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Abstract

Background To investigate clinical characteristics, prognoses, and impacts of treatments on prognoses of neuroblas-
toma patients with bone or liver metastasis.

Methods This retrospective cohort study extracted data from the Surveillance, Epidemiology, and End Results (SEER)
database 2010-2019. The outcomes were 3-year cancer-specific survival (CSS) and 5-year CSS. Multivariable COX risk
proportional models were established to assess the association between metastasis types and CSS. Hazard ratios (HRs)
and 95% confidence intervals (Cls) were estimated.

Results Totally 425 patients with metastatic neuroblastoma were eligible for 3-year CSS analysis and 320 for 5-year
CSS analysis. For 3-year follow-up, 62 (14.59%) patients had liver metastasis alone, 289 (0.68%) had bone metastasis
alone, and 74 (17.41%) had both liver and bone metastasis. For 5-year follow-up, 44 (13.75%) patients had liver metas-
tasis alone, 223 (69.69%) had bone metastasis alone, and 53 (16.56%) had both liver and bone metastasis. Significant
differences were observed in age, tumor size, surgery for the primary site, chemotherapy, radiation, brain metastasis,
lung metastasis, and vital status between patients with liver metastasis alone, bone metastasis alone, and both liver
and bone metastasis (all P<0.05). Compared with patients with liver metastasis alone, patients with bone metastasis
alone (HR=2.30, 95%Cl: 1.10-4.82, P=0.028) or both (HR=2.35, 95%Cl: 1.06-5.20, P=0.035) had significantly poorer
3-year CSS; patients with bone metastasis alone (HR=2.32, 95%Cl: 1.14-4.70, P=0.020) or both liver and bone metas-
tasis (HR=2.33, 95%Cl: 1.07-5.07, P=0.032) exhibited significantly worse 5-year CSS than those with liver metastasis
alone. In patients with bone metastasis, those with chemotherapy had significantly better 3-year CSS than those
without (HR=0.24, 95%Cl: 0.07-0.75, P=0.014). Among patients with liver metastasis, receiving radiation was associ-
ated with significantly worse 3-year CSS (HR=2.00, 95%Cl: 1.05-3.81, P=0.035).

Conclusion Compared with patients with liver metastasis alone, those with bone metastasis alone or both had
poorer 3-and 5-year CSS. For patients with bone metastasis, undergoing chemotherapy was associated with better
3-year CSS. For patients with liver metastasis, receiving radiation was associated with worse 3-year CSS.
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Background
*Correspondence: Neuroblastoma is one of the most common malignant
Xiaochuan Feng solid tumors in children that starts from the neural crest
xzf_rmhospital@outlook.com _ , [1], accounting for around 15% of pediatric cancer-related
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of China roblastoma exhibit metastasis [4, 5], more than half can

experience distant metastasis at diagnosis [6]. Although
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the overall prognosis of neuroblastoma patients is good,
patients with metastasis usually have poor survival even
after radical treatment [7, 8]. The 5-year survival of high-
risk children is lower than 50% [9].

Metastasis acts as an independent risk factor for sur-
vival in neuroblastoma, and bone and liver are the most
common single metastatic sites of this disease [10]. Evi-
dence demonstrated that two-thirds of neuroblastoma
patients with bone metastasis had a primary site in
the adrenal gland, with a 5-year survival rate of 62.1%,
and age and tumor size were important factors affect-
ing patients’ survival [11]. In addition, liver metastasis
accounts for greater than 20% of neuroblastoma metasta-
sis [12], but there is a lack of research on the clinical char-
acteristics and prognosis of neuroblastoma patients with
liver metastasis. Further studies are needed to investigate
the differences in clinical characteristics, prognoses, and
prognostic factors among neuroblastoma patients with
different metastatic sites. Besides, treatment methods for
the primary site (such as surgery or radiotherapy) exerted
significant influences on the survival of neuroblastoma
patients [13, 14]. Chemotherapy was shown to improve
survival in patients suffering from neuroblastoma [15].
However, no relevant studies have been performed to
explore the impacts of different therapeutic methods
on the survival of neuroblastoma patients with different
metastatic sites.

