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Recent updates in genomic-integrated glioma classification have caused confusion in current clinical practice, as management 
protocols and health insurance systems are based on evidence from previous diagnostic classifications. The Korean Brain Tumor 
Society conducted an electronic questionnaire for society members, asking for their ideas on risk group categorization and 
preferred treatment for each individual diagnosis listed in the new World Health Organization (WHO) classification of gliomas. 
Additionally, the current off-label drug use (OLDU) protocols for glioma management approved by the Health Insurance Review 
and Assessment Service (HIRA) in Korea were investigated. A total of 24 responses were collected from 20 major institutes in Korea. 
A consensus was reached on the dichotomic definition of risk groups for glioma prognosis, using age, performance status, and 
extent of resection. In selecting management protocols, there was general consistency in decisions according to the WHO grade 
and the risk group, regardless of the individual diagnosis. As of December 2022, there were 22 OLDU protocols available for the 
management of gliomas in Korea. The consensus and available options described in this report will be temporarily helpful until 
there is an accumulation of evidence for effective management under the new classification system for gliomas.
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INTRODUCTION

Glioma is a type of neoplasia for which genetic diagnosis 

has pioneered disease classification among all cancers. Re-

cently, the new 2021 World Health Organization (WHO) 

Classification of Tumors of the Central Nervous System 

(CNS) has been updated to contain the definitive list of glioma 

diagnoses based on genetic signatures32). However, the treat-

ment protocol for glioma has not yet changed and is based on 

past diagnoses, causing confusion in clinical settings where 

the new genomic-integrated diagnostic system is being imple-

mented rapidly.

In most cases, first-line glioma treatment is performed ac-

cording to standard management protocols covered by the 

National Health Insurance in Korea. However, there is an un-

met need for gliomas that new or existing anticancer drugs 

can be prescribed alone or in combination under government 

approval, based on the latest clinical trial results. The Health 
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Insurance Review and Assessment Service (HIRA) has offi-

cially allowed off-label drug use (OLDU) for cancer drugs in 

Korea through a prior review process submitted by hospitals 

after receiving Institutional Review Board approval.

To reduce confusion resulting from the mismatch between 

the novel diagnosis system and existing treatment policies in 

gliomas, the Korean Brain Tumor Society (KBTS), one of the 

subspecialty societies affiliated with the Korean Neurosurgi-

cal Society, has summarized consensus and available treat-

ment options on glioma management that can be applied im-

mediately in the clinical field in Korea. Since its foundation in 

1991, about 630 members of neurosurgeons who have a special 

interest in neuro-oncology are registered with KBTS.

CONSENSUS SURVEY

To perform the consensus survey, we used Google Form, a 

web-based survey system, and emailed it to all members of the 

KBTS. Respondents were able to complete the questionnaire 

online using the link provided between 23 October and 23 

November 2022 (Supplementary Material 1). The question-

naire was divided into three sections : 1) defining risk groups 

in glioma management; 2) management plans for newly diag-

nosed gliomas according to the new WHO classification; and 

3) OLDU protocols for glioma management approved by each 

institution. We collected respondents' emails and affiliated in-

stitution information to avoid duplication, and we analyzed 

all responses descriptively and quantitatively where appropri-

ate.

Table 1. List of o�-label drug use (OLDU) protocol for glioma management available in Korea (December 2022)

