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Abstract
To evaluate plasma cell-free DNA (cfDNA) as a promising biomarker for neuroblas-
toma (NB) tumor burden. Seventy-nine eligible patients with newly diagnosed NB 
were recruited from Beijing Children’s Hospital between April 2016 and April 2017. 
Additionally, from September 2011 to June 2017, 79 patients with stable NB were 
evaluated with a median follow-up time of 21 months. Approximately 2 mL of pe-
ripheral blood was drawn upon enrollment, and plasma cfDNA levels were measured 
via quantitative polymerase chain reaction (qPCR). Total cfDNA analysis was per-
formed using the long interspersed nuclear element 1 (LINE-1) 79 bp fragment, and 
DNA integrity was calculated by the ratio of the LINE-1 300 bp fragment to the 
LINE-1 79 bp fragment. A total of 79 NB patients with a median age of 36 months 
comprised the group of newly diagnosed NB patients. The main primary tumor site 
was the retroperitoneal and adrenal region (81%). Three or more metastatic sites 
were found in 17.7% of patients. Stable NB patients older than 18 months comprised 
98.7% of the stable NB patients. Neuron-specific enolase (NSE), lactate dehydroge-
nase (LDH), and cfDNA levels were dramatically increased in the newly diagnosed 
NB patients and significantly different from those in the stable NB patients. Moreover, 
the concentration of cfDNA was much higher in patients with larger tumors. By ana-
lyzing the area under the receiver operator characteristic (ROC) curve (AUC), the 
areas of total cfDNA, NSE, and LDH levels were 0.953, 0.929, and 0.906, respec-
tively. The sensitivity and specificity data clarified that the level of circulating 
cfDNA in plasma can be considered as a reliable biomarker for describing tumor 
load in NB. The plasma cfDNA concentration was as good as the levels of LDH and 
NSE to discriminate the tumor burden in children with NB.
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1  |   INTRODUCTION

Neuroblastoma (NB) is an embryonal tumor that arises from 
the sympathetic nervous system and represents the most 
frequently diagnosed malignancy in the first year of life. 
Although NB patients who are stratified into the low and 
intermediate risk groups exhibit an excellent prognosis, the 
long-term survival rate of high-risk patients remains <50%.1,2 
This survival rate is mainly due to tumor relapse or regrowth 
caused by the activation of chemoresistant minimal residual 
disease (MRD).1,3-5 To evaluate the therapeutic response and 
disease status of NB patients, several MRD detection meth-
ods, including 131I-metaiodobenzylguanidine (131I-MIBG), 
have a high detection sensitivity in NB primary tumors and 
bone or bone marrow metastasis.6,7 However, 131I-MIBG de-
tection is complicated and requires a long time. Therefore, 
the clinical evaluation of a precise diagnosis of MRD by mo-
lecular pathology in NB patients remains to be established.

Plasma cell-free DNA (cfDNA) detection has been widely 
studied in malignant tumors but not in pediatric tumors,8 such 
as NB. It is important and necessary to determine whether 
plasma cfDNA could serve as a biomarker for NB. Based on 
others reports,9-14 it is feasible to introduce plasma cfDNA 
to evaluate the tumor burden in NB patients. The method is 
reproducible and convenient. The present work facilitates the 
diagnosis and improves measurement of NB tumor burden. 
We selected plasma cfDNA as a biological marker to detect 
the MRD in NB patients and evaluated the clinical value by 
quantitative polymerase chain reaction (qPCR) combined 
with clinical features and imaging results. Our aim is to es-
tablish a molecular biological method for MRD detection and 
provide a basis for detecting and improving NB treatments.

2  |   MATERIAL AND METHODS

2.1  |  Patients
Seventy-nine eligible patients with newly diagnosed NB were 
recruited in the Hematology Oncology Center, at Beijing 
Children’s Hospital, Capital Medical University, between 
April 2016 and April 2017. From September 2011 to June 
2017, 79 patients with stable NB were monitored and eval-
uated with a median follow-up time of 21 months (ranged 
from 9 to 64 months). The stable disease status of NB was 
described by multiple examinations. First, 2 independent 

microscopic examinations confirmed no NB cells in bone 
marrow. Second, independent pathological experts con-
firmed no progression via radiography. Third, 2 serum tumor 
markers, lactate dehydrogenase (LDH) and neuron-specific 
enolase (NSE), were down-regulated in the stable disease but 
upregulated in all newly diagnosed NB.

