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ABSTRACT
Objectives  Circulating tumor DNA (ctDNA) is emerging 
as a potential prognostic biomarker in multiple tumor 
types. However, despite the many studies available on 
small series of patients with ovarian cancer, a recent 
systematic review and meta-analysis is lacking. The 
objective of this study was to determine the association of 
ctDNA with progression-free-survival and overall survival 
in patients with epithelial ovarian cancer.
Methods  An electronic search was conducted using 
PubMed (MEDLINE), Embase, CENTRAL (Cochrane Library), 
and CINAHL-Complete from January 2000 to September 
15, 2023. To be included in the analysis the studies had 
to meet the following pre-specified inclusion criteria: 
(1) evaluable ctDNA; (2) progression-free-survival and 
overall survival reported as hazard ratio (HR); and (3) the 
patient population had epithelial ovarian cancer at the 
time of ctDNA detection. We evaluated the association of 
ctDNA with progression-free survival and overall survival. 
Secondary outcomes focused on sub-group analysis 
of genomic alterations and international Federation of 
Gynecology and Obstetrics (FIGO) stage.
Results  A total of 26 studies reporting on 1696 patients 
with epithelial ovarian cancer were included. The overall 
concordance rate between plasma-based and tissue-
based analyses was approximately 62%. We found that 
a high level of ctDNA in epithelial ovarian cancer was 
associated with worse progression-free survival (HR 5.31, 
95% CI 2.14 to 13.17, p<0.001) and overall survival (HR 
2.98, 95% CI 1.86 to 4.76, p<0.0001). The sub-group 
analysis showed a greater than threefold increase in the 
risk of relapse in patients with positive HOXA9 meth-ctDNA 
(HR 3.84, 95% CI 1.57 to 9.41, p=0.003).
Conclusions  ctDNA was significantly associated with 
worse progression-free survival and overall survival in 
patients with epithelial ovarian cancer. Further prospective 
studies are needed.
PROSPERO registration number  CRD42023469390.

INTRODUCTION

Ovarian cancer remains a leading cause of death 
among women worldwide. Despite the advances 

in cytoreductive efforts, frontline platinum-based 
chemotherapy and maintenance treatments, recur-
rence is a common event with more than 70% of 
women with advanced ovarian cancer experiencing a 
relapse within 2 years of diagnosis.1 Moreover, even 
with the availability of effective biological treatments, 
the lack of predictive biomarkers of response hinders 
clinicians from accurately identifying patients who are 
most likely to benefit from these therapies.2 Unfor-
tunately, target drugs also favor the emergence of 
drug tolerant or resistant cells, ultimately resulting in 
tumor relapse. An early prediction of resistance would 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Circulating tumor DNA (ctDNA) has gained particular 
interest as a biomarker in different tumor types. The 
studies published in the last 5 years show encourag-
ing results on ctDNA as a prognostic marker in pa-
tients with epithelial ovarian cancer. However, there 
is a lack of substantial evidence to routinely adopt 
this approach in clinical practice.

WHAT THIS STUDY ADDS
	⇒ This study collects the available evidence on the as-
sociation between detectable or high levels of ctDNA 
and progression-free survival and overall survival. 
Our results confirm ctDNA as a valuable prognostic 
tool. Additionally, sub-group analysis showed that 
the presence of detectable or high levels of ctDNA in 
samples collected both before and after surgery, as 
well as after medical treatment, are correlated with 
a shorter progression-free survival.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The results of this systematic review and meta-
analysis could increase interest in carrying out clini-
cal studies on ctDNA to further elucidate its role as a 
marker for prognosis, patient surveillance, and drug 
resistance in patients with epithelial ovarian cancer.
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support clinicians in treatment modifications, avoiding unnecessary 
toxicity for the patient.3

