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Abstract
The applications of liquid biopsy have attracted much attention in biomedical research in recent 

years. Circulating cell-free DNA (cfDNA) in the serum may serve as a unique tumor marker 

in various types of cancer. Circulating tumor DNA (ctDNA) is a type of serum cfDNA found 

in patients with cancer and contains abundant information regarding tumor characteristics, 

highlighting its potential diagnostic value in the clinical setting. However, the diagnostic value 

of cfDNA as a biomarker in cervical cancer remains unclear. Here, we performed a meta-

analysis to evaluate the applications of ctDNA as a biomarker in cervical cancer. A systematic 

literature search was performed using PubMed, Embase, and WANFANG MED ONLINE 

databases up to March 18, 2019. All literature was analyzed using Meta Disc 1.4 and STATA 

14.0 software. Diagnostic measures of accuracy of ctDNA in cervical cancer were pooled and 
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investigated. Fifteen studies comprising 1109 patients with cervical cancer met our inclusion 

criteria and were subjected to analysis. The pooled sensitivity and specificity were 0.52 (95% 

confidence interval [CI], 0.33–0.71) and 0.97 (95% CI, 0.91–0.99), respectively. The pooled 

positive likelihood ratio and negative likelihood ratio were 16.0 (95% CI, 5.5–46.4) and 0.50 

(95% CI, 0.33–0.75), respectively. The diagnostic odds ratio was 32 (95% CI, 10–108), and 

the area under the summary receiver operating characteristic curve was 0.92 (95% CI, 0.90–

0.94). There was no significant publication bias observed. In the included studies, ctDNA 

showed clear diagnostic value for diagnosing and monitoring cervical cancer. Our meta-

analysis suggested that detection of human papilloma virus ctDNA in patients with cervical 

cancer could be used as a noninvasive early dynamic biomarker of tumors, with high specificity 

and moderate sensitivity. Further large-scale prospective studies are required to validate the 

factors that may influence the accuracy of cervical cancer diagnosis and monitoring.
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Introduction
Human papillomavirus (HPV) is a type of papillomavirus that infects human skin and mucosa 

squamous epithelial cells. HPVs are DNA double-stranded spherical small viruses with a 

diameter of about 55 nm. The HPV genome contains approximately 7900 bases and can be 

divided into three functional regions [1]. The proteins E6 and E7, encoded by the early genes 

of HPV, can inhibit the functions of p53 and pRh in normal cervical epithelial cells and cause 

abnormal proliferation of cancerous cells, resulting in the development of genital warts and 

atypical proliferation of epithelial cells [2]. The immune system of most patients can eliminate 

HPV within approximately 9–16 months after infection. However, persistent infection by some 

high-risk HPVs, particularly HPV16 and HPV18, may lead to cervical cancer [3-5]. 

Cervical cancer is the fourth most common cancer among women worldwide. However, 

85% of cases occur in developing countries [6]. Cervical cancer is now relatively uncommon 

in high-income countries owing to the introduction of HPV screening programs and HPV 

vaccines, which have led to a 70% decrease in the incidence and mortality rates of cervical 

cancer over past several decades [7]. Despite major advances in detection and prevention, an 

estimated 530,000 cases were recorded, and nearly 90% of 270,000 deaths occurred in middle- 

and low-income developing countries in 2012 [8]. There is still a need for minimally invasive 

and specific tests for HPV-induced cancer. 

Recent progress in the analysis of blood samples for circulating tumor cells or cell-free 

circulating tumor DNA (ctDNA) has shown that liquid biopsies may have potential 

applications in the detection and monitoring of cancer [9-11]. Similarly, in a study on cervical 

cancer, ctDNA has become a major focus, providing a strong basis for early diagnosis and 
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prognosis in cervical cancer [10, 12, 13]. Cervical cancer is typically caused by high-risk HPVs 

(hrHPVs), primarily genotypes 16 and 18 [4]. hrHPVs linearize DNA for integration into the 

cervical host genome and induce the expression of E6 and E7 genes, which are involved in the 

oncogenesis of cervical cancer [14, 15]. Cervical cancer cells and ctDNA harbor genomic 

rearrangements that can be released into the patient’s peripheral blood. From a diagnostic 

monitoring viewpoint, the consistent presence of HPV DNA in the blood of patients with 

cervical cancer can be used as a tumor marker. Although the mechanism mediating this 

phenomenon is unclear, the presence of such ctDNA in cervical cancer shows some diagnostic 

value. Interestingly, some studies have shown that circulating HPV DNA acts as a tumor DNA 

marker in patients with primary tumors caused by HPV infection [10]. Many recent studies 

have focused on ctDNA in cervical cancer; however, the exact relationships are still unclear 

[12, 16-18]. 

Accordingly, in this study, we performed a comprehensive analysis of the precise value of 

ctDNA for the diagnosis of cervical cancer.

Materials and Methods

Search strategy

This meta-analysis was conducted following the criteria of Preferred Reporting Items for 

Systematic Review and Meta Analyses [19]. A literature search was systematically performed 

using PubMed, Embase, Cochrane Library, and WANFANG medicine online databases for all 

relevant articles without language or regional limitations. No limitations were set with regard 

to the start date for publication, and the search ended on March 18, 2019. The following search 
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terms were used: “cervical cancer AND ctDNA”, “cervix cancer AND ctDNA”, “cervical 

carcinoma AND ctDNA” OR “circulating DNA AND cervical cancer”. Various alterations in 

spelling and abbreviations were also used as search terms. Titles and abstracts were carefully 

screened for relevance, and duplicates were removed. The full text of each report that met the 

preliminary criteria was retrieved and assessed for inclusion into this meta-analysis. 

Inclusion and exclusion criteria

In this meta-analysis, eligible studies were selected according to these following inclusion 

criteria: (1) evaluated the diagnostic accuracy of quantitative analysis of ctDNA in cervical 

cancer; (2) the diagnostic value of ctDNA in cervical cancer was reported or could be calculated 

from the published data; (3) full text and all data could be retrieved and were available; (4) the 

techniques and target genes were clearly stated in the articles; (5) studies included at least 10 

patients with cervical cancer and relevant negative controls. When the same patient population 

was used in several studies, only the most recent was included.

