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A B S T R A C T   

DNA promoter methylation is an early event in tumorigenesis and holds promise as a valuable marker in ovarian 
cancer (OC). It can be measured using circulating tumor specific DNA (ctDNA) isolated from the bloodstream. 
Sensitivity, however, is a limiting factor of its diagnostic feasibility in OC. DNA methylation analyses are based 
on bisulfite conversion, resulting in two DNA strands that are no longer complementary. The current standard 
strategy would then target only one of the double stranded DNA strands, but the potential to increase the 
sensitivity by targeting both DNA strands is available. In this study, we aimed at evaluating the diagnostic po-
tential of methylated HOXA9 ctDNA in OC by targeting both the DNA sense and antisense strand. Methylated 
HOXA9 was detected in the plasma of 47/79 (59.5%) patients with newly diagnosed OC using sense-antisense 
droplet digital PCR. Simultaneous sense-antisense measurement increased the sensitivity by 14.6% (51.9% to 
59.5%) as compared to antisense only. In patients with FIGO stage I-II disease the sensitivity was increased by 
25%. In conclusion, simultaneous measurement targeting both DNA strands can increase the sensitivity and the 
analytical approach appears valuable in the diagnostic setting of OC.   

1. Introduction 

Early diagnosis of ovarian cancer (OC) remains an unmet challenge 
in gynecological oncology. Despite progress in both surgical and non- 
surgical treatment, including the use of PARP inhibitors especially in 
patients with homologous recombination deficiency (HRD positive) 
and/or BRCA1/2 mutations, early diagnosis is still the key to improve 
the prognosis. OC can be cured in up to 90% of the cases if diagnosed at 
an early stage when the disease is still limited to the ovaries [1]. 

So far, screening by serum cancer antigen 125 (CA125) and/or ul-
trasound (US) has failed [2] despite several attempts to develop algo-
rithms and diagnostic tools to distinguish benign from malignant pelvic 
masses [3]. 

The development of a risk of OC algorithm (ROCA) [4] following 
large randomized controlled trials [5,6] and improvement in diagnostic 
US including the ‘simple rules’ by International Ovarian Tumor Analysis 

(IOTA) to determine the malignancy risk [7] has not managed to 
improve early diagnosis significantly. The fact that the disease may start 
in the fallopian tube [8] and tends to spread into the abdomen before it 
manifests itself in the ovaries, makes diagnostic US even more difficult. 

Ideally, a liquid biopsy with sufficient sensitivity and specificity 
would be a cornerstone for earlier diagnosis, but so far, no marker has 
shown sufficient clinical utility. CA125 is currently used for treatment 
monitoring, but as its sensitivity and specificity is poor, it does not meet 
the criteria of an ideal marker for screening [9,10]. Also, a proportion of 
OC patients express little or no CA125, especially in early stage disease 
[11]. 

Malignant tumors are characterized by aberrant DNA methylation. 
Hypo- or hypermethylation of the promoter region of a gene holds 
important biological information and seems to be rather stable. It is also 
thought to be one of the earliest molecular changes and therefore ap-
pears promising for detection of even early-stage disease [12–16]. Since 
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cancer cells undergo changes such as apoptosis, necrosis, and phago-
cytosis, cell free DNA (cfDNA) is released into the blood stream. Part of 
the cfDNA derived from the primary tumor or metastatic sites can be 
detected as circulating tumor DNA (ctDNA), which holds perspective as 
a marker of DNA methylation changes in the plasma. 

Methylation changes of the Homeobox A9 gene (HOXA9) have to 
some extent been investigated for early diagnosis in OC [13,17,18] but 
with limited success so far. The HOXA genes coordinate the patterns of 
the Müllerian system during embryogenesis, with HOXA9 normally 
expressed in the fallopian tubes [19]. Aberrant methylation of HOXA9 
has been found in OC tissue, but the knowledge of its significance to the 
development of ovarian malignancy is insufficient. 

