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Abstract

Gliomas originate from glial cells in the central nervous system. Approximately
80%-85% of malignant brain tumors in adults are gliomas. The most common
central nervous system tumor in children is low-grade pediatric glioma. Diagnosis
was determined by histological features until 2016 when the World Health
Organization classification integrated molecular data with anatomopathological
information to achieve a more integral diagnosis. Molecular characterization has
led to better diagnostic and prognostic staging, which in turn has increased the
precision of treatment. Current efforts are focused on more effective therapies to
prolong survival and improve the quality of life of adult and pediatric patients
with glioma. However, improvements in survival have been modest. Currently,
clinical guidelines, as well as the article by Mohamed et al accompanying this
editorial piece, are adapting treatment recommendations (surgery, chemotherapy,
and radiotherapy) according to diagnosis and prognosis guided by molecular
biomarkers. Furthermore, this paves the way for the design of clinical trials with
new therapies, which is especially important in pediatric gliomas.
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Core Tip: The current trimodal approach including surgery, radiotherapy, and chemotherapy for the treatment of gliomas has
benefited from the introduction of molecular diagnosis. However, new challenges have appeared. There is still debate on the
best therapeutic option. In this editorial, we focused on the controversial areas in molecular classification and new treatment
advances.
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INTRODUCTION

Gliomas are central nervous system (CNS) tumors that are histologically similar to normal glial cells (astrocytes,
oligodendrocytes, and ependymal cells), occurring in both adults and children. Gliomas were traditionally categorized
histologically as diffuse gliomas and nondiffuse gliomas. Beginning in 2016, however, the World Health Organization
(WHO) categorization guidelines of CNS tumors introduced molecular features for the first time[1].

In 2021 the WHO released updated guidelines classifying gliomas according to histology, grade, and molecular data,
focusing on molecular biomarkers as essential diagnostic criteria[l]. The most recent recommendations have further
evolved following the Consortium to Inform Molecular and Practical Approaches to CNS Tumor Taxonomy (cIMPACT-
NOW)[2]. Diffuse gliomas are now categorized as pediatric-type and adult-type for the first time. The pediatric diffuse
gliomas are further categorized as low-grade glioma (pLGG) and high-grade glioma (pHGG). pLGG is the most frequent
pediatric CNS tumor (accounting for 30%-40% of reported diagnoses)[3]. Adult-type diffuse gliomas account for 80%-85%
of malignant brain tumors in adults[4]. In this regard, the old concept of high- and low-grade status in adult patients has
become obsolete.

pLGG

PLGG is further categorized into four subtypes, as follows: (1) Diffuse astrocytoma with MYB-altered or MYB1-altered,
and diffuse LGG with MAPK pathway-altered; (2) Angiocentric glioma; (3) Polymorphous low-grade neuroepithelial
tumor of the young; and (4) Diffuse LGG with MAPK pathway-altered. pLGG now reflects gliomas caused by alterations
in the MAPK/ERK pathway or the mTOR pathway[5]. Some tumors previously classified as pLGG have been reclassified
as circumscribed gliomas, glioneural, and neuronal tumors according to the WHO 2021 guidelines. These form a hetero-
geneous group of tumors affecting children, adolescents, and young adults, but also older patients occasionally. For
example, pilocytic astrocytoma is no longer classified as pLGG, having become a subtype of astrocytic glioma.

pHGG

There are four pHGG subtypes, as follows: (1) Diffuse midline glioma with H3 K27-altered; (2) Diffuse hemispheric
glioma with H3 G34-mutant; (3) Diffuse hemispheric glioma with H3-wild type (WT) and isocitrate dehydrogenase
(IDH)-WT; and (4) Infant-type hemispheric glioma. Diffuse midline glioma with H3 K27-altered can also manifest in
adults, but the location varies according to age. They are usually present in the brainstem, protuberance, and spinal cord
in pediatric patients, whereas the thalamus and spinal cord are the most frequent location in adolescents and adults.

