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Background: A primary central nervous system (CNS) tumor is the most common solid tumor among
children, but few systematic and comprehensive studies on childhood CNS tumors in China. We aim to
review the characteristics, treatments, and prognosis of childhood CNS tumors in a single-center and
disclose the present issues on these tumors.

Methods: The cross-sectional retrospective study analyzed patients with primary CNS tumors who were
under 18 years old at Zhujiang Hospital, Southern Medical University (Guangzhou, China), from 2015
to 2020. Demographics, tumor types, localizations, histological characteristics, treatment strategies, and
outcomes were assessed. Data were performed in descriptive statistics (means, ranges and 95% confidence
intervals), and survival analysis was estimated based on the Kaplan-Meier method using SPSS Statistics 21.0
(IBM Corp., Armonk, NY, USA).

Results: There were 445 patients screened and 431 patients enrolled in this study. The median age was
7 years old (ranging from 14 days to 18 years old), and the male to female ratio was 1.71 (272:159). The
locations of CNS tumors consisted of supratentorial (n=261, 60.56%), infratentorial (n=143, 33.18%),
and spinal cord (n=27, 6.26%). The major types of CNS tumors were glioma (n=102), medulloblastoma
(n=57), hemangioma (n=34), ependymoma (n=30), nongerminomatous germ cell tumors (n=27), germinoma
(n=24), and craniopharyngioma (n=14). The rate of surgery was 83.99% (n=362) and that of radiotherapy/
chemotherapy alone was 4.64% (n=20). Seventy-five patients (17.40%) discontinued or refused parts of their
treatment, and 49 patients (11.37%) abandoned treatments on tumor. There were 308 patients (71.46%)
alive, 82 (19.03%) dead, and 41 patients (9.51%) who were not available for follow-up by the end of the
study. The 5-year survival rate of low-grade glioma (LGG), medulloblastoma, other embryonal tumors,
ependymoma (World Health Organization grade III), germinoma, nongerminomatous germ cell tumors
was 82.7%, 56.5%, 58.4%, 73.8%, 100.0%, and 53.8%, respectively. The 3-year survival rate of high-
grade glioma (HGG) and ependymoma (World Health Organization grade I-II) was 22.0% and 82.1%,
respectively.

Conclusions: The study partly reflected the current situation of Chinese children with CNS tumors from
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a tertiary hospital. The high proportion of treatment refusal and abandonment, and the poor outcomes of

patients with CNS tumors, show that it need more effort to improve the prognosis in the future.
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Introduction

Central nervous system (CNS) tumors refer to a group
of benign and malignant diseases originating from tissues
or structures in the central nervous system. The primary
CNS malignant tumor is the second most common
malignant tumor and the most common solid tumor among
children (1). There were 330,000 cases of CNS tumors
and 227,000 related deaths worldwide between 1990
and 2016, with the highest incidence in the regions East
Asia, Western Europe, and South Asia, and the countries
China, the United States, and India. The incidence of
CNS tumors peaked in early childhood (<5 years old)
and increased after the age of 15 years old (2). China is a
developing country with the largest population globally and
many pediatric patients with neurological neoplasms (3).
Glioma was the most common CNS tumor in high-income
countries, followed by embryonal tumors (4). In low-
and middle-income countries, a study carried out by the
largest children’s cancer hospital in the Middle East found
that the most common histological types of CNS tumors
were astrocytoma, embryonal tumors, ependymoma, and
craniopharyngioma (5). In China, research on children
under two or three years old found that astrocytoma was
the most common tumor type, followed by ependymoma
or medulloblastoma (MB) (6,7). These studies partially
demonstrated the incidence, histological types, and
distributions of childhood CNS tumors in China, but did
not contain a systematic and detailed report on these.

The prognosis of childhood CNS tumors has not
improved significantly in Europe and the United States in
the past 10 years, and the 5-year survival rate has remained
at between 56.7% and 58.2% in Europe (8), 63% in the
United States (9), 59% in South Korea (10), and about
60% in Japan (11). Furthermore, the 5-year survival rate
was low in areas with less developed economic and medical
conditions, such as 46.4% in South Africa and 27.0% in
India (12,13). Compared to low-grade glioma (LGG),
high-grade glioma (HGG), primitive neuroectodermal
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tumor (PNET), and MB had an increased risk of mortality.
Brainstem and cerebrum tumors also had a greater risk
of mortality than tumors in lobes (14). Although the
survival rates of malignant childhood CNS tumors have
improved with advances in surgical and adjuvant therapies,
unfortunately, the prognoses for patients with tumors such
as diffuse intrinsic pontine glioma (DIPG) and tumors with
metastasis at diagnosis remain poor, significantly affecting
the qualities of patients’ life and leading to the higher
mortality rates (15).

Compared with other kinds of cancers in children, the
rate of abandoning treatments in patients with CNS tumors
is higher because of complexity of the disease, increased
medical costs, and long-term treatment procedure (16).
Multidisciplinary management is significant for children
with CNS tumors during standard treatment and improving
their prognosis (17), which may reduce the gap in the
clinical management of CNS tumors in middle-income
countries (18).

Since 2013, basic health medical insurance has achieved
nearly universal coverage of the population in China (19).
Like basic health insurance, critical illness insurance is
an institutional arrangement to reimburse high medical
expenses associated with a critical illness (20). The
abandonment rate of treatment for leukemia has dropped
from 50% to 10% due to the significant improvement of
social health insurance schemes in China (21). However,
the CNS tumors treatment abandonment rate is still high
because of the increased economic burden, and ways
to improve the medical insurance system to reduce the
abandonment rate remain unclear (22).

