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Abstract:

Background: Ovarian cancer (OC) remains one of the deadliest gynecological cancers, with a significant
number of cases diagnosed at advanced stages, resulting in poor survival outcomes. Early detection remains
a critical challenge, as conventional methods, including traditional chemotherapy, are often ineffective for
late-stage diagnoses. Given thatless than 20% of cases are identified at an early stage, the search for reliable
diagnostic biomarkers is crucial. This review provides an updated analysis of biomarkers relevant for
ovarian cancer diagnosis, emphasizing their significance and clinical utility.

Aim: The aim of this review is to update the current understanding of ovarian cancer biomarkers,
specifically focusing on CA-125 and HE4, their diagnostic roles, and their potential to improve early
detection, prognosis, and treatment response monitoring.

Methods: This review synthesizes findings from recent studies on ovarian cancer biomarkers, specifically
CA-125 and HEA4. A detailed analysis of their diagnostic efficacy, sensitivity, specificity, and limitations was
conducted. A meta-analysis of studies involving HE4 and CA-125 was included to evaluate their potential in
detecting ovarian cancer.

Results: CA-125, the most widely used biomarker; has limitations in specificity, often yielding false positives
in benign conditions. Despite its clinical utility in tracking disease progression, its role in early detection is
limited. HE4, on the other hand, has shown higher specificity and sensitivity, especially in distinguishing
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between different types of ovarian tumors. The combination of CA-125 and HE4, used together in
algorithms like ROMA, enhances diagnostic accuracy. Studies show that these biomarkers, particularly in
advanced stages, provide valuable prognostic information.

Conclusion: Both CA-125 and HE4 show promise in enhancing ovarian cancer diagnosis, with HE4 offering
a more specific and sensitive approach. When used in combination, these biomarkers significantly improve
the likelihood of early detection, offering hope for better outcomes. Further research into other biomarkers
and improved detection methodologies is essential for advancing ovarian cancer diagnosis and patient
survival rates.

Keywords: Ovarian cancer, biomarkers, CA-125, HE4, early detection, diagnosis, prognosis, epithelial
ovarian cancer (EOC), cancer screening.
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Introduction:

In 2020, there were 606,520 cancer-related deaths and 1,806,590 newly diagnosed cancer cases in
the US. With an estimated 21,750 new cases and 13,940 related deaths in the same year, ovarian cancer
(OC) became the most common cause of death among cancers of the female reproductive system.
Postmenopausal women are especially vulnerable to OC because the risk of reaching an advanced stage of
the disease increases with age. The main causes of this increased risk are the lack of trustworthy early
detection techniques and the poor effectiveness of traditional chemotherapy [1]. It is estimated that 1 in
2,500 postmenopausal women have OC [2]. Only 30% of ovarian malignancies survive for five years after
being detected, with 70% of cases occurring at advanced stages. On the other hand, a five-year survival rate
of over 90% can be achieved with an early identification of OC limited to the ovaries. Even though the
survival rate has slightly increased over the last 25 years, a better comprehension of the molecular
mechanisms behind OC is still crucial. Given that less than 20% of OCs are identified at a localized stage,
new biomarkers have the potential to aid in early diagnosis [3]. The deadliest types of ovarian cancer are
epithelial ovarian cancers (EOCs), which are malignant epithelial tumors (carcinomas) among
gynecological malignancies. Currently, just the form of the tumor cells is used to classify ovarian epithelial
cancers. Six to nine occurrences of these malignancies occur for every 100,000 women worldwide [4].
Depending on the kind of ovarian cells involved, ovarian tumors can be roughly divided into three main
kinds. Surface epithelial cells, which cover the ovary and are classified into many subtypes, fall under the
first category. Germ cells, the progenitors of ova, make up the second category. Related OC subtypes include
dysgerminomas, immature teratomas, and yolk sac tumors. The third group consists of sex cord-stromal
cells, which can develop into cancers like Sertoli-Leydig cells and malignant granulosa cells [5,6].

High-grade serous, endometrioid, clear cell, mucinous, and low-grade serous carcinomas are the
five subtypes of epithelial ovarian malignancies (EOCs) that are distinguished by their histology and
molecular genetic changes. Over 95 percent of all OC cases are EOCs. Based on traits like the degree of
cellular proliferation, nuclear atypia, and stromal invasion, these tumors are further classified as benign,
borderline (intermediate), and malignant (carcinoma). The nature and clinical behavior of the tumor are
better understood thanks to this complex classification scheme [7,8,9]. Based on clinical, genetic, and
developmental traits, these histopathological subtypes are incorporated into two primary categories—type
[ and type II—in the dualistic model of ovarian carcinogenesis. The bulk of instances (about 70%) are type
I tumors, while type I ovarian carcinomas make up about 30% of cases. Only 10% of ovarian cancer-related
deaths are caused by type I tumors, which are usually limited to the ovaries (stage I) and have a generally
better prognosis. These tumors comprise low-grade subgroups such clear-cell, serous, mucinous, and
endometrioid tumors, with sporadic occurrences of seromucinous and Brenner tumors. They also behave
in a clinically less aggressive manner. Type II tumors, on the other hand, are more aggressive, frequently
discovered at advanced stages (III and IV), and have little hope of recovery. A worse prognosis and worse
clinical results are linked to type Il tumors, which include high-grade undifferentiated, endometrioid,
serous, and malignant mixed mesodermal tumors. Remarkably, around 90% of deaths from ovarian cancer

