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Risk Factors for Survival in Patients
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Review and Meta-Analysis

Yu Liu, Bo Xiao, Sen Li and Jiangang Liu*

Department of Neurosurgery, Shanghai Children’s Hospital, Shanghai Jiao Tong University, Shanghai, China

Background: Conventional parameters show limited and unreliable correlations with
medulloblastorma prognosis.

Aim: To evaluate the factors influencing overall survival (OS), event-free survival (EFS), and
progression-free survival (PFS) in patients with medulloblastoma.

Methods: PubMed, EMBASE, the Cochrane Library, and Web of Science were searched
for studies published up to May 2021. The associations between various clinical and
treatment factors and survival parameters were assessed.

Results: Twenty-nine studies (8455 patients) were included. Desmoplastic
medulloblastoma (HR=0.41, 95%CI: 0.31-0.56), MO disease (HR=2.07, 95%Cl: 1.48-
2.89), WNT, SSH, group 4 (all P<0.05 vs. group 3), GTR vs. STR (HR=1.37, 95%Cl: 1.04-
1.08), radiotherapy (HR=0.45, 95%ClI: 0.20-0.80), craniospinal irradiation (HR=0.49, 95%
Cl: 0.38-0.64), and high 5hmC levels (HR=2.90, 95%CI: 1.85-4.55) were associated with
a better OS. WNT, SSH, group 4 (all P<0.05 vs. group 3), residual tumor <1.5 cm?
(HR=2.08, 95%Cl: 1.18-3.68), GTR vs. STR (HR=1.31, 95%CI: 1.03-1.68), craniospinal
irradiation (HR=0.46, 95%CI: 0.37-0.57), high 5hmC levels (HR=3.10, 95%Cl: 2.01-4.76),
and <49 days between resection and radiotherapy (HR=2.54, 95%Cl: 1.48-4.37) were
associated with better PFS. Classic vs. desmoplastic medulloblastoma (HR=1.81, 95%Cl:
1.04-3.16), SSH, WNT (both P<0.05 vs, non-SSH/non-WNT), GTR vs. STR (HR=2.01,
95%Cl: 1.42-2.85), and radiotherapy (HR=0.31, 95%ClI: 0.15-0.64) were associated with
a better EFS.

Conclusion: Histology, molecular subgroup, GTR, and radiotherapy are significantly
associated with survival parameters in patients with medulloblastoma. Nevertheless, high-
quality prospective cohort studies are necessary to improve the conclusions.

Keywords: medulloblastoma, survival, prognosis, histology, molecular typing, radiotherapy, meta-analysis

INTRODUCTION

Medulloblastoma (MB) is a malignant embryonal tumor of the cerebellum and represents over 20%
of all central nervous system (CNS) neoplasms in children (1-3). The incidence of MB is 3.8-6.9 per
million children in North America and Europe (2, 4-6). MB occurs most often in children aged 1-10
years, with peaks in children aged 3-4 and 8-10 years (2, 3). The treatment of MB is
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multidisciplinary and includes surgery, radiotherapy, and
chemotherapy (7). Unfortunately, despite the best care, the 10-
year mortality rate of MB is 34.6% in children (8). Therefore,
assessing the prognostic and therapeutic actors is indispensable
for managing patients with MB.

MB patients are stratified into standard- and high-risk groups
according to clinical presentation, amount of residual disease
after definitive surgery, tumor histopathology grouping, and
biological or molecular tumor cell characteristics (2, 3, 9).
Standard-risk patients >3 years old have a 5-year overall
survival (OS) of >70% on current treatment protocols,
including surgery, craniospinal irradiation, and chemotherapy
(2, 3). High-risk patients >3 years old have a 5-year event-free
survival (EFS) of about 70% for patients with metastatic MB
receiving intensified chemotherapy regimens (myeloablative
schedules with hematopoietic support of peripheral harvested
stem cells), nonconventional radiation therapy schedules, and
concurrent radiation and radiosensitizers schedules (2, 3).
Children <3 years old have a 5-year progression-free survival
(PFS) of 30%-90%, depending on tumor histology in this age
group (2, 3). The classic and large cell/anaplastic subtypes are
associated with a poor prognosis, while the desmoplastic/nodular
and MB with extensive nodularity subtypes are associated with a
better prognosis (2, 3). The wingless/integrated (WNT) subtype
is associated with an excellent prognosis, the sonic hedgehog
(SHH) and group 4 subtypes are associated with an intermediate
prognosis, while the group 3 subtype is associated with a poor
prognosis (2, 3).

Nonetheless, these parameters show limited and unreliable
correlations with the prognosis of MB (10-12). Systematic
reviews quantitatively assessing the potential risk factors have
been published in 2010 and 2016 (13, 14), but several papers have
been published since (12, 15-17), providing recent assessments
of traditional risk factors and new ones.

Therefore, this meta-analysis aimed to evaluate the factors
influencing OS, EFS, PFS, and relapse-free survival (RFS) in
patients with MB. The results could help a better stratification of
the patients and eventually improve management.

METHODS

Literature Search

This systematic review and meta-analysis was reported according
to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (18, 19). PubMed,
EMBASE, the Cochrane Library, and Web of Science were
systematically searched for studies published up to May 2021.
For the search, we used the Mesh term of ‘Medulloblastoma’ (for
it was the disease of interest), ‘Prognosis’ (for it was the outcome
of interest), and ‘Prospective Studies’, and ‘cohort’ (for they were
the desired types of studies), as well as relevant key words. The
search was performed independently and in parallel by two
investigators (** and **). This included the analysis of titles/
abstracts followed by the full texts. Disagreements were solved by
a third investigator (**).

Eligibility
The inclusion criteria were 1) cohort or cross-sectional studies
investigating risk factors for mortality, 2) medulloblastoma
confirmed pathologically, 3) reported outcome measures with
hazard ratios (HRs) with 95% confidence intervals (CIs), and 4)
published in English or Chinese. The exclusion criteria were 1)
letters, review articles, meta-analysis, case-control, case reports,
or animal studies, 2) missing primary data, 3) unpublished data,
or 4) full text unavailable.