This study intended to probe into differences in clinical
characteristics and prognoses of neuroblastoma patients
with different metastatic sites (bone metastasis alone,
liver metastasis alone, and both bone and liver metas-
tasis), and assess the impacts of treatment methods on
their survival, based on the Surveillance, Epidemiology,
and End Results (SEER) database.

Methods

Study design and population

In this retrospective cohort study, data on neuroblastoma
were extracted from the SEER 2010-2019. The ¢ program
of the National Cancer Institute (NCI) provides infor-
mation on cancer incidence and survival, patient demo-
graphics, primary tumor site, treatment, etc., which was
collected from population-based cancer registries, cover-
ing about 48% of the U.S. population (https://seer.cancer.
gov/about/overview.html). Patients were included if they
had (1) neuroblastoma [International Classification of
Diseases for Oncology, Third Edition (ICD-O-3): 9490
or 9500]; (2) bone or liver metastasis; and (3) complete
follow-up information. Patients (1) aged over 20 years at
diagnosis; (2) diagnosed by autopsy or death certificate
or only clinically diagnosed; 3) with missing important
co-variables were excluded from this study. Since the
data used in the current study were de-identified and
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freely accessible, the approval of the Institutional Review
Board of Zhongshan City People’s Hospital was waived.
The need for written informed consent was waived by the
Institutional Review Board of Zhongshan City People’s
Hospital due to the retrospective nature of the study. All
methods were performed in accordance with the relevant
guidelines and regulations.

Data collection

Cancer registries received and collected data on can-
cer patients. The outcomes were 3-year cancer-specific
survival (CSS) and 5-year CSS. Data about the follow-
ing variables were also collected: metastasis type, age
(years), sex, race, tumor site, tumor size (cm), grade,
surgery for the primary site (no, yes), surgery for other
regional or distant sites (no, yes), chemotherapy (no/
unknown, vyes), radiation (no/unknown, yes), brain
metastasis (no, yes), lung metastasis (no, yes), follow-
up time, and vital status. Metastasis type included liver
metastasis, bone metastasis, and both liver and bone
metastasis. Since the proportion of 1-year-old patients
was small, and the age information in the SEER database
was provided in an integer form, 12 or 18 months could
not be used as the basis for the age grouping. Hence, the
median age was used as the basis, and age was classi-
fied as<3 and >3 years. Race included Black, White and
others. Tumor site included the soft tissue (C47.0-47.9,
C49.0-49.9), adrenal gland (C37.9, C74.0-75.9), retro-
peritoneum (C48.0-C48.8), and others. Tumor size was
divided into<5 c¢m,>5 cm and unknown. Grade was
classified into Grade I/II/III (differentiated), Grade IV
(undifferentiated or anaplastic) and unknown. The radio-
therapy status was divided into “not receiving radiother-
apy or having unknown information on radiotherapy (no/
unknown)” and “receiving radiotherapy (yes)”.

Statistical analysis

Measurement data were examined by the Kolmogorov—
Smirnov test for normality. The measurement data of
normal distribution were described by mean (standard
deviation) [Mean (SE)], and comparison between two
groups was conducted via the independent sample t-test;
non-normal measurement data were reported as median
and interquartile range [M (Q,;, Q3)], and inter-group
comparison was conducted using Mann—Whitney U
rank sum test. Counting data were shown as the number
of cases and constituent ratio [# (%)], and the Chi-square
test was applied for between-group comparison.

