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Abstract
The ability to detect cancer cells in the blood or in the bone marrow offers invaluable information which potentially impacts early
diagnosis, monitoring of treatment, and prognosis. Accessing blood or other body fluids has the additional advantage of being
less invasive than biopsy. Consequently, considerable effort has been invested in the last 20 years in optimizing assays which may
identifymalignant cells at these anatomic sites. Detection of nucleic acids has been applied as alternative approach in this context,
first targeting single cancer-associated genes using PCR-based technology, and recently using assays which identify different
DNA classes, as well as microRNAs and exosomes. The present review focuses on studies which applied these assays to the
detection of cells or cellular components originating from gynecological cancers.
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Introduction

The observation that certain populations of cancer cells carry
the ability to leave the primary tumor, survive in the circulation,
and metastasize in an organ-specific manner has been first re-
ported by Stephen Paget, and subsequently supported by a
large body of experimental and clinical data [1]. Although not
all cells in the bloodstream are endowed with the ability to
colonize distant organs, it appeared logical that their presence
outside the primary organ would be a marker of more aggres-
sive disease. Additionally, the detection of such cells in the
peripheral circulation could potentially be used in the primary
diagnosis of cancer or in early identification of relapse.

Analyses of peripheral blood for the detection of circulat-
ing tumor cells (CTCs) have most often been used in this
setting [2, 3]. However, numerous studies, particularly of
breast cancer, have focused on disseminated cancer cells
(DTCs) in the bone marrow [4]. In these studies, tumor cells
have been detected using immunohistochemistry (IHC) or

flow cytometry (FCM) targeting epithelial/tumor-specific an-
tigens or by PCR-based methods [2–4].

Recent scientific advances have uncovered the presence of
cell-free DNA (cfDNA), and in particular circulating tumor
DNA (ctDNA), as well as microRNAs (miRNAs) and long
non-coding RNA (lncRNA), in body fluids, raising interest in
the identification of sub-cellular markers in so-called liquid
biopsies as tools in the diagnosis and monitoring of cancer,
including prediction of therapeutic response and prognostica-
tion. An obvious advantage to this approach is the fact that it is
less invasive than tissue biopsies, with superior accessibility
compared to sampling deep-seated lesions, the latter often the
case in metastatic disease. While blood has been the most
frequently studied material, other body fluids, e.g. serous ef-
fusions and urine, may provide useful information guiding
clinical management [5–7].

The present review focuses on studies of CTCs and DTCs
in gynecological cancers. Selected, more recent studies deal-
ing with the benefit of analyzing sub-cellular components in
body fluids are additionally discussed.

CTC and DTC

Studies of CTC or DTC in gynecological cancers have pre-
dominantly focused on ovarian carcinoma (OC), though some
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studies of endometrial, cervical, and vulvar carcinoma have
been published.

Early reports

The first modern-era studies analyzing the presence of CTCs
in the blood were published more than 50 years ago, the ma-
jority in the 1960s, and many of these studies did not exclu-
sively focus on gynecological cancer. In the absence of ancil-
lary techniques, the diagnosis was based on morphology,
resulting in potential misinterpretation. The potential use of
fluorochromes was assessed by Turchetti and co-workers but
was conceded to also label leukocytes [8].

Methodological factors, including hemolysis, filtration,
and labeling, have likely contributed to the highly variable
rate of CTC detection in these studies [reviewed in 8].
Terminology which differs from the current one, such as de-
tection of Batypical cells^ in patients with uterine leiomyoma
or ovarian cyst, makes interpretation of these data further dif-
ficult [9]. In the largest study focusing exclusively on gyne-
cological cancer, 474 blood samples from patients with endo-
metrial carcinoma were assessed, of which 45 and 16 were
highly suspicious and inconclusive, respectively. The authors
judiciously concluded that a certain diagnosis of malignancy
could not be made in these specimens [10]. Of note, cells
diagnosed as carcinoma cells were reported to be present in
the blood of patients with CIN3, though infrequently [11].