OLDU # Protocol Target disease Indication

1 CCRT with temozolomide and adjuvant 
temozolomide + lomustine

Glioblastoma A/P

2 CCRT with temozolomide and adjuvant 
temozolomide + lomustine

Anaplastic astrocytoma A/P

3 CCRT with temozolomide + adjuvant 
temozolomide

Anaplastic astrocytoma/anaplastic oligoastrocytoma A

4 Temozolomide Pediatric diffuse leptomeningeal glioneural tumor -

5 Regorafenib Recurrent glioblastoma P

6 Bevacizumab + lomustine Recurrent glioblastoma P/S

7 Crizotinib Recurrent MET-altered glioblastoma P

8 Low-dose temozolomide Recurrent glioblastoma P

9 Bevacizumab + irinotecan Recurrent glioblastoma/anaplastic astrocytoma P/S

10 Bevacizumab + irinotecan Recurrent glioblastoma/anaplastic astrocytoma P

11 Nimustine (ACNU) Recurrent high-grade glioma P

12 Temozolomide Recurrent anaplastic oligoastrocytoma P

13 Temozolomide Recurrent anaplastic oligodendroglioma P

14 Temozolomide Recurrent diffuse astrocytoma P

15 Temozolomide Recurrent pediatric low-grade glioma P

16 Vinblastine Inoperable pediatric low-grade glioma S

17 Dabrafenib + trametinib Recurrent BRAF V600E mutated glioma P

18 Trametinib Recurrent KIAA1549-BRAF fusion pilocystic astrocytoma P

19 Vemurafenib BRAF V600E mutated glioma P

20 Temozolomide Pediatric rosette-forming glioneuronal tumor P

21 Temozolomide Recurrent ependymoma/anaplastic ependymoma P

22 Pembrolizumab Mismatch repair-deficient or Microsatellite Instability-high solid cancer P

CCRT : concomitant chemo-radiotherapy, A : adjuvant, P : palliative, S : salvage
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In total, we received responses from 24 neuro-oncology ex-

perts from 20 major institutions in Korea. We also reported a 

total of 22 OLDU protocols for glioma management, which 

are listed in Table 1 and Supplementary Table 1 for detailed 

information in Korean.

RISK GROUP DEFINITION IN GLIOMAS

It has been widely accepted that age, performance status, 

and extent of resection are the most important clinical factors 

for defining glioma prognosis and used in guidelines for glio-

ma management proposed by multiple societies such as Soci-

ety for Neuro-Oncology (SNO), European Association of 

Neuro-Oncology (EANO), Korean Society for Neuro-Oncol-

ogy (KSNO), and National Comprehensive Cancer Network 

(NCCN)11,13-15,21,22,31). Therefore, questions were asked about the 

detailed criteria for defining the high-risk group of gliomas 

with respect to age, performance status, and extent of resec-

tion.

When we conducted the survey to determine the most ap-

propriate age to define a high-risk group in the prognosis of 

gliomas, the most common response for high-grade gliomas 

was over 70 years old (8/24, 33.3%), while for low-grade glio-

mas it was over 40 years old (9/24, 37.5%). The criterion of 40 

years of age, which defines the risk group for low-grade glio-

ma, is widely accepted by many other neuro-oncology societ-

ies15,29,31). However, for high-grade gliomas, the high-risk group 

is defined within the age range of 65 to 70 years according to 

other neuro-oncology societies12,22,29,31).

The high-risk group definitions for performance status in 

gliomas were predominantly answered with a Karnofsky Per-

formance Score (KPS) of less than 70 for both high- and low-

grade gliomas (12/24, 50.0%). In terms of the performance 

status criterion that defines the high-risk group of gliomas, 

the SNO and EANO use a KPS <70 as a cut-off, while KSNO 

and NCCN use a KPS <6012,22,29).

Defining the high-risk group for glioma based on extent of 

resection is a complex issue with varying opinions. In the sur-

vey, the most frequent response for contrast-enhancing tu-

mors was that residual lesions of 5 mL or more and 1 mL or 

more after surgery with contrast enhancement should be de-

fined as high-risk groups in equal numbers (9/24, 37.5%), re-

spectively. Therefore, a measurable enhancing residual lesion 

was used for defining high-risk group that could encompass 

all of these response results. Other responses indicated that 

the high-risk group should include cases where a conceptual 

supratotal resection is not performed. In the case of tumors 

without contrast enhancement, the dominant response was 

that the high-risk group should be defined by residuals with 

more than 50% of T2/flair lesions (12/24, 50.0%) or more than 

5 mL of remaining T2/flair lesions after surgery (10/24, 41.7%).

Combining these findings, we can provide practical recom-

mendations for defining high-risk groups in glioma manage-

ment, as summarized in Table 2. When any of the three fac-

tors (age, performance status, extent of resection) meet the 

high-risk criteria, the patient should be categorized as high-

risk and managed accordingly.