This research and the BCH-NB-2007 protocol were ap-
proved by the Beijing Children’s Hospital Institutional Ethics 
Committee (No. 2016-65). Informed consent was obtained 
from the parents or guardians of each patient according to the 
Declaration of Helsinki.

2.2  |  Diagnostics and staging systems
Microscopic examinations of bone marrow aspirates and 
biopsies were performed to determine the presence of NB 
cells. Serum tumor markers such as LDH and NSE levels 
were detected at the time of diagnosis in all patients and at 
the time of stable disease evaluation for the diagnosis and 
monitoring of NB. The defining characteristics of high-risk 
NB (HR-NB) include an age of more than 18 months, metas-
tases (International Neuroblastoma Staging System 4, INSS-
4) or MYCN gene amplification. The BCH-NB-2007-HR 
protocol was based on the Hong Kong Pediatric Hematology 
and Oncology Study Group (HKPHOSG)15 and a German 
report.1

2.3  |  Sample processing
Venous blood samples were collected in EDTA-coated tubes 
and plasma was separated by centrifugation at 1600 g for 
10 minutes. Supernatant was transferred to a new tube and 
centrifuged at 16 000 g for 10 minutes. Purified plasma was 
carefully removed without disturbing the lower residual layer 
and used for DNA extraction immediately or stored at −80°C.

2.4  |  DNA purification
Plasma samples were thawed on ice and centrifuged at 
10 000 g for 3 minutes before DNA purification. DNA was 
purified from 200 μL of plasma and eluted by 300 μL of elu-
tion buffer using QIAamp DNA Blood Mini Kits (Qiagen, 
Valencia, CA, USA) according to the manufacturer’s instruc-
tions. DNA samples were ready to use for quantification or 
stored at −20°C.
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2.5  |  Quantitative polymerase chain reaction
Quantitative polymerase chain reaction was performed 
on a LightCycler LC480 PCR machine (Roche Molecular 
Systems, Inc. Pleasanton, CA, USA). To measure the con-
centration of plasma cfDNA, the repetitive LINE-1 (long in-
terspersed nuclear element 1) 79 bp and LINE-1 300 bp DNA 
fragments were amplified as described, respectively.16,17 The 
LINE-1 79 bp primers amplified apoptotic and nonapoptotic 
DNA fragments while the LINE-1 300 bp primers amplified 
nonapoptotic DNA fragments only.

The total amount of plasma DNA was represented by 
the qPCR result with LINE-1 79 bp primers. The DNA 
integrity index was calculated as the ratio of the LINE-1 
300 and LINE-1 79 qPCR results. A serially diluted stan-
dardized solution of human genomic DNA (Thermo Fisher 
Scientific, Waltham, MA, USA) was used to create a refer-
ence standard curve. The concentration of cfDNA in each 
sample was calculated according to the standard curve. The 
qPCR reactions were performed in triplicate, and mean 
values of the triplicates were used for further analysis. The 
qPCR reaction mixture was 10 μL and contained 2 μL of 
the eluted DNA, 1 μL (final concentration 0.2 μm) of each 
forward and reverse primer of LINE-1 79 or LINE-1 300, 
5 μL of UltraSYBR Mixture (Cwbiotech, Beijing, China) 
and 1 μL of double-distilled water. Cycling conditions were 
1 minutes at 95°C and 35 cycles of 95°C for 8 seconds and 
60°C for 15 seconds. Each plate contained a plasma DNA 
sample, a negative control (water template) and 7 serially 
diluted standard DNA solutions (10, 5, 1, 0.5, 0.25, 0.0625, 
0.015 ng/μL).

2.6  |  Statistics
Statistical analysis was performed in R statistical environment 
(R-version 3.4.0) and included Mann-Whitney U tests, one-
way ANOVAs, boxplots and ROC analysis (Bioconductor 
ROC package). A P-value lower than .05 was considered sta-
tistically significant.

