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Abstract: Patients with recurrent neuroblastoma (NB) have a broad range of prognoses. This research aimed to de-
velop a nomogram to assess post-recurrence survival (PRS) in patients with recurrent neuroblastoma. The TARGET 
database was utilized to enroll 825 individuals diagnosed with neuroblastoma between 1986 and 2012, 250 of 
whom were diagnosed with recurrent NB. These patients were randomly divided into a training group (n = 175) and 
a validation group (n = 75) at a ratio of 7:3. The Kaplan-Meier method was used for survival analysis. A prognosis no-
mogram was constructed based on post-recurrence survival indicators identified through Cox regression and LASSO 
analysis. The nomogram’s capability for classification and calibration was assessed using the calibration curve, the 
area under the time-dependent receiver operating characteristic curve (AUC), and the consistency index (C-index). 
The nomogram was verified in the validation cohort, and its clinical applicabilities were assessed using the decision 
curve analysis (DCA). Four PRS predictors, COG risk group, INSS stage, MYCN status, and age, were identified to 
construct the nomogram, which showed good discrimination and calibration in the training and validation sets. The 
C-index of the training and validation sets was 0.681 [95% confidence interval (CI), 0.632-0.730] and 0.666 [95% 
CI, 0.593-0.739], respectively. The nomogram’s AUC values for the training and validation sets at 1, 3, and 5 years 
were 0.747, 0.775, and 0.782 vs. 0.721, 0.757, and 0.776. The nomogram’s AUC values were consistently higher 
than those of the COG risk groups and INSS stage, indicating that the nomogram had superior differentiation com-
pared to the INSS stage and COG risk group. The DCA curve also demonstrated that the nomogram we developed 
outperformed conventional COG risk groups and INSS stage regarding clinical advantage. In the present study, we 
developed and validated a novel nomogram that should facilitate more accurate and personalized assessment of 
the survival probability of children with relapsed neuroblastoma. This model should assist physicians in their clinical 
decision-making process.
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Introduction

Neuroblastoma (NB) is the most frequently 
found extracranial solid tumor in children, high-
ly malignant and often progressing rapidly. The 
primary cause of mortality in children with NB  
is tumor metastasis, which occurs in approxi-
mately 50% of patients at diagnosis [1-3]. The 
combination of surgical resection, radiothera-
py, and biological therapy for pediatric neuro-
blastoma patients has moderate effects and 
can improve the survival rate [4, 5]. Unfortu- 
nately, nearly 30% of NB patients will relapse 
following full remission, with only ~20% 5-year 

survival rate in these recurrent NB patients [6, 
7]. Consequently, it is imperative to identify the 
variables that contribute to post-relapse sur-
vival (PRS) of recurring NB patients.

The prognostic factors of PRS in patients  
with recurrent NB are rarely discussed in the lit-
erature. Factors such as age, MYCN status, 
bone marrow metastases at diagnosis, histolo-
gy, latency to first relapse, INSS stage, and 
serum LDH levels have been identified to be 
associated with PRS in patients with recurrent 
NB [6-11]. However, previous studies on PRS 
were based on univariate/multivariate analysis, 
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which cannot determine the proportion of these 
variables that contribute to patient survival. 
Nomograms are generally regarded as effective 
models for predicting individual prognosis. They 
simplify statistical models to anticipated prob-
abilities of clinical results through more intui-
tive and user-friendly charts [12]. They have 
proven more advantageous than traditional 
staging systems in prognostic prediction in vari-
ous cancers [13-15]. However, there is still not 
a well-established model that can forecast 
patients’ PRS, even though numerous nomo-
grams have been established to determine 
event-free survival (EFS) and overall survival 
(OS) of NB patients. It is therefore necessary to 
develop a nomogram for identifying PRS in indi-
viduals with neuroblastoma in order to treat 
these patients more effectively.

In this study, a nomogram was developed to 
assess recurrent neuroblastoma patients’ 1-, 
3-, and 5-year survival rates based on clinical 
data from 250 individuals diagnosed from 
1986 to 2012 in the TARGET database. We 
thus developed for the first time a nomogram to 
predict PRS in 175 patients with recurrent neu-
roblastoma. We then validated the predictive 
model in an independent cohort of 75 NB 
patients. These findings should assist physi-
cians in their clinical decision-making process 
when treating patients with recurrent NB.

