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Abstract

Tumors continually shed DNA into the blood where it can be detected as circulating tumor DNA 

(ctDNA). While this phenomenon has been recognized for decades, techniques that are sensitive 

and specific enough to robustly detect ctDNA have only become available recently. Quantification 

of ctDNA represents a new approach for cancer detection and disease burden quantification that 

has the potential to revolutionize response assessment and personalized treatment in radiation 

oncology. Analysis of ctDNA has many potential applications, including detection of minimal 

residual disease following radiotherapy, non-invasive tumor genotyping, and early detection of 

tumor recurrence. Ultimately ctDNA-based assays could lead to personalization of therapy based 

on identification of somatic alterations present in tumors and changes in ctDNA concentrations 

before and after treatment. In this review, we will discuss methods of ctDNA detection and 

clinical applications of ctDNA-based biomarkers in radiation oncology, with a focus on recently 

developed techniques that employ next generation sequencing for ctDNA quantification.

Introduction

The field of radiation oncology is currently going through a revolution as new technologies 

allow treatment of patients with more precision than ever before. While much progress has 
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been made in improving delivery of radiotherapy, response assessment after treatment 

continues to rely primarily on imaging for most types of cancers. While imaging-based 

response assessment has significant clinical value, this approach has suboptimal sensitivity 

for detecting minimal residual disease, suffers from a lag between treatment and when tumor 

responses can be detected, is expensive, and often exposes patients to additional ionizing 

radiation. For these reasons, there continues to be an unmet need for developing blood-based 

biomarkers for cancers that are treated with radiotherapy. While such biomarkers exist for a 

few cancer types (e.g. PSA for prostate cancer), they do not for most cancers. The ideal 

biomarker would be readily generalizable, such that it could be applied to all cancer types.

While most work on cancer biomarkers has focused on detection of proteins, recently 

circulating tumor DNA (ctDNA) has emerged as a plasma-based biomarker with the 

potential to redefine prediction and monitoring of response to anti-cancer therapies. The 

cell-free component of whole blood has long been recognized to contain fragmented DNA 

molecules1 that are collectively referred to as cell-free DNA (cfDNA). These molecules are 

derived from dying cells and in healthy individuals mainly originate from hematopoietic 

cells2–4, although diverse tissues contribute to the total cfDNA pool. Concentrations of 

cfDNA in plasma of healthy patients range from 1–10ng/ml. Patients with advanced 

malignancies can display elevated levels of cfDNA, which led several early studies to 

suggest that measurement of total cfDNA concentration may be a useful biomarker for 

detection and monitoring of cancers.5–9 However, further work revealed that a variety of 

non-malignant physiological states and stresses can lead to dramatic elevations of cfDNA 

concentrations, including exercise, trauma, infection, and inflammation.10–12 Furthermore, 

as detailed below, the fraction of cfDNA that is derived from tumors in cancer patients is 

often extremely low. Thus, measurement of total cfDNA concentration does not have 

sufficient specificity or sensitivity to serve as a reliable cancer biomarker.

Circulating Tumor DNA

Malignant tumors continually shed DNA into the circulation.13–18 The mechanisms of 

release of nucleic acid into the blood are not well understood, but are thought to result from 

necrosis, apoptosis, and release of DNA by phagocytes that have engulfed tumor cells 

(Figure 1).17,19–21 Importantly, the vast majority of cfDNA found in plasma of cancer 

patients usually originates from non-malignant cells. This is often the case even for patients 

with metastatic disease. For example, in patients with metastatic NSCLC pre-treatment 

ctDNA percentages range from ~1%–5%, and drop if active treatment is initiated.16,18,22 

Similarly, when Dawson et al. quantified ctDNA in metastatic breast cancer patients, the 

median mutant allele fraction was ~4%.14 This problem is magnified in patients with earlier 

stages of cancer and lower disease burdens, as well as in settings where no gross disease 

remains after therapy and microscopic residual disease must be detected. Thus, only highly 

sensitive detection techniques are likely to be of clinical utility.13,23 Below we describe 

alternative methods to detect ctDNA with higher sensitivity. These methods are compared 

and contrasted in Table 1.
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Allele-specific PCR-based methods for ctDNA detection

Initial efforts to quantitate ctDNA focused on detection using PCR-based methods such as 

quantitative PCR or PCR approaches that can preferentially amplify low levels of mutant 

alleles in the presence of large amounts of wild type DNA. Examples of the latter include 