Currently, there is also a lack of detailed information
about the types and treatment outcomes of CNS tumors
in children. In this paper, we review the characteristics,
diagnosis, treatments and outcomes of childhood CNS
tumors, especially for several typical tumors and provide
databases for future research about childhood CNS tumors
in China. We present the following article in accordance
with the STROBE reporting checklist (available at https://
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Methods
Patients and classification

Data on patients under 18 years old with CNS tumors were
collected from January 1, 2015, to December 30, 2020, at
Zhujiang Hospital, Southern Medical University in China.
The last follow-up time was March 29, 2021. The search
diagnostic code for this study followed the International
Classification of Childhood Cancer-3 (ICCC-3)
based on the International Classification of Diseases for
Oncology (ICD) codes published in 2005 (23). Some rare
tumors, such as atypical teratoid/rhabdoid tumor (AT/
RT) and PNET, which are similar to MB, were classified
as other embryonal tumors. The inclusion criteria is that
patients who received treatments related to CNS tumors
like surgery, chemotherapy, radiotherapy and others in
Zhujiang Hospital, and the exclusion criteria consists of
only a diagnostic imaging without treatments or receiving
treatments unrelated to CNS tumors, such as pneumonia,
traumatic injury, and so on. Some patients diagnosed with
MB or glioma performed molecular profiling by mutational
and chromosomal copy-number variant analysis (n=6),
NanoString (n=8), and clinical whole-exome sequencing
(n=20) (24,25). The current consensus agrees upon four
distinct molecular subgroups in MB, including wingless-
activated (WN'T), sonic-hedgehog-activated (SHH), and
Group 3 and Group 4 (26).

Gender, age, primary tumor location, histology,
treatment, and survival data were collected for each
patient. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and approved by
the Institutional Review Board (IRB) of Zhujiang Hospital,
Southern Medical University (ID: 2021-KY-069-01).
According to applicable laws and regulations, a waiver of
informed consent was approved by the IRB of Zhujiang
Hospital.

The diagnosis of CNS tumors was based on pathologies,
imaging features, and serum/cerebrospinal fluid (CSF)
tumor markers like Alpha-fetoprotein (AFP) and B-human
chorionic gonadotropin (B-hCG). The diagnostic criteria
of tumor markers for germinoma (GCT) (B-hCG
3-50 mIU/mL and/or AFP 0-25 pg/L) and nongerminomatous
germ cell tumors (NGGCT) (B-hCG =50 mIU/mL and/
or AFP >25 pg/L) was applied when in the absence of a
pathology examination or CSF cytology (27).
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Treatment

The standard clinical treatments for MB, ependymoma (World
Health Organization (WHO) grade III), and HGG are surgery,
radiotherapy, and chemotherapy for patients over three
years old and the same but without radiotherapy for patients
under three years old. The primary treatments for LGG and
other WHO grade I-II tumors are a complete resection, and
radiotherapy and/or chemotherapy can be applied for patients
with unresectable or residual masses. The chemotherapy
protocol for MB is CCCG-MB-2017 (28). The chemotherapy
agents for LGG are carboplatin and vincristine (29), which
combine vemurafenib for patients with the BRAF-V600E
mutation (30). The treatment agents for HGG contain
temozolomide, semustine, vincristine, carboplatin/cisplatin,
etoposide, and bevacizumab for patients with progression or
recurrence (31,32). The treatment agents for ependymoma
contain vincristine, cyclophosphamide, carboplatin,
etoposide, and methotrexate (33,34).

The standard treatments for GCT and NGGCT are
chemotherapy and radiotherapy (for patients >3 years old).
However, patients with residual tumors after chemotherapy
and/or radiotherapy or with an uncertain diagnosis need to
receive surgery or a biopsy. The chemotherapy regimens for
GCT and NGGCT contain cyclophosphamide, ifosfamide,
etoposide, cisplatin, and carboplatin (35).

Our multidisciplinary team (MDT) formed by pediatric
neurosurgeons in 2019 consisted of radiotherapists,
diagnostic radiologists, pathologists, and pediatric
oncologists. The MDT discussed cases in detail on a weekly
basis to agree on the best treatment protocol for each
patient.

Critical illness insurance in Guangdong Province
reimbursed patients for up to 60% medical costs, such
as surgery, magnetic resonance imaging, chemotherapy,
radiotherapy and others. However, patients and their
families had to pay for some additional items like molecular
profiling analysis out of their pocket.

Statistical methods

"This study is a cross-sectional retrospective analysis, and the
date of diagnosis was the time of resection/biopsy, imaging,
and the tumor marker tests for any patients without
a histological diagnosis. Descriptive statistics [means,
ranges, and confidence intervals (CI) of 95%] were used to
summarize the data. Overall survival (OS) was calculated
as the time from diagnosis to either death of any cause or
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Figure 1 Study flow of patients.

the last follow-up. The probabilities of OS were calculated
using the Kaplan-Meier estimator. Statistical analysis was
performed with the SPSS Statistics 21.0 (IBM Corp.,
Armonk, NY, USA).

Results

The center received 445 pediatric patients with CNS
tumors in the past six years. Up to 90% of patients were
referred to our hospital from secondary hospitals without
the ability to perform neurosurgery. There were 14 patients
excluded in this study, including 7 patients diagnosed
with imaging alone and transferred to other hospitals and
7 patients with treatments unrelated to tumors. Four hundred
and thirty one patients were enrolled, including 22 patients
who received surgery in our hospital and went to other
hospitals for radiotherapy and/or chemotherapy (Figure I).

