
RESEARCH ARTICLE

Postoperative radiotherapy timing, molecular

subgroups and treatment outcomes of Thai

pediatric patients with medulloblastoma

Thitiporn Jaruthien1,2, Chonnipa Nantavithya1,2, Sakun Santisukwongchote3,

Shanop Shuangshoti3, Piti Techavichit4, Darintr Sosothikul4, Jiraporn Amornfa5,

Kanjana ShotelersukID
1,2*

1 Division of Therapeutic Radiology and Oncology, Department of Radiology, King Chulalongkorn Memorial

Hospital, Thai Red Cross Society, Bangkok, Thailand, 2 Division of Therapeutic Radiology and Oncology,

Department of Radiology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand, 3 Department

of Pathology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand, 4 Division of Hematology,

Department of Pediatrics, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand, 5 Division of

Neurosurgery, Department of Surgery, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

* kanjana.s@chula.ac.th

Abstract

Introduction

Medulloblastoma (MB) is the most common childhood malignant brain tumor worldwide.

Recently, molecular classification was established and started to play a role in the manage-

ment of MB; however, studies involving molecular defined MB in Southeast Asia have been

limited. We aimed to describe, and correlate clinical characteristics and molecular sub-

groups with therapeutic outcomes of Thai pediatric patients with MB.

Materials and methods

Pediatric MB patients treated at King Chulalongkorn Memorial Hospital in Thailand from

2006 to 2018 were recruited. Patients were classified by clinical characteristics into stan-

dard- and high-risk groups, which determined treatment regimen. Retrospectively, available

tumor tissues were classified into 3 molecular subgroups using immunohistochemistry: 1)

WNT, 2) SHH, and 3) non-WNT/non-SHH. The primary outcome was 5-year overall survival

(OS). Risk factors associated with OS were analyzed using cox regression analysis.

Results

Fifty-three Thai pediatric patients with MB were enrolled. The median follow-up time was 60

months. The 5-year OS for all patients, and patients with standard-risk and high-risk were

74.2%, 76.3% and 71.4%, respectively. Tumor tissues of 24 patients were available, of

which 23 could be molecularly classified. Two, one and 20 were in the WNT, SHH and non-

WNT/non-SHH subtypes with 5-year OS of 100%, 100% and 78.9%, respectively. Using

multivariate analysis, the interval of more than 8 weeks between surgery and radiotherapy

was significantly correlated with a decrease in the 5-year OS.
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Conclusion

Interval between surgery and radiotherapy within 8 weeks was associated with good thera-

peutic outcomes among Thai pediatric patients with MB. Simplified molecular subtyping

combined with clinical characteristics is practical in risk classification of patients with MB in

institutes with limited resources.

Introduction

Cancer is one of the most common causes of death in children worldwide [1, 2]. The most

common cancers in children are leukemia, followed by central nervous system (CNS) tumors.

Medulloblastoma (MB) is the most common childhood malignant brain tumor, accounting

for 20% of all pediatric brain malignancies [3].

Patients with MB are conventionally divided into two clinical risk groups using clinical

information such as age, postoperative residual tumor, metastatic disease, and histopathology:

1) standard-risk, and 2) high-risk groups. The current standard of treatment for children older

than three years of age consists of maximal safe resection followed by craniospinal irradiation

and chemotherapy adjusted according to the risk groups. For patients younger than three

years old, post-operative chemotherapy is used to delay radiation treatment to reduce risk of

radiation complications. Recently, surgical procedures, diagnostic imaging, radiotherapy tech-

niques and the implementation of systemic therapy have improved compared to the past, thus,

the outcome of treatment for MB patients has also improved. Current studies have reported

5-year OS for standard- risk group and high-risk group to be 70–85% and 60–70%, respectively

[4–8].

Several studies had identified prognostic factors affecting outcome of MB patients. These

included not only tumor-intrinsic factors such as histology and molecular features but also

demographic data such as age and sex, and treatment-related features such as extent of surgery,

and time interval between surgery and radiotherapy [7, 9, 10]. The benefit of knowing prog-

nostic factors is a key in optimizing treatment to improve the treatment outcome as well as

reduce the long-term toxicities in selected patients.

At present, we have better understanding of molecular and genetic behaviors of this tumor.

The concept for CNS tumor diagnoses has been shifted by using molecular parameters in addi-

tion to histology to define the tumor entities. According to the most recent 2021 World Health

Organization (WHO) Classification of Tumors of the Central Nervous System [11], four main

molecular subgroups of MB patients are classified: 1) WNT, 2) SHH with TP53-wildtype, 3)

SHH with TP53-mutant, and 4) non-WNT/non-SHH. These four distinct subgroups have dif-

ferent prognosis and outcomes in various ethnicities. WNT patients are considered to have the

best prognosis. Thus, the current consensus has been used in many recent research studies to

guide treatment in the future. For example, two open studies, International Society of Pediatric

Oncology (SIOP) PNET5 Medulloblastoma (NCT02066220) and SJMB12 (NCT01878617), are

evaluating a reduction of craniospinal irradiation dose in MB patients based on both the clini-

cal risk and molecular subtypes.

