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Abstract. Background/Aim: Screening for ovarian cancer in the
general population is a challenging issue. The aim of this review
was to analyze both the studies based on serum CAI25 assay and
ultrasound (US) and the novel perspectives of clinical and
biological research on this issue. Materials and Methods: The
trials on the combination of serum CAI25 and vaginal/ pelvic
US as well as the investigations on microRNA (miRNA)s,
circulating tumor DNA and tumor protein 53 (TP53) variants in
DNA purified from Pap smears have been critically analyzed.
Results: Two large randomized trials failed to detect a reduction
in ovarian cancer-related deaths in women who underwent
serum CAI25- and US-based screening compared to those who
had no screening. The United Kingdom Collaborative Trial of
Ovarian Cancer Screening reported a 39.2% higher incidence of
stage I-1l and 10.2% lower incidence of stage III-1V disease in
women who underwent annual multimodal screening with serum
CAI25 and vaginal US compared to women who had no
screening, but this stage shifting did not translate into a survival
benefit. A longitudinal, multiple biomarker algorithm-based
strategy might improve ovarian cancer detection compared with
serial CAI25 alone. The use of serum tumor-associated
autoantibodies, circulating tumor DNA and microRNA is still
investigational. The identification of TP53 clonal variants in
DNA purified from Pap smears can detect early steps of serous
ovarian carcinogenesis. Conclusion: The availability of sensitive
next-generation sequencing-based approaches for TP53
assessment in PAP smears may allow the reliability of this genetic
marker for early detection of ovarian cancer to be verified.
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GLOBOCAN estimates of the worldwide incidence and
mortality for 36 types of cancer in 185 countries have
revealed 313,959 new cases of ovarian cancer and 207,252
deaths due to this malignancy in 2020 (1). The lifetime risk of
ovarian cancer is 1.3% in the general population (2). It
accounts for 2.5% of all female malignancies but for 5% of
all cancer deaths because of its poor prognosis due to
asymptomatic and silent growth and advanced stage at
diagnosis, as well as to its biological aggressiveness (2, 3). It
is mainly a postmenopausal tumor, with median age at
diagnosis ranging from 50 to 79 years (3). Ovarian cancer
includes five main types, termed high-grade serous,
endometrioid, clear-cell, mucinous and low-grade serous
carcinomas, which have peculiar pathological and molecular
findings, and represent distinct nosological entities, with
different precursor lesions, patterns of spread, response to
chemotherapy and prognosis (4). High-grade serous
carcinoma is the most common histological type, accounting
for 70% of cases, and 80% of the patients with this
malignancy are in stage III-IV at presentation. Whereas the
incidence of ovarian cancer is higher among countries with
a high Human Development Index, the trend of mortality
tends to be opposite, with the highest rates of death in India
and in Africa and with decreasing rate in Europe and North
America (1, 3, 5). Two-thirds of ovarian cancer-related
deaths are due to high-grade serous carcinoma. Advanced
stage at presentation and residual disease after surgery are
the strongest predictors of survival (6-10).

Screening for ovarian cancer in the general population is
a challenging issue for oncological gynecologists. A test
which leads to 10 surgical procedures for each case of
ovarian cancer detected has a positive predictive value (PPV)
of 10%, which can be acceptable in clinical practice (11).
Since ovarian cancer has a prevalence of one in 2,500
postmenopausal women, a screening tool to obtain a PPV of
10% should have a sensitivity =75% for early-stage disease
at 99.6% specificity (12-14). Cancer antigen-125 (CA125) is
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the most reliable serum marker for this malignancy, but even
in postmenopausal women its specificity is much lower than
99.6%, and therefore serum CA125 assay has usually been
combined with pelvic/vaginal ultrasound (US) as screening
test, with conflicting and usually disappointing results (11,
14-22). However, the evaluation of other tumor-associated
antigens, tumor-associated autoantibodies, microRNAs
(miRNAs) and circulating tumor DNA (ctDNA) in blood, as
well as of tumor protein (7P53) clonal variants in DNA
purified from Pap smears, appears to suggest it is possible to
develop novel, non-invasive diagnostic tools for ovarian
cancer. In this review, we have assessed the state of the art
and the perspectives of clinical research for the screening of
ovarian cancer in the general population (23-49).