© Pediatric Medicine. All rights reserved.

The newly diagnosed cases of CNS tumors in 2015, 2016,
2017, 2018, 2019, and 2020 were 61, 63, 56, 63, 96, and 92,
respectively. The median age was 7 years old (ranging from
14 days to 18 years old), and the male to female ratio was 1.71
(272:159) (Figure 2). The locations of CNS tumor consisted
of supratentorial (n=261, 60.56%), infratentorial (n=143,
33.18%), and the spinal cord (n=27, 6.26%) (Figure 3). The
tumor types were various, including glioma (n=102, 26.70%),
MB (n=57, 14.92%), NGGCT (n=27, 7.07%), GCT
(n=24, 6.28%), hemangioma (n=34, 8.90%), ependymoma
(n=30, 7.85%), and craniopharyngioma (n=14, 3.66%), etc.
(Figure 4). The data of 6 cases were presented in the MDT
meeting in 2019, and 65 cases in 2020.

There were 362 patients (83.99%) who had a surgical
resection or biopsy, and 20 patients (4.64%) who
underwent radiotherapy or chemotherapy alone. The rest
of the patients (n=49) refused or abandoned treatment,
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Figure 2 Distribution of sex and age in childhood central nervous system tumors.
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Figure 3 Location of childhood central nervous system tumors. NGGCTs, nongerminomatous germ cell tumors.

and they only received an examination (n=30, 6.96%)
and conservative treatments (n=19, 4.41%) such as
ventriculoperitoneal shunts or Ommaya reservoir insertion
to relieve intracranial pressure or hydrocephalus, and anti-
epileptic or anti-inflammatory treatments. There were
308 patients (71.46%) who survived, 82 (19.03%) who
died, and 41 (19.51%) who were not available for the
follow-up because they refused to answer the telephone
or the telephone number provided in this study no longer
functioned (Figure I).
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Glioma

LGG (n=79) was the most common glioma in this study.
The median age of patients with LGG was 7 years old
(ranging from 3 months to 18 years old), and the male-
to-female ratio was 1.26 (44:35) (Table 1). Seven patients
had performed clinical whole-exome sequencing (WES)
analysis, 2 had the PIK3CA mutation, 2 had the BRAFp.
V600E mutation, and 3 had BARF-KIAA1549 fusion.
Sixty-six patients underwent a complete resection,
2 patients underwent a biopsy, and 11 patients had a subtotal
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Figure 4 Types of childhood central nervous system tumors. Diffuse astrocytic and oligodendroglial tumors: astrocytomas (n=91);

oligodendrogliomas (n=11). Mesenchymal, non-meningothelial tumors (haemangioma excluded): haemangioblastoma (n=3); chondrosarcoma/

osteoblastoma/osteoma (n=4); lipoma (n=13); haemangiopericytoma/solitary fibrous tumor (n=1); chordomas (n=2). Other embryonal

tumors: atypical teratoid/rhabdoid tumor (n=3), neuroblastoma (n=1); ependymoblastoma (n=2); medulloepithelioma (n=1); Ewing sarcoma

(n=7); pineoblastoma (n=1). NGGCTs (n=27); neuronal and mixed neuronal-glial tumors: mixed neuronal-glial tumors (n=2); ganglioglioma

(n=6); central neurocytoma (n=3); desmoplastic infantile astrocytoma and ganglioglioma (n=1); gangliocytoma (n=2); dysembryoplastic

neuroepithelial tumor (n=5); diffuse leptomeningeal glioneuronal tumor (n=1). Tumors of the cranial and paraspinal nerves: neurofibroma

(n=2); hybrid nerve sheath tumors (n=5). Histiocytic tumors: langerhans cell histiocytosis (n=9). Tumors of the pineal region: pituicytoma (n=5).

Metastatic tumors: myeloid sarcoma (n=1); neuroblastoma (n=1). NGGCT5, nongerminomatous germ cell tumors.

resection, including 4 patients who had radiotherapy and/
or chemotherapy. Eight patients discontinued treatments,
including 6 underwent a subtotal resection. The median
follow-up period for LGG was 27.61 months, and OS was
64.74 months, with a 5-year OS rate of 82.7% (Figure 5).
There were 6 cases of optic pathway glioma, including
1 patient with neurofibromatosis 1 (NF1) who was treated
with a subtotal resection and chemotherapy. Among the 2
cases with the BRAFp.V600E mutation, one patient was
treated with vemurafenib combined with chemotherapy
and the other was treated with vemurafenib alone after
chemotherapy; however, the tumor size of both patients had
shrunk, but the impaired vision could not be restored.
There were 23 patients with HGG, and the median age
was 11 years old (ranging from 4 months to 18 years old),
with the male to female ratio of 1.56 (14:9). Two cases had
tumor molecular profiling analysis, 1 case had the H3F3A
p- K28M mutation. The other case had the IDHI mutation
(p- R132H c. 395G > A) and MSH6 germline mutation
without a family history. Of 23 patients who underwent

© Pediatric Medicine. All rights reserved.

surgery, 5 patients received chemoradiotherapy, and
1 patient under 3 years old received chemotherapy. A total
of 16 patients discontinued treatments during the course of
the study, because they died post-surgery before initiation
of chemoradiotherapy (n=2), they were in a coma and
vegetative state after surgery (n=2), they had hydrocephalus
(n=1), they continued treatment with traditional Chinese
Medicine (n=1), or because of personal or financial reasons
(n=10). The median follow-up period and OS of HGG was
9.83 months and 19.17 months, respectively, with a 3-year
OS rate of 22.0%.

