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Summary

This systematic review aims to summarize circulating cell-free DNA (cfDNA) levels and their detection methods for early detection
of neuroblastoma with less invasive procedures. After determining the search keywords, including neuroblastoma and cfDNA,
these words were searched using MeSH and free keywords in databases. Our results also showed that the diagnostic methods, the
time of isolation protocols, and sampling techniques were different in all studies based on extraction kits. The gPCR method was the
most used in detecting the gene segments. Samples were obtained from peripheral blood and bone marrow. MYCN amplification
was the most seen genetic alteration; ALK, NSE/ (LINE-1), RET, RASSF1A, and APC mutations were often observed. On the clinical
scale, patients with higher levels of cfDNA were prone to progressed stages or recurrence of the disease in recovered patients, as
some studies have shown that people with recent neuroblastoma had higher levels of cfDNA than those with long-term disease.
In conclusion, cfDNA amplification can be a concern in neuroblastoma. It was additionally found that cfDNA ranges in several
studies were related to the disorder stage, as some have proven that people with the latest neuroblastoma had higher ranges of

cfDNA than those with long-term disease.
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Introduction

Neuroblastoma (NB) is the most common extracranial
solid tumor arising from the sympathetic nervous system.
NB usually occurs in children with a median age of
seventeen months and accounts for 15% of cancer-related
deaths in children."? Clinical manifestations range from
asymptomatic to mass compression symptoms depending
on the location.’ Tumor behavior varies from spontaneous
regression to metastasis or death. NB usually occurs non-
inherited, while mutations in ALK and PHOX2B germline
genes are often seen in familial NB.*¢ Amplification of
MYCN oncogene occurs in 18-38% of cases and is related
to poor prognosis.*

Patients with MYCN-amplified neuroblastoma often
require more intensive treatment, consisting of high-dose
chemotherapy and stem cell transplantation. They have
a poorer ordinary survival rate than sufferers without
MYCN amplification.” The mechanisms via which
MYCN amplification promotes tumor increase and

progression are nonetheless being investigated; however,
it is a concept that involves the dysregulation of several
cell pathways that manage cell proliferation, apoptosis,
and differentiation. MYCN amplification has additionally
been related to the downregulation of genes involved in
neuronal differentiation, which may contribute to the
aggressive nature of MYCN-amplified tumors.®

As NB is suspected, laboratory tests (complete blood
count, organ-based function tests, ferritin, and lactate
dehydrogenase), imaging, and pathological studies are
required to confirm the diagnosis and staging.” Urinary
catecholamines were used to measure screening, but they
could not lower the mortality rate.’* Molecular assessment
of the tumor is becoming more noticeable for evaluating
the prognosis. MYCN gene amplification is an important
marker, which is measured by fluorescence in situ
hybridization (FISH)," cell ploidy (diploid, triploid, and
hyperploid) by flow cytometry,'? and common segmental
chromosomal alterations by array comparative genomic
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Cell free DNA in neuroblastoma

hybridization."

In comparison, a biopsy makes a definite tumor
diagnosis.'" The associated factors with poor prognosis
include older age of onset, high levels of serum ferritin
and lactate dehydrogenase, less maturation of tumor
cells in the pathological examination, cell diploidy, high
amplification of MYCN, and segmental chromosomal
alterations (17q gain, loss of 11q, and loss of 1p).°

Circulating cell-free DNA (cfDNA) are the nucleic acid
fragments of the genome that circulate extracellularly in
the bloodstream through active secretion, apoptosis, and
necrosis. The amount of ¢fDNA in healthy people is less
than 10 ng/mL of plasma but rises in some clinical issues
such as trauma, stroke, myocardial infarction, and chronic
health problems, including diabetes and malignancies.''¢
The cfDNA can be produced by tumor cells and non-
tumor cells growing around tumor tissue.”” The cfDNA
has progressively been used as a diagnostic and predictive
marker in cancer.'

The size of ¢fDNA as a biomarker for tumor stage,
progression, and recurrence is a promising method that
has proven particular success in countless tumor entities.

