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Abstract: Purpose: The present study summarized cases of children (n = 32) with medulloblastoma (MB) who were treated

using stratified therapy based on risk grading and also discussed the factors affecting prognosis.Methods: According to the

risk stratification criteria, the cases were divided into the following four risk groups: low, standard, high, and very high. The

5-year overall survival (OS) and progression-free survival (PFS) rates were summarized. Further, the effects on the

prognosis of tumor size, tumor stage, degree of resection, treatment mode, metastatic recurrence, molecular typing, and

risk stratification were analyzed. Results: In the present study, following surgery, 3 cases abandoned radiotherapy (RT)

and chemotherapy (CHT), 7 cases (<3 years of age) received only CHT, and 22 cases received combined RT and CHT.

Total and near-total tumor resections were performed in 29 cases (90.6%). Subtotal resections were performed in 3

cases, and there were no surgery-related deaths. The average follow-up duration was 47 months. The average 5-year

PFS and OS rates were 57.3% ± 7.2% and 68.7% ± 8.6%, respectively. The OS and PFS rates were significantly

correlated with tumor-risk stratification, molecular staging, tumor stage, treatment mode, and recurrence after surgery

(p < 0.01). The degree of tumor resection, pathological type, and the presence of preoperative implantation were

secondary factors affecting the prognosis (p < 0.05). Age was correlated with the PFS rate. There was no correlation

between age/tumor location/tumor size and prognosis (p > 0.05). Favorable prognostic factors in the low- and

standard-risk groups were stage M0, wingless-type MB, postoperative RT combined with CHT, no postoperative

recurrence, age ≥3 years, and total tumor resection. Conclusions: Personalized treatment strategies based on the risk

stratification of MB and postoperative stratified comprehensive treatment could help improve the prognosis for MB.

Introduction

Pediatric medulloblastoma (MB) is the most common and
most malignant primary brain tumor occurring in children.
Adjuvant cranial and spinal irradiation (CSI) and
chemotherapy (CHT) are the standard treatment modes
after tumor resection for this malignancy (Hoff et al., 2009).
However, the treatment sensitivity of different molecular
subtypes of MB is unknown. Although there has been a
significant improvement in postoperative survival rates in
recent years, existing therapeutic strategies often ignore the
individual differences between children. However, these
variations have the potential to develop more precise
therapies and improve prognoses. Therefore, this aspect has
emerged as the main topic in MB research. Accordingly,

developing therapeutic regimens based on risk stratification
may help to significantly improve the prognosis. To perform
a traditional risk stratification, we used a combination of
magnetic resonance imaging (MRI) and CSF cytology to
classify MB into the standard risk (SR) or high risk (HR)
groups. Patients with MB who were older than 3 years of
age, were classed as M0, those who had a postoperative
residual tumor of <1.5 cm2, and had histological non-
interstitial changes were classified as SR, and the rest were
classified as HR (Gajjar et al., 2006).

The present study devised personalized treatment plans
for children with MB (n = 32) from several studies
according to the risk stratification of the tumor. These
treatment plans achieved better efficacy. The following
sections summarize and analyze the results.

Materials and Methods

This study retrospectively selected subjects with MB (n = 32)
who had a confirmed diagnosis via histopathology and
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molecular typing and had been surgically treated by the
authors of the respective publications with comprehensive
adjuvant therapy. Surgical and adjuvant treatment protocols
were approved by the ethics committee of the hospital, and
all records were anonymous. Clinical data were collected
using medical charts, and follow-up data were collected
during telephone interviews or outpatient follow-up
appointments. Table 1 presents the basic information about
the patients who participated in this study.

Inclusion criteria
The inclusion criteria were as follows:

① Patients with perfect preoperative computed tomography
(CT) MRI examinations, those who underwent
surgical treatment, those with confirmation of MB by
postoperative immunohistochemical examination, and
those with a clear molecular typing diagnosis.

② Patients ≤14 years of age whose legal guardians had
been informed of all treatment options and risks and
had provided written informed consent.

③ Patients who were followed up by an outpatient visit or
a telephone interview (the final follow-up date was
December 30, 2019).

Exclusion criteria
The exclusion criteria were as follows:

① Patients with MB of ectopic origin that protruded into
the posterior cranial fossa and those with recurrent
MB.

② Patients who failed to complete more than 12 months
of postoperative follow-up appointments.