CA125 and Ultrasound

Jacobs et al. measured serum CA125 annually in 22,000
postmenopausal British women older than 45 years, and
performed pelvic US in those with an antigen value =30
U/ml (11). Forty-one women with abnormal US underwent
surgery, which revealed an ovarian cancer in 11 and other
conditions in 30. Of the 21,959 women with negative
screening, eight subsequently developed ovarian cancer
while 21,951 did not. Therefore, this protocol obtained a
specificity of 99.9%, a PPV of 26.8%, and sensitivity of
78.6% and 579% at 1l-year and 2-year follow-up,
respectively. In a subsequent study of Jacobs et al., a large
series of postmenopausal women aged =45 years were
randomized to a control group or screening group (14) (Table
I). Invitations to participate were sent to the 22,000 women
who had participated in the previous study of screening for
ovarian cancer. The patients randomized to the screening arm
underwent three annual tests including serum CA125 assay
followed by pelvic US. If CA125 was 230 U/ml and US-
measured ovarian volume was >8.8 ml, the woman was
referred to a gynecologist for additional evaluation. Of the
468 women in the screened arm with elevated CA125, 29
underwent surgery: six of them had ovarian cancer and 23
had false-positive screening results. The median survival of
patients with ovarian cancer was 72.9 months in the screened
group versus 41.8 months in the control group (p=0.0112),
but there was no significant difference in cancer-related
death from between the two groups.

A large number of asymptomatic postmenopausal
Japanese women were randomly allocated to either a control
group or intervention group which underwent an annual
screening with gynecological examination, pelvic US and
serum CA125 assay (17). Women with abnormal US and/or
elevated serum CA125 were referred to a gynecologic
oncologist. After a mean follow-up of 9.2 years, 27 cases of
ovarian cancer were detected in the 41,688-screened women
and eight additional cases were diagnosed outside the
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screening program. Ovarian cancer detection rates were
0.31:1,000 at the primary screen and ranged from 0.38:1,000
to 0.74:1,000 in subsequent screenings. Thirty-two cases of
ovarian cancer were diagnosed in the 40,779 control women.
Tumor was diagnosed in stage I in 63% of the cases of the
screened group versus 38% of those of the control group but
the difference was not significant.

The US Prostate, Lung, Colon, and Ovarian (PLCO)
cancer screening trial enrolled 78,216 women aged 55-74
years who were randomly allocated either to a usual care arm
or an intervention arm, which offered annual serum CA125
tests for 6 years and vaginal US for 4 years (18). CA125
assay result =35 U/ml was classified as a positive test. US
examination was considered as abnormal when i) ovarian
volume was >10 cm3, ii) cyst volume was >10 cm? , 1i1) there
was any solid area or papillary projection extending into the
cavity of any size cystic ovarian tumor, or iv) there was any
mixed component within a cystic ovarian tumor. Women
were followed-up for a maximum of 13 years. Overall, 212
ovarian cancer cases were detected in the intervention group
and 176 in the usual care group [relative risk (RR)=1.21,
95% confidence interval (CI)=0.99-1.48], and there were 118
(3.1/10,000 person-years)deaths in the former and 100
(2.6/10,000 person-years) in the latter due to ovarian cancer
(RR=1.18,95% CI=0.82-1.71). Ovarian cancer was detected
in stage III-IV in 77% of the cases of the intervention group
and in 78% of those of the usual care group. All-cause
mortality rates, excluding deaths from ovarian, colorectal and
lung cancer, were similar in the two arms. Of the 3,285
women with false-positive results, 1,080 underwent surgery
and 163 (15%) had a total of 222 major complications,
including 89 infections, 63 direct surgical complications, 31
cardiovascular or pulmonary events, and 39 other
complications. Therefore, the screening protocol failed to
reduce ovarian cancer mortality; moreover, the surgical
evaluation of false-positive cases was associated with a non-
negligible rate of complications. An update of the study, with
a median of 15 years of follow-up, reported that ovarian
cancer-related deaths were similar in the two arms (19)
(Table I). By study time period, the RR of death for the
screened versus the unscreened group was 1.04 (95%
CI=0.7-15) for years 0-7, 1.06 (95% CI=0.8-1.4) for years 7-
14, and 1.09 (95% CI= 0.7-1.8) for years >14.

