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Introduction

The current treatment strategy of medulloblastoma is surgery combined
with radiotherapy and adjuvant chemotherapy [1]. The 5-year overall
survival (OS) rate is close to 85% at standard risk, however, the high-risk
patients are approximately 70%[2].Compared with photon radiotherapy,
proton therapy is a novel method of radiation therapy, which could
accurately kill tumor cells and protect the organs around the tumor.
Moreover, the therapy reduces side effects and improves quality of life.
With the development of proton therapy, an increasing number of
medulloblastoma patients are receiving the therapy method [2].

The study of medulloblastoma proton therapy was in conformity to the
principle of randomization [3,4], mainly involving observational studies
with a lower level of evidence in randomized controlled studies. This
study systematically collected literature of proton therapy on
medulloblastoma patients, and evaluated its efficacy and safety.
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Materials and methods
1 Methods

1.1 Criteria for inclusion and exclusion of literature

1.1.1 Inclusion criteria: (1)Research types: Observational studies
published in China and abroad, Chinese and English
literature.(2)Medulloblastoma  confirmed by pathology, without
limitation in T/M staging. No contraindication to radiotherapy, unlimited
age or gender. (3)The traditional photon radiation therapy as the control
group, and the proton therapy as the experimental group.

1.1.2 Exclusion criteria: (1)The study type was not clearly declared, and
research data was not provided. (2)Repeatedly published literature.
(3)The study could not meet the inclusion criteria. (4) The sample size was
less than 10 cases. (5)There were no defined outcome and efficacy
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evaluation criteria. (6)Summary, case report, lecture and review were
excluded.

1.2 Outcome indicators

1.2.1 Primary outcome indicators: (1)OS was defined as the time
interval from the date of diagnosis to date of death or the last follow-up
for survivor. (2)Recurrence free survival (RFS) was defined as the time
from complete remission until recurrence or the last follow-up.

1.2.2 Secondary outcome indicators: (1)Late complications:
ototoxicity, neuroendocrine toxicity including neuroendocrine (growth
hormone and thyroid hormone) deficits and neurocognitive (intelligence,
reasoning, memory) deficits. (2)Early and late toxicity included alopecia,
fatigue, anorexia, stroke, cataract, obesity, etc.

1.3 Retrieval Strategy

All observational studies on postoperative proton therapy of
medulloblastoma patients from January 1992 to March 2020 were
retrieved by computer in PubMed, EMbase, Cochrane library, CBM,
CNKI, Wanfang database, and VIP database, by MeSH of "Proton
Radiotherapy, Medulloblastoma, cohort studies”. In addition, references,
conferences and network information were manually retrieved from the
related literature.
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1.4 Literature screening

Mingyang Liu and wenyue Deng independently screened these literature,
extracted and cross-checked the data. weiping Zhan included or excluded
the literature, if there were inconsistencies. The substandard literature was
excluded by the subject and abstract, and then further determined by
reading the full text.

1.5 Data extraction

(1) The basic information included in the literature: study type, author,
publication year, etc. (2) The basic characteristics of the subjects: sample
size, age, sex, grade, resection degree, follow-up time, etc. (3)Total and
fractionated doses of proton therapy. (4) Efficacy and safety outcome.

1.6 Literature quality evaluation

A total of 10 articles were included by rigorous screening, including 4
retrospective case-control studies and 6 observational studies. The
statistical method was scientific and reasonable, and articles with
complete data underwent data extraction. The Newcastle-Ottawa Scale
(NOS) was used to evaluate the literatures. All retrospective cohort
studies had NOS scores=6. The quality evaluation of high-quality
literature was completed independently by shiyuan Jing. The final scores
were determined by shiyuan Jing.

Study Selection Comparability Qutcome total score
Benjamin J Moeller | # % % % * * 6 Stars
Jimenez, R * % % * * * 6 Stars
Bree R. Eaton * % % * * * * 7 Stars
Yock, T. 1. * % % * * * % 7 Stars
Bielamowicz, K. * % % * * * 6 Stars
Kamran, S. C. * % k % * * 6 Stars
Eaton, B. R. * % k % * * 6 Stars
Paulino, A. C. * % k * * % * 7 Stars
Grewal, A. S. * % k K * % * * 8 Stars
Roshan V. Sethi * % k K * % * 7 Stars

Table 1: The NOS scale scores for 10 articles

1.7 Statistical analyses

Review Manager 5.3 and STATA12.0 software were used to analyze the
data, and descriptive analyses were performed to analyze the outcome
indicators that could not be combined. Firstly, the heterogeneity was
evaluated. According to the Cochrane System Evaluation Guide, the
heterogeneity significance level was set at P=0.1 and 1°=50%. When
P>0.1 and 1?=50%, the heterogeneity between the results was not
statistically significant, and the fixed effect was used to analyze the
heterogeneity. When P<0.1 and 12>50%, there was heterogeneity in the
results. The causes of heterogeneity could be found by subgroup analysis,

Auctores Publishing LLC — Volume 11(2)-207 www.auctoresonline.org
ISSN2578-8868

sensitivity analysis and meta-regression analysis. If the cause was not
ascertained and the degree of heterogeneity was acceptable, random
effects were selected for data consolidation. The funnel map was used to
identify bias in the primary outcome.