All variables were incorporated into the univariable
COX model to identify the variables related to CSS. The
association between metastatic neuroblastoma and CSS
was evaluated using multivariable COX risk proportional
models. Model I was adjusted for age, sex, and race;
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Model I was adjusted for age, sex, race, tumor site, tumor
size, grade, surgery for the primary site, surgery for other
regional or distant sites, chemotherapy, and radiation.
Then multivariable COX risk proportional models were
established to assess the association between metastasis
types and CSS. Model I was adjusted for age, sex, and
race; Model II was adjusted for age, sex, race, tumor site,
tumor size, grade, surgery for the primary site, surgery
for other regional or distant sites, chemotherapy, radia-
tion, brain metastasis, and lung metastasis. Hazard ratios
(HRs) and 95% confidence intervals (CIs) were estimated.
Then multivariable COX risk proportional models were
established to assess the association between metastasis
types and CSS. Model I was adjusted for age, sex, and
race; Model II was adjusted for age, sex, race, tumor site,
tumor size, grade, surgery for the primary site, surgery
for other regional or distant sites, chemotherapy, radia-
tion, brain metastasis, and lung metastasis. Hazard ratios
(HRs) and 95% confidence intervals (CIs) were estimated.
Further analysis was conducted by comparing the differ-
ences in results before and after the exclusion of patients
with lung or brain metastasis alone. The number of
neuroblastoma patients with bone or liver metastasis is
shown in Supplementary Table 1.

Python 3.9 (Python Software Foundation, Delaware,
USA) was used for data cleaning and missing value han-
dling. SAS 9.4 (SAS Institute Inc., Cary, NC, USA) was
adopted for model statistical analysis. Kaplan—Meier
survival curves were drawn with R 4.0.3 (Institute for
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Statistics and Mathematics, Vienna, Austria). Two-sided
P<0.05 was deemed as statistically significant.

Results

Participant characteristics

A total of 674 neuroblastoma patients with metastasis
were identified from the SEER 2010-2019. According
to Fig. 1, among the 674 patients, the proportions of
bone metastasis and liver metastasis were high, both
exceeding 30%; the proportions of lung metastasis and
brain metastasis were relatively low. For patients with
metastasis, the proportions of bone metastasis alone,
liver metastasis alone, and both bone and liver metas-
tasis were relatively high, accounting for 55.2%, 13.7%,
and 11.9%, respectively (Fig. 2). Thus, this study focused
on bone or liver metastasis. After excluding patients
without both bone and liver metastasis (n=15), aged
over 20 years at diagnosis (n=9), without information
on death (n=5), diagnosed by autopsy or death cer-
tificate or only clinically diagnosed (n=1), and who
died from causes other than neuroblastoma (n=13,
which was excluded due to the small sample size), 631
patients were included. Subsequently, patients lost to
follow-up were ruled out. In the end, 425 were eligible
for 3-year CSS analysis and 320 for 5-year CSS analy-
sis. The flow chart of participant selection is shown in
Fig. 3. The median follow-up time was 60.00 (19.00,
60.00) months. For 3-year follow-up, 306 (72%) patients
were alive, and 119 (28%) died from neuroblastoma.

11.42 8.90

Bone metastasis
Fig. 1 Histogram for proportions of metastatic types in neuroblastoma

Liver metastasis

T T
Lung metastasis Brain metastasis
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Only bone

Fig. 2 Pie chart for proportions of metastatic types in neuroblastoma

Most patients had bone metastasis alone (68.00%), the
tumor in the adrenal gland (69.65%), and a tumor size
of >5 cm (51.06%). White people accounted for the
majority (73.88%). Significant differences were found in
metastasis type, tumor size, surgery for other regional
or distant sites, brain metastasis, lung metastasis, and
follow-up time between the alive and dead groups (all
P<0.05). For 5-year follow-up, 180 (56.25%) patients
were alive, and 140 (43.75%) died from neuroblastoma.
The general characteristics of patients with 5-year fol-
low-up at maximum were similar to those of patients
with maximum 3-year follow-up. Table 1 exhibits the
features of the included neuroblastoma patients.