In a prospective cohort study, 46,101 asymptomatic women
aged =50 years, or aged =25 years with a family history of
ovarian cancer, received annual US screening, eventually
followed by serum marker assay and surgery (20). Seventy-
one ovarian cancers were detected, and of these 30 (42%)
were in stage I, 15 (21%) in stage II, 26 (37%) in stage III,
and none in stage IV. Disease-specific survival rates at 5, 10,
and 20 years were 86%, 68%, and 65%, respectively, for
women with ovarian cancer detected by screening compared
with 45%, 31%, and 19%, respectively, for unscreened women
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Table 1. Randomized trials comparing serum CAI25 and ultrasound-based screening versus no screening for ovarian cancer in the general

population.

Authors Study arms

Ovarian cancer deaths RR (95% CI)

Jacobs et al. (14) CA125 + pelvic US
No screening
CA 125 + pelvic US
No screening
MMS
USS

No screening

Buys et al. (18), Pinsky et al. (19)

Jacobs et al. (21), Menon et al. (22)

9/10,958 2.0 (0.78-5.23)*
18/10,977
187/34,253 1.06 (0.87-1.30)**
176/34,304
296/50.625 0.96 (0.83-1.10)**
291/50,623 0.94 (0.82-1.08)**
619/101,314

RR: Relative risk; CI: confidence interval; US: ultrasound; MMS: annual multimodal screening with serum CA125 assay interpreted with risk of
ovarian carcinoma algorithm; USS: vaginal ultrasound screening. *Versus screening arm; **versus no screening arm.

with clinically detected ovarian cancer diagnosed in the same
geographic area and treated at the same institution with the
same therapeutic approach (p<0.001).

Serial longitudinal measurements of CA125 are more
reliable than a single assay above a cut-off value for ovarian
cancer screening (50-54). Skates et al. calculated the risk of
ovarian carcinoma (ROC) based on serial CA125 assays of
33,621 serum samples collected from 9,233 postmenopausal
women aged >45 years (52). All samples from patients with
ovarian cancer were drawn before the clinical diagnosis of
malignancy. CA125 data from each woman were
summarized by the slope and intercept from a linear
regression curve of log CA125 on time starting from the first
serum sample, and Bayes’ theorem was used to measure the
ROC based on the slope and intercept of the curve and
CA125 assay variability (50, 52). The area under the curve
(AUC), which assessed the probability of correctly
classifying a woman randomly chosen from the population,
was calculated for both ROC algorithm (ROCA) and a
selected cut-off value for CA125 (52). The ROCA improved
the AUC compared with a fixed cut-off for CA125 antigen
from 84% to 93% (p=0.01). Considering a target specificity
of 98%, ROCA and CA125 with a selected cut-off had a
sensitivity of 86% and 62%, respectively, thus suggesting
that the analysis of sequential CA125 levels improved the
performance of a CA125-based screening program.

Menon et al. randomly assigned 13,582 postmenopausal
women aged =50 years from England, Scotland, and Wales to
either a control group or a screened group with annual serum
CA125 assay interpreted with the ROCA (15). Of the 6,532
screened women, 5,213 were considered to be at normal risk,
91 at high risk and 1,228 at intermediate risk of ovarian
cancer. The patients with intermediate risk were recalled for
another serum CA125 assay after a time interval ranging from
6 weeks to 6 months, and 53 of these women were
subsequently found to have an elevated risk. All 144 women
at high risk underwent vaginal US and 16 were operated on.
Of these women, 11 had benign findings, one woman had

adnexal relapse of breast carcinoma, another had a borderline
papillary serous ovarian tumor, and three had primary ovarian
cancer. No other ovarian cancer occurred during the year
following the screening. Overall, the specificity and PPV for
ovarian cancer were 99.8% and 19%, respectively.