Material and methods

Patient selection and study design

The NCI’s Office of Cancer Genomics and 
Cancer Therapy Evaluation Programs’ data-

rence-free survival time, survival status, and 
post-recurrence survival time, was obtained for 
neuroblastoma patients diagnosed between 
1986 and 2012. The best cutoff values found 
using the X-tile tool (Yale University, CT, USA) 
were used to group patients based on age (≤10 
months and >10 months) and recurrence-free 
survival time (>12 months, 6-12 months, and 
≤6 months) (Figure 1).

Inclusion criteria: (1) pathologically confirmed 
neuroblastoma between 1986 and 2012; (2) 
complete follow-up information. Exclusion crite-
ria: incomplete clinical information (e.g., MYCN 
status, primary tumor site, DNA ploidy, patho-
logical type, MKI, histological classification, 
and survival information) (Figure 2). A total of 
825 neuroblastoma patients, 250 of whom had 
recurrent neuroblastoma, were recruited for 
this investigation according to the aforemen-
tioned criteria. A training set (n = 175) and a 
validation set (n = 75) were randomly selected 
from the dataset. The endpoint of interest in 
the present study was post-recurrence survival 
(PRS). PRS was calculated by comparing the 
date of recurrence to the date of death or last 
follow-up appointment. Patient information 
identification has been removed from the 
TARGET database. Before receiving treatment, 
patients had signed informed consent forms, 
and the information is made publicly available 
following institutional review board and ethics 
committee guidelines.

Nomogram construction and validation

By developing a penalty function to compress 
select coefficients while reducing others to 

Figure 1. Flowchart of sample selection.

base, Therapeutically Applic- 
able Research to Generate 
Effective Treatments (TARGET; 
https://ocg.cancer.gov/), pro-
vided all the information used 
in this study. Molecular chang-
es control the initiation and 
progression of childhood can-
cer, and the TARGET pediatric 
cancer database employs a 
multi-omics approach to de- 
termine these variations. Cli- 
nical information, including 
MYCN status, INSS stage, 
COG risk group, age, gender, 
primary tumor site, DNA ploi-
dy, pathological type, MKI, his-
tology, site of relapse, recur-
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zero, the least absolute shrinkage and selec-
tion operator (LASSO) addresses the draw-
backs of the incremental selection procedure 
of Cox regression. LASSO regression effectively 
selects variables into the model, which results 
in better performance parameters and reduces 
complexity, thereby avoiding overfitting. Using 
the “glmnet” R package, a LASSO analysis was 
conducted to evaluate clinicopathological and 
recurrence features. Variables were then sub-
jected to univariate and multivariate Cox regres-
sion analyses to determine the more accurate 
indicators. Next, a nomogram was developed to 
anticipate PRS in patients with recurrent NB by 
integrating these prognostic factors. This study 
used sub-sample validation, and 1000 boot-
strap resamples for internal validation to verify 
prediction accuracy. C-index, calibration curve, 
and ROC curve analyses were used to evaluate 
the calibration and discrimination capacity of 
the nomogram. The C-index statistic’s range of 
values was 0.5 (no prejudice) to 1 (perfect dis-
crimination) [16]. The total clinical benefit of the 
nomogram was evaluated using the decision 
curve analysis (DCA).

Statistical analysis

The R and SPSS (v.26.0; IBM Corporation, NY, 
USA) software were used for all statistical anal-
yses (v.4.2.0). A statistical significance varia-
tion was defined as P<0.05. Between the train-
ing and validation sets, categorical factors were 
assessed using the chi-square or Fisher’s exact 
test. Mann-Whitney or T-tests Continuous fac-
tors were analyzed utilizing U-tests. Univariable 
and multivariable logistic regression models 
were then employed to identify independent 
predictors of recurrence. Differences in surviv-
al between categories were examined using the 
Kaplan-Meier analysis and log-rank tests.