Clinical and imaging evaluation
Of the 32 cases in the present study, 21 (65.6%) evidenced
signs and symptoms of cranial hypertension, 12 (37.5%)
showed ataxia, and 5 (15.6%) revealed cranial nerve
dysfunction. Of the children aged <3 years, 5 (15.6%)
showed progressive cranial enlargement. Cranial CT and
MRI scans were obtained before and after surgery. During
the preoperative CT examination, small cystic lesions (<0.25
of the tumor diameter) were found in 3 cases.

Generally, the head MRI documented relatively clear
borders, a low and equal signal in T1WI, and a high and
equal signal in T2WI. Additionally, there was mild or
obvious homogeneous enhancement or heterogeneous
enhancements of different thicknesses.

An entire spinal MRI scan was conducted to evaluate the
existence of implant metastasis. In 29 cases (90.6%), the
tumors were located in the midline. In these cases, the main
body of the tumor was located in the cerebellar vermis in 9
cases and the fourth ventricle in 20 cases. In 3 cases (9.4%),
the main body of the tumor was confined to the cerebellar
hemisphere. In 7 cases, the fourth ventricle was pushed
forward, and there was a cerebrospinal fluid (CSF) zone
between the tumor and the floor of the fourth ventricle. Of
the 25 cases with no CSF zone between the tumor and the
brain stem, 7 (21.9%) invaded the floor of the fourth
ventricle, and 3 (9.4%) invaded the dorsal side of the brain
stem.

The tumors were classified according to their maximum
diameters. There were 17 medium-type tumors (2–4 cm), 13
large-type tumors (4.1~6 cm), and 2 huge-type tumors
(>6 cm). In 11 cases, there was lateral growth located in the
fourth ventricle. In 7 cases, the tumor protruded into the
foramen magnum via the median foramen of the fourth
ventricle, and chronic sub-tonsillar herniation was present.
In 2 cases, the tumor protruded into one side of the pontine
cerebellar angle cistern via the Luschka foramen.

Before surgery, 4 cases had enhanced implanted
metastases on the spinal cord. A lumbar puncture for CSF-
exfoliated tumor cytology study was conducted prior to the
surgery in 9 cases, while it was conducted after the surgery
in 23 cases. Exfoliated tumor cells were found in the CSF in
7 cases.

Pathological classification
The 32 cases of MB were classified into four histological types
according to the 2021 classification criteria of the World
Health Organization (WHO) for MB: classic MB (CMB),
large cell/anaplasticity (LC/A), MB with extensive nodularity
(MBEN), and desmoplastic/nodular MB (DNMB). They
were further divided into four molecular subtypes according
to molecular typing criteria (Ellison et al., 2011).

Therapeutic mode and definition
Postoperative adjuvant RT and CHT were grouped according
to the results of molecular typing, and the postoperative
adjuvant RT regimen was implemented according to the
grouping. The 32 cases were divided into three categories
according to the treatment plan. The operation group (OP)
(n = 3) underwent a tumor resection without any RT or
CHT. The OP + CHT group received only adjuvant CHT
after tumor resection (n = 7, <3 years of age). The OP + RT
+ CHT group (n = 22) received all the therapeutic measures
for MB, including surgery, RT, and CHT.

Risk stratification and stratified treatment
The presence of tumor implantation metastasis was assessed
using the results of preoperative whole brain and whole
spinal cord MRI, lumbar pool CSF cytology, and two-week

TABLE 1

The basic information of the included patients

Characteristics of patients Cases (%)

Male 21 (65.6%)

Female 11 (34.4%)

Average age (range) (month) 73.4 (5–167)

<3 years 7 (21.9%)

3–9 years 21 (65.6%)

10–14 years 4 (12.5%)

Average duration
≤3 months

67 (5–156)
23 (71.9%)

Temporary extra-ventricular drainage 13
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postoperative lumbar pool CSF cytology. The staging of MB
for implantation metastasis was performed using the Chang
classification criteria (Madhogarhia et al., 2022). The risk
stratification of MB was divided into four levels according to
the 2016 molecular staging criteria of the WHO, the risk
stratification criteria of Ramaswamy et al. (2016), and the
presence or absence of metastatic implantation in the
patients (Table 2). Postoperatively, different adjuvant
treatment protocols were developed according to the risk
stratification (Table 3).

Surgical treatment
The surgical strategy and selection of the type of cerebellar
medullary fissure opening were formulated according to the
preoperative tumor size, location, and invasion range. The
principle of first separating the tumor–cerebellar surface
followed by the tumor–brainstem surface from the base up
was followed. Intra-tumor decompression was performed
initially; then, the tumor was gradually resected in pieces,
and finally, the tumor wall was separated and resected.