The exclusion criteria were as follows: (1) the diagnostic or prognostic value could not be 

deduced from incomplete data in the studies provided; (2) repeated studies from the same study 

group; (3) sample size less than 10; (4) data only from experiments based on cell lines; (5) 

studies published in languages other than English. 

Quality assessment

Two reviewers (CD Wan and YL Gu) independently reviewed and evaluated all eligible studies 

according to the Newcastle-Ottawa scale [20]. In case of disagreement, the decision was made 

by a third researcher, and disagreement was settled through discussion. The data extracted from 

the basic feature table included authors’ names, country, sample type, detection method, 
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numbers of experimental and control groups, and analysis indicators. The outcome indicators 

included positives, false positives, false negatives, true negatives, sensitivity, and specificity. 

To assess the methodological quality of each study and potential risk of bias, QUADAS-2 

Guidelines were used to evaluate the quality of all articles that met the inclusion criteria [21].

Statistical analysis

We used standard methods recommended for meta-analysis of diagnostic test evaluations [19]. 

The meta-analysis was carried out with Meta-DiSc 1.4 and STATA 14.0 statistical software. 

The sensitivity was defined as the proportion of patients with ctDNA presence among all 

patients confirmed as having cervical cancer. The specificity was defined as the proportion of 

patients with negative ctDNA detection among all negative control volunteers without cervical 

cancer. The positive likelihood ratio (PLR) was calculated as sensitivity/(1 – specificity), 

whereas the negative likelihood ratio (NLR) was calculated as 1 – sensitivity/specificity. DOR 

was calculated as PLR / NLR and was used as an indication of how much greater the chance 

was of having cervical cancer for patients with ctDNA presence than for those without ctDNA. 

These indicators were summarized using a bivariate meta-analysis model, and the threshold 

effect was determined by receiver operative characteristic (ROC) curve and Spearman 

correlation analyses; P values of less than 0.05 indicated a significant threshold effect. 

Heterogeneity between studies was analyzed by chi-squared and I2 tests; a P value of less than 

0.1 or an I2 higher than 50% indicated the existence of significant heterogeneity [22]. Meta-

regression analysis was performed to explore the sources of heterogeneity. Deek’s funnel plot 

asymmetry test was used to test whether there was publication bias [23]. All statistical tests 

were two-sided, and results with P values of less than 0.05 were considered statistically 
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significant.

Results

Study selection process

The initial search retrieved a total of 236 studies. As shown in Figure 1, 15 studies were eligible 

for review after carefully screening and rechecking. All relevant characteristics of these studies 

are summarized in Table 1. In total, 1109 patients with cervical cancer were evaluated in these 

studies published between 2001 and 2018. Among these studies, 11 enrolled patients from 

Asian countries/areas (one from Hong Kong, one from Thailand, one from Korea, one from 

India, one from Iran, two from Taiwan, and four from People’s Republic of China). 

Additionally, two studies were performed in France, and two were performed in America. 

Numerous review papers and duplicates between the literature databases were excluded. 
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Figure 1. Flow chart of the enrolled studies.
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Table 1. Main characteristics of all the studies enrolled the meta-analysis

Sample time:BT, before treatment; C, combined; UT, undergoing treatment;  

No. Study year Patient number
Age(median

and range)
region method

Target 

gene

Sample 

source

Sample 

time
sensitivity specificity

1
Pornthanakase

m W[10]
2001 50 50 Thailand qPCR HPV DNA plasma BT 36.00% 100.00%

2 Dong SM[25] 2002 232 / America qPCR HPV DNA plasma C 48.70% 98.33%

3 Hsu KF[35] 2003 112 51(30-69) Taiwan qPCR HPV DNA serum BT 45.2% 88.60%

4 Sathish N[36] 2004 58 46.6(29-60) India PCR+RFLP HPV DNA plasma BT 48.2% 100.00%

5 Yang HJ[27] 2004 50 48(22-101) HongKong qPCR HPV DNA plasma BT 50% 84.68%

6 Wei YC[37] 2007 17 53.5(36-77) Taiwan
Nested 

qPCR
HPV DNA plasma BT 64.70% 100.00%

7
Jaberipour 

M[38]
2011 81 46.5(29-77) Iran qPCR HPV DNA plasma

BT
23.5% 90.91%

8
Campitelli 

M[24]
2012 16 / France DIPS-PCR HPV DNA serum

BT
81.25% 100.00%

9 Zhang X[29] 2012 109 46(25-72) China RT-qPCR
Bmi-1 

mRNA
plasma BT 69.70% 95.90%

10 Jeannot E[32] 2016 47 / France ddPCR HPV DNA serum BT 83.00% 100.00%

11 Zhang L[30] 2016 89 46 China RT-qPCR miR-21 serum BT 78.00% 80.00%

12 Zhang J[28] 2017 168 / China qMSP-PCR MEG3 plasma UT 90.47% 79.80%

13 Kang Z[17] 2017 21 / America ddPCR HPV DNA serum C 90.48% 100.00%

14 Kong Q[31] 2017 18 39(23-61) China RT-qPCR
has-mir-

92a
serum BT 69.60% 80.40%

15 Kim HJ[26] 2018 41 / Korea qMSP-PCR SIM1 plasma BT 38.50% 100%
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Review of eligible studies

The 15 eligible studies with data regarding the diagnostic value of ctDNA in cervical cancer 

are shown in Table 1. From these studies, 688 patients with cervical cancer were evaluated 

before treatment, and 421 patients were evaluated when undergoing treatment or after treatment. 

Patients with primary or metastatic cervical cancer with a TNM stage of I–IV who received 

surgery, chemotherapy, radiotherapy, or targeted therapy were included. The types of cervical 

cancer were squamous and adenomatous (approximate ratio of 4:1), as shown in 

Supplementary Table 1.

