristic (ROC) curve for cancer
antigen 125 (CA-125), carcinoembryonic antigen (CEA), alpha-fe-
toprotein (AFP), lactate dehydrogenase (LDH) and beta-human
chorionic gonadotropin (B-hCG)

patient’s health problems. CA-125 expressions
had a good correlation with LDH (r = 0.880, p <
0.01). This shows that if CA-125 levels increase,
so do LDH levels and vice versa. CA-125 and AFP
showed a strong correlation (r = 0.941, p < 0.01).
CA-125 and CEA showed a significant correlation
(r=0.917, p < 0.01), as well as CA-125 and B-hCG
(r=0.905, p <0.01).
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Discussion

This study intended to investigate the influence
of changes in tumour marker profiles on the de-
tection and administration of ovarian cancer in
Iraq and additionally recommend areas for fu-
ture studies. Gynaecological oncology has signifi-
cant challenges due to the absence of reliable and
non-invasive treatments.?® 2! In this investiga-
tion, individuals with ovarian cancer showed sig-
nificantly greater blood concentrations of LDH,
AFP, B-hCG, CA-125 and CEA compared to healthy
controls. This hypothesis receives more support
from CA-125 and CEA has great sensitivity, dis-
tinguishing between those with ovarian cancer
and healthy women.

The most often utilised serum biomarker in ovar-
ian cancer testing is CA-125.2 A prior investiga-
tion showed an accuracy of more than 73.1 %
and a precision of 79 % for the serum concentra-
tion, which is equivalent to other biomarkers in
forecasting ovarian cancer.”® Yet, observations
demonstrate that the surge is also evident under
normal circumstances.** Detection data for US,
pulmonary, colon and ovarian cancers from the
past experiment found no mortality advantage
in employing a screening technique that includ-
ed the CA-125 cutoff.?® The results of this study
are consistent with previous studies when com-
parable with the results published in additional
research that analysed blood levels of CA-125,
which may be used as an effective test for the
identification of ovarian cancer, in the sense of
accuracy and precision.?® %’

CEA is a widely used tumour marker in clinical
practice, with significant diagnostic significance
for gynaecology, breast, lung, liver and digestive
system malignant tumours.?® ?° As a whole, the
current results are similar to the results pub-
lished in previous studies that examined blood
levels of CEA.3%31

Elevated levels of (CEA) in ovarian cancer may
suggest an advanced stage of the illness or metas-
tases. The more cancer in the body, the more CEA
the tumour cells make. As a result, elevated CEA
levels can signal a greater tumour load in ovarian
cancer.?? The cancer spreads (metastasizes) from
the ovaries to other organs including the liver,
breathing, or peritoneum. CEA levels rise. This
is because cancer cells in these new sites also
generate CEA. CEA levels are also utilised as a
tumour marker to diagnose and monitor ovarian
cancer. However, CEA levels alone are not conclu-
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sive; they must be read in conjunction with other
clinical observations and testing.*?

People with ovarian melanoma were shown to
have greater levels of LDH in their total serum.?*
% Similarly, Schneider et al found that individu-
als with ovarian malignancies had considerably
greater concentrations of LDH than those with
innocent ovarian tumours.?® Study by Boran
showed that blood LDH concentrations in peo-
ple with ovarian malignancy were identified as
significantly greater than those in people with
benign ovarian tumours, but there were no sig-
nificant variations in LDH concentrations across
different types of ovarian cancer and phases of
the illness.” In the current investigation, in the
levels of LDH there were no notable distinctions
between the control and patient groups. The
findings are consistent with earlier research.?” 38
LDH levels are not commonly employed as a di-
agnostic or prognostic indication in ovarian can-
cer patients. This is because LDH is not limited
to ovarian cancer and may be high in a variety
of illnesses. Other indicators, such as CA-125, are
increasingly commonly used in the diagnosis and
monitoring of ovarian cancer.*