https://reviewofconphil.com 3735



are caused by type II tumors. In order to greatly enhance patient outcomes, some experts advise focusing
screening efforts solely on type Il cancers [10,11,12,13,14]. The collection of disorders known as ovarian
cancer is diverse and complex, with significant variation in both shape and biological function. Despite
having a lower prevalence than breast cancer, OC has a disproportionately large impact and is responsible
for a sizable number of deaths. Because over 75% of patients have recurrence after surgery and
chemotherapy, advanced (stage III) ovarian cancers are very deadly. OC is the fifth most common cause of
cancer-related deaths among women in the Western world and the most deadly gynecological cancer
worldwide [8,9,15]. Improving screening techniques' effectiveness, especially by identifying certain
biomarkers, may significantly raise the possibility of early OC detection.

Tumor Markers in Ovarian Cancer

Because they provide quantifiable traits linked to specific cell types, biomarkers—also known as
oncomarkers—are essential to cancer research and treatment approaches. Genes, proteins, and other
molecular characteristics are examples of these molecular signatures, which act as impartial medical
markers. Evaluating the probability of disease progression or the existence of pathogenic processes is the
first of biomarkers' two main purposes. The second is determining how well treatment measures work.
During cancer screening, diagnosis, and treatment monitoring, cancer biomarkers—molecules produced
by cancerous cells or nearby cells in their microenvironment—can be measured in body fluids including
blood and urine. Antigens, cytoplasmic proteins, enzymes, hormones, receptors, oncogenes, and their
derivatives are a few examples of these biomarkers [16,17]. High sensitivity and specificity for a certain
tumor type, patient acceptability, positive and negative predictive values for prognostic and predictive
advantages, and clinical validation through prospective trials are all characteristics of an excellent
biomarker. However, none of these ideal conditions are yet met by a single biomarker. Biomarkers are
categorized based on their use, such as screening, prognosis, tumor presence or absence detection, and
identifying molecular targets for new treatments [18,19]. Utilizing noninvasive and minimally invasive
methods to analyze bodily fluids like blood, serum, and plasma, as well as saliva and urine, improves the
search for tumor biomarkers. Urine is currently receiving special attention since it is a valuable waste
product that is readily available, has a higher volume, and a simpler proteome than blood [20,21,22,23].
The identification and monitoring of ovarian cancer (OC) could be greatly improved by these urine-based
biomarkers, which would increase the likelihood of a diagnosis and enable better disease management [17].

CA-125

CA125, first reported in 1981, is a glycoprotein produced by the mucin 16 (MUC16) gene, which
can be detected using OC 125 monoclonal antibodies in cancerous ovarian tissues. The normal upper limit
for CA125 is set at 35.0 U/mL for both premenopausal and postmenopausal individuals [24].

Role of CA-125 in Diagnosis and Prediction

CA125 is acknowledged by the Food and Drug Administration (FDA) as a useful biomarker for
tracking patients with ovarian cancer and assessing treatment responses. Clinical decision-making is aided
by the correlation between CA125 levels and survival outcomes as well as the clinical stage. However,
because CA125 can be released by non-tumor cells in an inflammatory milieu, its levels alone might not be
an appropriate indicator of tumor burden [25]. An increased CA125 level (>35 U/mL) following surgery is
suggestive of more malignant tumors, decreased sensitivity to treatment, and persistent illness. Based on
CA125 values, the Gynecologic Cancer Intergroup (GCIG) has developed criteria to evaluate tumor
remission and recurrence. In particular, a response is defined as a continuous 50% drop in CA125 levels
over four weeks, and complete responders are defined as those whose CA125 levels fall within the normal
range (<35 U/mL). A twofold increase in CA125 levels over a one-week period indicates the progression or
recurrence of the disease. It's crucial to remember that consistently normal CA125 readings do not rule out
the likelihood of recurrence or residual disease [26,27]. In women with advanced ovarian cancer, CA125
has emerged as a significant predictive indicator for evaluating treatment results after chemotherapy. The
prognosis depends on the measurement of CA125 levels following the first treatment cycle and their
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subsequent normalization to less than 35 U/mL by the third cycle. Longer progression-free survival and a
positive treatment response are linked to lower CA125 levels and faster normalization. Regular monitoring
of CA125 levels during first-line chemotherapy helps identify patients with diminished drug sensitivity,
allowing for appropriate treatment regimen changes; a decrease in CA125 levels following neoadjuvant
chemotherapy is indicative of a favorable outcome for debulking surgery. CA125 does not seem to have an
impact on survival outcomes after chemotherapy, while being an accurate predictor of cancer progression.
Moreover, the overproduction of CA125 brought on by insulin signaling exhibits potential as a
chemoresistance predictor [28,29,30,31,32,33]. Because patients with CA125 levels below 10 U/mL
typically had prolonged progression-free survival (PFS), recent research has emphasized the significance
oflowering nadir CA125 levels. It's unclear how maximal surgical efforts may affect these lower ratings [34,
35].