Quality assessment

A quality assessment of the eligible studies was performed using QUADAS-2 (Figure 2). The 

included 15 studies were assessed using RevMan 5.3 software, and most of studies showed 

moderately low or unclear risk of bias. Two studies [10, 24] increased the risk of bias owing to 

a lack of patient selection. Four studies [25-28] did not mention the use of a blinding method 

or reference standard, which may have resulted in an unknown risk of bias in the meta-analysis.

Figure 2 Quality assessment of the included studies according to QUADAS-2
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Detection of ctDNA and target genes

Polymerase chain reaction (PCR) was mainly applied to detect ctDNA in the studies included 

in this analysis. Two studies [10, 27] used Taqman PCR, and another three studies [29-31] used 

reverse transcription PCR. Additionally, two studies [17, 32] used droplet digital PCR (ddPCR), 

and three studies [24, 26, 28] used methylation-specific (MSP) PCR. Only one study [33] used 

nested PCR. Circulating HPV DNA or viral-cellular junction was detected in six studies [10, 

17, 24, 27, 32, 33]. Other target genes were also different, such as Bmi-1 mRNA [29], miR-21 

[30], PIK3CA mutations [34], hsa-miR-92a [31], and SIM1 methylation [26]. Nine of the 

studies extracted ctDNA from plasma, and the other six studies extracted DNA from serum. 

ctDNA diagnostic accuracy in Cervical cancer

All of 15 studies were pooled into meta-analysis of diagnostic accuracy. The Spearman 

correlation coefficient was 0.594 (P＞0.05), suggesting that there was no threshold effect. 

Accordingly, heterogeneity owing to non-threshold effects was assessed with Q tests and I2 

statistics. There was significant heterogeneity in the pooled sensitivity(I2= 97.2%, P＜0.001) 

and specificity(I2= 87.1%, P＜ 0.001); Thus a random effects model would be applied to 

analyze the diagnostic parameters. As presented in Figure 3, the overall pooled sensitivity and 

specificity were 0.52(95% CI 0.33-0.71) and 0.97(95%CI 0.91-0.99), respectively. The overall 

pooled positive likelihood ratio (PLR) and negative likelihood ratio (NLR) were 16.0 (95%CI 

5.5-46.4) and 0.50 (95%CI 0.33-0.75), respectively. The pooled diagnostic odd ratio (DOR) 

was 32 (95%CI 10-108). The summary receiver operator characteristic curve (SROC) was 

presented in Figure 4; the area under the SROC curve AUC was 0.92 (95%CI 0.90-0.94). 
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Figure 3: Diagnostic accuracy forest plots. (A) Forest plots of pooled sensitivity. (B) Forest plots of pooled specificity. (C) 

Forest plots of PLR. (D) Forest plots of NLR 

Figure 4: Summary receiver operating characteristic plot for the pooled studies diagnosis 
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Subgroup analysis and meta-regression

Subgroup analysis was performed to explain the source of the significant heterogeneity in the 

diagnostic analysis. These different parameters in all of included studies were conducted 

including sample source (serum versus plasma), sample time (before treatment versus others), 

race (Asian versus Caucasian), gene target (HPV DNA versus others), and detection method 

(qPCR vs MSP and ddPCR). These diagnostic parameters of subgroups were showed in Table 

2B. Meta-regression based on those five factors were applied to investigate the source of 

heterogeneity. However, none of these five factors showed any significantly influence on 

heterogeneity of universal diagnostic value (P＞0.05) (Table 2A). 

Table 2A Meta regression of diagnostic value

parameter Coef SE RDOR(95%CI) P

Source -0.746 1.115 0.470(0.030-6.620) 0.525

Method -1.044 1.106 0.350(0.030-4.810) 0.377

Gene -0.099 1.204 0.910(0.050-15.610) 0.937

Region -1.082 1.735 0.340(0.010-20.500) 0.553

Time -0.374 1.337 0.690(0.030-16.240) 0.788

Patient number -0.044 0.943 0.960(0.100-8.890) 0.964
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Table 2B Results of subgroups analysis

Subgroup Sensitivity(95% CI) Specificity(95% CI) PLR(95% CI) NLR(95% CI) DOR(95% CI) AUC(95% CI)

Source

Plasma 0.46(0.43-0.49) 0.91(0.89-0.93) 5.84(3.74-9.10) 0.43(0.30-0.63) 18.70(8.53-41.00) 0.91(0.85-0.98)

Serum 0.59(0.54-0.65) 0.90(0.86-0.93) 10.91(3.22-37.01) 0.27(0.09-0.83) 38.97(11.08-137.12) 0.86(0.78-0.93)

Method

qPCR 0.35(0.31-0.38) 0.91(0.89-0.93) 5.05(3.04-8.40) 0.56(0.41-0.75) 12.00(5.58-25.80) 0.87(0.78-0.97)

MSP and ddPCR 0.81(0.75-0.85) 0.91(0.85-0.95) 7.62(4.90-11.85) 0.23(0.06-0.96) 64.67(32.92-12.705) 0.95(0.92-0.97)

Gene target

HPV DNA 0.27(0.24-0.30) 0.94(0.92-0.96) 6.85(3.09-15.21) 0.60(0.46-0.78) 15.25(5.42-42.94) 0.95(0.85-0.99)

Others 0.76(0.72-0.80) 0.87(0.83-0.90) 5.96(3.41-10.41) 0.30(0.14-0.61) 26.43(11.55-60.48) 0.91(0.84-0.96)

Region

Mongolian 0.53(0.50-0.57) 0.89(0.87-0.92) 4.96(3.33-7.37) 0.49(0.35-0.70) 14.02(6.18-31.79) 0.89(0.82-0.96)

Caucasian 0.27(0.22-0.32) 0.99(0.96-1.00) 18.65(4.04-86.13) 0.26(0.01-7.97) 76.54(5.92-989.35) 0.98(0.97-0.99)

Time

Before treatment 0.47(0.43-0.51) 0.90(0.88-0.93) 5.37(3.25-8.89) 0.51(0.39-0.67) 13.83(6.67-28.66) 0.87(0.77-0.97)