Currently, tumor tissue remains the main source of clinically rele-
vant molecular information enabling patients’ prognostic stratifica-
tion.4 The biomarker adopted in routine care for measuring response 
in patients receiving chemotherapy for high-grade serous ovarian 
cancer is the serum protein cancer antigen 125 (CA-125). However, 
in response to chemotherapy, CA-125 levels do not change rapidly 
enough to reflect the best response after one or two cycles of treat-
ment.5 In addition, in predicting early recurrence, although having 
a good specificity in the diagnosis of recurrence (86.79%), CA-125 
alone with a threshold of 35 U/mL does not show optimal sensitivity 
(67.39%) since about 20–30% of patients with ovarian cancer have 
no expression of this biomarker.5

Circulating tumor DNA (ctDNA) is cell-free DNA derived from 
cancer cells that can be detected in the bloodstream and is used 
as a highly specific marker since it carries mutations unique to the 
tumor.6–12 In ovarian cancer, ctDNA analysis allows comprehen-
sive molecular profiling of the primary, metastatic, and recurrent 
tumors.13–19 As shown in several studies, ctDNA also correlates 
with progression-free survival and overall survival, making it a 
clinically valuable means of evaluating residual disease following 
surgery and chemotherapy and monitoring of responses during 
treatment and follow-up.20–26

In the era of precision medicine, ctDNA emerges as one of the 
most promising tools to enhance more precise treatment decisions, 
thereby improving patients’ outcomes as well as their quality of 
life.27–32 However, its prognostic significance in ovarian cancer 
has not yet been clearly proven and high-quality evidence that 
summarizes and integrates the results of the available studies is 
lacking.32–36

The main aim of this study was to investigate whether ctDNA was 
an independent predictor of progression-free survival and overall 
survival in patients with epithelial ovarian cancer. A secondary aim 
was to carry out a sub-group analysis based on genomic aber-
rations and International Federation of Gynecology and Oncology 
(FIGO) stage.

METHODS

Eligibility Criteria, Information Sources, and Search Strategy
We only included clinical studies reporting survival outcomes (overall 
survival or progression-free survival) in patients with epithelial 
ovarian cancer in which ctDNA was detected in the plasma and/or 
serum. We included studies where sample collections were taken 
before or after surgery as well as during or after chemotherapy/
systemic therapy. We excluded studies reporting data from other 
types of primary tumors or circulating tumor cells.

A certified statistical methodologist (GIMBE Education) 
performed a literature search from database inception to 
September 2023 on the electronic databases PubMed (MEDLINE), 
Embase, CENTRAL (Cochrane Library) and CINAHL. A detailed 
report of the search strategy for each database is shown in Online 
supplemental material 1. The review was registered in PROS-
PERO (CRD42023469390) and is reported in accordance with the 
PRISMA statement 2020.37

Study Selection and Data Extraction
Two authors (CT and MT) independently screened the records. Any 
inconsistency in the selection process was resolved by discus-
sion with a third reviewer (MP) until consensus was reached. Data 
extracted from the eligible articles included the number of partic-
ipants and type of epithelial ovarian cancer, FIGO stage, thera-
peutic regimen, detection method used to analyze ctDNA, genomic 
alterations, ctDNA cut-off levels, overall survival, progression-free 
survival, and the concordance rate in the mutational profile between 
ctDNA in the blood sample and tumor specimen.

Assessment of Risk of Bias
The quality of the included studies was assessed using the 
Newcastle–Ottawa Scale tool38 by two independent reviewers 
(CT and MP) using the same set of decision rules. Randomized 
controlled trials were evaluated using the Risk of Bias Assessment 
tool for randomized studies – of Interventions (ROB-2).

Data Synthesis
Progression-free survival and overall survival were used as the 
main evaluation endpoints and sub-group analysis was performed 
based on the type of genomic aberration of ctDNA, FIGO stages, 
and ctDNA detection methods. We performed meta-analyses with 
the generic inverse variance method with a random-effects model 
considering the heterogeneity between the studies. We used the 
hazard ratio (HR) with 95% two-sided confidence intervals (CIs) as 
the principal summary measure and reported heterogeneity within 
each sub-group with the I2 statistic. If the findings were heteroge-
neous (p<0.1, I2 >50%), sensitivity analysis or sub-group analysis 
was used to determine the source of the heterogeneity.

