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Ning et al.: Detection of plasma circulating tumor DNA in ovarian cancer

To explore the application value of circulating tumor DNA in the diagnosis of benign and malignant 
ovarian tumors and its clinical significance in ovarian malignant tumors. A total of 70 patients with 
ovarian tumors who treated surgery in the first people’s hospital of Lianyungang and the affiliated cancer 
hospital of Nanjing medical university from January 2017 to August 2020 were collected, including  
32 cases of benign tumors, 15 cases of cross-sectional tumors, and 23 cases of malignant tumors. Venous 
blood was collected before the operation, and the expression level of the plasma circulating tumor DNA 
was detected by Next-Generation Sequencing, and the expression of circulating tumor DNA chromosome 
copy number variation in benign and malignant ovarian tumors was analyzed. At the same time, the 
relationship between the preoperative plasma circulating tumor DNA and clinicopathological features 
such as tumor size, clinical stage, histological grade, pathological type, and related immunohistochemical 
indexes were analyzed. There was a significant difference in preoperative plasma circulating tumor DNA 
among patients with benign, cross-sectional, and malignant tumors of the ovary (p<0.05). In terms of 
the clinical stage, there were 9 cases in the early stage group (I+II), 5 (55.56 %) cases were positive for 
plasma circulating tumor DNA before the operation. In the advanced stage group (III+IV), there were 
14 cases, 12 (85.71 %) cases were positive for plasma circulating tumor DNA before the operation. In the 
histological grade of malignant ovarian cancer, there were 6 cases of ovarian low-grade cancer, of which  
3 (50.0 %) cases were positive for plasma circulating tumor DNA before the operation. There were 17 cases 
of ovarian high-grade cancer, of which 14 (82.35 %) cases were positive for plasma circulating tumor DNA 
before the operation. Among the pathological types of tumors, there were 16 cases of plasma carcinoma 
and 14 (87.5 %) cases were positive for plasma circulating tumor DNA. There were 7 cases of non-plasma 
carcinoma and 3 (42.85 %) cases were positive for plasma circulating tumor DNA. In terms of tumor 
size, there were 7 cases with a diameter <10cm, of which 3 (42.85 %) cases were circulating tumor DNA 
positive. There were 16 cases of tumor diameter ≥10 cm, of which 14 (87.5 %) cases were circulating tumor 
DNA positive. In terms of pathological immunohistochemistry, among the 17 ovarian cancer patients 
with positive preoperative plasma circulating tumor DNA, there were 14 (82.35 %) patients with p53 
mutation, and 3 (17.65 %) negative patients. There was no significant difference between the detection 
rate of plasma circulating tumor DNA and the immunohistochemical indexes such as Ki67, P16, estrogen 
receptor, progesterone receptor, and Wilms tumor protein-1 before the operation. Circulating tumor DNA 
level has a high predictive value for the disease progression in patients with ovarian cancer, and can be 
used as a reference index for clinical monitoring of patients’ condition and prognosis. 
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Among the malignant tumors of female reproductive 
organs, the incidence of ovarian cancer occupies the third 
place, and its mortality occupies the first place[1]. The 
ovary was located in the deep part of the pelvic cavity, 
and there were often no obvious clinical symptoms and 

special discomfort in the early stage of the disease, and 
there was no sensitive and effective screening method 
in the early stage of the disease. Although most of the 
patients come to the hospital when they have clinical 
symptoms such as abdominal distension, abdominal 
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pain, massive ascites, and abdominal masses, the 
patients were often in the advanced stage of the disease. 
With the metastasis and spread of the tumor, the 
development of the stage also leads to the difficulty of 
surgical treatment and poor prognosis. At the same time, 
more than 50 % of the patients often have recurrence 
and chemotherapy resistance in the course of treatment, 
which was a serious threat to the health of the women.

