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Purpose: This study was performed to establish and validate a nomogram for predicting the overall survival in children with
neuroblastoma.

Methods: The latest clinical data of neuroblastoma in Surveillance, Epidemiology, and End Results (SEER) database was
extracted from 2000 to 2016. The cases included were randomly divided into training and validation cohorts. The survival
curves were drawn with a Kaplan-Meier estimator to investigate the influences of certain single factors on overall survival.
Also, least absolute shrinkage and selection operator regression was applied to further select the prognostic variables for
neuroblastoma. Additionally, receiver operating characteristic (ROC) curves and calibration curves were used to evaluate
the accuracy of the nomogram.

Results: In total, 1,262 patients were collected and 8 independent prognostic factors were achieved, including patients’
age, sex, race, tumor grade, radiotherapy, chemotherapy, tumor site, and tumor size. Then we constructed a nomogram by
using the data of the training cohort with 886 cases. Subsequently, the nomogram was validated internally and externally
with 886 and 376 cases, respectively. The internal validation revealed that the area under the curves (AUC) of ROC curves
of 1-, 3-, and 5-year overall survival were 0.69, 0.78, and 0.81, respectively. Accordingly, the external validation also showed
that the AUC of 1-, 3-, and 5-year overall survival were all =0.69. Both methods of validation demonstrated that the
predictive calibration curves were consistent with standard curves.

Conclusion: The nomogram possess the potential to be a new tool in predicting the survival rate of neuroblastoma patients.

[Ann Surg Treat Res 2020;99(2):118-126]
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INTRODUCTION

Neuroblastoma (NB) stem from the adrenal glands [1] and
appear as a type of extracranial solid tumors occurring in
children, which constitute 15% of child deaths from cancers
[2,3], with the incidence rate being 1/7,000-1/8,000. Multimodal
therapy currently seems an effective treatment for NB,
which includes operation, chemotherapy, radiotherapy and

immunotherapy [4-8]. Generally, children with low-risk NB have
a good prognosis and seldom need intensified therapy [9-11],
while patients with high-risk NB are diagnosed with obvious
tumor progression, showing a bad prognosis, with the long-
term survival rate being 50% [12,13].

Contemporarily, there are 2 major staging systems of NB—
International Neuroblastoma Risk Group Staging System
(INRGSS) and International Neuroblastoma Staging System
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(INSS). According to INRGSS put into effect in 2008, NB
was classified into 4 risk groups; very low risk, low risk,
intermediate risk, or high risk, based on age (months), histologic
category, grade of tumor, differentiation, MYCN, 11q aberration
and ploidy [14-16]. INSS, used previously [17], was mainly
based on the surgical treatment, not taking other factors into
account. However, INRGSS and INSS were both applied solely in
determining the intensity of the treatment, though they failed
to assist in predicting the overall survival individually.

Fortunately, a nomogram was proposed as a predictive
modelling by means of multivariate regression analysis,
and it was widely accepted owing to its accuracy, objectivity,
and visualization [18-21]. Due to its excellent performance
in forecast, the nomogram was admitted into the National
Comprehensive Cancer Network guideline [22]. Currently,
the existing predictive models of survival rate of patients
with NB worked on the expression of certain gene or protein
[23], and statistics regarding the expression were hard to
attain and costly. As we were preparing this paper, a study
based on the therapeutically applicable research to generate
effective treatment (TARGET) database reported a nomogram
for the prognosis prediction of NB [24]. However, this study
only included 3 independent prognostic factors of age, INSS,
and ploidy. Consequently, we researchers took advantage of
the common and easy-to-get clinicopathologic data in the
Surveillance, Epidemiology, and End Results (SEER) database,
constructing the predictive modelling of NB and then assessing
its validity and accuracy via internal and external validation.

METHODS

Patients
In this study, the latest clinical data of NB in SEER database

was extracted with the publication time ranging from 2000 to
2016. The pathological type we searched for was adolescents
and young adults (AYA) site recode/WHO 2008 definition: 9.1.2
Neuroblastoma.

3,246 Patients diagnosed as neuroblastoma
between 2000 and 2016

A 4

82 Exclude survival months unknown or
less than 1 month
114 Exclude age >20 years old
46 Exclude race unknown
1,430 Exclude grade unknown
330 Exclude tumor size unknown

A A

886 Training cohort

376 Validation cohort

Fig. 1. The process of data selection.