To bring methylated ctDNA into clinical application the optimal 
methodology for accurate and reproducible quantification of methyl-
ation status needs to be established. Digital PCR allows detection at very 
low numbers of molecules, but its sensitivity remains the limiting factor 
for early stage disease with a low amount of ctDNA shed by small 
asymptomatic tumors. 

The standard method for detection of DNA methylation is based on 
the conversion of unmethylated cytosines to uracils after bisulfite 
treatment, leaving methylated cytosines unchanged. Consequently, the 
two DNA strands are no longer complementary and the subsequent 
analysis targeting one DNA strand for methylation detection thereby 
utilizes only half of the available DNA. Potentially, the sensitivity could 
be increased with assays targeting both the sense and the antisense 
strand of the DNA methylation marker [20,21]. 

For this study, we developed assays targeting the DNA sense and 
antisense strands of the genomic region of HOXA9 using methylation 
specific droplet digital PCR (ddPCR), as we aimed to evaluate the 
diagnostic potential of methylated HOXA9 ctDNA (meth-HOXA9) in OC 
applying a simultaneous sense-antisense technique. 

2. Materials and methods 

2.1. Material for determination of limit of blank and establishment of 
cutoff for a positive sample and method validation (Cohort 1 and Cohort 
2) 

Plasma from 64 self-reported healthy women was collected to 
establish the limit of blank (LOB) and cutoff for a positive sample [22] 
(Fig. 1, Cohort 1). To validate the sense-antisense ddPCR assays as 
compared to antisense assay alone, 26 patients with recurrent OC un-
dergoing palliative chemotherapy were included (Ethics Committee; S- 
20160049, Cohort 2). The patients had previously undergone meth- 
HOXA9 antisense analysis and were selected to represent a range of 
meth-HOXA9 values. 

2.2. Material for diagnostic potential of methylated HOXA-9 (Cohort 3) 

Plasma from patients with newly diagnosed OC was obtained from 
two protocols. From 40 patients with localized disease (FIGO stage I-II) 
the plasma was collected from The Danish CancerBiobank under Bio- and 

GenomeBank Denmark, RBGB. Access to the data was approved by The 
Regional Committee on Health Research Ethics for Southern Denmark 
(S-20190040), the Danish Data Protection Agency (19/16314) and a 
signed contract between researcher and RBGB. 

Plasma from 39 patients with advanced OC (FIGO stage III-IV) 
referred for neoadjuvant chemotherapy was prospectively collected in 
a translational biomarker protocol (S-20160051) between December 
2018 and February 2021. All patients gave written and orally informed 
consent to the blood sampling. Plasma was obtained within 14 days 
prior to surgery (FIGO stage I-II) or just before initiation of neoadjuvant 
chemotherapy (FIGO stage III-IV). 

Patients were histologically classified according to the World Health 
Organization (WHO) criteria and tumor stage was established according 
to the International Federation of Gynecology and Obstetrics (FIGO) 
criteria [23]. 

2.3. Isolation and quantification of DNA 

Blood collection and plasma isolation was performed using the same 
standard operating procedure for patients and healthy controls. Within 
4 h after collection in 9 mL EDTA tubes the plasma was separated by 
centrifugation at 2000g for 10 min and stored at minus 80 ◦C until use. It 
was then centrifuged again for 10 min at 10,000g and CPP1 was added as 
exogenous purification control before DNA extraction [24]. ctDNA was 
extracted from 1.6 to 4.1 mL (mean: 3.2 mL) plasma by the QIAsym-
phony purification system (Qiagen, Hilden, Germany), using the QIA-
symphony DSP Circulating DNA kit as specified by the manufacturer. 
The purified ctDNA was eluted in 60 µl M− elution buffer after which 
340 µl water was added to all samples. A qPCR for the beta-2- 
microglobulin gene (B2M) and Glycine max cysteine-rich Polycomb- 
like Protein (CPP1) was then performed to quantify the amount of DNA 
in each sample for quality control [24]. Samples were concentrated to 
20 µl on Amicon Ultra-0.5 Centrifugal Filter Units (Merck, Darmstadt, 
Germany) 

2.4. HOXA9 methylation analysis 

The purified DNA was bisulfite converted using the EZ DNA 
Methylation-Lightning Kit as recommended by the manufacturer (Zymo 
Research Corp., Irvine, CA, USA). The converted DNA was analyzed with 
an in-house HOXA9 methylation specific assay and control assay (Al-
bumin) [25] using the BioRad® (Hercules, CA, USA) Droplet Digital PCR 
system QX200 according to the manufacturer’s instructions. 