Meta-analyses were conducted with the Review Manager soft-
ware, version 5.4 and p values <0.05 were considered statistically 
significant.

RESULTS

Study Selection
We found a total of 359 records and, after removing 147 dupli-
cates, we reviewed titles and abstracts to identify those that met 
the inclusion criteria. A further 154 studies were excluded because 
they did not meet the pre-specified criteria. Full-text copies of the 
remaining 35 articles were obtained and analyzed for eligibility. An 
additional nine studies were excluded for the following reasons: 
absence of overall survival and progression-free survival expressed 
as HR or p value (log-rank test),39 40 inclusion of other gynecolog-
ical malignancies,41 42 considering only cell-free DNA (cfDNA)26 43 
or circulating mitochondrial DNA,10 18 and not specifying the type 
of specimen44 (see Figure 1 and Online supplemental material 2).

Study Characteristics
The details and main characteristics of included studies are 
summarized in Table 1. Twenty-four observational and two rand-
omized controlled trials involving a total of 1696 patients with 
epithelial ovarian cancer were finally included in this systematic 
review. These studies were predominantly published within the last 
5 years (Figure 2). Five of the included studies were conducted in 
Denmark, and the remaining studies were carried out in Denmark 
(5), Korea (4), Japan (4), USA (3), France (2), Germany (2), Greece 
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(2), UK (1), Belgium (1), Sweden (1), and Taiwan (1). Of all the 
studies that included patients diagnosed with epithelial ovarian 
cancer, 30% (8/26) of the studies included only high-grade serous 
ovarian cancer.

A total of 37% of studies (11/29) reported that tumor assess-
ment was based on RECIST (Response Evaluation Criteria in Solid 
Tumors) criteria.

The approaches for ctDNA analysis included digital polymerase 
chain reaction (n=9) followed by Next Generation Sequencing (n=7), 
real-timenpolymerase chain reaction (n=2) and Whole Genome 
Sequencing (2). The limit of detection was the cut-off identified 
in 17 studies. Ten studies reported the concordance rate between 
plasma and tumor tissue. The overall concordance rate between 
plasma- and tissue-based analyses was approximately 62% 
(223/359) (Online supplemental material 3). The overall survival 
was used as a clinical endpoint in almost 50% of studies (13/26), 
whereas 20/26 studies reported progression-free survival. A total 
of 11 studies reported the HR for the association between survival 
analysis and ctDNA. Only three of them reported survival analysis 
in patients with only FIGO advanced stages of the disease. In the 
remaining studies progression-free survival and overall survival 

were not stratified for stages. Regarding the time of collecting 
ctDNA samples, three studies reported progression-free survival 
or overall survival with HR related to ctDNA immediately after 
debulking surgery,6 22 28 two studies before debulking surgery,15 30 
four studies at baseline prior to chemotherapy,8 21 33 35 and three 
studies after three cycles of treatment8 19 28 (Table 2).

Risk of Bias of Included Studies
The study quality scores of the observational studies ranged 
from 7 to 9 according to the Newcastle–Ottawa Scale, indicating 
high quality. The two randomized controlled trials were evaluated 
using ROB-2 and the overall RoB had some concerns. This was 
predominantly affected by domain 1, bias arising from the rand-
omization process (see Online supplemental material 4). In the 
bias due to deviations from the intended intervention, bias due to 
missing outcome data and bias in measurement of the outcome, all 
studies had a low RoB. The funnel plots showed asymmetries for 
progression-free survival and overall survival that could suggest 
the presence of publication bias (see Online supplemental material 
5).