The H3-WT and IDH-WT subtype diagnosis requires molecular genotyping of the H3 and IDH genes to confirm the
WT genotype. This type of pHGG is further categorized based on molecular alterations in the receptor tyrosine kinase 1,
RTK2, and MYCN genes|[5]. Infant-type hemispheric glioma includes multiple subgroups, with most tumors presenting
fusions of RTK involving the genes NTRK, ROS1, ALK, and MET[5].

It must be noted that adolescents and young adults (individuals between 15 years and 39 years of age) are in the
intersection of pediatric and adult management, which is important to consider in the context of CNS tumors[6].

Adult-type diffuse gliomas

Adult-type diffuse gliomas, which were previously classified as 10 distinct tumors in the WHO 2016 guidelines, were
consolidated into only 3 subtypes in the WHO 2021 guidelines. The criteria for diagnosis include histology, mutation of
IDH, and other molecular alterations. The subtypes are IDH-mutant astrocytoma, oligodendroglioma, and IDH-WT
glioblastoma (GB)[7,8].

IDH-mutant astrocytomas are assigned a grade (2, 3, or 4) according to histological features (nuclear atypia, mitosis,
endothelial proliferation necrosis) and molecular alterations. IDHI and IDH2 mutations confer a better prognosis. These
gliomas typically also have inactivating mutations in TP53 and ATRX. Grade 4 IDH-mutant astrocytomas are charac-
terized by a deletion in the cyclin-dependent kinase inhibitor 2A /B even if they lack the typical histological features of
this grade.

Grade 2 and 3 oligodendrogliomas are defined by a mutation in IDH and a codeletion in 1p19q. ATRX-WT in an IDH-
mutant glioma indicates the need to test for the 1p19q codeletion to distinguish the tumor from an oligodendroglioma.
The diagnosis of GB is driven by the lack of mutations in IDH, which allows for a precise diagnosis in the absence of
classical histological characteristics (vascular proliferation and necrosis). Diagnosis of grade 4 IDH-WT GB can also be

WJCO | https://www.wjgnet.com 983 August 24,2024 | Volume15 | Issue8 |

Jaishideng®


https://www.wjgnet.com/2218-4333/full/v15/i8/982.htm
https://dx.doi.org/10.5306/wjco.v15.i8.982

Fernandez C et al. Gliomas: Treatment in the molecular era

determined molecularly by the gain in chromosome 7 and loss of chromosome 10, amplification of the epidermal growth
factor receptor gene, and mutation in the telomerase reverse transcriptase gene despite the lack of necrosis, proliferation,
or microvascularization[9].

Molecular testing is also necessary to diagnose glioma subtypes that are characterized by specific alterations, such as
H3 K27-mutant diffuse midline glioma or H3 G34-mutant diffuse hemispheric glioma. The guidelines of the National
Comprehensive Cancer Network added an independent algorithm for this category of HGGs[10]. These tumors are
typically more aggressive than GB and tend to be less sensitive to temozolomide (TMZ).

Molecular biomarkers, clinical practice impact, and patient management

Molecular testing aids in the selection of the most adequate treatment. For example, the methylation status of the
promoter of O-6-methylguanine-DNA methyltransferase is prognostic and predictive of the benefit of TMZ in the
treatment of IDH-WT GBJ[11]. Consequently, a detailed molecular analysis must be conducted for the diagnosis of
gliomas. The molecular analysis improves prognosis because patients receive an individualized postoperative treatment
option. Molecular analysis also improves patient stratification for clinical trials testing new treatment approaches.
Molecular analysis will likely encompass whole DNA sequencing or DNA methylation profiling to obtain an accurate
molecular profile of each patient[8].

The article that accompanies this editorial piece summarized and updated the diverse treatment modalities for specific
grade and molecular classifications of adult and pediatric gliomas that maximize survival and quality of life[11]. The
current trimodal approach of surgery, radiotherapy (RT), and chemotherapy (CT) for the treatment of gliomas has
benefited from molecular testing tools, although there is still debate and new challenges to overcome.

SURGICAL MANAGEMENT

Advances in surgery have focused on achieving the maximum resection while preserving safety. Generally, IDH-WT
gliomas are treated to the maximum extent according to contrast-enhancing areas. However, according to the RANO
resect group, supramaximal resection could offer an additional survival benefit in patients with IDH-WT GBJ[12].
Although resection does not offer a significant survival benefit in the elderly, the risk/benefit analysis favors an optimal
tumor resection if a detailed geriatric evaluation is performed[13].

