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1. Abstract
With the further development of research, cfDNA, as a new molecular marker, plays an increasingly important role in disease
prediction, tumor prevention and treatment. However, there are
still many obstacles before achieving a wide range of clinical application, the main one is the lack of standards for cfDNA, which
leads to the lack of comparability of published research reports, the
lack of repeatability of results, and the lack of reliability to achieve
clinical application. This review will focus on the research progress related to cfDNA standardization in recent years, involving the
sample source, sample preservation, extraction and preparation,
detection, qualitative and quantitative analysis of cfDNA. Summarize various methods to explore the advantages and disadvantages,
further consider the current results, and instruct the formulation
of cfDNA standards, in order to directly measure the development
of cfDNA technology in future research reports, and promote the
clinical application of theoretical knowledge at the same time.

2. Keywords: cfDNA; Standardization; Extraction kit; Detection;
Quantitative analysis.

3. Introduction
Cell-freeDNA (cfDNA) is a DNA fragment released into serum
and plasma, which is usually thought to exist in plasma, but can be
also included in other body fluids, such as bile, feces and urine [1].
It can be utilized to characterize different types of DNA, in circulating blood, including circulating tumor DNA (ctDNA) and fetal
free DNA (cffDNA). CfDNA is released by all tissues of the body,
including normal functional tissues, as well as by tissue sources
with different or abnormal functions, such as intestinal flora or
cancer. Nucleic acid sources include cells, bacteria and viruses, as
well as nucleic acid-protein complexes [2-3].
Elevated cfDNA concentration was reported for the first time in
patients with autoimmune diseases and leukemia. In the ensuing
Copyright: © 2020 Fang Y, et al.

decades, many studies [4] have shown that patients with cancer
and some inflammation usually have higher levels of cfDNA than
healthy subjects. Therefore, the use of cfDNA detection for human
health monitoring [5-7] has functional significance. Fetal chromosome aneuploidy and non-invasive prenatal detection based on
cfDNA [8] is the first successful application of cfDNA technology. CfDNA detection is particularly suitable for tumor prevention
and treatment [9]. Many adult tumor patients have to go through
20-30 years of lesions before they finally form cancer [10-11]. In
cancer diagnosis, changes in cfDNA can be detected months in advance. The high fatality rate of cancer is due mainly to late medical
intervention caused by failure to detect it early [12]. CfDNA has
been shown to better represent the complete genetic characteristics
of tumors than tumor biopsies. Therefore, cfDNA can be used to
screen for early detection, diagnosis, and treatment of healthy and
asymptomatic groups, as well as as an alternative marker to evaluate therapeutic efficacy and prevent and control disease recurrence
[13-16]. The role of cfDNA as a molecular marker in clinical applications such as tumors has been reported in detail [17-19].
Numerous studies have reported that the use of cfDNA base length
differences in fetal prenatal non-invasive detection, tumor, and
transplant treatment monitoring. CfDNA naturally fragments at
the average length of 167bp through the potential mechanism of
nucleosome-mediated protection of cyclic nucleases [20-21]. Consistent findings include: cfDNA is much smaller than genomic
DNA, more than 70% of plasma cfDNA are less than 300bp, and the
average size is 170bp [22-24]. In order to prevent the interference of
complex factors in vivo, Bronkhorst et al [25]. established an in vitro model and explored the properties of cfDNA by culturing cells
in vitro and extracting cfDNA. The same as the experiment of Yu et
al [26], cfDNA accounted for a prominent proportion of bands at
166bp. Different sizes of cfDNA fragments released into the body
may be due to the different sizes of cfDNA released into the circuVolume 1 | Issue 2
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latory system through different pathways. In most cases of plasma
or serum DNA electrophoresis, a ladder pattern similar to that of
apoptosis cells can be seen. There are various speculations about
the pathway of cfDNA release from the body. In general, the size
of these fragments is related to the multiple of nucleosome DNA
extension, ranging from 150bp to 1000bp [25]. The size distribution of DNA fragments in different samples is also unlike, and the
DNA fragments from necrotic cells are usually larger than 10000bp
[27]. These findings indicate that most of cfDNA is derived from
apoptosis in disease and healthy individuals [28-30]. Conjectures
that have been denied include: first, the tumor cells and the cells at
the circulatory junction dissolve and enter the bloodstream [31],
because follow-up studies have confirmed that the concentration
of cfDNA in the patient's blood exceeds the load of the tumor cells;
second, tumor micro metastasis and the destruction of circulating
cancer cells [32]. In addition, there are three suspicious sources:
apoptosis, necrosis, and active cell release [33].
At present, relevant research reports on cfDNA generally have the
phenomenon of incomplete information, and many publications
do not fully explain the details such as the collection and preparation of cfDNA. We should mention in detail the source of the
sample and whether it is fresh, how to preserve the sample that has
not been treated immediately, and whether the sample has cell and
DNA enzyme pollution or sample degradation during qualitative
and quantitative cfDNA [9]. In addition, there is little mention of
the repeatability of the results. Parallel experiments are lack of effective comparability, and the quality of the results cannot be widely evaluated. The purpose of this discussion is to summarize recent
research status of cfDNA so as to provide a thinking direction for
further promoting the research of cfDNA standardization.