Exclusion standards was (1) patients were over 20 years-old;
(2) the clinical data of patients were not recorded (including
race, survival period, staging, or tumor size); (3) patients had
less-than-one-month survival period. The study had been
approved by the Institutional Review Board of The First
Affiliated Hospital of Guangxi Medical University (approval
number: 2018 (KY-E-104)). The informed consent from the
subjects was exempted. The registration number we used
to acquire clinical data from the SEER database was 12080-

Table 1. Patient characteristics in the study

All patients Training Validation
Variable (n=1,262, cohort cohort
T (n = 886, (n =376,
70.2%) 29.8%)
Vital status
Alive 999 (79.2) 704 (79.5) 295 (78.5)
Death 263 (20.8) 182 (20.5) 81 (21.5)
Age (yr)
<2 758 (60.1) 537 (60.6) 221 (58.8)
2-20 504 (39.9) 349 (39.4) 155 (41.2)
Sex
Female 567 (44.9) 402 (45.4) 165 (43.9)
Male 695 (55.1) 484 (54.6) 211 (56.1)
Race
White 976 (77.3) 678 (76.5) 298 (79.3)
Black 172 (13.6) 121 (13.7) 51 (13.6)
Other 114 (9.0) 87 (9.8) 27 (7.2)
Grade®
1=l 68 (5.4) 47 (5.3) 21 (5.6)
1 992 (78.6) 697 (78.7) 295 (78.5)
\Y 202 (16.0) 142 (16.0) 60 (16.0)
Radiation
Yes 339 (26.9) 236 (26.6) 103 (27.4)
Others” 923 (73.1) 650 (73.4) 273 (72.6)
Chemotherapy
Yes 915 (72.5) 635 (71.7) 280 (74.5)
No & unknown 347 (27.5) 251 (28.3) 96 (25.5)
Tumor size (cm)
<5 414 (32.8) 295 (33.3) 119 (31.6)
5.1-10 557 (44.1) 388 (43.8) 169 (44.9)
10.1-15 233 (18.5) 157 (17.7) 76 (20.2)
>15 58 (4.6) 46 (5.2) 12 (3.2)
Site
A 667 (52.9) 463 (52.3) 204 (54.3)
B 293 (23.2) 208 (23.5) 85 (22.6)
C 136 (10.8) 99 (11.2) 37 (9.8)
D 99 (7.8) 65 (7.3) 34 (9.0)
E 67 (5.3) 51 (5.8) 16 (4.3)
Values are presented as number (%).
“Grade for differentiation of tumor cells: I-1l, well differentiated
and moderately differentiated; Ill, poorly differentiated; IV,

undifferentiated/anaplastic. PNone, unknown, and refused. °A,
adrenal gland; B, soft tissue including heart; C, retroperitoneum;
D, mediastinum and other respiratory organs; E, other.
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Nov2018. The cases included were randomly divided into  consisted of two cohorts; <2 years old and 2-20 years old,

training (70.2%) and validation cohorts (29.8%). which was built on INRGSS and INSS [12]. Eighteen months
was used as a grading standard. The age of 2 years old was
Variables determined as a cutoff point. Races included whites, blacks,

The variables selected for the research involved survival —and others (American Indian/Alaskan Native, Asian/Pacific
condition, survival time, age, sex, race, grade, radiotherapy,  Islander). There were 4 grading levels: well differentiated (grade
chemotherapy, tumor size, and tumor site. The age item I); moderately differentiated (grade 11); poorly differentiated

A Survival curve of age B Survival curve of sex C Survival curve of race D Survival curve of radiation
(P <0.001) (P=0.311) (P <0.001) (P <0.001)
1.0 1 1.0 3\ 1.0 1.0 1
(7} ; ] b 7] Y ]
Q 9] o) L\ Q
= 08 = 0.8-&_ £ 081 '™ £ 084
3 3 3 L 3
8 06 8 06 8 06 - 8 06
o o [e] o
304- 304_ 5'04- a04-
£ £ L —— White £ — Yes
S 0.2 — <2 € 02 —— Female £ 0.2- Black £ 0.2 No/unknown
2 2-20 © Male 2 —— Other ® /refused
0 T T T ™ 0 T T T ™ 0 T T T ™ O T T T ™
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
Survival time (mo) Survival time (mo) Survival time (mo) Survival time (mo)
E Survival curve of grade F  Survival curve of tumor size G Survival curve of site H Survival curve of chemotherapy
(P <0.001) (P <0.001) (P <0.001) (P <0.001)
1.0 1.0 4 1.0 ™ 1.0 q
g I g TN — 2
£ 08! £ 08- N £ 08 £ 08-
gz I\ = 2 ~— %
2 0.6 A ~ 2 0.6 Qo 0.6 2 0.6 1
[ . o [ — A o
o (o} [oR (o}
< 0.4 < 0.4 —— <5cm < 0.4 - —B 5 04+
E —— Grade I-1 E —— 5.1-10cm % C E
5 0.2 Grade Il 5 0.2+ 10.1-15cm 5§ 0.24 D 5§ 0294 — Yes
n 0 Grade IV n 0 >15cm » 0 E @ 0 No/unknown
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
Survival time (mo) Survival time (mo) Survival time (mo) Survival time (mo)