3  |   RESULTS

3.1  |  Clinical characters and demographic 
information
A total of 79 pediatric patients aged 1-148 months (me-
dian, 36 months) with newly diagnosed NB were enrolled. 
As shown in Table 1, children aged from 18 to 60 months 
accounted for 60.8% of the patients. There were 1.47-fold 
more male than female patients. Eighty-one percent of pri-
mary tumor sites were detected in the retroperitoneal and 
adrenal region while other locations accounted for only 
19%, including the thorax, neck, and others. In addition, 

most patients were categorized into stage IV in the clinic. 
Approximately 50.6% of the NB patients had 1 or 2 meta-
static sites, while 31.6% had 3 sites. NB with metastasis in 
more than 3 organs comprised 17.7% of the patients. The 
most frequent metastatic sites were bone, bone marrow, 
and distant lymph nodes, which occupied more than 60% 

T A B L E   1   Demographic and clinical features of patients with 
newly diagnosed NB (N = 79)

Characteristics
Total cases, N 
(%)

Age (mo)

<18 19 (24.1)

≥18 and <60 48 (60.8)

≥60 12 (15.2)

Sex

Female 32 (40.5)

Male 47 (59.5)

Primary site

Abdomen 64 (81.0)

Thorax and other 15 (19.0)

Tumor size

>10 cm 42 (53.2)

≤10 cm 37 (46.8)

Tumor stage

II/III 15 (19.0)

IV 64 (81.0)

MYCN gene

Amplification 15 (19.0)

Nonamplification 64 (81.0)

NSE (ng/mL)

<370 46 (58.2)

≥370 33 (41.8)

LDH (IU/L)

≤500 32 (40.5)

>500 and <1500 30 (38.0)

≥1500 17 (21.5)

Metastatic site

Bone 51 (64.6)

Bone marrow 52 (65.8)

Distant lymph node 49 (62.0)

Liver 14 (17.7)

Central nervous system 12 (15.2)

Number of organs with metastasis

<3 40 (50.6)

=3 25 (31.6)

>3 14 (17.7)

LDH, lactate dehydrogenase; NB, neuroblastoma; NSE, neuron-specific enolase.
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of the metastatic patients. MYCN copies were amplified in 
19% of patients. According to the clinical serum test, more 
NB patients showed below 370 ng/mL NSE (58.2%) or 
lower than 1500 IU/L of LDH (78.5%). However, the num-
bers of patients with LDH lower than 500 IU/L and from 
500~1500 IU/L were similar.

Intriguingly, the number of patients was similar based on 
the tumor size classification. As measured among 79 newly 
diagnosed NB children, the minimum and maximum diame-
ters of tumors were 1.5 and 21.8 cm, respectively. According 
to the diameter median of 10.5 ± 4.78 cm, newly NB patients 
were divided into 2 groups (>10 and ≤10 cm).There were 
42 NB kids whose tumor diameter more than 10 cm while 

37 NB kids not. The median of tumor size was 6.7 ± 2.7 cm 
and 13.2 ± 2.97 in NB patients with smaller or larger tumors, 
respectively (Table S1).

Seventy-nine NB patients with stable disease were mon-
itored from 9 to 64 months and validated according to clin-
ical examination by the end time point of surveillance. In 
Table 2, these data show that the demographic information 
was similar in newly diagnosed and stable NB patients, in-
cluding sex and disease origin. There were more boys than 
girls and abdominal tumors were predominantly found in the 
stable NB patients. According the treatment regimen, these 
NB patients were divided into follow-up and retinoic acid 
groups with approximately 60.8% and 39.2% of the patients, 
respectively. The stable NB patients older than 18 months 
comprised 98.7% of the stable NB patients, and these chil-
dren were distributed equally with respect to the 60-months 
threshold.

3.2  |  Performance comparisons among total 
plasma cfDNA concentration, NSE and LDH as 
tumor burden biomarkers of NB
Our investigation recorded stable disease NB clinical data 
from the blood analysis, including LDH, NSE, and cfDNA 
concentrations (Table 3). First, cfDNA was measured in 
stable disease patients to detect the MRD. Next, the median 
concentrations of NSE, LDH, and cfDNA were very simi-
lar regardless of the status described, such as age, sex, pri-
mary original sites, or therapy regime during monitoring time 
window.

