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Editorial

Circulating tumor DNA: a resuscitative gold mine?
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Tumor tissue specimens obtained by surgical or biopsy 
procedures remain to be the only source of the tumor DNA 
required for the molecular and genomic analysis of human 
cancers. However, such tumor tissue sampling has several 
clinical limitations: there are invasive procedures; a single 
tumor biopsy cannot reflect the intratumoral heterogeneity 
or the difference between primary tumor and metastasis, 
and it is difficult to sample frequently. Alternatively, blood-
based biomarkers could overcome these limitations. 
However, only several clinically proven protein markers are 
commonly used in the diagnosis and prognosis of human 
cancer. In addition, these protein markers are often secreted 
not only by tumor cells but also by normal or benign  
tumor cells.

Circulating cell-free DNA (cfDNA) is an alternative 
blood-based biomarker, and has been under intense 
investigation as a non-invasive biomarker for the real-time 
monitoring of tumor patients in the past decades. cfDNA 
was first reported in human plasma by Mandel and Metais 
in 1948 (1). However, their study attracted little attention 
at that time. Until 1977, Leon et al. found increased 
cfDNA levels in the serum of cancer patients (2). It took 
about 10 years before Stroun et al. proved the presence of 
neoplastic characteristics plasma DNA (3), and two other 
studies demonstrated that tumors can shed DNA into the 
circulation (4,5). Many subsequent meritorious studies 
revealed the quantitative or qualitative changes of cfDNA in 
cancer patients and suggested cfDNA as a promising novel 
biomarker for tumor diagnosis and prognosis. For example, 
concentration (6,7), stability (8,9), or tumor-specific changes 
(such as mutation of oncogenes and tumor suppressors, 
DNA methylation and microsatellite instability) of cfDNA 
have been reported as promising cancer biomarkers (10-14). 

Circulating tumor DNA (ctDNA) was originated from 
apoptotic or necrotic tumor cells or actively secreted by 
tumor cells, which reflected tumor-specific changes in the 
primary or metastatic tumor tissues. Because all types of 
cancers harbor somatic genetic alterations, ctDNA is a 
candidate surrogate for the entire cancer genome. ctDNA 
attracts extensive attention for its promising application 
in tumor diagnosis, prognosis, and monitoring therapy 
response. The potential clinical application of ctDNA is 
often referred to as a “liquid biopsy” that was used to define 
circulating tumor cells (CTCs) (15,16). 

A recent study conducted by Bettegowda and colleagues 
detected ctDNA in 640 patients with different types 
of cancers (17). Their results showed that ctDNA was 
detectable in more than 75% of patients with certain types 
of cancers (advanced pancreatic, ovarian, colorectal, bladder, 
gastroesophageal, breast, melanoma, hepatocellular, and 
head and neck cancers), whereas ctDNA was negative 
in more than half of patients with primary brain, renal, 
prostate, or thyroid cancers. In addition, their work also 
confirmed the value of ctDNA in the tumor targeted 
therapy using colorectal cancer (CRC) as a model. As we 
know, it is the first report that systemically evaluates the 
utility of ctDNA in a large cohort of patients with different 
types of cancers.

Their work provides solid supporting for the future 
utility of ctDNA in cancer described as followed.

ctDNA as a diagnostic marker

The basic consideration of ctDNA is its promising 
application as an invasive diagnostic marker. Although 
many groups have evaluated the potential diagnostic value 
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of ctDNA in different types of cancers, it is difficult to 
compare these results for varied methods applied in these 
studies. Bettegowda et al. try to solve it. Their aim was to 
compare the potential value of ctDNA for different types 
of cancers using relative standardized and comparable 
methodologies. Firstly, they have enrolled 136 metastatic 
tumors from 14 different tissues, as well as 41 patients 
with primary brain tumors. Except that more than 50% of 
patients with medulloblastomas, metastatic kidney, prostate 
or thyroid cancers and more than 90% of gliomas patients, 
showed undetectable ctDNA, most patients with other 
types of cancer harbored detectable ctDNA levels. Notably, 
although ctDNA was detectable in most patients with 
metastatic cancers, the concentrations of ctDNA varied 
among patients even with the same tumor type. They then 
evaluated ctDNA in patients with localized cancers of all 
types, and revealed that ctDNA was found in 55% (122/223) 
of the patients. In addition, they compared the ctDNA in 
four representative cancers (breast, colon, pancreas, and 
gastroesophageal cancers), and showed that ctDNA were 
detectable in 49% to 78% of patients with localized tumors 
and in 86% to 100% of patients with metastatic tumors of 
these four types.