More than 3 sites
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Characteristics of patients with bone or liver metastasis

After 3-year follow-up, 566 (57.11%) patients had non-
metastatic neuroblastoma, and 425 (42.89%) had bone
or liver metastasis. Compared with patients with non-
metastatic neuroblastoma, those with metastatic neuro-
blastoma tended to be>3 years old (40.71% vs 31.27%),
have the tumor in the adrenal gland (69.65% vs 36.40%)
and a tumor size of >5 cm (51.06% vs 44.17%), undergo
surgery for other regional or distant sites (20.47% vs
5.32%), chemotherapy (97.41% vs 52.30%) and radia-
tion (45.65% vs 13.96%), and die (28.00% vs 9.19%) (all
P<0.05). After 5-year follow-up, 370 (53.62%) patients
had non-metastatic neuroblastoma, and 320 (46.38%)
had bone or liver metastasis. Significant differences
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Neuroblastoma
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SEER 2010-2019 (n=674)
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1. Patients without both bone and liver metastasis (n=15)
2. Patients aged over 20 years at diagnosis (n=9)

3. Patients without information on death (n=5)

4. Patients diagnosed by autopsy or death certificate or
only clinically diagnosed (n=1)

5. Patients who died from causes other than
neuroblastoma (n=13)
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Fig. 3 Flow chart of participant selection. SEER, the Surveillance, Epidemiology, and End Results

were also observed in tumor site, tumor size, surgery
for the primary site, surgery for other regional or distant
sites, chemotherapy, radiation, and vital status between
patients with non-metastatic and metastatic neuroblas-
toma (all P<0.05) (Supplementary Table 2). As illustrated
in Table 2, for 3-year follow-up, 62 (14.59%) patients had
liver metastasis alone, 289 (68%) had bone metastasis
alone, and 74 (17.41%) had both liver and bone metasta-
sis. There were significant differences in age, tumor site,
tumor size, surgery for the primary site, chemotherapy,
radiation, brain metastasis, lung metastasis, and vital
status among patients with liver metastasis alone, bone
metastasis alone, and both liver and bone metastasis
(all P<0.05). The 3-year CSS rate of patients with liver
metastasis alone, bone metastasis alone, and both liver
and bone metastasis was 83.87%, 71.97%, and 62.16%,
respectively. For 5-year follow-up, 44 (13.75%) patients
had liver metastasis alone, 223 (69.69%) had bone metas-
tasis alone, and 53 (16.56%) had both liver and bone
metastasis. Significant differences were observed in age,
tumor size, surgery for the primary site, chemotherapy,

radiation, brain metastasis, lung metastasis, and vital
status among patients with liver metastasis alone, bone
metastasis alone, and both liver and bone metastasis
(all P<0.05). The 5-year CSS rate of patients with liver
metastasis alone, bone metastasis alone, and both liver
and bone metastasis was 75.00%, 55.16%, and 45.28%,
respectively.

Survival of patients with bone or liver metastasis

According to Supplementary Table 3, patients with meta-
static neuroblastoma had a significantly worse 3- and
5-year CSS than those with non-metastatic neuroblas-
toma after controlling for age, sex, race, tumor site, tumor
size, grade, surgery for the primary site, surgery for other
regional or distant sites, chemotherapy, and radiation.
After adjusting for age, sex, race, tumor site, tumor size,
grade, surgery for the primary site, surgery for other
regional or distant sites, chemotherapy, radiation, brain
metastasis, and lung metastasis, compared with neu-
roblastoma patients who had liver metastasis alone,
patients who have bone metastasis alone (HR=2.30,
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95%CI: 1.10-4.82, P=0.028) or both (HR=2.35, 95%CI:
1.06-5.20, P=0.035) had significantly poorer 3-year CSS;
patients with bone metastasis alone (HR=2.32, 95%CI:
1.14-4.70, P=0.020) or both liver and bone metastasis
(HR=2.33, 95%CI: 1.07-5.07, P=0.032) exhibited signifi-
cantly worse 5-year CSS than those with liver metasta-
sis alone (Table 3). Figure 4 demonstrated no significant