ROCA was used in the United Kingdom Collaborative Trial
of Ovarian Cancer Screening (UKCTOCS) designed to assess
the effect of screening on mortality in 202,638 postmenopausal
women (21). Participants were randomly allocated in a 1:1:2
ratio to annual multimodal screening (MMS) with serum
CA125 assay interpreted with ROCA with vaginal US as
second-line test, vaginal US screening (USS), or no screening.
Women with persistent abnormalities of both MMS and USS
arms underwent additional clinical investigations and
eventually surgery or biopsy for suspected ovarian cancer.
After a median follow-up of 11.1 years, ovarian cancer was
detected in 338 out of the 50,624 women (0.7%) of the MMS
arm, 314 out of the 50,623 women (0.6%) of the USS arm, and
630 out of the 101,299 women (0.6%) of the no-screening arm.
The sensitivity for ovarian cancer diagnosed within a year of
a screening was 84% for MMS and 73% for USS, respectively.
Ovarian cancer related-death occurred in 148 (0.29%), 154
(0.30%) and 347 (0.34%) women of the MMS, USS, and no-
screening group, respectively. There was a non-significant
reduction in mortality over years 0-14 for MMS (15%; 95%
CI=-3-30%, p=0.10) and USS arm (11%; 95% CI=-7-27%,
p=0.21) compared to the no-screening arm. However, between
7 and 14 years, there was a significant reduction in mortality
of 23% (95% Cl=1-46%) for MMS arm and a trend for
reduction of 21% (95% Cl=-2-42%) for the US arm. An up-
date of the study, with a median follow-up of 16.3 years,
reported that ovarian cancer was diagnosed in 522 women
(1.0%) of the MMS group, 517 women (1.0%) of the USS
group, and 1,016 women (1.0%) of the no-screening group,
respectively (22). It is worth noting that there was a 39.2%
higher incidence of stage I-II disease and 10.2% lower
incidence of stage III-IV disease in the MMS group compared
with no-screening group. Ovarian cancer-related deaths were
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the same for the three groups (Table I). Therefore, MMS failed
to reduce ovarian cancer mortality. The observation that
changes in stage distribution in the MMS group did not
translate into changes in death rates seems to emphasize the
need for having disease-specific mortality as the primary
endpoint in screening trials. Cancer cases shifted to stage I-II
disease in the MMS arm may have had an intrinsically poor
prognosis, not altered by earlier detection or the available
treatments. A larger reduction in advanced stage incidence is
likely needed for improving patient outcome. It is impossible
to extrapolate these results obtained from a general population
to a high-risk population, such as BRCA mutation carriers
because BRCA-mutated ovarian cancer has a distinct biological
and clinical behavior, with a higher response rate to
chemotherapy and better clinical outcome (55-61). UKCTOCS
has allowed the creation of a biobank with more than 550,000
serum samples that may be useful for the identification of
novel biomarkers for ovarian cancer in the near future (22).

Tumor-associated Antigens Other
than CA125, Tumor-associated
Autoantibodies, miRNA and CtDNA

The analysis of several protein biomarkers in serum samples
from 118 women with ovarian cancer included in the PLCO
trial and 474 general population controls showed that at a
fixed specificity of 95%, CA125 was the marker with the
highest sensitivity (73%) followed by human epididymis
protein 4 (HE4) (57%), transthyretin (47%), CA15.3 (46%)
and CA72.4 (40%) (27). All these markers, except
transthyretin, had similar or better sensitivity in specimens
drawn within 6 months of the clinical diagnosis. The
European Prospective Investigation into Cancer and
Nutrition (EPIC) is a multicenter prospective cohort study
designed to assess the correlation of diet, nutrition, and
metabolic factors with cancer (62). CA125, HE4, CA72.4
and CA15.3 were measured in serum samples drawn from
810 women with ovarian cancer and 1,939 controls of EPIC
study (31). The performance of distinguishing between cases
and controls was assessed using receiver operating
characteristic curves, with the AUC, as an overall measure
for discriminatory ability. For samples collected within 6
months of diagnosis, the AUC was 0.92 for CA125, 0.84 for
HE4, 0.77 for CA72.4 and 0.73 for CA 15.3, and marker
performance decreased with longer time between serum
collection and diagnosis.

Simmons et al. compared the sensitivity and lead time of
a combination of measurement of CA125, HE4, matrix
metalloproteinase-7 and CA72-4 versus CA125 alone in
serial serum samples from 75 women who developed ovarian
cancer and 547 healthy controls enrolled in the UKCTOCS
trial. One or more of the complementary markers rose in
44% of the 50 CA125 screen-positive cases, without any
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advantage over CA125 alone in terms of lead time. The
longitudinal profiles of the logarithmic biomarker
concentrations were modeled with a Bayesian approach to
develop single-marker longitudinal ROCA-like algorithms.
The use of these algorithms showed that at a fixed 98%
specificity, HE4 and CA72-4 detected 16% of the 25 CA125
screen-negative cases (43).