Both AFP and B-hCG are utilised as indicators
for ovarian germ cell tumours and to assess the
likely causes of poorly differentiated metastatic
disease. Both indicators are used to test for var-
ious cancers.*”*! In this particular investigation,
scientists discovered that the concentrations of
AFP and B-hCG changed considerably between
the control and patient groups. The results are
consistent with past studies. It is uncommon to
observe elevated levels of AFP in ovarian cancer.
AFP is a protein that is commonly linked to liv-
er cancer (hepatocellular carcinoma) and some
forms of germline cell tumours. High levels of
AFP may be detected in rare cases of ovarian
germ cell tumours, such as yolk sac tumours (en-
dodermal sinus tumours). Yolk sac tumours, a
form of ovarian cancer, can generate AFP.1?

Elevated levels of blood (-hCG in ovarian cancer
can be caused by a rare condition known as para-
neoplastic syndrome. Paraneoplastic syndromes
are a range of signs and symptoms that appear
in cancer patients but are not caused by the tu-
mour’s local presence or metastasis. In the case
of ovarian cancer, high 3-hCG levels can indicate
a paraneoplastic syndrome in which tumour cells
create and release (-hCG into circulation. This
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production of 3-hCG can result in greater than
usual amounts of the hormone in the blood, which
can be identified via blood testing. The results of
the current studies are consistent with previous
studies.3” 42

Conclusion

CA-125, AFP, CEA and B-hCG concentrations
were significantly greater in the ovarian can-
cer group compared to healthy controls. The
ROC curve study indicated good diagnostic
performance for CA-125, AFP, CEA and 3-hCG,
with AUC values of 1.000. Correlation analysis
found strong positive connections between all
biomarkers in the patient group. These data
imply that CA-125, AFP, CEA and 3-hCG may be
useful biomarkers for diagnosing and treating
ovarian cancer in Iraqi women. However, it is
critical to emphasise that additional studies
with a greater sample are necessary to veri-
fy these results and evaluate the prospective
treatment implications of these biomarkers in
the Iraqi population.

Ethics

The ethical approval was taken from the Ethical
Committee in the Iraqi National Cancer Research
Centre, University of Baghdad, Baghdad, Iraq. The
ethical number is 1, dated 20 November 2024. All
patients and participants were given an oral ac-
ceptance for blood collecting and work. All pro-
cedures performed in studies involving human
participants followed the ethical standards of the
research committee of “Iraqi National Cancer Re-
search Centre, University of Baghdad, Baghdad,
Iraq” and with the 1964 “Helsinki Declaration” and
its later amendments or comparable ethical stan-
dards.

Acknowledgement

The authors would like to thank Cancer Leading
Centre Baghdad University, Mustansiriyah Uni-
versity, Altataor Lab and Medical City for their
help in providing the specialist lab, a special

Dawood et al. Scr Med. 2025 Mar-Apr;56(2):275-82. M

thanks to all patients and healthy participants
involved in this work.

Conflicts of interest

The authors declare that there is no conflict of
interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or not-
for-profit sectors.

Data access

The data that support the findings of this study
are available from the corresponding author
upon reasonable individual request.

Author ORCID numbers

Yasser Jassim Dawood (Y]D):
0009-0003-4019-1841

Rusul Saad (RS):
0009-0000-1145-3329
Montadher Ali Mahdi (MAM):
0000-0002-6896-9278

Azal Hamoody Jumaa (AH]J):
0009-0003-4412-1357

Author contributions

Conceptualisation: Y]D
Methodology: Y]D

Validation: Y]D, RS, MAM, AH]
Formal analysis: Y]D, RS, MAM, AH]
Investigation: YJD, RS, MAM, AH]J
Data curation: Y]D, RS, MAM, AH]
Writing - original draft: Y]D, RS
Writing - review and editing: Y]JD, RS
Visualisation: Y]JD, RS



B Dawood et al. Scr Med. 2025 Mar-Apr;56(2):275-82.

References

10.

11.

12.

13.

14.

15.

Sambasivan S. Epithelial ovarian cancer: Review arti-
cle. Cancer Treat Res Commun. 2022;33:100629. doi:
10.1016/j.ctarc.2022.100629.