2 Results

2.1 According to the retrieval strategy, 56 articles were
retrieved. Based on the exclusion criteria, 10 articles were analyzed
scrupulously in the study, and the document screening process was shown
as follows (Figure 1).
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Literature was retrieved from J databases (n=36):
Cochrance (n=2)., Embaze (n=9), Pubmed (n=3%9),

CNEI (n=3). Wanfang (n=3)

Literature from other sources (n=0)

» Exclusion system

Deleted duplicate references (n =34)

evaluation, review, animal

experiments, ete. (n=2)

Selected literature (m=32)

Inconzistencies in content or

infervention/contrel measuras

by reading abstracts (n=22)

l

¥

Included references after review (n =30)

Exclude literature that did not

conform to the resezrch

methods (n=20)

Feferences included after full text browsing (n=10)

Exclude the Literature with

inconsistent outcome

Beferances included in meta-analysis (n=10)

indicators (n=0)

Figure 1: Document Retrieval Flowchart

2.2 Basic characteristics of the literature

Four articles were retrospective case-control studies, and six articles were
observational studies. 492 patients were treated with proton therapy,
while 180 patients were treated with photon therapy.

2.3 Results of meta-analysis

There was 1, 4 and 1 articles that reported 3-, 5- and 7-year OS
respectively. One non-randomized controlled trial reported that 5-year OS
was 82.0% for proton therapy and 87.6% for photon therapy. One
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observational study reported that 3-year OS was 85.6% for proton
therapy, and another observational study reported that 7-year OS was 81%
for proton therapy.

Firstly, the heterogeneity were examined for 5-year OS in four articles
(1=98% and P<0.1 for Q test) (Figure 2), suggesting heterogeneity
between the literature, there fore, random effects could be selected for
meta-analysis. The random effects were conducted for four articles as a
whole, and the results were as follows:

Page 3 of 7



J. Neuroscience and Neurological Surgery

Copy rights@ Weiping Zhan et.al.

Hazard Ratio Hazard Ratio

Studyor Subgroup _logfHazard Ratio] S Weight IV, Random, 85% CI IV, Random, 95% C
Bree R Ealon 2016 0199 00097733 265%  082(080,084) '

Grewal, A5, 2019 0174 00327258 191%  084[079,000) '

Roshan', Sethi 2013 0117 0002932 274%  089(083,089) '

Yotk T.L 2016 0186 00066423 270%  083(082,084 '

Total (95% C1) 1000%  0.85(0.80,089) |

Heterogeneity Tau*= 0.00; ChA= 139.22, 8= 3 (P < 0.00001) P= 98% 5001 0%1 1 150 w{;'

Testfor overall efect Z=6.51 (P < 0.00001)

Fanours [xpenmental] Favours [control

Figure 2: Forest map of 5-year survival in proton therapy

The meta-analysis showed that 85% of the total effects were statistically
significant by random effects (Z=6.51, P<0.05). The sensitivity analysis
showed that anyone eliminated in the four articles would not affect the
results in this study, showing that the random effects results were stable
and reliable.

Meta-analysis based on random effect indicated that there was no
deviation in the study, and further symmetry test showed P>0.05,
suggesting that there was no publication bias in this study (Figure 3).
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Figure 3: Funnel diagram of 5-year survival with proton therapy patients

Progression-free survival (RFS) was reported in 1 and 3 articles for 3- and
5-year OS respectively. A nonrandomized controlled trial reported that
the RFS of proton therapy and photon therapy was 78.8% and 76.5%
respectively for medulloblastoma. One observational study reported that
the 3-year RFS of proton therapy was 83%.
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Firstly, 5-year RFS examined heterogeneity in three articles (12 =0 and
P>0.1) (Figure 4), suggesting no heterogeneity between the literature, and
that the fixed effect could be selected for meta-analysis. Sensitivity
analysis was then performed to ensure the accuracy and stability. The
sensitivity analysis was carried out in three articles, and none had obvious
effect on the results, revealing good stability of the study.
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Hazard Ratio Hazard Ratio
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Total(95% C) 1000% 0.79[0.74,048] \
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Testfor overall effect 2= 446 (P <0.00001)
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Figure 4: Forest map of 5-year RFS in patients receiving proton therapy

