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Abstract

Objective: The prognostic value of tumor size in neuroblastoma (NB) patients
has not been fully evaluated. Our purpose is to elucidate the prognostic signifi-
cance of tumor size in surgery performed on neuroblastoma patients.

Methods: Neuroblastoma patients diagnosed from 2004 to 2015 were selected
from the Surveillance, Epidemiology, and End Results Program (SEER) for the
study. Univariate and multivariate Cox proportional hazard regression models
were used to identify risk factors and the independent prognostic influences
of tumor size on NB patients. Overall survival (OS) was analyzed through uni-
variate Cox regression analysis. To determine the optimal cutoff value of tumor
size, we first divided the cohort into three groups (<5 cm, 5-10 cm, >10 cm).
Subsequently, the patients were divided into two groups repeatedly, with tumor
size at 1 cm intervals. The cutoff value that maximized prognostic outcome dif-
ference was selected. Furthermore, we performed the Kaplan-Meier methods to
visually present differences in prognosis between the optimal tumor size cutoff
value in different subgroups.

Results: A total of 591 NB patients who met the inclusion criteria were selected
from the SEER database in this study. Cox analysis showed that age >1 year
(HR = 2.42, p < 0.0001), originate from adrenal site (HR = 1.7, p = 0.014), distant
stage (HR = 6.4, p < 0.0001), undifferentiated grade (HR = 1.94, p = 0.002), and
large tumor size (HR = 1.5, p < 0.0001) independently predicted poor prognosis.
For tumor size, there were significant differences in tumor size distribution in
different ages, tumor grade, disease stage, and primary site subgroup but not in
sex, race, and histology subgroup. Furthermore, both univariate (HR = 4.96, 95%
CI 2.31-10.63, p < 0.0001) and multivariable analysis (HR = 2.8, 95% CI 1.29-
6.08, p < 0.0001) indicated the optimal cutoff value of tumor size was 4 cm for
overall survival of NB patients. Using a 4 cm of tumor size cutoff in subgroups, we
found that it can identify poor prognosis patients whatever their age or primary
site. Interestingly, tumor size of 4 cm cutoff can only identify unfavorable NB
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1 | INTRODUCTION

Neuroblastoma (NB) is the most common extracranial
solid tumor in pediatric and the overall incidence is 6-8
cases per million deaths," which represents about 8%
of all malignant tumors diagnosed in children, and re-
sponsible for approximately 15% of all childhood cancer
deaths.”® The most common age of onset is between 18
and 22 months, with most patients diagnosed before the
age of five.* NB is characterized as heterogeneity of clini-
cal manifestations and prognosis, of which patients with
high risk have a poor prognosis, with an overall 5-year sur-
vival rate of less than 50% compared to that with low-risk
patients.’ Therefore, it is critical to predict the outcome of
neuroblastoma patients by appropriate risk-stratification.

Over the last several decades, to accurately predict the
outcome of neuroblastoma, several clinical and biological
prognostic factors have been identified and included in the
risk classification system, which helps explain the clinical
behaviors of NB. The Children's Oncology Group (COG)
has applied disease stage, age at diagnosis, MYCN status,
tumor histology, and DNA index to stratify patients' prog-
nostic risk.> While the International Neuroblastoma Risk
Group (INRG) analyzed 8800 childhood NB patients and
identified seven potential prognostic factors to category
patients into very low, low, intermediate, and high-risk
diseases, which including age, INRG stage, tumor differ-
entiation grade, histologic subtypes, absence/presence of
11q aberrations, MYCN status, and tumor cell ploidy.>’
However, tumor size, as one of the valuable clinicopath-
ological features, was not included in these classification
systems.

Tumor size is defined as the maximum diameter of
tumor and serves as a critical factor for the prognosis
of solid tumors.® It has been reported that tumor size is
correlated with the prognosis of lung cancer,” hepatocel-
lular cancer,'’ and gastric cancer,'! which indicates that
tumor size is crucial for evaluating patients’ prognosis. For
neuroblastoma, only a few studies have evaluated the im-
pact of tumor size on the prognosis of patients.'>'* These

patients with diagnosis at distant-stage disease, or differentiated grade tumor, but
not with regional and local or undifferentiated tumor.