COLD-PCR (coamplification at lower denaturation temperature), peptide nucleic acids 

(PNAs), locked nucleic acids (LNAs) and amplification refractory mutation systems 

(ARMS). These approaches have analytic sensitivities in the range of 0.1%–1%.24 Studies 

using such approaches documented the presence of somatic mutations in genes such as 

KRAS or APC in the plasma of patients with a variety of cancer types.25–27 Similarly, it was 

shown that PCR-based methods could detect microsatellite alterations in cfDNA.28 

Advantages of PCR-based approaches include low cost and relative easy of use. However, 

the key limitation of these methods is that they are usually not sufficiently sensitive to detect 

ctDNA in patients with early stage disease or advanced patients who are responding to 

therapy. This led to the conclusion in a number of early studies that ctDNA was unlikely to 

be a useful biomarker, which for a time period decreased interest in the field21,29,30.

Digital PCR-based ctDNA detection methods

In the last several years, there has been a renewed interest in developing ctDNA as a clinical 

biomarker due to the addition of two major classes of techniques for ctDNA detection. The 

first of these classes was digital PCR (dPCR), which allows more precise quantitation of 

minor mutant allele fractions than the aforementioned PCR-based techniques. Two 

prominent examples of dPCR-based methods are beads, emulsion, amplification, and 

magnetics (BEAMing27) and droplet digital PCR (ddPCR27,31). Both methods involve 

separation of template molecules into thousands of tiny droplets that each represent isolated 

reaction chambers, which contain at most one template molecule. Paired with allele specific 

PCR assays, this allows extremely precise enumeration of the number of total template 

molecules that carry a mutation of interest and can achieve detection limits as low as 0.01%. 

Using these methods, ctDNA has been detected in a wide range of cancer patients.22,32–34

The dPCR techniques are currently the gold standard methods for detection of specific 

mutations within ctDNA given their high sensitivity, specificity, and relatively low cost. 

However, an important limitation of these approaches is that only one or a small number of 

mutations can be interrogated at a time. Due to the low concentration of ctDNA found in 

many patients, this means that often an entire 10–20mL blood draw needs to be exhausted 

for evaluation of only a handful of mutations. Additionally, in order to use dPCR to monitor 

treatment responses, at least one mutation must first be identified via analysis of tumor 

tissue, thus usually requiring an initial invasive procedure.

Next Generation sequencing (NGS)-based ctDNA detection assays

Due to the practical limitation of the number of genomic positions that can be interrogated 

by dPCR, a number of groups recently focused efforts on developing NGS-based approaches 

for ctDNA detection. NGS allows for massively parallel sequencing of hundreds of millions 

of DNA fragments from a single sample and thus opens the possibility of genotyping many 
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potential mutations at one time. The NGS-based approaches can be categorized based on the 

number of genomic regions they interrogate as either being “focused” or “broad”.

The focused NGS-based approaches have mainly employed PCR amplicon-based strategies. 

Specifically, PCR is used to amplify a handful of regions of the genome and the resulting 

amplified products are subjected to NGS. For example, Forshew and colleagues developed 

Tagged-Amplicon Sequencing (TAm-Seq) and used it to detect mutations in plasma samples 

from patients with advanced ovarian cancer, showing that this technique can achieve a 

detection limit of ~2%.15 In parallel, Narayan and colleagues developed an amplicon-based 

method that incorporates an error suppression approach. Focusing on hotspots in EGFR, 

BRAF, and KRAS, they showed they could detect mutations in these genes in the plasma of 

some lung cancer patients.35 Finally, Kinde et al. developed an amplicon-based approach 

called the Safe-Sequencing System (Safe-SeqS), which employs a barcoding approach to 

suppress errors and thus increase sensitivity while maintaining high specificity.36 This 

method was recently successfully applied to detect ctDNA in a large variety of tumor 

types.13 Key advantages of the amplicon-based approaches are that they are relatively 

inexpensive and sensitive, especially if error suppression strategies are employed. 

Limitations of these approaches include interrogation of relatively few genomic loci due to 

difficulties related to multiplexing of PCR assays, the inability to detect somatic copy 

number alterations (SCNAs), and the inability to detect breakpoints or rearrangements 

without patient-specific optimization of amplicons.