In colorectal cancer, cfDNA has been proven to be a
promising biomarker for monitoring disorder progression
and detecting early relapse. Studies have demonstrated
that changes in the amount of ¢cfDNA over time can be
used to predict disease recurrence and survival. cfDNA
analysis is a promising tool for diagnosing, prognosis, and
monitoring NSCLC. In breast cancer, cfDNA evaluation
has shown promise as a biomarker for predicting response
to cure and monitoring cancer progression. Studies have
established that modifications in the amount of cfDNA
over time can be used to predict sickness recurrence and
survival.”*

Measuring ¢fDNA as a biomarker for tumor stage,
progression, and recurrence has proven precise success.”
Obtaining a surgical or core needle biopsy is necessary to
assess the solid tumors’ molecular profile. It is invasive,
takes only a blind sample for heterogeneity, and makes
it difficult to repeat the biopsy. The genome pattern of
cfDNA matches closely with the corresponding tumors.*
They can be essential biomarkers in diagnosing cancers,
prenatal problems, and early detection of transplant
rejection.”** Increased serum cfDNA levels may be due
to decreased serum DNAse I and II enzyme activity.
Decreased enzymatic activity may result from an inhibitor
secreted by the tumor.”® Besides, these tumor-derived
genetic components in the blood can indicate tumor cells’
presence and response rate to treatment.” Establishing
the droplet digital polymerase chain reaction (ddPCR)
to assess MYCN and ALK amplifications using liquid
biopsies can help to find less invasive and early diagnostic
methods.*”*

For example, to identify gene sequences (MYCN
amplification), Southern blotting and FISH are used in

the neuroblastoma tumor tissue itself. Southern blot is a
method with a long duration (1 to 2 weeks), is sensitive
to DNA damage, and requires high amounts of tumor
DNA. Limiting factors for PCR and Southern blot, such
as the diluting factor of healthy cells, can be overcome
using more touchy strategies such as digital PCR (dPCR)
or next-generation sequencing (NGS). FISH visualizes
unique DNA sequences in human cells. While FISH can
be useful for detecting genetic aberrations in cancer cells,
it has numerous limitations. One is that it is no longer as
touchy as PCR-based methods or NGS for detecting low
degrees of cfDNA. In addition, FISH requires fluorescent
probes, which can be steeply priced and time-consuming
to strengthen and optimize. The advantages of the FISH
method include the ability to examine individual cells and
the diluting effects of normal cells in the study of copy
genes, including MYCN, which are considered limiting
factors in Southern blot and PCR methods.”” The FISH
method is the gold standard for assessing gene doses in
cancer specimens by evaluating images and large cell
populations with fluorescence microscopy by specialists.”
However, for peripheral blood samples, the PCR method
is used. The PCR method reduces the time to several
hours. It is used in the early detection of NB and other
malignancies such as lung cancer (e.g., mutation and
heterozygosity of the p53 gene and evaluation of serum
DNA).*' Other used methods are probe amplification
(Multiplex ligation-dependent probe amplification:
MLPA) and genomic hybridization (aCGH) comparative
array obtained through tumor biopsy. Biopsy procedures
are required for invasive tissue analysis, and tumors
are not always available for genetic analysis. A mistake
in preparing a biopsy can increase the number of non-
malignant cells. If the exact tumor sample is not biopsied
during the biopsy, it is likely to be taken from non-
tumor samples. So, the analysis will need to be corrected.
Therefore, using the PCR gene detection method in
serum and plasma is faster, less expensive, and less risky.*
cfDNA sequences commonly refer to specific regions of
the ¢fDNA molecule that include genetic information.
These areas can pick out precise genomic alterations,
such as mutations, reproduction number variations, or
translocations associated with cancer. Because cancer cells
shed DNA into the bloodstream, the detection of unique
genomic changes in ¢fDNA can furnish statistics about
the presence and traits of cancer cells in a non-invasive
manner.

This systematic review summarizes cfDNA sequences
and detection methods for earlier diagnosis of
neuroblastoma using less invasive procedures.