Data Extraction and Quality Assessment
Data including authors’ names, publication year, study design,
sample size, age at diagnosis, population, the extent of resection,
location, radiotherapy, chemotherapy source of subjects,
histological type, molecular subtype, and male percentage were
extracted by two investigators (** and **). Any discrepancies in
the characteristics of the studies and data extracted for meta-
analysis between the two investigators were resolved by a third
investigator (**) after reviewing the disputed data against the
original publication. The study outcome was the association
between factors and overall survival (OS), event-free survival
(EFS), progression-free survival (PFS), and recurrence-free
survival (RFS).

The methodological quality of the cohort studies was
evaluated using the Newcastle-Ottawa Scale (NOS) (20), with a
maximum of 9 stars, representing the least risk of bias. The
quality assessment was performed in duplicate by two
investigators separately (** and **).

Statistical Analysis

Crude HRs with their 95% CIs were estimated and used to assess
the strength of association between factors and OS, EFS, PFS, and
RFS. The pooled HRs were calculated for demographic
characteristics, clinical characteristics, and treatment history.
The pooled HRs were determined using the Z-test (P < 0.05).
Cochran’s Q statistic (P<0.10 indicated evidence of
heterogeneity) was used to assess the heterogeneity among
studies (21). When significant heterogeneity (P<0.10) was
achieved, the random-effects model was used to combine the
effect sizes of the included studies; otherwise, the fixed-effects
model was adopted (22). In addition, sensitivity analyses were
performed to identify individual study effects on the pooled
results and test the reliability of results. All analyses were
performed using STATA SE 14.0 (StataCorp, College Station,
Texas, USA).

RESULTS

Selection of the Studies

Figure 1 presents the study selection process. The initial search
resulted in 1166 records, but 555 were removed before the
screening. Then, 610 records were screened, and 423 were
excluded. Among the 187 reports sought for retrieval, two
could not be retrieved. Among the 185 reports assessed for
eligibility, 156 were excluded (no data, n=28; outcomes were
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FIGURE 1 | Flowchart of the search process.

not desired, i.e., did not report OS, PES, or EFS, n=125; different
reports of the same populations, n=3).

Characteristics of the Included Studies
Supplementary Table S1 presents the characteristics of the
included studies. The 29 studies included 8455 patients. There
were 24 cohort studies, four database studies, and one
international meta-analysis (although that study termed itself a
meta-analysis (14), it was, in fact, a kind of retrospective cohort
study based on the pooled data from five trials, not an actual
meta-analysis). Thirteen studies included adults. Follow-up
ranged from 1.8 to 9.3 years. On the NOS, nine studies scored
6 stars, two scored 7 stars, 15 scored 8 stars, and two scored 9
stars (Table 1). RES could not be analyzed because of a lack of
data in the included studies.

Overall Survival

Different age cutoff points were used in the various studies. Still,
age was not associated with OS irrespective of the cutoff point (3
years: HR=0.99, 95%CI: 0.97-1.02, I = 0.0%, Pheterogencity=0-742;
5 years: HR=0.98, 95%CI: 0.67-1.43, 1> = 74.3%,
Phcterogeneity=0-020; 20 years: HR=1.38, 95%CI: 0.59-3.20, I’ =
41.8%, Pheterogeneity=0.180) (Figure 2A). Sex was not associated
with OS (HR=0.91, 95%CI: 0.72-1.15, I> = 62.8%,
Pheterogeneity:0-006) (Figure 2A).

Regarding the characteristics of the disease (Figure 2B),
desmoplastic MB appears to have a better OS than classic MB
(HR=0.41, 95%CL: 0.31-0.56, I = 0.0%, Pheqerogencity=0-491),
while there was no significant difference between large cell and
classic MB (HR=0.98, 95%CI: 0.67-1.43, 1> = 74.3%,
Pheterogeneity=0.020). Metastatic disease is associated with a
worse OS (HR=2.07, 95%CI: 1.48-2.89, 12 = 76.9%,
Pheterogencity<0.001). Regarding the molecular subtypes, WNT

had a better OS than group 3 (HR=0.17, 95%CI: 0.09-0.34, I* =
16.7%, Pheterogeneity=0.301), SHH had a better OS than group 3
(HR=0.47, 95%CI: 0.30-0.73, I* = 19.2%, Phererogencity=0-290), and
group 4 had a better OS than group 3 (HR=0.55, 95%CI: 0.41-
0.73, I> = 0.0%, Pheterogeneity=0.991), while there was no difference
in OS between SHH and non-WNT/non-SHH (HR=0.27, 95%
CI: 0.06-1.15) and between WNT and non-WNT/non-SHH
(HR=0.19, 95%CI: 0.03-1.06). There was no difference in OS
between lateral and midline MB (HR=1.35, 95%CI: 0.38-4.84,
I? = 76.0%, Pheterogeneity=0.041). Standard-risk MB had a better
OS than high-risk MB (HR=4.15, 95%CI: 2.78-6.20,
I’= 0.0%, Pheterogeneity=0~480)~

Regarding the treatments (Figure 2C), gross tumor resection
(GTR) achieves a better OS than subtotal resection (STR)
(HR=1.37, 95%Cl: 1.04-1.08, I* = 71.9%, Phererogencity<0-001).
Radiotherapy (HR=0.45, 95%CI: 0.20-0.80, I* = 79.8%,
Pheterogeneity=0.002) and craniospinal irradiation (HR=0.49,
95%Cl: 0.38-0.64, I* = 0.0%, Phererogencity=0-956) improve OS.
Chemotherapy did not influence OS (HR=1.07, 95%CI: 0.60-
1.92, I* = 79.4%, Pheierogeneity=0.001). High 5hmC levels are
associated with a better OS (HR=2.90, 95%CI: 1.85-4.55,
I* = 0.0%, Pheterogeneity=0-365). The summarized results are
presented in Supplementary Figure S1A.