Limitations of CA-125 as a Diagnostic Marker

There are a number of drawbacks to using CA125 levels as the only diagnostic indicator for
epithelial ovarian cancer (EOC), chief among them being the possibility of false positives in healthy people
and those with benign diseases. While lower CA125 levels are typically linked to earlier cancer stages and
better outcomes, about 20% of EOC patients do not have elevated CA125 levels. By attaching to antibodies,
circulating immune complexes (CICs) can reduce CA125 quantities, making detection more difficult. To
reduce needless diagnostic costs and increase the precision of EOC diagnosis, these parameters need to be
carefully considered [25,36,37,38,39]. The Prostate, Lung, Colorectal, and Ovarian (PLCO) and the United
Kingdom Collaborative Trial of Ovarian Cancer Screening (UKCTOCS) are two important studies that have
shown the limits of CA125 as a valid ovarian cancer screening tool. According to the PLCO trial, when
compared to standard care, the combination of CA125 screening with ultrasonography did not significantly
increase early detection rates or mortality outcomes. Furthermore, 15% of patients experienced serious
surgical problems as a result of false-positive CA125 screening results [40,41]. Comparing the CA125
screening group to the control group, the UKCTOCS study also found no discernible mortality advantage
[42,43].

HE4

HE4 is a glycoprotein encoded by the WFDC2 gene, functioning as a serine proteinase inhibitor. It
has emerged as a potential biomarker for ovarian cancer (OC), detectable in both blood and urine samples
through enzyme immunoassay techniques. HE4 shows overexpression in specific subtypes of OC, notably a
100% occurrence in endometrioid tumors and a 93% incidence in serous OC. This overexpression
facilitates its role in distinguishing among different tumor types, contributing significantly to the
differential diagnosis process. The U.S. Food and Drug Administration (FDA) approved the use of HE4 in
2008 for monitoring patients already diagnosed with OC, while it cautioned against utilizing this biomarker
for the screening of asymptomatic early-stage OC [17,44,45].

Diagnostic Value of HE4

In order to determine how well the preoperative plasma tumor markers HE4 and CA125 predict
cancer mortality in women with epithelial ovarian cancer (EOC), a new study was conducted at the
University Hospital of Quebec City. Significant correlations between HE4 levels and important prognostic
markers were found in the study for both the training and validation groups. When it came to death
prediction, HE4 and CA125 performed similarly in the training group, and there was a significant
correlation in the validation cohort. Nevertheless, the relationship between HE4 levels and mortality was
no longer significant when preoperative prognostic variables were taken into account. In particular, HE4
showed a greater correlation with mortality outcomes in patients of serous ovarian cancer. According to
these results, HE4 may provide useful information for predicting death when combined with other
prognostic variables, especially for patients with serous ovarian cancer [22].

The diagnostic value of serum HE4 as a biomarker for ovarian cancer was evaluated by a meta-
analysis that included 38 trials and 14,745 participants. The results showed promising discriminative
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potential with a clinically significant specificity of 0.92 and a sensitivity of 0.79. The serum HE4 showed
promise as a diagnostic tool with a significant area under the curve (AUC). Its diagnostic utility in the
context of ovarian cancer detection is further supported by the post-test probability for patients who are
HE4-positive and HE4-negative [46]. In a different prospective research, 1,229 women with symptoms were
studied to determine the effectiveness of HE4 both by itself and in conjunction with CA125. With an AUC of
0.96, the Risk of Ovarian Malignancy Algorithm (ROMA) was determined to have the greatest performance.
While ROMA performed best in women over 50, the combination of CA125 and HE4 offered better
sensitivity and specificity in women under 50. When compared to CA125, HE4 alone showed greater
sensitivity but decreased specificity [47]. The predictive importance of HE4 measures after first-line
treatment for women with ovarian cancer was examined in a 2018 study. Platinum sensitivity, overall
survival (0S), progression-free survival (PFS), and surgical results were all associated with elevated HE4
levels. According to these results, HE4 may be a useful biomarker for evaluating the effectiveness of
treatment and forecasting the course of ovarian cancer [48].

The accuracy of HE4, CA-125, the Risk of Ovarian Malignancy Algorithm (ROMA), and the Risk of
Malignancy Index (RMI) in predicting ovarian cancer in patients with pelvic masses was assessed in a
different diagnostic comparative research. Serum CA125 levels (CA125), menopausal state (M), and
ultrasound score (U) are among the variables that are included in the RMI [50]. The most accurate
diagnostic technique overall was ROMA, which was followed by HE4, CA-125, and RMI. When it came to
detecting benign tumors, HE4 and ROMA outperformed CA-125 by a significant margin. While HE4
demonstrated the best specificity in postmenopausal women, both HE4 and ROMA demonstrated higher
specificity and negative predictive value in premenopausal women. According to these results, HE4 and
ROMA might be important diagnostic indicators, particularly when it comes to differentiating benign from
malignant masses in particular patient categories [49]. Elevated HE4 levels at diagnosis, after cytoreductive
surgery, and during first-line chemotherapy were associated with an increased risk of recurrence, according
to a single-center study that included 188 patients with ovarian cancer. Larger residual tumors following
primary surgery and individuals who became resistant to platinum-based treatment were specifically
linked to higher HE4 levels. Furthermore, when a second recurrence was diagnosed, patients with
neoplastic remnants larger than 10 mm had noticeably elevated HE4 levels [51]. Lastly, preoperative blood
HE4 levels above 500 pM were substantially associated with lower 5-year overall survival rates (27% versus
59%), according to a retrospective examination of 89 EOC patients. These results highlight HE4's potential
as a prognostic marker for predicting treatment response, overall survival outcomes, and ovarian cancer
recurrence [52].