Serum TP53 antibodies were found in 20.9% of 86
patients with ovarian cancer in an Italian study (23), 24.8%
of 113 patients in an Austrian series (24), 26.7% of 30
patients in a Japanese series (25), 39.1% of 92 patients in a
Chinese study (26), and 19.5% of 220 patients of the
UKCTOCS trial (32). Of these 220 patients, 164 (74.5%)
were ROCA screen-positive and 56 (25.5%) were ROCA
screen—negative. Thirty-four of the former (20.7%) and nine
of the latter (16.1%) had elevated anti-TP53 levels. In the 34
cases with both TP53 antibody elevation and ROCA
positivity, TP53 antibodies were detected 9.2 months before
ROCA positivity. In 9 the cases with autoantibody positivity
and ROCA negativity, TP53 antibodies rose 22.9 months
before ovarian cancer diagnosis.

Very few studies have assessed the diagnostic performance
of tumor-associated autoantibodies for early ovarian cancer
detection (63-65). Elevated serum levels of TP53 antibodies
were identified in 10.0% of the 30 patients and in 16.7% of
the 12 patients with stage I-II ovarian cancer included in the
Italian study (23) and in the UKCTOCS trial (32),
respectively.

A finding of elevated serum interleukin-8 antibodies had
a sensitivity of 65.5% and a specificity of 98% in a series of
44 patients with stage I-II ovarian cancer (63). Mean serum
levels of autoantibodies against heat-shock protein 27, which
is strongly associated with carcinogenesis, were significantly
higher in 158 patients with ovarian carcinoma than in 80
healthy women (64).

Serum ovarian cancer-associated miRNAs represent very
interesting potential novel biomarkers (34, 35, 45, 49, 66-
71). Resnick et al. found a differential expression of serum
miRNAs between patients with ovarian cancer and healthy
women. Serum miRNA-21, miRNA-92, miRNA-93, miRNA-
126 and miRNA-29a were significantly overexpressed and
serum miRNA-155, miRNA-127 and miRNA-99b were
significantly underexpressed in 28 patients with ovarian
cancer compared with 15 healthy controls (66).

The combined assessment of serum miRNA-142-3p,
miRNA-26a-5p, let-7d-5p, miRNA-374a-5p, miRNA-766-3p,
miRNA-200a-3p, miRNA-328-38p and miRNA-130b-3p
discriminated patients with ovarian cancer from healthy
women with sensitivity of 92% and specificity of 91%, as
well as patients with early-stage ovarian cancer from those
with benign tumors with sensitivity of 86% and specificity
of 83%, respectively (34). miRNA-200a is involved in
ovarian carcinogenesis, miRNA-374a regulates cisplatin
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resistance in ovarian cancer cells, and other miRNAs are
functional miRNAs involved in cancer pathogenesis.

Elias et al. described the development of a diagnostic
model for ovarian cancer using sequencing of serum miRNA
(35). The neural network analysis of serum samples from
179 women selected from three independent prospective
studies produced a miRNA algorithm for ovarian cancer
detection with an AUC of 0.90 (35). Among the 120 women
for whom serum CA125 was known, the neural network
(AUC=0.93, 95% CI=0.88-0.97) outperformed the CA125
assay (AUC=0.74, 95% CI=0.65-0.83, p=0.001), with a
significantly lower rate of false-positives [8/43 (18.6%)
versus 23/43 (53.5%), p=0.002]. This neural network
algorithm was tested on an external, independent dataset and
revealed an excellent discriminatory power with an AUC of
0.93 (95% CI=0.81-1.00), sensitivity of 75% and specificity
of 100%. The sharp decrease in serum miR-200a and miR-
200c levels after debulking surgery suggested that these
miRNAs are secreted actively by tumors.

A meta-analysis of 36 studies reported that the pooled
sensitivity and specificity of circulating miRNAs for ovarian
cancer diagnosis were 76% and 81%, respectively, with an
AUC of 0.85 (95% CI=0.82-0.88) (70) (Table II).

Use of multiple miRNA assays yielded a better diagnostic
reliability than using a single miRNA assay, and plasma
miRNAs appeared to be better than serum miRNAs for
ovarian cancer detection.

The assessment of ctDNA, which can include point
mutations, microsatellite instabilities, DNA hypermethylation
and loss of heterozygosity, might represent a noninvasive
tool for the detection and management of ovarian cancer (33,
40, 72-74). The meta-analysis of nine studies reported that
ctDNA had sensitivity of 70% and specificity of 90% for this
malignancy, with an AUC of 0.89 (95% CI=0.83-0.95) (72)
(Table 1I).