Fig. 2. The influence of each independent predictive factor on overall survival by Kaplan-Meier survival analysis. (A-H) The
survival curves of age, sex, race, radiation, grade, tumor size, tumor site, and chemotherapy, respectively. Annotation in (G): A,
adrenal gland; B, soft tissue including heart; C, retroperitoneum; D, mediastinum and other respiratory organs; E, other.
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Fig. 3. The selection of predictive factors by least absolute shrinkage and selection operator (LASSO) regression. (A) LASSO
coefficient profiles of the 8 variables. Predictors were chosen according to the minimum criteria, where optimal A resulted
in 8 nonzero coefficients. (B) The left and right dotted lines stand for the minimum criteria and 1 standard error criterion,
respectively.
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(grade 111); undifferentiated, anaplastic (grade IV). Tumor sites
included A (adrenal gland), B (soft tissue including heart),
C (retroperitoneum), D (mediastinum and other respiratory
organs), and E (other). Tumor size was measured as <5 cm, 5.1-10
cm, 10.1-15 cm, and >15 cm.

Statistical analyses
The survival curves were drawn with a Kaplan-Meier esti-

mator to investigate the influences of certain single factors on
overall survival. Also, least absolute shrinkage and selection
operator (LASSO) regression was applied to further select the
prognostic variables for NB. LASSO regression was perceived
as a well-performed method for variable selection, as it could
preclude overfitting and include the optimal predictive factors
into modelling [25,26]. Having selected the variables, we began
to construct the nomogram by Cox model to estimate the
1-, 3-, and 5-year overall survival rates. Additionally, receiver
operating characteristic (ROC) curves were drawn to evaluate
the predictive accuracy and calibration curves were used to
determine whether the average survival rate was consistent
with the predicted one. The differentiation was statistically
significant if P < 0.05.

The statistical analysis was carried out with R ver. 3.6.0 (R
Foundation for Statistical Computing, Vienna, Austria; http:/
www.r-project.org), which included foreign, survival, glmnet,
caret, rms, timeROC packages [27].

RESULTS

Clinicopathological features
A total of 3,264 patients were extracted from the SEER

database. We selected the data by the exclusion standards, and
the specific selection process was shown in Fig. 1. Eventually,
1,262 patients were collected for the current research (Table
1). It was revealed that patients under 2 years represented
the largest proportion, at 60.1% (758 patients). The older the
children grow, the slighter the chance of suffering from NB is.
Among these patients, males (695, 55.1%) outnumbered females.
In terms of race, the number of whites (77.3%) was considerably
higher than that of blacks (13.6%) and other races (9.0%). With
respect to the grading, patients of grade III comprised the
greatest percentage at 78.6%. Of these cases, 72.5% had received
chemotherapy, while 26.9% had been treated with radiotherapy.
The tumor size was mainly <5 cm or 5.1-10 cm, with these 2
cohorts accounting for 32.8% and 44.1%, respectively. Tumor
site is mainly concentrated in the adrenal gland and soft tissue
including heart, accounting for 529% and 23.2%, respectively.

Variable selection
Kaplan-Meier survival analyses were conducted on the age,

sex, race, tumor grade, radiotherapy, chemotherapy, tumor

site, and tumor size. The findings showed that all these factors
except sex (P = 0.311) exerted substantial impacts on survival
time, with P < 0.05 (Fig. 2). In addition, patients under the age
of 2 years had a noticeably higher overall survival rate than
those from 2-20 years of age. Moreover, the overall rate of
the whites was higher than that of the blacks or other races.
Furthermore, the influence of sex seemed minimal. Also,
patients at grade III or IV had remarkably lower overall survival,
compared with those at grade I or II. Furthermore, radiotherapy
and chemotherapy were related with lower overall survival
rate. Finally, smaller tumor size boded well for survival and
prognosis. We employed LASSO regression for further selection