Figure 1  PRISMA 2020 flow diagram. EOC, epithelial ovarian cancer; OS, overall survival; PFS, progression-free survival.
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Synthesis of Results
Meta-Analysis
Of the studies that reported HR, nine were pooled for meta-analysis 
of progression-free survival. The results showed that a high 
level of ctDNA in epithelial ovarian cancer was associated with 
worse progression-free survival (HR 5.31, 95% CI 2.14 to 13.17, 
p<0.001). A substantial heterogeneity was observed (I2=86.0%), so 
a random-effect model was applied during calculation (Figure 3A).

To investigate whether the timing of collecting ctDNA samples 
affected its ability to predict outcomes, we conducted a sub-group 
analysis (see Online supplemental material 6). A shorter progression-
free survival associated with ctDNA positivity was consistently 
observed in samples collected before cytoreductive surgery (HR 
13.24, 95% CI 2.81 to 62.40, p=0.001, I2=0%), immediately after 
surgery (HR 6.97, 95% CI 3.04 to 15.97, p<0.001, I2=17%) and 
after three cycles of treatment (HR 8.51, 95% CI 3.40 to 21.32, 
p<0.001). The sensitivity analysis was performed by including only 
those studies that considered the limit of detection as cut-off (HR 
2.85, 95% CI 1.29 to 6.33, p=0.01). Additionally, we included only 
the HRs provided for sub-groups of patients with advanced stages 
FIGO III–IV (HR 5.40, 95% CI 2.13 to 13.68, p<0.001).

Seven studies that provided HR were pooled for meta-analysis of 
overall survival. Similarly, a positive association was found between 
ctDNA presence and the overall survival of patients with epithe-
lial ovarian cancer (HR 2.98, 95% CI 1.86 to 4.76, p<0.0001) with 
moderate heterogeneity (I2=34%) (Figure 3B). We conducted a sub-
group analysis based on the timing of ctDNA sample collection. A 
shorter overall survival was observed in association with ctDNA 
detection before primary cytoreductive surgery, which was found to 
be statistically significant (HR 10.64, 95% CI 1.59 to 71.27, p=0.01, 
I2=2%).

Sub-Group Analysis: Tp53
Data on Tp53 as genomic alteration were available in four studies. Due 
to substantial heterogeneity between the studies (I2=77%), a random S
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effect model was applied. The results showed that ctDNA is associ-
ated with decreased progression-free survival in patients with epithe-
lial ovarian cancer but the meta-analytic effect did not reach statistical 
significance (HR 2.38, 95% CI 0.94 to 6.02, p=0.07). Of these studies, 
the detection method was Next Generation Sequencing in three studies 
and in one study a combination of LC-Whole Genome Sequencing and 
Whole-exome sequencing was used to detect ctDNA. However, the 
results did not change substantially after the exclusion of this study 
(Sabatier et al) from the sensitivity analysis (HR 1.81, 95% CI 0.77 to 
4.28). Data were insufficient to evaluate overall survival outcome.

Sub-Group Analysis: Meth HOXA-9
In the sub-group analysis for Meth HOXA-9, two studies enrolled 
patients treated with a PARP inhibitor (veliparib). In all studies 
Meth-HOXA9 was assessed as a binary variable (detectable vs 
undetectable).

Two studies reported HR for overall survival and progression-free 
survival on methylation status in HOXA9 in samples during treat-
ment9 20 while, in another study, a blood sample was taken only at 
baseline before chemotherapy.36 The sub-group analysis showed a 
greater than threefold increased risk of relapse in patients with posi-
tive HOXA9 meth-ctDNA (HR 3.84, 95% CI 1.57 to 9.41, p=0.003).

Moderate heterogeneity was observed (I2=35%, p=0.111), so a 
random-effect model was applied during the calculation.