There were 24 brain stem tumor patients, with the
median age of 8 years old (ranging from 3 to 13 years
old), and the male-female ratio was 1.18 (13:11) (Table 2).
Of 10 patients with DIPG, 5 were pathological diagnoses
(3 LGG patients and 2 HGG patients), and 5 were
identified by diagnostic imaging. There were 5 patients who
underwent a surgical biopsy, but only 1 patient received
chemoradiotherapy. None of the patients underwent
molecular profiling analysis. The median follow-up period

Pediatr Med 2022;5:22 | https://dx.doi.org/10.21037/pm-21-67
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Table 1 Demographics and clinical management of patients with different types of central nervous system tumors
Discontinued/ Median follow-
A Mos.
Tumor types Total ge (years), Sex  Surgery, RT,n (%) CT, n (%) refused Recurrence up period (Mos.) OS (Mos,)
mean (range) (M/F) n (%) (95% ClI)
treatment, n (%) (95% Cl)
MB 57 71[1,17] 2.0 57(100.0) 31(54.4) 35(61.4) 21 (36.8) 17 (29.8) 19.98 46.93
(15.73, 24.89) (37.32, 56.55)
Other embryonal 15 5@Mos, 14) 1.1 15(100.0) 3(20.0) 5(33.3) 9 (60.0) 5(33.3) 21.80 48.36
tumors® (13.40, 32.19) (30.91, 65.80)
Ependymoma 13 411,18] 0.86 13(100.0) 1(7.7) 2 (15.4) 0(0.0) 1(7.69) 19.46 47.15
(WHO grade I-I) (11.00, 29.29) (35.97, 58.34)
Ependymoma 17 5(BMos,17) 3.25 17(100.0) 6(35.3) 7 (41.2) 8 (47.06) 6 (35.3) 33.35 58.19
(WHO grade Ill) (22.86, 44.66) (46.50, 69.88)
LGG 79 7(@Mos,18) 1.26 79(100.00 9(11.4) 13(16.5) 8(10.12) 7 (8.9 27.61 64.74
(22.96, 32.21) (59.06, 70.42)
HGG 23 11(4Mos, 18) 1.56 23(100.0) 6(26.1) 9(39.1) 16 (69.57) 9 (39.1) 9.83 19.17
(5.26, 15.51)  (9.58, 28.75)
GCT 24 111[2,18] 243 14(58.3) 19(79.2) 21(87.5) 6 (20.8) 14.2) 25.92 -
(17.50, 35.50)
NGGCTs 27 9 (14 days, 16) 2.38 20(74.1) 13(48.1) 21 (77.8) 7 (25.93) 7 (25.9) 25.85 52.11
(19.93, 31.63) (43.39, 60.82)

¢, medulloepithelioma (n=1); atypical teratoid/rhabdoid tumor (AT/RT) (n=3); CNS neuroblastoma (n=1); ependymoblastoma (n=2); ewing sarcoma/
PNET (n=7); pineoblastoma (n=1). M/F, the ratio of male and female; RT, radiotherapy; CT, chemotherapy; Mos, months; Cl, coincidence interval;
OS, overall survival; MB, medulloblastoma; LGG, low-grade glioma; HGG, high-grade glioma; GCT, germinoma; NGGCTs, nongerminomatous germ

cell tumors.
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Figure 5 Overall survival of childhood central nervous system
tumors. WHO, World Health Organization; NGGCTs,

nongerminomatous germ cell tumors.

was half a month, and OS was 4.32 months with a 3-year
OS rate of 27.3%.

© Pediatric Medicine. All rights reserved.

Embryonal tumors

Embryonal tumors were the second most common CNS
tumors, and MB (14.92%) was the major type of embryonal
tumors. The median age was 7 years old (ranging from 1 to
17 years old), and the ratio of male to female was 2.0 (48:24).
The histologic subtypes of MB were mainly classic (n=31)
and Desmoplastic/nodular (n=26). Molecular classification
of MBs had been performed in 25 patients, including
1 patient belonging to WNTT, 6 to SHH, 4 to Group 3, and
14 to Group 4. The reasons for discontinued treatments in
21 patients were postoperative infection (n=6), hydrocephalus
(n=4), cerebellar mutism (n=2), tumor progression
(n=2), brain herniation (n=1), continuing treatment with
traditional Chinese medicine (n=1), and personal and
economiic reasons (n=5). The median follow-up period was
19.98 months, and OS was 46.93 months, with an OS rate
of 56.5%. The other embryonal tumors were AT/RT (n=3),
central neuroblastoma (n=1), ependymoblastoma (n=2),
medulloepithelioma (n=1), PNET (n=7), and pineoblastoma
(n=1). Nine patients discontinued treatments because they
died after postoperative complications (n=3), they had

Pediatr Med 2022;5:22 | https://dx.doi.org/10.21037/pm-21-67
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Table 2 Characteristics of brain stem gliomas

Non DIPG, n (%) DIPG, n (%)

Clinical characteristics

Total 14 10
Age, years [range] 83, 13] 85, 10]
Sex

Male 10 (71.40) 3 (30.00)

Female 4 (28.60) 7 (70.00)
Histologic

LGG 3(21.43) 3 (30.00)

HGG 1(7.14) 2 (20.00)

Hemangioma 4 (28.57) 0 (0.00)

Unknown 6 (42.85) 5 (50.00)
Treatment

Surgery alone 8 (57.14) 4 (40.00)

ST+RT+CT 0 (0.00) 1(10.00)

Untreated 6 (42.86) 5 (50.00)
Median follow-up period (Mos) 4.00 0.50
(95% Cl) (0.00, 20.00)  (0.00, 10.00)
OS (Mos) 47.10 4.32

(24.50,69.69) (1.32,7.32)

Cl, coincidence interval; Mos, months; DIPG, diffuse intrinsic
pontine glioma; LGG, low-grade glioma; HGG, high-grade
glioma; ST, surgery; RT, radiotherapy; CT, chemotherapy; OS,
overall survival.

an infection (n=1), they had hydrocephalus after surgery
(n=1), they continued treatments with traditional Chinese
medicine (n=1), and for personal or financial reasons (n=3).
The median follow-up period was 21.80 months, and OS
was 48.36 months, with an OS rate of 58.4%.