Usually, without any treatment, newly diagnosed NB pa-
tients have a more severe tumor load than those with sta-
ble NB.18-20 Therefore, the stable disease NB patients were 

T A B L E   2   Demographic and clinical features of patients with 
stable NB ranging from 9 to 64 mo (N = 79)

Characteristics Total cases, N (%)

Age (mo)

<18 1 (1.3)

≥18 and <60 38 (48.1)

≥60 40 (50.6)

Sex

Female 37 (46.8)

Male 42 (53.2)

Primary site

Abdomen 55 (69.6)

Thorax and other 24 (30.4)

Treatment regimen

Follow-up 48 (60.8)

Retinoic acid 31 (39.2)

T A B L E   3   Serum NSE and LDH levels and total plasma cfDNA in the stable disease NB group

Characteristics N
NSE median (min-max 
ng/mL)

LDH median 
(min-max IU/L)

cfDNA median 
(min-max ng/mL)

cfDNA integrity 
median (min-max)

Age (mo)

<18 1 28.7 (28.7-28.7) 261 (261-261) 8.85 (8.85-8.85) 0.24 (0.24-0.24)

≥18 and <60 38 25.20 (15.0-84.3) 275 (68-454) 7.03 (3.02-28.17) 0.22 (0.10-0.41)

≥60 40 22.85 (16.2-52.4) 256 (167-379) 6.445 (2.44-24.53) 0.21 (0.12-0.35)

Sex

Female 37 23.5 (15.0-52.7) 271 (195-454) 6.74 (2.96-25.07) 0.21 (0.10-0.41)

Male 42 23.95 (16.5-84.3) 260.5 (68-379) 6.855 (2.44-28.17) 0.23 (0.12-0.39)

Primary site

Abdomen 55 23.7 (16.2-84.3) 268 (195-454) 6.80 (2.44-28.17) 0.21 (0.10-0.35)

Thorax and other 24 23.7 (15.0-52.4) 265 (68-365) 7.12 (2.96-24.53) 0.24 (0.12-0.41)

Maintenance therapy

None 48 23.6 (15.0-52.4) 265.5 (68-454) 6.635 (2.44-24.53) 0.23 (0.10-0.41)

Retinoic acid 31 23.9 (16.5-84.3) 268 (195-369) 6.91 (3.34-28.17) 0.21 (0.13-0.35)
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considered as the tumor burden control in comparison to 
the newly diagnosed patients in the clinical evaluations. In 
Figure 1, as expected, NSE levels were approximately 11.2-fold 
higher in the newly diagnosed patients than in the stable disease 
patients (265.80 ± 139.08 vs 23.70 ± 23.90 ng/mL; P < .01; 
Figure 1A). The trend of the LDH levels was similar to that 
of the NSE levels (639.00 ± 1563.09 vs 267.50 ± 74.90 IU/L; 
P < .01; Figure 1B). Consistently, the median total plasma 
DNA concentration was 18.6 times higher in the newly di-
agnosed patients than in the stable disease NB patients 
(126.71 ± 1344.67 ng/mL vs 6.83 ± 5.99 ng/mL; P < .01; 
Figure 1C). All the 3 datasets indicated that the NSE, LDH, and 
cfDNA concentrations were dramatically increased in newly 

diagnosed NB patients while lower levels were maintained in 
the stable disease NB patients.

There were some newly diagnosed NB children whose 
NSE or LDH were in lower level but cfDNA was kept high. 
Subjectively, newly diagnosed NB patients with NSE less than 
50 ng/mL were 16. However, only in 1 NB patient, cfDNA level 
was dramatically lower, 2.15 ng/mL. Other 15 patients’ cfDNA 
levels were higher than 30 ng/mL, which was the top level in 
stable NB. Moreover, the median of cfDNA was 155.32 ng/
mL, that was higher than the median of all newly diagnosed 
NB patients (126.71 ng/mL). In parallel, 32 newly diagnosed 
NB were found with LDH less than 500 IU/L (range from 177 
to 494 IU/L). There were 7 kids whose cfDNA level <30 ng/
mL while 25 kids not. The median of cfDNA from 25 NB was 
186.62 ng/mL, higher than it from total newly NB too. The an-
alyzed data indicated that some newly diagnosed NB had lower 
levels of NSE and/or LDH while their cfDNA level was high in 
accordance with tumor load (Table S2).