Complementary Role of HE4 to CA-125

A multitude of studies have underscored the benefits of employing dual biomarkers in tandem to
enhance both specificity and sensitivity when analyzing premenopausal and postmenopausal women with
benign ovarian cysts. In a study conducted in 2003, blinded tests were performed on serum samples
obtained from 37 ovarian cancer patients (comprising 7 with early-stage and 30 with late-stage cancer), 65
healthy asymptomatic controls, and 19 individuals with benign ovarian conditions. The predominant
histology found in the ovarian cancer patients was serous ovarian carcinoma (21 cases), with the most
frequent stage being stage 111 (24 cases). Both CA125 and HE4 displayed limitations in predicting ovarian
cancer, as HE4 failed to detect 7 cases and CA125 missed 8 cases when using a specificity threshold of 95%
for positivity [53].

In a multicenter prospective study involving 531 patients diagnosed with pelvic masses and
scheduled for surgery, preoperative serum levels of HE4 and CA125 were measured to stratify patients into
low and high-risk groups for epithelial ovarian cancer (EOC). This study included patients with benign
tumors, EOC, low malignant potential (LMP) tumors, non-EOC malignancies, and non-ovarian cancers. The
model demonstrated both high specificity and sensitivity across postmenopausal and premenopausal
groups, effectively categorizing patients into high and low-risk groups and accurately classifying a
substantial number of EOC cases as high-risk [54]. A separate prospective study assessing CA125 and HE4
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levels in both blood and ascites samples found that while elevated levels of these markers were identified
in baseline samples from patients with advanced high-grade serous EOC, they were not able to distinguish
between those with complete resection and those with residual disease. Following surgical treatment,
tumor marker levels decreased, likely due to the reduction in ascites volume and the prolonged half-life of
CA125. Nevertheless, prior studies have demonstrated that CA125 and HE4 levels, both before and after
chemotherapy initiation, could serve as predictive markers for treatment response and survival outcomes
[55].

In a prospective multicenter trial conducted by Moore et al., the accuracy of the Risk of Malignancy
Index (RMI) and the Risk of Ovarian Malignancy Algorithm (ROMA) in diagnosing EOC was compared.
ROMA, which combines HE4 and CA125, exhibited higher sensitivity (94.3% at 75% specificity) than RMI
(84.6%) in distinguishing between benign and EOC status. ROMA also demonstrated superior sensitivity in
detecting early-stage disease (stage I and II). These results highlight the increased diagnostic utility of
ROMA in identifying women with EOC [56]. A prospective study involving CA125, HE4, and ROMA
demonstrated substantial differences between benign and malignant ovarian cases, with elevated CA125
levels observed in patients with endometriosis and ovarian fibromas/thecomas. Variations in HE4 levels
were noted across different types of cystadenomas, cystadenofibromas, and endometriosis. ROMA was
significantly elevated in certain benign masses when compared to endometriosis. However, there were no
significant distinctions in CA125, HE4, and ROMA levels between epithelial ovarian cancers (EOC) and
metastatic tumors. Furthermore, no significant differences were identified between different FIGO stages,
except for a clear distinction between early (FIGO I-I1) and advanced (FIGO III-1V) stages [57].

Monitoring EOC patients using serum HE4 levels showed performance parameters comparable to
those of CA125. The combination of HE4 and CA125 enhanced the accuracy, sensitivity, and negative
predictive value when compared to the use of either marker alone. The study concluded that HE4 is
equivalent to CA125 in monitoring EOC patients, with the dual biomarker approach providing enhanced
monitoring capabilities [58]. Furthermore, HE4 levels were found to be significantly elevated in patients
with ovarian and endometrial cancer when compared to healthy controls, with the highest levels recorded
in serous carcinomas. Combining HE4 and CA125 yielded the highest accuracy and sensitivity in
distinguishing ovarian cancer patients from both healthy controls and those with ovarian endometriosis
[59]. In a prospective study, HE4 was shown to have higher specificity for benign diseases in comparison to
CA125, and the combination of HE4 and CA125 exhibited the highest sensitivity for differentiating invasive
epithelial ovarian cancers from benign ovarian neoplasms [60]. HE4 was also recognized as the top-
performing individual biomarker for distinguishing between benign ovarian tumors and malignancies,
including borderline tumors. A combined model that incorporated HE4, CA125, and age demonstrated the
highest diagnostic performance [61]. These findings suggest that HE4 is a potentially valuable biomarker
for ovarian carcinoma, offering diagnostic capabilities comparable to CA125 in distinguishing women with
both localized and advanced ovarian cancer from healthy individuals. Furthermore, HE4 appears superior
to CA125 in differentiating patients with malignant ovarian disease from those with benign ovarian
conditions, particularly when applied at high specificity.

CA15-3

In a 1988 investigation, elevated CA 15-3 levels (>30 U/mL) were observed in 41% of cancer
patients, particularly among those at advanced stages and in ovarian cancer cases. These elevated levels
were associated with the presence of residual tumors, treatment response, and disease progression during
chemotherapy [62].

Complementary Role of CA 15-3 to CA-125

Notable differences in tumor marker levels were found between the cancer group and both the
benign and healthy control groups, indicating higher levels of these markers in cancer patients. When
multiple tumor markers were combined, the sensitivity of the diagnostic approach improved relative to the
use of individual markers. Specifically, the combination of CA72-4, CA15-3, and CA125 showed promise as
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a diagnostic tool for ovarian cancer [63]. Another study evaluated the use of an Artificial Neural Network
(ANN) model for detecting early-stage ovarian cancer by utilizing multiple serum markers. The ANN model
displayed improved performance in distinguishing early-stage ovarian cancer patients from healthy
individuals, with the composite index generated by the model offering greater diagnostic power than CA125
alone. The use of multiple serum markers through the ANN model enhanced both sensitivity and specificity,
demonstrating its potential for improving early detection and diagnosis of ovarian cancer [64].