Here, 17 cases of medium-sized (2–4 cm) and 11 cases of
large-sized (4–6 cm; lateral or tumor growth toward the
foramen magnum) tumors were treated using the unilateral
cerebellar medulla approach, while the bilateral cerebellar
medulla method was used in 2 cases of large sized (4.0–
6.0 cm) and 2 cases of huge (>6 cm) tumors. Temporary
extraventricular drainage was performed before surgery in
13 patients with significant hydrocephalus. Although all 32
cases in the group had intraoperative access to CSF

circulation, 2 cases still required a postoperative
ventriculoperitoneal shunt.

Radiotherapy and chemotherapy regimens
According to the risk stratification, all groups received
personalized RT and CHT regimens after RT (Rutkowski et
al., 2005, 2009); the criteria for these regimens are shown in
Table 3. A total of 22 patients with MB aged >3 years
without severe malignancy received both CHT + RT
postoperatively. In the very high-risk group, 3 cases the
combined treatment was abandoned postoperatively in three
cases in patients aged 3 years or older and were classified as
the surgery-only group (overall abandonment rate: 9.4%).
Standard RT was defined as CSI receiving a radiation dose
of 23.4 Gy. High-dose RT was defined as CSI receiving a
radiation dose of 36–39.60 Gy, and local intensity-
modulated RT was defined as a primary site of the tumor
receiving a radiation dose of 54–55.80 Gy. The low-risk and
standard-risk groups received standard RT for CSI and
intensity-modulated irradiation to the primary tumor site,
while the high-risk and very high-risk groups received high-
dose irradiation and intensity-modulated irradiation to the
primary tumor site.

In standard CHT, a combination of cisplatin (or
carboplatin), vincristine, and cyclophosphamide (or
lomustine) is administered over a 28-day course, as follows:
cisplatin (75 mg/m2, day 1) + vincristine (1.50 mg/m2,
days 1, 7, and 14) + cyclophosphamide (1,000 mg/m2, days
21–22). Intensive CHT combines standard CHT with

TABLE 2

Molecular typing and risk stratification

Risk grades Cases WNT SHH Group 3 Group 4

Low 7 No No No No, with chromosome 11 or 17 deletion

Standard 9 No No, TP53 wild-type; without
MYCN gene amplification

No, without MYCN
gene amplification

No, without chromosome 11 deletion

High 10 No M+, TP53 wild-type/No, with
MYCN gene amplification

No M+

Very high 6 No TP53 mutant type M+, with MYCN
gene amplification

No

TABLE 3

Risk stratification and development of the therapeutic plan

Risk
grades

Type of
operation

Radiotherapy methods Duration of chemotherapy Effect

Low GTR/NTR Standard radiotherapy + Local
intensity-modulated

Standard chemotherapy lasted for 6 courses of treatment Good

Standard GTR/NTR Standard radiotherapy + Local
intensity-modulated

Standard chemotherapy lasted for 8 courses of treatment Fairly
good

High STR/NTR High dose radiotherapy + Local
intensity-modulated

Intensive chemotherapy lasted for 10 courses of treatment Slightly
worse

Very
high

STR/NTR High dose radiotherapy + Local
intensity-modulated

Intensive chemotherapy + Methotrexate combined chemotherapy
lasted for 10 courses of treatment

Bad

Note: Key: GTR: gross tumor resection; NTR: near-total resection; STR: subtotal resection; PTR: partial tumor resection.
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etoposide (2.50 mg/kg, days 1–3), which is administered
intravenously in alternating cycles during each course of
treatment. In our study, 6 courses of standard CHT were
delivered to the low-risk group, and 8 courses were
delivered to the standard-risk group. The high-risk group
was treated with 10 courses of intensive CHT, and the very
high-risk group received intensive CHT with the addition of
methotrexate (5 g/m2, days 1–2) for 10 courses (Table 3).
Four children in the high-risk and very high-risk groups
aged <3 years were treated with intensive systemic CHT.
After receiving this treatment, autologous stem cell
transplantation was also required.