Conclusions: Tumor size is first to be recognized as a key prognostic factor of
neuroblastoma patients and a cutoff value >4 cm might predict poor prognosis,
which should be included in the evaluation of prognostic factors for NB.

neuroblastoma, prognosis, SEER, survival analysis, tumor size

studies, however, are limited to the small population of
patients. Therefore, whether tumor size is an independent
prognostic factor for the overall survival of neuroblastoma
patients, what is the optimal cutoff value of tumor size,
and whether it can identify new prognostic subgroups
combined with other prognostic factors remains to be
determined.

In the current study, we investigated the independent
prognostic value of tumor size in surgery performed on
NB patients, and determined the optimal cutoff value
of tumor size to identify patients with poor prognosis.
Moreover, we subdivided NB patients into a prognostic
relevant subgroup by combining tumor size with other
specific factors. Clarifying the impacts of tumor size on
the prognosis of NB patients is helpful to determine ap-
propriate therapeutic strategies, especially for surgical
treatment.

2 | METHODS

2.1 | Patients

The study population was obtained from the Surveillance,
Epidemiology, and End Results Program (SEER), which
covers approximately 30% of the US population. Patients
diagnosed with neuroblastoma (ICD-0-3: 9500/3, 9490/3)
as a first primary malignant tumor between 2000 and 2018
were chosen for this study. Only histologically confirmed
and surgery performed malignancy of the neuroblastoma
were included. Moreover, to ensure the integrity and qual-
ity of clinical information, we selected those patients who
were included in TNM 7/CS v0204+ Schema from 2004 to
2015. Variables in the study included sex, age at diagno-
sis, race, primary site, histologic subtype, SEER Combined
Summary Stage (2004+), CS tumor size (2004-2015), and
tumor grade. Tumor stages in SEER Combined Summary
Stage (2004+) were defined as follows, distant (meta-
static), regional (extend to adjacent tissue or lymph node
involvement), or local (confined to the localized only).
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Tumor grades were defined as differentiated grades (in-
cluding well-differentiated I-II and poorly differentiated
I11) and undifferentiated grades (IV).

We excluded patients with incomplete survival time.
Patients without cancer-directed surgery, which surgical
codes in the SEER database indicate that it was unknown
or not performed cancer-directed surgery, were excluded
too. Cancers diagnosed only by death certificate or at
autopsy were excluded too. Other exclusion criteria in-
cluded CS tumor size code of 999 (unknown or size not
stated), 990 (microscopic focus or foci only and no size of
focus is given), 000 (No mass/tumor found); tumor stage
unknown or unstated or unspecified, and tumor grade
unknown. The procedure of the step-by-step extraction
process of patients is presented in Figure 1, and in total,
591 patients were finally selected in the study.

2.2 | Determine the optimal cutoff
value of tumor size

To determine an optimal cutoff of tumor size, the study
cohort was firstly divided into three groups, with tumor
size grouped as follows: less than 5 cm, 5 to 10 cm, and
larger than 10 cm, and Kaplan-Meier method was used
to present prognostic differences. Then, a detail of 14 cut-
offs was tested to provide an adequate level within the
tumor size range by repeatedly dividing the study cohort
into two groups with tumor sizes at the 1-cm interval.
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Within each group, univariate, and multivariate Cox pro-
portional hazards regression analysis of tumor size for
prognostic significance was performed. For multivariate
analysis, a stepwise backward model was used to iden-
tify statistically significant factors (p < 0.05), which ad-
justed for sex, age, race, histologic subtype, tumor stage,
and tumor grade. In total, 17 groups were analyzed, with
each divided by a different threshold of tumor size. The
prognostic outcome difference between each paired
group was quantified by the hazard ratio and p-value.
The cutoff value that maximized prognostic outcome dif-
ference, a maximum hazard rate (HR), and significant
p-value, between tumor size larger and smaller patients,
were selected.

2.3 | Statistical analysis

We used GraphPad Prism v7.0 (GraphPad) and SPSS v22.0
(SPSS) software for statistical analysis. Student's t-test or
one-way ANOVA were used to evaluate continuous vari-
ables. To determine the independent prognostic impacts
of tumor size, Cox proportional hazards regression analy-
ses and 5-year survival rates were performed. We used the
Kaplan-Meier method to plot the survival curves between
different tumor size groups (<4.0 cm vs. >4.0 cm) in dif-
ferent subgroups. Hazard ratio (HR) was reported with
95% confidence interval (CI). Statistical significance was
defined as p < 0.05.