The sense and antisense probes specific for methylated bisulfite- 
converted DNA were labeled with FAM or a mixture of FAM/Cal Fluor 
orange fluorophores, resulting in separated fluorescent signals to 
investigate the correlation and sensitivity of the sense-antisense ddPCR 
analysis (Supplementary Fig. 1). Details on primer and probe sequences 
are listed in Table 1. 

Primers and HOXA9 probes were purchased from LGC Biosearch 
technologies, Aarhus, Denmark and the albumin probe from Thermo 
Fisher Scientific (Waltham, Ma, USA). Human methylated control DNA 

Fig. 1. The different cohorts used in the study for determination of limit of blank and cutoff value (Cohort 1), method validation (Cohort 2) and analysis of the 
diagnostic potential of meth-HOXA9 (Cohort 3). 
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(Zymo Research Corp., Irvine, CA, USA) and water and a pool of 
lymphocyte DNA from non-cancer individuals was included in each 
round of analyses as positive and negative controls. The purchased 
human meth-HOXA9 control DNA was analyzed as positive controls at 
various dilutions (undiluted, x2, x4, x8, x16, x32, x64, and x128) to 
validate the correlation between the number of copies measured by 
simultaneous sense-antisense assays and the antisense assay alone. 

QuantaSoft™ version 1.7.4 (BioRad®, Hercules, CA, USA) was used 
to analyze the data and quantify HOXA9 methylation. 

2.5. CA125 analysis 

Plasma samples for CA125 analysis were collected before treatment 
(surgery or neoadjuvant chemotherapy) and analyzed using Cobas e801 
and the Elecsys® CA125 II kit (Roche Diagnostics, Rotkreuz, 
Switzerland) according to the manufacturer’s instructions. 

2.6. Statistical analysis 

Categorical and continuous variables are presented as frequencies 
and means, respectively. Assumption of normality was checked for the 
continuous variables. Comparison between groups was made with Wil-
coxon rank-sum test for numeric non-parametric variables and Student’s 
t-test for numeric parametric data. Fischer’s exact test or chi-squared 
test was used for binary parametric data to compare two unpaired 
groups. 

Meth-HOXA9 was assessed both as a continuous (percentage) and a 
binary (detectable or undetectable) variable. 

Linear regression models were applied for evaluation of linear cor-
relations. All reported p-values were two-sided, and p-values < 0.05 
were considered statistically significant. Results were analyzed using 
Stata/IC 16.0 (StataCorp LLC, College Station, Texas, USA). 

3. Results 

3.1. Methylated HOXA9 ctDNA validation, LOB and cutoff value for a 
positive sample 

The comparison of sense-antisense and antisense alone measurement 
using purchased human meth-HOXA9 control DNA is shown in Sup-
plementary Fig. 2. The slope was 1.99 (95% CI 1.77–2.21) and the 
regression coefficient (R2) 0.99 (p < 0.001) implying a linear correlation 
between sense-antisense analysis and antisense alone using meth-HOXA 
control DNA at various dilutions. 

Plasma from 64 self-reported healthy women were analyzed (Cohort 
1) to establish the LOB. The mean amount of cfDNA in the samples was 
1860 B2M/mL (range: 519–5155). The number of meth-HOXA9 positive 
droplets was ranked and a line at the 95% percentile was drawn. An LOB 

of 4 positive droplets was found in both the antisense and sense- 
antisense measurement and the cutoff level was set at < 5 positive 
droplets [22,26]. The LOB was set to 4 droplets in both measurements 
and a cutoff for a positive sample was ≥ 5 meth-HOXA9 droplets per test 
accepting a false positive rate per test up to 5%. Since the number of 
meth-HOXA9 droplets in 61 of the 64 normal samples was < 5, the exact 
specificity of the meth-HOXA9 analysis was 95.3%. The cutoff value was 
used as reference value to dichotomize all plasma samples into meth- 
HOXA9 detectable and undetectable. 