Ependymoma

There were 13 patients with WHO grade I/II ependymoma,
and the median age was 4 years old (ranging from 1 to
18 years old), with the male-to-female ratio of 0.86 (6:7). All
patients received surgery, and 1 patient had a recurrence.
The mean follow-up period was 19.46 months, and OS was
58.19 months, with a 3-year OS rate of 82.1%.

Seventeen patients had ependymoma (WHO grade
III), and the mean age was 5 years old (ranging from
5 months to 17 years old), with the male to female ratio of
3.25 (13:4). The causes of refused treatments in 8 patients
were postoperative infection (n=2), secondary epilepsy
(n=2), central paralysis (n=1), tumor progression (n=1), and
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economic and personal reasons (n=2). The mean follow-up
time was 33.35 months, and OS was 58.19 months, with a
5-year OS rate of 73.8%.

Germ cell tumors

In 24 GCT patients, the median age of patients with GCT
was 11 years old (ranging from 2 to 18 years old), with
the male-to-female ratio of 2.43 (17:7). Ten patients were
diagnosed with specific imaging features combined with
negative tumor markers such as AFP and B-hCG, while
14 were pathological diagnoses. A total of 17 patients
received chemoradiotherapy, and 1 patient under 3 years
old was treated with chemotherapy. Treatment refusal in
6 patients was due to post-chemotherapy remission (n=1),
chemotherapy complications (n=1), and personal and
economic reasons (n=4). The mean follow-up period was
25.92 months and the 5-year OS rate was100%.

The median age of NGGCT was 9 years old (ranging
from 14 days to 16 years old), and the male-to-female
ratio was 2.38 (19:8). Among the 27 patients, 20 patients
were confirmed by the pathological diagnoses, and 7 were
diagnosed with elevated levels of tumor markers like AFP
or B-hCG. AFP levels varied from 1.80 to 122,580.00 pg/L
(median of 176.15 pg/L) in serum and from 0.90 to
1,605.00 pg/L (median of 22.60 pg/L) in CSF. p-hCG
levels ranged from 0.20 to 3,833.00 mIU/mL (median
of 6.67 mIU/mL) in serum and 0.63 to 527.79 mIU/mL
(median of 68.34 mIU/mL) in CSE. There were 5 patients
with high AFP serum levels up to 1,000 pg/L, of whom
1 patient developed tumor recurrence and 1 patient died
from tumor progression. Seven patients discontinued
treatments because they were in a coma after surgery (n=1),
tumor progression under chemotherapy (n=1), and for
personal and economic reasons (n=4). The mean follow-up
period was 25.85 months, and OS was 52.11 months, with a
S-year survival rate of 53.8%.

Abandonment

In the initial consultation, 49 patients gave up treatments,
even though the health insurance coverage rate was up to
91.83%. The median age was 6 years old (ranging from
4 months to 18 years old), and the male-to-female ratio
was 2.5 (35:14). The main distributions of tumor locations
were supratentorial (44.89%), infratentorial (24.89%),
brain stem (28.57%), and spinal cord (2.04%). The
19 patients underwent conservative treatments, of whom
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11 patients had received ventriculoperitoneal shunts (n=9)
and Ommaya reservoir (n=2) to relieve intracranial pressure.
Patients abandoned treatments because they had incorrect
information about the disease, continued treatments with
traditional Chinese medicine, or for family economic
reasons and transportation issues.

Discussion

There are few publications about the incidence, treatments,
outcomes, and follow-up in childhood CNS tumors in
China (36). Tumors incidence, treatment strategies, and
prognoses are various in races and regions (37). Patients
with tumor dissemination, metastasis, and brain stem
tumors abandoned treatments at the time of diagnosis in
secondary medical facilities, and most of them did not
transfer to tertiary hospitals for better treatments. This
may be one of the reasons why the typical age onset and
CNS tumors incidence in our center were slightly different
from that of international reports, but the common types
of CNS tumors are similar to previous reports like glioma,
MB, and ependymoma (38,39). The incidence of NGGCT
and pure germ cell tumors in the Asian population was
higher than that in the European and American populations
from 1987 to 2011 (40,41). The conclusions from most of
these studies have shown a statistically significant increase
in incidence of childhood CNS in China annually and a
non-significant decrease in mortality (42). The National
Brain Tumor Registry of China (NBTRC) is a registry of
real-world clinical data on brain tumors that systematically
collects data on patients with brain tumors in China. It was
established in 2019 and has conducted database collection
from February 1, 2019, to provide reliable clinical brain
tumor data and perform specific nationwide multicenter
clinical research (43).