OC

The presence and clinical relevance of CTCs and/or DTCs in
OC has been extensively investigated. A meta-analysis and a
review of studies with clinical endpoint have both concluded
that the presence of such cells is associated with poor outcome
in this disease [12, 13]. However, data are more equivocal, and
studies published to date are far from unanimous. While tech-
nical variations most likely play a central role in this result,
inclusion criteria are no less important, particularly in view of
our current understanding that the different OC histotypes are
molecularly distinct diseases. Inclusion of borderline tumors
and non-epithelial tumors in some of these studies further
complicates attempts to compare them.

Following a long pause after the above-discussed studies in
the 1960s, probably dictated by technical limitations, the first
study ushering in modern technology in this area was pub-
lished by Braun et al. in 2001 [14]. Fine needle aspirates from
the bone marrow of 108 patients diagnosed with FIGO stage
I–III OC of different histotype were assessed using the A45-B/
B3 antibody, directed against heterodimers of cytokeratin
(CK) 8/18 and 8/19, as well as a common CK epitope. The
presence of tumor cells in the bone marrow, observed in 32/
108 (30%) patients, was associated with the presence of extra-
peritoneal metastases (19/32 patients, compared to 2/76 of

bone marrow-negative cases), and was an independent marker
of distant disease-free survival (DFS) and overall survival
(OS) in multivariate analysis.

These results were not reproduced in a study published in
2002, in which blood specimens from 90 patients, of whom 73
additionally had bone marrow aspirates, were assessed.
Tumors were of different histotype in this study as well, in-
cluding four borderline tumors. Tumor cells, detected using a
MOC31 antibody, were found in the bone marrow and blood
in 15/73 (21%) and 11/90 (12%) of specimens, respectively.
Patients with tumor cells in the peripheral blood all had tumor
in the bone marrow. Detection of tumor cells in either of these
compartments was unrelated to progression-free survival
(PFS) or OS [15].

Banys et al. analyzed the presence of DTCs in bone mar-
row aspirates from 112 OC patients with tumors of unspeci-
fied histology using the A45-B/B3 antibody. DTCs were
found in 28/112 (25%) specimens, and their presence was
associated with increased risk of relapse and shorter relapse-
free survival, though it was unrelated to various clinicopatho-
logic parameters or OS [16].

Subsequent studies focusing on OC have similarly gener-
ated mixed data. Judson and co-workers analyzed blood sam-
ples from 64 women with newly diagnosed or recurrent ovar-
ian tumors, the latter consisting of various entities, including
carcinomas, carcinosarcomas, borderline tumors, and one car-
cinoid tumor. CTCs were found in 12 cases (18.7%) using
CK8/18 and EGFR antibodies, and their presence was unre-
lated to PFS or OS based on a relatively short follow-up period
with a mean of 18.7 months [17].

Fan et al. analyzed a series of blood samples from 66 pa-
tients with OC of various histology, in which cells were iden-
tified as invasive CTCs (iCTCs) based on expression of epithe-
lial markers (EpCAM, ESA, and pan-cytokeratin) and invasion
of cell adhesion matrix. iCTCs were found in 43/66 (60.6%) of
samples, and their presence or higher iCTC counts were direct-
ly associated with more advanced (FIGO III/IV) stage, disease
recurrence, and shorter DFS, though not significantly with OS,
with a median follow-up period of 18 months [18].

The same group published three more recent papers using
the same assay for iCTC selection, in which cells were assessed
using FCM [19–21]. The first study included blood samples
from 129 patients, of whom 88 had OC and 41 benign abdom-
inal diseases. Seventy-eight (88.6%) OC patients had > 5
iCTC/1 mL blood, defined as positive finding, and the latter
was significantly related to more advanced disease, and to
shorter PFS and OS. iCTC counts outperformed CA 125 in
identifying patients with OC in general, as well as those with
high-risk disease [19]. In the second study, iCTC, labeled by
antibodies against CD44 and seprase, were reported to be more
sensitive than CA 125 in monitoring disease progression [20],
whereas in the third one, the feasibility of using this assay for
ex vivo testing of chemoresistance was demonstrated [21].
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He et al. developed an assay based on FCM and in vivo
imaging using an antibody against folate receptor, which was
able to detect rare CTCs in the peripheral blood in a murine
model [22]. Application of the folate receptor antibody to 20
blood specimens from patients with tumors of various histol-
ogies led to detection of CTCs in 18 specimens [23].