Table 2. The numerical data (training cohort) used for
developing the scores for each factor of nomogram

Multivariate Cox regression analysis

Variable
HR 95% Cl P-value
Age (yr)
<2 Reference
2-20 2.285 1.597-3.720 <0.001
Sex
Female Reference
Male 0.880 0.648-1.195 0.414
Race
White Reference
Black 0.860 0.553-1.336 0.501
Other 1.802 1.188-2.731 0.006
Grade®
111 Reference
1 1.101 0.439-2.765 0.837
\Y% 2.473 0.967-6.323 0.059
Radiation
Yes Reference
Others” 0.778 0.565-1.017 0.124
Chemotherapy
Yes Reference
No & unknown 0.257 0.135-0.490 <0.001
Tumor size (cm)
<5 Reference
5.1-10 1.207 0.792-1.840 0.381
10.1-15 1.346 0.844-2.147 0.213
>15 1.970 1.100-3.530 0.023
Site”
A Reference
B 0.626 0.405-0.966 0.034
C 0.813 0.510-1.296 0.385
D 0.692 0.298-1.606 0.391
E 0.495 0.201-1.220 0.126
HR, hazard ratio; Cl, confidence interval.
“Grade for differentiation of tumor cells: -1, well differentiated
and moderately differentiated; Ill, poorly differentiated; IV,

undifferentiated/anaplastic. PNone, unknown, and refused. °A,
adrenal gland; B, soft tissue including heart; C, retroperitoneum;
D, mediastinum and other respiratory organs; E, other.
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of prognostic variables, with each curve representing the
changes of an independent variable. As the log ()) increased, the
& variables (nonzero coefficient) of minimum criteria (the left
dotted line) included age, sex, race, tumor grade, radiotherapy,
chemotherapy, tumor site, and tumor size (Fig. 3).

Construction and validation of nomogram
These 1,262 patients were randomly divided into training

cohort (n = 886, 70.2%) and validation cohort (n = 376,
20.8%) (Table 1). Based on the 8 independent prognostic

variables (including age, sex, race, tumor grade, radiotherapy,
chemotherapy, tumor site, and tumor size), we constructed
nomogram for prognosis of NB by using the data of training
cohort (Table 2, Fig. 4). On the left were the names of variables,
and each had a corresponding score on the top. The total scores
of all the variables were used to estimate the 1-, 3- and 5-year
overall survival. The nomogram indicated that grades III and
IV played a vital role in prognosis. The scores of these variables
and the corresponding survival rate were illustrated in Table 3.
More specifically, the data downloaded showed that a 3-year-
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Black Other
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Chemotherapy r )
No & unknown 5 41 ¢m >15cm
Tumor size r L T !
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Site f ? T (;; 1
E D A
Total points ] . . . . . . . )
0 50 100 150 200 250 300 350 400 450
1-Year survival
0.9 0.8 0.7 06
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, v and other respiratory organs; E,
5-Year survival r T T T T L T 1 h
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Table 3. Score assignment of the variables included in the
nomogram

Variable Score
Age (yr)
<2 0
2-20 61
Sex
Female 9
Male 0
Race
White 11
Black 0
Other 55
Grade”
(S]] 0
1 7
v 67
Radiation
Yes 19
Others” 0
Chemotherapy
Yes 100
No & unknown 0
Tumor size (cm)
<5 0
5.1-10 14
10.1-15 22
>15 50
Site”
A 52
B 17
C 37
D 25
E 0
1-Year survival
0.9 272
0.8 327
0.7 362
0.6 388
3-Year survival
0.9 174
0.8 229
0.7 264
0.6 290
0.5 313
0.4 333
0.3 354
0.2 375
0.1 401

old white girl, diagnosed at Grade III, had no radiotherapy
treatment but underwent chemotherapy, with tumor site in the
adrenal gland, and tumor size being 13 cm. The total score for
this patient was 262, which was calculated by adding the score
of each variable (61 + 9 + 11 + 7 + 0 + 100 + 22 + 52 = 262).

Table 3. Continued

Variable Score
5-Year survival

0.9 154

0.8 209

0.7 244

0.6 270

0.5 293

0.4 313

0.3 333

0.2 355

0.1 381
“Grade for differentiation of tumor cells: -1, well differentiated
and moderately differentiated; Ill, poorly differentiated; IV,

undifferentiated/anaplastic. PNone, unknown, and refused. °A,
adrenal gland; B, soft tissue including heart; C, retroperitoneum;
D, mediastinum and other respiratory organs; E, other.