SEER Database

(2000-2018)

4

NB Patients
(ICD-0-3=9500/3 or 9490/3,
n=3470)
( 7
Exclusion N=1208
» e To ensure integrity of clinical information, patients were selected only
included in TNM 7/CS v0204+ Schema between 2004 and 2015
y L J
( 7
NB Patients

(2004-2015, n=2262)

Exclusion N=1671
Diagnosis confirmation: clinical diagnosis only or unknown (n=72)

Survival months flag: incomplete dates or not caculated (n=538)
Surgery unperformed or unknown (n=364)

4

No First malignant primary tumor (n=11)
Tumor size unknown (n=216)

Tumor grade unknown or blank (n=444)
Tumor stage unknown (n=26)

(@ © © © © o o

NB Patients

FIGURE 1 Flowchart for inclusion (n=501)

NB patients from SEER database
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3 | RESULTS

3.1 | Patients characteristics

We performed the stepwise extraction process of NB patients
(Figure 1), and a total of 591 cases that met the inclusion crite-
ria were finally selected in this study. The clinical and demo-
graphic characteristics for these patients are listed in Table 1.
Among them, 59.39% of patients (n = 351) were <1 year old,
74.11% (n =438) were white, 55% (n = 325) were male. On his-
tologic subtype, most patients were neuroblastoma (93.23%,
n = 551). Of tumor stage, most was diagnosed at distant stage
(50.08%, n = 296), with 28.26% at regional and 21.66% at a lo-
calized stage. At last contact, 122 patients (20.64%) died. The
median follow-up time was 69 months (IQR, 73 months), and
the mean + SD time was 77.92 + 47.32 months. The median
tumor size was 6.60 cm (IQR, 5.30 cm), and the mean + SD
was 7.26 + 3.72 cm (Table 1).

3.2 | Univariate and multivariate Cox
analysis for overall survival

Univariate Cox analysis indicated that age (HR = 4.82,
p < 0.0001), primary site (HR = 2.62, p < 0.0001), tumor

Group Number (N = 591)
Age <ly 351
>1y 240
Gender Female 266
Male 325
Race White 438
Black 96
Others 57
Histology NB 551
GNB 40
Primary site Adrenal 316
Non-adrenal
Non-adrenal 275
Tumor Grade Differentiated 521
Undifferentiated 70
Tumor Stage Distant 296
Localized 128
Regional 167
Vital Status Live 469
Death 122
Tumor Size (cm) Mean (SD) 7.26 (3.72)
Median (IQR) 6.60 (5.30)
Follow Up (months) Mean (SD) 77.92 (47.32)
Median (IQR) 69 (73)

grade (HR = 2.86, p < 0.0001), distant tumor stage
(HR = 9.23, p < 0.0001), and tumor size (HR = 2.04,
p < 0.0001) were significantly associated with the prog-
nosis of NB patients, whereas sex (p = 0.851), race
(P >0.292) and histologic subtype (p = 0.844) were not as-
sociated (Table 2). Furthermore, multivariate Cox analysis
showed that age > 1y (HR = 2.42, p < 0.0001), adrenal site
(HR = 1.7, p = 0.014), undifferentiated grade (HR = 1.94,
p = 0.002), distant stage (HR = 6.4, p < 0.0001), and large
tumor size (HR = 1.5, p < 0.0001) independently predicted
poor prognosis of NB patients (Table 2).

3.3 | Distribution of NB patients
according to tumor size

To further know the frequency of patient distribution by
tumor size, we collected and analyzed the information
as shown in Figure 2. Overall, the median tumor size in
the total population was 6.60 cm, and the mean tumor
size was 7.26 + 3.72 cm (Figure 2A). For demographic
characteristics, the median tumor size for children less
than 1-year-old (5.5 cm, IQR: 3.7-8.5 cm) was signifi-
cantly smaller than those older children (8.1 cm, IQR:
6.1-11.5 cm) (Figure 2B). While tumor size distribution

TABLE 1 Characteristics of patients

P t
ercent (%) from SEER database

59.39
40.61
45

55
74.11
16.24
9.65
93.23
6.77
53.47

46.53
88.16
11.84
50.08
21.66
28.26
79.36
20.64

Abbreviations: 1y, 1 year old; GNB, ganglioneuroblastoma; IQR, interquartile range; NB, neuroblastoma;