Methods

Search strategy

After determining the keywords, including neuroblastoma
and cfDNA, these words were searched using MeSH
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and free keywords in Medline, Scopus, Web of Science,
and Cochrane Library databases. As well as to find
information in Farsi databases (with English language
articles) such as Iranmedex, SID, IranDoc, and Magiran
also were searched.

For this purpose, the desired keywords were searched
in a combination of the following types of models in the
mentioned databases (PICO):

*  P:Neuroblastomas OR neuroblastoma

*  I:Cell-Free Nucleic Acids OR Cell-Free Nucleic Acids
OR Nucleic Acids, Cell-Free OR Circulating Cell-
Free Nucleic Acids OR Circulating Cell-Free Nucleic
Acids OR Circulating Nucleic Acids OR Acids,
Circulating Nucleic OR Nucleic Acids, Circulating
OR Cell-Free Nucleic Acid OR Cell-Free Nucleic
Acid OR Nucleic Acid, Cell-Free OR Cell-Free DNA
OR Cell-Free DNA OR DNA, Cell-Free OR fDNA
OR cirDNA OR Cell-Free Deoxyribonucleic Acid
OR Acid, Cell-Free Deoxyribonucleic OR Cell Free
Deoxyribonucleic Acid OR Deoxyribonucleic Acid,
Cell-Free OR Circulating DNA OR DNA, Circulating.

*  O: Diagnosis OR early diagnosis OR diagnosis, early
OR detection

Papers and documents obtained from the search
were screened in several stages as title, abstract, and full
text, and those studies that met the inclusion criteria
were selected. Two experts evaluated the studies and
used a checklist regarding types of bias risk (selection,
performance, report, attrition, etc.) and excluded content
and low-quality studies. A third person was used for
selection and evaluation in case of expert disagreement,
and a group discussion was held. Relevant data were then
extracted from the studies using a designed table.

Inclusion and exclusion criteria

All articles were searched by January 2023. Studies were

included if they met the following inclusion criteria:

1. Published by January 20, 2023.

2. Focused on neuroblastoma, with diagnostic methods
based on c¢fDNA and related genes.

3. Original research articles (not reviews or duplicates).

4. Contained sufficient information, including the type
of intervention and cfDNA assay method.

The exclusion criteria were:

1. Articles with mismatched keywords in the title or
abstract during the screening stage.

2. Review articles or duplicate studies.

3. Studies unrelated to neuroblastoma, or lacking
information on c¢fDNA detection methods or related
genes.

4. Studies involving non-human species (e.g., mice).

5.  Systematic reviews and meta-analyses.

As mentioned, content, in the first stage after the initial
search, the number of articles was about 324, of which 61
were duplicates and were left out (263 remaining). Finally,

according to the mentioned criteria, only 17 related
articles were reviewed (Figure 1).

Flowchart of the search strategy

As shown in Figure 1, the initial search results showed
more than 318 articles, but in the end, 17 articles were
selected for systematic review.

Data extraction

The studies were sorted by publication date after
identifying the final articles. Before extracting the data,
the tables required for this study were designed based
on the required criteria as the Extraction Table in the
Excel software environment. The required data were then
extracted from selected articles based on pre-prepared
tables. These data include general data of articles (names
of first authors of articles, name of the journal, name
of the country of study, year of study), data related to
method (type of study, duration of study, purpose of
study, type of intervention, type of kit and Sample type)
intervention and response data (genes involved, genetic
and epigenetic changes, association with tumor samples).
Finally, if there was a disagreement between the data, it
was discussed until the same result was reached. This
study was conducted in the Student Research Committee
of Urmia University of Medical Sciences.