HOXA9 data were normalized (after LOB establishment) to the level 
of albumin and reported as the ratio between meth-HOXA9 and albumin 
molecules (copies/mL) in order to minimize analytical variation. The 
fraction of meth-HOXA9 = [meth-HOXA9 copies] / [Albumin copies] ×
100 with the 95% confidence interval (CI) based on the Poisson distri-
bution of the molecules in the droplets. 

Twenty-six patients with recurrent OC (Cohort 2) were used to 
validate the simultaneous sense-antisense ddPCR analysis. A linear 
correlation was found between simultaneous sense-antisense and anti-
sense alone with meth-HOXA9 expressed as a percentage of total, iso-
lated DNA (Fig. 2). Log-transforming of data for parametric analysis 
yielded a regression coefficient (R2) of 0.96 (p < 0.001). 

3.2. Patient characteristics of Cohort 3 (newly diagnosed OC) 

Plasma for meth-HOXA9 analysis was obtained from 79 newly 
diagnosed OC patients of which 40 had localized (FIGO stage I-II) and 39 
had advanced disease (FIGO stage III-IV). Patient characteristics are 
shown in Table 2. Age at diagnosis varied with FIGO stage with a mean 
age of 56, 60, 75 and 68 years for FIGO stage I, II, III and IV, respectively 
(p < 0.001). Histopathologically, the majority of the patients (69.6%) 
had high-grade serous adenocarcinoma (69.6%). The mean level of 
cfDNA in the whole cohort was 4882 B2M/mL whereas in FIGO stage I-II 
and III-IV disease it was 4538 B2m/mL and 5235 BM2/mL, respectively 
(p = 0.014). 

3.3. Meth-HOXA9 in newly diagnosed OC patients applying sense- 
antisense measurement 

Meth-HOXA9 ctDNA was detected in the plasma of 47/79 patients 
(59.5%) with newly diagnosed OC using sense-antisense measurement 
(Cohort 3), given a positive predictive value of 94% (47/50) when 
including Cohort 1. Divided into FIGO stage meth-HOXA9 ctDNA was 
detected in 15 patients (37.5%) with stage I-II and in 32 patients 
(82.1%) with stage III-IV. A tendency towards a difference in meth- 
HOXA9 status between histologic subtypes was found (p = 0.054) 
with mucinous tumors having the highest fraction of undetectable meth- 
HOXA9 (8/11) cases. 

Table 1 
Details on primers and probes.   

Manufacturer Sequence Final conc. (nM) Label 

HOXA9 Antisense     
Forward primer Thermo Fisher GAGTATTTCGATTTTAGTTCGTGT 200  
Reverse primer Thermo Fisher CGCGTACACTAAATTCCAC 200  
Probe LCG Biosearch Technologies TTAGTTTAAGGCGACGGTGTT 100 Cal Fluor Orange/BHQ-1 
Probe LCG Biosearch Technologies TTAGTTTAAGGCGACGGTGTT 100 FAM/BHQ-1  

HOXA9 Sense     
Forward primer LCG Biosearch Technologies GGAAGTTGTACGGGTTGAAGTC 200  
Reverse primer LCG Biosearch Technologies GTTAACCGCTATACGCCGAAA 200  
Probe LCG Biosearch Technologies TGTTCGGTTAGCGTCGTCGTTTGT 100 FAM/BHQ-1  

Albumin     
Forward primer LCG Biosearch Technologies GGGATGGAAAGAATTTTATGTT 400  
Reverse primer LCG Biosearch Technologies AAACAAACTAACCCCAAATTCT 400  
Probe Thermo Fisher AGGGTTTTTATAATTTA 400 VIC/MGBNFQ  
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3.4. Sense-antisense measurement as compared to antisense only to detect 
meth-HOXA9 and the correlation with CA125 

