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Purpose
The purpose of this study was to identify the clinical utility of circulating tumor DNA (ctDNA)
from ascites and serial plasma samples from epithelial ovarian cancer (EOC) patients.    

Materials and Methods
Using targeted next-generation sequencing, we analyzed a total of 55 EOC samples including
ctDNA from ascites and serial plasma and gDNA from tumor tissues. Tumor tissues and 
ascites were collected during debulking surgeries and plasma samples were collected 
before and after the surgeries. Because one EOC patient underwent secondary debulking
surgery, a total of 11 tumor tissues, 33 plasma samples, and 11 ascites samples were 
obtained from the 10 patients.

Results
Of the 10 patients, nine (90%) contained somatic mutations in both tumor tissues and 
ascites ctDNA. This mutational concordance was confirmed through correlation analysis.
The mutational concordance between ascites and tumor tissues was valid in recurrent/pro-
gressive ovarian cancer. TP53 was the most frequently detected gene with mutations. ctDNA
from serial plasma samples identified EOC progression/recurrence at a similar time or even
more rapidly than cancer antigen 125, an established serum protein tumor marker for EOC. 

Conclusion
Our data suggest that ascites ctDNA can be used to identify the mutational landscape of
ovarian cancer for therapeutic strategy planning. 
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Introduction

Epithelial ovarian cancer (EOC) is the most lethal gyneco-
logic malignancy, largely due to late-stage diagnoses [1,2].
The most common histological EOC subtype is high-grade
serous adenocarcinoma (52%), followed by endometrioid
(10%), mucinous (6%), and clear cell adenocarcinomas (6%)
[1]. They are further grouped as type I or type II based on
clinicopathologic factors. Molecular characterization has 
revealed that type I EOC comprises endometrioid, mucinous,
and clear cell carcinomas [3]. Endometrioid and clear cell
types harbor ARID1A and PI3KCA mutations, whereas the
mucinous type harbors KRAS mutations. Type II EOC 
includes high-grade serous carcinoma and frequently har-
bors TP53 and BRCA1/2 mutations.

Most EOC patients are diagnosed at stage III (51%) or IV
(29%) and have accompanying cancer seed cells in the pel-
vic/abdominal cavity and malignant ascites [1,4]. In newly
diagnosed EOC, ascites is treated by conventional debulking
surgery and chemotherapy. However, malignant ascites 
develops in most advanced or recurrent EOCs. Ascites not
only deteriorates quality of life, but also plays a role in the
development of pelvic/abdominal metastasis [5]. In a previ-
ous study, we discovered that somatic mutations in ovarian
cancer were highly conserved in ascitic cell genomes despite
the intratumoral heterogeneity. In addition, the data sug-
gested that ascitic cells might originate from multiple regions
of solid ovarian cancer, suggesting that ascites may become
useful for ovarian cancer diagnosis [6].

Cell-free nucleic acids in human blood were first described
70 years ago and the origins and characteristics of cell-free
DNA (cfDNA) were studied in subsequent decades [7].
Thirty years ago, some cfDNA in the plasma of cancer pati-
ents was revealed to originate from cancer cells, with later
work elucidating that mutations in cfDNA are a highly spe-
cific marker for cancer [7], giving rise to the term “circulating
tumor DNA” (ctDNA). Compared with tissue biopsy, liquid
biopsy using cfDNA is a less invasive method of analyzing
genomic profiles of mutations across the entire cancer
genome, and serial sampling for monitoring the disease bur-
den and clonal evolution is feasible [7,8]. Besides blood, both
cfDNA and ctDNA are detected in various body fluids, 
including urine, cerebrospinal fluid, pleural fluid, saliva, and
ascites. Of them, it was suggested that ctDNA from ascites
may provide additional information not detected by tumor
and plasma ctDNA molecular characterization in various
cancers [9,10]. However, the ctDNA from ovarian cancer 
ascites has not yet been fully elucidated.