SD, standard deviation.
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TABLE 2 Univariate and multivariate Cox proportional hazard regression model of overall survival

Univariate analysis

Multivariate analysis

Characteristics Group HR 95% CI

Age >1y 4.82 3.21-7.25
<1y ref

Gender Female 1.04 0.72-1.48
Male ref

Race White 0.73 0.41-1.31
Black 1.29 0.67-2.48
Others ref

Primary site Adrenal 2.62 1.75-3.92
Non-adrenal ref

Histology NB 1.07 0.54-2.11
GNB ref

Tumor grade Undifferentiated 2.86 1.90-4.30
Differentiated ref

Tumor stage Distant 9.23 4.51-18.92
Regional 0.32 0.07-1.51
Localized ref

Tumor size (cm) Mean, SD 2.04 1.68-2.48

p HR 95% CI p

<0.0001 2.42 1.55-3.77 <0.0001
ref

0.851 0.76 0.53-1.10 0.147
ref

0.292 0.56 0.31-1.02 0.06

0.441 0.65 0.33-1.27 0.207
ref

<0.0001 1.70 1.11-2.59 0.014
ref

0.844 1.06 0.52-2.14 0.878
ref

<0.0001 1.94 1.28-2.96 0.002
ref

<0.0001 6.40 3.07-13.34 <0.0001

0.15 0.36 0.18-1.68 0.192
ref

<0.0001 1.50 1.22-1.85 <0.0001

Abbreviations: 1y,1 year old; CI, confidence interval; GNB, ganglioneuroblastomae; HR, hazard ratio; NB, neuroblastoma; ref, reference; SD, standard deviation.

between girls and boys (p = 0.508), or different races
(p = 0.696), was not statistically significant (Figure 2C,
G). For biological characteristics of the tumor, the median
size for distant tumor stage (7.7 cm, IQR: 5.4-10.6 cm)
was significantly larger compared with those for regional
(6.5 cm, IQR: 4.4-9.7 cm) and localized (4.7 cm, IQR: 3.3—
6.8 cm) stage (Figure 2H, One-way ANOVA, p < 0.0001;
and Tukey's multiple comparisons: distant vs. localized
p < 0.0001; distant vs. regional p = 0.0042; localized vs.
regional p < 0.0001). However, there was no significant
difference was observed among patients with different
histologic types (p = 0.933, Figure 2D). On the other hand,
a significant difference was also observed between tumor
differential grade (differentiated: 6.4 cm, IQR: 4.3-9.7 cm;
undifferentiated: 8.6 cm, IQR: 6.1-10.6 cm; p < 0.005) and
primary site (non-adrenal site: 6.3 cm, IQR: 4-9.2 cm, ad-
renal: 7 cm, IQR: 4.9-10 cm, p = 0.015), demonstrating that
tumor size is closely correlated with NB's characteristics.

3.4 | Determination of optimal tumor
size cutoff for NB patients

To identify a cutoff of tumor size that maximized out-
come difference, 17 potential cutoffs were evaluated.
First, we divided the cohort into three groups based on
tumor size (<5 cm, 5-10 cm, >10 cm), the Kaplan—-Meier
survival curves indicated that the survival probability of

NB patients with smaller tumors was significantly higher
than those with larger tumors (Figure 3). Subsequently, 14
separate analyses, each of which divided the patients into
two groups, one included patient whose tumor size was
larger than the cutoff value and the other one included pa-
tient whose tumor size was smaller than the cutoff value,
were tested for tumor size impact on the outcome.

Univariate analysis showed that the P values of cutoff
values from 3 to 15 cm were all significant and the tumor
size cutoff at4 cm had the largest HR for OS (HR =4.96,95%
CI 2.31-10.63, p < 0.0001). When applying cutoff points of
4 cm, the 5-year OS was 74% for patients with tumor size
larger than 4 cm, and 94% for patients with those smaller
than 4 cm (p < 0.001). Moreover, the optimal cut-off re-
mained at 4 cm after adjusted for sex, age, race, histologic
subtype, tumor stage, and tumor grade (HR = 2.8, 95% CI
1.29-6.08, p < 0.0001), and the P values of cutoff values
from 4 to 10 cm were all significant for OS. Therefore, we
selected 4 cm as a stratification that optimized the progno-
sis of tumor size for NB children (Table 3).