Quality measurement

We measured the value of the involved studies using the
Cochrane Collaboration tool for measuring the risk of
bias.”” In this reading, selected studies were judged based
on the following criteria:

Bias related to patient selection (“selection bias”)
is determined based on the complete description of
inclusion and exclusion criteria. If patients are carefully
selected, they will be considered low-risk. “Measurement
bias,” which in this study is correlated to methods of
measuring cfDNA levels and scores related to the cfDNA
detection method. If precise methods are used, the risk
is considered low. “Lead time bias” refers to the length
of the follow-up period. If it is revealed in full detail, the
risk is low regarding bias. “Exposure bias” was considered
as genetic and epigenetic changes in genes correlated in
NB patients. Finally, “confounding bias” relates to the
data analysis and results. If confounding factors such
as gender, age, disease stage, and drug use are carefully
observed during the analysis of cfDNA levels and other
factors correlated to genetic alterations, that study is
considered low risk in confounding bias.

Results

Included studies

A total of 318 possible studies were first searched, and
six records from another search of other sources were
added (n=324). Following eligibility screening by title
and abstract, 259 studies were eliminated. The excluded
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Figure 1. Flow diagram of the literature search and study selection process

studies were also duplicated, reviews, non-human
studies, unrelated studies on cfDNA, and non-related
to neuroblastoma. Of the remaining 59 studies, the full
texts were screened, and 42 were excluded because they
were RNA-related studies and irrelevant studies (absence
of prognosis information, comments, and improperly
grouped mutations). Finally, 17 studies met the inclusion
criteria and were included for descriptive summarization
(Table 1).

Study characteristics
The included studies, published between 2002 and 2022,
analyzed the relationship between cfDNA status and
survival outcomes in 926 patients. The number of patients
in each study ranged from 19 to 142. Eleven were cross-
sectional studies, three studies were case-control studies,
and the other was one case series, one cohort study and
one clinical trial. These studies have been published in
the full paper in reliable journals. These studies were
published in the English language. Also, these studies
were related to Asia and Europe. They were in China,
Japan, Korea, France, the United Kingdom, and Belgium,
where the most significant share was related to China and
France, with seven studies.

The study characteristics of the patients enrolled in
these studies are summarized in Table 1. We measured

the risk of bias using the Cochrane Collaboration tool for
measuring the risk of bias. We classified bias according to
five domains: sample selection bias, cfDNA extraction bias,
follow-up bias, exposure (genetic/epigenetic alterations)
bias, and confounding (correlation) bias. We defined the
risk of bias as “low, high, unclear risk.” In most studies
we reviewed, the inclusion and exclusion criteria were not
mentioned, and most were in the unclear group. Most
studies carefully mentioned the cfDNA isolation method,
diagnostic technique, and sampling timings. Therefore,
these options were placed in the low-risk bias group.

The studies also showed that patients’ follow-up ranges
and lengths must be clarified. Because of this, they could
have been at more evident or higher risk regarding
follow-up. Most studies entirely focused on genetic and
epigenetic changes (exposure bias). Therefore, the bias
of this option was considered low risk. Finally, this study
evaluated articles to determine the relationship between
cfDNA levels and disease progression, disease stage, and
patient age. Most of them reported and had low-risk bias
(confounding bias).

The risk of bias for each included study is summarized
in Table 2, while the distribution of individual risk of
bias characteristics, expressed as a percentage across all
included studies, and is illustrated in Figure 2.
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Table 1. Characteristics of studies included in the systematic review