Table3 CSS of neuroblastoma patients with bone or liver
metastasis

Variables Model | Model Il
HR (95%Cl) P HR (95%Cl) P
3-year CSS
Metastasis type
Liver Ref Ref
Bone 1.99(1.01-394) 0.049 230(1.10-4.82) 0.028
Liverand bone  2.82(1.36-5.86) 0.006 2.35(1.06-520) 0.035
5-year CSS
Metastasis type
Liver Ref Ref
Bone 211(1.10-4.03) 0024 232(1.14-4.70) 0.020
Liverand bone 290 (143-5.86) 0.003 2.33(1.07-5.07) 0.032

Model | was adjusted for age, sex, and race

Model Il was adjusted for age, sex, race, tumor site, tumor size, grade, surgery
for the primary site, surgery for other regional or distant sites, chemotherapy,
radiation, brain metastasis, and lung metastasis

CSS cancer-specific survival, Ref reference, HR hazard ratio, C/ confidence interval

Group
Liver metastasis only

Y = Bone metastasis only

0.6

Adjusted survival probability

=

0 10 20 30
(A) Follow-up time (months)

Liver and bone metastasis
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differences in 3-year and 5-year CSS between patients
with bone metastasis alone and with both liver and bone
metastasis, indicating relatively poorer CSS in bone
metastasis.

In patients without brain metastasis, after adjusting
for age, sex, race, tumor site, tumor size, grade, surgery
for the primary site, surgery for other regional or distant
sites, chemotherapy, radiation, and lung metastasis, bone
metastasis alone (HR=2.42, 95%CI: 1.15-5.09, P=0.020)
or both liver and bone metastasis (HR=2.52, 95%CI: 1.12—
5.64, P=0.025) were associated with significantly worse
3-year CSS than liver metastasis alone; patients with bone
metastasis alone (HR=2.35, 95%CI: 1.15-4.80, P=0.019)
or both liver and bone metastasis (HR=2.27, 95%CI: 1.04—
4.99, P=0.041) had significantly poorer 5-year CSS than
those with liver metastasis alone. Among patients without
lung metastasis, after controlling for age, sex, race, tumor
site, tumor size, grade, surgery for the primary site, surgery
for other regional or distant sites, chemotherapy, radiation,
and brain metastasis, patients with both liver and bone
metastasis had significantly poorer 5-year CSS than those
with liver metastasis alone (HR=2.56, 95%CI: 1.11-5.87,
P=0.027) (Table 4).

Association between treatments and CSS in patients

with bone or liver metastasis

In patients with bone metastasis, those receiving chemo-
therapy had significantly better 3-year CSS than those
without chemotherapy, after adjusting for age, sex, race,

Group
Liver metastasis only
= Bone metastasis only

L Liver and bone metastasis

Adjusted survival probability
|
J

=

0 20 40 60
(B) Follow-up time (months)

Fig. 4 CSS of neuroblastoma patients with bone or liver metastasis. (A) Three-year CSS; B Five-year CSS. Age, sex, race, tumor site, tumor size, grade,
surgery for the primary site, surgery for other regional or distant sites, chemotherapy, radiation, brain metastasis, and lung metastasis were adjusted

for CSS, cancer-specific survival
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Table 4 CSS of neuroblastoma patients after excluding patients with brain or lung metastasis alone

Excluding patients with 3-year CSS 5-year CSS
brain metastasis alone
Sample size HR (95%Cl) P Sample size HR (95%Cl) P
Study population 384 286
Metastasis type
Liver 62 Ref 44 Ref
Bone 258 242 (1.15-5.09) 0.020 196 2.35(1.15-4.80) 0.019
Liver and bone 64 2.52(1.12-5.64) 0.025 46 2.27 (1.04-4.99) 0.041
Excluding patients Sample size HR (95%Cl) P Sample size HR (95%Cl) P
with lung metastasis alone
Study population 377 279
Metastasis type
Liver 57 Ref 40 Ref
Bone 265 1.64 (0.73-3.66) 0.232 202 1.77 (0.83-3.78) 0.137
Liver and bone 55 2.27 (0.96-5.40) 0.063 37 256 (1.11-5.87) 0.027