In IDH-mutant tumors, maximum resection is a critical first step. Supramaximal resections are associated with a better
overall survival (OS). However, for oligodendroglioma cases with small residual tumors supramaximal resection does
not result in better OS[14]. In short, all efforts must be focused on achieving the maximum resection as long as
neurological function is preserved.

RT AND CT IN THE MOLECULAR ERA

GB represents 48.6% of all brain tumors, and it is extremely aggressive. The OS of GB is 15-20 months, and the 5-year
survival is less than 10%. After surgical resection, standard therapy (according to the Stupp protocol) is RT with
concomitant TMZ followed by maintenance TMZ for six cycles[15,16]. Clinical trials treating GB with novel agents
(nivolumab, depatux-M, bevacizumab, marizomib, veliparib) have not shown an improvement in OS[9].

IDH-mutant gliomas represent 70%-80% of LGGs. They are usually diagnosed in patients less than 50 years of age and
respond better to therapy than IDH-WT gliomas[4]. Grade 3 IDH-mutant astrocytomas are treated with RT and 12 months
of adjuvant TMZ (CATNON trial). Grade 3 oligodendrogliomas are treated with RT and procarbazine + lomustine +
vincristine (PCV) after two randomized clinical trials showed that the addition of PCV to RT almost doubled the OS
(RTOG 9402: 7.3 vs 13.2 years; EORTC 26951: 9.3 vs 14.2 years). An ongoing clinical trial (CODEL) is testing the efficacy of
TMZ after RT as compared to PCV after RT[15,16].

Although the definition of a low-risk glioma patient is controversial, LGGs are typically treated with surgical resection
only. Before the updated WHO guidelines, trials were conducted to determine the characteristics of patients who do not
require additional treatment. These patients included those with total macroscopic resection, good performance status,
1p19q codeletion positivity, and age younger than 40 years. RT is typically delayed in these patients to maintain
cognition.

Vorasidenib is an oral inhibitor of IDH1 and IDH2 in the brain. It was evaluated in a phase III study (INDIGO) against
[17] placebo in patients with IDH-mutant grade 2 gliomas that were residual or recurrent after surgery and who had not
received prior RT or CT. That trial found improved progression-free survival and in time-to-next intervention without
significant toxicity in this specific population considered appropriate candidates for a watch-and-wait approach. Another
trial (RTOG 9802) demonstrated an improvement in progression-free survival and OS with the addition of adjuvant PCV
after RT. RT with concurrent and/or adjuvant TMZ was also included in another randomized phase II trial (RTOG 0424)
[17,18]. The addition of vorasidenib to standard therapy originates new questions about the optimal management of high-
risk grade 2 gliomas.

RT for IDH-mutant grade 2 gliomas requires a dose of 45.0-54.0 Gy in daily fractions of 1.8 Gy. For grade 3-4 gliomas,
59.4-60.0 Gy in daily fractions of 1.8-2.0 Gy is recommended. Higher doses of 59.4-60.0 Gy should be considered for
patients with either IDH-WT or cyclin-dependent kinase inhibitor 2A /B diffuse LGG. They tend to be treated like HGGs
because they tend to be more aggressive[10]. Hypofractionated RT with higher doses per fraction and a lower total dose is
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appropriate for elderly patients and those with a worse prognosis[15,16].

Modern RT techniques such as stereotactic RT or proton-beam therapy can improve precision and minimize long-term
neurocognitive and endocrinological toxicities associated with brain radiation in children. In adults, the use of protons
could also offer a reduced risk of cognitive decline, which is important for long-term survivors[11].

NEW MOLECULAR TARGETS

A potential new target for treating gliomas is a mutation in the BRAF gene. The BRAFV600 variant is present in 6% of
GBs, 60%-80% of pleomorphic xanthoastrocytomas, 20%-70% of gangliomas, and 10% of pilocytic astrocytomas.
Simultaneous BRAF and IDH mutations in gliomas have not been reported, but the importance of this observation is
unclear currently. BRAF and mitogen-activated protein kinase inhibitors increase survival in patients with LGGs or
HGGs with a BRAF mutation[18].