A multi-analyte test, termed CancerSEEK, assessed the
plasma levels of eight protein biomarkers and mutations in
ctDNA in 1,005 patients with nonmetastatic cancer of the
ovary, liver, stomach, pancreas, esophagus, colorectum, lung,
or breast (40) (Table II). The sensitivity for detecting ovarian
cancer was 98%, with specificity >99%.

Aberrant methylation patterns of linked CpG sites
analyzed in ctDNA can provide highly specific signals for
cancer diagnosis (36, 73). A three DNA-methylation serum
marker panel was developed and validated in women with
different conditions, especially associated with serum CA125
elevation, in women with advanced ovarian cancer
undergoing neoadjuvant chemotherapy, and in a subset of
women enrolled in the UKCTOCS trial for whom serum
samples collected up to 2 years before ovarian cancer
diagnosis were available (36). This panel distinguished
patients with high-grade serous ovarian cancer from healthy
women, or patients with a benign pelvic mass, with a

Table II. Sensitivity and specificity of circulating miRNAs and
circulating tumor DNA (ctDNA) for ovarian cancer.

Authors Sensitivity  Specificity
Zhou et al. (70) Circulating miRNAs* 76% 81%
Zhou et al. (72) ctDNA** 70% 90%
Cohen et al. (40) CancerSEEK*** 98% >99%

*Meta-analysis of 36 studies from 16 articles with 3470 stage I-IV
ovarian cancer patients and 1606 healthy controls. **Meta-analysis of
nine studies including 462 patients with stage I-IV ovarian cancer and
407 controls. ***Multi-analyte test that assessed the plasma levels of
eight protein biomarkers (CA125, carcinoembryonic antigen, CA19-9,
prolactin, hepatocyte growth factor, osteopontin, myeloperoxidase and
tissue inhibitor of metalloproteinases-1) and the presence of mutations
in 1,933 distinct genomic positions of ctDNA from 1,005 patients with
different malignancies, including ovarian cancer.

sensitivity of 41.4% and a specificity of 90.7%. For women
included in the UKCTOCS trial, this panel detected 57.9%
of those who developed ovarian cancer within 2 years of
sample collection, with a specificity of 88.1%. The
sensitivity of the test improved to 63.6% when exclusively
assessing CA125-negative samples.

Tumor DNA in PAP Smears

DNA in Pap smears has been investigated for the screening
of gynecological malignancies other than cervical cancer (29,
30, 39, 42, 46). By using whole-exome sequencing or
targeted sequencing of frequently mutated genes, Kinde et
al. analyzed somatic mutations in tumor tissues from 24
patients with endometrial cancer and 22 patients with ovarian
cancer for whom liquid-based Pap specimens were available.
These authors found the same mutations in tumor tissues and
DNA from Pap smears in 100% of endometrial cancer and
in 41% of ovarian cancer cases (29).

A polymerase chain reaction (PCR)-based, multiplex test,
incorporating assays for mutations in 18 genes and an assay for
aneuploidy, was performed on DNA purified from Pap smears
to assess the genetic alterations commonly present in
endometrial or ovarian cancer (39). This test, termed PapSEEK,
was positive in 81% of 382 women with endometrial cancer,
including 78% of those with early-stage disease, in 33% of 245
patients with ovarian cancer, including 34% of those with early-
stage disease, and in 1.4% of 714 women without cancer.
ctDNA was found in 43% of 83 patients with ovarian cancer
for whom plasma samples were available, and the combination
of PapSEEK test and plasma ctDNA assay achieved a
sensitivity of 63% for this malignancy.

TP53 is the most commonly mutated gene in high-grade
serous ovarian cancer, as well as in its precursor lesion,
serous tubal intraepithelial carcinoma (4, 30, 75) (Table III).
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Table II1. Frequency of clonal pathogenic tumor protein 53 (TP53) variants in vaginal smears from patients with ovarian cancer.