When excluding patients with brain metastasis alone, age, sex, race, tumor site, tumor size, grade, surgery for the primary site, surgery for other regional or distant

sites, chemotherapy, radiation, and lung metastasis were adjusted for

When excluding patients with lung metastasis alone, age, sex, race, tumor site, tumor size, grade, surgery for the primary site, surgery for other regional or distant

sites, chemotherapy, radiation, and brain metastasis were adjusted for
CSS cancer-specific survival, Ref reference, HR hazard ratio, C/ confidence interval

tumor size, tumor site, grade, brain metastasis, lung
metastasis, and liver metastasis (HR=0.24, 95%CI:
0.07-0.75, P=0.014). Among patients with liver metasta-
sis, after controlling for age, sex, race, tumor size, tumor
site, grade, brain metastasis, lung metastasis, and bone
metastasis, receiving radiation was associated with signif-
icantly worse 3-year CSS (HR=2.00, 95%CI: 1.05-3.81,
P=0.035). No significant association was found between

surgery for the primary site and surgery for other regional
or distant sites and CSS in patients with bone metastasis
or liver metastasis (all P>0.05) (Table 5).

Discussion

To the best of our knowledge, this study was the first
to evaluate differences in clinical characteristics and
prognoses among neuroblastoma patients with bone

Table 5 Association between treatments and CSS in neuroblastoma patients with bone or liver metastasis

Variables Bone metastasis

Liver metastasis

3-year CSS (n=363)

5-year CSS (n=276)

3-year CSS (n=136) 5-year CSS (n=97)

HR (95%Cl) P HR (95%Cl) P HR (95%Cl) P HR (95%Cl) P

Surgery for the primary site

No Ref Ref Ref Ref

Yes 0.89(0.57-1.39) 0613 0.97 (0.63-1.50) 0.893 1.23 (0.64-2.38) 0.537 1.10(0.58-2.11) 0.770
Surgery for other regional or distant sites

No Ref Ref Ref Ref

Yes 148 (0.97-2.27) 0.070 143 (0.96-2.13) 0.080 1.36 (0.68-2.75) 0.388 146 (0.74-2.87) 0277
Chemotherapy

No/unknown Ref Ref Ref Ref

Yes 0.24 (0.07-0.75) 0.014 0.37(0.12-1.16) 0.089 0.99 (0.24-4.13) 0.993 1.65 (0.40-6.86) 0489
Radiation

No/unknown Ref Ref Ref Ref

Yes 0.76 (0.52-1.11) 0.155 0.80 (0.57-1.13) 0213 2.00 (1.05-3.81) 0.035 1.72(0.91-3.24) 0.095

For bone metastasis: age, sex, race, tumor size, tumor site, grade, brain metastasis, lung metastasis, and liver metastasis were adjusted for;

For liver metastasis: age, sex, race, tumor size, tumor site, grade, brain metastasis, lung metastasis, and bone metastasis were adjusted for

CSS, cancer-specific survival, Ref reference, HR hazard ratio, C/ confidence interval
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metastasis alone, liver metastasis alone, and both bone
and liver metastasis, and the influences of different thera-
peutic methods on survival. The results demonstrated
significant differences in age, tumor size, surgery for the
primary site, chemotherapy, radiation, brain metasta-
sis, lung metastasis, and vital status between patients
with liver metastasis alone, bone metastasis alone, and
both liver and bone metastasis. In contrast to patients
with liver metastasis alone, patients with bone metasta-
sis alone or both had significantly poorer 3- and 5-year
CSS. Besides, for patients with bone metastasis, those
receiving chemotherapy had significantly better 3-year
CSS than those without chemotherapy. For patients with
liver metastasis, receiving radiation was associated with
significantly worse 3-year CSS. These findings may assist
in understanding the disease features (including survival)
of metastatic neuroblastoma and the role of treatments
in patients with metastasis, which might further facilitate
timely interventions to get favorable prognoses.