In this study, we performed targeted next-generation 
sequencing of gDNA from tumor biopsies and ctDNA from
serial plasma samples and ascites from 10 EOC patients. The

primary aim of the study was to determine the feasibility of
analyzing ctDNA from ascites and to elucidate the muta-
tional concordance among the three samples (tumor biopsies
and ctDNA from plasma and ascites). The secondary aim
was to evaluate whether ctDNA from serial plasma samples
can be correlated with the disease burden.

Materials and Methods

1. Samples

All specimens from the EOC patients (stages III and IV) in
this study were obtained with appropriate consent and 
approval of the institutional review board. Fresh frozen
tumor tissues and malignant ascites were collected during
primary debulking surgery. The tumor tissue from each EOC
patient was ! 1"1"1 cm3 and malignant ascites was collected
in volumes of ! 10 mL. From each patient, 10 mL of blood
was collected within 1 week before the debulking surgery
and within 1 week after the surgery. From six of the 10 EOC
patients, an additional 10 mL of blood was collected after
6/9/12 cycles of chemotherapy and at disease recurrence/
progression (S1 Table). Thus, a total of 11 tumor tissues, 33
plasma samples, and 11 ascites samples were obtained from
the 10 EOC patients (Fig. 1). 

2. Preparation of ctDNA

ctDNA was extracted from plasma and ascites using the
QIAamp Circulating Nucleic Acid Kit (Qiagen, Valencia, CA)
according to the manufacturer’s instructions. Initial QC
checks of eluted ctDNA were performed using the Qubit
dsDNA HS Assay Kit and the Qubit 2.0 fluorometer (Life
Technologies, Carlsbad, CA) and the 2100 Bioanalyzer with
High-Sensitivity DNA chips (Agilent Technologies, Santa
Clara, CA) according to the manufacturers’ instructions.

3. Sequencing library construction and target enrichment
   
gDNA libraries were prepared with the SureSelect XT pro-

tocol (Agilent Technologies), whereas ctDNA libraries were
prepared with the SureSelect XT low-input protocol (Agilent
Technologies). Prepared libraries were captured by Axen
Cancer Panel 1, which includes 88 genes (Macrogen, Seoul,
Korea) (S2 Table). For each sample, libraries were individu-
ally indexed and molecular-barcoded. Their quality was
checked using the 2100 Bioanalyzer (Agilent Technologies)
and a product size of 200-400 bp was required. The libraries
were then quantified using the Qubit dsDNA HS Assay Kit
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and the Qubit 2.0 fluorometer (Life Technologies). The
paired-end (2"150 bp) sequencing was performed on a
NextSeq500 instrument (Illumina, San Diego, CA) with high
output using Sequencing by Synthesis chemistry to a depth
of approximately 5,000" coverage.

4. Targeted next-generation sequencing and data analysis

The adapter sequences of gDNA libraries and ctDNA libra-
ries were removed by fastp [11] and Agilent SurecallTrimmer
v4.0.1 (Agilent Technologies), respectively. Trimmed reads
were aligned to the reference genome (GRCh37/hg19) using
BWA-MEM [12]. Poorly mapped reads with a mapping qual-
ity below 20 were removed using Samtools ver. 1.3.1 [13].
Duplicated reads of gDNA libraries and ctDNA libraries
were discarded using Picard MarkDuplicates (ver. 2.2.4) and
Agilent LocatIt v4.0.1 (Agilent Technologies), respectively.

The base quality of deduplicated reads was recalibrated
using GATK4 BaseRecalibrator. Somatic mutations were 
detected using MuTect2 [14], and mutations were examined
using GATK4 FilterMutectCalls, FilterAlignmentArtifacts,
CollectSequencingArtifactMetrics, and FilterByOrientation-
Bias to filter out false-positive calls. A frequency of 0.1% was
applied to assess mutations in ctDNA since the majority of
ctDNA originates from dying non-cancerous cells. ANNO-
VAR (Annotate Variation) was used for functional annota-

tion of each variant in coding regions [15]. Germline variants
were excluded when the minor allele frequency was ! 1% in
the Genome Aggregation Database (East Asian) and KOVA
(Korean Variant Archive) [16]. PROVEAN and SIFT algo-
rithms were used to predict the possible impact of an amino
acid substitution on protein function and structure [17,18].

