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Circulating tumour DNA (ctDNA) facilitates longitudinal study of the tumour genome, which, unlike tumour tissue biopsies,
globally reflects intratumor and intermetastatis heterogeneity. Despite its costs, next-generation sequencing (NGS) has
revolutionised the study of ctDNA, ensuring a more comprehensive and multimodal approach, increasing data collection,
and introducing new variables that can be correlated with clinical outcomes. Current NGS strategies can comprise a
tumour-informed set of genes or the entire genome and detect a tumour fraction as low as 1075,
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| 1. Introduction

Ovarian cancer (OC) is the 7th most frequent gynaecological malignancy worldwide and the main cause of gynaecological
cancer death 2. OC is of epithelial origin in 90% of cases, and these can be classified into five different histological
subgroups based on the World Health Organization’s (WHO) current classification: high-grade serous ovarian carcinoma
(HGSOC), endometrioid carcinoma, clear-cell carcinoma, low-grade serous carcinoma, and mucinous carcinoma &1, Most
cases are diagnosed at advanced stages with peritoneal involvement, indicating poor overall survival (OS), despite the
best therapeutic efforts 4. However, different subtypes have diverse molecular and phenotypical behaviours, as well as
distinct prognosis and treatment options 1.

HEA-4 and CA-125 are the two clinically useful serum protein biomarkers for OC. Only CA-125 is approved for evaluating
treatment response and disease recurrence I8l The absence of higher-sensitivity biomarkers capable of early detection
and prognostication remains an area of need in the management of EOC WMIEIE! |n numerous cancers, cell-free DNA
(cfDNA) has shown promise in predicting prognosis, assessing treatment response, and recurrence detection M,
Table 1 compares CA-125 and ctDNA as biomarkers of OC.

Table 1. Comparison between Ca-125 and ctDNA as biomarkers of OC.

CA-125 CctDNA
Non-invasive

Can be altered by other coexisting physiological and pathological conditions

Inexpensive and highly available
Simple methodology
Results in minutes-hours
Quantitative marker

One continuous variable

Only informative regarding the presencelabsence
of treatment response and recurrence

Directly interpreted by the clinician
Easily detected in blood and urine

The utility is limited to producing tumours (mainly
restricted to HGSOC)

Expensive and restricted to specialist centres
Complex methodology
Results in days and weeks
Quantitative and qualitative markers
Can generate multiple continuous and discrete variables
Yields more information regarding treatment response and tumour
recurrence, like resistance mechanisms and targetable genetic
alterations

Requires specialised interpretation

Low concentrations in biological fluids

Theoretically applicable to all histological subtypes



CA-125 CtDNA

Clinical utility is debatable and requires confirmation in prospective

Established and recognised clinical utility in trials trials

HGSOC—High grade serous ovarian cancer.

Cell-free DNA (cfDNA) is released by both malignant and healthy cells through apoptosis and other cell death
mechanisms. At the same time, additional biological processes, like active secretion and phagocytosis, may also be
involved [IOILIAZ] |t can be found in many biological fluids, and its levels are altered by many pathological and
physiological conditions, such as physical activity or sepsis . Particularly, cancer-bearing patients have more plasma
cfDNA in the bloodstream than healthy individuals. Subtracting the amount of cfDNA originated in healthy cells and in cells
from the tumour microenvironment under hypoxia, only a small percentage of cfDNA originates from tumour cells and is
considered circulating tumour DNA (ctDNA), varying between 0.01 and 93% of all plasma cfDNA [4I10][13]