Sample Source of Diagnostic .
ID  Author (year) Country size  CiDNA Study type technique Genes Abnormality Ref
Kurihara et al Cross- ALK . .
1 2015) Japan 44 Plasma sectional NGS, dPCR, FISH RET ALK and RET mutations
2 Combaret et France 102 Plasma Case- PCR amplification ~ MYCN unclear 4
al (2002) control
Ma et al Cross- _— . '
3 (2016) Korea 105  Serum sectional Qualitative PCR MYCN High LDH and NSE
4 Combaret et 142 Serum and Cross- quantitative real- MYCN 17¢ gain determination %
al (2011) ) plasma sectional time PCR, MLPA in cfDNA
1) Genes of the MAPK
Chicard et al . Whole-genome/ pathway S
F 1 p - v &
> (2017) rance 9 lasma Case-series exome sequenced  2) Ubiquitin SNVs
protein ligase HERC2
Van Roy et al FISH, MLPA, array MYCN and LIN28B
6 (2017) Y Belgium 37 Plasma Cohort CGH, and SNP MYCN and LIN28B amplification and ATRX 8
array deletion
Wang et al . Peripheral Cross- . Increase NSE, LDH and
7 h 7 R /QIA k -1 ! 39
(2018) China ? blood sectional GPCR /QIAamp kits - NSE/LINE-1) cfDNA levels
Liu et al Peripheral Cross- The EpCAM method
8 China 28 P . combined with MYCN/ NSE chromosome 8 hyper diploid
(2018) blood sectional
FISH
9 Suetal 2019) China 58 Plasma Cross- QlAamp DNA MYCN cfDNA, NSE, and LDH 2
sectional Micro Kit levels were down-regulated
Chicard et al Case- Genomic profile in "
10 (2016) France 70 Plasma control 2CGH MYCN, TERT, IGF1R unclear
Venous
11 Suetal (2020) China 116 blood Cross- QIAmp DNA Blood iy s, LDH unclear “
sectional  Mini Kits gPCR
samples
Merugu et al Blood and Case- QIAmp DNA low frequency of "
12 (2020) UK 40 bone marrow  control Blood Mini Kits MYCN hyperploidy
van Zogchel Cross- "
13 etal (2020) Netherlands 56 Plasma sectional qPCR RASSF1A hypermethylated RASSF1A
Peitz et al Cross- MYCN amplification,
14 Germany 9 Plasma R ddPCR MYCN, ALK ALK mutations or 45
(2020) sectional PR
amplifications
Plasma and -
Van Paemel et . R Cross- MYCN amplification, "
15 al (2020) Belgium 10 ﬁirizbrospmal sectional CI-RRBS MYCN cfDNA methylation profile
Kahana-Edwin Clinical ~ Blood samples MNA, MYCN, ALK
. . ' , ALK, P -
16 etal (2021) Australia 29 Blood Trial collected in Streck, and THNSL2 MYCN amplification
PAXgene
Blood Qiagen . heterogeneity for cell
Lodrini et al plasma, Cross- Puregene Core kit clones harboring MYCN
17 Germany 31 bone marrow . A (Qiagen) or the MYCN and ALK e “
(2022) Sectional L. amplifications and
plasma, and QlAamp DNA Mini druggable ALK alterations
CSF kit (Qiagen) 88

NGS, next-generation sequencing; dPCR, digital PCR; FISH, fluorescence in situ hybridization; MLPA, Multiplex ligation-dependent probe amplification ; ddPCR,
droplet digital PCR; cf-RRBS, cell-free reduced representation bisulphite sequencing; CSF, cerebrospinal fluid; SNVs, Single nucleotide variants.

Heterogeneity in cfDNA definition
The study results showed that the type of samples used
to detect cfDNA were plasma, serum, tumor tissue
samples, bone marrow, and peripheral blood.***** Also,
the diagnostic methods, the time of isolation protocols,
and sampling techniques were different in all studies
based on extraction Kkits, so in most studies, QIAmp blood
diagnostic kits were used; the most used method was
qPCR.35,50

The fDNA diagnostic panel (Diagnostic pattern: In
some Kits, it works only on genetic changes, but others
consider epigenetic changes as well.) has been genetically
modified for some genes and epigenetic alterations. Most
studies in this panel have only identified genetic changes
and mutations.” In contrast, others have only examined

epigenetic changes such as methylation," while some
studies examined both mutations and methylation levels
of these genes.*

Disease-related genes

The most commonly detected genetic alteration was
MYCN amplification. In total, 6 of 17 studies analyzed
MYCN only. Other mutations such as ALK, NSE/
(LINE-1), RET, RASSF1A, and APC mutations were
often observed, usually in combination with MYCN
mutations. For epigenetic alterations, the most commonly
investigated genes were ALK and RASSF1A. Other
epigenetic alterations, such as those used by Chicard et
al” (MYCN, TERT, IGF1R), Van Roy et al** (MYCN and
LIN28B), Chicard et al"' (genes of the MAPK pathway or
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Table 2. The risk of bias assessment of the included studies