5. Ethical statement

All specimens from the EOC patients (stages III and IV) in
this study were obtained with appropriate consent and 
approval of the institutional review board of Seoul St. Mary’s
Hospital, The Catholic University of Korea, College of Med-
icine (Development of liquid biopsy-based genomic method
for gynecologic malignancy diagnosis, KC17TNSI0215).

Results

1. Patients, samples, and clinical data

We analyzed 11 tumor tissues, 33 plasma samples, and 11
ascites samples from 10 EOC patients (Fig. 1). The patients
had FIGO (International Federation of Gynecology and 
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*1 patient (EOC3) underwent secondary debulking surgery due to progression

ctDNA from plasma:
collected within 1 week before
the debulking surgery (n=11)

ctDNA from plasma (n=22): collected
 Within 1 week after the debulking surgery
 After 6/9/12 cycles of chemotherapy
 At disease recurrence/progression

Fresh frozen tumor tissue (n=11)
ctDNA from ascties (n=11):
collected during the debulking surgery

Targeted next-generation sequencing and analysis

Correlation to clinical features

Epithelial ovarian cancer patients (n=10)

Fig. 1. Study design. Of 10 epithelial ovarian cancer patients, one (EOC3) underwent secondary debulking surgery. Two
tissue samples and two vials of ascites were collected from each debulking surgery. ctDNA, circulating tumor DNA.



Obstetrics) stage IIIC-IVB with histopathological diagnosis
of high-grade serous adenocarcinoma (n=9) and clear cell
adenocarcinoma (n=1). The clinicopathological features are
described in Table 1. All of the patients underwent debulking
surgery and chemotherapy. Of the 10 EOC patients, nine
were treatment-naïve ovarian cancer patients and 1 (EOC10)
had been treated with neoadjuvant chemotherapy before the
debulking surgery. In addition, three of the 10 EOC patients
carried BRCA1/2 germline mutations (Table 1, S3 Fig.) and
one patient had a family history of ovarian cancer; five 
patients developed recurrence or progression, with one
(EOC3) undergoing secondary debulking surgery at progres-
sion. Variants with 30%-70% mutant allele frequency (MAF)
were considered germline, and BRCA1/2 germline mutations
were confirmed by Sanger sequencing. Serum protein tumor
marker cancer antigen (CA125) was routinely monitored
during the treatment course (upper limit of normal # 35
UI/mL) (S1 Table).

2. Genomic profiling of EOC from ascites ctDNA, preoper-
ative plasma ctDNA, and tumor DNA

All EOC samples underwent targeted next-generation 

sequencing (Axen Cancer Panel 1). The median coverage
depths for tumor tissues, ascites samples, and plasma sam-
ples were 1,232-3,153", 513-3,820", and 181-7,937", respec-
tively (S1 Table). The ascites ctDNA, preoperative ctDNA,
and tumor DNA of the 10 EOC patients harbored 81 (range,
1 to 26), 19 (range, 0 to 7), and 26 (range, 1 to 5) genes with
mutations, respectively (Fig. 2, S4 Table). Of them, TP53 was
the most frequently mutated gene in all of the ascites ctDNA,
preoperative ctDNA, and tumor DNA samples. In addition,
15 mutations (somatic and germline mutations) were 
selected and Sanger sequencing was performed for valida-
tion (S3 Fig.).