The quantity of plasma ctDNA differs according to the type and location of the tumour, the stage of the disease, and the
treatment received by the patient 1914l Despite evidence of a lower ctDNA shed from peritoneal metastasis of
gastrointestinal cancers, when compared with visceral metastasis 12, ctDNA can be easily obtained in samples of ovarian
cancer, particularly in those with advanced-stage disease LUIA4IIEILT] Alsp, genetic alterations may influence ctDNA
release. In TP53 and KRAS-mutated lung cancer, higher ctDNA rates were detected, possibly due to higher tumour
aggressiveness or cellular turnover 18 TP53 mutations are the defining feature of the most common type of ovarian
cancer—HGSOC—and they may help explain, together with the frequently advanced stage of the disease, the literature

reports of high ctDNA detection in HGSOC compared with other histological subtypes of OC, ranging from 75 to 100% of
all cases [4l14],

cfDNA has a variable half-life depending on the amount shed and clearance capability of metabolizing organs, like the
liver and spleen, and plasma circulating enzymes, ranging from 16 min to 2.5 h QURLUI2 \whilst this characteristic
challenges cfDNA sample collection and analysis, it allows for real-time assessment of tumour genetic characteristics.
Also, in cancer patients, impaired cfDNA clearance results in higher ctDNA concentrations in the bloodstream 29,

cfDNA includes coding and non-coding nuclear and mitochondrial DNA (mtDNA) and generally ranges from 40 to 200 bp
in size LAY These shorter fragments originate through caspase-dependent cleavage during apoptosis, with a peak at
160 bp corresponding to nucleosomes LY Shorter fragments (<100 bp) seem to be enriched in ctDNA, carrying
tumour-driven genetic alterations. Conversely, longer cfDNA fragments (>200 bpm) suggest more DNA integrity and are
more frequent in cancer patients, possibly because cancer cells die more regularly from necrosis and autophagy than
healthy tissues, especially in advanced tumours L. Enrichment by size, but also according to nucleosome positioning
and the cleavage site nucleotide motifs of cfDNA, may therefore augment ctDNA study outputs 1111911201

Theoretically, ctDNA represents a picture of the genetic patrimony of the tumour, corresponding to all metastatic niches,
that can be studied and compared longitudinally through time LISl Duye to its multiple origins, simple cfDNA
guantification is non-informative, and identification and quantification of ctDNA require a qualitative analysis, which can be
informative in itself WY Tracked qualitative changes can be genomic alterations, which include insertions/deletions
(indels), single nucleotide variants (SNVs), gene fusions, and copy number alterations (CNAs), but also preferred DNA
end motifs, chromosomal instability, DNA methylation profiles, and nucleosome footprints LI Quantitative and digital
polymerase chain reaction (PCR) and targeted and non-targeted next-generation sequencing (NGS) are common
approaches for ctDNA quantification 193] \While PCR focuses on a few known genomic markers, non-targeted NGS
allows for the identification of multiple known or new alterations, allowing for a more comprehensive analysis and
improved diagnostic capacity 24122

| 2. Choosing NGS for ctDNA Detection and Quantification

NGS of cfDNA has two main goals: to detect the presence of ctDNA with the highest sensitivity and specificity possible
and to characterise the tumour genome 21, The most commonly used sequencing approaches to study cfDNA in OC
patients are targeted sequencing, whole exome sequencing (WES), and whole genome sequencing (WGS) 4. Targeted
sequencing focuses on specific regions of the genome that can be predefined or personalised according to the results
obtained by sequencing the primary tumour or baseline plasma samples, allowing mainly the detection of SNVs and
indels M2 |n targeted sequencing, enrichment is applied to select regions of interest against the whole genomic
background, making it more accurate and reducing costs 23, Enrichment can be amplicon-based, like tagged-amplicon
deep sequencing (TAm-Seq), or hybrid capture-based, using biotinylated oligonucleotide probes that hybridize with the



regions of interest 42123 \WGS and WES are more comprehensive techniques, targeting the whole genome or only the
protein-coding genes, respectively 1. They produce more data and allow the study of different genetic alterations,
including the detection of CNAs, rearrangements, and chromosomal abnormalities (12,

To detect ctDNA, digital droplet PCR may be used, but it requires a pre-identified genetic target 4241, With a higher cost,
NGS allows for the analysis of multiple somatic or germline genetic alterations, thus allowing for ctDNA detection based
on the identification of multiple targets simultaneously 4221, A commercially available platform can be used, or it can be
created based on a comprehensive genome study (WES or WGS) of the solid tumour (tumour-informed), which allows for
a more selective strategy of ctDNA detection through a single sequencing process. This is of particular importance when
the quantity of cfDNA is a limiting factor (41221,