MANAGEMENT OF NEWLY DIAGNOSED GLIOMAS 
AFTER SURGERY

In the survey, respondents were asked for their opinions on 

general management strategies for each glioma diagnosis list-

ed in the WHO 2021 classification, based on risk group, with-

Table 2. KBTS consensus of risk group de�nition in gliomas

Factor Condition High-risk group Low-risk group

Age Low grade glioma ≥40 years <40 years

High grade glioma ≥70 years <70 years

Performance status (KPS) <70 ≥70

Extent of resection (residual lesion) Contrast-enhanced tumor Measurable enhancing residual 
lesion

No enhancing residual lesion

Non-enhanced tumor T2/flair residual lesion
>50% of initial or >5 mL

T2/flair residual lesion
≤50% of initial or ≤5 mL

KBTS : Korean Brain Tumor Society, KPS : Karnofsky performance score
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out specifying a treatment protocol. One of the major changes 

in the new classification system is that neoplasms are now 

graded within tumor types in a manner similar to other non-

CNS cancers, rather than in an entity-specific manner19). De-

spite the change in the classification system, there was still a 

tendency among respondents to determine management 

strategies based on the WHO grade in most cases (Fig. 1). This 

suggests that the previous way of thinking about glioma man-

agement based on WHO grades may still be prevalent among 

clinicians, despite the new classification system. It highlights 

the need for continued education and updates in glioma man-

agement guidelines to ref lect the changes in the new WHO 

classification system.

WHO grade 4
For gliomas classif ied as WHO grade 4, concomitant 

chemoradiotherapy (CCRT) is generally preferred as primary 

treatment following surgery, regardless of diagnosis or risk 

group. Understandably, CCRT in this setting means a stan-

dard protocol used in glioblastoma (GBM) using temozolo-

mide24). Furthermore, the majority of respondents allowed 

modifications to the CCRT protocol, such as incorporating 

hypofractionation of radiotherapy (RT) for the high-risk 

group7). The application of CCRT protocol to diffuse midline 

glioma, H3 K27-altered was recommended in the KSNO 

guideline34). The EANO guideline also recommends CCRT as 

a reasonable treatment option for diffuse hemispheric glioma, 

H3.3 G34-mutant29). There is controversy surrounding the use 

of CCRT in astrocytoma, isocitrate dehydrogenase (IDH)-

mutant grade 4, as there is no validated evidence to suggest 

that it specifically benefits this type of glioma. The results of 

the CATNON study, which did not distinguish between grade 

3 and 4 astrocytomas, showed that CCRT is not significantly 

superior to RT alone for IDH-mutant astrocytomas27). How-

ever, SNO consensus recommends treating astrocytoma, 

IDH-mutant grade 4 in a manner similar to the treatment 

strategy for IDH-wildtype GBM20). Other available OLDU op-

tion we can apply to newly diagnosed grade 4 glioma after 

surgery in Korea is adding lomustine (CCNU) to the CCRT 

followed by adjuvant temozolomide (OLDU#1, Table 1 and 

Fig. 1. Summary of the responses from an online survey on the preferred management plan for newly diagnosed gliomas according to the new World 
Health Organization (WHO) classification (numbers are shown in the color bar indicating the number of respondents). RT : radiotherapy, CT : 
chemotherapy, CCRT : concomitant chemoradiotherapy, IDH : isocitrate dehydrogenase.

oitavresbOsisongaiDedarG OHW n RT only CT only CCRT
RT-CT

(or CT-RT) Others Observatio n RT only CT only CCRT
RT-CT

(or CT-RT) Others

Astrocytoma, IDH-mutant 0 6 0 1 8 0 0 0 2 0 2 2 0 0

Diffuse midline glioma, H3 K27-altered 0 2 0 2 2 0 0 0 2 0 2 2 0 0

Diffuse hemispheric glioma, H3 G34-mutant 0 2 0 2 2 0 0 0 2 0 2 2 0 0

Diffuse paediatric-type high-grade glioma, H3-wildtype and IDH-wildtype 0 3 0 2 1 0 0 0 2 0 2 2 0 0