3.5 | Impact of tumor size on overall
survival in subgroups for NB patients

According to the 4 cm cutoff, the cohort was divided
into two groups, with 213 (36.04%) having larger size
tumors (>4 cm) and 378 (63.96%) having smaller size
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tumors (<4 cm). To illustrate the interaction between
other risk factors and tumor size, we then performed
subgroup analysis. Survival curves stratified by the
cutoff value of >4 cm presented significant differ-
ences in both age groups (<1 year, p = 0.005; >1 year,
p = 0.036) (Figure 4A) and primary sites (adrenal,

p = 0.002; non-adrenal, p = 0.035) (Figure 4C). But
in the race subgroup, compared to black, white pa-
tients had a favorable prognosis, in which tumor size
of 4 cm was a significant predictor for OS, but not in
black patients (Figure 4E). For the tumor stage sub-
group, our data indicated that the overall survival of
patients with large tumors at the distant stage was sig-
nificantly lower than that of the small tumor group
(p < 0.0001), but there was no significant difference
in the survival rate of patients with the regional or
local stage (p = 0.287, p = 0.114) (Figure 4F). For the
tumor grade subgroup, survival curves showed signif-
icant differences in differentiated grade (p < 0.0001)
tumors but not in undifferentiated grade (p = 0.639)
(Figure 4D).

4 | DISCUSSIONS

Neuroblastoma is known for its wide spectrum of clini-
cal behavior, and combinations of prognostic factors are
used to stratify the risk level and treatment regimen of
NB patients.6’14’15 However, this classification system does
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not include tumor size. In the current study, we clarified
that tumor size was useful in predicting the prognosis of
neuroblastoma patients. Moreover, to our knowledge,
this is the first time to identify a single cutoff at 4 cm that
maximized prognostic discrimination. Furthermore, un-
favorable prognostic subgroups of patients were identified
by combining the single size threshold of 4 cm with other
specific factors. These findings indicate that tumor size
has a significant prognostic impact on NB patients, which
provides a reference for patients’ risk stratification.

Due to the clinical heterogeneity of neuroblastoma,
risk assessment is clinically performed to stratify pa-
tients. The COG has applied disease stage, age at diag-
nosis, MYCN status, tumor histology, and DNA index
to stratify patients’ prognostic risk.” However, tumor
histology used in COG risk classification was based on
International Neuroblastoma Pathology Classification
(INPC) criteria, which also included age.'® This may
result in overestimating the prognostic value of age to
define risk level.'” While the INRG identified 7 poten-
tial prognostic factors, including age, INRG stage, tumor
differentiation grade, histologic subtypes, absence/pres-
ence of 11q aberrations, MYCN status, and tumor cell
ploidy,®’ and emphasized pretreatment risk stratifica-
tion based on the clinical criteria. Our analysis suggests
that age, differentiation grade, and disease stage can
independently predict the prognosis of neuroblastoma,
consisted of the COG and INRG risk classification sys-
tem. Moreover, we found that in contrast to originate
from the nonadrenal site, patients with NB originate
from the primary adrenal site had poor OS, this consis-
tent with the INRG research, that patients diagnosed at
the primary adrenal site of neuroblastoma had inferior
0S.” Intestinally, our study indicated that white peo-
ple seem to have a better prognosis than black people,
which may be due to genetic differences.*®

The prognosis of tumor size in other solid tumors was
discussed. For example, Horn et al identified a cutoff value
of 2 cm of tumor size as a prognostic value in cervical can-
cer and suggested that tumor size <2.0 cm representing a
low risk.'® Wang et al identified a tumor size threshold of
4.8 cm in gastric cancer patients,” which indicates that
the cutoff value of tumor size is critical for evaluating
the tumor's prognosis. However, the prognostic value of
tumor size for neuroblastoma patients remains unclear.

Recently, a few studies have evaluated the significance of
tumor size in predicting the prognosis of neuroblastoma
patients. Liang et al divided patients into four subgroups
based on tumor size (<5, 5.1-10, 10.1-15, and >15 cm),
and found that patients with larger tumors often predict
poor prognosis.! Moreover, He et al found that tumor size
>10 cm was related to the poor overall survival in neu-
roblastoma patients with bone metastasis.?* In contrast,
other studies revealed that in univariate analysis, tumor
size was a predictor of event-free survival, but not in
multivariate analysis.'®> Although some previous studies
showed that patients less than 6 months old with localized
tumors <3.1 cm are at low risk and need regular observa-
tion and follow-up,12 here, we identified a single cut-off at
4 cm that might maximized prognostic discrimination in
591 patients with neuroblastoma, a relatively large sample
size with 15 years' follow-up.