Follow-up and evaluation criteria
The follow-up assessments for all 32 cases included post-
surgery imaging. The median follow-up time was 47 months
(33–91 months). The children were observed for RT and/or
CHT tolerance after individual chemoradiation and/or CHT,
and adverse RT effects were recorded. Follow-up
consultations were conducted via an outpatient MRI review
and a follow-up telephone interview. In the first year, the
follow-up period was reviewed every 3 months after surgery;
after the second year, this increased to every 6 months. An
enhanced MRI was reviewed once to detect tumor
recurrence and/or CSF implantation metastasis. The
appearance of new lesions in the original surgical area after
total tumor resection or the increased size of residual lesions
(regarded as recurrence) was confirmed via postoperative
CT and MRI examinations. The post-surgery disappearance
or reduction of the original symptoms was regarded as
improvement, and the aggravation of the original symptoms
or the appearance of new symptoms after surgery was
regarded as aggravation.

During the follow-up period, 22 cases improved after
treatment and returned to normal, 5 cases had neurological
dysfunction or developed new symptoms (including 4 cases
of relapse), and 5 cases died. Patients with progression or
exacerbation were referred to an authority.

Statistical analysis
Overall survival (OS) refers to the time (months) from the
date of surgery to the date of death (from any cause) or the
last follow-up appointment. Progression-free survival (PFS)
refers to the time from tumor resection to any of the
following: the first recurrence at any site, disease
progression, the occurrence of tumor metastasis, death from
any cause, or the final follow-up review. The influence of
various factors on the prognosis was determined via a
statistical analysis of the 5-year PFS and OS rates.

Results

Tumor characteristics and the extent of resection
The degree of tumor resection was divided into gross tumor
resection (GTR) (no residual tumor), near-total resection
(NTR) (remaining tumor <1.5 cm2), and subtotal resection
(STR) (remaining tumor ≥1.5 cm2). As documented in
Table 4, 24 cases had GTR, 5 had NTR, and 3 had STR.

Therefore, 29 cases (90.6%) had either GTR or NTR. There
were no cases of surgery-related deaths. All three cases with
STR could not receive GTR because the tumor was
embedded in the brainstem. In patients with tumors
invading the base of the fourth ventricle and the cerebellar
peduncle, GTR or NTR was performed intra-operatively.
During the follow-up period, tumor recurrence occurred in
4 cases.

Analysis of the factors influencing prognosis
Of the 32 cases in the present study, 3 cases were assigned to
the OP group due to the absence of post-surgical
comprehensive adjuvant therapy; 7 cases in the OP +
CHT group; and 22 cases in the OP + RT + CHT group
with the completion of all recommended treatment
procedures. A total of 25 cases (78.1%) had no metastasis
(M0), while metastasis was present in 7 cases (21.9%),
including 4 cases with preoperative spinal cord
implantation (enhanced nodules) and 3 cases with
positive CSF cytology. The estimated 5-year PFS and OS
rates for all patients were 57.3% ± 7.2% and 68.7% ±
8.6%, respectively. As shown in Table 5, the risk
stratification of the tumor, molecular staging, treatment
modality, tumor stage, and metastatic recurrence after
surgery were the main influencing factors for MB in
children. The 5-year OS was significantly higher in the
low-risk and standard-risk groups compared with the
high-risk and very high-risk groups. Additionally, the 5-
year OS and PFS rates were significantly higher in the OP
+ RT + CHT group than in the OP group, and they were
higher than in the OP + RT group. The metastasis (M)
stage was correlated with tumor recurrence and tumor-
free survival time. The PFS and OS were significantly
better in the M0 group than in the M+ group.

The histological type, degree of resection, and presence of
preoperative implantation metastasis of the tumor impacted
the OS and PFS in children with MB. The PFS and OS rates
were significantly better in patients with CMB and DNMB/
MBEN compared with patients with LC/A-MB. The 5-year
OS and PFS rates were higher in those who received GTR or
NTR compared with those with STR. Age had a certain
effect on the PFS of children with MB, and the 5-year OS
rate was also higher in patients >3 years of age than in those
<3 years; however, this difference was not statistically
significant.