Glioblastoma, IDH-wildtype 0 0 0 2 4 0 0 0 1 0 2 3 0 0

Astrocytoma, IDH-mutant 1 1 0 0 6 7 0 1 4 0 9 1 1 0

Oligodendroglioma, IDH-mutant and 1p/19q-codeleted 1 5 1 2 1 6 0 1 2 0 3 1 9 0

Pleomorphic xanthoastrocytoma 5 1 3 0 2 4 0 2 1 1 0 3 8 0

Supratentorial ependymoma 3 1 6 0 2 4 0 1 1 2 0 3 7 1

Posterior fossa ependymoma 1 1 6 0 2 5 0 1 1 1 0 4 7 1

Choroid plexus carcinoma 1 1 4 0 2 8 0 0 1 1 0 3 1 0 0

Astrocytoma, IDH-mutant 1 3 8 1 1 1 0 3 1 1 1 2 7 0

Oligodendroglioma, IDH-mutant and 1p/19q-codeleted 1 2 4 4 1 3 0 3 7 1 2 1 1 0

Pleomorphic xanthoastrocytoma 1 7 7 0 0 0 0 5 1 4 0 1 4 0

Chordoid glioma 1 7 7 0 0 0 0 5 1 5 0 1 3 0

Central neurocytoma 2 0 4 0 0 0 0 9 1 3 0 1 1 0

Extraventricular neurocytoma 1 9 5 0 0 0 0 8 1 3 0 1 2 0

Cerebellar liponeurocytoma 2 0 4 0 0 0 0 1 0 1 1 0 1 2 0

Supratentorial ependymoma 1 3 1 1 0 0 0 0 5 1 7 0 1 2 0

Posterior fossa ependymoma 1 0 1 4 0 0 0 0 4 1 7 0 1 2 0

Atypical choroid plexus papilloma 1 2 1 1 0 0 1 0 5 1 5 0 1 3 0

Diffuse astrocytoma, MYB- or MYBL1-altered 1 3 1 0 0 0 0 1

Angiocentric glioma 1 7 7 0 0 0 1

Polymorphous low-grade neuroepithelial tumour of the young 1 6 7 0 0 0 1

Pilocytic astrocytoma 1 5 1 0 1 0 0 0

Subependymal giant cell astrocytoma 1 5 8 1 0 0 0

Ganglioglioma 1 7 6 0 0 0 1

Gangliocytoma 1 7 6 0 0 0 1

Desmoplastic infantile ganglioglioma / desmoplastic infantile astrocytoma 1 8 5 0 0 0 1

Dysembryoplastic neuroepithelial tumour 1 9 5 0 0 0 0

Papillary glioneuronal tumour 1 6 7 0 0 0 1

Rosette-forming glioneuronal tumour 1 5 8 0 0 0 1

Myxoid glioneuronal tumour 1 6 7 0 0 0 1

Multinodular and vacuolating neuronal tumour 2 0 4 0 0 0 0

Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease) 1 9 4 0 0 0 1

Subependymoma 1 9 5 0 0 0 0

Choroid plexus papilloma 2 0 3 0 0 0 1

Diffuse low-grade glioma, MAPK pathway-altered 5 1 3 0 1 4 1

Infant-type hemispheric glioma 5 1 3 2 1 2 1

High-grade astrocytoma with piloid features 1 1 6 0 2 5 0

Astroblastoma, MN1-altered 2 1 6 0 2 3 1

Diffuse glioneuronal tumour with oligodendroglioma-like features and nuclear clusters 2 1 4 1 1 5 1

Diffuse leptomeningeal glioneuronal tumour 1 1 6 0 1 6 0
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Supplementary Table 1) which was confirmed its effectiveness 

for O6-methylguanine-DNA methyltransferase (MGMT) 

gene promoter methylated GBMs6).

WHO grade 3
In the management of WHO grade 3 gliomas, the majority 

of responders agreed that RT alone is the primary treatment 

choice after surgery in most circumstances, except for oligo-

dendrogliomas with IDH mutation and 1p/19q codeletion 

(ODG). For ODG, the standard therapy is RT followed by che-

motherapy (CT) using the procarbazine, lomustine, and vin-

cristine (PCV) regimen or vice versa, regardless of the risk 

groups16,27). The potential benefit of substituting temozolo-

mide for PCV or CCRT for RT in ODG treatment will be de-

termined by the ongoing redesigned CODEL study 

(NCT00887146) in the future8). It is generally accepted that RT 

followed by CT is more beneficial compared to RT only in 

high-risk group of IDH-mutant lower-grade gliomas2). The 

current official CT option available in Korea after RT for low-

er-grade gliomas is the PCV regimen. Therefore, it is recom-

mended to administer RT followed by PCV for the high-risk 

group of IDH-mutant astrocytomas4). Thanks to the final re-

sult of CATNON study, the preferred protocol for astrocyto-

ma, IDH-mutant grade 3, especially for high-risk group, is RT 

followed by temozolomide28). However, the use of RT followed 

by temozolomide for WHO grade 3 gliomas is not yet official-

ly approved in Korea. We have CCRT options available for 

high-risk group of astrocytoma, IDH-mutant grade 3 from 

OLDU in Korea. One option is CCRT with temozolomide fol-

lowed by temozolomide and CCNU (OLDU#2)9), and the oth-

er is CCRT with temozolomide followed by temozolomide 

only (OLDU#3), although the latter failed to show its efficacy 

in confirmation study26,28).