Progression-Free Survival
Age was not associated with PFS based on a cutoff point of 3
years (HR=1.00, 95%CI: 0.98-1.02, I = 0.0%, Pheterogeneity=0.392)
(Figure 3A). There were no differences in PFS between
desmoplastic and classic MC (HR=1.08, 95%CI: 0.58-1.99, I* =
49.0%, Pheterogeneity=0.117), between large cell and classic MB
(HR=1.55, 95%Cl: 0.73-3.30, I? = 68.5%, Pheterogencity=0-007), and
between metastatic and non-metastatic disease (HR=1.71, 95%
CL 0.38-7.62, I* = 96.3%, Pheterogeneity<0.001). Compared with
group 3 MB, WNT (HR=0.23, 95%CL: 0.13-0.40, I = 0.3%,
Phcterogencity=0.367), SHH (HR=0.52, 95%Cl: 0.39-0.71, I* = 0.0%,
Pheterogeneity=0.404), and group 4 (HR=0.67, 95%CI: 0.52-0.87,
2 = 0.0%, Pheterogeneity=0.711) MB had a better PFS. Residual
tumor <1.5 cm? had a better PFS that >1.5 cm? (HR=2.08, 95%
CL: 1.18-3.68, I = 0.0%, Pheterogencity=0.290) (Figure 3B).
Regarding the treatments (Figure 3C), GTR improved PFS
compared with STR (HR=1.31, 95%CI: 1.03-1.68, I* = 21.7%,
Pheterogeneity=0.0.276). Chemotherapy did not influence PFS
(HR=1.04, 95%CI: 0.66-1.65, I* = 24.2%, Pheterogeneity=0~267)~
CSI improved PFS (HR=0.46, 95%CI: 0.37-0.57, I’ = 0.0%,
Phetero%eneity:0.709). High 5hmC levels (HR=3.10, 95%CI: 2.01-
4.76,17 = 0.0%, Ppeterogeneity=0.562) and less than 49 days between
surgery and radiotherapy (HR=2.54, 95%CI: 1.48-4.37, ° = 0.0%,
Pheterogeneity=0.452) were associated with a better PFS. The
summarized results are presented in Supplementary Figure S1B.

Event-Free Survival

Age was not associated with EFS based on a cutoft point of 3
years (HR=1.56, 95%CI: 0.67-3.61, I’ = 0.0%, Pheterogeneity=0.903)
(Figure 4A). Classic MB had a better EFS than desmoplastic MB
(HR=1.81, 95%CI: 1.04-3.16, I = 0.0%, Pheterogencity=0-787)
(Figure 4B). SHH (HR=0.25, 95%CI: 0.07-0.89) and WNT
(HR=0.17, 95%CI: 0.03-0.90) MB had a better EFS than non-
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TABLE 1 | Quality assessment of the included studies.

Study Representativeness Selection Ascertainment Demonstration that Comparability Assessment Was Follow- Adequacy Total
of the Exposed of the of Exposure the Outcome of of Cohorts of Outcome Up long of Follow
Cohort Non- Interest was not Based on the Enough for Up of
Exposed Present at the Start Design or the Outcomes  Cohorts
Cohort of the Study Analysis to Occur
Arroyo / e R Y Yede I I ¥ 8
et al. (23)
Back etal. / bAe bie bAe Yoo ¥ ¥ e 8
(24
Bleiletal. / % % % Sk * * % 8
(25)
Brasme PAY * * * PAeid % bAY * 9
et al. (26)
Chinetal. / ks ks bAe Jede RS RS ke 8
@7)
Dietzsch / e R bAe ede I I R 8
et al. (28)
Eatonetal. / * RAY * K % % RAY 8
(29)
Hill et al. / e bie bAe Fede I I e 8
(30)
Lai (31) % % % % e * * % 9
Lietal / R R bAe Yede I / / 6
(32)
Lietal / e bAe bAe Fede ¥ / / 6
(33
Massimino  / e e b hAgid * bAY * 8
et al. (34)
Nalita et al. / % % * e * * A 8
(35)
Ozeretal. / bAe bAe % Jede bse / / 6
(36)
Padovani  / e e bAY ede I I e 8
et al. (37)
Pietsch / e R bAe Yoo I I ¥ 8
etal (11)
Qin et al. % s e A Fede ¥ / / 7
(38)
Riffaud / % % * e % * % 8
et al. (39)
Rutkowski ~ / % A * e * * % 8
etal. (14)
Schwalbe  / e ke % PAeie % bAe * 8
et al. (40)
Soonetal. ke ke % Jede s / / 7
(16)
Thompson / %% ¥* * Pieid bAe / / 6
etal, (41)
Wang et al. / * * * K % / / 6
(12)
Weiletal. / % % * Jede ¥ / / 6
(42)
Yehiaetal. / % % * Jede I / / 6
43)
Yuand Li / % A * Jede R / / 6
(44)
Zhaoetal. / ke ke bAe Jede I RS ke 8
(45)
Zhaoetal. / ke ke bAY Jede I / / 6

(17)

Representativeness of the exposed cohort: one star if truly/somewhat representative of the average exposure in the community. Selection of the non-exposed cohort: one star if drawn from the
same community as the exposed cohort. Ascertainment of exposure: one star if secure records or structured interview. Demonstration that the outcome of interest was not present at the start of
the study: one star if yes. Comparability of cohorts based on the design or analysis: one star if the study controls for the most important factor; one additional star if the study controls for
additional factors. Assessment of outcome: one star if the outcome is independently and blindly assessed or if record linkage. Was follow-up long enough for the outcomes to occur: one star if
yes. Adequacy of follow up of cohorts: one star if all subjects are accounted for or if the subjects lost to follow-up will not bias the results. The maximum number of stars is 9.
¥ Included studies quality assessment. One star for matching one item. ¢+ Included studies quality assessment. Two stars for matching two items. /: Not applicable.
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FIGURE 2 | Forest plots of the prognostic factors and overall survival (OS). (A) Demographic characteristics. (B) Clinical characteristics. (C) Treatment history.
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FIGURE 3 | Forest plots of the prognostic factors and progression-free survival (PFS). (A) Demographic characteristics. (B) Clinical characteristics. (C) Treatment history.

WNT/non-SHH MB. There were no significant differences in the
other tumor characteristics (Figure 4B). GTR (vs. STR)
(HR=2.01, 95%CI: 1.42-2.85, T = 0.0%, Pheerogencity=0.360) and
radiotherapy (HR=0.31, 95%CI: 0.15-0.64, I = 0.0%,
Pheterogencity=0.580) improved EFS, while chemotherapy had no
significant effect on EFS (HR=0.29, 95%CL: 0.07-1.22, I* = 53.6%,

Pheterogeneity=0.142) (Figure 4C). The summarized results are
presented in Supplementary Figure S1C.