TABLE 4

Risk stratification and extent of tumor resection

Risk grades Cases (%) GTR (%) NTR (%) STR (%)

Low 7 (21.9) 7 (100) 0 0

Standard 9 (28.1) 8 (88.9) 1 0

High 10 (31.3) 7 (70) 2 1

Very high 6 (18.7) 2 (33.3) 2 2

Total 32 24 (75) 5 (15.6) 3 (9.4)
Note: Key: GTR: gross tumor resection; NTR: near-total resection; STR:
subtotal resection.
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TABLE 5

Analysis of factors affecting the prognosis in 32 cases of medulloblastoma in children

Clinical factors Cases (%) Five-year OS (%) (month) p Five-year PFS (%) (month) p

Gender >0.05 >0.05

Male 21 (65.6) 67.8 ± 10.6 58.4 ± 10.8

Female 11 (34.4) 72.5 ± 11.4 61.3 ± 11.7

Age of diagnosis >0.05 <0.05

<3 years old 7 (21.9) 65.7 ± 11.7 52.3 ± 11.0

3–14 years old 25 (78.1) 72.8 ± 7.2 65.7 ± 7.8

Tumor size >0.05 >0.05

<4 cm 17 (53.1) 69.2 ± 9.4 60.1 ± 8.6

4.0–6.0 cm 13 (40.6) 67.5 ± 10.2 58.3 ± 9.7

>6.0 cm 2 (6.3) 64.7 ± 7.6 54.7 ± 7.5

Location of tumor >0.05 >0.05

Location of tumor 20 (62.5) 67.8 ± 9.2 63.8 ± 9.1

Vermis 9 (28.1) 70.7 ± 11.4 64.7 ± 10.2

Hemisphere 3 (9.4) 71.3 ± 9.7 65.1 ± 8.8

Implantation metastasis of tumor <0.05 <0.05

Yes 7 (21.9) 53.4 ± 10.6 42.7 ± 10.3

No 25 (78.1) 74.2 ± 9.7 64.5 ± 9.6

Extent of tumor resection <0.05 <0.05

GTR 18 (56.2) 70.1 ± 8.9 59.5 ± 8.7

NTR 11 (34.4) 68.7 ± 9.4 56.5 ± 9.3

STR 3 (9.4) 15.3 ± 5.2 13.4 ± 6.6

Treatment mode <0.01 <0.01

OP 3 (9.4) 18.3 ± 4.0 11.2 ± 4.6

OP+CHT 7 (21.9) 63.3 ± 12.5 51.2 ± 10.1

OP+RT+CHT 22 (68.7) 75.8 ± 10.7 64.1 ± 9.0

Tumor staging <0.01 <0.01

M0 25 (78.1) 74.5 ± 11.5 58.5 ± 10.1

M1-4 7 (21.9) 28.7 ± 7.1 24.6 ± 6.2

Histopathological types <0.05 <0.05

CMB 20 (62.5) 65.3 ± 9.5 53.6 ± 10.2

MBEN/DNMB 9 (28.1) 68.2 ± 10.3 55.2 ± 11.4

LC/A 3 (9.4) 38.2 ± 6.7 28.3 ± 7.3

Molecular typing <0.01 <0.01

WNT 5 (15.6) 93.8 ± 8.1 80.3 ± 7.8

SHH 11 (34.4) 66.7 ± 8.9 53.1 ± 7.3

Group 3 6 (18.8) 15.7 ± 5.3 13.2 ± 5.8

Group 4 10 (31.2) 68.3 ± 6.4 56.2 ± 9.6

Risk grades <0.01 <0.01

Low 7 (21.9) 90.6 ± 13.5 77.5 ± 8.7

Standard 9 (28.1) 78.5 ± 9.8 62.8 ± 8.2

High 10 (31.3) 41.3 ± 9.6 28.4 ± 7.4

Very high 6 (18.7 21.6 ± 6.7 16.8 ± 6.9

Tumor recurrence/metastasis <0.01 <0.01

Yes 28 (87.5) 70.7 ± 10.3 60.4 ± 10.3

No 4 (12.5) 23.4 ± 7.1 21.5 ± 4.3

Total 32 (100) 68.7 ± 8.6 57.3 ± 7.2
Note: Key: GTR: gross tumor resection; NTR: near-total resection; STR: subtotal resection; OP: operation group; CHT: chemotherapy; RT: radiotherapy; CMB:
classic medulloblastoma; MBEN: medulloblastoma with extensive nodularity; DNMB: desmoplastic/nodular medulloblastoma; LC/A: large cell/anaplasticity;
WNT: wingless-Type MMTV Integration Site Family; SHH: sonic hedgehog.
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Adverse reactions relevant to the therapy
Two cases required a postoperative ventriculo–abdominal
shunt. There were 11 (34.35%) cases with postoperative
neck pain, 5 (15.6%) with intracranial infection, 5 (15.6%)
with subdural effusion, 3 with ataxia or balance disorders, 2
with cranial nerve palsy (6.3%), 1 with transient cerebellar
mutism (3.1%), and 3 (9.4%) with other complications, all
of which were cured after symptomatic treatments.
Following RT, 13 cases developed granulocytopenia, and 4
required the subcutaneous injection of recombinant human
granulocyte-stimulating factor and the transfusion of red
blood cells and platelets. In 4 children in the high-risk (<3
years of age) and very high-risk groups, autologous stem cell
transplantation was performed after intensive systemic
CHT. Allergies developed in 4 cases during CHT, including
2 cases of bacteremia, 1 case of rhinorrhea and gingival
hemorrhage, and 1 case of epilepsy. All of these allergies
improved after symptomatic supportive treatments.