Under- or after treatment 0.44(0.39-0.49) 0.93(0.88-0.96) 8.61(2.46-30.05) 0.23(0.00-121.78) 45.22(4.09-499.96) 0.95(0.92-0.97)

Patient Number

＜50 case 0.54(0.48-0.60) 0.89(0.85-0.92) 6.92(3.05-15.69) 0.38(0.21-0.67) 23.44(7.27-75.58) 0.91(0.76-0.99)

≥50 case 0.43(0.40-0.46) 0.93(0.90-0.95) 5.82(3.35-10.11) 0.49(0.29-0.83) 15.42(4.84-49.08) 0.92(0.85-0.99)

Overall 0.46(0.43-0.49) 0.91(0.89-0.93) 5.84(3.74-9.10) 0.43(0.30-0.63) 18.70(8.53-41.00) 0.91(0.85-0.98)
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Sensitivity analysis

To further explore the heterogeneity of the included studies, a sensitivity analysis was 

conducted by removing individual studies. As shown in Figure 3, no outlier study was 

identified, and the results were considerable stable and reliable. 
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 Meta-analysis estimates, given named study is omitted

Figure 5 Sensitivity analysis of the overall pooled study.

Publication bias

We applied Deeks’ funnel plot asymmetry tests to estimate the publication bias of the included 

studies. As shown in Figure 4, the regression line was nearly vertical, confirming the lack of 

significant publication bias across the overall enrolled studies (P = 0.54).
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Figure 6 Deek’s funnel plot to assess publication bias. ESS, effective sample size.

Discussion

In pathological analysis, traditional surgical specimens are used as the gold standard for 

obtaining fundamental information for clinical decision-making. However, obtaining such 

specimen directly from tumors is an invasive procedure and can delay the observation of tumor 

dynamic changes after treatment [39]. Cancers are known to shed tumor cell DNA into the 

blood stream [34], and examining the levels and mutations in ctDNA can provide almost real-

time information regarding tumor status. Once a patient achieves remission, liquid biopsy has 

the potential to improve post-treatment surveillance by following subtle changes in tumor 

cfDNA. These changes may indicate disease recurrence prior to clinical manifestation. 

Therefore, liquid biopsy has recently been extensively investigated as a potential new 

diagnostic technique [34, 40].

Despite major advances in early detection, including Pap smears and co-human 

papillomavirus testing, there are still an estimated 5 million new cases of cervical cancer and 

2 million cervical cancer related deaths worldwide, making this disease the fourth leading cause 
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of cancer-related death in women [41]. Accordingly, there is a need for a minimally invasive 

and specific test for disease monitoring, which could be beneficial for patients with cervical 

cancer. Circulating cfDNA has been widely evaluated using liquid biopsies for detecting cancer, 

monitoring disease, characterizing drug targets, and uncovering resistance in various tumors 

[40, 42-44]. 

Many previous meta-analyses have reported that the diagnostic accuracy of quantitative 

analysis of ctDNA is superior to conventional biomarkers for the diagnosis of several cancers, 

including ovarian cancer [22], lung cancer [45], gastric cancer [39], and colon cancer [46]. 

However, to the best of our knowledge, this is the first meta-analysis exploring ctDNA in 

patients with cervical cancer. Meta-analyses are powerful tools for summarizing the results 

from different and related studies by producing a single estimate of the major effects with 

enhanced precision. This approach can overcome the problem of small sample size and 

inadequate statistical power in genetic studies of complex traits and provide more reliable 

results than single case-control studies [47]. Because the relationship between ctDNA and 

cervical cancer is still unclear, we performed a comprehensive analysis of the clinical utility of 

ctDNA in the diagnosis of patients with cervical cancer. 

This meta-analysis combined the outcomes of 1109 patients with cervical cancer from 15 

individual studies, investigating the diagnostic values of six nucleotide targets, including HPV 

DNA, MEG3, SIM1, Bmi mRNA, and miR-21. From the 15 studies, the pooled sensitivity and 

specificity were 0.52 (95% CI, 0.33–0.71) and 0.97 (95% CI, 0.91–0.99), respectively. The LR 

reflects the characteristics of sensitivity and specificity and is not affected by the prevalence 

rate. Therefore, LR is more stable than sensitivity and specificity. LRs of greater than 10 or 

less than 0.1 indicate large and often conclusive shifts from pretest to post-test probability [48]. 

In this meta-analysis, the overall pooled PLR and NLR were 16.0 (95% CI, 5.5–46.4) and 0.50 

(95% CI, 0.33–0.75), respectively. This result indicated that patients with cervical cancer had 
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approximately 16 times greater chance of being ctDNA positive than normal controls, with an 

error rate of approximately 50% when the true negative was determined in the ctDNA negative 

test. The pooled DOR was 32 (95% CI, 10–108), which indicated a relatively high accuracy of 

ctDNA in cervical cancer. Summary ROC (SROC) can be applied to summarize overall test 

performance, and the area under the SROC curve (AUC) was 0.92 (95% CI, 0.90–0.94), 

suggesting that ctDNA in the plasma or serum of patients with cervical cancer had excellent 

accuracy for diagnosing cervical cancer. Because significant heterogeneity existed, if relatively 

accurate diagnostic parameters were achieved, subgroup analysis would be needed to analyze 

the source. Subgroup analyses revealed that the heterogeneity of sensitivity could be related to 

the source of the specimen (e.g., plasma versus serum), the gene target (e.g., HPV DNA versus 

others), the region (e.g., Mongolian versus Caucasian), the time of specimen collection (e.g., 

before treatment versus after treatment), the number of patients (e.g., less than 50 versus greater 

than or equal to 50), and the method of analysis (e.g., quantitative PCR versus MSP-PCR and 

ddPCR). Ten of 15 included studies had selected circulating HPV DNA as a detected gene 

target. Other gene targets had higher sensitivity but lower specificity, including SIM1 

methylation [26], MEG3 methylation [28], Bmi-1 [29], miR-21 [30], and hsa-miR-92a [31]. 