4. Biological Sample Collection and Preparation
Extraction of cfDNA involves in vivo and in vitro, and the samples
used in vivo extraction are from a wide range of sources, including
plasma, serum, and whole blood. Through quantitative RT-PCR
measurement, the level of cfDNA in serum can be 10 times higher
than that in plasma [34]. The test tube with the function of cell lysis should not be used in the process of sample collection, and the
blood used to prepare plasma should be collected with the test tube
treated with anticoagulant. Diverse kinds of blood collection tubes
have their own advantages and disadvantages [35]. Wong et al. carried out molecular analysis of circulating free fetal DNA (cffDNA)
in maternal plasma, and systematically studied the operation and
processing conditions of time, temperature, strength and test tube
batches [36]. It was concluded that the advantage of BCT tube was
better than that of EDTA tube. The transportation process before
sample extraction will bring uncontrollable changes, including
stirring amount and pressure difference, settling time, centrifugal
force, and the centrifuge used to settle cells will affect the late extraction of cfDNA [37]. In plasma samples or isolated cfDNA, 30%
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of DNA is degraded each year [38]. For samples that cannot be processed immediately and have to be preserved preserved for a short
time, they can be placed in a BCT tube and choose a low temperature environment [39]. Care should be taken so that the sample is
not exposed to extreme temperatures during transportation [40].

5. Sample Pre-Processing
If the collected samples cannot be extracted immediately, it is also
necessary to control the time interval and temperature before treatment [41-42] to prevent the ultimate impact on the determination
of cfDNA. The consequences of Risberg et al [39]. confirmed that
there was no statistically significant difference in the number of
mutant molecules expressed in copies per milliliter of plasma in
the sample processing interval experiment. In view of the low yield
of DNA in acellular plasma separated by Qiagen column, Xue et
al found that the plasma was heat-treated in the presence of TritonX-100 and purified by phenol/chloroform (THP regimen) [42].
Bronkhorst et al confirmed that quick freezing before extraction
did not increase the extraction amount of cfDNA, and the high
yield could be completely attributed to the addition of protease
K [25]. Fong et al used seven different methods to extract plasma
DNA, from a small number of samples using three manual methods and four column-based procedures. A manual method using
sodium iodide gave the best results [42]. In the process of processing and extracting cfDNA, it should be noted that the operational
methods and reagent consumables used have no selective bias for
the collection of cfDNA, and will not omit small fragments and will
not degrade genomic DNA and cause cfDNA pollution.