Gene fusions in the NTRK gene have been found in both adult and pediatric gliomas[16], including IDH-WT GB, LGGs,
pilocytic astrocytomas, and gangliogliomas. Larotrectinib and entrectinib (NTRK inhibitors) have initially been found to
be safe and efficacious for the treatment of these tumors[18].

Combination CT has shown promising results. The combination of dabrafenib + trametinib after recurrence of HGGs
revealed an objective response rate of 33% (phase Il ROAR trial)[16].

CHALLENGES IN PEDIATRIC GLIOMAS

PLGG is heterogeneous and represents a complex challenge in the treatment of these patients. Typically, total tumor
resection will be curative depending on size and location. However, CT with vincristine + carboplatin or vinblastine is
recommended for cases that are inoperable. Unfortunately, unresectable or partially resected pLGG tends to progress.
Frequent follow-up and additional treatment are justified for these cases, although the optimal timing for CT and RT is
controversial[11]. Recent advances due to the understanding of the molecular drivers of pediatric gliomas are facilitating
the use of effective drugs against the RAS/MAPK pathway (BRAF, mitogen-activated protein kinase, and other tyrosine
kinase inhibitors)[19]. These drugs also have less side effects than CT and RT.

Understanding the molecular mechanisms that promote tumor progression in pHGG and developing drugs than can
surpass the blood-brain barrier will lead to the development of new treatment options for patients with pHGG.
Currently, the most promising approach is based on the highly immunogenic characteristics of pHGG that can be
exploited through the reactivation of ineffective or exhausted immune mechanisms or through other strategies such as
chimeric antigen receptor T cells or vaccines[20].

CONCLUSION

Neuro-oncology has experienced considerable advances in the last decades. The understanding of molecular biology and
pathology has translated into precise classifications and prognosis. Even though improvements in survival have been
modest, there is an opportunity to design clinical trials with novel therapies for specific subtypes of glioma due to the
molecular analysis of these tumors. Given that pediatric and adult gliomas are different, molecular and genetic analyses
are essential to diagnose and treat gliomas in the pediatric population.

FOOTNOTES

Author contributions: Fernandez C and Couiiago F conceived and performed the study; Ferndndez C, Couilago F and Zafra-Martin J
drafted and revised the paper for important intellectual content; All authors read and approved the final manuscript.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/licenses /by-nc/4.0/

Country of origin: Spain
ORCID number: Castalia Fernandez 0000-0002-6005-3521; Juan Zafra-Martin 0000-0003-4778-4271; Felipe Coufiago 0000-0001-7233-0234.

S-Editor: Li L
L-Editor: A
P-Editor: Che XX

gﬁ;@ WJCO | https://www.wjgnet.com 985 August 24,2024 | Volume15 | Issue8 |


https://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6005-3521
http://orcid.org/0000-0002-6005-3521
http://orcid.org/0000-0003-4778-4271
http://orcid.org/0000-0003-4778-4271
http://orcid.org/0000-0001-7233-0234
http://orcid.org/0000-0001-7233-0234

Fernandez C et al. Gliomas: Treatment in the molecular era

REFERENCES

1

W

W

6

16

18
19

Louis DN, Perry A, Wesseling P, Brat DJ, Cree 1A, Figarella-Branger D, Hawkins C, Ng HK, Pfister SM, Reifenberger G, Soffietti R, von
Deimling A, Ellison DW. The 2021 WHO Classification of Tumors of the Central Nervous System: a summary. Neuro Oncol 2021; 23: 1231-
1251 [PMID: 34185076 DOI: 10.1093/neuonc/noab106]

Louis DN, Wesseling P, Aldape K, Brat DJ, Capper D, Cree IA, Eberhart C, Figarella-Branger D, Fouladi M, Fuller GN, Giannini C, Haberler
C, Hawkins C, Komori T, Kros JM, Ng HK, Orr BA, Park SH, Paulus W, Perry A, Pietsch T, Reifenberger G, Rosenblum M, Rous B, Sahm F,
Sarkar C, Solomon DA, Tabori U, van den Bent MJ, von Deimling A, Weller M, White VA, Ellison DW. cIMPACT-NOW update 6: new
entity and diagnostic principle recommendations of the cIMPACT-Utrecht meeting on future CNS tumor classification and grading. Brain
Pathol 2020; 30: 844-856 [PMID: 32307792 DOI: 10.1111/bpa.12832]