Molecular diagnostic techniques for CNS tumors have
been available in Beijing and Shanghai, and some consensus
on classification of tumor molecular subtypes like MB.
Some MB and glioma patients in our center have performed
molecular profiling, but the relationship between molecular
types and disease prognosis is unclear because of the limited
cases. Targeted therapies (NCT04832672, NCT02672241),
and immunological therapies (NCT04749641,
NCT03914768, NCT02992210) have been carried out in
some medical centers, which may promote the prognoses
of CNS tumors in China. At present, patients in our center
have not been enrolled in any clinical trials of molecular
targeted or immunological therapies.
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The prognoses (survival gap) of patients with pediatric
CNS tumors in low-and middle-income countries is
significantly worse than that in high-income countries (16),
and our study also supports this point. The number of CNS
tumors patients with tumors recurrences, progression,
death and abandonment of treatments is still high in China,
and treatment patterns can be a powerful prognostic factor
in improving the outcomes of childhood CNS tumors in
developing countries (44,45). In this study, nearly half of
the patients with MB were treated by surgery alone, which
was similar to previous studies in Shanghai (42). Previous
research has reported that arsenic trioxide is effective in
SHH-MB in preclinical studies, and patients in China may
benefit from arsenic trioxide treatment (46,47). Previous
studies found that high AFP level up to 1,000 ng/mL
in serum or CSF indicated a poor prognosis (48), and
2 patients with tumor recurrence in our study which may
correlate to short-time follow-up. The majority of HGG
patients underwent surgery, but very few patients received
surgery combined with chemoradiotherapy. At present,
because most families regard childhood CNS tumors
with lower survival rates and severe complications, they
usually decide to give up subsequent radiotherapy and/or
chemotherapy after surgery even though multidisciplinary
management has been implemented in China.

There was a high treatment abandonment rate in
CNS tumors because of the lack of financial support,
transportation difficulties, delayed diagnosis, and
neurological sequelae after surgery, among other factors.
The imbalanced economic development in different regions
of China also results in an uneven distribution of medical
resources and different treatment protocols, leading to
different final prognoses of patients with CNS tumors (22).
Receiving an early diagnosis, applying standardized
treatments, reducing the economic burden, helping
parents realize the importance of chemoradiotherapy, and
improving nursing quality will significantly contribute to
childhood CNS tumors in the future (49).

The data in this study displayed the present treatment
status and existing problems of the most common CNS
tumors in Chinese children. However, our data were based
on a single tertiary center in China and may not entirely
exhibit the profile of whole communities. The data also
could not reflect the relationship between treatments and
prognoses because of limited CNS tumors types and a short
follow-up time. The increasing incidence rate and low
3-year survival rate suggest that more efforts for prevention
and intervention shall be needed in China to improve
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outcomes of patients with CNS tumors (37,42,50).

Conclusions

The study showed the demographics, tumor locations,
diagnosis, treatments, and outcomes of CNS tumors in
children in China. It reflects the current issues of CNS
tumors in Chinese children, such as discontinuation
and abandonment of treatments, and provides future
improvement and efforts to promote the survival.

Acknowledgments

We would like to thank professor Qaddoumi for the
invitation and support, and Anthony Liu and Chenchen
Sun for their help and guidance. We would also like to
thank our research assistants, colleagues, and collaborators
who contributed to the ideas and studies of this paper. We
also express our sincere gratitude to the medical records
department for providing data and to all people who assisted
us in this study. We are also very grateful to patients and
their families for their cooperation in this study.

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the Guest Editors (Ibrahim Qaddoumi, Anthony Liu
and Chenchen Sun) for the series “Pediatric CNS Tumors

in China” published in Pediatric Medicine. The article has
undergone external peer review.

Reporting Checklist: The authors have completed the
STROBE reporting checklist. Available at https://
pm.amegroups.com/article/view/10.21037/pm-21-67/rc

Data Sharing Statement: Available at https://pm.amegroups.
com/article/view/10.21037/pm-21-67/dss

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://pm.amegroups.
com/article/view/10.21037/pm-21-67/coif). All authors
reported the collection of clinical data of patients from
Medical Records Department of Zhujiang Hospital
of Southern Medical University, the cooperation and
agreement for participation in this study from the patients
and families, the invitation and instruction on this paper
from Ibrahim Qaddoumi, and the help and guidance on this

© Pediatric Medicine. All rights reserved.

Pediatric Medicine, 2022

paper from Anthony Liu and Chenchen Sun. The series
“Pediatric CNS Tumors in China” was commissioned by
the editorial office without any funding or sponsorship. The
authors have no other conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by the
institutional ethics board of Zhujiang Hospital, Southern
Medical University, China (ID:2021-KY-069-01). A waiver
of informed consent was approved by the IRB of Zhujiang
Hospital according to applicable laws and regulations.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and
the original work is properly cited (including links to both
the formal publication through the relevant DOI and the
license). See: https://creativecommons.org/licenses/by-nc-

nd/4.0/.

References

1. Steliarova-Foucher E, Colombet M, Ries LAG, et al.
International incidence of childhood cancer, 2001-

10: a population-based registry study. Lancet Oncol
2017;18:719-31.

2. GBD 2016 Brain and Other CNS Cancer Collaborators.
Global, regional, and national burden of brain and other
CNS cancer, 1990-2016: a systematic analysis for the
Global Burden of Disease Study 2016. Lancet Neurol
2019;18:376-93.

3. LiuZ, Liao C, Zhang H, et al. Epidemiological
characteristics of central nervous system tumors in
children: a 5-year review of 3,180 cases from Beijing
Tiantan Hospital. Research Square 2021;10.21203/
1s.3.1r5-693878/v1.