Publication Bias
Supplementary Figure S2A suggests no publication bias
regarding the OS of metastatic vs. non-metastatic disease, but
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the funnel plot of STR vs. GTR shows an asymmetric
distribution, suggesting publication bias (Supplementary
Figure S2B).

Sensitivity Analyses
The sensitivity analyses suggest that the results are robust,
without any single study influencing the results by itself
(Supplementary Figure S3).

DISCUSSION

The conventional prognostic parameters [amount of residual disease
after definitive surgery, tumor histopathology grouping, and biological
or molecular tumor cell characteristics (2, 3, 9)] show limited and
unreliable correlations with the prognosis of MB. Therefore, this meta-
analysis aimed to evaluate the factors influencing the survival
parameters in patients with medulloblastoma. The results suggest
that histological characteristics, molecular subgroups, GTR, and
radiotherapy are significantly associated with survival parameters in
patients with medulloblastoma.

Three previous meta-analyses on the potential risk factors for
survival to MB have been published in 2010, 2016, and 2019 (13,
14, 46). Kocabaya et al. (13) (907 patients) reported that
incomplete resection, brainstem infiltration, no chemotherapy,
and no radiotherapy were significantly associated with poor OS,
while metastatic disease and histologic subtypes were not
associated. Rutkowski et al. (14) (270 children) reported that
histologic subtype, incomplete resection, metastatic MB, and
national groups were significantly associated with EFS and OS.
The meta-analysis by Sharma et al. (46) focused on Groups 3 and
4; it highlighted molecular profiling differences in those patients
and suggested refinements in the molecular classification. The
present meta-analysis included 8455 patients and studies
performed in the era of molecular typing.

In the present meta-analysis, age was not associated with OS,
PES, or EFS, irrespective of using the traditional cutoff point of 3
years or other cutoff points such as 5 or 20 years. Nevertheless,
age is considered a parameter in the new molecular grouping,
especially in Wnt and SHH types, which are seen in older
children, adolescents, and adults. Still, a conventional
prognostic factor like age might now be overwhelmed by the
molecular grouping of MB. Although the risk level was
associated with OS in the present meta-analysis, these results
conflict with the general principles of MB prognosis that
consider the combination of age and risk level for prognosis
and guiding management (2, 3). Younger children generally have
a poor prognosis because of undeveloped CNS and aggressive
disease (2, 3), but the present meta-analysis suggests that age is
not representative of disease aggressiveness.

On the other hand, the present meta-analysis suggests that the
histologic subtypes are associated with survival, with the classic
subtype having the poorest OS, the large cell subtype having a poor
EFS, and the desmoplastic subtype having a good OS. These results
are supported by the general view that the classic and large cell/
anaplastic subtypes are associated with a poor prognosis and that
the desmoplastic/nodular and MB with extensive nodularity
subtypes are associated with a better prognosis (2, 3, 14, 39, 47).
Regarding molecular subtypes, the present meta-analysis also
suggests that group 3 MB has the worst prognosis among all MBs,
as supported by the literature (2, 3, 7, 11, 28, 30, 32, 33, 40, 41, 43,
45,47).

Regarding the treatments, the present meta-analysis suggests
that GTR and radiotherapy are the major treatment parameters
improving OS, PES, and EFS, while chemotherapy had no impact
on survival. These results contradict the global view and guidelines
stating that chemotherapy is a standard treatment for MB (2, 3, 48,
49). Nevertheless, a Cochrane meta-analysis suggests that adjuvant
chemotherapy and postoperative radiation therapy may not
improve overall survival in patients < 21 years old with
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medulloblastoma (50). Furthermore, a study showed no significant
difference in progression-free survival or overall survival associated
with or without cisplatin maintenance chemotherapy following
radiation therapy in patients with high-risk primary
neuroectodermal tumors (51). On the other hand, the role of
radiotherapy in managing MB is well supported by the literature
(2,3,33,45,48,49, 52). Furthermore, delayed radiotherapy has been
associated with decreased OS (53), supporting the present meta-
analysis suggesting a worse PES for 249 days between surgery and
radiotherapy. Nevertheless, in older standard-risk MB patients,
chemotherapy is often not applied after radiotherapy to increase
the outcome but to allow further reduction of the irradiation dose to
reduce sequelae. Hence, differences in treatment strategies among
different categories of patients might influence the outcomes. In
addition, a limitation of this study was the use of a dichotomous
chemotherapy variable (yes/no). Of course, the combinations of
treatments, treatment timing, dose and delivery mode of
radiotherapy, and drugs and doses of chemotherapy will
influence the patient outcomes. Unfortunately, the number of the
various reported drugs and combinations is far too large to conduct
subgroup analyses in the present meta-analysis. In addition, some
descriptive studies pooled all patients together, irrespective of the
exact regimens they performed, and without providing
subgroup data.

Of note, several other prognostic factors were reported by
various studies, but they could not be summarized in the present
meta-analysis. The methylation-derived neutrophil-to-lymphocyte
ratio (23), platelet-to-lymphocyte ratio (33), nuclear size (36),
fourth ventricular floor involvement (37), 220% aggresomes (43),
MYC amplification (30, 40), methylation (40), TP53 mutation (40),
and loss of chromosome 13 (40) appear to influence OS.
Hydrocephalus management (25), fourth ventricular floor
involvement (37), 220% aggresomes (43), male sex (39), and
brainstem involvement (37) might influence EFS. Molecular
typing also appears promising for evaluating the prognosis of MB
(46, 54-59), but additional studies and meta-analyses will be
necessary to determine their prognostic value. Future studies and
meta-analyses should examine these factors on the prognosis of MB.