Fangusaro J, Jones DT, Packer RJ, Gutmann DH, Milde T, Witt O, Mueller S, Fisher MJ, Hansford JR, Tabori U, Hargrave D,
Bandopadhayay P. Pediatric low-grade glioma: State-of-the-art and ongoing challenges. Neuro Oncol 2024; 26: 25-37 [PMID: 37944912 DOI:
10.1093/neuonc/noad195]

Schaff LR, Mellinghoff IK. Glioblastoma and Other Primary Brain Malignancies in Adults: A Review. JAMA 2023; 329: 574-587 [PMID:
36809318 DOI: 10.1001/jama.2023.0023]

Thomas DL. 2021 updates to the World Health Organization classification of adult-type and pediatric-type diffuse gliomas: a clinical practice
review. Chin Clin Oncol 2023; 12: 7 [PMID: 36922356 DOI: 10.21037/cco-22-120]

Wagner MW, Jabehdar Maralani P, Bennett J, Nobre L, Lim-Fat MJ, Dirks P, Laughlin S, Tabori U, Ramaswamy V, Hawkins C, Ertl-Wagner
BB. Brain Tumor Imaging in Adolescents and Young Adults: 2021 WHO Updates for Molecular-based Tumor Types. Radiology 2024; 310:
€230777 [PMID: 38349246 DOI: 10.1148/radiol.230777]

Whitfield BT, Huse JT. Classification of adult-type diffuse gliomas: Impact of the World Health Organization 2021 update. Brain Pathol
2022; 32: 13062 [PMID: 35289001 DOI: 10.1111/bpa.13062]

Sahm F, Brandner S, Bertero L, Capper D, French PJ, Figarella-Branger D, Giangaspero F, Haberler C, Hegi ME, Kristensen BW, Kurian KM,
Preusser M, Tops BBJ, van den Bent M, Wick W, Reifenberger G, Wesseling P. Molecular diagnostic tools for the World Health Organization
(WHO) 2021 classification of gliomas, glioneuronal and neuronal tumors; an EANO guideline. Neuro Oncol 2023; 25: 1731-1749 [PMID:
37279174 DOI: 10.1093/neuonc/noad100]

van den Bent MJ, Geurts M, French PJ, Smits M, Capper D, Bromberg JEC, Chang SM. Primary brain tumours in adults. Lancet 2023; 402:
1564-1579 [PMID: 37738997 DOI: 10.1016/S0140-6736(23)01054-1]

Nabors B, Portnow J, Hattangadi-Gluth J, Horbinski C. NCCN CNS tumor guidelines update for 2023. Neuro Oncol 2023; 25: 2114-2116
[PMID: 37706665 DOI: 10.1093/neuonc/noad169]

Mohamed AA, Alshaibi R, Faragalla S, Mohamed Y, Lucke-Wold B. Updates on management of gliomas in the molecular age. World J Clin
Oncol 2024; 15: 178-194 [PMID: 38455131 DOI: 10.5306/wjco.v15.12.178]

Karschnia P, Young JS, Dono A, Héni L, Sciortino T, Bruno F, Juenger ST, Teske N, Morshed RA, Haddad AF, Zhang Y, Stoecklein S,
Weller M, Vogelbaum MA, Beck J, Tandon N, Hervey-Jumper S, Molinaro AM, Ruda R, Bello L, Schnell O, Esquenazi Y, Ruge MI, Grau SJ,
Berger MS, Chang SM, van den Bent M, Tonn JC. Prognostic validation of a new classification system for extent of resection in glioblastoma:
A report of the RANO resect group. Neuro Oncol 2023; 25: 940-954 [PMID: 35961053 DOI: 10.1093/neuonc/noac193]