Discussion

The primary treatment for MB is maximum tumor resection,
and the optimal survival rate and highest quality of life are
ensured using moderate-risk CSI and CHT. Jiang et al.
(2016) reported that the 5-year PFS and OS rates were
47.1% ± 4.6% and 54.6% ± 4.6%, respectively. Bokun et al.
(2018) reported the average 3-, 5-, and 10-year OS rates in
87 pediatric patients with MB to be 76.4%, 66.2%, and
59.2%, respectively, with average PFS rates of 75.8%, 62.8%,
and 56.6%, respectively. Rutkowski et al. (2010) reported the
8-year event-free survival (EFS) and OS rates in 260 MB
cases (<5 years of age) to be 39% ± 3% and 56% ± 3%,
respectively. Padovani et al. (2007) reported that the 5- and
10-year OS rates in 253 cases with MB were 72% and 55%,
respectively. In the present study, the 32 cases of MB had
5-year OS and PFS rates of 68.7% ± 8.6% and 57.3% ± 7.2%,
respectively. These results were consistent with those
reported previously by other researchers.

The impact of risk-stratified treatment on prognosis
The risk stratification is not comprehensive enough to reflect
the diversity of treatments. This is because different molecular
subtypes of MB are significantly heterogeneous and can be
identified using transcriptional analyses (Taylor et al., 2012).
In addition to the amplification of MYC and MYCN genes,
it is necessary to perform molecular typing based on MB.
Risk stratification based on molecular typing is more
accurate, and in this study, the authors used molecular
biological characteristics to establish the risk-grading
criteria, which formed the basis for the stratified treatment
design.

Since the molecular genetic profiles of MB with identical
pathological typing can differ, the prognoses between
individuals with identical pathological typing can also vary.
In the present study, treatment was administered according
to the risk stratification of MB. In the low- and
intermediate-risk groups, the 5-year OS rates were 90.6% ±
13.5% and 77.5% ± 8.7%, respectively, while the PFS rates
were 78.5% ± 9.8% and 62.8% ± 8.2%, respectively. These
rates were significantly higher than in the high-risk and very

high-risk groups. Gandola et al. (2009) administered hyper-
segmented RT combined with CHT in a high-risk group,
with 5-year PFS and OS rates of 72% and 73%, respectively.
This indicates that patients in high-risk groups require
higher doses of therapy. Further elucidation of the
pathogenesis and tumor drivers of MB groups 3 and 4
(Hovestadt et al., 2019) may influence and guide future
molecularly stratified treatments.

The degree of tumor resection
The degree of resection in MB is strongly correlated with
prognosis. Rutkowski (Bokun et al., 2018) reported a
significant difference in survival between patients who
underwent complete and incomplete tumor resection. The
8-year EFS and OS rates for complete and incomplete
tumor resection were 54% ± 5% and 27% ± 5%, and 77% ±
4% and 50% ± 6%, respectively. Zhang et al. (2014)
suggested that GTR was a significantly favorable factor
affecting both OS and EFS. Further, PFS is believed to be
significantly higher with GTR than STR (Thompson et al.,
2016), and both GTR and NTR are correlated with
enhanced PFS and OS (Kocakaya et al., 2016; Ning et al.,
2015; Gudrunardottir et al., 2014). In the present study, the
5-year OS and PFS rates for patients receiving GTR, NTR,
and STR were 70.1% ± 8.9%, 59.5% ± 8.7%, and 68.7% ±
9.4% and 56.5% ± 9.3%, 15.3% ± 5.2%, and 13.4% ± 6.6%,
respectively. Therefore, it is recommended that patients with
tumors should receive GTR at the time of their initial
surgery, although the potential risks of GTR must be
evaluated intra-operatively against the residual tumor.