Although molecular subgroups are proposed as an important prognostic factor which can

potentially change the treatment paradigm in the near future, unfortunately there are limited

number of MB studies in Southeast Asia [12, 13]. To date, there is only one Thai study that

assessed the clinical outcome of MB treatment among pediatric patients based on their molec-

ular subgroups [14]. Limited data regarding the prognosis of molecular defined MB in Thai
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patients because molecular genetic testing is not available at all centers. Therefore, we aimed to

conduct a retrospective study to identify the prognostic factors, including molecular pathol-

ogy, of the treatment outcome of MB in Thai pediatric patients.

Materials and methods

Study population

All patients diagnosed of MB at the King Chulalongkorn Memorial Hospital from 2006 to

2018 were retrospectively reviewed. Inclusion criteria were patients aged under 16 years, diag-

nosis of MB by central review of pathology according to the new WHO 2021 classification,

complete staging including cerebrospinal fluid (CSF) cytology and craniospinal magnetic reso-

nance imaging (MRI) before treatment. Patients with incomplete treatment or missing medi-

cal records were excluded from the study. Histopathology was stratified into classic,

desmoplastic/nodular, extensively nodular, and large cell/anaplastic. The high-risk group was

defined as the age at diagnosis of less than 3 years, have residual disease after resection larger

than 1.5 cm2, have evidence of metastases at diagnosis or histopathology of large cell/anaplastic

type. Patients without any of these conditions were categorized as standard-risk group. The

study protocol was approved by the Institutional Review Board of the Faculty of Medicine,

Chulalongkorn University (IRB# 251/63) and written informed consent was waived due to the

retrospective nature of the study.

Treatment and follow-up

All patients received a pretreatment evaluation including general physical examination, imag-

ing of the brain and the whole spine, and lumbar puncture to study cerebrospinal fluid cytol-

ogy. Patients were treated according to the Thai Pediatric Oncology Group (ThaiPOG)

protocol. Full detail of the treatment is available in S1 File. Briefly, all patients underwent max-

imal safe resection of the primary tumor followed by CSI and involved field and/or posterior

fossa boost and chemotherapy. For infants age less than 36 months, neoadjuvant chemother-

apy was given to delay RT for 1 year or when the patient reached 3 years of age, whichever

came first. For the standard risk group, the CSI dose was 23.4 Gy followed by whole posterior

fossa irradiation to at least 36 Gy and a tumor bed boost or irradiation of the tumor bed alone

to 54–55.8 Gy. For the high-risk group, the CSI dose was 36 Gy followed by either whole poste-

rior fossa boost or a tumor bed boost up to 54–55.8 Gy. Chemotherapy was administered con-

currently with vincristine 1.5 mg/m2 weekly during radiotherapy (RT) for six doses and

adjuvantly with cyclophosphamide plus vincristine alternate with carboplatin plus etoposide

for a total of ten cycles unless the condition of the patients did not allow chemotherapy to be

given. The chemotherapy protocol for infants aged less than 36 months was the HIT-SKK che-

motherapy without intraventricular methotrexate [15, 16]. Following treatment completion,

patients were followed with physical examination and serial MRI of the brain and the whole

spine every 3 months for the first 2 years, every 6 months for the 3rd and 4th years, and yearly

thereafter. Acute hematologic toxicities were graded according to the Common Terminology

Criteria for Adverse Events (CTCAE) version 3.0.

Molecular subgroup classification

MB tumor specimens from the Department of Pathology were reviewed, and the molecular

subtyped determined by the method previously described [17]. In brief, a panel of 5 immunos-

tains (Beta-catenin, GAB, YAP, NGFR, OTX2) was first applied. Cases with the classic immu-

noprofile were categorized into, 1) WNT, 2) SHH, and 3) non-WNT/non-SHH (group 3 and
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group 4). CTNNB1 mutation test was additionally performed in tumors with negative nuclear

Beta-catenin but the other immunohistochemical markers perfectly matched with WNT MB.

Cases were considered unclassified molecular subtype when the 5 immunostains did not fit

with any of the molecular subtypes, including the WNT subtype with negative nuclear Beta-

catenin. TP53 mutation and MYC/MYCN amplification test were not performed in our study

due to unavailable in-service labs.

Statistical analysis

Overall survival (OS) was defined as the time from diagnosis until death by any cause. Event

free survival (EFS) was defined as the time from diagnosis until disease progression, disease

recurrence or death. The date of tumor resection was determined as the date of diagnosis.

Median was compared using Wilcoxon rank sum test. Comparing proportion using Chi-

square or fisher exact test. OS and EFS were assessed using the Kaplan-Meier method. Log

rank test was used to compare survival between the 2 groups. Risk factors associated with OS

and EFS were assessed using Cox regression. Covariates with p<0.2 in the univariate models

were analyzed in the multivariate models. Statistical significance was defined as p-values

<0.05. Statistical analysis was performed using STATA software, version 15.1 (Stata Corp.,

College Station, Texas).