DISCUSSION

Summary of Main Results
In pooled analyses we observed that, irrespective of the genomic 
alterations, patients with detectable ctDNA/high levels of ctDNA 
had a significantly worse prognosis than patients with ctDNA unde-
tectable/low levels with lower overall survival and progression-
free survival. Moreover, a sub-group analysis of the results of the 
three studies focusing on ctDNA levels after cytoreductive surgery 
showed that high levels of ctDNA at that timepoint were correlated 
with a shorter progression-free survival.

Results in the Context of Published Literature
ctDNA is released into the bloodstream by cancer cells through 
processes such as cell death and apoptosis in cancer cells. These 
fragments of DNA contain genetic information specific to the tumor 
from which they originate.2 5 Levels of ctDNA can vary according 
to anatomical proximity to vasculature and cancer type. In a study 
including 136 metastatic tumors originating from 14 different 
tissue, Bettegowda et al found that ctDNA was detectable in >75% 
of patients with advanced ovarian cancer.45 Moreover, previous 
studies indicated that quantification of ctDNA correlates well with 
tumor burden in solid tumors.46

Currently, response to treatment and the pertaining clinical deci-
sions are based on imaging and serial CA-125 measurements, 
with many limitations. First, CT imaging does not fully represent 
the molecular and pathologic changes that occur within the tumor 
microenvironment during treatment. Additionally, CT scans can yield 
different interpretations among radiologists. In a study including 

Figure 3  A) Forest plot of comparison of progression-free survival. (B) Forest plot of comparison of overall survival.
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patients with pancreatic cancer, Sausen et al evaluated the time 
to detection of recurrence comparing ctDNA and CT imaging. The 
results showed that the average time to recurrence was signifi-
cantly shorter for patients with detectable ctDNA than for those 
patients with positive imaging results.47

In another study, Pereira et al reported that ctDNA can detect 
ovarian cancer relapse 7 months earlier than CA-125 and CT scan 
imaging, while the median time from increased CA-125 to clinical 
relapse evaluated by CT scan ranged from 2 to 6 months21 Second, 
CA-125 is a sensitive biomarker but it lacks specificity because it 
is widely expressed in tissues other than ovarian cancer and its 
expression is altered in some benign conditions and other type 
of malignancies.48 Moreover, CA-125 does not reflect the present 
state of ovarian cancer recurrence because it responds to tumor 
changes with some delays due to its prolonged half-life (9–44 
days).49 On the other hand the half-life of ctDNA in the blood circu-
lation ranges from 16 min to 2.5 hours, representing a real-time 
perspective picture of tumor burden and a valid tool for real-time 
monitoring of response to treatment.22 Furthermore, a large retro-
spective analysis showed that early change in CA-125 is a poor 
surrogate for progression-free survival in patients with recurrent 
ovarian cancer.50

Comparing CA-125 elevation and ctDNA detection for recurrence 
monitoring, Hou et al found that CA-125 was inferior in predicting 
recurrence when assessed at a single time point after definitive 
treatment (p=0.113 vs p=0.001) and longitudinally (p=0.056 vs 
p<0.0001).29 Similarly, Parkinson et al reported that response to 
chemotherapy was seen earlier with ctDNA, with a median time to 
nadir of 37 days compared with a median time to nadir of 84 days 
for CA-125.22 Consistent with this finding, Minato et al found that 
droplet digital PCR detected ctDNA signals significantly earlier than 
increased CA-125 in the detection of ovarian cancer recurrence by 
imaging (49 days and 7 days before, respectively; p<0.05).25

In our sub-group analysis we included five studies examining 
methylation of the HOXA9 gene as alternative targets for epithe-
lial ovarian cancer ctDNA detection (Table  1). Homeobox genes 
(HOX) constitute a family of transcription factors that are involved in 
regulating differentiation and are expressed in normal adult repro-
ductive tissue. Methylation of the HOXA9 gene has been observed 
in 95% of patients with high-grade serous ovarian cancer. Detec-
tion of HOXA9 meth-ctDNA was correlated with a worse survival 
than without non-methylated HOXA9. Three studies included in the 
present systematic review investigating the role of ctDNA in moni-
toring the response to veliparib showed that detection of HOXA9 
meth-ctDNA longitudinally during PARP inhibitor treatment was 
feasible and carried prognostic value regarding progression-free 
survival and overall survival.