Next, we identified the concordance of somatic mutations
among ascites ctDNA, preoperative plasma ctDNA, and
tumor DNA. We found that five of the 10 EOC patients har-
bored at least one gene with a mutation among the three
DNA sources (Fig. 3A, S4 Table). Of them, TP53 (n=4) was
the most frequently mutated gene, followed by NTRK1 (n=1),
PIK3CA (n=1), and MYC (n=1). No somatic mutation was
identified in the preoperative ctDNA of three of the 10 EOC
patients (EOC5, EOC6, and EOC8) but all of their ascites
ctDNA and tumor DNA harbored the TP53 mutation (Table 1).

Furthermore, the MAFs of the shared mutations between

Cancer Res Treat. 2020;52(3):779-788

Table 1.  Clinicopathological features of the 10 epithelial ovarian cancer patients

FIGO, International Federation of Gynecology and Obstetrics; EOC, epithelial ovarian cancer; SNV, single nucleotide vari-
ant.

Patient Age FIGO Pathologic BRCA1/2 germline Prognosis RemarksID (yr) staging diagnosis mutation
EOC1 51 IVB High-grade serous BRCA1 nonsynonymous No recurrence for -

adenocarcinoma SNV (c.T4588C) 33 mo
EOC2 45 IIIC High-grade serous - Recurrence after 10 mo Concurrent thyroid 

adenocarcinoma cancer
EOC3 56 IVB High-grade serous - Progression after 6 mo Secondary debulking 

adenocarcinoma surgery was performed
EOC4 61 IIIC High-grade serous BRCA2 nonsynonymous Recurrence after 15 mo -

adenocarcinoma SNV (c.A4376G)
EOC5 59 IIIC High-grade serous - No recurrence for 27 mo -

adenocarcinoma
EOC6 44 IIIC High-grade serous - Recurrence after 12 mo Sister: ovarian cancer

adenocarcinoma
EOC7 65 IIIC Clear cell - Recurrence after 10 mo -

adenocarcinoma
EOC8 46 IIIC High-grade serous - No recurrence after -

adenocarcinoma 7 mo
EOC9 61 IVA High-grade serous BRCA2 nonsynonymous Expired after 3 mo -

adenocarcinoma SNV (c.G6325A) due to septic shock
EOC10 50 IIIC High-grade serous - No recurrence after Three cycles of 

adenocarcinoma 7 mo neoadjuvant 
chemotherapy
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ascites ctDNA and preoperative plasma ctDNA, between 
ascites ctDNA and tumor DNA, and between preoperative
plasma ctDNA and tumor DNA were identified (Fig. 3B).
Spearman’s correlation analysis revealed a strong and sig-
nificant positive correlation between ascites ctDNA and
tumor DNA (Spearman r=0.650, p=0.009). Although the 
associations were not significant, moderate and weak posi-
tive correlations were found between ascites ctDNA and pre-
operative plasma ctDNA and between preoperative plasma
ctDNA and tumor DNA.

3. Longitudinal monitoring of somatic mutations in plasma
ctDNA and CA125

We performed serial monitoring of the detected somatic
mutations in 33 plasma samples from the 10 EOC patients.
All serial plasma samples of patients without preoperative
ctDNA mutation identified before debulking surgery were
also sequenced to track the potential emergence of mutations
(S4 Table). For the six patients with identified preoperative
ctDNA mutations before debulking surgery, the subsequent
monitoring of MAF in consecutive plasma samples was com-
pared with CA125 levels (upper limit of normal # 35 UI/mL)

(S1 Table, S5 Fig.). Preoperative and postoperative plasma
ctDNA was obtained from all patients. The data showed that
the MAF from preoperative plasma ctDNA decreased after
debulking surgery, similar to the CA125 level. From six 
patients, we identified 23 somatic mutations (in 19 genes) in
preoperative plasma ctDNA; most of their MAF values (17
of 23) decreased to zero postoperatively, whereas the CA125
level decreased to 20% of the preoperative value, on average.
In addition, we found that the MAF of TP53, the most com-
monly detected gene with mutations, from plasma ctDNA
had a strong positive correlation with CA125 (Spearman
r=0.658, p=0.001) (Fig. 4).