The “broad” NGS-based ctDNA detection methods include whole exome sequencing (WES) 

and whole genome sequencing (WGS). WES involves sequencing of all exons within the 

genome using approaches routinely employed for tumor genotyping. Murtaza et al. 

published the first application of this approach and conducted serial sampling of plasma 

from 6 patients with metastatic breast, ovarian and non-small-cell lung cancer who were 

undergoing systemic therapy. Multiple time points were analyzed and samples were 

preselected to contain high percentages of ctDNA (between 5% and 55%). Results revealed 

that many of the mutations detected in the plasma matched those in biopsies of metastatic 

deposits. Additionally, they found that new mutations arose as patients developed resistance 

to therapy.37 The major limitation of WES for ctDNA analysis is that it requires relatively 

high ctDNA burden in order to be economical and thus currently has potential utility in the 

research setting rather than in routine clinical use.

Finally, several groups have performed WGS directly on cfDNA from cancer patients. Leary 

et al. used WGS and identified copy number alterations and/or chromosomal rearrangements 

in 9 of 10 patients with colorectal and breast cancers, with ctDNA fractions ranging between 

1.4% and 48% of total cfDNA. In a modeling exercise, maximum sensitivity of this 

approach was predicted to be >90% at a specificity >99% when ctDNA levels were 

≥0.75%.38 Other groups have similarly performed WGS on plasma samples from patients 

with metastatic prostate cancer or hepatocellular carcinoma, indicating that this approach is 

widely applicable.39,40 Strengths of the WGS approach include that it does not restrict the 

sequencing space. Limitations include high cost due to the amount of sequencing required, a 

relatively high analytical sensitivity limit of ~1%, and dependence primarily on copy 

number variation analysis with inadequate sensitivity to detect specific single nucleotide 
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variations (SNVs), insertions or deletions (indels), or rearrangments when ctDNA 

concentrations are not very high.38,39

Development of CAPP-Seq

In order to take advantage of the key strengths of both the “focused” and “broad” ctDNA 

detection approaches described above, we recently developed a novel method called Cancer 

Personalized Profiling by Deep Sequencing (CAPP-Seq). This approach allows ultra-

specific and -sensitive quantification of tumor-derived ctDNA (detection limit ~0.01%), is 

economical, and is generalizable to nearly all tumor types (Figure 2).16 The method allows 

detection of SNVs, indels, SCNAs, and gene rearrangements in a single assay. CAPP-Seq 

employs a multi-phase bioinformatics approach using existing genomic data to design a 

variably sized “selector” consisting of tagged nucleic acids that allow enrichment for 

recurrently mutated regions in the cancer of interest via hybrid capture.16,23 The same 

selector is applied to all patients with a given tumor type, allowing identification of multiple 

mutations per tumor without the need for personalization of assays. To use CAPP-Seq for 

detecting or monitoring ctDNA, a sequencing library is prepared from cfDNA, the selector 

is applied to enrich for genomic regions of interest, and the resulting enriched library is 

subjected to NGS.

We initially developed CAPP-Seq for NSCLC and showed that in our initial cohort it 

detected ctDNA in 100% of patients with stage II–IV and in 50% of patients with stage I 

disease, with 96% specificity.16 Strengths of CAPP-Seq include that it can simultaneously 

cover thousands of distinct genomic regions, can detect all major classes of somatic 

alterations, does not require prior knowledge of a tumor’s mutations due to its breadth of 

coverage, does not require patient-specific optimization, is economical, and has very high 

analytic sensitivity. Limitations include that it is somewhat more time intensive than 

amplicon-based approaches and that, similar to WES or the focused NGS-based methods, it 

can only detect alterations in genomic regions that are covered.

Applications of ctDNA analysis in radiation oncology

The development of novel methods for ctDNA detection offers the opportunity to 

investigate the potential clinical utility of incorporating ctDNA analysis into treatment 

strategies for patients receiving radiotherapy. One major advantage of ctDNA compared to 

other cancer biomarkers is that it is easily generalizable. For example, protein-based 

biomarkers depend on the identification of specific proteins that are overexpressed by a 

cancer of interest and subsequent optimization of detection strategies that are usually 

antibody-based. For this reason, a protein-based biomarker for one cancer type will usually 

not readily extend to other cancer types. In contrast, since all cancers contain somatic 

alterations, analysis of ctDNA could easily be applied to nearly any tumor type. Thus, it is 

possible that successful integration of ctDNA analysis into treatment paradigms for one 

cancer type could allow for rapid extension of the approach to many other cancer types. We 

envision a number of different potential applications of ctDNA assessment in patients 

treated with radiotherapy and will describe these below.
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Treatment response assessment