Cancer Personalised Profiling by Deep Sequencing (CAPP-Seq) is a less expensive and highly sensitive method first
implemented for non-small cell lung cancer. It uses WES data from 407 tumours to build a targeted sequencing platform
to cover the most frequently altered 521 exons and 13 introns 22, Pereira et al. (2015) used a similar approach with digital
PCR (dPCR) in OC. Combining somatic NGS for identifying genetic alterations in 22 ovarian carcinomas (21 of serous
histology), ctDNA quantification by NGS-guided dPCR yielded a high diagnostic sensitivity (99%) and specificity (81%) for
OC, accompanied by a ctDNA detection rate superior to 93% [4l28] dPCR is as sensitive and more cost-effective than

molecular barcoded NGS in the detection of TP53 mutations in longitudinal cfDNA if a tumour-informed approach is used
24,

Considering the use of NGS, the limit for ctDNA detection varies between 0.03% and 1% and depends on numerous
factors: the quantity of ctDNA, the number of genetic alterations tracked by the test, the coverage of each test for a
specific locus, and the technology used 21l The percentage of mutant variant reads, considering the total number of
reads in a sample, designated by variant allele frequencies (VAFs), is influenced by the amount of ctDNA available, which
varies according to tumour burden and stage 2921 For this reason, in order to be generally applicable, detecting even
low VAFs (<1%) is a requirement of NGS-based platforms 24,

Increasing the number of targeted regions, or conducting WES or WGS (i.e., increasing the breadth of the platform),
increases the probability of encountering a mutated fragment of tumoral origin among all cfDNA fragments in an obtained
plasma sample [2. Coverage, or depth, refers to the number of reads that align with or “cover” a specific nucleotide
sequence. Therefore, higher depth also increases the confidence in detecting a particular alteration in a specific locus and
improves the detection of rare variants caused by tumour heterogeneity (low cellular representation of a specific clone) or
low ctDNA levels 2,

In all stages of cancer, including the early stages, when the number of ctDNA fragments in the plasma is lower, targeted
sequencing ctDNA detection is limited to a tumour fraction (TF) of 1073, with TF being the percentage of cfDNA that is
ctDNA, according to the NGS output 24, These results were obtained in 200 patient cfDNA samples, 42 of which had
ovarian cancer, using a targeted error correction sequencing (TEC-Seq) methodology 24281 Despite covering only 55
genes, the amplicon-based TEC-Seq method uses a predefined small number of barcodes (molecular identifiers) to
identify each molecule of ctDNA and redundant sequencing to reduce sequencing errors, allowing for the highest
sensitivity (75-100%) and specificity (>80%) in OC diagnosis reported for a targeted NGS platform (4128129 Thege
unigue molecular identifiers (UMI), or barcodes, allow for, after amplification, grouping and comparison of all reads of
amplicons with origin in the same ctDNA molecule and, therefore, the exclusion of different reads identified as errors (39,

UMI-tagged NGS is particularly helpful in samples with low TF, yielding a more sensitive detection of genetic alterations,
like TP53 mutations in HGSOC [BUR1 | jkewise, increasing the depth of such platforms can yield a detection limit of up to
107> TF, especially important in evaluating residual disease (RD) or early-stage cancers [Z28127] |n this study by Asaf
Zviran et al. (2020), WGS of the solid tumour (genome-wide mutational integration) identified thousands of somatic
alterations, allowing for a higher number of informative genetic markers to be present in the targeted-NGS platform used
for ctDNA detection 2. While comprehensive gene approaches, like WES, may be applicable to studying ctDNA directly,
it requires lots of resources, making personalised and tumour-informed targeted NGS techniques, like CAPP-seq, a more

cost-effective methodology for detecting and qualitatively accessing ctDNA, especially in sequential longitudinal analyses
[21][26]

Together with the evolution of sequencing techniques, new bioinformatic tools based on artificial intelligence (Al) may help
to overcome the main issues of ctDNA analysis. Several tools have been created to allow variant calling at low TF, such
as DeepVariant, Clairvoyante, and MRD-EDGE [B283I34 The performance of the tools varies depending on fragment
length and the type of variant to be analysed, but they seem to outperform the conventional platforms 22, Al-based



variant calling helps to lower the costs and complexity of NGS protocols and yields robust results even with low sample

quantities, which is of particular interest during neoadjuvant treatment and in detecting minimal residual disease.