4. Johnson KJ, Cullen J, Barnholtz-Sloan JS, et al. Childhood
brain tumor epidemiology: a brain tumor epidemiology
consortium review. Cancer Epidemiol Biomarkers Prev
2014523:2716-36.

5.  Ezzat S, Kamal M, El-Khateeb N, et al. Pediatric brain

Pediatr Med 2022;5:22 | https://dx.doi.org/10.21037/pm-21-67


https://pm.amegroups.com/article/view/10.21037/pm-21-67/rc
https://pm.amegroups.com/article/view/10.21037/pm-21-67/rc
https://pm.amegroups.com/article/view/10.21037/pm-21-67/dss
https://pm.amegroups.com/article/view/10.21037/pm-21-67/dss
https://pm.amegroups.com/article/view/10.21037/pm-21-67/coif
https://pm.amegroups.com/article/view/10.21037/pm-21-67/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

Pediatric Medicine, 2022

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

tumors in a low/middle income country: does it differ from
that in developed world? ] Neurooncol 2016;126:371-6.
YuJ, Shi WE, Zhao R, et al. Epidemiology of brain tumors
in children aged two and under: A 10-year single-institute
study. Oncol Lett 2015;9:1651-6.

Liu AP, Shing MM, Yuen HL, et al. Central nervous system
tumors in chinese children under the age of 3: a population
study. ] Pediatr Hematol Oncol 2015;37:94-103.

Gatta G, Botta L, Rossi S, et al. Childhood cancer survival
in Europe 1999-2007: results of EUROCARE-5--a
population-based study. Lancet Oncol 2014;15:35-47.
Smith MA, Altekruse SF, Adamson PC, et al. Declining
childhood and adolescent cancer mortality. Cancer
2014;120:2497-506.

Park HJ, Moon EK, Yoon JY, et al. Incidence and

Survival of Childhood Cancer in Korea. Cancer Res Treat
2016;48:869-82.

Armstrong GT, Chen Y, Yasui Y, et al. Reduction in Late
Mortality among 5-Year Survivors of Childhood Cancer.
N Engl ] Med 2016;374:833-42.

Stones DK, De Bruin GP, Esterhuizen TM, et al.
Childhood cancer survival rates in two South African units.
S Afr Med J 2014;104:501-4.

Arora RS, Eden TO, Kapoor G. Epidemiology of childhood
cancer in India. Indian J Cancer 2009;46:264-73.

Hossain MJ, Xiao W, Tayeb M, et al. Epidemiology and
prognostic factors of pediatric brain tumor survival in

the US: Evidence from four decades of population data.
Cancer Epidemiol 2021;72:101942.

Pollack IF, Agnihotri S, Broniscer A. Childhood brain
tumors: current management, biological insights, and
future directions. ] Neurosurg Pediatr 2019;23:261-73.
Seah T, Zhang C, Halbert J, et al. The magnitude and
predictors of therapy abandonment in pediatric central
nervous system tumors in low- and middle-income
countries: Systematic review and meta-analysis. Pediatr
Blood Cancer 2019;66:¢27692.

Pollack IF. Multidisciplinary management of childhood
brain tumors: a review of outcomes, recent advances, and
challenges. ] Neurosurg Pediatr 2011;8:135-48.

Foo JC, Jawin V, Yap TY, et al. Conduct of neuro-
oncology multidisciplinary team meetings and closing the
"gaps" in the clinical management of childhood central
nervous system tumors in a middle-income country. Childs
Nerv Syst 2021;37:1573-80.

Chen ], Yang L, Qian Z, et al. Cluster analysis of
differences in medical economic burden among residents

of different economic levels in Guangdong Province,

© Pediatric Medicine. All rights reserved.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 11 of 12

China. BMC Health Serv Res 2020;20:988.

Fang P, Pan Z, Zhang X, et al. The effect of critical illness
insurance in China. Medicine (Baltimore) 2018;97:¢11362.
Li CK, Tang J, Zheng H, et al. Treatment of childhood
cancer in China: Current status and future direction.
Pediatr Investig 2020;4:153-6.

Pak-Yin Liu A, Moreira DC, Sun C, et al. Challenges
and opportunities for managing pediatric central nervous
system tumors in China. Pediatr Investig 2020;4:211-7.
Steliarova-Foucher E, Stiller C, Lacour B, et al.
International Classification of Childhood Cancer, third
edition. Cancer 2005;103:1457-67.

Freed D, Aldana R, Weber JA, et al. The Sentieon
Genomics Tools-A fast and accurate solution to variant
calling from next-generation sequence data. BioRxiv
2017:115717.

Northcott PA, Shih DJ, Remke M, et al. Rapid,

reliable, and reproducible molecular sub-grouping of
clinical medulloblastoma samples. Acta Neuropathol
2012;123:615-26.

Northcott PA, Robinson GW, Kratz CP, et al.
Medulloblastoma. Nat Rev Dis Primers 2019;5:11.

Hu M, Guan H, Lau CC, et al. An update on the clinical
diagnostic value of B-hCG and oFP for intracranial germ
cell tcumors. Eur ] Med Res 2016;21:10.

Liu AP, Zhen Z, Yang Q, et al. Treatment barriers and
clinical outcome of children with medulloblastoma in
China: a report from the Chinese Children's Cancer
Group (CCCQ). Neurooncol Adv 2021;3:vdab134.
Packer RJ, Ater J, Allen J, et al. Carboplatin and
vincristine chemotherapy for children with newly
diagnosed progressive low-grade gliomas. ] Neurosurg
1997;86:747-54.