The occurrence and development of ovarian cancer[2] 
were related to a variety of gene mutations. Therefore, 
the detection of these mutations in the patients’ blood 
and tumor tissues can not only explore the pathogenesis 
of the tumor, but also can be used as a specific molecular 
marker for tumor diagnosis and disease monitoring[3]. 
In recent y, with the continuous development of tumor 
molecular biology and the completion of the Human 
Genome Project, the minimally invasive and repeatable 
circulating tumor DNA (ctDNA) detection technology 
has been widely used in the tumor diagnosis and disease 
monitoring[4]. ctDNA was a DNA fragment released 
into the blood, which originates from the necrosis 
and apoptosis of the tumor cells in the primary tumor 
and its metastatic foci, as well as from the exosome 
secreted by the tumor cells. ctDNA can not only reflect 
the tumor load[5-6], but also contain the biological 
information originate from the primary tumor[7]. At 
present, there were few studies on ovarian cancer 
by ctDNA. It has been reported that the ctDNA was 
detected in peritoneal lavage fluid, ascites, and serum 
of patients with gynecological malignant tumors such 
as ovarian cancer, which means that the ctDNA can be 
used for the detection of ovarian cancer[8,9]. However, 
extreme low concentrations make the detection 
challenging, particularly at the early stages of tumor 
development.  There were few studies on the ctDNA 
in ovarian cancer, especially the relationship between 
ctDNA and clinicopathological features of ovarian 
cancer[10-12]. Therefore, in this study, Next-Generation 
Sequencing (NGS) was used to detect the plasma 
ctDNA chromosome copy number variation and its 
content expression, and to analyze the expression of 
ctDNA in different ovarian tumors. By detecting the 
content of ctDNA in patients with different stages of 
ovarian cancer before the operation, and analyzing 
the relationship between preoperative plasma ctDNA 
and cancer antigen 125 (CA125) level, tumor size, 
Federation of Gynecology and Obstetrics (FIGO) stage, 
tissue differentiation, postoperative pathological type, 
p53, and other clinicopathological features, to further 

explore the expression of ctDNA in ovarian cancer with 
different clinicopathological features and its possible 
influencing factors.

MATERIALS AND METHODS

Clinical data:

A total of 70 patients with ovarian tumors were collected 
in The First People’s Hospital of Lianyungang and 
The Affiliated Cancer Hospital of Nanjing Medical 
University from January 2017 to August 2020, 
including 32 cases of benign ovarian tumors, 15 cases 
of cross-sectional ovarian tumors, and 23 cases of 
ovarian malignant tumors. 

Inclusion criteria: the patients entered the group 
voluntarily and signed informed consent; patients 
with good compliance and cooperation of follow-up; 
the patients without the history of a malignant tumor 
or history of a malignant tumor and operation in other 
parts, and did not receive radiotherapy or chemotherapy 
before the operation; the patients met the criteria of 
FIGO staging in 2018. 

Exclusion criteria: the patients with poor compliance, 
or unwilling to participate in this study; the patients 
with hepatitis, colitis, and other long-term chronic 
inflammation; the patients with serious immune 
systemic diseases such as systemic lupus erythematosus. 

Before the operation, 10 ml of the elbow vein blood 
was collected from each patient with ovarian cancer 
for ctDNA detection. All patients treated with surgical 
treatment, the ovarian benign tumors treated with 
ovariectomy or adnexectomy, the ovarian cross-
sectional tumors and malignant tumors treated with 
staged surgery or ovarian tumor cytoreductive surgery 
or ovarian cancer exploration. The postoperative 
pathology was confirmed by two senior pathologists 
in the department of pathology. P53, Ki67, p16, 
estrogen receptor (ER), progesterone receptor (PR), 
Wilms tumor protein-1 (WT-1), and other related 
immunohistochemical indexes were detected in the 
cross-sectional and malignant tumors.

All patients with ovarian malignant tumors were 
staged according to the FIGO 2009 staging criteria, 
histologically classified and graded according to the 
World Health Organization (WHO) principles, and 
treated according to the guidelines for diagnosis and 
treatment of ovarian cancer.

Extraction and detection of plasma ctDNA:
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Among the 23 cases of ovarian malignant tumors,  
5 cases were in stage I according to FIGO 2018 stage, 
and 3 cases were positive for plasma ctDNA. There 
were 4 cases in stage II and 2 cases were positive in 
plasma ctDNA. There were 7 cases in stage III, 6 cases 
were positive in plasma ctDNA and there were 7 cases 
in stage IV, 6 cases were positive in plasma ctDNA. The 
tumors were divided into the early stage group (I+II) 
and the advanced stage group (III+IV). Among them, 
there were 9 cases in the early group, 5 (55.56 %) cases 
were positive in plasma ctDNA before the operation. 
There were 14 cases in the advanced group, 12 (85.71 
%) cases were positive in plasma ctDNA before the 
operation, the difference between the two groups was 
statistically significant (p<0.05, fig. 2).