Poveda and co-workers studied a cohort of 216 patients
with OC, defined as Bpapillary/serous^ or Bother^ who partic-
ipated in a phase III study comparing treatment with pegylated
liposomal doxorubicin (PLD) with trabectedin to PLD alone
in relapsed disease. CTCs in the peripheral blood were isolat-
ed using the FDA-approved CellSearch system. Patients with
≥ 2 CTCs prior to therapy (n = 31; 1.4%) had significantly
higher risk of progression or death in univariate analysis,
though this association was not significant in multivariate
analysis [24].

Liu et al. used the same platform and same cutoff
(CellSearch system, ≥ 2 CTCs) as Poveda in analysis of the
clinical relevance of CTCs in a series of 78 patients, including
30 newly diagnosed ones and 48 with recurrent disease.
Histology was specified for all patients, among whom 57
had serous carcinoma. CTC counts were comparable in newly
diagnosed and recurrent tumors. No differences in clinico-
pathologic parameters, PFS or OS were observed between
patients with ≥ 2 CTCs in the blood and those with CTC-
negative specimens [25].

In another study of 214 patients with different epithelial
malignancies, including 14 with OC, recruited for phase I
clinical trials, early variations in CTC counts, measured using
the CellSearch system, were not useful in predicting radiolog-
ic response based on RECIST criteria [26].

Lee et al. analyzed blood samples from 54 patients, includ-
ing 24 with newly diagnosed OC and 30 with recurrent dis-
ease. Tumors were of various histotypes. CTCs were identi-
fied as EpCAM- and DAPI-positive cells negative for CD45.
The presence of CTC clusters was significantly associated
with platinum resistance, whereas detection of ≥ 3 CTCs
was associated with worse PFS, though unrelated to OS [27].

Detection of CTCs based on a multi-parameter assay has
been the subject of several studies. Aktas et al. analyzed the
presence of CTCs in a series of 156 blood specimens, 70
obtained at diagnosis and 86 after chemotherapy, from 122
patients with tumors of different histotype, of which 95 were
serous, 8 mucinous and 18 designated as Bother histotypes^
[28]. CTCs were detected using the AdnaTest BreastCancer
which identifies the EpCAM, MUC1, and HER2 transcripts,
combined with detection of CA 125. The presence of DTCs
was additionally analyzed in bone marrow aspirates by IHC
using the A45-B/B3 antibody. CTCs were found in 19 and
27% of pre-operative and post-chemotherapy specimens, re-
spectively. DTCs were found in 33/95 (35%) analyzed speci-
mens. The presence of DTCs could be assessed at the same
time point before surgery in 79 cases, with 59% concordance

observed with the presence of CTCs, whereas similar analysis
for 43 post-chemotherapy cases showed 56% concordance.
Detection of CTCs in preoperative and post-chemotherapy
specimens was associated with shorter OS and was unrelated
to DFS or clinicopathologic parameters.

In a more recent study, the same group combined the
AdnaTest Ovarian Cancer, detecting EpCAM, MUC1, and
CA 125 transcripts, with detection of the DNA repair molecule
ERCC1 in analysis of paired blood specimens obtained pre-
and post-chemotherapy from 65 OC patients. As in the previ-
ous study, tumors were diagnosed as serous (n = 52), mucinous
(n = 9) or Bother^ (n = 4) and a three-tier grading system, rather
than theWHO 2014 guidelines, was applied. CTCwere detect-
ed in 8% of pre-surgery specimens using the AdnaTest, in 17%
using the ERCC1 test, and in 15% by both tests, with compa-
rable values in post-chemotherapy samples. The presence of
CTC detected by both assays in pre-treatment specimens was
significantly associated with platinum resistance and shorter
PFS and OS. Persistence of these cells post-chemotherapy
was similarly associated with poor outcome [29].

Obermayr et al. recently studied blood samples from 137
patients with OC, described as serous or non-serous and graded
based on the pre-WHO 2014 classification. Forty-three patients
had blood samples at diagnosis and 6 months after completion
of first-line chemotherapy, 59 only at diagnosis, and 35 only
post-chemotherapy. CTCs were identified by immunofluores-
cent staining for EpCAM, EGFR, HER2, MUC1 and
cytokeratins, a protocol found by the authors to be superior to
a protocol based on EpCAM and CD45 alone. The presence of
CTCs in specimens obtained at diagnosis was unrelated to out-
come, whereas their detection in post-treatment samples was
significantly related to worse PFS and OS [30].