Results

Patient and tumor characteristics

From 2008 to 2018, 56 patients were eligible but three patients were excluded due to either

incomplete treatment or missing treatment information, resulting in a remaining total of 53

patients. (Fig 1) The median follow-up time was 60 months, with a range of 8 months to 13

years. Median age of all patients at the time of diagnosis was 7 years (interquartile range

5–10 years). The most common histology was the classic type. Three patients did not receive

chemotherapy due to poor performance status and refused to be treated with chemotherapy,

while 50 patients received a combination of craniospinal irradiation and chemotherapy. Six

patients who were younger than 3 years received neoadjuvant chemotherapy. Gross total

resection (GTR) or near total resection (NTR) was performed on 88.7% of the patients.

The demographic, tumor and treatment characteristics of the patients are summarized in

Table 1.

Outcomes

Of the 16 patients (30.2%) who died, eight (50%) were from the standard-risk group. The

5-year OS for all patients was 74.2%. The 5-year OS were 76.3% and 71.4% in patients from the

standard-risk and high-risk groups, respectively. There was no statistically significant differ-

ence in OS between the 2 groups (P = 0.79). Nine patients had recurrence before death. The

5-year EFS were 73.1% and 66% in patients from the standard-risk and high-risk groups,

respectively (P = 0.94). The OS and EFS are shown in Fig 2. Concerning RT doses, all patients

received CSI dose as planned. For tumor bed boost, whole posterior fossa boost to 54 Gy was

given in 2/26 (7.7%) and 14/27 (51.9%) in the standard-risk and high-risk groups, respectively.

Relapse was documented in 12 cases. Five patients had local relapses, 4 had distant relapses

and 3 had combine relapses.

Prognostic factors affecting overall survival rates. In the univariate analysis, sex, tumor

location, extent of resection and histological subtypes did not affect OS. Two variables, the

location and the interval of more than 8 weeks between surgery and RT, were included in the
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multivariate analysis. In the multivariate analysis, the interval of more than 8 weeks between

surgery and RT was significantly associated with a decrease in OS. The results of the univariate

and multivariate analyses are summarized in Table 2.

The tumor tissues of 24 cases could be retrieved and were reviewed by pathologists for

molecular subtype classification. The rest of the cases did not yield adequate material for analy-

sis. One in 24 patients was considered unclassified subtype by immunohistochemistry. Demo-

graphic data, molecular and histologic subtypes of 23 MB patients are shown in S1 Table. The

predominant subtype (20/23; 86.9%) was non-WNT/non-SHH. Two cases were WNT sub-

type, 1 case was SHH subtype. The correlation between molecular subtype, clinical risk and

histopathology are summarized in Table 3.

Four patients from the non-WNT/non-SHH group died. All patients from WNT and SHH

subtype were completed the standard treatment as planned and remained disease free until the

last follow-up visit. The 5-year OS were 100%, 100% and 78.9% for WNT, SHH and non-

WNT/non-SHH subtypes, respectively (P = 0.71). The 5-year EFS were 100%, 100% and 74.3%

for WNT, SHH and non-WNT/non-SHH subtypes, respectively (P = 0.65) (Fig 3).

Toxicities. Acute hemato-toxicities were recorded. Grade 3 anemia was found in 6.7% of

the patients. Twelve cases (23%) had grade 3 neutropenia and only one patient (2%) had grade

4. There was no thrombocytopenia grade 3 or higher.

Fig 1. The participants’ flow chart.

https://doi.org/10.1371/journal.pone.0271778.g001
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Discussion

The patient characteristics of our study were similar to other studies including median age of 7

years (IQR 5–10), predominance of male, and classic histology. [13, 18, 19] The frequency of

96% of the vermis location in our study was higher than those usually found in other cohorts.

The reasons await further studies; nonetheless, 90% frequency of the vermis location has been

previously reported [20]. The majority of the cases in our study were classified as nonWNT/

nonSHH subtype which was in agreement with other studies [5, 14, 21]. The correlation

between molecular findings and histological subtypes was also in line with many studies [17,

22, 23]. One case from the SHH subgroup had desmoplastic/nodular histology while all WNT

and nonWNT/nonSHH subgroups had classic histology. For the patient who is younger than

3 years old, SHH subtype is usually approximately 50% of the case. However, there was only

one patient with SHH in our report, this is probably because our cohort is very small and only

2 out of 6 had available tissues for immunohistochemistry.

Table 1. Demographic and clinical characteristics of the 53 pediatric patients with medulloblastoma.