He et al. [11] investigated the clinical characteristics,
survival and prognostic factors of neuroblastoma patients
with bone metastasis. Another study by Liu et al. [10]
explored the metastasis pattern of neuroblastoma, overall
survival and CSS of neuroblastoma patients with differ-
ent metastatic sites, and risk factors for metastasis. The
current study focused on neuroblastoma patients with
bone or liver metastasis, since bone and liver metastasis
accounted for relatively high proportions, and assessed
clinical features, 3- and 5-year CSS, and therapeutic
approaches among patients with bone and liver metas-
tasis. Patients with bone metastasis alone and both liver
and bone metastasis tended to be older than>3 years,
have a tumor size of >5 cm, receive surgery for the pri-
mary site, chemotherapy, and radiation, and have brain
metastasis, compared with those with liver metastasis
alone. Clinicians could pay attention to these charac-
teristics, and provide early counseling and management
measures for people at risk of metastasizing to differ-
ent sites. It was demonstrated that age over 1 year and
tumors of 5-10 cm were correlated with an increased
risk of bone metastasis [10]. A previous study proposed
that age, tumor biology and survival were associated with
the metastasis pattern of neuroblastoma. The biological
characteristics of the tumor change with age, leading to
differences in the metastasis ability or tumor affinity with
specific sites [16]. Monte et al. [17] also revealed that
chemotherapy and/or radiotherapy changed the metas-
tasis pattern of neuroblastic tumors. A previous study
reported that neuroblastoma patients with bone metas-
tasis had a CSS of 64.1% [18]. We found more informa-
tion on CSS of patients with different metastatic sites:
the 3-year CSS rate of patients with liver metastasis
alone, bone metastasis alone, and both liver and bone
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metastasis was 83.87%, 71.97%, and 62.16%, separately;
the 5-year CSS rate of patients with liver metastasis
alone, bone metastasis alone, and both liver and bone
metastasis was 75.00%, 55.16%, and 45.28%, respectively.
Evidence from larger sample sizes is necessitated for CSS
rate corroboration. Further, compared with liver metasta-
sis alone, bone metastasis alone or both were associated
with significantly worse 3- and 5-year CSS, and patients
with bone metastasis (combined with liver metastasis or
not) exhibited poorer CSS, according to this study. A pos-
sible explanation for the better 3- and 5-year CSS in the
liver metastasis group is the presence of more 4S stage
neuroblastoma in the liver metastasis group. In patients
without brain metastasis, the association between bone
or liver metastasis and 3- and 5-year CSS was consistent
with the above, while for patients without lung metasta-
sis, merely both liver and bone metastasis was associated
with significantly worse 5-year CSS than liver metasta-
sis alone. This may be attributed to the relatively small
sample size for our analysis. Future large-scale investiga-
tions should be conducted to validate these findings. Liu
et al. [10] illustrated similar CSS in the bone metastasis
alone group, liver metastasis alone group, and the both
bone and liver metastasis group, but covariables were not
taken into consideration in their research. We have con-
trolled for potential confounding factors in this analysis
to minimize their effect.