WHO grade 2
The consensus of observation only after surgery could be 

reached for low-risk groups of the gliomas with WHO grade 2, 

except for ependymoma and atypical choroid plexus papillo-

ma which about the same number of responders believe 

should be treated by adjuvant RT even after complete resec-

tion. However, for those high-risk group of gliomas with 

WHO grade 2, most of responders preferred to add adjuvant 

RT after surgery regardless of diagnosis. And serial CT (PCV 

regimen) after or before RT was also chosen for high-risk 

group of ODG as well as IDH-mutant astrocytomas, WHO 

grade 2 in particular2,16,27).

WHO grade 1
There is generally no disagreement that WHO grade 1 glio-

mas in the low-risk group do not require additional treatment. 

However, the majority of respondents also preferred observa-

tion only, even in the high-risk group where there is residual 

tumor after surgery. This tendency was consistent across diag-

noses, as long as the tumor is WHO grade 1.

WHO grade undetermined
There is currently no established or agreed-upon treatment 

protocol for gliomas with a vague WHO grade due to their 

rarity and lack of experience. In high-risk situations, most 

people in clinical practice tend to consider adding RT only. 

However, there is an OLDU option of temozolomide for pedi-

atric patients with diffuse leptomeningeal glioneuronal tu-

mors (OLDU#4)1).

MANAGEMENT OF RECURRENT GLIOMAS

Available treatment options for recurrent gliomas within the 

scope permitted by regulations of daily clinical practice in Ko-

rea include surgery, RT (re-RT), temozolomide, bevacizumab 

(with or without irinotecan), PCV, and CCNU. Other options 

include participation in clinical trials or application of OLDU if 

indicated. The current available OLDU options for recurrent 

glioma management approved by HIRA (OLDU#5-#22) are 

listed in Table 1 and Supplementary Table 1. Among them, 

regorafenib, an oral multi-kinase inhibitor of angiogenic, stro-

mal, and oncogenic receptor tyrosine kinases, for recurrent 

GBM (OLDU#5) showed superior outcome over CCNU18). 

However, its relatively high incidence of side effects makes it 

difficult to apply easily, and its effectiveness should be con-

firmed by the ongoing GBM AGILE study (NCT03970447). A 

combination of bevacizumab and CCNU is another option for 

recurrent GBM (OLDU#6)25). However, the confirmation study 

yielded negative results33). In addition, although the incidence is 

small, there are several available options (OLDU#17-#19) for 

BRAF-altered gliomas in Korea10,23,30).

Radiosurgery is a controversial option for salvage therapy in 

glioma management. The evidence for the use of radiosurgery 
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in recurrent GBM is limited to non-randomized retrospective 

institutional series, and should be interpreted with caution3). 

When we asked respondents if they would consider Gamma 

Knife radiosurgery as a treatment option for recurrent glio-

mas, 75% answered that they would consider it for appropriate 

cases, while 25% said they would never consider it as an op-

tion. 

BEVACIZUMAB FOR RADIATION NECROSIS

Recently, HIRA approved an OLDU of bevacizumab for ra-

diation necrosis based on the accumulated evidence5,17,35). The 

approved indication is as follows : 1) patients who have been 

receiving radiation therapy or radiosurgery for primary or 

metastatic brain tumors for more than 6 months; 2) findings 

consistent with radiation necrosis on brain magnetic reso-

nance imaging (MRI) (conventional and advanced MRI); 3) 

cases accompanied by progressive neurological symptoms due 

to radiation necrosis; and 4) when symptoms do not improve 

despite steroid treatment, or when steroid administration can-

not be continued due to its side effects. If indicated, intrave-

nous injection of bevacizumab 7.5 mg/kg can be administered 

every 3 weeks for four cycles, and an additional two cycles 

may be continued if there is an effect.

CONCLUSIONS

There is often a gap between the ideal recommendation for 

managing a disease and real-world clinical practice. Such dif-

ferences arise due to disparities in timing of academic ad-

vancements in disease and drug knowledge, successful clinical 

trials based on novel knowledge, and institutional strategy for 

applying them to actual clinical practice. The consensus and 

available options described in this report will be temporarily 

helpful until evidence accumulates for effective management 

under the new classification system for gliomas.
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