However, the clinical applicability of these tools needs to be determined within clinical trials 221,

References

1

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Abigél, B.; Jong, B.; Orsolya, B. The Application of Circulating Tumor Cell and Cell-Free DNA Liquid Biopsies in

Ovarian Cancer. Mol. Cell Probes 2022, 66, 101871.

. Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer Statistics, 2022. CA Cancer J Clin 2022, 72, 7-33.

. De Leo, A.; Santini, D.; Ceccarelli, C.; Santandrea, G.; Palicelli, A.; Acquaviva, G.; Chiarucci, F.; Rosini, F.; Ravegnini,

G.; Pession, A.; et al. What Is New on Ovarian Carcinoma: Integrated Morphologic and Molecular Analysis Following
the New 2020 World Health Organization Classification of Female Genital Tumors. Diagnostics 2021, 11, 697.

. Du-Bois, A.; Leslie, C.; Leslie, Z.; Tarek, M.M.; Elin, S.G. Liquid Biopsy in Ovarian Cancer Using Circulating Tumor DNA

and Cells: Ready for Prime Time? Cancer Lett. 2020, 468, 59-71.

. Colombo, N.; Sessa, C.; du Bois, A.; Ledermann, J.; McCluggage, W.G.; McNeish, I.; Morice, P.; Pignata, S.; Ray-

Coquard, I.; Vergote, |.; et al. ESMO-ESGO Consensus Conference Recommendations on Ovarian Cancer: Pathology
and Molecular Biology, Early and Advanced Stages, Borderline Tumours and Recurrent Disease. Ann. Oncol. 2019, 30,
672-705.

. Charkhchi, P.; Cybulski, C.; Gronwald, J.; Wong, F.O.; Narod, S.A.; Akbari, M.R. CA125 and Ovarian Cancer: A

Comprehensive Review. Cancers 2020, 12, 3730.

. Widschwendter, M.; Zikan, M.; Wahl, B.; Lempidinen, H.; Paprotka, T.; Evans, |.; Jones, A.; Ghazali, S.; Reisel, D.;

Eichner, J.; et al. The Potential of Circulating Tumor DNA Methylation Analysis for the Early Detection and Management
of Ovarian Cancer. Genome Med. 2017, 9, 116.

. Meinusha, G.; Christoph, W.; Matthew, W.; Marcus, Q.B.; Thomas, K. High-Throughput Approaches for Precision

Medicine in High-Grade Serous Ovarian Cancer. J. Hematol. Oncol. 2020, 13, 134.

. Carolina, M.S.; Innocenza, P.; Serena, M.B.; Giuseppe, C.; Giorgia, P.; Federica, T.; Violante, D.D.; Angela, M.;

Ludovico, M. Role of Circulating Biomarkers in Platinum-Resistant Ovarian Cancer. Int. J. Mol. Sci. 2021, 22, 13650.

Jie, W.Z.; Parsa, C.; Mohammad, R.A. Potential Clinical Utility of Liquid Biopsies in Ovarian Cancer. Mol. Cancer 2022,
21, 114.

Sanchez-Herrero, E.; Serna-Blasco, R.; Robado de Lope, L.; Gonz4lez-Rumayor, V.; Romero, A.; Provencio, M.
Circulating Tumor DNA as a Cancer Biomarker: An Overview of Biological Features and Factors That May Impact on
CtDNA Analysis. Front. Oncol. 2022, 12, 943253.