Among the 23 cases of ovarian malignant tumors, there 
were 6 cases of ovarian low-grade cancer, of which  
3 (50.0 %) cases were positive for plasma ctDNA. There 
were 17 cases of ovarian high-grade cancer, of which 

Before treatment, 10 ml of elbow vein blood from 
the patients with ovarian tumor was collected in the 
Ethylenediaminetetraacetic Acid (EDTA) anticoagulant 
blood tube, and the tube was gently reversed for 10 times, 
and the plasma was separated. ctDNA was extracted by 
HiPure free DNA extraction kit and interrupted to the 
size of 300 bp by ultrasound. The concentration of free 
DNA was determined by Qubit dsDNA HS Assay Kit, 
and the Agilent 2100 fragment was analyzed by High 
sensitivity DNA reagents kit and High sensitivity DNA 
chips kit.

ctDNA sequencing and percentage determination:

NEBNext ®Ultra broken DNA Library Prep Kit was 
used to build the library of DNA. After the segmented 
DNA was repaired into the blunt-end double-stranded 
DNA, an adenylate was added at the 3’ end as a linker, 
thus the T of the 3’ linker was complementary to the 
A on the double strand DNA, and the library was 
amplified by Polymerase chain reaction (PCR). The 
PCR products were sequenced by NGS.

Observation index:

The changes of plasma ctDNA content and chromosome 
copy number in patients with benign, cross-sectional 
and malignant ovarian tumors were observed and 
analyzed before the operation. The correlation 
between the preoperative plasma ctDNA content and 
preoperative blood CA125 level, tumor size, clinical 
stage, histological grade, pathological type, p53, and 
other clinical and pathological factors of ovarian cancer 
were analyzed.

Statistical analysis:

SPSS 20.0 software was used for statistical analysis, 
and chi-square test was used to analyze the counting 
data. The measurement data were analyzed by t-test 
and p<0.05 means the difference was statistically 
significant.

RESULTS AND DISCUSSION

As can be seen from the fig. 1, among the 32 cases of 
benign ovarian tumors, 2 (6.25 %) cases were ctDNA 
positive, of which 2 (6.25 %) cases were ovarian 
endometrioma, 1 (3.13 %) case mature teratoma of 
the ovary. 15 cases were an ovarian cross-sectional 
tumor, only 1 (6.67 %) case was plasma ctDNA 
positive. Among 23 cases of ovarian malignant tumors,  
17 (73.91 %) cases were ctDNA positive, the difference 
was statistically significant (p<0.05).

Fig. 1: Preoperative plasma ctDNA expression in patients with 
benign, cross-sectional, and malignant ovarian tumors

Fig. 2: Relationship between the preoperative plasma ctDNA 
and clinical stage of ovarian malignant tumor
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the operation (fig. 5).

P53, Ki67, P16, ER, PR, WT-1, and other 
immunohistochemical indexes were detected in the  
23 ovarian cancer patients after operation. The results 
in Table 1 showed that there was a correlation between 
preoperative plasma ctDNA detection rate and p53 
mutation. Among the 23 cases of ovarian cancer,  
17 cases were preoperative blood ctDNA positive 
patients, 14 (82.35 %) cases of immunohistochemical 
p53 mutation patients, and 6 cases of preoperative blood 
ctDNA negative patients, tissue immunohistochemistry 
detected p53 mutation patients 3 (50 %) cases, the 
agreement reached 73.91 %. The difference was 
statistically significant (p<0.05). However, there was 
no significant difference between the detection rate of 
plasma ctDNA and the immunohistochemical indexes 
such as Ki67, p16, ER, PR, and WT-1 before the 
operation.

Ovarian cancer was the third most common 
gynecological malignant tumor in the world, and it was 
the main cause of death of patients with gynecological 
malignant tumor[13]. Epithelial ovarian cancer was the 
main type of ovarian malignant tumor, with histology 
and molecular heterogeneity, which was a highly 
invasive malignant tumor. In the past 30 y, little progress 
has been made in the standard chemotherapy and 
overall survival (OS) for ovarian cancer[14]. The main 
treatment was surgery to remove the tumor lesions and 
to achieve the tumor cell reduction as far as possible, 
and combined with postoperative chemotherapy 
(paclitaxel+platinum)[15-17]. However, chemotherapy 
resistance and disease recurrence were observed in 
more than half of the cases[18,19].