Plasma ctDNA was obtained after progression/recurrence
from two of the 10 EOC patients (EOC3 and EOC4); one 
underwent secondary debulking surgery, with ascites ctDNA
and tumor DNA obtained during the surgery (EOC3).

1) Patient EOC3

A 56-year-old female patient with high-grade serous ade-
nocarcinoma had TP53, EGFR, and ETV5 mutations in pre-
operative plasma ctDNA with TP53 concurrently detected in
tumor DNA and ascites ctDNA from debulking surgery (Fig.

Mi-Ryung Han, ctDNA from Ascites and Plasma in Ovarian Cancer

EOC1

AB
L1

AL
K

AP
C

AR AT
M

BR
CA

1
CC

ND
1

CT
NN

B1
EG

FR
ER

BB
2

ER
BB

3
ER

BB
4

ET
V1

ET
V4

ET
V5

EZ
H2

FA
NC

A
FB

XW
7

FG
FR
1

FG
FR
2

FG
FR
4

GN
AS

ID
H2

JA
K3

KD
R

KI
T

M
LH

1
M
PL

M
TO

R
M
YC

M
YC

N
NO

TC
H1

NR
AS

NT
RK

1
NT

RK
2

PD
GF

RA
PI
K3
CA

PI
K3
R1

PP
AR

G
PT

PN
11

RE
T

RO
S1

RU
NX

1
SM

AD
4

SM
AR

CB
1

SM
O

SR
C

TP
53

As
ci

te
s c

tD
NA

Tu
m

or
 D

NA
Pr

eo
pe

ra
tiv

e
pl

as
m

a 
ct

DN
A

EOC2
EOC3
EOC4
EOC5
EOC6
EOC7
EOC8
EOC9

EOC10
EOC1
EOC2
EOC3
EOC4
EOC5
EOC6
EOC7
EOC8
EOC9

EOC10
EOC1
EOC2
EOC3
EOC4
EOC5
EOC6
EOC7
EOC8
EOC9

EOC10

Nonsynonymous mutation
Frameshift indel
Stopgain
Nonframeshift indel

Fig. 2. Somatic mutations detected in ascites circulating tumor DNA (ctDNA), preoperative plasma ctDNA, and tumor
DNA. Genes with somatic mutations are listed on the x-axis and samples are shown on the y-axis. Nonsynonymous muta-
tions, frameshift indels, stop-gain mutations, and nonframeshift indels are shown in blue, red, green and orange, respec-
tively.

VOLUME 52 NUMBER 3 JULY 2020  783



Cancer Res Treat. 2020;52(3):779-788

n=1 n=1

A=P0=T
EOC1

n=15 n=1 n=1n=2

A
P0

EOC2
A

T

A AP0 P0, n=0

n=2 n=3 n=3 n=8n=2 n=2

T
P0

EOC3 EOC4 EOC5

A

n=1n=1

T T

EOC6

n=25 n=1 n=1n=1 n=3

n=3

n=3

n=1

n=1
A

T

EOC7
A AP0 P0, n=0

n=3

n=2 n=2
n=2

n=8

n=2

TA
EOC8 EOC9 EOC10

P0

n=1

T

n=2

T

T P0, n=0 P0, n=0

n=1n=1

A

Spearman, r=0.490
p=0.106

Pr
eo

pe
ra

tiv
e

pl
as

m
a 

ct
DN

A 
(M

AF
)

1.0

0

0.2

0.4

0.6

0
Ascites ctDNA (MAF)

0.2 0.4 1.00.6 0.8

0.8

B
Spearman, r=0.650
p=0.009

Tu
m

or
 D

NA
 (M

AF
)

1.0

0

0.2

0.4

0.6

0
Ascites ctDNA (MAF)

0.2 0.4 1.00.6 0.8

0.8

Spearman, r=0.286
p=0.535

Tu
m

or
 D

NA
 (M

AF
)