Results

Baseline features

A total of 825 children with neuroblastoma 
were included in this study. The median dura-
tion of follow-up was 81 months, and overall 
survival (OS) rates at 1-, 3-, and 5 years were 
92.2%, 75.6%, and 68.3%, respectively. Pati- 
ents with MYCN amplification accounted for 

Figure 2. The optimal cutoff values of age and recurrence-free survival time identified by X-tile. A, B. The optimal 
cutoff value of age. C. The Kaplan-Meier curves for the subgroups of age (≤10 m, >10 m) for PRS. D, E. The cutoff 
value of recurrence-free survival time. F. The Kaplan-Meier curves for the subgroups of recurrence-free survival time 
(≤6 m, 6-12 m, >12 m) for PRS.
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28.4% of the cohort, whose 5-year OS was 
54.0%, compared to the 5-year OS of the non-
MYCN amplification group at 73.5%. The per-
centage of patients with recurrent NB was 
30.3%, with 1-, 3-, and 5-year OS at 90.4%, 
51.5%, and 33.0%. The 1-, 3- and 5-year PRS 
was 57.7%, 26.6%, and 23.8%, respectively. 

Disparities for each parameter between the 
recurring and non-recurrence groups are shown 
in Table 1. A multivariate logistic regression 
analysis revealed that COG risk group, patho-
logical type, and INSS stage were independent 

recurrence-influencing variables. The basic  
clinicopathological and sociodemographic fea-
tures of patients with recurrent NB in the train-
ing and validation groups are summarized in 
Table 2. The baseline data were not substan-
tially different between the training and valida-
tion groups. The KM curve indicated that pedi-
atric NB patients who were ≥18 m of age and 
showed features such as MYCN amplification, 
INSS stage 4, COG high-risk group, MKI high 
expression, diploid, and unfavourable histologi-
cal types had shorter recurrence-free survival 
time (Figure 3).

Table 1. Baseline characteristics of patients with or without recurrence and multivariate analysis for 
associations between risk factors and recurrence

Variables Whole cohort 
(N = 825), n (%)

No recurrence 
(N = 575), n (%)