These results were obtained by first identifying a 
mutation in a tumor and then determining whether that 
same mutation was detectable in the plasma. The sensitivity 
and specificity of the ctDNA criteria were evaluated 
detailed using CRC as a model. A specificity of 99.2% 
and a sensitivity of 87.2% were obtained, suggesting the 
high agreement between the plasma and tumor tissue (17). 
In addition to point mutations, we should not neglect 
other genomic alterations that include amplifications, 
deletions, aneuploidy, and translocations, which represent 
some of the most clinically useful genomic alterations in 
cancer. Bettegowda et al. (17) compared the quantity of 
two different types of genetically altered DNA fragments 
(rearrangements and single-base substitutions) in the 
plasma of 19 patients and revealed that the absolute number 
of circulating DNA fragments with point mutations versus 
rearrangements was highly correlated. As the authors 
mentioned, although ctDNA-based early detection 
strategies are promising, some formidable obstacles need to 
be overcome before their clinical application. In a screening 
setting, it is not easy to determine the number of genomic 
alterations assessed in most types of cancers. In addition, 
other issues, including the relationship between mutation 
type and the tumor type, false-positive findings, and the 

“overdiagnosis” of benign tumors or precancerous lesions, 
also need to be considered extensively.

ctDNA as a prognostic biomarker

Bettegowda’s data show that ctDNA analysis can also 
provide important prognostic information in patients with 
metastatic disease (17). For example, they revealed that 
the concentration of ctDNA in metastatic CRC patients 
reflected the tumor burdens and was negatively associated 
with survival time. Actually, several previous studies have 
reported that the presence of ctDNA in plasma seems 
to be a relevant prognostic marker for CRC patients 
and may be used to identify patients with a high risk of  
recurrence (18,19). Similar data were also reported for 
breast cancer (16). In addition, recent studies indicated that 
ctDNA appeared to be a better prognostic marker than 
CTC count (20,21).

ctDNA as a predictive marker

The analysis of ctDNA is also promising to monitor 
response of targeted therapy, which provides an early 
warning of relapse and the potential information about the 
genetic basis of resistance. Bettegowda et al. (17) evaluated 
the utility of this approach in monitoring the response to 
EGFR targeted therapy in CRC patients. They identified 
70 somatic mutations that appeared after therapy was 
initiated but were not found in the tumor tissue or in 
the plasma before EGFR blockade. About half of these 
mutations occurred in KRAS codon 12, which are reported 
to cause resistance to EGFR blockade, and have been 
observed to arise after EGFR blockade in vitro as well as  
in vivo. A recent study also got similar results and observed 
some potentially clinically relevant mutations that are 
not detected in archival CRC tissue (22), suggesting the 
better representative of “liquid biopsy” over tissue biopsy. 
The results highlight the value of ctDNA as a potential 
noninvasive “real time” tool for tumor characterization. 
Many studies have confirmed the clinical potential of 
ctDNA in monitoring therapy response (23,24).

Methodological considerations

In the past decade, the resuscitation of ctDNA was driven 
mainly by the rapid technical advances, and methodological 
issue was the key of ctDNA study. 
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Unlike other cancer biomarkers, the specificity of 
somatic alterations is based on the fact that these changes 
are present in the genome of cancer cells but not in that of 
normal cells. The rapid advances on the cancer genomics 
have revealed extensive information of the genetic 
alterations that are responsible for the cancer initiation 
and progression (25), providing the possibility to improve 
cancer diagnosis and therapy, whereas technical advances in 
digital genomics have opened the door for reliably detecting 
rare events in complex mixtures of tumor-specific and wild-
type DNA .

Owing to the low concentration and high degree 
of fragmentation of cfDNA, it is not easy to establish 
an efficient detection assay with enough sensitivity for 
meaningful clinical application. Lacking harmonization 
and comparability of analysis methods for ctDNA made 
it difficult to evaluate different ctDNA studies. First, 
preanalytical procedures need to be standardized, and 
difference in blood processing, sample types (serum or 
plasma), and DNA isolation among different studies should 
be taken into account when evaluating these studies. 
Second, the sensitivity and specificity of different ctDNA 
assays should be evaluated in detail. 