One potential application of ctDNA detection in radiation oncology is for treatment response 

assessment. Currently, imaging represents the mainstay of response assessment after 

radiation therapy. However, surveillance imaging is not without risks; the tests typically 

performed, CT and/or PET-CT, expose patients to additional ionizing radiation which, 

although significantly lower than therapeutic radiotherapy doses, often expose a larger 

fraction of the body and for patients with frequent surveillance and/or long follow-up can 

summate to a clinically meaningful risk of carcinogenesis.41–43 Indeed, for an increasing 

number of diseases, the risks of surveillance imaging are felt to potentially outweigh the 

benefits.44 Additionally, post- radiotherapy imaging studies are often difficult to interpret 

due to normal tissue changes such as scarring induced by treatment. This may complicate 

the interpretation of post-treatment scans and lead to significant subjectivity in determining 

treatment response or disease status.

As opposed to imaging studies, analysis of ctDNA produces unambiguous numerical results 

that can be tracked over time. For example, studies in patients with advanced melanoma, 

ovarian, breast, lung and colon cancers have shown precise tumor burden quantification with 

ctDNA, with increases in ctDNA concentration strongly correlating with disease progression 

and ctDNA decline correlating with successful treatment.14–16,32,45,46 Thus, ctDNA analysis 

appears to offer an attractive adjunct or potentially an alternative to standard follow-up 

imaging in patients with advanced disease.

Additionally, early results suggest that ctDNA analysis will likely prove to be more sensitive 

than conventional imaging studies for detection of disease progression. For example, 

Dawson et al. showed that in metastatic breast cancer patients with rising ctDNA levels 

during surveillance, progression was identified on average 5 months before imaging.14 

Similarly, several recent studies focusing on EGFR mutant advanced NSCLC have shown 

that in many cases, progression can be detected via rises in ctDNA months before changes 

on imaging studies.18,47 Thus, ctDNA quantification offers several potential benefits over 

standard imaging for cancer surveillance.

Few studies to date have explored the application of ctDNA analysis for surveillance after 

radiation therapy. We recently provided several examples of using CAPP-Seq to distinguish 

between normal tissue changes and residual disease in NSCLC patients treated with 

fractionated radiation therapy or stereotactic ablative radiotherapy.16 These results suggest 

that analysis of ctDNA may have clinical utility by aiding the interpretation of post-RT 

imaging studies. Alternatively, if it is shown that ctDNA analysis has sufficient sensitivity, 

one could envision using it as the primary surveillance assay and performing imaging only 

when there is evidence of increasing ctDNA levels or patients develop new symptoms. The 

latter approach is analogous to the use of prostate specific antigen to follow patients treated 

with definitive radiotherapy for prostate cancer and thus has clinical precedent.

Detection of Minimal Residual Disease

The concept of minimal residual disease (MRD) is well established in hematologic 

malignancies and refers to microscopic deposits of malignant cells present after therapy in 
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patients who do not have any symptoms or imaging findings confirming their presence. 

MRD is responsible for tumor relapse and can only be detected with modern and extremely 

sensitive molecular methods.48 While similar methods currently do not exist for most solid 

tumors, quantification of ctDNA could potentially allow for the detection of MRD after 

treatment with radiotherapy, because it is possible that patients with residual ctDNA after 

definitive treatment will be enriched for patients who will ultimately develop recurrence. 

One example that suggests this may be feasible comes from a recent study of ctDNA in 

patients with Stage II colorectal cancer treated with surgery. Tie et al. reported that in their 

cohort, 5 out of 6 patients with detectable post-operative ctDNA developed recurrence while 

only 5 out of 72 patients with no residual ctDNA recurred.49 These data suggest that residual 

ctDNA after curative intent treatment may provide a means to identify the subset of patients 

at highest risk for recurrence.

The most significant body of literature indicating that a similar approach may be fruitful in 

patients treated with RT comes from the analysis of circulating Epstein Barr virus (EBV) 

DNA in patients with nasopharyngeal carcinoma (NPC) treated with chemoradiotherapy. 