Simultaneous sense-antisense assays were investigated and 

compared to antisense assay alone. Applying the antisense assay only 
41/79 (51.9%) newly diagnosed OC patients had detectable meth- 
HOXA9 ctDNA (Table 3). The sense-antisense measurement detected 
three additional patients with localized disease, i.e. 12 patients (30%) 
with FIGO stage I-II disease had detectable meth-HOXA9 ctDNA using 
the antisense assay compared to 15 patients using simultaneous sense- 
antisense assays. Correspondingly, 29 patients (74.4%) with FIGO 
stage III-IV disease had detectable meth-HOXA9 ctDNA using the anti-
sense technique only and three additional patients were positive for 
meth-HOXA9 using the sense-antisense measurement, which increases 
the fraction of positive samples to 82.1% (32/39). The use of simulta-
neous sense-antisense measurement increased the overall sensitivity by 
14.6% (51.9% to 59.5%), whereas in patients with FIGO stage I-II dis-
ease it was increased by 25% (30% to 37.5%) (Fig. 3). 

The combination of meth-HOXA9 ctDNA and CA125 status at diag-
nosis according to FIGO stage (Table 4) demonstrated that 44 patients 
had detectable meth-HOXA9 and CA125 > 35 kUI/L (double positive), 
the majority with advanced disease. Three patients (3.8%) had unde-
tectable CA125 and detectable meth-HOXA9 as opposed to 23 patients 
(29.1%) with undetectable meth-HOXA9 and detectable CA125. 

In nine patients (11.4%) with localized disease both meth-HOXA9 
and CA125 was undetectable. If meth-HOXA9 ctDNA and CA125 was 
combined as a biomarker algorithm, 88.6% of all patients (70/79) could 
be diagnosed. 

4. Discussion 

Analysis of ctDNA methylation markers in the blood holds potential 
for early detection of cancer, but there is a major issue of sensitivity, 
especially in relation to low stage disease. 

In this study, we developed HOXA9 methylation specific PCR assays 
targeting both the sense and the antisense DNA strand after bisulfite 
conversion. The simultaneous sense-antisense ddPCR analysis increased 
the overall sensitivity of meth-HOXA9 as a biomarker by 14.6%, i.e. the 
number of meth-HOXA9 copies detected increased by targeting both 
DNA strands. As expected, the sensitivity was higher in patients with 
advanced disease (FIGO stage III-IV) with detectable meth-HOXA9 
ctDNA in 82.1% of the patients. In patients with localized disease, 
however, the sensitivity increased by 25% using simultaneous sense- 
antisense ddPCR measurement as compared to antisense assay only. 

To our knowledge, no other studies have investigated and quantified 
meth-HOXA9 ctDNA in plasma using dual-strand assays targeting both 
DNA strands after bisulfite conversion. A study by Singh et al. [13] re-
ports a sensitivity of 62.2% using serum samples and MethyLight assay 
targeting one DNA strand of the HOXA9 gene. The study included 44 
serum samples from patients with malignant disease, only 10 of which 
had FIGO stage I-II. 

One of the potential limitations incorporating ctDNA for diagnostic 
use is the so-called ‘non-shedders’, i.e. patients in which meth-HOXA9 
ctDNA cannot be detected in the plasma. This could be due to a low 
amount of DNA shed by asymptomatic tumors or the biology of OC 
tending to spread from the fallopian tube/ovaries into the abdomen 
escaping the bloodstream. This results in low numbers of ctDNA copies 
presented in the blood, as ctDNA only accounts for 0.1% or less of the 
total cfDNA [27]. Considering the low numbers of cfDNA copies, a sig-
nificant variability must be anticipated as to how many targets will be 
subsampled in a 9 mL EDTA tube relative to the expected number [22]. 
The number of ctDNA molecules in patients with early stage cancer may 
thus be very low and whether the collected blood volume contains 
tumor DNA may be a question of chance. Consequently, the current 
literature is not supportive of using ctDNA for detection of early stage 
cancer in asymptomatic individuals [27]. 