Del Bufalo F, Ceglie G, Cacchione A, et al. BRAF V600E
Inhibitor (Vemurafenib) for BRAF V600E Mutated Low
Grade Gliomas. Front Oncol 2018;8:526.

Wolff JE, Driever PH, Erdlenbruch B, et al. Intensive
chemotherapy improves survival in pediatric high-grade
glioma after gross total resection: results of the HI'T-
GBM-C protocol. Cancer 2010;116:705-12.

Narayana A, Kunnakkat S, Chacko-Mathew J, et al.
Bevacizumab in recurrent high-grade pediatric gliomas.
Neuro Oncol 2010;12:985-90.

Garvin JH Jr, Selch M'T, Holmes E, et al. Phase II study
of pre-irradiation chemotherapy for childhood intracranial
ependymoma. Children's Cancer Group protocol 9942:
a report from the Children's Oncology Group. Pediatr
Blood Cancer 2012;59:1183-9.

Pediatr Med 2022;5:22 | https://dx.doi.org/10.21037/pm-21-67



Page 12 of 12

34.

35.

36.

37.

38.

39.

40.

41.

42.

Chi S, Gardner S, Ji L, et al. Newly diagnosed high-risk
malignant brain tumors with leptomeningeal dissemination
in young children: A final update on Head Start IT
Regimen A2 intensified with high-dose methotrexate. J
Clin Oncol 2007;25:abstr 9552.

Matsutani M; Japanese Pediatric Brain Tumor Study
Group. Combined chemotherapy and radiation therapy
for CNS germ cell tumors--the Japanese experience. J
Neurooncol 2001;54:311-6.

Zhang R, Shen WQ, Zhou LF. Primary pediatric
central nervous system tumors statistic: study of 763
cases in a single institution. Zhonghua Yi Xue Za Zhi
2007;87:442-7.

Liu APY, Liu Q, Shing MMK, et al. Incidence and
Outcomes of CNS Tumors in Chinese Children:
Comparative Analysis With the Surveillance,
Epidemiology, and End Results Program. JCO Glob
Oncol 2020;6:704-21.

Ward ZJ, Yeh JM, Bhakta N, et al. Estimating the total
incidence of global childhood cancer: a simulation-based
analysis. Lancet Oncol 2019;20:483-93.

Chen L, Zou X, Wang Y, et al. Central nervous system
tumors: a single center pathology review of 34,140 cases
over 60 years. BMC Clin Pathol 2013;13:14.

McCarthy BJ, Shibui S, Kayama T, et al. Primary
CNS germ cell tumors in Japan and the United

States: an analysis of 4 tumor registries. Neuro Oncol
2012;14:1194-200.

Kaatsch P, Hifner C, Calaminus G, et al. Pediatric germ
cell tumors from 1987 to 2011: incidence rates, time
trends, and survival. Pediatrics 2015;135:e136-43.
Zheng R, Peng X, Zeng H, et al. Incidence, mortality
and survival of childhood cancer in China during 2000-
2010 period: A population-based study. Cancer Lett
2015;363:176-80.

doi: 10.21037/pm-21-67

Cite this article as: Yu L, Liu J, Luo M, Lin D, Wu L, Huang L,
Zhang Y, Zi J, Zhang J, Liao X, Guan J, Zhao X, Zhou M,
Yang Y, Zhang J, Zhang W, Yang L. Diagnosis and outcomes
of pediatric central nervous system tumors in China: a single-
center retrospective analysis from 2015 to 2020. Pediatr Med
2022;5:22.

© Pediatric Medicine. All rights reserved.

43.

45.

46.

47.

48.

49.

50.

Pediatric Medicine, 2022

Zhang L, Jia W, Ji N et al. Construction of the National
Brain Tumor Registry of China for better management
and more efficient use of data: a protocol. BMJ Open
2021;11:e040055.

. Elhassan MMA, Mohamedani AA, Osman HHM, et al.

Patterns, treatments, and outcomes of pediatric central
nervous system tumors in Sudan: a single institution
experience. Childs Nerv Syst 2019;35:437-44.

Mehrvar A, Faranoush M, Hedayati Asl AA, et

al. Childhood central nervous system tumors at
MAHAK's Pediatric Cancer Treatment and Research
Center (MPCTRC), Tehran, Iran. Childs Nerv Syst
2014;30:491-6.

Klinger PH, Andrade AF, Delsin LE, et al. Inhibition of
SHH pathway mechanisms by arsenic trioxide in pediatric
medulloblastomas: a comprehensive literature review.
Genet Mol Res 2017. doi: 10.4238/gmr16019412.

LiY, Song Q, Day BW. Phase I and phase II sonidegib and
vismodegib clinical trials for the treatment of paediatric
and adult MB patients: a systemic review and meta-
analysis. Acta Neuropathol Commun 2019;7:123.
Calaminus G, Frappaz D, Kortmann RD, et al. Outcome
of patients with intracranial non-germinomatous germ cell
tumors-lessons from the SIOP-CNS-GCT-96 trial. Neuro
Oncol 2017;19:1661-72.

Mohammadi E, Ghasemi E, Azadnajafabad S, et al. A
global, regional, and national survey on burden and
Quality of Care Index (QCI) of brain and other central
nervous system cancers; global burden of disease systematic
analysis 1990-2017. PLoS One 2021;16:¢0247120.

JiJ, Luo Z, Chen Y, et al. Characteristics and trends of
childhood cancer in Pudong, China, 2002-2015. BMC
Public Health 2020;20:1430.

(English Language Editor: C. Mullens)

Pediatr Med 2022;5:22 | https://dx.doi.org/10.21037/pm-21-67