Recurrence  
(N = 250), n (%) p

Multivariate analysis
OR 95% CI p

Gender 0.541 0.298 

    Male 470 (57.0) 332 (57.7) 138 (55.2) Reference

    Female 355 (43.0) 243 (42.3) 112 (44.8) 1.185 0.860-1.633

Age <0.001 0.336

    <18 m 275 (33.3) 231 (40.2) 44 (17.6) Reference

    ≥18 m 550 (66.7) 344 (59.8) 206 (82.4) 0.734 0.391-1.379

INSS stage <0.001 <0.001

    Stage 1 79 (9.6) 74 (12.9) 5 (2.0) Reference

    Stage 2 58 (7.0) 41 (7.1) 17 (6.8) 8.129 2.630-25.122 <0.001

    Stage 3 86 (10.4) 76 (13.2) 10 (4.0) 4.851 0.813-28.930 0.083 

    Stage 4 554 (67.2) 341 (59.3) 213 (85.2) 16.135 3.030-85.910 0.001 

    Stage 4S 48 (5.8) 43 (7.5) 5 (2.0) 2.375 0.629-8.963 0.202 

MYCN status 0.009 0.610 

    Amplified 234 (28.4) 147 (25.6) 87 (34.8) Reference

    Not Amplified 591 (71.6) 428 (74.4) 163 (65.2) 1.116 0.731-1.704

Ploidy <0.001 0.125

    Diploid (DI = 1) 296 (35.9) 179 (31.1) 117 (46.8) Reference

    Hyperdiploid (DI>1) 529 (64.1) 396 (68.9) 133 (53.2) 0.768 0.548-1.076

Histology <0.001 0.039

    Favorable 252 (30.5) 222 (38.6) 30 (12.0) Reference

    Unfavorable 573 (69.5) 353 (61.4) 220 (88.0) 2.533 1.047-6.125

MKI 0.001 0.647 

    Low 335 (40.6) 257 (44.7) 78 (31.2) Reference

    Intermediate 250 (30.3) 166 (28.9) 84 (33.6) 1.113 0.739-1.674 0.609 

    High 240 (29.1) 152 (26.4) 88 (35.2) 0.912 0.565-1.473 0.707 

Diagnostic Category 0.465 0.195 

    Neuroblastoma 736 (89.2) 516 (89.7) 220 (88.0) Reference

    Ganglioneurobl-astoma 89 (10.8) 59 (10.3) 30 (12.0) 0.713 0.428-1.188

Primary Site  0.107 0.602 

    Adrenal gland 347 (42.1) 231 (40.2) 116 (46.4) Reference

    Other 478 (57.9) 344 (59.8) 134 (53.6) 0.917 0.661-1.271

COG Risk Group <0.001 0.014 

    Low 151 (18.3) 127 (22.1) 24 (9.6) Reference

    Intermediate 104 (12.6) 96 (16.7) 8 (3.2) 0.128 0.030-0.555 0.006 

    High 570 (69.1) 352 (61.2) 218 (87.2) 0.359 0.080-1.620 0.183 
INSS, International Neuroblastoma Staging System; MYCN, v-myc myelocytomatosis viral related oncogene, neuroblastoma derived; MKI, Mitosis-karyorrhexis index; COG, 
Children’s Oncology Group.
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Table 2. Demographic characteristics and clinicopathological features of 250 recurrent NB patients

Variables Whole cohort (N = 250), 
n (%)

Training cohort (N = 175), 
n (%)

Validation cohort (N = 75), 
n (%) p

Gender 1
    Male 138 (55.2) 97 (55.4) 41 (54.7)
    Female 112 (44.8) 78 (44.6) 34 (45.3)
Age 0.824
    ≤10 m 26 (10.4) 19 (10.9) 7 (9.3)
    >10 m 224 (89.6) 156 (89.1) 68 (90.7)
INSS stage 1
    Stage 1-2, 4S 27 (10.8) 19 (10.9) 8 (10.7)
    Stage 3-4 223 (89.2) 156 (89.1) 67 (89.3)
MYCN status 1
    Amplified 87 (34.8) 61 (34.9) 26 (34.7)
    Not Amplified 163 (65.2) 114 (65.1) 49 (65.3)
Ploidy 0.678
    Diploid (DI = 1) 117 (46.8) 82 (46.9) 35 (46.7)
    Hyperdiploid (DI>1) 133 (53.2) 93 (53.1) 40 (53.3)
Histology 0.675
    Favorable 30 (12.0) 20 (11.4) 10 (13.3)
    Unfavorable 220 (88.0) 155 (88.6) 65 (86.7)
MKI 0.925
    Low 78 (31.2) 56 (32.0) 22 (29.3)
    Intermediate 84 (33.6) 58 (33.1) 26 (34.7)
    High 88 (35.2) 61 (34.9) 27 (36.0)
Diagnostic Category 1
    Neuroblastoma 220 (88.0) 154 (88.0) 66 (88.0)
    Ganglioneuroblastoma 30 (12.0) 21 (12.0) 9 (12.0)
Primary Site  0.490
    Adrenal gland 116 (46.4) 84 (48.0) 32 (42.7)
    Other 134 (53.6) 91 (52.0) 43 (57.3)
COG Risk Group 0.68
    Low-Intermediate 32 (12.8) 24 (13.7) 8 (10.7)
    High 218 (87.2) 151 (86.3) 67 (89.3)
RFS Time 0.822
    ≤6 m 30 (12.0) 20 (11.4) 10 (13.3)
    6-12 m 63 (25.2) 43 (24.6) 20 (26.7)
    >12 m 157 (62.8) 112 (64.0) 45 (60.0)
Site of Relapse 0.881
    Primary Site 76 (30.4) 54 (30.9) 22 (29.3)
    Other 174 (69.6) 121 (69.1) 53 (70.7)
Status 0.869
    Alive 55 (22.0) 38 (21.7) 17 (22.7)
    Dead 195 (78.0) 137 (78.3) 58 (77.3)
    PRS (media (IQR)) 15 (40) 16 (40) 12 (28) 0.07
INSS, International Neuroblastoma Staging System; MYCN, v-myc myelocytomatosis viral related oncogene, neuroblastoma 
derived; MKI, Mitosis-karyorrhexis index; COG, Children’s Oncology Group; RFS, recurrence-free survival; PRS, post-recurrence 
survival; IQR, interquartile range.
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Figure 3. The Kaplan-Meier curves for recurrence-free survival. A. Age. B. MYCN status. C. INSS stage. D. COG risk group. E. MKI. F. Ploidy. G. Histology. H. Primary 
tumor site.
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Prognostic factors of PRS