3.3  |  Correlation between plasma cfDNA 
levels and clinical characteristics
For the newly diagnosed NB group, associations between 
the level of total plasma cfDNA and other established clini-
cal parameters were analyzed and are presented in Table 4. 
Except for the age distribution, the significant differences 
were all significant in the other parameter categories 
(P < .05), and the mean cfDNA concentration was obvi-
ously upregulated in the NB patients with heavier tumor 
loads. For instance, the most significant difference in cfDNA 
was 32.4 times more (2020.4 vs 62.3 ng/mL) in NB patients 
with high-level LDH (≥1500 IU/L) than those with low-
level LDH (≤500 IU/L). When comparing patients by other 
parameters, the cfDNA levels were also 9-13 times greater 
in the high-risk NB patients compared to the low-risk NB 
patients, including patients with >3 metastatic organ loca-
tions compared to those with <3 metastatic organs (1647.3 
vs 131.3 ng/mL), patients with MYCN amplification com-
pared to those with nonamplification (1387 vs 411.6 ng/
mL) and patients with NSE level = 370 ng/mL compared 
to those with NSE < 370 ng/mL (1165 vs 189.2 ng/mL). 
Concerning tumor sizes and clinical stages, the cfDNA ra-
tios were approximately 6 between the patients with abdo-
men tumors and those with other primary tumor sites (708.7 
vs 119.6 ng/mL) and between stage IV patients and patients 
with earlier stages (1465.5 vs 113.6 ng/mL). The smallest 
fold changes were approximately 3 between male and fe-
male patients (829.4 vs 255.3 ng/mL) and between patients 
with tumor sizes >10 cm and those with tumor sizes ≤10 cm 
(861.8 vs 296 ng/mL). Thus, the cfDNA concentration in 
the newly diagnosed NB patients was significantly higher 
in the high-risk group (Table 4).

F I G U R E   1   Comparison of NSE, LDH, and cfDNA level 
between newly diagnosed NB patients and stable NB. Box plots for 
comparison of biomarker levels between groups. Levels of NSE (A), 
LDH (B), and total plasma cfDNA (C) in the newly diagnosed NB 
patients were significantly higher in comparison with the stable NB 
(P < .01). (*Mann-Whitney U test)
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3.4  |  Receiver operator characteristic 
(ROC) curve analysis of cfDNA levels in 
NB patients
By analyzing the area under the ROC curve (AUC) be-
tween the newly diagnosed and stable disease NB pa-
tients (Figure 2), the total plasma cfDNA levels showed 
that the AUC value was 0.953 and represented a signifi-
cant, positive correlation with the confirmation of newly 
diagnosed NB. Meanwhile, the assessed AUC values of 
NSE and LDH were 0.929 and 0.906, respectively. All 
3 AUC values were higher than 0.9, suggesting a com-
parable and discriminating ability to distinguish newly 

diagnosed NB from stable disease NB patients. The 
AUC of the cfDNA concentration was the best molecular 
assay to measure NB tumor burden followed by NSE and 
LDH. However, the AUC value of combined cfDNA and 
NSE or LDH did not improve the discrimination ability  
(data not shown).

T A B L E   4   Total plasma cfDNA levels in newly diagnosed NB 
patients

Characteristics N Mean ± SD P-values

Age (mo)

<18 19 104.4 ± 176.2 .0566a

≥18 and <60 48 885.0 ± 1658.6

≥60 12 223.7 ± 288.9

Sex

Female 32 255.3 ± 414.3 .03868b

Male 47 829.4 ± 1677.5

Primary site

Abdomen 64 708.7 ± 1469.7 .001345b

Thorax and other 15 119.6 ± 229.0

Tumor size

>10 cm 42 861.8 ± 1738.15 .01328b

≤10 cm 37 296.0 ± 549.5

Tumor stage

II/III 15 113.6 ± 317.5 .00004b

IV 64 710.1 ± 1465.5

MYCN gene

Amplification 15 1387.0 ± 1957.1 .01356b

Nonamplification 64 411.6 ± 1097.3

NSE (ng/mL)

<370 46 189.2 ± 429.5 3.141e-08b

≥370 33 1165.0 ± 1891.1

LDH (IU/L)