CA19-9

CA19-9 is a well-established marker for pancreatic, gastric, and hepatobiliary malignancies, and
recent studies have explored its potential use in ovarian cancer screening. Fahmy et al. included CA19-9
among the six biomarkers they investigated, reporting promising findings in terms of high sensitivity and
specificity. These results suggest CA19-9's potential to both rule in and rule out ovarian cancer. In a study
involving 120 patients with ovarian tumors and carcinoma, as well as 30 healthy controls, levels of miRNA-
204, CA125, CA19-9, hepcidin, microfibril-associated glycoprotein 2, and ferroportin were measured. The
analysis revealed that miRNA-204, CA125, and CA19-9 levels were elevated in ovarian cancer patients,
while hepcidin, microfibril-associated glycoprotein 2, and ferroportin levels were decreased. ROC analysis
indicated that both CA125 and CA19-9 exhibited high diagnostic performance individually. Furthermore,
the combination of microRNA-204, CA125, and CA19-9 showed the highest diagnostic performance,
whereas hepcidin, microfibril-associated glycoprotein 2, and ferroportin demonstrated weaker diagnostic
efficacy [65]. In a separate retrospective study, data from 314 patients diagnosed with mucinous ovarian
tumors were analyzed. Preoperative serum levels of CA19-9, CA125, and CEA were assessed, and their
diagnostic performance was evaluated using receiver operating characteristic curves. The study also
examined the relationship between clinicopathological factors and biomarker levels. The results
demonstrated that elevated levels of CA19-9, CA125, and CEA, in conjunction with larger tumor size, were
correlated with an increased risk of malignancy. Among the three markers, CA125 provided the highest
diagnostic performance in distinguishing between benign, borderline, and malignant mucinous ovarian
tumors. The preoperative elevation of CA19-9, CA125, and CEA, along with tumor size, emerged as
significant predictors in differentiating tumor types [66].

hCG

Human chorionic gonadotropin (hCG) is expressed across a range of tumor types, including ovarian
cancer (0OC), positioning it as a potential prognostic and therapeutic target. hCG exists in various isoforms
within biological fluids, each exhibiting distinct biological activities. These isoforms include intact hCG,
cleaved hCGn, free $ subunits (hCGf), inactive hCGa, the B-core fragment, and nicked free [-subunit
(hCGBn) [67].

The role of human chorionic gonadotropin (hCG) in epithelial ovarian cancer (EOC) has been
explored in two studies. One study found significantly elevated levels of both hCG mRNA and protein
expression in EOC cases, with increased expression in advanced-stage EOC samples. Elevated hCG
expression, along with tumor metastasis, was identified as an independent unfavorable prognostic factor
impacting overall survival [68]. A second study focused on serum hCG levels in ovarian tumor patients and
discovered that 68% of ovarian cancer tissues tested positive for hCG, with variations noted across different
histological subtypes. The expression of hCG was significantly influenced by tumor grade and stage. Patients
with hCG-positive tumors that were LH-R(+)/FSH-R(-) exhibited improved 5-year survival rates [69].
Further investigation into the expression of LH/hCG receptors in ovarian tumors revealed positive
expression in a considerable proportion of ovarian cancers, borderline tumors, and benign cystadenomas.
LH/hCG receptor-positive tumors were linked to a more favorable prognosis, particularly in well-
differentiated cancer phenotypes. These findings underscore the potential of hCG and LH/hCG receptors as
viable targets for innovative cancer treatments, aiming to improve therapeutic effectiveness while
minimizing side effects [70].
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The diagnostic value of human chorionic gonadotropin (hCG) and its subunit -hCG has been
examined in ovarian cancer patients. Vartiainen et al. observed elevated levels of hCG[ in 29% of ovarian
cancer patients, with an increasing frequency observed in advanced stages and specific cancer types.
Elevated CA125 levels were also noted in 79% of patients, and these levels correlated with cancer stage.
Both hCGf and CA125 demonstrated strong associations with prognosis, although in a multivariate model,
only hCGp, stage, and grade remained significant. A cutoff level of 2 pmol/L for hCGf effectively
differentiated patients based on prognosis, particularly in advanced-stage disease [71]. In a separate study,
B-hCG levels in ovarian cancer patients were monitored before and after surgery, revealing significant
differences across cancer stages. However, the diagnostic utility of 3-hCG was found to be inconsistent, with
both false positive and false negative results being observed [72]. Inmunohistochemical analysis of ovarian
carcinoma tissues revealed increased -hCG expression in metastatic tumors, with the expression of this
marker being associated with unfavorable clinical characteristics such as advanced stage, larger tumor size,
poor differentiation, and high-grade serous carcinoma. These findings indicate that 3-hCG expression is
linked to more aggressive clinical features in ovarian cancer [73].