By 10-fold cross-validation, the LASSO regres-
sion model determined the tuning parameter 
(lambda, λ) correlating to the threshold level of 
Partial Likelihood Deviance. In Figure 4A, a col-
ored line represents change in the value of the 
regression coefficient β of a variable. The num-
ber below the X-axis is Log (λ), and the number 
of variables remaining at that value is above 
the X-axis. Figure 4B illustrates the curve of the 
partial likelihood bias as a function of Log (λ), 
where a smaller value indicates better model 
fit. Based on the λ value corresponding to the 
least partial likelihood deviation of the LASSO 
Cox regression analysis, four variables with 
nonzero coefficients were finally selected: COG 
risk group, INSS stage, MYCN status, and age. 
In the training group, 175 patients underwent 
univariate cox regression analysis. The P values 
for these four factors were all <0.001, showing 
a strong correlation with PRS (Table 3). The 
results of KM analysis showed that prognostic 
factors associated with PRS in neuroblastoma 
patients included the following: age, MYCN sta-
tus, DNA ploidy, MKI, histology, COG risk group, 
INSS stage, site of relapse, and recurrence-free 
survival time (Figure 5).

Nomogram construction

In order to develop a nomogram for determin-
ing 1-, 3-, and 5-year PRS in neuroblastoma 
cases, the four predictive variables were com-
bined (Figure 6). The probability of patient sur-
vival after relapse can be easily calculated by 
totaling the scores conforming to each variable. 

For example, for a one-year-old patient (69 
points), MYCN amplification (58 points), COG 
high-risk group (0 points), and INSS stage 4 (73 
points) resulted in a total score of 43%, 36%, 
and 26% for the probabilities of 1-, 3-, and 
5-year PRS.

Assessment and validation of the nomogram

The C-index was 0.666 [95% CI, 0.593-0.739] 
for the validation set, and 0.681 [95% CI, 
0.632-0.730] for the training set. The nomo-
gram’s AUC values at 1, 3, and 5 years were 
0.747, 0.775, and 0.782 for the training set, 
and 0.721, 0.757, and 0.776 for the validation 
set (Figure 7A, 7E). Additionally, the nomo-
gram’s AUC values were all higher than those of 
the COG risk group and INSS stage, indicating a 
stronger predicative capacity of the prediction 
model (Figure 7B-D, 7F-H). The calibration 
curve can graphically display the nomogram’s 
empirical and real probability values. The X-axis 
represents the 1-, 3- and 5-year post-recur-
rence survival probabilities predicted by the 
nomogram, while the Y-axis represents the 
actual 1-, 3- and 5-year post-recurrence surviv-
al probabilities. This study’s calibration curve 
demonstrated that perfect compatibility of the 
validation and training sets’ actual effects and 
the nomogram’s anticipated results (Figure 8). 
According to the DCA curve, the prediction 
probability threshold of the nomogram showed 
higher net benefits in a wide range (Figure 9A, 
9E), and the prediction model in this study had 
higher net benefits than COG grouping and 
INSS staging (Figure 9B-D, 9F-H).

Figure 4. Feature selection using the least absolute shrinkage and selection operator (LASSO) Cox regression mod-
el. LASSO coefficient profiles of variables against the log lambda sequence for PRS (A) and tuning parameter (λ) 
selection in the LASSO model for PRS (B).
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The PRS prediction tool

To illustrate the nomogram, a simple online  
program (https://nbnomogram.shinyapps.io/

DynNomapp/) was created. A patient’s PRS 
curve and probability can be observed by 
choosing the appropriate clinical characteris-
tics and follow-up interval (Figure 10).

Table 3. Univariate and multivariate Cox regression analysis for post-recurrence survival in patients 
with neuroblastoma