1.0

0

0.2

0.4

0.6

0
Preoperative plasma ctDNA (MAF)

0.2 0.4 1.00.6 0.8

0.8

Fig. 3. Mutational concordance between ascites circulating tumor DNA (ctDNA), preoperative plasma ctDNA, and tumor
DNA. (A) Numbers of somatic mutations co-detected in ascites ctDNA, preoperative plasma ctDNA, and tumor DNA are
shown in red, blue, and black, respectively. (B) Comparison of mutant allele frequencies of the shared mutations between
preoperative plasma ctDNA and ascites ctDNA, tumor DNA and ascites ctDNA, and tumor DNA and preoperative ctDNA.
The mutant allele frequencies (MAF) are shown on the x- and y-axes.

784 CANCER  RESEARCH  AND  TREATMENT



4, S5 Fig.). Chemotherapy was performed after the primary
surgery, but computed tomography (CT) imaging revealed
that the disease progressed after 5 months. Thus, the patient

underwent secondary debulking surgery 17 months after the
primary debulking surgery. Preoperative/postoperative
plasma ctDNA, ascites ctDNA, and tumor DNA were obtai-
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ned during the secondary debulking surgery, as with the pri-
mary debulking surgery. Particular attention was paid to
TP53 mutations, which were detected in all of the plasma
ctDNA/ascites ctDNA and tumor DNA. The data showed
that the TP53 MAF (p.G113fs) decreased after primary debul-
king surgery but was re-identified in preoperative/postop-
erative plasma ctDNA during secondary debulking surgery.
The TP53 MAF from plasma showed a similar pattern of an
increase compared with CA125 during disease progression.
During the secondary debulking surgery, the TP53 mutation
was also detected in ascites ctDNA with a higher MAF than
during the primary debulking surgery (0.495 and 0.084 dur-
ing the secondary and primary debulking surgeries, respec-
tively); this mutation was also found in tumor tissue (Fig. 4,
S4 Table).

2) Patient EOC4 

A 61-year-old female patient with high-grade serous ade-
nocarcinoma had FGFR1, FGFR2, NOTCH1 (c.C6767T and
c.4732_4734del), and TP53 mutations in preoperative plasma
ctDNA, with TP53 concurrently detected in tumor DNA and
ascites ctDNA from debulking surgery (Fig. 4, S5 Fig.). After
the surgery, the patient underwent chemotherapy. CT imag-
ing showed that the disease recurred after 17 months (at P5).
The TP53 MAF (0.014) was increased at P4 (12 months after
the primary debulking surgery) before the diagnosis of 
recurrence by CT imaging (at P5), but the CA125 (upper limit
of normal # 35 UI/mL) was not increased.

Discussion

In this study, we attempted to determine the clinical utility
of ctDNA from ascites and serial plasma samples of ovarian
cancer using targeted next-generation sequencing. First, we
observed that ctDNA mutations from ascites are correlated
with DNA mutations from tumor biopsies. Second, our data
showed that ctDNA from serial plasma samples is a promis-
ing approach to monitor disease progression.

Our data support previous studies indicating that cfDNA
from ascites may be clinically useful and provide additional
information that is not available from plasma cfDNA [9,10].
Of the 10 EOC patients, nine (90%) contained somatic muta-
tions in both tumor tissues and ascites ctDNA and this 
mutational concordance was confirmed with correlation
analysis (Fig. 3). The remaining patient (EOC10) who did not
harbor somatic mutations in either ascites ctDNA or tumor
tissues underwent neoadjuvant chemotherapy before the 
ascites ctDNA was obtained. This finding suggests that 

ascites sampling through ascites tapping before neoadjuvant
chemotherapy may increase the detection rate of somatic
mutations in ascites ctDNA.