Strengths and Weaknesses
In this systematic review and meta-analysis, the strengths include 
a comprehensive search strategy, a moderate to low risk of bias, 
and a sub-group analysis based on study methodology and tech-
niques. Nevertheless, our study has several limitations. First, except 
for three studies, most of the studies included are observational 
studies. Second, the lack of reporting follow-up periods and HR 
for both overall survival and progression-free survival resulted in a 
limited power of analysis. Third, despite our effort to perform a sub-
group analysis, the included studies have significant heterogeneity 

in detection method, ctDNA genomic alterations, cut-off levels of 
ctDNA, chemotherapy regimens, and time at the sample and time-
line of blood draw during patient care. In addition, approximately 
30% of the studies included only high-grade serous ovarian cancer. 
Hence, these results can only be an estimate of the true predictive 
value of ctDNA in patients with epithelial ovarian cancer.

Implications for Practice and Future Research
Currently, data regarding the prognostic significance of ctDNA in 
patients with ovarian cancer are limited. Since there is a significant 
clinical need to develop a non-invasive biomarker to monitor thera-
peutic responses in real time, the results of this comprehensive anal-
ysis shed light on the promising potential of ctDNA to enhance person-
alized treatment strategies for patients with epithelial ovarian cancer. 
Identifying patients with an expected poor response to chemotherapy 
could aid in clinical decision-making regarding alternative treatment 
options. However, further research efforts are needed to increase the 
body of evidence on this biomarker and to validate a standardized 
approach for integrating ctDNA analysis into regular clinical protocols. 
Furthermore, due to the heterogeneity in ctDNA methodology and 
target mutations among published studies, we highlight the need for 
uniform reporting in future studies to better delineate the magnitude 
of the adverse effect of positive baseline/post-operative ctDNA in the 
prognosis of epithelial ovarian cancer.

CONCLUSIONS

In patients with epithelial ovarian cancer ctDNA strongly predicts 
worse progression-free survival and overall survival. The sub-group 
analysis showed that detectable ctDNA or high levels of ctDNA before 
and after cytoreductive surgery and after three cycles of treatment are 
associated with significantly shorter progression-free survival.
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Supplemental Material 2. Table of excluded studies  

 

Reason for exclusion  Number of excluded studies  Authors and year 

Including only cfDNA or mtDNA 4 Dobrzycka 2010, Meng 2019, 
Kalavska 2014, Steffensen 2014 

OS and/or PSF not available 2 Otsuka 2004, Paracchini 2022 

Including not only EOC 2 Charo 2020, Iwahashi 2019 

Not specifying if plasma or serum 1 Wimberger 2011 
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Study 

 

Patients

with OC 

Detection Method 

 

Concordance rate between blood and 

tumor 

Kim 2019 61 Droplet digital PCR   100% (38/38) 

Swisher 2005 137 Real-time PCR  30% (21/69) 

Chao 2022 29 Ultra-deep NGS analysis 58.6% (17/29) 

Minato 2021 11 Droplet digital PCR 36.6% (4/11) 

Dobilas 2022 26 Droplet digital PCR  62,5% (15/24) 

Heo 2022 170 NGS 92.9% (39/42) 

Noguchi 2021 51 NGS  81% (13/16) 

Giannopoulou 2017 128 Real-Time Methylation-Specific PCR  62.3% (33/53) 

Tserpeli 2021 209 Real-Time Methylation-Specific PCR 86.5% (32/37) 

Ogasawara 2020 85 Droplet digital PCR PIK3CA 27.5% (11/40), KRAS 25.0% (12/48) 
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