Of note, an earlier study by the same group recommended a
protocol in which 11 genes were added to EPCAM, with the
requirement that at least 1 of them will be positive in order to
characterize cells as CTCs. The genes in the suggested panel
were PPIC,GPX8, CDH3, TUSC3, COL3A1, LAMB1,MAM,
ESRP2, AGR2, BAIAP2L1, and TFF1. PPIC, encoding
cyclophilin C, outperformed EPCAM in this study, and the
presence of PPIC-positive CTCs was associated with
chemoresistance [31].

A protocol combining the AdnaTest with single-cell char-
acterization of CTCs using a gene panel including cancer stem
cell (CSC) and epithelial-to-mesenchymal transition (EMT)
markers was recently published [32].

Tumor heterogeneity appears to be a relevant issue compli-
cating the assessment of CTCs, similarly to its central role in
determining the behavior of cancer cells in solid lesions. Pecot
and co-workers reported on the presence of aneuploid CK-
negative tumor cells in the blood of patients diagnosed with
ovarian, breast, and colorectal carcinoma. Loss of epithelial
markers was the result of EMT undergone by cancer cells
[33]. A study in which CTC detection using conventional

Virchows Arch (2018) 473:395–403 397



markers was combined with fluorescent analysis of protein
and mRNA expression of various cancer-associated mole-
cules using immunostaining and in situ hybridization, respec-
tively, was recently published [34].

Other gynecological cancers

The number of publications focusing on DTCs or CTCs in
patients with non-ovarian carcinomas is considerably smaller
than those which have investigated OC.

The study by Banys [16] analyzed, in addition to bone
marrow aspirates from OC patients, specimens from endome-
trial, cervical, and vulvar cancer patients. As for OC, histology
was not detailed. DTCs were found in 22/141 (16%), 19/102
(19%), and 1/22 (5%) cases of endometrial, cervical, and vul-
var cancer, respectively. In endometrial cancer, no association
with clinicopathologic factors or survival was found, whereas
in cervical cancer, the presence of DTCs was associated with
more advanced FIGO stage, larger tumor size, and lymph
node metastasis.

In a more recent analysis of the clinical role of DTCs, a
series of 603 bone marrow aspirates from patients with endo-
metrial, cervical, and vulvar were analyzed applying the A45-
B/B3 antibody. These patients, as those in the Banys series,
were treated at Tübingen University Hospital, the difference
between the series being recruiting in the years 2001–2007 vs.
2001–2012, making it likely that the larger study represents
expansion of the Banys series. As in the previous study, his-
tology was not specified. DTCs were found in 64/311 (21%),
37/228 (16%), and 10/64 (16%) cases of endometrial, cervi-
cal, and vulvar cancers, respectively. Their presence was as-
sociated with more advanced FIGO stage, lymphangiosis, and
lymph node metastasis in cervical cancer, but not in the other
two cancers. No association with survival was observed in any
of the three malignancies [35].

The same results, i.e., association with disease stage and
lymph node metastasis and absence of association with sur-
vival, was reported in a third study of DTCs in cervical cancer
based on the Tübingen series, this time with inclusion of pa-
tients from Munich University Hospital (total = 325) [36].

In a fourth study based on the Tübingen cohort, 395 endo-
metrial carcinoma patients were analyzed for the presence and
clinical relevance of DTCs, detected using the A45-B/B3 an-
tibody. In this study, tumors underwent central pathology re-
view, in which 339 (86%), were classified as endometrioid,
the remaining cases consisting of 35 serous, 5 clear cell, and
16 mixed histology carcinomas. The presence of DTCs was
negatively related to a microcystic elongated and fragmented
(MELF) pattern of invasion, but was unrelated to other clini-
copathologic parameters, to L1CAM expression or to survival
[37].

Several smaller studies investigated the presence and clin-
ical relevance of CTCs in endometrial and cervical cancer.

Lemech et al. found CTCs in 18 of 30 patients with
advanced-stage (FIGO III–IV) disease, and their presence
was more frequently associated with non-endometrioid histol-
ogy, larger tumors, stage IV disease, and shorter survival,
though differences were not statistically significant [38].