As regards the role of different treatments in sur-
vival of neuroblastoma patients, this study showed that
for patients with bone metastasis, those with chemo-
therapy had better 3-year CSS than those without, and
for patients with liver metastasis, receiving radiation
was associated with worse 3-year CSS, suggesting that
chemotherapy may confer survival benefit in neuroblas-
toma patients with bone metastasis. Induction chemo-
therapy (IC) can shrink the tumor, and lower the risk of
further metastasis in neuroblastoma [18, 19]. Increased
dose intensity in chemotherapy was related to greater
response and survival of neuroblastoma patients [20].
More research is required to verify the protective effect
of chemotherapy on survival in metastatic neuroblas-
toma. Concerning the unfavorable impact of radiother-
apy in patients with liver metastasis, radiation treatment
may bring late side effects for individuals with neuroblas-
toma, such as hypothyroidism, lung and heart abnor-
malities, musculoskeletal abnormalities, and growth and
developmental failure [21, 22]. Another possible expla-
nation is that radiation can elevate the risk of second-
ary neoplasms, because vesicles secreted from irradiated
neuroblastoma cells promote proliferation and invasion
related to the epithelial-to-mesenchymal transition in
non-irradiated cells [23], which may be associated with
worse survival in 3 years. Besides, complications after
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radiotherapy included hypertension, veno-occlusive dis-
ease, nerve lesion, and bowel obstructions [21]. Patients
with neuroblastoma undergoing radiation may be at a
higher risk of vascular injury from the tumor and surgery,
since they were chosen to receive radiotherapy for the
more invasive, surgically challenging tumors [24], posing
a threat to survival. A prior review showed that palliative
radiation contributed to high response rates and symp-
tomatic relief, whereas survival is unsatisfactory in meta-
static neuroblastoma [25]. Notably, the sample size used
to analyze the role of radiotherapy in patients with liver
metastasis is relatively small in this study. At present,
the relationship between radiotherapy and CSS among
neuroblastoma patients with bone or liver metastasis is
under-researched, which necessitates large-scale studies
in the future. As to surgery for neuroblastoma, it remains
an important component in treating high-risk neuroblas-
toma and controlling the localized tumor [14]. Kubota
[26] put forward that the influence of surgery varies by
different clinical situations, and the benefits of surgery to
survival in high-risk neuroblastoma may be limited. Neu-
roblastoma with macroscopic residual tumor died within
18 months after surgery due to systemic metastasis [27],
and surgical eradication may be crucial [28]. We found no
significant association between surgery for the primary
site and surgery for other regional or distant sites and
CSS in neuroblastoma patients with bone metastasis or
liver metastasis. A small sample size may be an explana-
tion. For another, survival advantages brought by surgery
may be offset by adverse effects from a great incidence of
surgical complications and the level of resection.

Using this nationally representative data, differences
in clinical features and CSS and impacts of treatments
on CSS among neuroblastoma patients with bone or
liver metastasis were exhibited. Close attention should
be paid to patients with bone metastasis, and early inter-
ventions should be taken when necessary. Adjustment of
therapeutic methods such as radiotherapy may improve
outcomes in neuroblastoma patients with bone or liver
metastasis. Some limitations should be noted. First, this
study had a retrospective study, which may introduce
selection bias. Second, the treatment protocol of NB
mainly included chemotherapy, radiotherapy, and sur-
gery, and more detailed treatments were not available
from the SEER database. Besides, since the SEER data-
base did not provide all the information required for
neuroblastoma risk stratification by Children’s Oncol-
ogy Group (COG) and SIOP, such as International Neu-
roblastoma Staging System (INSS) stage, MYCN status
and DNA ploidy, the risk of patients with neuroblastoma
could not be determined in this study. Third, information
on different metastatic sites was collected only after 2010
in the SEER, and the data used in this study came from
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the SEER 2010-2019, which may result in insufficient
follow-up time. Ultimately, the findings of this study may
not be generalizable to populations in other countries.

Conclusion

Compared with liver metastasis alone, bone metastasis
alone or both was associated with poorer 3- and 5-year
CSS. For patients with bone metastasis, those with chem-
otherapy had better 3-year CSS than those without. For
patients with liver metastasis, receiving radiation was
associated with worse 3-year CSS. More studies are war-
ranted to support these findings.
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