To increase the sensitivity the volume of the samples could be 
extended. Another alternative is to collect liquid biopsies from other 
sites of origin for screening or diagnostic purposes. A study by Valle et al. 
[28] investigated DNA promoter methylation in tissue and biofluids of 

Fig. 2. Correlation between sense-antisense and antisense alone measurement 
with meth-HOXA9 expressed as the percentage of total DNA (Cohort 2). The 
bottom graph enlarges low values. 

Table 2 
Patient characteristics of the 79 newly diagnosed ovarian cancer patients 
(Cohort 3). The CA125 value was obtained at the same time as the sample for 
meth-HOXA9 analysis.   

Newly diagnosed OC patients  
(N = 79) 

Age, mean [range] 63 [25–86]  

FIGO stage  
I 28 (35.4%) 
II 12 (15.2%) 
III 5 (6.3%) 
IV 34 (43%)  

Histology  
Low-grade serous 3 (3.8%) 
High-grade serous 55 (69.6%) 
Endometrioid 10 (12.7%) 
Mucinous 11 (13.9%)  

CA125 (kUI/L), mean [range] 1193 [12–13000]  

cfDNA (B2M/mL), mean [range] 4882 [967–32599]  
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OC using cervical swabs, plasma/serum, and urine suggesting that these 
alternatives could be used as source of biomarker detection. The study 
analyzed DNA methylation in Histone H2B type 1B (HIST1H2BB) and 
membrane-associated guanylate kinase inverted 2 (MAGI2) in paired 
tissue from cervical swabs, serum/plasma and urine. The study found 
that urine DNA was a better indicator of HIST1H2BB and MAGI2 DNA 
methylation status than serum/plasma indicating that detection of 
methylated DNA could be expanded to include other biofluids. Another 
study [29] investigated methylation of HOXA9 and HOXA11 genes in 
presumed normal endometrium and demonstrated a potential to detect 
OC by analyzing biopsies from the endometrium. The study included 
endometrial tissue from premenopausal women only (<45 years) but 
observed high levels of HOXA9 methylation in the OC cases compared to 
control cases. High levels of meth-HOXA9 in the endometrial biopsy 
were associated with a 12-fold increased risk of OC (RR = 12.32), which 
supports meth-HOXA9 as a biomarker of OC, although this proof of 
principle study has not been confirmed in a larger study or approached 

clinical validation. 
The issue of ‘non-shedders’ also applies to the currently used 

biomarker CA125 [11]. In our study, the level of CA125 in 12 patients 
(15.2%) was within normal range (<35 kUI/L); all but one had localized 
disease (FIGO stage I-II). This addresses the inherent difficulties in early 
cancer detection with normal CA125 in 27.5% of stage I-II patients and 
emphasizes the need for combining biomarkers for screening purposes 
and improved early detection [30–33]. 

Methylated ctDNA in plasma appears to be a promising biomarker 
for diagnostic and/or prognostic purposes in OC [34–36]. Our study 
suggests that meth-HOXA9 ctDNA has potential as a biomarker in an 
algorithm for OC diagnostics. Its feasibility as a tool for screening, 
diagnostic work-up, prognostic and predictive purposes, and monitoring 
needs to be investigated further [37]. In relation to survival, recent 
studies have suggested meth-HOXA9 ctDNA in OC to be valuable as a 
prognostic marker [38–40]. 

There is an obvious need for new analytical approaches with a better 
sensitivity to enable screening and early diagnosis of OC. Randomized 
controlled trials have not yet demonstrated an impact on disease mor-
tality [5,41]. Given the increased sensitivity obtained using ddPCR and 
simultaneous assays targeting both DNA strands, the potential to detect 
small asymptomatic tumors by means of ctDNA comes closer. 