Most studies employed a qPCR method that demonstrated relatively high sensitivity and 

specificity. Over time, more accurate diagnostic parameters were obtained by ddPCR. We 

found that MSP-PCR and ddPCR were more accurate for detecting ctDNA in patients with 

cervical cancer than qPCR. In particular, the application of ddPCR in liquid biopsy greatly 

improves the diagnostic value of ctDNA in cervical cancer [40]. However, statistical regression 

data showed that all these differences between subgroups were not statistically significant (P > 

0.05). Taken together, these results indicated that the study design did not substantially affect 

the diagnostic accuracy. Heterogeneity may have been caused by other factors, such as patient 

age, tumor type, tumor size, TNM stage, and differences in the experimental protocols, which 

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted October 4, 2019. ; https://doi.org/10.1101/793869doi: bioRxiv preprint 

https://doi.org/10.1101/793869
http://creativecommons.org/licenses/by/4.0/


19

could not be analyzed in the current study because of loss of data or unrecognizable details. 

Therefore, further studies with large sample sizes and more details, e.g., race, specimen features, 

and tumor properties, are needed to confirm these findings.

Cervical cancer differs from other cancers because HPV infection is a crucial step in 

tumorigenesis, accounting for 99.7% of cervical cancer cases. HPV16 and HPV18 are the two 

most important serotypes, identified in more than 70% of cervical carcinomas worldwide [49]. 

Circulating nucleic acids were first reported in the 1940s and included DNA and RNA with 

genomic, mitochondrial, and viral origins. Apoptotic cells, necrosis of tumor cells, and some 

living cells may actively release DNA fragments into the circulation. These specific changes 

in tumor DNA with regard to oncogenes, tumor-suppressor mutations, microsatellite alterations, 

and hypermethylation can be similarly detected in ctDNA. Detection of these specific changes 

in ctDNA may yield tumor markers with very high specificity, although high test sensitivity is 

also needed because mutant DNA fragments may represent a small proportion of total ctDNA. 

Although the 15 studies included in this meta-analysis had very high specificity, there was 

uneven sensitivity. The pooled results indicated that there was significant heterogeneity in 

sensitivity that could impact diagnostic accuracy. The Spearman correlation coefficient was 

0.594 (P > 0.05), suggesting that the threshold effect was not the source of heterogeneity. 

Because the size of ctDNA fragments is generally approximately 200 bp [50], PCR primer 

pairs that target shorter DNA fragments may identify more patients with detectable HPV DNA. 

With more primer pairs, further increases in detection rates may be possible. Other influencing 

factors, such as patient number, specimen extraction time, region, and specimen source, may 

also influence these parameters; however, these differences were not statistically significant. 

In addition, publication bias was also not significant, indicating that the results of this meta-

analysis were reliable and credible.

There were several limitations to this meta-analysis. First, the sensitivities of the included 
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studies varied widely. Different gene detection methods and gene targets could have led to 

major differences. Therefore, significant heterogeneity between studies could not be avoided. 

The unique characteristics of ctDNA limit its sensitivity as a diagnostic indicator, and more 

sensitive and accurate detection techniques may need to be applied. Although subgroup and 

regression analyses were performed to explore the sources of heterogeneity, the results of these 

analyses explained few effectors. Second, some studies with limited patient numbers and 

controls were included in this meta-analysis, reducing the effectiveness of the combined 

statistical analysis. Relatively few papers on ctDNA in patients with cervical cancer have been 

published, and studies that met the inclusion criteria should not be excluded. Otherwise, serious 

publication bias cannot be avoided. Third, owing to the nature of our research, selected bias 

and incomplete searches could have occurred. Fourth, most of the included studies came from 

Asian countries. Although no studies have shown that genetic factors differ among different 

ethnicities in patients with cervical cancer, the physiological responses of patients with 

different ethnicities may lead to variations in ctDNA metabolism. Finally, different primers 

may have been used for PCR of same gene targets, resulting in a potential source of bias. 

Conclusions 

Despite some limitations, this meta-analysis clearly indicated that ctDNA detection may be a 

very specific, but relatively sensitive test in patients with cervical cancer. Our findings provided 

reliable evidence that ctDNA was a promising potential biomarker for the diagnosis of cervical 

cancer. Of course, to obtain a more accurate statistical data analysis, additional studies with 

larger sample sizes from patients of different ethnicities will be necessary in the future. 

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted October 4, 2019. ; https://doi.org/10.1101/793869doi: bioRxiv preprint 

https://doi.org/10.1101/793869
http://creativecommons.org/licenses/by/4.0/


21

Acknowledgments

There was no funding source associated with this meta-analysis. 

Conflict of interest

None

REFERENCES

1.  zur Hausen H, Meinhof W, Scheiber W, Bornkamm GW. Attempts to detect virus-secific DNA in human 

tumors. I. Nucleic acid hybridizations with complementary RNA of human wart virus. International journal of 

cancer. 1974; 13(5): 650-656. Epub 1974/05/15.  PMID: 4367340.

2. zur Hausen H. Papillomaviruses causing cancer: evasion from host-cell control in early events in 

carcinogenesis. Journal of the National Cancer Institute. 2000; 92(9): 690-698. Epub 2000/05/04.  PMID: 

10793105.

3. Giuliano AR, Papenfuss M, Abrahamsen M, Denman C, de Zapien JG, Henze JL, et al. Human papillomavirus 

infection at the United States-Mexico border: implications for cervical cancer prevention and control. Cancer 

epidemiology, biomarkers & prevention : a publication of the American Association for Cancer Research, 

cosponsored by the American Society of Preventive Oncology. 2001; 10(11): 1129-1136. Epub 2001/11/09.  

PMID: 11700260.

4. zur Hausen H. Papillomaviruses and cancer: from basic studies to clinical application. Nature reviews Cancer. 

2002; 2(5): 342-350. Epub 2002/06/05. https://doi.org/10.1038/nrc798 PMID: 12044010.