The importance of GTR was recognized as early as the
Cushing era, and patients who underwent radical resection
had better survival rates (Gudrunardottir et al., 2014). While
maximum safe resection remains the surgical objective, in
terms of PFS and OS, GTR offers no definitive benefits over
NTR. A renewed recognition of the extent of tumor
resection (Thompson et al., 2018) has the potential to
change the intra-operative strategy. According to the results
of the authors, the extent of surgical resection was
consistent with this strategy (Table 3). Considering the high
risk of the incidence of cerebellar mutism after GTR, the
excessive resection of small residual tumors overlying the
brainstem should be avoided (Thompson et al., 2018).
Therefore, the degree of GTR and NTR should be
personalized based on intra-operative conditions.

Location of the tumor
The impact of tumor location and the extent of invasion (i.e.,
the involvement of the brainstem or the floor of the fourth
ventricle) on the prognosis of MB is controversial, and
many studies have yielded differing results (Coltin et al.,
2021). The literature reported a better prognosis for
hemispheric MB than MB in the midline(8-year EFS rates of
58% ± 6% vs. 33% ± 3% and 8-year OS rates of 71% ± 6%
vs. 51% ± 4%) (Bokun et al., 2018). However, Rutkowski et
al. (Rutkowski et al., 2010) suggested that the prognosis was
unaffected by the location of the tumor (midline vs.
hemisphere).

In the present study, the results revealed no clear
correlation between tumor location and prognosis. The
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location of the tumor impacted only the surgical difficulty and
not the prognosis. Tumors involving the ventricular floor did
not affect the extent of tumor resection, which was influenced
only by tumors that had invaded the brainstem. Although
brainstem invasion was independent of the tumor location,
it was dependent on the mode of tumor invasion. The same
postoperative outcome could be obtained with both NTR
and GTR. However, in the present study, the sample size
was too small, and perhaps insufficient, to reveal the
significance.

Tumor stage and prognosis
Patients in the M0 stage have a better prognosis than in the M
+ stage in children both older and younger than 3 years of age.
A report by Bokun et al. (2018) of 87 MB cases in children
gave the average 3-, 5-, and 10-year OS rates of those in the
M0 stage as 86.4%, 74%, and 63.1%, respectively, while these
rates in the M+ stage were 48.9%, 44.0%, and 37.7%,
respectively. These results revealed that the survival rate in
the M0 stage was significantly higher than in the M+ stage.
Rutkowski et al. (2010) evaluated 260 cases of MB and
found a significantly higher survival rate in 20 cases in stage
M1 over 55 cases in stage M2/M3. In the present study, the
5-year OS and PFS rates for 25 cases in stage M0 were
74.5% ± 11.5% and 58.5% ± 10.1%, respectively, while for
the M+ stage, these rates were 28.7% ± 7.1% and 24.6% ±
6.2%, respectively. These results indicate that the tumor
stage is correlated with the prognosis.

Tumor relapse and prognosis
The metastasis of MB is an independent risk factor for
prognosis and recurrence often signals a shorter life
expectancy for the patient. with a 5-year survival rate of
<10% after recurrence, even in patients who were initially at
standard risk (Johnston et al., 2018). The 5-year PFS for MB
in stage M0 is >95% for the wingless (WNT) type compared
with ~50%–60% for group 3 and ~70%–80% for SHH-MB
or patients in group 4. This is provided that the maximum
safety standards for surgery and postoperative CSI and CHT
are followed (Madhogarhia et al., 2022). Bowers et al. (2007)
reported 41 cases of recurrent MB with a median time to
recurrence of 1.8 years.

Group 3 has a more invasive nature with a higher
incidence of metastasis since tumor cells are easily shed
from the primary tumor to the soft meningeal space. In the
present study, the 5-year OS and PFS rates in the 28 cases
without recurrence/metastasis were 70.7% ± 10.3% and
60.4% ± 10.3%, respectively; these rates were clearly higher
than the OS and PFS rates for the four cases with metastasis
(23.4% ± 7.1% and 21.5% ± 4.3%, respectively) (Table 5).
This observation is similar to that of Rutkowski et al.
(2010). To prevent the recurrence of soft meninges or
metastases visible on MRI, RT to the entire neuraxis is
required, not just the primary tumor bed.