Variables
Univariate analysis Multivariate analysis

HR 95% CI p HR 95% CI p
Gender
    Male Reference
    Female 0.825 0.588-1.158 0.267
Age 
    ≤10 m Reference Reference
    >10 m 5.813 2.369-14.270 <0.001 1.964 0.714-5.403 0.191
INSS stage
    Stage 1-2, 4S Reference
    Stage 3-4 12.190 3.852-38.590 <0.001 2.035 0.302-13.688 0.465
MYCN status
    Amplified Reference Reference
    Not Amplified 0.418 0.295-0.592 <0.001 0.508 0.325-0.796 0.003
Ploidy
    Diploid (DI = 1) Reference Reference
    Hyperdiploid (DI>1) 0.597 0.426-0.836 0.003 0.773 0.545-1.095 0.147
Histology
    Favorable Reference Reference
    Unfavorable 9.371 3.447-25.470 <0.001 0.974 0.118-8.050 0.980
MKI
    Low Reference Reference
    Intermediate 2.074 1.338-3.216 0.001 1.563 0.979-2.495 0.061
    High 2.247 1.461-3.458 <0.001 1.092 0.632-1.888 0.753
Diagnostic Category
    Neuroblastoma Reference
    Ganglioneuroblastoma 0.958 0.576-1.594 0.869 
Primary Site  
    Adrenal gland Reference
    Other 0.912 0.653-1.276 0.591 
COG Risk Group
    Low-Intermediate Reference Reference
    High 9.907 4.025-24.380 <0.001 3.311 0.915-11.987 0.206
RFS Time
    ≤6 m Reference Reference
    6-12 m 4.692 2.078-10.590 <0.001 1.875 0.781-4.502 0.160
    >12 m 3.528 1.629-7.640 0.001 1.017 0.444-2.327 0.969
Site of Relapse
    Primary Site Reference Reference
    Other 1.658 1.124-2.444 0.011 0.844 0.553-1.289 0.433
INSS, International Neuroblastoma Staging System; MYCN, v-myc myelocytomatosis viral related oncogene, neuroblastoma 
derived; MKI, Mitosis-karyorrhexis index; COG, Children’s Oncology Group; RFS, recurrence-free survival; PRS, post-recurrence 
survival.
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Figure 5. The Kaplan-Meier curves for post-recurrence survival. A. Age. B. COG risk group. C. MYCN status. D. INSS stage. E. Diagnostic category. F. Gender. G. Histol-
ogy. H. MKI. I. Ploidy. J. Primary tumor site. K. Recurrence free survival time. L. Site of relapse.
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Discussion

Patients with neuroblastoma often experience 
relapse, which can seriously impact cancer 
prognosis and patient survival [17, 18]. An esti-
mated 30% of NB patients will suffer tumor 
recurrence, and the 5-year survival rate after 
relapse is only 20%, according to earlier 
research [6, 7]. In the present study, we found 
similar trends where the recurrence rate was 
30.3% and the 5-year post-recurrence survival 
of NB children was only 23.8%. It is therefore 
imperative to design an efficient predictive 
model for anticipating PRS in NB patients. 
Based on our retrospective analysis of the 
TARGET database, factors such as age at diag-
nosis (>10 months), MYCN amplification, COG 
high-risk group, and INSS stage 4 were signifi-
cant prognostic indicators for poor PRS. We 
developed a nomogram using these potential 
risk factors to enable easier and more effective 
determination of NB patient survival rates fol-
lowing their first recurrence. The possibility of 
survival will undoubtedly influence the decision 
to seek further treatment after NB recurrence. 
Therefore, clinicians can use the nomogram to 
more accurately calculate the PRS of children 
with recurrent NB and work with their parents 
to make the best possible clinical decisions.

Several prognostic factors, including age at 
diagnosis, MYCN status, INSS stage, and tumor 
histology, were used for risk stratification of 
neuroblastoma [19-21]. These factors are also 
important in determining the response to treat-
ment at relapse [6-11]. Our study also supports 

the significance of several well-known prognos-
tic factors for PRS, including MYCN status and 
age at diagnosis. Previous studies have found 
that NB children identified before 18 months 
are more likely to experience spontaneous 
regression or have a good prognosis with sim-
ple surgical resection. In contrast, older chil-
dren are more likely to have early recurrence 
[22, 23]. However, there are still differences in 
the relationship between age at diagnosis and 
PRS in NB patients. In a large INRG study of 
neuroblastoma patients with first relapse (n = 
2,266), London et al. demonstrated that NB 
children younger than 547 days had longer 
overall survival after recurrence [6]. In contrast, 
Garaventa et al. found 17 months or younger as 
prognostic indicators of worse OS after the first 
relapse [18]. In the present study, we used the 
X-tile program to divide children into ≤10 m and 
>10 m groups. We found that children ≤10 m 
had higher PRS, which agrees with the reported 
outcomes from London et al.