Since NPC is strongly associated with EBV, circulating EBV DNA levels are extremely 

high in many patients before RT and can be used as a biomarker to assess treatment 

response. Successful treatment results in loss of detectable circulating EBV DNA, while 

detection of EBV DNA in the circulation after therapy portends significantly worse overall 

and relapse-free survival.50–53 Other studies have similarly quantitated circulating human 

papillomavirus DNA in head and neck cancer patients.54,55 Analysis of ctDNA from other 

cancers is analogous to the analysis of circulating EBV and HPV DNA from head and neck 

cancers, except that the analyte comes from the cancer genome instead of a cancer-

associated virus. For example, our initial description of CAPP-Seq included an example of a 

patient with Stage III NSCLC who was definitively treated with chemoradiotherapy.16 Post-

treatment imaging revealed an apparent complete response, but ctDNA remained stable, 

suggesting progression of micrometastatic disease that compensated for the volume of tumor 

eliminated by radiation therapy. This patient developed metastases in multiple organs 

several months later, clinically confirming the ctDNA result. Thus, ctDNA analysis could 

potentially facilitate the identification of patients with MRD after RT. In this scenario, this 

would facilitate the development of clinical trials that test escalating therapy for patients 

(e.g. with adjuvant chemotherapy, targeted therapy, or immunotherapy) and de-escalation of 

therapy for patients without residual disease (e.g. by eliminating adjuvant chemotherapy in 

clinical situations where it is currently given to all patients).

Analysis of ctDNA kinetics for radiotherapy response prediction

Acute changes in ctDNA concentrations during radiotherapy or immediately following 

treatment might also have prognostic or predictive value. Since ctDNA release is a result of 

cell death, cell killing by radiation therapy could potentially be monitored via changes in 

ctDNA concentration. Given that the half-life of ctDNA in the circulation is on the order of 

0.5–2 hours32, only tumor cells that died several hours prior to sample collection contribute 

to ctDNA levels and early changes in ctDNA levels after initiation of radiation therapy 

might be useful for predicting the ultimate response to treatment. Indeed, Lo et al. showed 

that for nasopharyngeal carcinoma treated definitively with radiation therapy, plasma EBV 
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DNA levels rose during the first week of treatment (suggesting an increase in cell death) and 

subsequently declined (suggesting decreasing tumor burden).56 In some patients the initial 

rise occurred immediately following treatment initiation, while in others the rise occurred 

later in the week. It is therefore possible that ctDNA changes early during a course of 

radiotherapy may predict treatment outcome and that early analysis of ctDNA kinetics 

during treatment could allow clinicians to modify radiotherapy and/or add adjuvant systemic 

therapy, thus facilitating delivery of truly personalized radiation therapy regimens.

Non-invasive tumor genotyping

The application of ctDNA analysis that is likely to achieve routine clinical use first is tumor 

genotyping via the plasma, an approach referred to as non-invasive tumor genotyping. This 

application is particularly attractive in situations where tumor biopsy is medically risky or 

all biopsy tissue was exhausted in establishing a diagnosis, which are two scenarios 

frequently encountered in patients who are candidates for radiation therapy. Additionally, 

since blood draws are easily repeated, non-invasive tumor genotyping via ctDNA analysis 

allows monitoring of genomic evolution of tumors over the course of therapy.

Numerous studies have provided evidence that this application is feasible. For example, 

Murtaza et al. performed serial ctDNA analysis for patients with advanced cancers using 

WES, and showed emergence of mutant alleles at the time of treatment failure, including a 

PIK3CA activating mutation following paclitaxel treatment in one patient and a truncating 

RB1 mutation in a patient who developed acquired resistance to cisplatin.37 Analysis of 

ctDNA has also been used to identify specific somatic resistance mutations, primarily in 

EGFR and KRAS, following anti-EGFR therapy in lung and colorectal cancer 

patients.13,22,33,34 For example, Diaz et al. showed that KRAS mutations arise in previously 

wild-type colorectal cancer patients 5–6 months following treatment initiation with anti-

EGFR monoclonal antibodies.33 Similarly, Misale et al. showed that in such patients, 

resistance mutations could be detected in the plasma as early as 10 months before 

radiographic disease progression.34 Thus, ctDNA analysis provides a noninvasive approach 

for monitoring evolution of the tumor genome and predicting resistance to systemic therapy. 

Detection of resistance mutations prior to clinical progression provides an opportunity for 

exploring if early intervention, by for example adding another agent that targets the 

resistance mutations or using an agent with a different resistance profile, could improve 

outcomes.