Pathological type and prognosis
The literature reported a poorer prognosis for the LC/A type
compared with the CMB type (Eberhart and Burger, 2003)
and a better prognosis for the MBEN type (Rutkowski et al.,
2010). In infants, the MBEN type is usually the SHH-TP53

wild type, which has a good prognosis even under a regimen
of CHT alone. Patients aged <3 years with MB have a poor
prognosis if they have significant postoperative residuals,
type LC/A pathological tissue, are classed as stage M+, and
have postoperative metastatic recurrence (von Bueren et al.,
2011). Atallah et al. (2019) reported 44 cases of MB in
children and concluded that LC/A, being in a high-risk
group, and CSF with implants were correlated with poorer
OS and PFS rates. The 8-year survival was highest in
DNMB/MBEN, followed by children with CMB, while LC/A
had the lowest survival rate (Rutkowski et al., 2010). The
results of the present study also indicated that the 5-year
survival rate in CMB and MBEN/DNMB was significantly
higher than in LC/A (p < 0.05), with MBEN/DNMB having
the best prognosis. However, the difference between MBEN/
DNMB and CMB was not statistically significant (Table 5).
These results could be caused by the small sample size.

Molecular typing and prognosis
The prognosis of MB is not only correlated with the
pathological type but also depends on the molecular typing
and metastatic status of the disease (Khatua and Zaky,
2014). The WNT type has the best prognosis, while the
SHH-type with a TP53 mutation is an extremely high-risk
subtype with a very poor prognosis even under intense
treatment (Schwalbe et al., 2017). The prognosis for group 4
is essentially the same as for the SHH wild type, and certain
group-4 cases and low-risk patients with the deletion of
chromosome 11 or the addition of chromosome 17 have a
very good prognosis (Schwalbe et al., 2017). The worst
prognosis is for patients in group 3 (Taylor et al., 2012).,
especially in conjunction with MYC amplification and/or
pathological histological type LC/A, which was also
discouraging in the prospective trial group (Madhogarhia et
al., 2022). There may be overtreatment of the WNT type,
but the best way to reduce adjuvant therapy for this type
remains unclear (Zhang et al., 2014). In the present study,
the 5-year OS and PFS rates for the WNT type were 93.8%
± 8.1% and 80.3% ± 7.8%, respectively, which are
significantly higher than in the SHH type and group 4.
However, in group 3 they were only 15.7% ± 5.3% and
13.2% ± 5.8%, respectively (p < 0.01). These results also
indicated that the WNT type has the best prognosis, while
group 3 has the worst prognosis, which is consistent with
the results of the majority of current studies.

Therapeutic Mode and Prognosis

In the present study, the OP + RT + CHT group had the best
prognosis, with 5-year OS and PFS rates of 75.8% ± 10.7% and
64.1% ± 9.0%, respectively. These rates were significantly
higher than those in the OP and OP + CHT groups.
Postoperative treatment with RT and CHT was a
significantly favorable independent factor for improving the
OS and the EFS. Postoperative CHT significantly affected
survival in the CMB, SHH, and WNT subgroups, although
it did not have the same effect in the subgroups for DMB
and non-SHH/WNT (Zhang et al., 2014). Though the
present study did not investigate in detail the effect of each
treatment mode group in terms of pathology type and age,
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it indicated that the effect of the treatment mode on prognosis
was significant.

The use of RT has shown significant effects on tumor
control. There is a tendency for MB to develop implant
metastases, and the most successful RT approach is CSI
with local intensive irradiation of the primary tumor site. In
the low- and standard-risk groups, CSI of 23.4 Gy plus
enhanced irradiation of at least 55 Gy to the tumor bed in
conjunction with adjuvant CHT resulted in a 5-year survival
rate of 80%. In the high-risk and very high-risk groups, the
CSI was increased to 36–39 Gy, with enhanced irradiation
of the tumor bed at 55 Gy; this was followed by CHT with
cisplatin and cyclophosphamide, resulting in a 5-year
survival rate of 60%–65%. Patients with no metastases and
tumors who underwent GTR or NTR received a CSI
radiation dose of 23.4 Gy and a tumor bed enhancement
therapy dose of 54.0 Gy (Packer and Vezina, 2008).

Conclusion

In conclusion, survival rates could be improved with
treatment based on the appropriate risk stratification
according to different molecular typing and risk grading
approaches. The prognosis of MB was shown to be
primarily dependent on the molecular typing of the tumor,
the risk stratification, the existence of implant metastases,
and the mode of treatment. Secondary influencing factors
were the pathological type of the tumor, the age of the
patient, and the degree of tumor resection. A better
prognosis was found in patients with GTR, patients with the
M0 stage, those in low- and intermediate-risk groups, and
those receiving standardized post-surgery radio CHT.
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