Patient selection bias

Author (year) (inclusion and exclusion) (methods)

cfDNA extraction bias

Exposure bias (genetic/
epigenetic alterations)

Confounding bias

Follow-up bias (correlation)

Kurihara et al (2015)* High risk Low risk High Low Low
Combaret et al (2002)** Unclear Low risk High High Low risk
Ma et al (2016)* High Low risk Unclear Low Low risk
Combaret et al (2018)*° Unclear Low risk Low Low Low
Chicard et al (2017)%7 Unclear Low risk Low Unclear Low
Van Roy et al (2017)** Unclear Low Unclear Low Low
Wang et al (2018)* Low Unclear Low Low Low
Liu et al (2018)* Unclear High low low low
Su et al (2019)* Low Low Unclear Low Low
Chicard et al (2016)*" Unclear Low Unclear Unclear Low
Su et al (2020)* Low Low High Low Low
Merugu et al (2020)* Unclear Low Unclear Low High
van Zogchel et al (2020)* High Low Low Low Unclear
Peitz et al (2020)* Unclear Low Unclear Low Low
Van Paemel et al (2020)* Unclear High Unclear High High
Kahana-Edwin et al (2021)* High High Unclear High Low
Lodrini et al (2022)* Unclear High Low High High
120% As in patients with a lower stage, its values are less than
_— those with a higher stage (stage 4). Overall, cfDNA levels
are higher in patients with stage 4 than in stage 3 and
e patients with lower stages of the disease.”
60%
a0% ., - s0% Discussion ' S . .
The results of this review indicated that patients with
=i 2o 33% neuroblastoma have high levels of MYCN amplification,
0% which has been evaluated by the fluorescent method in
B b e situ hybridization or qualitative PCR analysis. In another

Olow Bhigh Munclear

Figure 2. The risk of bias assessment of the included studies. As it is known,
most of the studies in terms of bias are low risk

HERC2) were also included.

Sample type
Plasma, serum, peripheral blood, and bone marrow were
used to detect cfDNA.

Relationship between cfDNA and Clinical profile

Several studies showed that cfDNA levels were associated
with the time of onset of neuroblastoma. Furthermore,
people with recent neuroblastoma had higher levels of
cfDNA than those with long-term disease.” In addition,
cfDNA levels were seen earlier in the recurrence time of
the disease than in the free time.? The high levels of fDNA
can be considered as a biomarker for the recurrence
of neuroblastoma. Moreover, the cfDNA levels are
associated with the stage of the disease in neuroblastoma.

study using the NGS technique in neuroblastoma patients,
multiple mutations in the ALK and RET genes were
identified.”> MYCN originates in circulating cancer cells
and is an essential factor in the follow-up and diagnosis of
neuroblastoma patients.*>!

Whole-exome sequencing (WES) is used to study the
genetic heterogeneity of patient samples previously.
The result showed the high success of WES in
sequencing cfDNA about treatment-resistant clones in
neuroblastoma.* Chicard et al and Van Roy et al showed
that tumor genetic changes in cfDNA disappeared in
treated patients. Also, tumor gene changes can be detected
in the relapsing situation, and analyses show resistance to
previous clones.”*

According to some novel studies, patients with late-
diagnosed neuroblastoma have higher neuron-specific
enolase (NSE) and lactate dehydrogenase (LDH) levels
than those with early-stage neuroblastoma. Monitoring is
possible sincelevels of these proteins can showhowa child’s
tumor is progressing. Studies have reported lower levels
of these biomarkers in newly diagnosed patients, and the
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cfDNA levels go higher with the tumor progression, and
they were more helpful in diagnosis. we can use NSE and
LDH markers to monitor NB patients.”>***?> However, we
should note that serum LDH and NSE levels are reduced
in patients under treatment with 13-cis-retinoic acid.”
Furthermore, the 17q chromosome arm was found in the
plasma of people with neuroblastoma, the most common
chromosomal change in primary tumors. A higher level of
the 17q chromosome was related to a higher stage of the
disease, which helps to assess younger children.*