6. CfDNA Extraction Kit
At present, there are many kinds of kit for cfDNA extraction, and a
series of DNA extraction kit produced by QIAGEN Company is the
most common in existing research experiments. Many researchers
use Qiagen column to separate and purify [43] acellular plasma
DNA, but it has been proved that this system has some disadvantages, such as low yield and partial loss of DNA fragments smaller
than 150bp [44]. With the continuous deepening of the research,
the requirement of precision is higher and higher, and the cfDNA
extraction kit produced by QIAGEN is also becoming more and
more abundant. In the early study, Sozzi et al [45]. used QIAamp
DNA Mini kit to separate plasma at low speed twice at 40C, purified
by Qiagen column for 5 times, extracted cfDNA, and constructed ROC curve combined with DNA Dipstick TM Kit kit to realize
cfDNA quantification. After that, Xue et al compared the QIAamp
Blood DNA Midi Kit and Triton heat phenol (THP) [42] schemes,
using bcl-2 as the reference plasmid, through Pico Green analysis,
the results showed that the cfDNA yield of the THP scheme was
higher than that of the kit method, and the addition of protease K
during the operation of the kit would appropriately increase the
cfDNA yield of the kit. The data published by Fong [46] in the same
year showed that it was also extracted by QIAamp DNA Blood kit
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and through fluorescent Quant-iT dsDNA Hs experiment, combined with the results of cfDNA content and fragment size detection, it was concluded that the kit method/phenol-chloroform
method and sodium iodide method had higher extraction rate, and
the result of sodium iodide method was the best.
Fleischhacker et al [47]. carried out quantitative analysis of cfDNA
with three DNA separation kits in two different laboratories using
three reference materials of a human endogenous virus (ERV), the
GAPDH gene, and the é-globin gene, and compared the effects of
QIAamp DNA Hemal Midi Kit kit/Nucleo Spin plasma F kit (MN)
and Roche automatic system (Magna Puer LC DNA separation
kit-mass) (MP) extraction). The results showed that the yield of
plasma DNA extracted by automatic Magna Pure system was the
highest, while the concentration of plasma DNA extracted by Qiagen column was relatively subtle.
The recent research data [48] compared with six QIAamp® circulating nucleic acid kit (QIA), PME free-circulating DNA Extraction Kit (PME), the Maxwell RSC ccfDNA Plasma Kit (RSC),
the EpiQuick Circulating Cell-Free DNA Isolation Kit (EQ), and
two consecutive versions of the NEXT prep-Mag cfDNA Isolation
Kit (NpMV1/2) kits provide complete reference data for the current
experimental research, and the results show that the separation
efficiency of QIA kit and RSC kit for KRAS mutated ctDNA and
non-mutated cfDNA is similar, while the yield of PME and NpMV2
kit is significantly lower.
Devonshire et al [49]. compared three specific cfDNA extraction
methods: QIAamp ®Circulating nucleic acid (CNA) kit, NucleoSpin ®Plasma XS (NS) kit and FitAmpTM plasma/serum DNA isolation (FA) kit with the commonly used QIAamp DNA blood mini
(DBM) kit, analyzed seven reference genes by GeNorm method
and combined with digital PCR results, it was concluded that the
extraction efficiency of each kit was in the order of CNA kit > DBM
kit > NS kit > FA kit, and CNA and NS kits could better reflect the
smaller DNA fragments in the extract than DBM kits.
Based on discrete quantitative analysis methods, the extraction efficiency of each kit cannot be compared uniformly. Widely accepted conclusions include: the extraction and purification process of
QIAGEN kits will cause the loss of small fragments of DNA below
150bp, so the quantitative results are generally low; most kits contain PCR inhibitors, so PCR quantitative analysis will lead to low
results; the sample stored for a long time will produce cell dissolution and contamination of cfDNA, resulting in high results. In
addition, sizes of cfDNA fragments extracted from different kit are
different, so the quantitative analysis of total cfDNA yield is not
conducive to the standardization of cfDNA.