Generally, there are two kinds of methods for the analysis 
of ctDNA, targeted and untargeted approaches (26). The 
former includes the analysis of known genetic alterations 
identified in the tumor tissues that have implications for 
therapy decisions, such as mutations in K-RAS, C-KIT or 
EGFR. The second one does not require prior knowledge 
of any specific changes present in the primary tumor. 
Genome-wide analysis of ctDNA (whole genome or exome 
sequencing) can be used to reveal tumor-specific alterations. 
At the present stage, targeted approaches may be more 
attractive than untargeted approaches for its relative low 
cost/labor and common technologies in clinical utility. 
However, untargeted approaches show promising future for 
their high-throughput, rapidly decreased cost and increased 
fidelity.

Nevertheless, the identification of mutations at low 
allele frequencies across sizeable genomic regions or in 
a few nanograms of fragmented cfDNA template has 
been challenging. Owing to rapid technical advances, 
the sensitivity of ctDNA detection has been improved 
dramatically in the past decade and many new methods, 
including amplification refractory mutation system  
(ARMS) (27), digital PCR (dPCR) (17,28), beads, 
emulsions, amplification, and magnetics (BEAMing) (19), 
sequence-specific synchronous coefficient of drag alteration 

(SCODA) (29), and Cancer Personalized Profiling by 
deep Sequencing (CAPP-Seq) (30), enable the detection 
of mutant alleles at very low frequencies. The CAPP-
Seq method correctly identified all mutations with allelic 
fractions >0.10% and yielded a specificity of 99% according 
to Newman’s data (30). Recently, Forshew et al. reported a 
low-cost, high-throughput method, tagged-amplicon deep 
sequencing (TAm-Seq), which could identify cancer-specific 
mutations at low allele frequencies as low as 2%; screening 
of known mutations in EGFR and TP53 could achieve 
a detection limit of approximately 0.2%, suggesting the 
promising application of the method in the ctDNA-based 
liquid biopsy for personalized cancer genomics (31). In 
contrast, Bettegowda et al. (17) used different technologies, 
including BEAMing, PCR/ligation method, dPCR, and 
Safe-Sequencing System (Safe-SeqS) exomic sequencing, 
to check different target sites in different type of cancer or 
for different aims (17). For example, the dPCR and Safe-
SeqS method used in their study could detect one mutant 
template in the cfDNA from 5 mL plasma. 

However, mutational hotspots in most tumor-related 
genes are not so common except several types of cancers 
(such as pancreatic, colorectal and lung cancer) harboring 
mutational hotspots in several genes (such as K-RAS, 
N-RAS, PIK3CA, BRAF, TP53, and APC). To increase 
the detection sensitivity of ctDNA for cancer, as many 
as possible genetic alterations should be analyzed using a 
high cost-effective approach. A successful ctDNA-based 
assay has to consider the balance between its cost/labor 
and diagnostic efficiency. Martinez and his colleagues (32) 
analyzed the data sets from The Cancer Genome Atlas 
(TCGA) and revealed that 76% of 10 cancer types harbour 
at least one mutation in a panel of 25 genes, with high 
sensitivity. Newman et al. (30) described a novel cancer 
profiling method, CAPP-Seq, to quantify ctDNA in non-
small cell lung cancer (NSCLC), which could evaluate 
specific regions of interest with a significant cost reduction 
and improve sensitivity over whole-exome- and whole-
genome-based approaches. A targeted 139 gene panel 
designed for several types of somatic alterations (point 
mutations, translocations, etc.) was checked in plasma 
ctDNA, and could detect 50% patients at stage I and 100% 
patients at stages II to IV in a small NSCLC cohort, which 
were similar to the results of Bettegowda’s work (17).

Due to the extensive genetic heterogeneity among 
different types of cancers, now it seems difficult to establish 
an universal detection approach of ctDNA for detecting 
different types of cancers. At the present stage, it may be 
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more feasible to develop several type- or group-specific 
ctDNA assays based on the profiles of genomic alterations 
in different cancers. However, due to continuously dropping 
sequencing costs and evolving technologies, it is just a 
matter of time that genome-wide approaches with high 
resolution to be used as a routine tool for ctDNA-based 
utility.

In summary, the study by Bettegowda et al. demonstrates 
that ctDNA can be used as a feasible biomarker for a variety 
of cancer types and clinical indications. Although the 
clinical utility of ctDNA still need to be evaluated through 
longitudinal studies of ctDNA in appropriate populations 
of patients, the study lay the groundwork for such future 
studies. It is just a matter of time that ctDNA become a 
commonly used clinical assay for cancer patients.
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