Nowadays, molecular methods have been used to
study the recurrence rate and severity of the disease.
MYCN level has been introduced as a diagnostic factor of
neuroblastoma detected by FISH and PCR methods. The
FISH method is invasive due to tissue sampling, so the
results vary depending on the tissue’s quality. The PCR
method is non-invasive and reproducible using serum
sampling, and the experiments showed that MYCN
amplification could be detected as a prognostic factor in
neuroblastoma patients.”** In high-risk NB patients, the
detection of two factors, including tyrosine hydroxylase
(TH) and homeobox 2B mRNA (PHOX2B) using qPCR,
can be considered as a particular method for the diagnosis
of MRD.* Although ¢fDNA and TH/ PHOX2B levels
are challenging to determine in patients at high risk for
neuroblastoma, the use of PCR to determine the levels
of tyrosine hydroxylase and homeobox 2B at the mRNA
level is a susceptible and specific method in diagnosing
MRD and requires a threshold to determine MRD
positivity. Moreover, cfDNA molecules are less expensive
and more stable, and lower levels of cfDNA are required
than mRNA.*

The cfDNA is degraded DNA-derived fragments by
tissue macrophages and enters the bloodstream from
tumor cells under apoptosis or necrosis. This circulating
cfDNA can be a clinical and pathological factor in
cancer progression. The high levels of Plasma cfDNA
are associated with disease recurrence that could be
investigated as a molecule marking the progression of NB,
especially a potential biomarker in cancer metastasis.*
Therefore, dynamic alteration of cfDNA can be assessed
as a biomarker for assessing tumor burden and MRD in
children with neuroblastoma during the beginning and
the middle of chemotherapy; cfDNA levels can be used
to differentiate between partial remission (PR) and stable
diseases (SD) conditions.?® Several factors can influence
cfDNA levels, both positively and negatively. While the
causes of sudden stimulation of cfDNA are important,
it is also essential to consider other elements that can
impact baseline levels of cfDNA in individuals. Patients
with low tumor burden may additionally have lower
ranges of cfDNA, as fewer tumor cells release DNA into
the bloodstream. Patients who respond well to remedy
may also have lower levels of cfDNA, as fewer tumor cells
release DNA into the bloodstream. The amount of blood
collected can affect cfDNA levels. Lower blood volumes

can also lead to lower cfDNA levels due to dilution. The
time of day when blood samples are collected can influence
cfDNA levels. For example, cfDNA levels are lower in the
morning than in the afternoon. Older patients can also
have lower baseline levels of cfDNA. Considering these
elements when interpreting cfDNA stages as a biomarker
for tumor stage, progression, and recurrence is integral.
In addition, more research is wished to recognize the
impact of these factors on cfDNA ranges and how they
may additionally affect the clinical utility of cfDNA as a
biomarker.>*

The qPCR method is more commonly used for
measuring ¢fDNA because it is cost-effective, highly
sensitive, requires only a small sample size, and is non-
invasive. However, three factors cause sudden stimulation
of ¢fDNA, including fever inflammation, injection and
administration of granulocyte colony-stimulating factor
(G-CSF), in which the peripheral blood cannot be sampled
to measure cfDNA from non-tumor cells, tumor location,
tumor severity, and other clinical factors that affect fDNA
levels.*** There is no significant relationship between
tumor size and serum cfDNA level. However, there is
evidence of increased cfDNA levels in advanced stages of
neoplasms and more malignant cases such as lung, colon,
and breast compared to benign tumors. The plasma DNA
can estimate response, therapy, and prognosis.*

Susceptible NGS-based techniques may better assess
the range of cfDNA changes throughout the tumor. In
the early stages of the disease, especially in small tumors,
there may be insufficient cfDNA to detect mutations in
the blood.”

Conclusion

Taken together, cfDNA amplification can be involved in
neuroblastoma. It was also found that cfDNA levels in
some studies were associated with disease stage, as some
have shown that people with recent neuroblastoma had
higher levels of cfDNA than those with long-term disease.
The results showed that MYCN and NSE genes are closely
related to cfDNA levels in people with neuroblastoma.
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