Fang, Y.; Jun, T.; Zihao, Z.; Chunling, Z.; Yuancai, X. Circulating Tumor DNA: A Noninvasive Biomarker for Tracking
Ovarian Cancer. Reprod. Biol. Endocrinol. 2021, 19, 178.

Ting, X.; Chenyan, F.; Yaqing, C. Advances in Application of Circulating Tumor DNA in Ovarian Cancer. Funct. Integr.
Genom. 2023, 23, 250.

Parkinson, C.A.; Gale, D.; Piskorz, A.M.; Biggs, H.; Hodgkin, C.; Addley, H.; Freeman, S.; Moyle, P.; Sala, E.; Sayal, K.;
et al. Exploratory Analysis of TP53 Mutations in Circulating Tumour DNA as Biomarkers of Treatment Response for
Patients with Relapsed High-Grade Serous Ovarian Carcinoma: A Retrospective Study. PLoS Med. 2016, 13,
€1002198.

Sullivan, B.G.; Lo, A.; Yu, J.; Gonda, A.; Dehkordi-Vakil, F.; Dayyani, F.; Senthil, M. Circulating Tumor DNA Is Unreliable
to Detect Somatic Gene Alterations in Gastrointestinal Peritoneal Carcinomatosis. Ann. Surg. Oncol. 2023, 30, 278—
284.

Zill, 0.A.; Banks, K.C.; Fairclough, S.R.; Mortimer, S.A.; Vowles, J.V.; Mokhtari, R.; Gandara, D.R.; Mack, P.C;
Odegaard, J.1.; Nagy, R.J.; et al. The Landscape of Actionable Genomic Alterations in Cell-Free Circulating Tumor DNA
from 21,807 Advanced Cancer Patients. Clin. Cancer Res. 2018, 24, 3528—-3538.

Ana, B.; Ana, P.; Pedro, P.; Manuela, P.; Manuel, R.T. Potential Clinical Applications of Circulating Cell-Free DNA in
Ovarian Cancer Patients. Expert. Rev. Mol. Med. 2018, 20, e6.

Lam, V.K.; Zhang, J.; Wu, C.C.; Tran, H.T.; Li, L.; Diao, L.; Wang, J.; Rinsurongkawong, W.; Raymond, V.M.; Lanman,
R.B.; et al. Genotype-Specific Differences in Circulating Tumor DNA Levels in Advanced NSCLC. J. Thorac. Oncol.
2021, 16, 601-609.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Mouliere, F.; Chandrananda, D.; Piskorz, A.M.; Moore, E.K.; Morris, J.; Ahlborn, L.B.; Mair, R.; Goranova, T.; Marass,
F.; Heider, K.; et al. Enhanced Detection of Circulating Tumor DNA by Fragment Size Analysis. Sci. Transl. Med. 2018,
10, eaat4921.

Havell, M.; Dineika, C.; Elizabeth, M.; Florent, M.; James, M.; James, D.B.; Christopher, G.S.; Nitzan, R. Refined
Characterization of Circulating Tumor DNA through Biological Feature Integration. Sci. Rep. 2022, 12, 1928.

Hasenleithner, S.O.; Speicher, M.R. A Clinician’s Handbook for Using CtDNA throughout the Patient Journey. Mol.
Cancer 2022, 21, 81.

Barbosa, A.; Pinto, P.; Peixoto, A.; Guerra, J.; Pinto, C.; Santos, C.; Pinheiro, M.; Escudeiro, C.; Bartosch, C.; Silva, J.;
et al. Gene Panel Tumor Testing in Ovarian Cancer Patients Significantly Increases the Yield of Clinically Actionable
Germline Variants beyond BRCA1/BRCA2. Cancers 2020, 12, 2834.

Singh, R.R. Target Enrichment Approaches for Next-Generation Sequencing Applications in Oncology. Diagnostics
2022, 12, 1539.

Silvia, R.V.; Floris, H.G.; Ronald, V.M.; Corine, M.B.; Jean, C.H.; Hendrikus, J.D.; Winand, N.M.D.; Patricia, C.E.G.;
Ramon, S.; Helena, C.V.D.; et al. TP53 Mutations in Serum Circulating Cell-Free Tumor DNA As Longitudinal
Biomarker for High-Grade Serous Ovarian Cancer. Biomolecules 2020, 10, 415.