Total (N = 53) N (%)

Median (IQR) age 7 (5–10)

Age < 3 years 6 (11.3)

Age� 3 years 47 (88.7)

Male 31 (58.5)

Female 22 (41.5)

Location

Vermis 51 (96.2)

Hemisphere 2 (3.8)

Histology

Classic 38 (71.7)

Desmoplastic nodular 4 (7.6)

Large/anaplastic 2 (3.8)

Unknown 9 (16.9)

Clinical Risk

Standard 26 (49.1)

High 27 (50.9)

Chang classification

M0 30 (56.5)

M1 4 (5.7)

M2 3 (5.7)

M3 17 (32.1)

Treatment

Radiotherapy with chemotherapy 50 (94.3)

Radiotherapy alone 3 (5.7)

Neoadjuvant chemotherapy 6 (11.3)

Extent of tumor removal

GTR/NTR 47 (88.7)

STR 5 (9.4)

Partial tumor removal 1 (1.9)

Abbreviation: IQR; interquartile range, GTR; gross total resection, NTR; near total resection STR; subtotal resection

https://doi.org/10.1371/journal.pone.0271778.t001
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Fig 2. The Kaplan-Meier curve for overall survival (A) and event free survival (B) of pediatric patients from the

standard risk and high risk medulloblastoma groups.

https://doi.org/10.1371/journal.pone.0271778.g002
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The 5-year overall survival rates of MB in our study were 76.3% for the standard-risk group

and 71.4% for the high-risk group. These findings were in line with previous studies that

reported the 5-year overall survival rates of MB to be 70–80% and 60–70% for standard-risk

group and high-risk group, respectively [4–6]. In contrast, a previous study conducted in Thai-

land in 55 pediatric MB patients had a 5-year OS rate of 84.4% in the standard-risk group and

42.8% in the high-risk group; [13] for this study, the survival rate in the high-risk group was

higher than the previous Thai study. This could probably be due to higher gross tumor resec-

tion rate, higher rate of combination chemotherapy with radiotherapy, and also higher rate of

craniospinal irradiation in our study. In our previous study, [24] MB patients treated between

1989 and 1997 had a 5-year OS rate of 57.9%. In contrast, this study had a higher 5-year OS

rate which may be due to the advancement of the surgical procedures, use of modernized

Table 2. The association analysis of various factors and the overall survival of the medulloblastoma pediatric patients.

N Univariate Multivariate

HR (95%CI) P-value HR (95%CI) P-value

Sex

Female 22 Ref

Male 31 2.01 (0.64–6.28) 0.23

Location

Vermis 51 Ref

Hemisphere 2 4.17 (0.52–33.11) 0.17 4.82 (0.58–39.78) 0.14

Extent of resection

GTR/NTR 47 Ref

STR 5 1.81 (0.4–8.21) 0.44

Partial tumor removal 1 N/A

Histologic type

Classic 38 Ref

Desmoplastic/nodular 4 0.57 (0.07–4.52) 0.6

Large/anaplastic 2 1.63 (0.21–12.83) 0.64

Interval between surgery and RT

< 4 weeks 8 Ref

� 4 weeks 45 0.72 (0.2–2.56) 0.61

Interval between surgery and RT

< 8 weeks 40 Ref

� 8 weeks 13 3.15 (1.16–8.52) 0.02 3.25 (1.19–8.85) 0.02

Abbreviation: GTR; gross total resection, NTR; near total resection, STR; subtotal resection, RT; radiotherapy

https://doi.org/10.1371/journal.pone.0271778.t002

Table 3. Molecular classification of the medulloblastoma pediatric patients.

Patient characteristics Molecular subgroups Total (n = 23)

WNT SHH nonWNT/nonSHH

Clinical risk

Standard risk 2 0 9 11

High risk 0 1 11 12

Histopathology

Classic 2 0 20 22

Desmoplastic/ nodular 0 1 0 1

https://doi.org/10.1371/journal.pone.0271778.t003
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Fig 3. The Kaplan-Meier curve for overall survival (A) and event free survival (B) of medulloblastoma by

molecular subtypes.

https://doi.org/10.1371/journal.pone.0271778.g003
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radiotherapy techniques and systemic chemotherapy; all of these treatment strategies have

improved the treatment outcome.

Post-CSI radiation treatment target volume in MB can be performed in two ways, either

involved field or posterior fossa radiation therapy. The ACNS 0331 study reported that the

involved-field RT was as effective as posterior fossa RT of 54 Gy following CSI in the standard

risk MB group [25]. However, whether this is also true for high-risk patients is still inconclu-

sive. In our study, there were 14 cases and 13 cases in the high-risk group receiving posterior

fossa boost and tumor bed boost, respectively. Local relapse was recorded in 3 out of 14 and 3

out of 13 patients in each treatment group. This suggests that tumor bed boost following CSI

of 36 Gy could be a treatment option in high-risk MB patients.

With improvement of survival rate in pediatric MB patients, long-term toxicities are of con-

cerns for the survivors. Current clinical trials are focusing on identification of low-risk WNT

subgroup which has a potential for treatment de-escalation. Although, our analysis showed no

significant difference in survival between the molecular subtypes, our two patients with WNT

subtype had very good outcome with 100% 5-year OS rate. This was in agreement with previ-

ous studies which reported that the WNT subtype had the best prognosis [26, 27]. Therefore,

molecular data has been used to classify good-risk patients in on-going clinical trials which

could reduce treatment-related toxicities and improve quality of life while maintaining the

excellent outcome for pediatric MB patients. However, clinical research that incorporated

molecular subtype are lacking in Southeast Asia due to the limitations of resources for molecu-

lar subtyping. Our study is the first to report the clinical outcomes of MB patients using simpli-

fied molecular subtyping. The molecular subtypes were determined by immunohistochemistry

which showed that it was reliable and easily obtainable in all laboratories [17]. There was also a

report from Europe showing a high concordance of the immunohistochemistry technique and

DNA-methylation profiling which is now commonly used for analyses of molecular subgroups

[28].

