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Cervical (CC), endometrial (EC), and ovarian (OC) cancers are the pathologies with the
highest incidences among gynecological tumors, with such high morbidity and mortality
values that they are considered significant public health problems. In this regard, various
screening or early detection types have been tested for these diseases. A comprehensive
and fascinating review on this topic was reported by Holcakova et al., focusing on the role
of liquid-based biomarkers as a screening or early cancer detection option in this area [1].
Unlike traditional biopsies, liquid biopsies allow us to study the presence of tumor material in
human fluids, helping diagnose tumors with poor anatomical accessibility [2,3]. Given the
disappointing endometrial and ovarian cancer results, this review offers interesting insights
for future research directions. As reported, liquid biopsies include circulating tumor
cells (CTC), circulating tumor DNA (ctDNA), circulating cell-free RNA, and circulating
extracellular vesicles called exosomes [1,4].

1. Cervical Cancer Screening

CC is the only gynecological cancer for which there is primary and secondary preven-
tion. Initially, the only screening test for cervical cancer was the Pap test. As previously
reported, the limitations of the Pap test lie in its low sensitivity. A meta-analysis showed a
pooled sensitivity value of 61.1% in detecting CIN2+ lesions [5]. In 2002, with the introduc-
tion of the HPV-DNA test as a cervical cancer screening tool, the sensitivity increased to
94.1% in detecting CIN2+ lesions [5].

CC is also the only cancer that has a vaccine as a prophylactic preventive strategy.
In 2006, the FDA approved the bivalent HPV vaccine, including genotypes 16 and 18 [6].
Subsequently, quadrivalent and nonavalent HPV vaccines were approved in 2007 and
2014, respectively [6,7]. The latter includes genotypes 6, 11, 16, 18, 31, 33, 45, 52, and 58,
responsible for 90% of CCs and most glandular lesions [8,9]. Despite primary and secondary
prevention for CC, it is currently one of the most common gynecological cancers among
women, with 80% of cases in developing countries [5]. The World Health Organization
has set the primary objective of eliminating CC by 2030, a result achievable with an
incidence of fewer than four cases of cervical cancer per 100,000 woman years [10]. For
this goal, the WHO has established the following vaccination and screening coverage
cut-offs: (a) “90% of girls fully vaccinated with the HPV vaccine by 15 years of age”; and
(b) “70% of women screened with an HPV test at 35 and 45 years of age and all managed
appropriately” [10]. However, vaccination and screening coverage worldwide is well
below these values, representing a significant public health problem [10]. In December
2022, to increase vaccination coverage globally by reducing costs and resources, the WHO
recommended a single dose of the HPV vaccine in girls aged 9-14 years as an effective
strategy against CC [11].

It is clear from the above that our efforts must mainly aim to increase vaccination and
screening coverage in the target population. However, as reported by Holcakova et al.,
there are novel biomarkers in liquid-based cytology that may represent additional tools for
detecting cervical lesions [1]. It has been highlighted that the most promising biomarker
is the detection of HPV E6/E7 mRNAs [1]. This methodology showed a sensitivity of
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91.6% and a specificity of 98.6% for high-grade cervical lesions [12]. A positive HPV test
does not discriminate between infections that will regress or progress. We know that the
host will clear many HPV infections. This aspect explains the limited specificity of the
HPV DNA test. On the contrary, the detection of HPV RNA E6/E7 is an expression of the
oncogenic activity of the virus, probably better identifying those infections with the real
risk of transforming action [13]. Their clinical utility, therefore, may include the triage of
HPV-positive women and their follow-up [13].

A further and investigated epigenetic mechanism is DNA methylation. As highlighted
in the review, methylation rates correlate with disease stage in low- and high-grade cervical
lesions and invasive cancers [1]. Furthermore, studying HPV DNA methylation in HPV-
positive women is an exciting research topic. Increased HPV methylation correlates with a
higher risk of severe cervical lesions [1]. These data are relevant from a diagnostic point of
view and provide the basis for new therapeutic strategies based on demethylating treat-
ments [14]. However, the methylation test is not included in clinical practice. This missed
step is because studies on this topic are very heterogeneous regarding the genes studied
and the methodological approach, resulting in study protocols that are very different from
each other [14].

These new and promising diagnostic tools aim to increase the specificity of the HPV
DNA test, potentially leading to a decrease in overdiagnosis and overtreatment, as well as
costs, women's quality of life, and the number of unnecessary colposcopies.

2. Endometrial Cancer Screening

EC represents the most common disease in developed countries. Usually, it shows
signs of itself early with postmenopausal vaginal bleeding in 90% of cases and has an aver-
age 5-year survival of 80% [15]. To date, there is no screening method for EC. Endometrial
sampling via brush or pipelle has been the most studied screening method. However, it
provided sensitivity values between 56-100% and 38-100%, depending on whether the
histological gold standard was represented by hysterectomy or D&C, respectively [16]. The
role of transvaginal ultrasound in measuring endometrial thickness provided sensitivity
and specificity values of 80% and 86% in asymptomatic postmenopausal women with
endometrial thickness of 5 mm without improving the mortality rate [17]. In women with
high risk for EC, such as in the case of autosomal dominant Lynch syndrome, a prophy-
lactic hysterectomy should be performed after completing childbearing. Before definitive
treatment, a gynecological evaluation and transvaginal ultrasound should be performed
annually, starting from age 25 [18].