Momenimovahed Z, Tiznobaik A, Taheri S, Salehiniya
H. Ovarian cancer in the world: Epidemiology and risk
factors. Int ] Women Health. 2019;11:287-99. doi:
10.2147/1JWH.S197604.

Lucarelli G, Rutigliano M, Bettocchi C, Palazzo S, Vaval-
lo A, Galleggiante V, et al. Spondin-2, a secreted extra-
cellular matrix protein, is a novel diagnostic biomarker
for prostate cancer. ] Urol. 2013;190:2271-7. doi:
10.1016/j.juro.2013.05.004.

Atallah GA, Aziz NHA, Teik CK, Kampan NC, Shafiee MN.
New predictive biomarkers for ovarian cancer. Diagnos-
tics. 2021;8:11. doi: 10.3390/diagnostics11030465.
Farhana A, Lappin SL. Biochemistry, Lactate Dehydro-
genase. [Updated 2023 May 1]. In: StatPearls [Inter-
net]. [Cited:1-Jan-2025]. Treasure Island (FL): Stat-
Pearls Publishing; 2025 Jan-. Available from: https://
www.ncbi.nlm.nih.gov/books/NBK557536/.

Feng Y, Xiong Y, Qiao T, Li X, Jia L, Han Y. Lactate dehy-
drogenase A: A key player in carcinogenesis and poten-
tial target in cancer therapy. Cancer Medicine.
2018;7:6124-36. doi: 10.1002/cam4.1820.

Boran N, Kayikcioglu F, Yalvag S, Tulunay G, Ekinci U,
Ko6se MF. Significance of serum and peritoneal fluid lac-
tate dehydrogenase levels in ovarian cancer. Gynecol
ObstetInvest.2000;49:272-4.doi: 10.1159/000010258.
Dunbar C, Kushnir MM, Yang YK. Glycosylation profil-
ing of the neoplastic biomarker alpha fetoprotein
through intact mass protein analysis. ] Proteome Res.
2023;22:226-34. doi: 10.1021/acs.jproteome.3c00218.
Matsas A, Stefanoudakis D, Troupis T, Kontzoglou K,
Eleftheriades M, Christopoulos P, et al. Tumour mark-
ers and their diagnostic significance in ovarian cancer.
Life. 2023;6:13. doi: 10.3390/1ife13081689.

Chen ], Wang], Cao D, Yang ], Shen K, Huang H, et al. Al-
pha-fetoprotein (AFP)-producing epithelial ovarian
carcinoma (EOC): a retrospective study of 27 cases.
Arch Gynecol Obstet. 2021;304:1043-53. doi: 10.1007/
s00404-021-06017-7.

Fournier T, Guibourdenche ], Evain-Brion D. Review:
hCGs: Different sources of production, different glyco-
forms and functions. Placenta. 2015;36:S60-5.doi:
10.1016/j.placenta.2015.02.002.

Whittington ]D, Fantz CR, Gronowski AM, McCudden C,
Mullins R, Sokoll L, et al. The analytical specificity of
human chorionic gonadotropin assays determined us-
ing WHO International Reference Reagents. Clin Chim
Acta.2010;411:81-5. doi: 10.1016/j.cca.2009.10.009.
Lee JH, Han ]. Concentration-enhanced rapid detection
of human chorionic gonadotropin as a tumour marker
using a nanofluidic preconcentrator. Microfluid Nano-
fluidics. 2010;9:973-9. doi: 10.1007/s10404-010-
0598-z.

Das S, Dey MK, Devireddy R, Gartia MR. Biomarkers in
cancer detection, diagnosis, and prognosis. Sensors.
2024;5:24. doi: 10.3390/s24010037.

Aebisher D. The medical biology guide to proteins.
Hauppauge, NY: Nova Science Publishers 2023. pp. 11-
13. doi: 10.52305/WXOF4365.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Mahdi MA, Dawood Y], Sabah RS, Al-Rahman SA. Eval-
uation of oxidative stress, anti-oxidant, vitamins and
co-factor elements in the sera of gastric cancer in Iraqi
patients. Asian Pacific ] Cancer Prev. 2024;25:3651-60.
doi: 10.31557/APJCP.2024.25.10.3651.