Newman, A.M.; Bratman, S.V.; To, J.; Wynne, J.F,; Eclov, N.C.W.; Modlin, L.A.; Liu, C.L.; Neal, J.W.; Wakelee, H.A,;
Merritt, R.E.; et al. An Ultrasensitive Method for Quantitating Circulating Tumor DNA with Broad Patient Coverage. Nat.
Med. 2014, 20, 548-554.

Pereira, E.; Camacho-Vanegas, O.; Anand, S.; Sebra, R.; Camacho, S.C.; Garnar-Wortzel, L.; Nair, N.; Moshier, E.;
Wooten, M.; Uzilov, A.; et al. Personalized Circulating Tumor DNA Biomarkers Dynamically Predict Treatment
Response and Survival in Gynecologic Cancers. PLoS ONE 2015, 10, e0145754.

Zviran, A.; Schulman, R.C.; Shah, M.; Hill, S.T.K.; Deochand, S.; Khamnei, C.C.; Maloney, D.; Patel, K.; Liao, W.;
Widman, A.J.; et al. Genome-Wide Cell-Free DNA Mutational Integration Enables Ultra-Sensitive Cancer Monitoring.
Nat. Med. 2020, 26, 1114-1124.

Phallen, J.; Sausen, M.; Adleff, V.; Leal, A.; Hruban, C.; White, J.; Anagnostou, V.; Fiksel, J.; Cristiano, S.; Papp, E.; et
al. Direct Detection of Early-Stage Cancers Using Circulating Tumor DNA. Sci. Transl. Med. 2017, 9, eaan2415.

Cohen, J.D.; Li, L.; Wang, Y.; Thoburn, C.; Afsari, B.; Danilova, L.; Douville, C.; Javed, A.A.; Wong, F.; Mattox, A.; et al.
Detection and Localization of Surgically Resectable Cancers with a Multi-Analyte Blood Test. Science 2018, 359, 926—
930.

Salk, J.J.; Schmitt, M.W.; Loeb, L.A. Enhancing the Accuracy of Next-Generation Sequencing for Detecting Rare and
Subclonal Mutations. Nat. Rev. Genet. 2018, 19, 269-285.

Leslie, C.; Tindaro, G.; Aaron, B.B.; Anna, L.R.; Colin, S.; Benhur, A.; Tarek, M.M.; Elin, S.G. Identification of TP53
Mutations in Circulating Tumour DNA in High Grade Serous Ovarian Carcinoma Using next Generation Sequencing
Technologies. Sci. Rep. 2023, 13, 278.

Widman, A.J.; Shah, M.; @gaard, N.; Khamnei, C.C.; Frydendahl, A.; Deshpande, A.; Arora, A.; Zhang, M.; Halmos, D.;
Bass, J.; et al. Machine Learning Guided Signal Enrichment for Ultrasensitive Plasma Tumor Burden Monitoring.
bioRxiv 2022.

Poplin, R.; Chang, P.-C.; Alexander, D.; Schwartz, S.; Colthurst, T.; Ku, A.; Newburger, D.; Dijamco, J.; Nguyen, N.;
Afshar, P.T.; et al. A Universal SNP and Small-Indel Variant Caller Using Deep Neural Networks. Nat. Biotechnol. 2018,
36, 983-987.

Luo, R.; Sedlazeck, F.J.; Lam, T.-W.; Schatz, M.C. A Multi-Task Convolutional Deep Neural Network for Variant Calling
in Single Molecule Sequencing. Nat. Commun. 2019, 10, 998.

Abdelwahab, O.; Belzile, F.; Torkamaneh, D. Performance Analysis of Conventional and Al-Based Variant Callers Using
Short and Long Reads. BMC Bioinform. 2023, 24, 472.

Retrieved from https://encyclopedia.pub/entry/history/show/124464