In the present study, there is strong mutational concor-
dance between ascites and tumor tissues in recurrent/pro-
gressive ovarian cancer. One patient (EOC3) underwent
secondary debulking surgery due to disease progression,
with ascites ctDNA obtained at this time. We found that the
ascites ctDNA re-identified the TP53 MAF (p.G113fs) 
detected in the ascites ctDNA and tumor tissue from the pri-
mary debulking surgery and serial plasma samples. Notably,
the TP53 MAF was re-identified in the tissue from the sec-
ondary debulking surgery. Taken together, the data may
suggest that ascites ctDNA can be a valuable tool for identi-
fying overall heterogeneous ovarian cancer genomes as
genomes of ascitic cells [6].

TP53 mutations were the most frequently co-occurring 
genomic alterations among ascites ctDNA, preoperative
plasma ctDNA, and tumor DNA from EOC patients. Many
studies have shown that TP53 mutations are significantly 
associated with EOCs because TP53 mutations are identified
in 97% of the most aggressive high-grade serous ovarian car-
cinomas, which account for more than two-thirds of all ovar-
ian cancers [19]. We also found that NTRK1, PIK3CA, and
MYC mutations co-occurred among ascites ctDNA, preoper-
ative plasma ctDNA, and tumor DNA from our EOC pati-
ents. In a previous study, somatic mutations in the PIK3CA
gene were found in 12% of ovarian cancer patients [20] and
over 90% of ovarian cancers show mutations in the MYC
pathway network, indicating MYC as a potential molecular
marker in ovarian cancer [21]. Thus, it is necessary to evalu-
ate mutations in genes other than TP53.

The CA125 serum protein marker is used not only for ovar-
ian cancer screening, but also as a response marker for the
disease. Although it is sensitive for the detection of ovarian
cancer, it lacks specificity. In addition, because the CA125
level may not change rapidly enough to reflect the effect of
the treatment, ctDNA from plasma has been studied as a
promising alternative [22,23]. Previous studies demonstrated
that ctDNA in plasma from ovarian cancer is a prognostic
biomarker and associated with the time to progression [24-26].
Using targeted next-generation sequencing of serial plasma
ctDNA, we found that ctDNA from plasma detects ovarian
cancer progression/recurrence at a similar time or even more
rapidly than the CA125 level (EOC3 and EOC4). TP53 muta-
tions were the most frequently co-occurring genomic alter-
ations among ascites ctDNA, preoperative plasma ctDNA,
and tumor DNA in EOC patients. In addition, we found that
the TP53 MAF from plasma ctDNA had a strong positive cor-
relation with the CA125 level (Fig. 4). This finding supports
the recent evidence suggesting that a combination assay of
ctDNA from plasma and a protein marker may become a
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valuable tool with higher diagnostic sensitivity for ovarian
cancer [27].

The present study has several limitations to consider. First,
our relatively small sample size, compared to recent targeted
next-generation sequencing studies, may cause our study to
be underpowered. Although our sample groups are small
compared with other studies, we designed our study to pro-
vide an accurate initial diagnosis as well as continual moni-
toring of EOC patients. Second, we only investigated genetic
variants in the coding regions of 88 genes. However, previ-
ous studies found that variants located in the intronic and
non-coding regions of genomes may play an important role
in identifying individuals at genetic risk for developing ovar-
ian cancer [28,29]. Thus, this targeted-sequencing study has
limitations in identifying genetic variants associated with
EOC in non-coding regions. Further studies are required to
elucidate our findings.

This is the first study to not only identify the clinical utility
of ascites ctDNA, but also its mutational concordance with
tumor tissues. We also showed that plasma ctDNA was 
associated with CA125, a serum protein marker. In this 

regard, our data strongly suggest that ascites ctDNA might
be more suitable than plasma ctDNA for identifying the mu-
tational landscape of ovarian cancer and assisting therapeutic
strategy planning. In addition, a combination assay of plas-
ma ctDNA and CA125 could be used to increase the diag-
nostic sensitivity of ovarian cancer.
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