In the multivariate analysis, the prognostic factor significantly associated with treatment

outcome was the time interval between surgery and RT. When it was� 8 weeks, the patients

would have poorer 5-year OS compared to those who had less than 8 weeks. Typically, most

clinicians try to start RT within 4 weeks after surgery in an effort to prevent tumor regrowth.

For example, current clinical trials in MB patients stated that adjuvant RT should be initiated

within 31 or 36 days after surgery (NCT00392327 and NCT01878617). However, the optimal

timing of the interval remains unclear. Our study is in line with recent National Cancer Data-

base (NCDB) analysis that reported postoperative radiotherapy deferral for more than 90 days

after surgery was associated with poorer OS [29]. Another study reported significantly worse

survival after a delay of RT greater than 49 days after surgery [7]. Moreover, previous random-

ized studies that compared early RT versus up-front postoperative chemotherapy and delayed

RT also demonstrated inferior OS when RT was delayed [30, 31]. On the other hand, in a large

National Database analysis [10], early RT (defined as initiation� 3 weeks after surgery) had

decreased 5-year OS while time to RT> 5 weeks but within 90 days did not have any adverse

survival impact. To the best of our knowledge, there is no large prospective study that investi-

gated the outcome of RT timing after surgery in MB pediatric patients. Our result found no

detrimental impact on survival after delaying radiation for more than 4 weeks but within 8

weeks. Most of the cases in our study that had time interval� 4 weeks were due to the delayed

referral process from other hospitals that had limited resources to receive radiation at our cen-

ter. Our analysis suggested that the timing of post-op RT should be given as soon as possible

after there is adequate wound healing and multidisciplinary evaluation but not over 8 weeks

after surgery.

PLOS ONE Survival and prognostic factors including molecular subgroups of Thai pediatric medulloblastoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0271778 January 17, 2023 10 / 13

https://doi.org/10.1371/journal.pone.0271778


Because of the retrospective nature of this study, information was limited. Nonetheless, we

had the complete data of acute hematologic toxicities. Unfortunately, we did not have estab-

lished protocol to collect the late toxicities; only symptomatic patients who came to our atten-

tion would be recorded. We, therefore, reported only acute hematologic toxicities but not the

long-term toxicities. There were some other limitations in our study. First, limitation regard-

ing the immunohistochemistry method cannot separate group 3 and group 4 subtypes. Sec-

ond, not all patients had molecular subgroup results due to the retrospective nature of the

study. Last, the number of patients in our study was small because of the disease rarity and sin-

gle institution. Therefore, prospective studies of more patients are warranted.

Conclusions

The 5-year OS rate in our center has improved during the past 3 decades from 57.9% to 74.2%

which currently was consistent with other studies. The only statistically significant prognostic

factor was the time interval of up to 8 weeks between surgery and RT. Incorporating simplified

molecular studies with clinical characteristics might be helpful in better identification of good-

risk patients for future clinical trials.

Supporting information

S1 File. Treatment protocol.

(PDF)

S1 Table. Demographic data, molecular and histology subtypes.

(PDF)

S2 Table. Medulloblastoma patients’ information.

(TIF)

S1 Fig. Samples of Immunohistochemistry image.

(TIF)

Acknowledgments

We would like to thank the English editing service offered through the Research Affairs at the

Faculty of Medicine, Chulalongkorn University. We are grateful to Buntipa Netsawang for her

contribution.

Author Contributions

Conceptualization: Kanjana Shotelersuk.

Data curation: Thitiporn Jaruthien.

Funding acquisition: Kanjana Shotelersuk.

Investigation: Thitiporn Jaruthien, Chonnipa Nantavithya, Sakun Santisukwongchote, Sha-

nop Shuangshoti, Piti Techavichit, Darintr Sosothikul, Jiraporn Amornfa, Kanjana

Shotelersuk.

Methodology: Kanjana Shotelersuk.

Supervision: Kanjana Shotelersuk.

Writing – original draft: Thitiporn Jaruthien.

PLOS ONE Survival and prognostic factors including molecular subgroups of Thai pediatric medulloblastoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0271778 January 17, 2023 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271778.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271778.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271778.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271778.s004
https://doi.org/10.1371/journal.pone.0271778


Writing – review & editing: Chonnipa Nantavithya, Sakun Santisukwongchote, Shanop

Shuangshoti, Piti Techavichit, Darintr Sosothikul, Jiraporn Amornfa, Kanjana Shotelersuk.