In light of these data, the study of new markers could be interesting, as reported in
the review [1]. While uterine aspirate using proteomic technology can aid in the diagnosis
of EC, the study of CTCs provides information on the prognosis of the disease. cf(DNA may
have a role in prognosis and via Next Generation Sequencing technology in diagnosis. The
same goes for circulating miRNAs. Finally, the study of ctDNA can be helpful to verify the
response to treatment [3]. Although their use in screening appears untested, they, alone or in
combination, could have a clinical impact on identifying better patients with residual disease
or at risk of recurrence and in targeted therapy aimed at improving personalized medicine.

3. Ovarian Cancer Screening

OC is the most lethal gynecological malignancy, with a median 5-year survival of
30%. Unfortunately, this type of cancer is diagnosed late in about 2/3 of cases [19]. For
this reason, achieving an early diagnosis would represent a result of significant clinical
relevance. Two randomized controlled trials using the plasma Ca-125 value and ultrasound
evaluation showed no benefits in terms of mortality in women undergoing this type of
screening, increasing the harm in women subjected to close monitoring [20,21]. Even in
at-risk women carrying the BRCA-1/BRCA-2 mutation, annual Ca-125 and ultrasound
evaluations have been reported to have poor sensitivity. The only option that has shown
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a significant reduction in the risk of developing OC in these women is bilateral salpingo-
oophorectomy between the ages of 35-40 or soon after completing childbirth [22].

Given the disappointing results, the review by Holcakova et al. comprehensively
provides clinical insights based on liquid biopsies [1]. The authors reported data regarding
protein biomarkers, CTCs, Circulating Free and Circulating Tumor DNA, Exosomes, and
Circulating Cell-Free MicroRNAs [1]. By summarizing and underlining the practical clinical
aspects, these biomarkers could help for an earlier diagnosis, detect residual disease after
surgical debulking, and anticipate the diagnosis of recurrence. Furthermore, liquid biopsies
capture the entire tumor genome, possibly identifying genetic markers predictive of success
or resistance to therapy [23].

4. Future Directions

As mentioned, liquid biopsies represent a field of study to improve the diagnosis,
follow-up, and treatment of these pathologies. However, another innovative field for
cancer screening should also be highlighted. Artificial intelligence (Al) has revealed
interesting perspectives regarding diagnosis, prognosis, and CC, EC, and OC treatment. Al
showed prediction values superior to human assessment using data from medical records,
radiological imaging, liquid cytology, colposcopic images, and molecular profiling [24]. In
this regard, Al could be combined with liquid biopsies to further improve the diagnostic—
therapeutic work-up of these diseases in clinical practice. However, it must be emphasized
that there has yet to be validation data on large populations.

5. Screening and Early Diagnosis of Disease

Although the topics mentioned above represent the future of research in this area,
we still need to be able to apply these methods in a real screening setting. It should not
be forgotten that an organized cancer screening program is a complex system, including
leadership, governance, finance, health workforce, access to essential services, service
delivery provisions, information systems, and quality assurance.

Screening and early cancer detection are different concepts, but both are strategies for
early disease diagnosis. Screening is aimed at asymptomatic women at risk of the disease,
whereas early diagnosis involves symptomatic women at an early stage. While screening
involves testing many patients, uses many resources, and is a very complex system, in
contrast, early cancer detection can involve fewer patients, resources, and a much less
complex organizational system.

The diagnostic accuracy of screening is measured through sensitivity, specificity,
positive predictive value (PPV), and negative predictive value values (NPV). A practical
screening test should have a sensitivity more significant than 70% and a specificity greater
than 95% [25]. The PPV and NPV depend on the prevalence of the disease and are directly
and inversely related to it, respectively.

According to the Wilson and Jugner criteria, the WHO has included the following four
criteria for a disease to be suitable for screening [26]:

- “The condition should be a major health problem with a latency or early detection phase”;

- “The test should be simple, safe, precise, validated and acceptable to the population”;

- "“There should be evidence that early treatment improves outcomes compared to
late treatment”;

- “The screening program should have evidence from high-quality randomized con-
trolled trials that it is effective in reducing mortality or morbidity and that the benefits
of screening should outweigh the physical and psychological harms”.

Finally, lead time bias must also be considered when evaluating a screening test. It
represents a phenomenon whereby cancer is detected earlier, but the time to death does not
change. It provides an increased impression of survival without prolonging the patient’s
life. This phenomenon can make screening much more effective than it is, and this aspect
must be included in the risk/cost/benefit ratio of screening [25].
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