In conclusion, this study showed that simultaneous measurement of 
both DNA strands after bisulfite conversion increases the sensitivity of 
HOXA9 meth-ctDNA and that the marker had high efficiency in 
discriminating OC from non-malignant samples. The analytical 
approach improves the sensitivity, which may be valuable for liquid 
biopsies and should be considered in the screening and early diagnosis of 
OC. 

CRediT authorship contribution statement 

Louise Faaborg: Conceptualization, Writing – original draft. Rikke 
Fredslund Andersen: Methodology, Validation, Investigation. 
Marianne Waldstrøm: Writing – review & editing. Estrid Høgdall: 
Resources, Writing – review & editing. Claus Høgdall: Resources. 
Parvin Adimi: Resources. Anders Jakobsen: Supervision, Visualiza-
tion, Writing - review & editing. Karina Dahl Steffensen: Supervision, 
Visualization, Writing – review & editing. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

The authors would like to thank technicians Tina Brandt Christensen, 
Lone Hartmann Hansen, and Pia Nielsen for technical assistance and 
Karin Larsen for linguistic editing of the manuscript. 

Funding 

This work was financially supported by the Department of Oncology, 

Table 3 
Meth-HOXA9 ctDNA status for antisense and sense-antisense analysis and CA125 status at diagnosis according to FIGO stage.   

Antisense assay Simultaneous sense-antisense assays    

Detectable meth- 
HOXA9 (N = 41) 

Undetectable meth- 
HOXA9 (N = 38) 

Detectable meth- 
HOXA9 (N = 47) 

Undetectable meth- 
HOXA9 (N = 32) 

CA125 > 35 kUI/L 
(N = 67) 

CA125 < 35 kUI/L 
(N = 12) 

FIGO stage I-II 
disease (N = 40) 

12 (30.0%) 28 (70.0%) 15 (37.5%) 25 (62.5%) 29 (72.5%) 11 (27.5%) 

FIGO stage III-IV 
disease (N = 39) 

29 (74.4%) 10 (25.6%) 32 (82.1%) 7 (17.9%) 38 (97.4%) 1 (2.6%)  

Fig. 3. The proportion of patients with detectable meth-HOXA9 using antisense 
assay alone as compared to the use of simultaneous sense-antisense assays. 

Table 4 
Combined Meth-HOXA9 ctDNA and CA125 status at diagnosis according to FIGO 
stage.   

Detectable 
meth- 
HOXA9, 
CA125 > 35 
kUI/L (N =
44) 

Detectable 
meth- 
HOXA9, 
CA125 < 35 
kUI/L (N =
3) 

Undetectable 
meth-HOXA9, 
CA125 > 35 
kUI/L (N = 23) 

Undetectable 
meth-HOXA9, 
CA125 < 35 
kUI/L (N = 9) 

FIGO 
stage I- 
II 
disease 
(N =
40) 

13 (32.5%) 2 (5.0%) 16 (40.0%) 9 (22.5%) 

FIGO 
stage 
III-IV 
disease 
(N =
39) 

31 (79.5%) 1 (2.6%) 7 (17.9%) 0 (0%)  
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Vejle Hospital, Lillebaelt Hospital - University Hospital of Southern 
Denmark, The Region of Southern Denmark (19/15008) and the NEYE 
Foundation, Denmark. 

Appendix A. Supplementary material 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.cca.2021.08.020. 

References 

[1] L.A. Torre, B. Trabert, C.E. Desantis, K.D. Miller, G. Samimi, C.D. Runowicz, 
M. Mia, A. Jemal, R.L. Siegel, Ovarian Cancer Statistics 2018 (68) (2018) 284–296. 

[2] U. Menon, C. Karpinskyj, A. Gentry-Maharaj, Ovarian Cancer Prevention and 
Screening, Obstet. Gynecol. 131 (2018) 909–927, https://doi.org/10.1097/ 
AOG.0000000000002580. 

[3] A.M. Chudecka-Głaz, ROMA, an algorithm for ovarian cancer, Clin. Chim. Acta. 
440 (2015) 143–151, https://doi.org/10.1016/j.cca.2014.11.015. 