In recent y, with the continuous development of NGS 

14 (82.35 %) cases were positive for plasma ctDNA. 
The difference was statistically significant (p<0.05, 
fig. 3).

A total of 23 cases of ovarian malignant tumors were 
divided into two groups, plasma carcinoma group 
and non-plasma carcinoma group. Among 16 cases 
of plasma carcinoma, 14 (87.5 %) cases were ctDNA 
positive. Among the 7 cases of non-plasma carcinoma, 
3 (42.86 %) cases were ctDNA positive, the difference 
was statistically significant (p<0.05, fig. 4).

A total of 23 cases of ovarian malignant tumors were 
divided into 2 groups according to tumor size. The 
tumor diameter of 7 patients was less than 10 cm, of 
which 3 (42.86 %) cases were ctDNA positive. The 
tumor diameter of 16 patients was ≥10 cm, of which 
14 (87.5 %) cases were ctDNA positive. The difference 
was statistically significant (p<0.05). With the increase 
of tumor diameter, the positive rate of ctDNA increased 
significantly. There was a correlation between the 
detection rate of plasma ctDNA and tumor size before 

Fig. 3: Relationship between the preoperative plasma ctDNA 
and histological grade of ovarian malignant tumor

Fig. 4: Relationship between preoperative plasma ctDNA and 
pathological types of ovarian malignant tumors

Fig. 5: The correlation between preoperative plasma ctDNA 
and tumor size in patients with ovarian malignant tumor
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Of the 14 patients with advanced ovarian cancer, 12  
(85.71 %) were plasma ctDNA positive before the 
operation, which was similar to that reported in the 
literature. It was significantly higher than that of the 
early ovarian cancer, and the difference was statistically 
significant. Ovarian cancer was mainly abdominal 
colonization and lymphatic metastasis, and the blood 
metastasis occurs only in the advanced stage. Thus the 
preoperative detection rate of plasma ctDNA in the 
early ovarian cancer was low, while the preoperative 
detection rate of plasma ctDNA in the advanced ovarian 
cancer was significantly higher. It was suggested that 
the preoperative plasma ctDNA has a certain application 
value in the diagnosis of advanced ovarian cancer.

Whether there was a correlation between the preoperative 
plasma ctDNA and the size of ovarian malignant tumor, 
there were few reports at home and abroad[24]. Study 
has found that the number of circulating tumor cells in 
the blood of patients with tumor diameter ≥10 cm was 
significantly higher than that of patients with tumor 
diameter <10 cm. According to the above research, 
we take the tumor size 10 cm as the boundary. Among 
the 23 cases of ovarian malignant tumors, there were 7 
cases with tumors diameter <10 cm, including 3 cases 
with ctDNA positive. The preoperative blood ctDNA 
positive rate of cases was 42.86 %. There were 16 cases 
with tumors ≥10 cm, including 14 cases with ctDNA 
positive. The positive rate of blood ctDNA is 87.5 %. 
These results showed that with the increase of tumor 
volume, the tumor load increases, the amount of ctDNA 
released into plasma increases significantly, and the 
positive rate of plasma ctDNA increases significantly 
before the operation. There was a correlation between 
the detection rate of plasma ctDNA before the operation 
and the size of tumor.

This study showed that among 23 cases of ovarian 
malignant tumors, 6 cases were low-grade ovarian 
cancer, of which 3 cases were positive for ctDNA 
preoperative blood, which accounted for 13.04 %; 
17 cases were high-grade ovarian cancer, of which 
14 cases were preoperative blood. ctDNA positive, 
preoperative blood ctDNA positive accounted for 60.87 
%, The difference was statistically significant, p<0.05. 
The detection rate of the preoperative plasma ctDNA in 
patients with high-grade ovarian cancer was higher. The 
possible mechanism was that with the decrease of tumor 
differentiation and the increase of malignant degree, 
the invasiveness of tumor[25] increases obviously. And 
the probability of ctDNA release into blood increases, 
suggesting that the content of the preoperative plasma 

technology, ctDNA has been widely used in the tumor 
diagnosis, treatment, and  prognosis detection[17]. It has 
been reported that the ctDNA detection can distinguish 
the early lung cancer and benign lung tumors 
successfully in the case of negative tumor markers and 
imaging findings of small lesions. Some scholars have 
found that the ctDNA can detect the ovarian cancer 
patients with false negative CT in 22 ovarian cancer 
patients, and the results of ctDNA were related to the 
prognosis of patients[20]. This study found that among 
the 23 cases of ovarian malignant tumors, there were  
18 patients with preoperative blood CA125>35 µ/ml, 
with a positive rate of 78.26 %. And 17 (73.91 %) patients 
with positive plasma ctDNA before the operation. The 
difference was not statistically significant. Preoperative 
plasma ctDNA, like CA125, can be used as a new “fluid 
biopsy” method in the diagnosis of ovarian malignant 
tumors.