Charkhchi P, Cybulski C, Gronwald ], Wong FO, Narod
SA, Akbari MR. Cal25 and ovarian cancer: A compre-
hensive review. Cancers. 2020;12:1-29. doi: 10.3390/
cancers12123730.

Zhang M, Cheng S, Jin Y, Zhao Y, Wang Y. Roles of CA125
in diagnosis, prediction, and oncogenesis of ovarian
cancer. Biochimica et Biophysica Acta - Reviews on Can-
cer. 2021;11:1875. doi: 10.1016/j.bbcan.2021.188503.
Dawood Y], Mahdi MA, Jumaa AH, Saad R, Khadim RM.
Evaluation of LH, FSH, oestradiol, prolactin and tu-
mour markers CEA and CA-125 in sera of Iraqi patients
with endometrial cancer. Scr Med. 2024;55:419-26.
doi: 10.5937/scriptamed55-49925.

Yousefi M, Rajaie S, Keyvani V, Bolandi S, Hasanzadeh
M, Pasdar A. Clinical significance of circulating tumour
cell related markers in patients with epithelial ovarian
cancer before and after adjuvant chemotherapy. Sci
Rep. 2021;4:11. doi: 10.1038/s41598-021-88780-w.
Margioula-Siarkou C, Petousis S, Margioula-Siarkou G,
Mavromatidis G, Chatzinikolaou F, Hatzipantelis E, et
al. Therapeutic management and prognostic factors for
ovarian malignant tumours in adolescents: a compre-
hensive review of current guidelines. Diagnostics.
2023;33:13. doi: 10.3390/diagnostics13061080.
DochezV, Caillon H, Vaucel E, Dimet ], Winer N, Ducarme
G. Biomarkers and algorithms for diagnosis of ovarian
cancer: CA125, HE4, RMI and ROMA, a review. ] Ovari-
an Res. 2019;1:12. doi: t.me/c/2196802118/214.
Bandiera E, Romani C, Specchia C, Zanotti L, Galli C,
Ruggeri G, et al. Serum human epididymis protein 4
and risk for ovarian malignancy algorithm as new di-
agnostic and prognostic tools for epithelial ovarian
cancer management. Cancer Epidemiol Biomarkers
Prev. 2011;20:2496-506. doi: 10.1158/1055-9965.EPI-
11-0635.

Chen SS, Hsu D. Regan isoenzyme in ovarian cancer:
reappraisal with a new assay method. Cancer Detect
Prev. 1985;8:465-9. PMID: 4053108.

Havrilesky L], Whitehead CM, Rubatt JM, Cheek RL,
Groelke ], He Q, et al. Evaluation of biomarker panels
for early stage ovarian cancer detection and monitor-
ing for disease recurrence. Gynecol Oncol.
2008;110:374-82. doi: 10.1016/j.ygyno.2008.04.041.
Slavchev S, Ismail E. Screening and prognostic factors
for ovarian cancer. Scr Sci Medica. 2013;45:27. doi:
10.14748/ssm.v45i2.317.

Cole LA, Wang Y, Elliott M, Latif M, Chambers ] T, Cham-
bers SK, et al. Urinary Human Chorionic Gonadotropin
Free B-Subunit and (3-Core Fragment: A New Marker of
Gynecological Cancers. Cancer Res. 1988;48:1356-60.
PMID: 3342414.

Zhou ZM, Feng Z, Zhou ], Fang BY, Qi XX, Ma ZY, et al.
Capillary electrophoresis-chemiluminescence detec-
tion for carcino-embryonic antigen based on aptamer/
graphene oxide structure. Biosens Bioelectron.
2015;64:493-8. doi: 10.1016/j.bios.2014.09.050.



082

29.

30.

31.

32.

33.

34.

35.