In the study of Alonso-Alconada, 34 pre-treatment blood
samples from patients with high-risk endometrial carcinoma
were analyzed for the presence of CTCs and the molecular
characteristics of the latter. Tumors consisted of 19
endometrioid, 10 serous, and 5 clear cell carcinomas, diag-
nosed at stage IB-IV. Among genes overexpressed in speci-
mens from patients with stage III–IV carcinomas and recur-
rences compared with healthy controls were molecules related
to EC pathogenesis (BRAF, CTNNB1, GDF15), the NF-κB
family member RELA, RUNX1, genes related to hormone
pathways (STS), and CSC markers (ALDH, CD44). CTCs
additionally expressed EMT markers, and expression of
ZEB2, as well as RUNX1, was associated with disease recur-
rence [39].

A protocol applying digital direct RT-PCR to detection of
CTCs containing HPV RNAwas published by Pfitzner et al.
[40].

Another protocol, combining pan-CK and adenovirus de-
tecting cells expressing telomerase was recently published in a
study of 23 cervical squamous cell carcinomas [41]. CTCs
were found in six patients and harbored the same HPV type
as the primary tumor in five of these cases. Notably, the iso-
lated cells were CK-negative, consisting of a population
which may remain undetected using standard protocols, as
in the report by Pecot [33].

Detection of sub-cellular components

Numerous studies which have focused on detection of differ-
ent sub-cellular tumor components rather than whole cells
have been published in the last 20 years.

Early studies applied PCR-based assays to detection of
specific gene products expressed by carcinoma cells, such as
HPV [42], squamous cell carcinoma antigen [43], CK19
[44–46], CK20 [45, 47], and EGFR [45]. While such analyses
may provide evidence that a patient has cancer in the setting of
primary diagnosis or disease recurrence, they do not constitute
evidence of the presence of tumor cells in the blood, as these
molecules may have their origin in the primary tumor or in
metastases. In addition to this limitation, molecules such as
CKs are also expressed in normal cells, a fact which may
reduce the specificity of such assays, as reported in the case
of CK19 [45].

The application of more advanced technology, particu-
larly next generation sequencing, has dramatically
changed this field, suggesting the feasibility of early de-
tection of cancer using a non-invasive test in the primary
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diagnostic setting or in monitoring of patients for disease
recurrence by analyzing cfDNA, or specifically its tumor-
originated fraction, ctDNA [48, 49].

As with CTCs, studies of OC are far more numerous than
those focusing on other gynecological malignancies. Selected
publications from recent years are discussed below.

OC

Kamat et al. measured the levels of plasma cell-free DNA
(cfDNA) using qPCR in a series of 288 specimens from pa-
tients diagnosed with OC (n = 164), benign ovarian tumors
(n = 49), and controls (n = 75) divided into training and vali-
dation sets. OC were classified as serous or non-serous, low-
grade or high-grade. Specimens from OC patients had signif-
icantly higher cfDNA levels compared to the two other
groups, and levels > 22,000 genome equivalents/mLwere sig-
nificantly associated with poor outcome, a finding retained in
multivariate analysis [50].

High levels of cfDNAwere similarly associated with poor
PFS and OS, a finding which remained significant in multi-
variate analysis, in a study of 144 patients with multiresistant
OC treated with Bevacizumab, the majority diagnosed with
serous carcinoma [51].

The presence of small extrachromosomal circular DNA
(eccDNA), called micro-DNA, in the serum of lung cancer
(n= 12) and OC (n = 11) patients was reported by Kumar et al.
OC consisted of serous and endometrioid carcinomas, as well as
two cases designated as Bovarian cancer.^ MicroDNA levels
decreased following surgical removal of the tumor [52].

Wimberger and co-workers analyzed the presence of
cfDNA and nucleosomes in matched pre- and post-
chemotherapy serum samples from 62 OC patients.
Nucleosome levels increased, whereas DNA levels decreased
following chemotherapy. High serum DNA levels pre-
chemotherapywere associated with higher residual disease vol-
ume and higher risk of relapse, whereas high post-
chemotherapy levels were significantly related to poor OS [53].