Some studies have found that the detection rate of 
plasma ctDNA varies with the type and stage of 
malignant tumor[20]. The results of Tian et al.[21] showed 
that the positive rate of plasma ctDNA in patients with 
lung cancer was 90 %, and the detection rate of patients 
with early lung cancer was 85 %. In the breast cancer, 
the detection rate of plasma ctDNA in the early patients 
was about 50-70 %[22]. The study of Fader et al.[23] 
confirmed that the detection rate of plasma ctDNA in 
patients with stage I-II ovarian cancer was 63.6 %. Our 
study had found that among the 23 cases of ovarian 
malignant tumors, 9 cases were early ovarian cancer, 
and 5 cases (55.56 %) were ctDNA positive before the 
operation, which was lower than the detection rate of 
the early lung cancer and early breast cancer reported in 
the above literature, and lower than the ctDNA detection 
rate of early ovarian cancer reported by Fader et al. 

ctDNA negative 
(n=6)

ctDNA positive 
(n=17) p Value

P53 Negative 3 3
0.017

Positive 3 14

Ki67 Negative 4 8
0.741

Positive 2 9
ER Negative 3 9

0.792
Positive 3 8

PR Negative 2 8
0.821

Positive 4 9
WT-1 Negative 3 8

0.733
Positive 3 9

TABLE 1: CORRELATION BETWEEN 
PREOPERATIVE PLASMA ctDNA AND 
PATHOLOGICAL IMMUNOHISTOCHEMICAL 
INDEXES
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ctDNA may be related to the differentiation degree of 
the ovarian malignant tumor.

Some studies have found that the detection rate of 
plasma ctDNA varies with the type and stage of 
malignant tumor[26]. In this study, 23 cases of ovarian 
cancer were divided into two groups, plasma carcinoma 
and non-plasma carcinoma. The results showed that the 
detection rate of ctDNA in plasma ovarian carcinoma 
was significantly higher than that in non-plasma 
ovarian carcinoma. The sensitivity of ctDNA in plasma 
ovarian carcinoma was significantly better than that of 
non-plasma ovarian carcinoma. In 16 cases of plasma 
ovarian carcinoma, the positive rate of ctDNA in high-
grade plasma ovarian carcinoma was significantly 
higher than that in low-grade plasma carcinoma. It was 
more sensitive to detect preoperative plasma ctDNA in 
high-grade plasma ovarian carcinoma based on NGS.

P53 gene was the most widely and deeply studied 
tumor suppressor gene at present, and more than  
50 % of tumors were related to this gene. P53 gene was 
located on human chromosome 17p13.1, with a total 
length of about 20 kb, which was a negative regulator 
in the cell growth cycle. Lee et al.[27] detected p53 
gene mutations in the preoperative plasma ctDNA of 
ovarian cancer patients, and found that 95 % of the 
patients had mutations. Yong-Man et al.[28] directly 
sequenced the tumor tissues of 61 high-grade serous 
ovarian cancer (HGSC) patients and confirmed p53 
mutations in 41 cases (67.2 %). Somatic mutations in 
all patient-specific tissues could be detected in plasma 
ctDNA, with a coincidence rate of 100 %. The level of 
p53 mutation ctDNA has a significant prognostic value 
3 mo after treatment compared with CA125, suggesting 
that p53 mutation ctDNA was expected to become a 
biomarker of HGSC treatment response monitoring. 
This study showed that the detection rate of ctDNA in 
the preoperative plasma of ovarian cancer was closely 
related to p53 mutation, especially in high-grade 
plasma carcinoma. Among the 23 cases of ovarian 
malignant tumors, 14/17 ctDNA positive patients had 
p53 gene mutation, with a mutation rate of 82.35 %. 
The difference was statistically significant, p<0.05. Our 
results were similar to those reported in the literature.

To sum up, the level of ctDNA has a high predictive 
value for the disease progression of patients with 
ovarian cancer, and can be used as a reference index for 
clinical monitoring of patients’ condition and prognosis.
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