Inhibin

Inhibins, composed of « and B subunits, are critical growth factors involved in regulating fertility
and are predominantly produced by ovarian follicles. Measurement of total inhibin is essential in the
context of ovarian cancer investigations, as different tumor subtypes produce varying quantities of inhibin
isoforms. Elevated total inhibin levels are notably observed in postmenopausal women with granulosa cell
tumors and mucinous epithelial cancers. When combined with CA125, inhibin enhances ovarian cancer
detection, especially for certain subtypes. However, inhibin has limited diagnostic utility in premenopausal
women [74]. A study evaluating serum inhibin concentrations in postmenopausal women with ovarian
cancer using the oC inhibin immunofluorometric assay (IFMA) and CA125 demonstrated improved
sensitivity and comparable or superior specificity compared to prior methodologies [75]. In
postmenopausal women without ovarian malignancies, inhibin A and B levels are generally undetectable,
while the combination of inhibin B and anti-Mullerian hormone (AMH) shows promise for diagnosing and
monitoring granulosa cell tumors. Total inhibin, encompassing the free alpha subunit and inhibin A and B,
may be beneficial in some cases of serous and mucinous epithelial carcinomas, particularly when used in
conjunction with CA-125. Nevertheless, the efficacy of inhibin measurement in premenopausal women and
for detecting early-stage tumors remains uncertain [76].

Inhibin is a recognized tumor marker for ovarian granulosa cell tumors (GCTs), with elevated
serum levels observed in GCT patients. Assays such as inhibin radioimmunoassay (RIA) and inhibin
enzyme-linked immunosorbent assay (ELISA) have been developed, with the latter showing significant
potential for broader clinical application. Total inhibin levels are typically low in healthy postmenopausal
women but can differentiate ovarian cancer cases effectively. When combined with CA125, inhibin improves
detection accuracy, demonstrating high sensitivity and specificity for identifying ovarian cancers [77]. In
normal postmenopausal women, inhibin levels are usually undetectable; however, when detectable, they
exhibit a dose-response relationship with inhibin A. In early-stage mucinous carcinomas, inhibin levels have
been identified, suggesting potential sensitivity for detecting early-stage disease. The precise biological and
molecular mechanisms responsible for the elevated inhibin levels in ovarian cancer remain unclear, though
elevated gonadotropins are suspected to contribute [78]. Given the propensity of GCTs for metastasis and
recurrence, monitoring inhibin B, a biomarker that reflects tumor burden, can be beneficial for evaluating
treatment response and detecting disease recurrence [79]. Inhibin, particularly inhibin B, remains a
valuable circulating tumor marker for GCTs, and additional research is needed to investigate the molecular
pathogenesis of ovarian tumors and the role of inhibin in their development [80].

AFP

Alpha-fetoprotein (AFP) is a fetal serum protein that can serve as a marker for identifying
cancerous growths. However, elevated AFP levels in epithelial ovarian carcinoma (EOC) may lead to
misdiagnosis, especially in younger women, as high AFP levels are atypical in EOC. This presents challenges
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for accurate diagnosis and underscores the importance of careful clinical evaluation. A study investigating
AFP-producing EOC found that it was associated with aggressive disease behavior and poor prognosis. AFP
expression was confirmed in all cases, suggesting differentiation into yolk sac components. Serum AFP
levels are not routinely assessed in older women, which may result in missed diagnoses [81]. Another study
assessed multiple tumor markers, including AFP, and determined that these markers effectively
differentiated ovarian cancer from benign cases and healthy individuals [82]. AFP-producing ovarian
tumors are rare and present significant diagnostic challenges. The rarity and poor prognosis of these AFP-
producing tumors highlight the need for enhanced management strategies [83]. Alpha-fetoprotein, in
combination with other serum markers, is commonly employed in the monitoring of ovarian germ cell
tumors (OGCT), though its utility in early-stage screening is limited. Monitoring AFP and BhCG levels is
important for prognosis, and inhibin B is valuable for tracking granulosa-theca cell tumors [84]. A study
demonstrated that a combined diagnostic approach incorporating transvaginal sonography, color Doppler,
and tumor marker tests offers high diagnostic accuracy for ovarian cancer [85].

LDH

Lactate dehydrogenase (LDH) is an enzyme involved in the glycolytic pathway, responsible for
converting pyruvate to lactic acid. Studies have revealed elevated LDH levels in the blood of ovarian cancer
patients, indicating its release from neoplastic cells into the surrounding medium. A prospective study
found significantly higher serum LDH levels in ovarian cancer patients. Specifically, using a cutoff level of
450 IU/mL for serum LDH, the study observed a sensitivity of 60%, specificity of 86%, positive predictive
value of 70%, and negative predictive value of 75%. The authors suggested that serum LDH levels could
serve as a reliable biochemical marker to distinguish ovarian cancer from benign tumors [86]. In 2017,
Bastani et al. assessed the diagnostic value of various serum markers (prostasin, CA125, LDH, AFP, hCG +
B) in epithelial ovarian cancer (EOC) and their ability to differentiate EOC from benign tumors and healthy
controls. The findings demonstrated that serum levels of prostasin, LDH, and CA125 were significantly
higher in EOC patients compared to individuals with benign tumors and healthy controls. LDH levels were
found to increase with the advancement of EOC stages. The combination of prostasin and LDH with CA125
improved the prediction of EOC status. This multi-marker approach holds promise for providing more
accurate differential diagnoses in EOC patients [87].