5. Saslow D, Solomon D, Lawson HW, Killackey M, Kulasingam SL, Cain JM, et al. American Cancer Society, 

American Society for Colposcopy and Cervical Pathology, and American Society for Clinical Pathology screening 

guidelines for the prevention and early detection of cervical cancer. Journal of lower genital tract disease. 2012; 

16(3): 175-204. Epub 2012/03/16. https://doi.org/10.1097/LGT.0b013e31824ca9d5 PMID: 22418039.

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted October 4, 2019. ; https://doi.org/10.1101/793869doi: bioRxiv preprint 

https://doi.org/10.1101/793869
http://creativecommons.org/licenses/by/4.0/


22

6. Cocuzza CE, Martinelli M, Sina F, Piana A, Sotgiu G, Dell'Anna T, et al. Human papillomavirus DNA detection 

in plasma and cervical samples of women with a recent history of low grade or precancerous cervical dysplasia. 

PloS one. 2017; 12(11): e0188592. Epub 2017/11/29. https://doi.org/10.1371/journal.pone.0188592 PMID: 

29182627.

7. Lopez MS, Baker ES, Maza M, Fontes-Cintra G, Lopez A, Carvajal JM, et al. Cervical cancer prevention and 

treatment in Latin America. Journal of surgical oncology. 2017; 115(5): 615-618. 

https://doi.org/10.1002/jso.24544 PMID: 28168717.

8. McGuire S. World Cancer Report 2014. Geneva, Switzerland: World Health Organization, International 

Agency for Research on Cancer, WHO Press, 2015. Advances in nutrition (Bethesda, Md). 2016; 7(2): 418-419. 

https://doi.org/10.3945/an.116.012211 PMID: 26980827.

9. Kolesnikova EV, Tamkovich SN, Bryzgunova OE, Shelestyuk PI, Permyakova VI, Vlassov VV, et al. Circulating 

DNA in the blood of gastric cancer patients. Annals of the New York Academy of Sciences. 2008; 1137: 226-231. 

Epub 2008/10/08. https://doi.org/10.1196/annals.1448.009 PMID: 18837952.

10. Pornthanakasem W, Shotelersuk K, Termrungruanglert W, Voravud N, Niruthisard S, Mutirangura A. 

Human papillomavirus DNA in plasma of patients with cervical cancer. BMC cancer. 2001; 1: 2. Epub 2001/03/13.  

PMID: 11244579.

11. Mussolin L, Burnelli R, Pillon M, Carraro E, Farruggia P, Todesco A, et al. Plasma cell-free DNA in paediatric 

lymphomas. Journal of Cancer. 2013; 4(4): 323-329. Epub 2013/05/17. https://doi.org/10.7150/jca.6226 PMID: 

23678368.

12. Mazurek AM, Fiszer-Kierzkowska A, Rutkowski T, Skladowski K, Pierzyna M, Scieglinska D, et al. 

Optimization of circulating cell-free DNA recovery for KRAS mutation and HPV detection in plasma. Cancer 

biomarkers : section A of Disease markers. 2013; 13(5): 385-394. Epub 2014/01/21. 

https://doi.org/10.3233/cbm-130371 PMID: 24440979.

13. Takakura M, Matsumoto T, Nakamura M, Mizumoto Y, Myojyo S, Yamazaki R, et al. Detection of circulating 

tumor cells in cervical cancer using a conditionally replicative adenovirus targeting telomerase-positive cells. 

Cancer science. 2018; 109(1): 231-240. Epub 2017/11/21. https://doi.org/10.1111/cas.13449 PMID: 29151279.

14. Hernadi Z, Gazdag L, Szoke K, Sapy T, Krasznai ZT, Konya J. Duration of HPV-associated risk for high-grade 

cervical intraepithelial neoplasia. European journal of obstetrics, gynecology, and reproductive biology. 2006; 

125(1): 114-119. Epub 2005/10/27. https://doi.org/10.1016/j.ejogrb.2005.08.005 PMID: 16249052.

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted October 4, 2019. ; https://doi.org/10.1101/793869doi: bioRxiv preprint 

https://doi.org/10.1101/793869
http://creativecommons.org/licenses/by/4.0/


23

15. De Marco L, Gillio-Tos A, Bonello L, Ghisetti V, Ronco G, Merletti F. Detection of human papillomavirus type 

16 integration in pre-neoplastic cervical lesions and confirmation by DIPS-PCR and sequencing. Journal of clinical 

virology : the official publication of the Pan American Society for Clinical Virology. 2007; 38(1): 7-13. Epub 

2006/10/31. https://doi.org/10.1016/j.jcv.2006.09.008 PMID: 17070101.

16. van Ginkel JH, Huibers MMH, van Es RJJ, de Bree R, Willems SM. Droplet digital PCR for detection and 

quantification of circulating tumor DNA in plasma of head and neck cancer patients. BMC cancer. 2017; 17(1): 

428. Epub 2017/06/21. https://doi.org/10.1186/s12885-017-3424-0 PMID: 28629339.

17. Kang Z, Stevanovic S, Hinrichs CS, Cao L. Circulating Cell-free DNA for Metastatic Cervical Cancer Detection, 

Genotyping, and Monitoring. Clinical cancer research : an official journal of the American Association for Cancer 

Research. 2017; 23(22): 6856-6862. Epub 2017/09/14. https://doi.org/10.1158/1078-0432.ccr-17-1553 PMID: 

28899967.

18. Dahlstrom KR, Li G, Hussey CS, Vo JT, Wei Q, Zhao C, et al. Circulating human papillomavirus DNA as a 

marker for disease extent and recurrence among patients with oropharyngeal cancer. Cancer. 2015; 121(19): 

3455-3464. Epub 2015/06/23. https://doi.org/10.1002/cncr.29538 PMID: 26094818.

19. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for 

systematic review and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. Bmj. 2015; 350: 

g7647. https://doi.org/10.1136/bmj.g7647 PMID: 25555855.

20. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of 

nonrandomized studies in meta-analyses. European journal of epidemiology. 2010; 25(9): 603-605. 

https://doi.org/10.1007/s10654-010-9491-z PMID: 20652370.

21. Cohen J, Bossuyt P, Levy C, Chalumeau M, Martinot A, Launay E. [How to use the STARD statement and the 

QUADAS-2 tool?]. Archives de pediatrie : organe officiel de la Societe francaise de pediatrie. 2015; 22(5 Suppl 

1): 190-191. https://doi.org/10.1016/S0929-693X(15)30095-6 PMID: 26112586.

22. Zhou Q, Li W, Leng B, Zheng W, He Z, Zuo M, et al. Circulating Cell Free DNA as the Diagnostic Marker for 

Ovarian Cancer: A Systematic Review and Meta-Analysis. PloS one. 2016; 11(6): e0155495. 

https://doi.org/10.1371/journal.pone.0155495 PMID: 27253331.

23. Stuck AE, Rubenstein LZ, Wieland D. Bias in meta-analysis detected by a simple, graphical test. Asymmetry 

detected in funnel plot was probably due to true heterogeneity. Bmj. 1998; 316(7129): 469; author reply 470-

461.  PMID: 9492685.

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted October 4, 2019. ; https://doi.org/10.1101/793869doi: bioRxiv preprint 

https://doi.org/10.1101/793869
http://creativecommons.org/licenses/by/4.0/


24

24. Campitelli M, Jeannot E, Peter M, Lappartient E, Saada S, de la Rochefordiere A, et al. Human papillomavirus 

mutational insertion: specific marker of circulating tumor DNA in cervical cancer patients. PloS one. 2012; 7(8): 

e43393. Epub 2012/09/01. https://doi.org/10.1371/journal.pone.0043393 PMID: 22937045.

25. Dong SM, Pai SI, Rha SH, Hildesheim A, Kurman RJ, Schwartz PE, et al. Detection and quantitation of human 

papillomavirus DNA in the plasma of patients with cervical carcinoma. Cancer epidemiology, biomarkers & 

prevention : a publication of the American Association for Cancer Research, cosponsored by the American 

Society of Preventive Oncology. 2002; 11(1): 3-6. Epub 2002/01/30.  PMID: 11815394.

26. Kim HJ, Kim CY, Jin J, Bae MK, Kim YH, Ju W, et al. Aberrant single-minded homolog 1 methylation as a 

potential biomarker for cervical cancer. Diagnostic cytopathology. 2018; 46(1): 15-21. Epub 2017/10/25. 

https://doi.org/10.1002/dc.23838 PMID: 29063719.

27. Yang HJ, Liu VW, Tsang PC, Yip AM, Tam KF, Wong LC, et al. Quantification of human papillomavirus DNA 

in the plasma of patients with cervical cancer. International journal of gynecological cancer : official journal of 

the International Gynecological Cancer Society. 2004; 14(5): 903-910. Epub 2004/09/14. 

https://doi.org/10.1111/j.1048-891X.2004.014528.x PMID: 15361202.

28. Zhang J, Yao T, Lin Z, Gao Y. Aberrant Methylation of MEG3 Functions as a Potential Plasma-Based 

Biomarker for Cervical Cancer. Scientific reports. 2017; 7(1): 6271. Epub 2017/07/26. 

https://doi.org/10.1038/s41598-017-06502-7 PMID: 28740189.

29. Zhang X, Wang C, Wang L, Du L, Wang S, Zheng G, et al. Detection of circulating Bmi-1 mRNA in plasma and 

its potential diagnostic and prognostic value for uterine cervical cancer. International journal of cancer. 2012; 

131(1): 165-172. Epub 2011/08/23. https://doi.org/10.1002/ijc.26360 PMID: 21858805.

30. Zhang L, Zhan X, Yan D, Wang Z. Circulating MicroRNA-21 Is Involved in Lymph Node Metastasis in Cervical 

Cancer by Targeting RASA1. International journal of gynecological cancer : official journal of the International 

Gynecological Cancer Society. 2016; 26(5): 810-816. Epub 2016/04/22. 

https://doi.org/10.1097/igc.0000000000000694 PMID: 27101583.

31. Kong Q, Tang Z, Xiang F, Jiang J, Yue H, Wu R, et al. Diagnostic Value of Serum hsa-mir-92a in Patients with 

Cervical Cancer. Clinical laboratory. 2017; 63(2): 335-340. Epub 2017/02/10. 

https://doi.org/10.7754/Clin.Lab.2016.160610 PMID: 28182350.

32. Jeannot E, Becette V, Campitelli M, Calmejane MA, Lappartient E, Ruff E, et al. Circulating human 

papillomavirus DNA detected using droplet digital PCR in the serum of patients diagnosed with early stage 

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted October 4, 2019. ; https://doi.org/10.1101/793869doi: bioRxiv preprint 

https://doi.org/10.1101/793869
http://creativecommons.org/licenses/by/4.0/


25

human papillomavirus-associated invasive carcinoma. The journal of pathology Clinical research. 2016; 2(4): 201-

209. Epub 2016/12/06. https://doi.org/10.1002/cjp2.47 PMID: 27917295.

33. Carow K, Golitz M, Wolf M, Hafner N, Jansen L, Hoyer H, et al. Viral-Cellular DNA Junctions as Molecular 

Markers for Assessing Intra-Tumor Heterogeneity in Cervical Cancer and for the Detection of Circulating Tumor 

DNA. International journal of molecular sciences. 2017; 18(10). Epub 2017/09/25. 

https://doi.org/10.3390/ijms18102032 PMID: 28937589.

34. Chung TKH, Cheung TH, Yim SF, Yu MY, Chiu RWK, Lo KWK, et al. Liquid biopsy of PIK3CA mutations in 

cervical cancer in Hong Kong Chinese women. Gynecologic oncology. 2017; 146(2): 334-339. Epub 2017/06/08. 

https://doi.org/10.1016/j.ygyno.2017.05.038 PMID: 28587748.