However, the INRG project proposed a new staging
system dependent on the presence or not the presence of
image-defined risk factors (IDRFs) in the year of 2009.%
A localized tumor without any IDRFs is stage L1, while a
local-regional tumor with any IDRFs is considered to be
stage L2. Previous studies indicated IDRFs combination
with tumor size affect prognostic outcome.** Yoneda A
et al found that 27% of the IDRFs became negative after
chemotherapy, but for negative IDRFs, tumors should
shrink to less than 20% of the volume at the time of diag-
nosis.?® In clinical practice, we found that patients with
L1 stage had a good prognosis after surgical treatment.
While an increasing number of IDRFs was associated
with larger tumor and higher risk of NB patients in L2
stage.”®*” Thus, a tumor size of >4 cm with L1 lesion
may do not affect the outcome, but a large L2 tumor may
lead to a poor prognosis. Unfortunately, the image infor-
mation of neuroblastoma was not collected in the SEER
database. Therefore, we cannot get the information of L1
and L2 tumors based on this database. In the future, the
relationship of tumor size with IDRFs on survival needs to
be further analyzed. Moreover, histology is very important
to NB patients’ prognosis too. Patients with favorable his-
tology have a high survival rate, which can be greater than
90%, while those with unfavorable histology have a sur-
vival rate less than 40%,'* Therefore, tumor size in combi-
nation with histology types impacts on survival needs to
be further analyzed in the future.

FIGURE 4 Overall survival (OS) of patient subgroups. The ordinate represents the probability of OS and the abscissa represents survival
months. For each subgroup, the left figure shows the OS, and the right figure shows the subgroup survival divided by tumor size cutoff 4 cm
(solid lines stand for tumor size <4 cm, dotted lines stand for tumor size >4 cm). (A) The OS of age subgroup (A,: patients<ly; A,: patients
>1y); (B) The OS of sex subgroup (B;: F, female; B,: M, male); (C) The OS of primary site subgroup (C,: Non-Adr, non-adrenal; C,: Adr,
adrenal site); (D) The OS of tumor grade subgroup (D;: D, differentiated; D,: UnD, undifferentiated); (E) The OS of race subgroup (E;: W,
white; E,: B, black; E;: O, others); (F) The OS of tumor stage subgroup (F,: Reg, regional; F,: Loc, local; F: Dis, distant); (G) The OS of tumor
histology subgroup (G;: NB, neuroblastoma; G,: GNB, ganglioneuroblastoma)
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The current study has several limitations. First, due to
the retrospective design, some cases were removed for in-
complete data information. Secondly, patients with larger
tumor size combination with image-defined risk factors
and unfavorable histology types may receive more aggres-
sive treatment, but detailed information of the treatment,
IDRFs, and histology were not included in the SEER da-
tabase, hence this study may overestimate the true extent
of clinical impact from increasing tumor size. To validate
our research, we intended to conduct a validation study
using other public databases, such as Target, but we found
that the Target database lacked the variable of tumor size.
Moreover, based on our hospital data, we found that tumor
size was not fully documented. This may be because some
researchers have not paid special attention to the signif-
icant impact of tumor size on prognosis and there is no
uniform standard for determining the size of NB. Thirdly,
despite being a population-based database, after stratify-
ing by tumor size, individual subgroups became small,
this may slightly affect statistical power.

For perspective, we recommend that more attention
should be paid to tumor size as a prognostic biomarker and
add tumor size into the routine tumor database. Tumor
size combined with other specific factors will help sur-
geons to better stratify and manage patients. It is possible
that NB patients can be further subdivided into prognosis-
relevant subgroups by tumor size. The mechanism that
may influence the occurrence and development of tumor
size is worth further exploration. Prospective studies and
long-time follow-up are necessary to further research.

In conclusion, this study first determined that tumor
size is a crucial prognostic factor in neuroblastoma pa-
tients and a cutoff value >4 cm might predict a poor prog-
nosis. Therefore, we suggest incorporating the tumor size
into the risk classification system to enhance the accuracy
of neuroblastoma prognostic prediction.
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