Vanderstichele et al. analyzed the diagnostic role of copy-
number alteration (CNA) profiling in cfDNA in patients with
adnexal mass, including 54 diagnosed with carcinoma, 3 with
borderline tumor, and 11 with benign tumors, as well as 44
controls. Chromosomal instability, quantitated as genome-
wide z-scores, was significantly higher in patients with carci-
noma compared to those with benign tumors or controls, and
this test outperformed CA 125 measurement or the risk of
malignancy (RMI) index [54].

Cohen et al. demonstrated the feasibility of using a non-
invasive pre-natal platform for detecting both early- and
advanced-stage high-grade serous carcinoma (HGSC). In this
study, sub-chromosomal changes, defined as genomic gains or
losses of ≥ 15 MB, were identified in 13/32 samples from

HGSC patients compared to 2/32 controls. Changes in whole
chromosomes were less informative [55].

The diagnostic potential of plasma or serum cell-free
miRNA in OC was previously reviewed [7]. miRNAs are
often packed in exosomes, 30–100 nm endosome-derived ves-
icles carrying mRNA, miRNA, long non-coding RNA
(lncRNA), proteins, and lipid. While exosomes may be isolat-
ed from blood, they are also present in effusion specimens in
OC and contain both miRNAs and lncRNAs, which are infor-
mative of chemoresponse and outcome in this cancer [56, 57].

Other gynecological cancers

Nucleosomes were shown to be present in the serum of pa-
tients with cervical carcinoma (n = 11; squamous,
adenosquamous, or adenocarcinoma), and their levels were
higher than those of controls. Their levels increased in five
and decreased in six patients following chemotherapy, with no
significant difference among these groups with respect to
treatment response [58].

The presence of viral-cellular integration sequences, which
are the result in HPV integration in the human genome, was
observed in 5/21 cell-free sera from cervical cancer patients,
and their presence was associated with significantly shorter
recurrence-free survival [59].

In analysis of 109 endometrial carcinomas, cfDNA was
significantly more frequently found in serous (n = 19) or clear
cell (n = 3) compared to endometrioid (n = 87) carcinomas
(36.4% vs. 13.8%, respectively), and its levels were signifi-
cantly higher in grade 2 or 3 endometrioid carcinomas com-
pared to grade 1 tumors. No association was observed with
disease stage [60].

Concluding remarks and future directions

While several groups, particularly in Europe, have gained
considerable experience and technical competence in detect-
ing CTCs and DTCs, this approach has failed to achieve more
universal acceptance in the primary diagnosis or disease mon-
itoring of gynecological cancers. The reasons for this likely
include the costs, in terms of personnel and equipment, and
the technical complexity of this procedure, as well as the
mixed results of the above-discussed studies. Data for vulvar,
cervical, and endometrial cancer are by and large negative,
and while data for OC are on the whole more positive, draw-
ing any certain conclusions from published papers is difficult
at best. Many of the studies of gynecological cancers, includ-
ing those not cited in this review, lack central pathology re-
view of the cases included and/or adequate description of
histology. Combining tumors currently accepted to represent
profoundly different disease at the molecular and clinical
levels presents another difficulty. Variation in technical
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aspects further hampers the ability to compare data. Finally,
studies in which CK-negative tumor cells were found in the
circulation further compound this issue, questioning the sen-
sitivity of some of these assays. More than 15 years after
modern analyses of CTCs and DTCs were first published,
their universal inclusion in standard stratification of gyneco-
logical patients appears unlikely.

Cutting-edge technology now appears to be instead direct-
ed to measurement of cfDNA levels, or even more so, to
identification of more specific gene signatures which may
aid in early detection, identify disease recurrence early, and
provide information with respect to actionable mutations or
genetic changes marking chemoresistance.

In the primary diagnosis setting, analyses of methylation
signatures were reported to aid in the early diagnosis of OC,
e.g., the combination of COL23A1, C2CD4D, and WNT6
methylation identified byWidschwendter and co-workers [61].

Färkkilä et al. analyzed 120 serial plasma samples collected
prospectively from 35 patients with adult granulosa cell tumor
for the presence of FOXL2 402C>G (C134W) mutation, di-
agnostic of this tumor, using digital droplet PCR [62]. FOXL2
mutation in ctDNAwas detected in 12/33 (36%) patients with
measurable disease at the time of sample collection, both at the
primary diagnosis (6/17; 35%) and recurrence (6/31; 19%)
setting, suggesting that this assay can be used as non-
invasive test in this tumor.