References
1. Steliarova-Foucher E, Colombet M, Ries LAG, Moreno F, Dolya A, Bray F, et al. International incidence

of childhood cancer, 2001–10: a population-based registry study. Lancet Oncol. 2017; 18(6):719–31.

https://doi.org/10.1016/S1470-2045(17)30186-9 PMID: 28410997

2. American Cancer Society. Cancer Facts & Figures 2022. American Cancer Society. Atlanta, Ga. 2021.

[cited 2022 October 18]. https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-

figures/cancer-facts-figures-2022.html

3. Ostrom QT, Cioffi G, Gittleman H, Patil N, Waite K, Kruchko C, et al. CBTRUS Statistical Report: Pri-

mary Brain and Other Central Nervous System Tumors Diagnosed in the United States in 2012–2016.

Neuro Oncol. 2019; 21(Suppl 5):v1–v100. https://doi.org/10.1093/neuonc/noz150 PMID: 31675094

4. Gajjar A, Chintagumpala M, Ashley D, Kellie S, Kun LE, Merchant TE, et al. Risk-adapted craniospinal

radiotherapy followed by high-dose chemotherapy and stem-cell rescue in children with newly diag-

nosed medulloblastoma (St Jude Medulloblastoma-96): long-term results from a prospective, multicen-

tre trial. Lancet Oncol. 2006; 7(10):813–20. https://doi.org/10.1016/S1470-2045(06)70867-1 PMID:

17012043

5. Gajjar A, Robinson GW, Smith KS, Lin T, Merchant TE, Chintagumpala M, et al. Outcomes by Clinical

and Molecular Features in Children With Medulloblastoma Treated With Risk-Adapted Therapy:

Results of an International Phase III Trial (SJMB03). J Clin Oncol. 2021; 39(7):822–35. https://doi.org/

10.1200/JCO.20.01372 PMID: 33405951

6. Packer RJ, Gajjar A, Vezina G, Rorke-Adams L, Burger PC, Robertson PL, et al. Phase III study of cra-

niospinal radiation therapy followed by adjuvant chemotherapy for newly diagnosed average-risk

medulloblastoma. J Clin Oncol. 2006; 24(25):4202–8. https://doi.org/10.1200/JCO.2006.06.4980

PMID: 16943538

7. Lannering B, Rutkowski S, Doz F, Pizer B, Gustafsson G, Navajas A, et al. Hyperfractionated versus

conventional radiotherapy followed by chemotherapy in standard-risk medulloblastoma: results from

the randomized multicenter HIT-SIOP PNET 4 trial. J Clin Oncol. 2012 Sep 10; 30(26):3187–93. https://

doi.org/10.1200/JCO.2011.39.8719 PMID: 22851561

8. von Bueren AO, Kortmann RD, von Hoff K, Friedrich C, Mynarek M, Müller K, et al. Treatment of Chil-

dren and Adolescents With Metastatic Medulloblastoma and Prognostic Relevance of Clinical and Bio-

logic Parameters. J Clin Oncol. 2016 Dec; 34(34):4151–4160 https://doi.org/10.1200/JCO.2016.67.

2428 PMID: 27863192

9. Rieken S, Mohr A, Habermehl D, Welzel T, Lindel K, Witt O, et al. Outcome and prognostic factors of

radiation therapy for medulloblastoma. Int J Radiat Oncol Biol Phys. 2011; 81(3):e7–e13. https://doi.

org/10.1016/j.ijrobp.2010.12.042 PMID: 21345611

10. Chin AL, Moding EJ, Donaldson SS, Gibbs IC, Soltys SG, Hiniker SM, et al. Survival impact of postoper-

ative radiotherapy timing in pediatric and adolescent medulloblastoma. Neuro Oncol. 2018; 20

(8):1133–41. https://doi.org/10.1093/neuonc/noy001 PMID: 29309676

11. Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, et al. The 2021 WHO Classifica-

tion of Tumors of the Central Nervous System: a summary. Neuro Oncol. 2021; 23(8):1231–51. https://

doi.org/10.1093/neuonc/noab106 PMID: 34185076

12. Mondia MWL, Espiritu AI, Jamora RDG. Primary Brain Tumor Research Productivity in Southeast Asia

and Its Association With Socioeconomic Determinants and Burden of Disease. Front Oncol. 2020;

10:607777. https://doi.org/10.3389/fonc.2020.607777 PMID: 33425765

13. Nalita N, Ratanalert S, Kanjanapradit K, Chotsampancharoen T, Tunthanathip T. Survival and Prognos-

tic Factors in Pediatric Patients with Medulloblastoma in Southern Thailand. J Pediatr Neurosci. 2018;

13(2):150–7. https://doi.org/10.4103/jpn.JPN_111_17 PMID: 30090127

14. Tadadontip P, Shuangshoti S. Clinical Characteristic and Molecular Subgroups of Thai Pediatric Medul-

loblastomas at Queen Sirikit National Institute of Child Health. J Med Assoc Thai. 2021; 104:1648–57.