Thereby, the 1-, 3-, and 5-year survival rates of this patient were
more than 90%, 70%, and 62%, respectively (Fig. 4B).

Subsequently, the nomogram was validated internally and
externally. The internal validation revealed that the area
under the curves (AUCs) of ROC curves of 1-, 3-, and 5-year
overall survival were 0.69, 0.78, and 0.81, respectively (Fig. 5).
Accordingly, the external validation showed that the AUCs of
ROC curves of 1-, 3-, and 5-year overall survival were 0.69, 0.75,
and 0.79, respectively. Both methods of validation demonstrated
that the predictive calibration curves were consistent with
standard curves, particularly in the aspect of 5-year survival
rate (Fig. 0).

DISCUSSION

By mining the SEER database, we, for the first time, es-
tablished and validated a nomogram that could facilitate a
survival rate prediction for patients with NB. This predictive
modelling involved 8 prognostic factors; age, sex, race, grade,
radiotherapy, chemotherapy, tumor site, and tumor size.
This nomogram could be applied to forecast 1-, 3- and 5-year
survival rates for patients with NB under the age of 20 years.
Additionally, ROC curves were combined with calibration
curves to assess the accuracy of the predictive modelling
in cohorts of training and validation. Surprisingly, AUCs of
ROC curves were greater than or equal to 0.69 (Fig. 5). The
calibration curves suggested that a prediction by nomogram
was in accordance with the observation (Fig. 6). All these results
confirmed that the nomogram had considerable prognostic
potential, which was validated internally and externally.
Equally important, doctors and patients could make use of it
to calculate the overall survival rate, which would better the
treatment and follow-up plans.
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Fig. 5. The assessment of the predictive modelling by receiver operating characteristic curve. (A) Internal validation. (B)

External validation. AUC, area under the curve.
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Fig. 6. The diagonal lines (dotted) were standard curves, and the colored lines were calibration lines of prediction. When the
calibration lines get closer to the standard lines, the nomogram would have greater prognostic potential. (A) The calibration
curves of internal validation for 1-, 3-, 5-year probabilities of survival. (B) The calibration curves of external validation for 1-,

3-, 5-year probabilities of survival.

In our research, the nomogram indicated that grade remained
an essential predictive factor, the score increasing with the
escalating grade. This was consistent with results by Pinto et al.
[12], Cohn et al. [16], and London et al. [28]. In addition, patients
who needed radiotherapy and chemotherapy had higher
scores, which was partly because these patients had high-
grade tumor or larger tumor size, or because radiotherapy and
chemotherapy would produce adverse effects [4,6,29]. In terms
of race, the number of whites (773%) was considerably higher
than that of blacks (13.6%) and other races (9.0%) (Table 1). Thus,
the influences of race on survival prognosis could be better
determined if we could include more data regarding race.

Basically, the novel predictive nomogram integrated with
multiple variables including age, sex, race, tumor grade,
radiotherapy, chemotherapy, tumor site, and tumor size from
SEER possess the potential to be a new tool in predicting the

survival rate of NB patients. The nomogram we made had
the following advantages. First, there were a large number of
patients involved in the modelling, which could reduce the
differentiations among hospitals. Second, no expensive or hard-
to-get factors were included. The modelling was constructed on
common clinical statistics (age, sex, race, grade, radiotherapy,
chemotherapy, tumor site, and tumor size), which could make
the model easy to use and acceptable to other doctors and
patients. Third, the nomogram could accurately predict 1-, 3-,
and 5-year overall survival of patients with NB.

However, there were some limitations in our research.
For a start, it was a retrospective study, and some cases were
removed due to incomplete data. Additionally, the modelling
solely entailed some common clinical data, which was devoid
of MYCN genes, chromosome ploidy, grading data concerning
INSS and INRGSS. Therefore, we could hardly estimate the
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influences of these lacking factors on the prognosis, which
explains why the AUC values were moderate in our research.
Furthermore, all these cases were collected in the United States
alone, which failed to represent the treatment and prognosis
of patients with NB in other parts of the world. To improve
our research, we intend to cooperate with large hospitals to
collect the clinicopathological information of patients with NB.
Furthermore, a revised modelling should include molecular
factors like MYCN genes, chromosome ploidy, and so forth.

For the first time, we researchers established and validated
a predictive modelling of NB—nomogram, based on the data
collected from SEER. Doctors and patients could take advantage
of the modelling to acquire an accurate prognosis, which could
help doctors work out better diagnosis, treatment, and follow-
up plans,
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