Detection of TP53 mutations in primary cancer diag-
nosis or in disease monitoring has been the subject of
several studies [63–65]. Forshew and co-workers de-
signed a set of 48 primer pairs covering the coding re-
gions of TP53 and PTEN, and selected regions in EGFR,
BRAF, KRAS, and PIK3CA. Following assay testing in
formalin-fixed paraffin-embedded (FFPE) ovarian tumor
tissue, the test was applied to seven plasma samples, all
of which were positive for TP53 mutations in ctDNA. A
de novo EGFR mutation absent in the primary tumor was
additionally found in a recurrent case. Subsequent anal-
ysis of 62 plasma samples from 37 HGSC patients iden-
tified 39 mutations. Monitoring of ctDNA over time was
additionally feasible [63].

In the study by Parkinson [64], the same research
group assessed the possibility to monitor treatment re-
sponse in HGSC based on TP53 status in ctDNA. Serial
plasma samples collected from 40 patients with HGSC
were tested for 31 TP53 mutations identified in their
tumors in analysis of FFPE specimens. The TP53 mu-
tant allele fraction (TP53MAF) correlated with radiolog-
ic tumor volume measurements and the TP53MAF to
disease volume ratio was higher in relapsed compared
to untreated patients. In relapsed disease, pre-treatment
TP53MAF concentration, but not CA 125, was associ-
ated with time to progression. Response to chemothera-
py was seen earlier with ctDNA than with CA 125.

Park and co-workers recently reported on good agreement
between ctDNA, fresh frozen tissue and FFPE tissue in TP53
mutation analysis [65].

Monitoring of BRCA status is another potential setting in
which ctDNAmay have a role. Christie et al. analyzed plasma
and tumor specimens from 30 patients diagnosed with HGSC
who had BRCA1 or BRCA2 germline mutation, including 14
patients with samples prior to primary debulking surgery and
16 patients with disease recurrence. BRCA mutations were
found in all tumors. However, reversion mutations predicted
to restore the BRCA1/2 open reading framewere found only in
five cases, all from patients with recurrent disease. cfDNA
showed this reversion in three of these five cases, and test
sensitivity depended on the abundance of tumor-derived
DNA. Reversion of BRCA status was associated with resis-
tance to platinum or poly-ADP ribose polymerase (PARP)
inhibitor therapy [66].

Weigelt et al. analyzed BRCA status in cfDNA from 19
patients with stage III/IV platinum-resistant or platinum-
refractory OC (18 HGSC, 1 endometrioid) and 5 patients with
breast cancer using massively parallel sequencing. Putative
BRCA1 or BRCA2 reversion mutations were identified in 4
OC and 2 breast cancer patients. All 19 OC had TP53 muta-
tion. Other mutations detected were in the NF1, ERCC4, RB1,
and CHEK2 genes [67].

Martignetti and co-workers reported on FGFR2 fu-
sion detected in ctDNA from a patient with serous
OC. This assay had superior sensitivity compared to
CA 125 in disease monitoring [68].

Morikawa et al. analyzed the presence of PIK3CA
and KRAS mutations in tumor tissue and cfDNA in a
series of 33 clear cell OC. PIK3CA mutation was found
in tumor tissue in five cases and was demonstrated in
the cfDNA in two of these patients. KRAS mutation was
found in three tumors, and in one of these cases was
also detected in cfDNA [69].

PIK3CA mutations were also detected in ctDNA from cer-
vical cancer patients in 26/117 (22%) cases, the majority con-
stituting squamous cell carcinomas. The presence of PIK3CA
mutations was significantly associated with larger tumor size
and shorter DFS and OS [70]. In another study, HPV DNA
levels, measured in cfDNA, were reported to be affected by
immunotherapy, suggesting a possibility to measure treatment
response using this assay [71].

Cohen et al. recently identified a cancer-specific assay
consisting of detection of mutations in ctDNA and measure-
ment of circulating proteins, which they termed CancerSEEK.
Applied to 1005 samples from patients with eight types of
non-metastatic cancer, including OC, this test had sensitivity
at 70%. The assay was positive in only 7/812 controls from
healthy subjects, i.e., specificity of 99% [72].

This rapidly evolving field is likely to assume a central role
in cancer management in the future.
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