7. CfDNA Detection and Quantitative Method
Combined with long-term research, it is found that there are numerous quantitative methods for cfDNA, including ultraviolet
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spectrum and mass calculation realized by fluorescent magnetic
particles [50]. However, the low concentration of cfDNA extracted
often leads to the arithmetical error of this method. The comparison of the size of visible fragments under nucleic acid gel staining method [51] also does not possess the sensitivity to detect a
small amount of cfDNA. In view of the fragile nature of cfDNA,
differences in sample treatment and treatment, and differences in
manual operation that may be caused by laboratory equipment, the
determination of cfDNA fragment size is hindered [1]. In addition,
sequence comparison based on sequencing technology [52-53], especially the emergence of second-generation sequencing technology has improved the low proportion of mutation signals in the
wild-type DNA background to a certain extent [54], and the accuracy has been further improved [55]. Tumor cells release DNA into
serum or plasma through a variety of mechanisms, so that cancer-related genetic changes can be detected, including point mutations [56], copy number changes, chromosome rearrangements
and epigenetic aberrations. Yang [57] et al have developed a powerful and universal acellular DNA (CfDNA) allele counting system
based on next generation sequencing, called cfDNA barcode for
non-invasive prenatal diagnosis of single gene diseases. Adalsteinsson reported the ichorCNA software, which quantifies the number
of tumors in cfDNA from genome-wide sequencing data covered
by 0.1x without knowing the tumor mutation in advance [58].
However, sequencing technology for the detection of cfDNA gene
fusion and point mutation results still has variability [59].
In addition, real-time quantitative PCR and rtPCR, and droplet
digital PCR-facilitated concentration and copy number analysis
are also covered. The primary problem of using PCR and quantifying through the standard curve is that the universal target gene
has not been determined. At present, there are various kinds of
reference genes available, including GAPDH, β-globin and ERV
gene [47,60]. Among them, β-globin is significantly different from
that obtained by GAPDH and ERV. Comparing the DNA yield
obtained by different methods and at two locations: multivariate
tests showed that the DNA yield was strongly dependent on the
isolation procedure and the target genes used, and less reliant on
the laboratory location. No interaction was noted among the three
variables. In addition, for quantitative reference genes, you can use
them alone or in combination with multiple reference genes. As
a result, the extraction rates of each experimental platform cannot be compared uniformly. Droplet digital PCR (DdPCR) [61-63]
is more sensitive than standard quantitative PCR or NGS, and its
workflow is simpler than other digital PCR (such as BEAMING).
The problems are caused by detection based on a single mutation
site are worth thinking deeply, because large copy number variation can lead to false positive phenomenon [64]. A method called
Cerebro [65] for analyzing the next generation of cancer sequence
data can identify highly reliable somatic mutations while minimizing false positives.
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Information of mutation sites detected by ddPCR is known. For
unselected mutations, most studies use pre-screening methods, such as denatured high-performance liquid chromatography, time-temperature gradient electrophoresis and single strand
conformation polymorphism (SSCP) [54]. In the past, countless
methods for screening cancer-derived cfDNA have focused on the
targeted detection of somatic single nucleotide mutations in cancer genes with repeated mutations [66-67]. However, somatic copy
number change (SCNAs) may be more suitable for a wider range of
applications, as the vast majority of metastatic cancers contain somatic SCNAs at the arm level [68]. Previous benchmark tests have
shown that somatic changes can be reliably detected in tumor samples containing at least 5-10% tumor content using the prevailing
depth of WES (~ 150x coverage) [69].
Other methods aimed at improving the sensitivity of detection
have been reported, including competitive binding radioimmunoassay [4] sensitivity (range 25-1000ng/ml) and direct radiolabeling of purified DNA [70] (sensitivity as high as 1.6ng/ml), DNA
embedding method [71], Microbeads, latex, amplification and
magnetism (light beam) [72] and methylation detection method [73-77] which can be used for tumor localization at the same
time and their combination with hmC-CATCH [78] can greatly
improve the sensitivity of cfDNA detection. In addition, there are
short oligonucleotide mass spectrometry [79] (SOMA) and bead
amplification magnetism [80], and immunoassays for histone and
double-stranded or single-stranded DNA [34].
With the maturity of cfDNA technology in clinical application,
third-party verification of test parameters, such as sensitivity, reliability, use of internal and external controls, and regulatory guidance from the FDA and laboratory regulators must be considered
[1].