35. Hsu KF, Huang SC, Hsiao JR, Cheng YM, Wang SP, Chou CY. Clinical significance of serum human 

papillomavirus DNA in cervical carcinoma. Obstetrics and gynecology. 2003; 102(6): 1344-1351. Epub 

2003/12/10.  PMID: 14662225.

36. Sathish N, Abraham P, Peedicayil A, Sridharan G, John S, Shaji RV, et al. HPV DNA in plasma of patients with 

cervical carcinoma. Journal of clinical virology : the official publication of the Pan American Society for Clinical 

Virology. 2004; 31(3): 204-209. Epub 2004/10/07. https://doi.org/10.1016/j.jcv.2004.03.013 PMID: 15465413.

37. Wei YC, Chou YS, Chu TY. Detection and typing of minimal human papillomavirus DNA in plasma. 

International journal of gynaecology and obstetrics: the official organ of the International Federation of 

Gynaecology and Obstetrics. 2007; 96(2): 112-116. Epub 2007/01/26. 

https://doi.org/10.1016/j.ijgo.2006.08.012 PMID: 17250836.

38. Jaberipour M, Samsami A, Sahraiian F, Kazerooni T, Hashemi M, Ghaderi A, et al. Elevation of HPV-18 and 

HPV-16 DNA in the plasma of patients with advanced cervical cancer. Asian Pacific journal of cancer 

prevention : APJCP. 2011; 12(1): 163-167. Epub 2011/04/27.  PMID: 21517251.

39. Gao Y, Zhang K, Xi H, Cai A, Wu X, Cui J, et al. Diagnostic and prognostic value of circulating tumor DNA in 

gastric cancer: a meta-analysis. Oncotarget. 2017; 8(4): 6330-6340. https://doi.org/10.18632/oncotarget.14064 

PMID: 28009985.

40. Cheung TH, Yim SF, Yu MY, Worley MJ, Jr., Fiascone SJ, Chiu RWK, et al. Liquid biopsy of HPV DNA in cervical 

cancer. Journal of clinical virology : the official publication of the Pan American Society for Clinical Virology. 2019; 

114: 32-36. Epub 2019/03/27. https://doi.org/10.1016/j.jcv.2019.03.005 PMID: 30913520.

41. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of worldwide burden of cancer in 

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted October 4, 2019. ; https://doi.org/10.1101/793869doi: bioRxiv preprint 

https://doi.org/10.1101/793869
http://creativecommons.org/licenses/by/4.0/


26

2008: GLOBOCAN 2008. International journal of cancer. 2010; 127(12): 2893-2917. 

https://doi.org/10.1002/ijc.25516 PMID: 21351269.

42. Reck M, Hagiwara K, Han B, Tjulandin S, Grohe C, Yokoi T, et al. ctDNA Determination of EGFR Mutation 

Status in European and Japanese Patients with Advanced NSCLC: The ASSESS Study. Journal of thoracic oncology 

: official publication of the International Association for the Study of Lung Cancer. 2016; 11(10): 1682-1689. 

https://doi.org/10.1016/j.jtho.2016.05.036 PMID: 27468938.

43. Perez-Barrios C, Nieto-Alcolado I, Torrente M, Jimenez-Sanchez C, Calvo V, Gutierrez-Sanz L, et al. 

Comparison of methods for circulating cell-free DNA isolation using blood from cancer patients: impact on 

biomarker testing. Translational lung cancer research. 2016; 5(6): 665-672. Epub 2017/02/06. 

https://doi.org/10.21037/tlcr.2016.12.03 PMID: 28149760.

44. Molina-Vila MA, Mayo-de-Las-Casas C, Gimenez-Capitan A, Jordana-Ariza N, Garzon M, Balada A, et al. 

Liquid Biopsy in Non-Small Cell Lung Cancer. Frontiers in medicine. 2016; 3: 69. 

https://doi.org/10.3389/fmed.2016.00069 PMID: 28066769.

45. Zhang R, Shao F, Wu X, Ying K. Value of quantitative analysis of circulating cell free DNA as a screening tool 

for lung cancer: a meta-analysis. Lung cancer (Amsterdam, Netherlands). 2010; 69(2): 225-231. 

https://doi.org/10.1016/j.lungcan.2009.11.009 PMID: 20004997.

46. Fan G, Zhang K, Yang X, Ding J, Wang Z, Li J. Prognostic value of circulating tumor DNA in patients with colon 

cancer: Systematic review. PloS one. 2017; 12(2): e0171991. https://doi.org/10.1371/journal.pone.0171991 

PMID: 28187169.

47. Wu Y, Yeo YH, Nguyen MH, Cheung RC. Prevalence of NAFLD in China: What Did We Learn From the Recent 

Meta-Analysis? Hepatology (Baltimore, Md). 2019. https://doi.org/10.1002/hep.30892 PMID: 31390074.

48. Deeks JJ, Altman DG. Diagnostic tests 4: likelihood ratios. Bmj. 2004; 329(7458): 168-169. 

https://doi.org/10.1136/bmj.329.7458.168 PMID: 15258077.

49. Wang X, Zeng Y, Huang X, Zhang Y. Prevalence and Genotype Distribution of Human Papillomavirus in 

Invasive Cervical Cancer, Cervical Intraepithelial Neoplasia, and Asymptomatic Women in Southeast China. 

BioMed research international. 2018; 2018: 2897937. https://doi.org/10.1155/2018/2897937 PMID: 30402468.

50. Anker P, Mulcahy H, Chen XQ, Stroun M. Detection of circulating tumour DNA in the blood (plasma/serum) 

of cancer patients. Cancer metastasis reviews. 1999; 18(1): 65-73. Epub 1999/10/03.  PMID: 10505546.

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted October 4, 2019. ; https://doi.org/10.1101/793869doi: bioRxiv preprint 

https://doi.org/10.1101/793869
http://creativecommons.org/licenses/by/4.0/


27

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted October 4, 2019. ; https://doi.org/10.1101/793869doi: bioRxiv preprint 

https://doi.org/10.1101/793869
http://creativecommons.org/licenses/by/4.0/