15. Rutkowski S, Bode U, Deinlein F, et al: Treatment of early childhood medulloblastoma by postoperative

chemotherapy alone. N Engl J Med 352:978–986, 2005 https://doi.org/10.1056/NEJMoa042176 PMID:

15758008

16. von Bueren AO, von Hoff K, Pietsch T, et al: Treatment of young children with localized medulloblas-

toma by chemotherapy alone: Results of the prospective, multicenter trial HIT 2000 confirming the prog-

nostic impact of histology. Neuro-oncol 13:669–679, 2011 https://doi.org/10.1093/neuonc/nor025

PMID: 21636711

PLOS ONE Survival and prognostic factors including molecular subgroups of Thai pediatric medulloblastoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0271778 January 17, 2023 12 / 13

https://doi.org/10.1016/S1470-2045%2817%2930186-9
http://www.ncbi.nlm.nih.gov/pubmed/28410997
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2022.html
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2022.html
https://doi.org/10.1093/neuonc/noz150
http://www.ncbi.nlm.nih.gov/pubmed/31675094
https://doi.org/10.1016/S1470-2045%2806%2970867-1
http://www.ncbi.nlm.nih.gov/pubmed/17012043
https://doi.org/10.1200/JCO.20.01372
https://doi.org/10.1200/JCO.20.01372
http://www.ncbi.nlm.nih.gov/pubmed/33405951
https://doi.org/10.1200/JCO.2006.06.4980
http://www.ncbi.nlm.nih.gov/pubmed/16943538
https://doi.org/10.1200/JCO.2011.39.8719
https://doi.org/10.1200/JCO.2011.39.8719
http://www.ncbi.nlm.nih.gov/pubmed/22851561
https://doi.org/10.1200/JCO.2016.67.2428
https://doi.org/10.1200/JCO.2016.67.2428
http://www.ncbi.nlm.nih.gov/pubmed/27863192
https://doi.org/10.1016/j.ijrobp.2010.12.042
https://doi.org/10.1016/j.ijrobp.2010.12.042
http://www.ncbi.nlm.nih.gov/pubmed/21345611
https://doi.org/10.1093/neuonc/noy001
http://www.ncbi.nlm.nih.gov/pubmed/29309676
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1093/neuonc/noab106
http://www.ncbi.nlm.nih.gov/pubmed/34185076
https://doi.org/10.3389/fonc.2020.607777
http://www.ncbi.nlm.nih.gov/pubmed/33425765
https://doi.org/10.4103/jpn.JPN%5F111%5F17
http://www.ncbi.nlm.nih.gov/pubmed/30090127
https://doi.org/10.1056/NEJMoa042176
http://www.ncbi.nlm.nih.gov/pubmed/15758008
https://doi.org/10.1093/neuonc/nor025
http://www.ncbi.nlm.nih.gov/pubmed/21636711
https://doi.org/10.1371/journal.pone.0271778


17. Shuangshoti S, Tadadontip P, Techavichit P, Thorner PS, Shuangshoti S, Teerapakpinyo C. Simplified

Molecular Subtyping of Medulloblastoma for Reduced Cost and Improved Turnaround Time. Appl

Immunohistochem Mol Morphol. 2020; 28(7):538–43. https://doi.org/10.1097/PAI.0000000000000794

PMID: 31343993

18. Ellison DW, Dalton J, Kocak M, Nicholson SL, Fraga C, Neale G, et al. Medulloblastoma: clinicopatho-

logical correlates of SHH, WNT, and non-SHH/WNT molecular subgroups. Acta Neuropathol. 2011;

121(3):381–96. https://doi.org/10.1007/s00401-011-0800-8 PMID: 21267586

19. 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. https://doi.org/10.

1007/s00401-014-1276-0 PMID: 24791927

20. Yu JZ, Shi W, Li H. Factors affecting the prognosis of children with medulloblastoma: A single institution

retrospective analysis of 40 cases. Transl. Neurosci. Clin. 2017, 3(1): 16–27.

21. 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 analysis. Lancet Oncol. 2016; 17(4):484–95. https://doi.org/10.1016/S1470-2045

(15)00581-1 PMID: 26976201

22. Juraschka K, Taylor MD. Medulloblastoma in the age of molecular subgroups: a review. J Neurosurg

Pediatr. 2019; 24(4):353–63. https://doi.org/10.3171/2019.5.PEDS18381 PMID: 31574483

23. Taylor MD, Northcott PA, Korshunov A, Remke M, Cho YJ, Clifford SC, et al. Molecular subgroups of

medulloblastoma: the current consensus. Acta Neuropathol. 2012; 123(4):465–72. https://doi.org/10.

1007/s00401-011-0922-z PMID: 22134537

24. Shotelersuk K, Rojpornpradit P, Khorprasert C, Lertsaguansinchai P, Asavametha N. A 11-year experi-

ence of radiation therapy for medulloblastoma at King Chulalongkorn Memorial Hospital. Chula Med J

[internet]. 2001; 45:755–65. Available from: http://clmjournal.org/_fileupload/journal/259-2-3.pdf

25. Michalski JM, Janss AJ, Vezina LG, Smith KS, Billups CA, Burger PC, et al. Children’s Oncology Group

Phase III Trial of Reduced-Dose and Reduced-Volume Radiotherapy With Chemotherapy for Newly

Diagnosed Average-Risk Medulloblastoma. J Clin Oncol. 2021; 39(24):2685–97. https://doi.org/10.