8. Current Problems
First, the standard of cfDNA is the unity of units. At present, the
reported units include the copy number of mass concentration ng/
mL, the total DNA of cfDNA/ (%) [27] and sequence information.
The second is the uniformity of fragment size, the difference of
cfDNA fragment size can be used in clinical application [81]. It
is assumed that the distribution pattern of ctDNA fragment size
of 145bp can reflect the cfDNA, released during cell proliferation,
while the fragment at 167bp may reflect the cfDNA released by
apoptosis or blood cell maturation/transformation. Size of cfDNA
fragments not only depends on their own characteristics. Various
methods used in the extraction process, such as simple gel electrophoresis, Sanger sequencing, electron microscope and atomic
force microscope, will produce different estimates of the average
size of cfDNA. The lower and upper limits of fragment size range
from more than ten base pairs to tens of thousands of bases. In
addition to the influence in the extraction process, the initial stage
of extraction involves the source of the sample, and there are also
jclinicalcanceresearch.org
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differences in the content of cfDNA in plasma, whole blood and
the primary site of the tumor [82]. The root cause of the difference
may lie in the singular detection period, and the high content of
cfDNA in the primary site may also guide the exploration of the
mechanism of cfDNA release.
Secondly, the transport and storage conditions of samples will also
affect the level of cfDNA. For samples that cannot be addressed
in time, to avoid sample contamination or degradation, the use of
BCT tube preservation in low temperature environment has been
widely recognized. In the process of extraction, according to the
source of the experimental sample, combined with the product description, the fitting kit should be adopted according to the size of
the target fragment.
There are many different methods for the detection and quantification of tumor DNA, but the most common method for analyzing
tumor DNA is to detect the mutation of KRAS [83] genes, which
account for only about half of the patients. With the improvement
of methodology and the addition of more tumor-specific gene
changes, the detection rates of mutations based on EGFR [84],
BRAF [85], ESR1 [86] and PIK3CA [87] are different, so it is difficult to compare directly with other studies.
No consensus has been reached on the best methods of purification, quantification, and mutation detection of DNA, as well as the
same scope of application, verification, and nomenclature. At present, there is no mention of measuring the purity of A260/A280 by
measuring cfDNA. The reason may be that the content of cfDNA
obtained in the laboratory is too low and the measured concentration is not accurate, so the determination of cfDNA purity needs
to develop a new technical means or promote a new concept to
describe its purity.
The accurate detection of cfDNA should not only achieve accurate
quantification, but also achieve the location of primary tumors in
vivo. The existence of tumor heterogeneity leads to great obstacles
in the screening of primary tumors of unknown sources. The existing detection techniques still have many problems, such as unstable results, poor accuracy, high detection cost and so on. Technical
methods suitable for clinical detection of cfDNA have not been
unified. In addition, due to the heterogeneity between research
methods and calculation endpoints, statistical comparison is not
applied.

9. Conclusion and Perspectives
According to the current experimental data, we have sufficient theoretical and factual basis to prove that cfDNA can be utilized as
an effective marker in clinical diagnosis, especially in disease prevention and control. Therefore, it is necessary for us to establish a
standard, including a sample pretreatment, cfDNA extraction and
detection, qualitative and quantitative. Altered tumor cells have
different mutations, and different stages of the development of the
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same tumor cells also have different mutations [34, 88]. It is not
known whether the mutation frequencies of separate mutation
sites interfere with each other in the detection process.
At present, only two cfDNA-based detection methods approved by
FDA are: Cobas EGFR mutation test for EGFR mutation in cfDNA
of lung cancer patients v2 [89] and Epi proColon analysis for methylation of SEPT9 promoter in cfDNA of colorectal cancer screening patients [90]. The more perfect standard setting is the further
deepening of the research and development of cfDNA, which is
conducive to the design and reporting of related experiments with
greater intrinsic value. Only when the methods of each laboratory
are comparable can we promote the gradual maturity of the technology, achieve accurate quantification more quickly to avoid false
positive or false negative results [25], ensure that the experimental results are stable and repeatable, and finally realize the value of
clinical detection application in an all-round way.
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