A strength of this meta-analysis is that it included the studies in
which the WHO molecular subgrouping has been done in addition
to the conventional risk factors. Nevertheless, this meta-analysis
also has limitations. First, as for any study that summarizes the
results of previous studies, the present meta-analysis inherited the
biases and limitations of all included studies. Of note, the various
studies used different age cutoffs. In addition, in some hospitals,
adolescents are managed by adult services. These factors probably
contribute to heterogeneity. Second, there was high heterogeneity in
several analyses. Third, some factors were analyzed by a few studies,

REFERENCES

1. Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Branger D,
Cavenee WK, et al. The 2016 World Health Organization Classification of
Tumors of the Central Nervous System: A Summary. Acta Neuropathol
(2016) 131(6):803-20. doi: 10.1007/s00401-016-1545-1

2. Massimino M, Biassoni V, Gandola L, Garre ML, Gatta G, Giangaspero F,
et al. Childhood Medulloblastoma. Crit Rev Oncol Hematol (2016) 105:35-51.
doi: 10.1016/j.critrevonc.2016.05.012

and the level of evidence was limited. Fourth, the studies were
included as long as they presented molecular subtypes. This meta-
analysis did not consider the exact methods for subtyping, although
it might influence the subtyping results. Finally, REFS could not be
analyzed because too few studies examined this survival parameter.

In conclusion, this meta-analysis suggests that the histologic
characteristics of MB, molecular subgroups of MB, GTR, and
radiotherapy are associated with OS, PFS, and EFS in patients
with MB. Nevertheless, the analysis of several parameters was
limited by the small number of studies and high heterogeneity.
Therefore, high-quality prospective cohort studies are necessary
to confirm the results.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

Conception and design of study: YL. Acquisition of data: YL and
BX. Analysis and/or interpretation of data: YL. Drafting of the
manuscript: SL. Revising of the manuscript critically for
important intellectual content: JL. Approval of the version of
the manuscript to be published: YL, BX, SL, and HL. All authors
contributed to the article and approved the submitted version.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2022.827054/
full#supplementary-material

Supplementary Figure S1 | Forest plots of summary prognostic factors and
overall survival (OS) (A), progression-free survival (PFS) (B), and event-free survival
(EFS) (C).

Supplementary Figure S2 | Publication bias. Funnel plot of (A) M+ vs. MO,
(B) sub-total resection (STR) vs. gross-total reduction (GTR) for overall survival (OS).

Supplementary Figure S3 | Sensitivity analysis of prognostic factors and overall
survival (OS). (A) Age. (B) Sex. (C) Desmoplastic vs. classic. (D) Large cell vs.
classic. (E) M+ vs. MO; (F) Sub-total resection (STR) vs. gross-total reduction (GTR).
Sensitivity analysis of prognostic factors and progression-free survival (PFS).

(G) Large cell vs. classic. (H) STR vs. GTR. Sensitivity analysis of prognostic factors
and event-free survival (EFS). (I) M+ vs. MO.

3. Millard NE, De Braganca KC. Medulloblastoma. ] Child Neurol (2016) 31
(12):1341-53. doi: 10.1177/0883073815600866

4. Ostrom QT, de Blank PM, Kruchko C, Petersen CM, Liao P, Finlay JL, et al.
Alex's Lemonade Stand Foundation Infant and Childhood Primary Brain and
Central Nervous System Tumors Diagnosed in the United States in 2007-
2011. Neuro Oncol (2015) 16(Suppl 10):x1-x36. doi: 10.1093/neuonc/nou327

5. Johnston DL, Keene D, Kostova M, Strother D, Lafay-Cousin L, Fryer C, et al.
Incidence of Medulloblastoma in Canadian Children. ] Neurooncol (2014) 120
(3):575-9. doi: 10.1007/s11060-014-1588-x

Frontiers in Oncology | www.frontiersin.org

March 2022 | Volume 12 | Article 827054


https://www.frontiersin.org/articles/10.3389/fonc.2022.827054/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.827054/full#supplementary-material
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1016/j.critrevonc.2016.05.012
https://doi.org/10.1177/0883073815600866
https://doi.org/10.1093/neuonc/nou327
https://doi.org/10.1007/s11060-014-1588-x
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Liu et al.

Factors for Survival Of Medulloblastoma

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Fairley L, Picton SV, McNally RJ, Bailey S, McCabe MG, Feltbower RG.

Incidence and Survival of Children and Young People With Central Nervous
System Embryonal Tumours in the North of England, 1990-2013. Eur ]
Cancer (2016) 61:36-43. doi: 10.1016/j.ejca.2016.03.083

. Khatua S, Song A, Citla DSridhar, Mack SC. Childhood Medulloblastoma:

Current Therapies, Emerging Molecular Landscape and Newer Therapeutic
Insights. Curr Neuropharmacol (2018) 16(7):1045-58. doi: 10.2174/
1570159X15666171129111324

. Ostrom QT, Gittleman H, Truitt G, Boscia A, Kruchko C, Barnholtz-Sloan JS.

CBTRUS Statistical Report: Primary Brain and Other Central Nervous System
Tumors Diagnosed in the United States in 2011-2015. Neuro Oncol (2018) 20
(suppl_4):iv1-iv86. doi: 10.1093/neuonc/noy131

. Ramaswamy V, Remke M, Adamski J, Bartels U, Tabori U, Wang X, et al.

Medulloblastoma Subgroup-Specific Outcomes in Irradiated Children: Who
are the True High-Risk Patients? Neuro Oncol (2016) 18(2):291-7.
doi: 10.1093/neuonc/nou357

Zeltzer PM, Boyett M, Finlay JL, Albright AL, Rorke LB, Milstein JM, et al.
Metastasis Stage, Adjuvant Treatment, and Residual Tumor are Prognostic
Factors for Medulloblastoma in Children: Conclusions From the Children's
Cancer Group 921 Randomized Phase III Study. J Clin Oncol (1999) 17
(3):832-45. doi: 10.1200/JC0O.1999.17.3.832

Pietsch T, Schmidt R, Remke M, Korshunov A, Hovestadt V, Jones DT, et al.
Prognostic Significance of Clinical, Histopathological, and Molecular
Characteristics of Medulloblastomas in the Prospective HIT2000
Multicenter Clinical Trial Cohort. Acta Neuropathol (2014) 128(1):137-49.
doi: 10.1007/500401-014-1276-0

Wang Z, Sun X, Gao L, Guo X, Feng C, Lian W, et al. Comprehensive
Identification of a Two-Genesignature as a Novel Potential Prognostic
Model for Patients With Medulloblastoma. Am ] Trans Res (2020) 12
(5):1600-13.