Emerging Tumor Markers:
MicroRNAs:

MicroRNAs (miRNAs) are short RNA molecules that play a pivotal role in the regulation of gene
expression, influencing a wide range of biological processes. Initially, miRNA genes are transcribed into
primary miRNAs (pri-miRNAs), which are subsequently processed into precursor miRNAs (pre-miRNAs).
These pre-miRNAs are then further cleaved in the cytoplasm to generate miRNA duplexes. The mature
miRNA regulates gene expression by targeting messenger RNAs (mRNAs) for either cleavage or
translational repression, contingent upon the complementarity between the miRNA and mRNA.
Dysregulation of miRNA expression is implicated in various human diseases, including cancer [88]. In
ovarian cancer (OC), aberrant miRNA expression has emerged as a promising diagnostic and prognostic
tool, with circulating miRNAs (cirMiRs) presenting non-invasive biomarkers for the disease [89]. miRNAs
regulate the expression of multiple genes, which makes them particularly valuable for understanding the
genetic underpinnings of diseases [90,91]. These molecules remain stable in circulation, often bound to
chaperone proteins such as Argonaute 2 (Ago2) or encapsulated in extracellular vesicles, providing
resistance to degradation by ribonucleases [92,93]. To date, more than 2,500 miRNAs have been identified,
each capable of targeting numerous genes within specific pathways, offering critical insights into gene
regulation and cellular behavior [90,91,94]. In the context of ovarian cancer, the Let-7 and miR-200 families
have been linked to tumor development. The Let-7 family, in particular, has potential utility in selecting
chemotherapy regimens, whereas the role of miR-200 in modulating chemoresistance remains an area for
further investigation. Despite the promise of miRNAs as predictive biomarkers for chemotherapy
responses, additional research is necessary to establish their clinical utility. Circulating plasma/serum
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miRNAs offer great potential for early diagnosis of ovarian cancer; however, further validation of these
biomarkers is required before their widespread application in clinical settings [94]. Dysregulated miRNAs
in OC often function as tumor suppressors or oncogenes. For example, reduced expression of miRNA-
processing enzymes has been associated with advanced tumor stages and poorer patient outcomes. The
Let-7 and miR-200 families are commonly altered in ovarian cancer, and various miRNAs are currently
being explored for their diagnostic and therapeutic potential. Notably, serum miRNA panels hold promise
for improving the diagnosis and monitoring of ovarian cancer [10]. In addition, miRNAs such as let-7e, miR-
30c, miR-125b, miR-130a, miR-335, miR-340, miR-381, and miR-520f have been linked to chemoresistance
in OC, underscoring the intricate role of miRNAs in disease progression and treatment outcomes [95].

MiRNA expression profiles also show diagnostic potential in ovarian cancer, with certain miRNAs
being differentially expressed in OC tissues. Circulating miRNAs in blood and urine are emerging as
promising diagnostic markers. Moreover, miRNAs correlate with histological subtypes, chemoresistance,
and prognosis, providing valuable insights into disease progression and therapeutic response in OC [96].
The altered expression of miRNAs in OC is closely linked to disease stage, response to treatment, and overall
survival. Specific miRNAs, such as miR-21, miR-200a, and miR-200c, offer diagnostic and prognostic value,
whereas miR-141 and let-7f are associated with poor progression-free survival. Notably, miR-193a
functions as a tumor suppressor [89]. A study by Yokoi et al. demonstrated that a panel of eight miRNAs
could distinguish early-stage ovarian cancers from benign tumors, achieving sensitivity of 86% and
specificity of 83%. This panel was able to detect miRNAs in extracellular vesicles (EVs) isolated from
cultured ovarian cancer cell lines, further enhancing its diagnostic applicability [97].

DNA Methylation Patterns

DNA methylation markers present significant potential for the early detection of ovarian cancer
(0Q), surpassing traditional biomarkers such as CA125 [98,99]. The analysis of cell-free DNA (cfDNA)
methylation markers has shown promise in identifying early-stage OC, particularly in patients from the
average-risk population, who typically remain asymptomatic in the early stages, leading to incidental
diagnoses. As a result, the development of reliable DNA methylation markers for early OC detection remains
a critical area of research to improve clinical applicability [100,101]. In cancer biology, frequent genetic
alterations include the hypermethylation of tumor suppressor gene promoters and hypomethylation of
oncogenes. Methylation-specific polymerase chain reaction (MSP) is a highly sensitive technique capable of
detecting even a single methylated allele in a pool of 1,000 unmethylated alleles, making it a valuable tool
for identifying DNA methylation alterations as the disease progresses [102,103]. Multiplexed MSP of cfDNA
has shown high sensitivity (85%) and specificity (91%) for early-stage ovarian cancer, outperforming
CA125 alone as a diagnostic marker [104]. A pioneering study by Widshwender et al. developed a three-
DNA-methylation-serum-marker panel using ultra-high coverage bisulfite sequencing. This panel was
successful in differentiating high-grade serous ovarian cancer patients from healthy individuals or those
with benign pelvic masses, achieving a sensitivity of 41.4% and specificity of 90.7%. When applied to serum
samples collected 1-2 years before the diagnosis of ovarian cancer, the panel exhibited a sensitivity of
16.7% and specificity of 96.9% [98].