Das A, Kunkel M, Joudeh ], Dicker DT, Scicchitano A, Al-
len JE, et al. Clinico-pathological correlation of serial
measurement of circulating tumour cells in 24 meta-
static colorectal cancer patients receiving chemother-
apy reveals interpatient heterogeneity correlated with
CEA levels but independent of KRAS and BRAF muta-
tion. Cancer Biol Ther. 2015;16:709-13. doi:
10.1080/15384047.2015.1030555.

Guo ], Yu], Song X, Mi H. Serum CA125, CA199 and CEA
combined detection for epithelial ovarian cancer diag-
nosis: A meta-analysis. Open Med. 2017;12:131-7. doi:
10.1515/med-2017-0020. eCollection 2017.

Shan D, Cheng S, Ma Y, Peng H. Serum levels of tumour
markers and their clinical significance in epithelial ovari-
an cancer. ] Cent South Univ Medical Sci. 2023;48:1039-
49.doi: 10.11817/j.issn.1672-7347.2023.230090.
Asad-Ur-Rahman F, Saif MW. Elevated level of serum
carcinoembryonic antigen (CEA) and search for a ma-
lignancy: a case report. Cureus. 2016;5:1-6. doi:
10.7759/cureus.648.

Yeung TL, Leung CS, Yip KP, Yeung CLA, Wong STC, Mok
SC. Cellular and molecular processes in ovarian cancer
metastasis. A review in the theme: Cell and molecular
processes in cancer metastasis. Am ] Physiol - Cell Physi-
ol. 2015;309:444-56. doi: 10.1152/ajpcell.00188.2015.
Awais GM. Serum lactic dehydrogenase levels in the di-
agnosis and treatment of carcinoma of the ovary. Am |
Obstet Gynecol. 1973;116:1053-7. doi: 10.1016/0002-
9378(73)90935-6.

Widy-Kierska K, Roszkowski I. LDH activity in patients
with ovarian tumours. Obstet Gynecol. 1968;31:243-6.
doi: t.me/c/2196802118/238.

Dawood et al. Scr Med. 2025 Mar-Apr;56(2):275-82.

36.

37.

38.

39.

40.

41.

42.

Schneider D, Halperin R, Langer R, Bukovsky I, Herman
A. Peritoneal fluid lactate dehydrogenase in ovarian
cancer. Gynecol Oncol. 1997;66:399-404. doi: 10.1006/
gyno.1997.4792.

Bastani A, Asghary A, Heidari MH, Karimi-Busheri F.
Evaluation of the sensitivity and specificity of serum
level of prostasin, CA125, LDH, AFP, and hCG+f in epi-
thelial ovarian cancer patients. Eur ] Gynaecol Oncol.
2017;38:418-24. PMID: 29693884.

Yiice K, Baykal C, Geng C, Al A, Ayhan A. Diagnostic and
prognostic value of serum and peritoneal fluid lactate
dehydrogenase in epithelial ovarian cancer. Eur ] Gy-
naecol Oncol. 20019;5:228-32. PMID: 11501779.
Xiang], Zhou L, Zhuang Y, Zhang ], SunY, Li S, et al. Lac-
tate dehydrogenase is correlated with clinical stage
and grade and is downregulated by si-SATB1 in ovari-
an cancer. Oncol Rep. 2018;40:2788-97.doi: 10.3892/
0r.2018.6658.

Djurdjevic S, Maksimovic M, Pantelic M, Golubovic A,
Curcic A. Usefulness of beta hCG as tumour marker in
the diagnosis and follow up of patients with ovarian
cancer. ] BUON. 2011;16:715-21. PMID: 22331727.

He Y, Lu H, Zhang L. Serum AFP levels in patients suf-
fering from 47 different types of cancers and noncan-
cer diseases. Progress Mol Biol Transl Sci. 2019;43:199-
212.doi: 10.1016/bs.pmbts.2019.01.001.

Wu W, Gao H, Li X, Peng S, Yu ], Liu N, et al. §-hCG pro-
motes epithelial ovarian cancer metastasis through
ERK/MMP2 signaling pathway. Cell Cycle. 2019;18:46-
59. doi: 10.1080/15384101.2018.1558869.