Kocakaya S, Beier CP, Beier D. Chemotherapy Increases Long-Term Survival
in Patients With Adult Medulloblastoma—-A Literature-Based Meta-Analysis.
Neuro Oncol (2016) 18(3):408-16. doi: 10.1093/neuonc/nov185

Rutkowski S, von Hoff K, Emser A, Zwiener I, Pietsch T, Figarella-Branger D,
et al. Survival and Prognostic Factors of Early Childhood Medulloblastoma:
An International Meta-Analysis. J Clin Oncol (2010) 28(33):4961-8.
doi: 10.1200/jc0.2010.30.2299

Zhu S, Lin F, Chen Z, Jiang X, Zhang J, Yang Q, et al. Identification of a
Twelve-Gene Signature and Establishment of a Prognostic Nomogram
Predicting Overall Survival for Medulloblastoma. Front Genet (2020)
11:563882. doi: 10.3389/fgene.2020.563882

Soon WC, Goacher E, Solanki S, Hayes J, Kapetanstrataki M, Picton S, et al.
The Role of Sex Genotype in Paediatric CNS Tumour Incidence and Survival.
Childs Nerv Syst (2021) 7:2177-86. doi: 10.1007/s00381-021-05165-0

Zhao F, Zhang ZW, Zhang ], Zhang S, Zhang H, Zhao C, et al. Loss of 5-
Hydroxymethylcytosine as an Epigenetic Signature That Correlates With Poor
Outcomes in Patients With Medulloblastoma. Front Oncol (2021) 11:603686.
doi: 10.3389/fonc.2021.603686

Tugwell P, Tovey D. Prisma 2020. ] Clin Epidemiol (2021) 134:A5-6.
doi: 10.1016/j.jclinepi.2021.04.008

Swartz MK. PRISMA 2020: An Update. ] Pediatr Health Care (2021) 35
(4):351. doi: 10.1016/j.pedhc.2021.04.011

Lo CK, Mertz D, Loeb M. Newcastle-Ottawa Scale: Comparing Reviewers' to
Authors' Assessments. BMC Med Res Methodol (2014) 14:45. doi: 10.1186/
1471-2288-14-45

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring Inconsistency in
Meta-Analyses. BMJ (2003) 327(7414):557-60. doi: 10.1136/bmj.327.7414.557
Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page M]J, et al
Cochrane Handbook for Systematic Reviews of Interventions Version 6.1.
London: Cochrane Collaboration (2020).

Arroyo VM, Lupo PJ, Scheurer ME, Rednam SP, Murray J, Okcu MF, et al.
Pilot Study of DNA Methylation-Derived Neutrophil-to-Lymphocyte Ratio
and Survival in Pediatric Medulloblastoma. Cancer Epidemiol (2019) 59:71-4.
doi: 10.1016/j.canep.2019.01.011

Back M, Ahern V, Berry M, Borg M, Sexton M, Cameron F, et al. Importance
of Radiation Time and Dose Factors on Outcome for Childhood
Medulloblastoma. Australas Radiol (2005) 49(4):298-303. doi: 10.1111/
j.1440-1673.2005.01468.x

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Bleil CB, Bizzi JW]J, Bedin A, de Oliveira FH, Antunes A CM. Survival and
Prognostic Factors in Childhood Medulloblastoma: A Brazilian Single Center
Experience From 1995 to 2016. Surg Neurol Int (2019) 10:120. doi: 10.25259/
sni-237-2019

Brasme JF, Grill ], Doz F, Lacour B, Valteau-Couanet D, Gaillard S, et al. Long
Time to Diagnosis of Medulloblastoma in Children Is Not Associated With
Decreased Survival or With Worse Neurological Outcome. PloS One (2012) 7
(4):€33415. doi: 10.1371/journal.pone.0033415

Chin AL, Moding EJ, Donaldson SS, Gibbs IC, Soltys SG, Hiniker SM, et al.
Survival Impact of Postoperative Radiotherapy Timing in Pediatric and
Adolescent Medulloblastoma. Neuro Oncol (2018) 20(8):1133-41.
doi: 10.1093/neuonc/noy001

Dietzsch S, Placzek F, Pietschmann K, von Bueren AO, Matuschek C, Gluck
A, et al. Evaluation of Prognostic Factors and Role of Participation in a
Randomized Trial or a Prospective Registry in Pediatric and Adolescent
Nonmetastatic Medulloblastoma — A Report From the HIT 2000 Trial. Adv
Radiat Oncol (2020) 5(6):1158-69. doi: 10.1016/j.adro.2020.09.018

Eaton BR, Esiashvili N, Kim S, Weyman EA, Thornton LT, Mazewski C, et al.
Clinical Outcomes Among Children With Standard-Risk Medulloblastoma
Treated With Proton and Photon Radiation Therapy: A Comparison of
Disease Control and Overall Survival. Int J Radiat Oncol Biol Phys (2016)
94(1):133-8. doi: 10.1016/j.ijrobp.2015.09.014

Hill RM, Richardson S, Schwalbe EC, Hicks D, Lindsey JC, Crosier S, et al.
Time, Pattern, and Outcome of Medulloblastoma Relapse and Their
Association With Tumour Biology at Diagnosis and Therapy: A Multicentre
Cohort Study. Lancet Child Adolesc Health (2020) 4(12):865-74. doi: 10.1016/
$2352-4642(20)30246-7

Lai R. Survival of Patients With Adult Medulloblastoma: A Population-Based
Study. Cancer (2008) 112(7):1568-74. doi: 10.1002/cncr.23329

Li J, Chen C, Fu R, Zhang Y, Fan Y, Xu J, et al. Texture Analysis of T1-
Weighted Contrast-Enhanced Magnetic Resonance Imaging Potentially
Predicts Outcomes of Patients With Non-Wingless-Type/Non-Sonic
Hedgehog Medulloblastoma. World Neurosurg (2020) 137:27-33.
doi: 10.1016/j.wneu.2019.09.142

Li K, Duan WC, Zhao HB, Wang L, Wang WW, Zhan YB, et al. Preoperative
Neutrophil to Lymphocyte Ratio and Platelet to Lymphocyte Ratio are
Associated With the Prognosis of Group 3 and Group 4 Medulloblastoma.
Sci Rep (2019) 9(1):13239. doi: 10.1038/541598-019-49733-6