Non-invasive genotyping could also be useful for identifying currently unexplored 

resistance mechanisms. This is particularly true for radiotherapy, where resistance has been 

linked to mutations in pro-survival, tumor suppressor, reactive oxygen species, cell cycle 

checkpoint, and telomerase pathways.57–59 However, there is a paucity of literature 

comparing mutation profiles in tumors before radiation therapy and after recurrence, in large 

part due to the difficulty of obtaining tumor tissue at both time points. Thus, use of ctDNA 

analysis in patients whose tumors recur after definitive radiation therapy could enable the 

identification of novel resistance mechanisms and ultimately lead to strategies for improving 

radiation therapy outcomes.
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Conclusions and Future Directions

Analysis of ctDNA is a noninvasive approach to detect, genotype and quantify tumor burden 

that has the potential to be incorporated into the practice of radiation oncology. Clinical 

applications include prediction of radiation treatment response, post-treatment disease 

surveillance, and resistance mutation detection. We envision that in the future, ctDNA 

assays may be used to personalize radiation therapy treatment based on ctDNA levels, 

kinetics and tumor genetics. In the future, ctDNA analysis may also complement or in some 

cases supplement traditional imaging and pathology-based staging systems for risk 

stratification and selection of therapy. Given the large number of potential applications, it is 

anticipated that there will be a significant number of studies published on ctDNA in the 

upcoming years exploring the utility of ctDNA in a variety of different clinical contexts. 

Identification of the optimal technical approach for ctDNA assessment in different clinical 

situations will be critical. Finally, as with any proposed cancer biomarker, well-designed and 

prospective clinical trials will need to be performed to fully explore the clinical utility of 

ctDNA in patients treated with radiation therapy.
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Figure 1. Sources of circulating tumor DNA
Tumor DNA is released into blood predominantly by tumor cell death mechanisms 

including necrosis and apoptosis. Phagocytes that have engulfed tumor cells may also 

actively release tumor DNA into the extracellular space. ctDNA, circulating tumor DNA; 

cfDNA, cell-free DNA.
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Figure 2. Design and Implementation of CAPP-Seq
Bioinformatic analysis of cancer WES or WGS data is used to select recurrently mutated 

genomic regions for inclusion in a CAPP-Seq selector consisting of biotinylated 

oligonucleotides. The same CAPP-Seq selector can then be applied in nearly all patients 

with a given cancer type. The selector is used for hybrid capture followed by next-

generation sequencing of circulating tumor DNA. WES, whole exome sequencing; WGS, 

whole genome sequencing; CAPP-Seq, Cancer Personalized Profiling by Deep Sequencing.
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Table 1

Comparison of methods for detecting circulating tumor DNA.

Allele-
specific
PCR

Digital
PCR

NGS
amplicon
based

WGS WES CAPP-Seq

Method Preferentially amplifies 
rare mutant DNA 
molecules

Counts mutant molecules via 
partitioning of DNA 
molecules

Deep sequencing of PCR 
amplicons

Deep sequencing of entire 
genome

Deep sequencing of exome Targeted hybrid-capture

Detection 
limit (as % 
ctDNA)

~0.1–1% ~0.01% ~0.01–2.0% ~1% ~5% ~0.01%

Advantages - Ease of 
use

- Lowest 
cost

- High sensitivity - High 
sensitivity(some 
methods)

- Less expensive 
than other NGS 
methods

- Entire genome 
is interrogated

- Broadly 
applicable w/o 
personalization

- Entire exome 
is interrogated

- Broadly 
applicable w/o 
personalization

- High 
sensitivity

- Detects SNVs, 
indels, 
rearrangement 
& SCNAs

- Broadly 
applicable w/o 
personalization

Limitations - Lower 
sensitivity

- Can only 
test small 
# of 
genomic 
positions 
in one 
sample

- Can only test 
small # of 
genomic 
positions in one 
sample

- Less 
comprehensive 
than other NGS 
methods

- Inability to 
detect SCNAs

- Inability to 
detect 
rearrangements 
without assay 
personalization

- Expensive

- Low 
sensitivity

- Mostly limited 
to SCNA 
detection

- Expensive

- Low sensitivity

- Less 
comprehensive 
than WGS or 
WES

Abbreviations: ctDNA, circulating tumor DNA; SCNA, somatic copy number alteration; NGS, next generation sequencing; WGS, whole genome 
sequencing; WES, whole exome sequencing; CAPP-Seq, Cancer Personalized Profiling by Deep Sequencing.
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