≤500 32 62.3 ± 90.2 4.08e-07a

>500 and <1500 30 360.4 ± 328.4

≥1500 17 2020.4 ± 2402.9

Number of organs with metastasis

<3 40 131.3 ± 287.2 .000964a

=3 25 780.9 ± 1598.3

>3 14 1647.3 ± 1944.2
aOne-way ANOVA.
bMann-Whitney U Test. F I G U R E   2   Receiver operating characteristic (ROC) curves for 

distinguishing between newly diagnosed NB patients from stable NB. 
A, The area under the receiver operator characteristic (ROC) curve 
(AUC) of total plasma cfDNA was 0.953, with 88.6% sensitivity and 
92.4% specificity at 13.665 ng/mL. B, AUC of NSE was 0.929, with 
87.3% sensitivity and 93.7% specificity at 37.350 ng/mL. C, AUC of 
LDH was 0.906, with 78.5% sensitivity and 97.5% specificity at 370.50 
IU/L
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3.5  |  DNA integrity and cfDNA 
performance between newly diagnosed and 
stable NB patients
The values of DNA integrity established by the ratio LINE-1 
300/LINE-1 79 ranged from 0.21 to 0.24 in stable disease NB 
patients (Table 3). Similar to the total cfDNA levels in stable 
NB patients, the ratios representing DNA integrity were very 
close to each other among different subpopulation catego-
ries. In parallel, the difference in DNA integrity between the 
newly diagnosed and stable NB patients was 0.17 vs 0.21, 
and there was no statistical significance (Figure 3, P > .05). 
Furthermore, the DNA integrity was not significantly differ-
ent based on the clinical variables in newly diagnosed NB 
patients, including age, sex, clinical stages, MYCN amplifi-
cation, metastasis, etc. The differences in DNA integrity be-
tween primary tumor sites and between tumor volumes were 
significant in newly diagnosed NB patients (Table 5). For ex-
ample, the DNA integrity from abdominal tumors was signif-
icantly less than that from other primary sites (0.17 vs 0.21). 
More intriguingly, tumors with a larger diameter displayed a 
lower DNA integrity ratio than those with a smaller volume 
(0.16 vs 0.20). Consistently, higher levels of NSE and LDH 
were accompanied by smaller DNA integrities (0.15 vs 0.20; 
0.12 vs 0.19; respectively). DNA was more fragmented in the 
NB patients with a heavier tumor burden, as determined by 
tumor origins, tumor volume, and tumor serum biomarkers.

4  |   DISCUSSION

Recently, emerging evidence has elucidated that the absolute 
cfDNA concentration and DNA integrity might be candi-
date biomarkers for the diagnosis and prognosis of malig-
nant tumors.8,10,13,14,21,22 Compared to patients with benign 

tumors and healthy controls, the concentrations of circulating 
cfDNA were significantly distinguished and higher in adult 
patients with various cancers, including lung cancer, colo-
rectal cancer, and breast cancer. Moreover, a great number 
of researchers have demonstrated that plasma DNA could 
be applied to estimate the therapy response and prognosis 
of broad cancers in the clinic.9-14 Generally, increased levels 
of cfDNA were closely correlated with exacerbation or poor 
outcomes in cancer patients. These studies indicated that cir-
culating cfDNA could be applied to detect MRD as well as 
represent a surrogate biomarker of tumor burden in a variety 
of malignant tumors. However, reports related to circulating 
cfDNA are not widely documented in pediatric solid tumors, 

F I G U R E   3   Comparison of DNA integrity between newly 
diagnosed NB patients and stable NB. Box plots for comparison 
of DNA integrity in the newly diagnosed NB patients were not 
significantly different in comparison with the stable NB (P > .05). 
(*Mann-Whitney U test)

T A B L E   5   DNA integrity index according to clinical and genetic 
characteristics in newly diagnosed NB patients

Characteristics N Mean ± SD P-values

Age (mo)

<18 19 0.19 ± 0.10 .529a

≥18 and <60 48 0.17 ± 0.07

≥60 12 0.20 ± 0.04

Sex

Female 32 0.18 ± 0.06 .97b

Male 47 0.18 ± 0.08

Primary site

Abdomen 64 0.17 ± 0.08 .02253b

Thorax and other 15 0.21 ± 0.05

Tumor size

>10 cm 42 0.16 ± 0.08 .02549b

≤10 cm 37 0.20 ± 0.07

Tumor stage

II/III 15 0.20 ± 0.09 .175b

IV 64 0.17 ± 0.07

MYCN gene

Amplification 15 0.16 ± 0.07 .4495b

Nonamplification 64 0.18 ± 0.08

NSE (ng/mL)