Massimino M, Antonelli M, Gandola L, Miceli R, Pollo B, Biassoni V, et al.
Histological Variants of Medulloblastoma are the Most Powerful Clinical
Prognostic Indicators. Pediatr Blood Cancer (2013) 60(2):210-6. doi: 10.1002/
pbc.24225

Nalita N, Ratanalert S, Kanjanapradit K, Chotsampancharoen T,
Tunthanathip T. Survival and Prognostic Factors in Pediatric Patients With
Medulloblastoma in Southern Thailand. J Pediatr Neurosci (2018) 13(2):150-
7. doi: 10.4103/JPN.JPN-111-17

Ozer E, Sarialioglu F, Cetingoz R, Yiiceer N, Cakmakci H, Ozkal S, et al.
Prognostic Significance of Anaplasia and Angiogenesis in Childhood
Medulloblastoma: A Pediatric Oncology Group Study. Pathol Res Pract
(2004) 200(7-8):501-9. doi: 10.1016/j.prp.2004.04.009

Padovani L, Sunyach MP, Perol D, Mercier C, Alapetite C, Haie-Meder C,
et al. Common Strategy for Adult and Pediatric Medulloblastoma: A
Multicenter Series of 253 Adults. Int ] Radiat Oncol Biol Phys (2007) 68
(2):433-40. doi: 10.1016/j.ijrobp.2006.12.030

Qin Q, Huang D, Jiang Y. Survival Difference Between Brainstem and
Cerebellum Medulloblastoma: The Surveillance, Epidemiology, and End
Results-Based Study. Med (Baltimore) (2020) 99(41):e22366. doi: 10.1097/
md.0000000000022366

Riffaud L, Saikali S, Leray E, Hamlat A, Haegelen C, Vauleon E, et al. Survival
and Prognostic Factors in a Series of Adults With Medulloblastomas.
J Neurosurg (2009) 111(3):478-87. doi: 10.3171/2009.1.jns081004

Schwalbe EC, Lindsey JC, Nakjang S, Crosier S, Smith AJ, Hicks D, et al. Novel
Molecular Subgroups for Clinical Classification and Outcome Prediction in
Childhood Medulloblastoma: A Cohort Study. Lancet Oncol (2017) 18
(7):958-71. doi: 10.1016/s1470-2045(17)30243-7

Thompson EM, Hielscher T, Bouffet E, Remke M, Luu B, Gururangan S, et al.
Prognostic Value of Medulloblastoma Extent of Resection After Accounting
for Molecular Subgroup: A Retrospective Integrated Clinical and Molecular

Frontiers in Oncology | www.frontiersin.org

March 2022 | Volume 12 | Article 827054


https://doi.org/10.1016/j.ejca.2016.03.083
https://doi.org/10.2174/1570159X15666171129111324
https://doi.org/10.2174/1570159X15666171129111324
https://doi.org/10.1093/neuonc/noy131
https://doi.org/10.1093/neuonc/nou357
https://doi.org/10.1200/JCO.1999.17.3.832
https://doi.org/10.1007/s00401-014-1276-0
https://doi.org/10.1093/neuonc/nov185
https://doi.org/10.1200/jco.2010.30.2299
https://doi.org/10.3389/fgene.2020.563882
https://doi.org/10.1007/s00381-021-05165-0
https://doi.org/10.3389/fonc.2021.603686
https://doi.org/10.1016/j.jclinepi.2021.04.008
https://doi.org/10.1016/j.pedhc.2021.04.011
https://doi.org/10.1186/1471-2288-14-45
https://doi.org/10.1186/1471-2288-14-45
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1016/j.canep.2019.01.011
https://doi.org/10.1111/j.1440-1673.2005.01468.x
https://doi.org/10.1111/j.1440-1673.2005.01468.x
https://doi.org/10.25259/sni-237-2019
https://doi.org/10.25259/sni-237-2019
https://doi.org/10.1371/journal.pone.0033415
https://doi.org/10.1093/neuonc/noy001
https://doi.org/10.1016/j.adro.2020.09.018
https://doi.org/10.1016/j.ijrobp.2015.09.014
https://doi.org/10.1016/s2352-4642(20)30246-7
https://doi.org/10.1016/s2352-4642(20)30246-7
https://doi.org/10.1002/cncr.23329
https://doi.org/10.1016/j.wneu.2019.09.142
https://doi.org/10.1038/s41598-019-49733-6
https://doi.org/10.1002/pbc.24225
https://doi.org/10.1002/pbc.24225
https://doi.org/10.4103/JPN.JPN-111-17
https://doi.org/10.1016/j.prp.2004.04.009
https://doi.org/10.1016/j.ijrobp.2006.12.030
https://doi.org/10.1097/md.0000000000022366
https://doi.org/10.1097/md.0000000000022366
https://doi.org/10.3171/2009.1.jns081004
https://doi.org/10.1016/s1470-2045(17)30243-7
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Liu et al.

Factors for Survival Of Medulloblastoma

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Analysis. Lancet Oncol (2016) 17(4):484-95. doi: 10.1016/s1470-2045(15)
00581-1

Weil MD, Lamborn K, Edwards MS, Wara WM. Influence of a Child's Sex on
Medulloblastoma Outcome. JAMA (1998) 279(18):1474-6. doi: 10.1001/
jama.279.18.1474

Yehia M, Taha H, Salama A, Amer N, Mosaab A, Hassanain O, etal. Association of
Aggresomes With Survival Outcomes in Pediatric Medulloblastoma. Sci Rep
(2019) 9(1):12605. doi: 10.1038/s41598-019-49027-x

Yu J, Li H. The Expression of FAT1 is Associated With Overall Survival in
Children With Medulloblastoma. Tumori (2017) 103(1):44-52. doi: 10.5301/
t.5000570

Zhao F, Ohgaki H, Xu L, Giangaspero F, Li C, Li P, et al. Molecular Subgroups
of Adult Medulloblastoma: A Long-Term Single-Institution Study. Neuro
Oncol (2016) 18(7):982-90. doi: 10.1093/neuonc/now050