DNA methylation serves as a valuable marker for analyzing cancer cell fractions, offering time, cost,
and independence from allelic status advantages. This method, when combined with other markers,
reduces the dependency on pathologists, facilitating more efficient analysis of ovarian cancer cell fractions
[105]. Furthermore, a study identified DNA methylation markers such as COL23A1, C2CD4D, and WNT6
that demonstrate high sensitivity and specificity for the detection of early-stage ovarian cancer. These
markers exhibit aberrant methylation patterns in early-stage OC and have shown promise in differentiating
OC from healthy controls. This panel holds potential as a complementary diagnostic approach, especially
for CA125-negative samples [98]. Late-stage methylation markers, however, have limited use in early OC
detection, whereas early-stage markers remain stable throughout cancer progression, providing a robust
tool for detecting ovarian cancer at all stages [106]. Genes such as SIM1 and ZNF154 have been identified
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as potential methylation markers for assessing ovarian cancer cell fractions, with ZNF154 validated as a
reliable and cost-effective marker for this purpose [107].

Ovarian clear cell carcinoma (OCCC) can be classified into two distinct clusters based on DNA
methylation patterns. Cluster 1, associated with advanced stages, poor outcomes, TP53 mutations, and
residual disease, contrasts with Cluster 2, which is characterized by early-stage disease, aneuploidy,
ARID1A/PIK3CA mutations, and better overall survival. The molecular and clinical heterogeneity of OCCC
is further influenced by immune-related pathways and ARID1A mutations [108]. Ovarian cancer DNA
methylation analysis has identified 250 prognosis-related loci, revealing six subtypes with varying patterns
and prognoses. Subtype 2, exhibiting the highest methylation levels, is associated with the best prognosis,
whereas subtypes 4 and 5, with lower methylation levels, are linked to poorer prognoses. Hypomethylation
correlates with worse outcomes, suggesting that these subtypes could serve as biomarkers for personalized
treatment and prognosis prediction [109]. A comprehensive study identified 89 CpG sites associated with
epithelial ovarian cancer (EOC) risk, including 12 CpG sites and five genes (MAPT, HOXB3, ABHDS,
ARHGAP27, and SKAP1) consistently associated with EOC risk. Methylation at these sites may regulate gene
expression and impact the risk of serous and high-grade serous ovarian cancer, offering potential targets
for personalized treatment strategies [110].

Genes such as HOXA10 and HOXA11 exhibit significant DNA methylation differences in ovarian
cancer, with HOXA11 methylation correlating with poor prognosis and residual tumor presence. Conversely,
higher HOXA10 methylation levels are found in poorly differentiated cancers. Low HOXA11 methylation is
associated with minimal residual tumors, making it an independent prognostic marker. Methylation
frequency increases from non-neoplastic tissue to primary ovarian cancer, underscoring the diagnostic and
prognostic value of these markers [111]. A comprehensive analysis revealed hypomethylated-upregulated
(HOUP) genes associated with ovarian cancer progression, offering potential as prognostic markers, while
hypermethylated-downregulated (HEDW) genes were found to be enriched in cancer-related pathways.
Dysregulated hub genes and their negative correlations with methylation levels provide further insights
into the epigenetic alterations characteristic of ovarian cancer, highlighting the potential of these genes as
biomarkers [112].

Cervical scrapings from Pap tests have shown significant hypermethylation in five genes in OC
patients. An integrated model using methylation levels demonstrated high sensitivity and specificity in
predicting OC risk, offering potential for improved detection of female genital tract malignancies [113].
Additionally, cfDNA methylation analysis has identified specific differentially methylated regions (DMRs)
associated with ovarian cancer, further supporting the development of customized methylation panels with
distinct OC-specific DMRs. These findings suggest that DNA methylation patterns could serve as both
diagnostic and prognostic markers for ovarian cancer [114].

Conclusion:

Ovarian cancer (OC) continues to be a major health concern due to its high mortality rate and the
challenge of detecting it at an early, treatable stage. Despite advances in treatment, most ovarian cancer
cases are diagnosed at an advanced stage, where the prognosis remains poor. One of the main hurdles in
improving survival rates is the lack of effective early diagnostic tools. Traditional methods, such as imaging
and surgery, are not ideal for early-stage detection, and chemotherapy’s efficacy remains limited in late-
stage patients. Biomarkers, such as CA-125 and HE4, have become critical in diagnosing and monitoring
ovarian cancer. CA-125, identified decades ago, is still widely used as a diagnostic and prognostic marker.
However, its sensitivity and specificity remain a significant issue, with false positives occurring in benign
conditions and some cancer patients presenting with normal levels. Despite this, CA-125 is valuable in
assessing treatment response and monitoring disease progression, particularly in advanced stages of
ovarian cancer. HE4 has emerged as a promising alternative biomarker with greater specificity for ovarian
cancer, especially for distinguishing between different types of epithelial ovarian cancers. It has been shown
to provide useful prognostic information and could complement CA-125, especially when integrated into
algorithms like ROMA (Risk of Ovarian Malignancy Algorithm). The combination of CA-125 and HE4 has
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proven to improve diagnostic accuracy, particularly when used to differentiate malignant from benign
conditions. Studies have demonstrated that HE4, in conjunction with CA-125, offers significant benefits for
early detection, prognosis, and treatment planning, providing healthcare professionals with a reliable tool
for improving patient outcomes. Despite these advancements, the current biomarkers still fall short of
providing a perfect solution for ovarian cancer detection. Many patients, particularly in the early stages,
present without elevated biomarker levels, indicating a need for further research into other potential
biomarkers and non-invasive diagnostic technologies. The integration of new biomarker profiles and liquid
biopsy technologies may provide the breakthrough needed for earlier and more accurate detection, leading
to better survival rates for ovarian cancer patients.
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