Author Vaginal sample Patients, n TP53 mutations
Erikson et al. (30) Vaginal tampon 8 3 (37.5%)
Intact tubes 5 3 (60%)
Tubal ligation 3 0 (0%)
Arildsen et al. (42) Liquid-based PAP smear 8 6 (75.0%)
Paracchini et al. (46) Brush-based and stored Pap smear 17 11 (64.7%)

Erikson et al. detected TP53 mutations in all eight tumor
samples from patients with high-grade serous ovarian cancer.
The analysis of the DNA from a vaginal tampon placed 8-12
hours before surgery and removed in the operating room
following anesthesia induction showed TP53 mutations in
three out of the five patients with intact tubes and in none of
the three patients with tubal ligation. It is noteworthy that
the mutation identified in vaginal DNA was the same
detected in tumor tissues for all three patients (30). Arildsen
et al. assessed TP53 mutations by next-generation
sequencing in tumor tissue samples and by droplet digital
PCR 1in liquid-based Pap smears performed 2-7 years before
diagnosis from 15 women with high-grade serous ovarian
cancer. The TP53 mutations identified in tumors were also
found in vaginal smears in seven out of nine women but one
of these harbored a germline mutation. Therefore, true
somatic mutations were detected in six out of eight samples
(Table IIT). An additional mutation was found in an archival
Pap smear which had been collected 20 months prior to
ovarian cancer diagnosis (42).

A single center Italian cohort study assessed TP53 clonal
variants with droplet digital PCR in brush-based and stored
Pap smears performed in 17 patients with high-grade serous
ovarian cancer up to 6 years before diagnosis (46). The same
clonal somatic TP53 variants present in tumor tissues were
found in Pap smears in 64.7% of these patients (Table III),
whereas these TP53 variants were not identified in smears
from healthy females. It is noteworthy that in one patient the
TP53 clonal variant was detected in all three smears collected
9 days, 25 months, and 49 months before the diagnosis.
Among two women with two Pap tests each, the TP53 variant
was detected 27 months and 68 months before diagnosis in
one patient, and only in one of the available smears in the
other patient. Clonal pathogenic TP53 variants may identify
early steps of serous ovarian carcinogenesis. These data
would seem to support the mathematical model suggesting
that the progression of serous tubal intraepithelial carcinoma
to high-grade serous ovarian cancer may take up to 6 years
(75). A weakness of the study is that archival Pap smears
were not intended to be used for DNA analysis and therefore
sampling procedures and storage conditions might have
negatively affected DNA quality (46).
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Conclusion

The two large randomized trials, PLCO and UKCTOCS,
failed to detect a reduction in ovarian cancer-related deaths
in patients screened with serum CA125 assay and vaginal US
(18, 19, 21, 22). Whereas in the PLCO trial there was no
difference in stage distribution between the two arms, the
UKCTOCS trial reported a higher incidence of early disease
and a lower incidence of advanced disease in the MMS
group compared with no-screening group, which may have
been due to the use of ROCA in this trial instead of a single
CA125 value above the cut-off as in the PLCO trial (22).
The unsatisfactory sensitivity of protein biomarkers for
ovarian cancer screening may reflect both the relatively
small size of early disease and the low biomarker expression
or shedding (44). However, a longitudinal multiple
biomarker algorithm-based strategy should be investigated
to evaluate its ability to improve ovarian cancer detection
compared with serial CA125 assays alone (43).

The use of serum tumor-associated autoantibodies, miRNA
and ctDNA in ovarian cancer screening is still investigational.
Future research should assess panels including several
circulating miRNAs to adequately evaluate the potential role
of these biomarkers in this malignancy (70).

As reported in the European Society for Medical
Oncological guidelines on ovarian cancer, there are currently
no standard methods for the isolation and detection of
cfDNA in blood, with few studies recruiting large numbers
of patients with ovarian cancer (61). Additional investigation
concerning the standardization and quality control of such
assays is strongly warranted before implementing this
approach in clinical research and practice.

Early diagnosis of ovarian cancer is potentially achievable
through the detection of TP53 clonal variants in DNA
purified from Pap smears (29, 39, 42, 46). The
standardization of sampling and storage procedures of liquid-
based Pap smears and the availability of highly sensitive
next-generation sequencing-based approaches for 7P53 gene
assessment are needed to plan a longitudinal prospective
study with large numbers of patients with ovarian cancer and
healthy women designed to verify the reliability of this novel
diagnostic tool.
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Ovarian cancer screening in the general population is still
a major challenge for gynecologic oncologists, and
additional clinical research on serum miRNA and ctDNA, as
well as on pathogenic TP53 variants in DNA purified from
Pap smears, is strongly warranted.
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