Sharma T, Schwalbe EC, Williamson D, Sill M, Hovestadt V, Mynarek M,
et al. Second-Generation Molecular Subgrouping of Medulloblastoma: An
International Meta-Analysis of Group 3 and Group 4 Subtypes. Acta
Neuropathol (2019) 138(2):309-26. doi: 10.1007/s00401-019-02020-0

von Bueren AO, Kortmann RD, von Hoft K, Friedrich C, Mynarek M, Muller K,
et al. Treatment of Children and Adolescents With Metastatic Medulloblastoma
and Prognostic Relevance of Clinical and Biologic Parameters. ] Clin Oncol (2016)
34(34):4151-60. doi: 10.1200/JC0O.2016.67.2428

National Cancer Institute. Childhood Medulloblastoma and Other Central
Nervous System Embryonal Tumors Treatment (PDQ®)-Health Professional
Version (2021). Available at: https://www.cancer.gov/types/brain/hp/child-
cns-embryonal-treatment-pdq (Accessed October 27, 2021).

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines). Central
Nervous System Cancers. Version 2.2021. Fort Washington: National
Comprehensive Cancer Network (2021).

Michiels EM, Schouten-Van Meeteren AY, Doz F, Janssens GO, van Dalen
EC. Chemotherapy for Children With Medulloblastoma. Cochrane Database
Syst Rev (2015) 1:CD006678. doi: 10.1002/14651858.CD006678.pub2
Jakacki RI, Burger PC, Zhou T, Holmes EJ, Kocak M, Onar A, et al. Outcome
of Children With Metastatic Medulloblastoma Treated With Carboplatin
During Craniospinal Radiotherapy: A Children's Oncology Group Phase I/II
Study. J Clin Oncol (2012) 30(21):2648-53. doi: 10.1200/JCO.2011.40.2792
Zhang ZY, Xu J, Ren Y, Li KK, Ng HK, Mao Y, et al. Medulloblastoma in
China: Clinicopathologic Analyses of SHH, WNT, and non-SHH/WNT
Molecular Subgroups Reveal Different Therapeutic Responses to Adjuvant
Chemotherapy. PloS One (2014) 9(6):e99490. doi: 10.1371/journal.
pone.0099490

53. Kann BH, Park HS, Lester-Coll NH, Yeboa DN, Benitez V, Khan AJ, et al.
Postoperative Radiotherapy Patterns of Care and Survival Implications for
Medulloblastoma in Young Children. JAMA Oncol (2016) 2(12):1574-81.
doi: 10.1001/jamaoncol.2016.2547

54. Archer TC, Mahoney EL, Pomeroy SL. Medulloblastoma: Molecular
Classification-Based Personal Therapeutics. Neurotherapeutics (2017) 14
(2):265-73. doi: 10.1007/s13311-017-0526-y

55. Taylor MD, Northcott PA, Korshunov A, Remke M, Cho Y], Clifford SC, et al.
Molecular Subgroups of Medulloblastoma: The Current Consensus. Acta
Neuropathol (2012) 123(4):465-72. doi: 10.1007/s00401-011-0922-z

56. Menyhart O, Giangaspero F, Gyorfty B. Molecular Markers and Potential
Therapeutic Targets in Non-WNT/Non-SHH (Group 3 and Group 4)
Medulloblastomas. ] Hematol Oncol (2019) 12(1):29. doi: 10.1186/s13045-
019-0712-y

57. Juraschka K, Taylor MD. Medulloblastoma in the Age of Molecular Subgroups: A
Review. ] Neurosurg Pediatr (2019) 24(4):353-63. doi: 10.3171/2019.5.
PEDS18381

58. El Doussouki M, Gajjar A, Chamdine O. Molecular Genetics of
Medulloblastoma in Children: Diagnostic, Therapeutic and Prognostic
Implications. Future Neurol (2019) 14(1). doi: 10.2217/fnl-2018-0030

59. Amayiri N, Swaidan M, Ibrahimi A, Hirmas N, Musharbash A, Bouffet E, et al.
Molecular Subgroup Is the Strongest Predictor of Medulloblastoma Outcome
in a Resource-Limited Country. JCO Glob Oncol (2021) 7:1442-53.
doi: 10.1200/GO.21.00127

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Liu, Xiao, Li and Liu. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

March 2022 | Volume 12 | Article 827054


https://doi.org/10.1016/s1470-2045(15)00581-1
https://doi.org/10.1016/s1470-2045(15)00581-1
https://doi.org/10.1001/jama.279.18.1474
https://doi.org/10.1001/jama.279.18.1474
https://doi.org/10.1038/s41598-019-49027-x
https://doi.org/10.5301/tj.5000570
https://doi.org/10.5301/tj.5000570
https://doi.org/10.1093/neuonc/now050
https://doi.org/10.1007/s00401-019-02020-0
https://doi.org/10.1200/JCO.2016.67.2428
https://www.cancer.gov/types/brain/hp/child-cns-embryonal-treatment-pdq
https://www.cancer.gov/types/brain/hp/child-cns-embryonal-treatment-pdq
https://doi.org/10.1002/14651858.CD006678.pub2
https://doi.org/10.1200/JCO.2011.40.2792
https://doi.org/10.1371/journal.pone.0099490
https://doi.org/10.1371/journal.pone.0099490
https://doi.org/10.1001/jamaoncol.2016.2547
https://doi.org/10.1007/s13311-017-0526-y
https://doi.org/10.1007/s00401-011-0922-z
https://doi.org/10.1186/s13045-019-0712-y
https://doi.org/10.1186/s13045-019-0712-y
https://doi.org/10.3171/2019.5.PEDS18381
https://doi.org/10.3171/2019.5.PEDS18381
https://doi.org/10.2217/fnl-2018-0030
https://doi.org/10.1200/GO.21.00127
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Risk Factors for Survival in Patients With Medulloblastoma: A Systematic Review and Meta-Analysis
	Introduction
	Methods
	Literature Search
	Eligibility
	Data Extraction and Quality Assessment
	Statistical Analysis

	Results
	Selection of the Studies
	Characteristics of the Included Studies
	Overall Survival
	Progression-Free Survival
	Event-Free Survival
	Publication Bias
	Sensitivity Analyses

	Discussion
	Data Availability Statement
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