Meta-analysis showed that the 79% effective dose was statistically
significant (Z=4.46 P<0.05) by random effects. As shown in the following
Figure, the funnel diagram was obviously symmetrical, indicating no

deviation in the literature. The results of further symmetry test was
P>0.05, therefore, there was no publication bias in the following funnel

diagram (Figure 5).
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Figure 5: Funnel diagram of RFS with proton therapy

2.3.3 Side effects

Side effects were reported in 8 articles (Table 2), including hearing
impairment (n=27) and endocrine dysfunction requiring hormone
replacement therapy (n=34), and visual impairment (n=5). Other side
effects included alopecia (n=1) and cataract (n=1) in literature 4.
Literature 5 reported a decrease in thought processing speed and speech
comprehension index after proton therapy, with 1.5 points per year. There

was no statistical significance in cognitive reasoning index and memory.
The cumulative incidence of grade 3-4 hearing impairment was 12% at 3
years after treatment, and the cumulative incidence was 16% at 7 years
after treatment Literature 6 reported that proton therapy was superior to
photon therapy in central/primary hypothyroidism. Literature 7 reported
2 cases with delayed grade 2 bilateral hearing loss and 1 case with delayed
grade 2 hypothyroidism.

Study Sample size Hearing Endocrine Visual impairment
impairment dysfunction
Benjamin J Moeller | 23 1 0 0
Jimenez, R 12 8 3 1
Yock, T. I. 59 7 0 4
Bielamowicz, K. 41 0 8 0
Kamran, S. C. 116 0 0 0
Eaton, B. R. 40 0 22 0
Paulino, A. C. 38 9 0 0
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Grewal, A. S. 14 2

1

Total 343 27

34

Table 2: Number of adverse reactions after proton therapy

Discussion

Ten articles were included in the study, and a total of 492
medulloblastoma patients underwent proton therapy. The results showed
that the OS of proton therapy was higher than that of photon therapy. The
study suggested that proton therapy was effective on OS and RFS for
medulloblastoma patients.

Proton therapy can precisely plan the target area and cover the tumor foci,
which protects normal brain tissue and ensures sufficient dose of radiation
[5-7]. Meta-analysis showed that side effects of proton therapy included
endocrine dysfunction, impaired speech processing speed and
comprehension, hearing impairment.

Literature studies showed that proton group was superior to photon group
in central/primary hypothyroidism [8, 9]. Compared with photon therapy,
the risk of sex hormone deficiency was apparently reduced (3% vs. 19%,
P<0.01). The endocrine replacement therapy rate was obviously reduced
(55% vs. 78%, P<0.05), while there was no significant difference in the
incidence of growth hormone deficiency (53% vs. 57%), adrenal
insufficiency (5% vs. 8%), or precocious puberty (18% vs. 16%)[6]
(P>0.05).

Parents reported 59.1 health core scores, which was increased by 2.0
points per year [10]. These scores were significantly improved in proton
therapy group, suggesting that proton therapy could continuously improve
children’s quality of life. The meta-analysis reported 1.5 point reduction
per year in language processing speed and comprehension, while there
was no significant difference in cognitive reasoning index and memory
[11].

Benjamin J Moeller [12] had shown that hearing sensitivity decreased
significantly in frequency ranges by proton therapy. The hearing
threshold was partially reduced after radiotherapy, and the incidence of
ototoxicity (grade 3 or 4) was 5% at 1 year after treatment.

This study has several limitations. First, the clinical effect of
medulloblastoma in children was not evaluated by progression-free
survival and recurrence survival, but by 5-year OS and RFS, and few
literatures are available. Second, proton dose and fractionation were
different in the study, including preoperative risk grade, resection degree,
and chemotherapy, therefore, it was impossible to conduct a more detailed
stratified comparative study. We will perform stratified analyses to
pinpoint the independent prognostic factors and pathological
characteristics which could affect the prognosis in medulloblastoma
patients.Finally, different molecular types have different sensitivity and
effectiveness to radiotherapy, and few studies have reported the meta-
analysis to date. The influence of molecular types on radiotherapy
efficacy should be paid more attention to subsequent case-control studies
in the future.

To date, proton therapy is a safe and feasible method in medulloblastoma,
which could improve the survival rate and RFS rate, and has fewer side
effects than photon therapy. Clinical studies with high quality and a large
sample size are needed before proton therapy is applied to
medulloblastoma patients.

In brief, proton therapy is preferred radiotherapy for postoperative
children with medulloblastoma.
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