[4] S.J. Skates, Ovarian cancer screening: Development of the Risk of Ovarian Cancer 
Algorithm (ROCA) and ROCA screening trials, Int. J. Gynecol. Cancer. 22 (2012) 
S24–S26. 

[5] I.J. Jacobs, U. Menon, A. Ryan, A. Gentry-Maharaj, M. Burnell, J.K. Kalsi, Ovarian 
cancer screening and mortality in the UK collaborative trial of ovarian cancer 
screening (UKCTOCS): a randomised controlled trial, Lancet 387 (2016) 945–956. 

[6] S.S. Buys, E. Partridge, A. Black, C.C. Johnson, L. Lamerato, C. Isaacs, D.J. Reding, 
R.T. Greenlee, L.A. Yokochi, B. Kessel, E.D. Crawford, T.R. Church, G.L. Andriole, 
J.L. Weissfeld, M.N. Fouad, D. Chia, B. O’Brien, L.R. Ragard, J.D. Clapp, J. 
M. Rathmell, T.L. Riley, P. Hartge, P.F. Pinsky, C.S. Zhu, G. Izmirlian, B.S. Kramer, 
A.B. Miller, J.L. Xu, P.C. Prorok, J.K. Gohagan, C.D. Berg, Effect of screening on 
ovarian cancer mortality: The Prostate, Lung, Colorectal and Ovarian (PLCO) 
cancer screening randomized controlled trial, JAMA - J. Am. Med. Assoc. 305 
(2011) 2295–2302. 

[7] N. Nunes, G. Ambler, X. Foo, J. Naftalin, M. Widschwendter, D. Jurkovic, Use of 
IOTA simple rules for diagnosis of ovarian cancer: Meta-analysis, Ultrasound 
Obstet. Gynecol. 44 (5) (2014) 503–514, https://doi.org/10.1002/uog.13437. 

[8] R. Perets, R. Drapkin, It’s totally tubular... Riding the new wave of ovarian cancer 
research, Cancer Res. 76 (1) (2016) 10–17. 

[9] E.L. Moss, J. Hollingworth, T.M. Reynolds, The role of CA125 in clinical practice, 
J. Clin. Pathol. 58 (2005) 308–312. 

[10] Z. Su, W.S. Graybill, Y. Zhu, Detection and monitoring of ovarian cancer, Clin. 
Chim. Acta. 415 (2013) 341–345, https://doi.org/10.1016/j.cca.2012.10.058. 

[11] W.-L. Yang, Z. Lu, R.C. Bast, The role of biomarkers in the management of 
epithelial ovarian cancer, Expert Rev. Mol. Diagn. 17 (6) (2017) 577–591. 

[12] C.A. Barton, N.F. Hacker, S.J. Clark, P.M. O’Brien, DNA methylation changes in 
ovarian cancer: Implications for early diagnosis, prognosis and treatment, Gynecol. 
Oncol. 109 (2008) 129–139. 

[13] A. Singh, S. Gupta, J.A. Badarukhiya, M. Sachan, Detection of aberrant methylation 
of HOXA9 and HIC1 through multiplex MethyLight assay in serum DNA for the 
early detection of epithelial ovarian cancer, Int. J. Cancer. 147 (2020) 1740–1752. 

[14] B. Wang, L. Yu, X. Luo, L. Huang, Q.S. Li, X.S. Shao, Detection of OPCML 
methylation, a possible epigenetic marker, from free serum circulating DNA to 
improve the diagnosis of early-stage ovarian epithelial cancer, Oncol Lett. 14 
(2017). 

[15] Q. Zhang, G. Hu, Q. Yang, R. Dong, X. Xie, D. Ma, K. Shen, B. Kong, A multiplex 
methylation-specific PCR assay for the detection of early-stage ovarian cancer 
using cell-free serum DNA, Gynecol. Oncol. 130 (2013) 132–139. 

[16] A. Niskakoski, S. Kaur, S. Staff, L. Renkonen-Sinisalo, H. Lassus, H.J. Järvinen, J.- 
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