Increasing evidence shows that certain genom-
ic variations can be potent prognostic indica-
tors that highly correlate with clinical outcomes 
[24]. Among these factors, MYCN amplification 
was proposed earlier as one of the most impor-
tant factors in the malignant progression and 
poor prognosis of neuroblastoma [25, 26]. 
Approximately 20-30% of all NB children harbor 
MYCN amplification, and only 50% of these  
children will survive overall [27, 28]. According 
to a current Children’s Oncology Group study, 
patients with wild-type MYCN had significantly 
improved EFS and OS values than individuals 

Figure 6. Nomogram for predicting 1-, 3-, and 5-year post-recurrence survival in recurrent NB patients.
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Figure 7. ROC curves of the nomogram for predicting 1- (B, F), 3- (C, G), and 5-year (D, H) post-recurrence survival in the training cohort (A-D) and the validation 
cohort (E-H).
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with MNA [11]. Sun et al. discovered that NB 
children with MYCN amplification recovered at 
a younger age and that MYCN status was a 
unique influencing factor for relapse survival 
[29]. The current analysis found that approxi-
mately 28% of children with MYCN amplifica-
tion had a 5-year overall survival rate of 54%, 
which is consistent with earlier studies. Further- 
more, our findings show that NB children with 
MYCN amplification had poorer recurrence-free 
or post-recurrence survival than children with-
out MYCN amplification.

Patients with neuroblastoma frequently use 
the International Neuroblastoma Staging Sys- 
tem, which is also frequently utilized as a pre-
dictive marker [30]. This research divides NB 
patients into stages 1, 2, 4S, and 3-4. In a pre-
vious study, no statistically significant differ-
ence in survival was found among children  
with stages 1, 2, and 4S NB [23]. Consistent 
with previous studies, the prognosis of children 
with INSS stages 3-4 is significantly worse  
than that of children with INSS stages 1, 2, and 
4S [31]. In addition, the INSS stage was also 
the most important independent prognostic 

factor for OS after relapse. The risk of post-
relapse death in INSS stages 4 and 3 was 6.9 
and 4.3 times higher respectively than in INSS 
stages 1-2 [6]. In 1998, the Children’s Oncology 
Group developed the New Brunswick risk strati-
fication system. Clinical and biological data 
obtained from the tumor served as the basis  
for this stratification. The survival rate of indi-
viduals with neuroblastoma has significantly 
increased due to the introduction of risk strati-
fication systems [32]. We designed a nomo-
gram to determine PRS in NB individuals using 
the four factors, COG risk group, INSS stage, 
MYCN status, and age. The nomogram exhibit-
ed good consistency with the actual PRS. In 
addition, the AUC of the nomogram was higher 
than that predicted by the COG risk group and 
INSS stage. DCA analysis also indicated higher 
clinical benefits of the nomogram, suggesting 
that our nomogram can more accurately and 
specifically predict PRS in NB patients based 
on the INSS stage and COG risk group.

However, several limitations of this study need 
to be noted. First, the sample size is still rela-
tively small. We hope to enroll more patients 

Figure 8. The calibration curves of the prognostic nomogram for predicting 1- (A, D), 3- (B, E), and 5-year (C, F) PRS 
in the training cohort (A-C) and the validation cohort (D-F).
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and validate our model in future studies. In 
addition, both the validation and training 
cohorts were derived from the TARGET data-
base and therefore include cases from years 
ago. Although our predictive model validation 
showed good fitness, a more independent and 
up-to-date cohort would be ideal for further 
validation of our nomogram.

In conclusion, we designed and verified a cus-
tomized model for predicting the post-recur-
rence survival of pediatric neuroblastoma 
patients. Clinicians can utilize the nomogram 
developed in the present study to help deter-
mine the post-recurrence survival of children 
with recurrent NB. This simple and effective 
nomogram promises to become an essential 

Figure 9. The decision curve analysis of the nomogram for predicting 1- (B, F), 3- (C, G), and 5-year (D, H) post-
recurrence survival in the training cohort (A-D) and the validation cohort (E-H).

Figure 10. The interface of the web-based nomogram, and survival plot of the PRS probability.
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instrument that will assist clinicians in their 
decision-making process.
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