1200/JCO.20.02730 PMID: 34110925

26. Clifford SC, Lusher ME, Lindsey JC, Langdon JA, Gilbertson RJ, Straughton D, et al. Wnt/Wingless

pathway activation and chromosome 6 loss characterize a distinct molecular sub-group of medulloblas-

tomas associated with a favorable prognosis. Cell Cycle. 2006; 5(22):2666–70. https://doi.org/10.4161/

cc.5.22.3446 PMID: 17172831

27. Rogers HA, Miller S, Lowe J, Brundler MA, Coyle B, Grundy RG. An investigation of WNT pathway acti-

vation and association with survival in central nervous system primitive neuroectodermal tumours (CNS

PNET). Br J Cancer. 2009; 100(8):1292–302. https://doi.org/10.1038/sj.bjc.6604979 PMID: 19293793

28. Tauziède-Espariat A, Huybrechts S, Indersie E, Dufour C, Puget S, Chivet A, et al. Diagnostic Accuracy

of a Reduced Immunohistochemical Panel in Medulloblastoma Molecular Subtyping, Correlated to

DNA-methylation Analysis. Am J Surg Pathol. 2021 Apr 1; 45(4):558–566. https://doi.org/10.1097/PAS.

0000000000001640 PMID: 33323893

29. 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. https://doi.org/10.1001/jamaoncol.2016.2547 PMID: 27491009

30. Bailey CC, Gnekow A, Wellek S, Jones M, Round C, Brown J, et al. Prospective randomised trial of che-

motherapy given before radiotherapy in childhood medulloblastoma. International Society of Paediatric

Oncology (SIOP) and the (German) Society of Paediatric Oncology (GPO): SIOP II. Med Pediatr Oncol.

1995; 25(3):166–78. https://doi.org/10.1002/mpo.2950250303 PMID: 7623725

31. Kortmann RD, Kuhl J, Timmermann B, Mittler U, Urban C, Budach V, et al. Postoperative neoadjuvant

chemotherapy before radiotherapy as compared to immediate radiotherapy followed by maintenance

chemotherapy in the treatment of medulloblastoma in childhood: results of the German prospective ran-

domized trial HIT ’91. Int J Radiat Oncol Biol Phys. 2000; 46(2):269–79. https://doi.org/10.1016/s0360-

3016(99)00369-7 PMID: 10661332

PLOS ONE Survival and prognostic factors including molecular subgroups of Thai pediatric medulloblastoma

PLOS ONE | https://doi.org/10.1371/journal.pone.0271778 January 17, 2023 13 / 13

https://doi.org/10.1097/PAI.0000000000000794
http://www.ncbi.nlm.nih.gov/pubmed/31343993
https://doi.org/10.1007/s00401-011-0800-8
http://www.ncbi.nlm.nih.gov/pubmed/21267586
https://doi.org/10.1007/s00401-014-1276-0
https://doi.org/10.1007/s00401-014-1276-0
http://www.ncbi.nlm.nih.gov/pubmed/24791927
https://doi.org/10.1016/S1470-2045%2815%2900581-1
https://doi.org/10.1016/S1470-2045%2815%2900581-1
http://www.ncbi.nlm.nih.gov/pubmed/26976201
https://doi.org/10.3171/2019.5.PEDS18381
http://www.ncbi.nlm.nih.gov/pubmed/31574483
https://doi.org/10.1007/s00401-011-0922-z
https://doi.org/10.1007/s00401-011-0922-z
http://www.ncbi.nlm.nih.gov/pubmed/22134537
http://clmjournal.org/_fileupload/journal/259-2-3.pdf
https://doi.org/10.1200/JCO.20.02730
https://doi.org/10.1200/JCO.20.02730
http://www.ncbi.nlm.nih.gov/pubmed/34110925
https://doi.org/10.4161/cc.5.22.3446
https://doi.org/10.4161/cc.5.22.3446
http://www.ncbi.nlm.nih.gov/pubmed/17172831
https://doi.org/10.1038/sj.bjc.6604979
http://www.ncbi.nlm.nih.gov/pubmed/19293793
https://doi.org/10.1097/PAS.0000000000001640
https://doi.org/10.1097/PAS.0000000000001640
http://www.ncbi.nlm.nih.gov/pubmed/33323893
https://doi.org/10.1001/jamaoncol.2016.2547
http://www.ncbi.nlm.nih.gov/pubmed/27491009
https://doi.org/10.1002/mpo.2950250303
http://www.ncbi.nlm.nih.gov/pubmed/7623725
https://doi.org/10.1016/s0360-3016%2899%2900369-7
https://doi.org/10.1016/s0360-3016%2899%2900369-7
http://www.ncbi.nlm.nih.gov/pubmed/10661332
https://doi.org/10.1371/journal.pone.0271778