<370 46 0.20 ± 0.08 .01219b

≥370 33 0.15 ± 0.06

LDH (IU/L)

≤500 32 0.19 ± 0.08 .00316a

>500 and <1500 30 0.19 ± 0.06

≥1500 17 0.12 ± 0.06

Number of organs with metastasis

<3 40 0.19 ± 0.08 .197a

=3 25 0.17 ± 0.06

>3 14 0.16 ± 0.08
aOne-way ANOVA.
bMann-Whitney U Test.
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and sample sizes need to be expanded further.23 For instance, 
although there were not significant relationships between 
plasma cfDNA levels and tumor sizes or origins in 44 pedi-
atric solid tumors, such as NB, hepatoblastoma, nephroblas-
toma, and rhabdomyosarcoma, cfDNA concentrations were 
higher in stage IV than in stages I-III tumors, which repre-
sents a significant association between cfDNA quantification 
and clinical stages.23

To quantify cfDNA concentration and calculate DNA 
integrity from peripheral blood, qPCR is a popular 
method.17,24-31 In this study, LINE-1 79 and 300 bp DNA 
fragments were selected to examine the total cfDNA con-
centration and DNA integrity in plasma.16,17 In several 
studies, MYCN amplification has been used to predict or 
assay the effects of treatment and MRD of NB solid tumors 
in children.18-20,23,32 However, amplification of MYCN mea-
sured by PCR was detected in a relatively small proportion 
of blood samples from children with NB.20,23 Therefore, 
cfDNA quantification could be an effective and reproduc-
ible approach to detect MRD in NB and other solid pediat-
ric malignant tumors.

In malignant solid tumors, the DNA integrity index 
was also associated with tumor loads and is expected to be 
used as a molecular diagnostic biomarker in the clinic.33-36 
Debatably, the DNA integrity index was higher in breast can-
cer patients than in patients with benign tumors and healthy 
controls,35 while a higher DNA integrity is predicted to have 
a lower risk of recurrence.33 However, in colorectal cancer 
and hepatocellular cancer patients, DNA integrity was much 
lower than that in benign patients and healthy volunteers.34,36 
Thus, fragmentation of cfDNA represented a clue of genetic 
aberration for malignant solid tumors.

Our work found that the absolute concentration of 
cfDNA was closely, positively associated with NB tumor 
burden. In comparison to stable NB, cfDNA was remark-
ably upregulated in newly diagnosed NB (Figure 1). Larger 
tumor size and higher levels of cfDNA were detected in 
newly diagnosed NB patients (Table 4). In addition, the 
primary locations of tumors, clinical stages, and metastatic 
features were accompanied by an increased level of cfDNA 
in newly diagnosed NB patients (Table 4). Notably, higher 
levels of NSE and LDH were significantly correlated 
with the cfDNA concentration (Figure 2). Patients with a 
heavier NB tumor burden had higher levels of NSE, LDH, 
and cfDNA. The AUC calculation elucidated the power of 
cfDNA levels to discriminate the tumor burden of newly 
diagnosed NB from stable disease NB, and the AUC for 
cfDNA levels was better able to discriminate the tumor 
burden than the AUC of NSE or LDH levels (Figure 2). 
Unlike the total level of cfDNA, the DNA integrity index 
could not distinguish between newly diagnosed and stable 
NB (Figure 3). However, the measurable level of cfDNA in 
stable NB patients demonstrated that the MRD of NB could 

be examined (Table 3). Our data showed that cfDNA level 
could be considered as surrogate biomarker for NB tumor 
burden. However, quantity of cfDNA should be applied in 
clinic independently. In the future, whether cfDNA could 
be instead of the 2 serum biomarkers, further investiga-
tions need to be done. Next, we will investigate whether the 
quantification of plasma cfDNA, NSE, and LDH could be 
used to monitor therapy response and follow-up. In prog-
ress, we are collecting data from these NB patients. Our 
work on dynamic therapy responses and following up in 
NB children will be presented in the future.

In conclusion, the quantification of plasma cfDNA was 
considered to be an effective and more precise biomarker to 
evaluate tumor burden as well as MRD of NB in a clinical 
setting.
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