Laigle-Donadey F, Metellus P, Guyotat J, Menei P, Proust F, Dufour H, Chinot O, Honnorat J, Faillot T, Paquis P, Peruzzi P, Emery E,
Guillamo JS, Carpentier A, Wager M, Lebbah S, Hajage D, Delattre JY, Cornu P. Surgery for glioblastomas in the elderly: an Association des
Neuro-oncologues d'Expression Francaise (ANOCEF) trial. J Neurosurg 2023; 138: 1199-1205 [PMID: 36242578 DOI:
10.3171/2022.8.JNS221068]

Hervey-Jumper SL, Zhang Y, Phillips JJ, Morshed RA, Young JS, McCoy L, Lafontaine M, Luks T, Ammanuel S, Kakaizada S, Egladyous
A, Gogos A, Villanueva-Meyer J, Shai A, Warrier G, Rice T, Crane J, Wrensch M, Wiencke JK, Daras M, Oberheim Bush NA, Taylor JW,
Butowski N, Clarke J, Chang S, Chang E, Aghi M, Theodosopoulos P, McDermott M, Jakola AS, Kavouridis VK, Nawabi N, Solheim O,
Smith T, Berger MS, Molinaro AM. Interactive Effects of Molecular, Therapeutic, and Patient Factors on Outcome of Diffuse Low-Grade
Glioma. J Clin Oncol 2023; 41: 2029-2042 [PMID: 36599113 DOI: 10.1200/JC0O.21.02929]

Weller M, van den Bent M, Preusser M, Le Rhun E, Tonn JC, Minniti G, Bendszus M, Balana C, Chinot O, Dirven L, French P, Hegi ME,
Jakola AS, Platten M, Roth P, Ruda R, Short S, Smits M, Taphoorn MJB, von Deimling A, Westphal M, Soffietti R, Reifenberger G, Wick W.
EANO guidelines on the diagnosis and treatment of diffuse gliomas of adulthood. Nat Rev Clin Oncol 2021; 18: 170-186 [PMID: 33293629
DOI: 10.1038/s41571-020-00447-7]

Segura PP, Quintela NV, Garcia MM, Del Barco Berron S, Sarrio RG, Gomez JG, Castailo AG, Martin LMN, Rubio OG, Losada EP. SEOM-
GEINO clinical guidelines for high-grade gliomas of adulthood (2022). Clin Transi Oncol 2023; 25: 2634-2646 [PMID: 37540408 DOI:
10.1007/s12094-023-03245-y]

Kinslow CJ, Brown PD, Iwamoto FM, Wu CC, Yu JB, Cheng SK, Wang TJC. Where Do We (INDI)GO From Here? Int J Radiat Oncol Biol
Phys 2024; 118: 330-333 [PMID: 38220255 DOIL: 10.1016/j.ijrobp.2023.09.008]

Silvani A. New perspectives: Glioma in adult patients. Tumori 2023; 109: 350-355 [PMID: 36964665 DOI: 10.1177/03008916231159716]
Hauser P. Classification and Treatment of Pediatric Gliomas in the Molecular Era. Children (Basel) 2021; 8 [PMID: 34572171 DOIL:
10.3390/children8090739]

Funakoshi Y, Hata N, Kuga D, Hatae R, Sangatsuda Y, Fujioka Y, Takigawa K, Mizoguchi M. Pediatric Glioma: An Update of Diagnosis,
Biology, and Treatment. Cancers (Basel) 2021; 13 [PMID: 33673070 DOI: 10.3390/cancers13040758]

3%9@) WJCO | https://www.wjgnet.com 986 August 24,2024 | Volume15 | Issue8 |


http://www.ncbi.nlm.nih.gov/pubmed/34185076
https://dx.doi.org/10.1093/neuonc/noab106
http://www.ncbi.nlm.nih.gov/pubmed/32307792
https://dx.doi.org/10.1111/bpa.12832
http://www.ncbi.nlm.nih.gov/pubmed/37944912
https://dx.doi.org/10.1093/neuonc/noad195
http://www.ncbi.nlm.nih.gov/pubmed/36809318
https://dx.doi.org/10.1001/jama.2023.0023
http://www.ncbi.nlm.nih.gov/pubmed/36922356
https://dx.doi.org/10.21037/cco-22-120
http://www.ncbi.nlm.nih.gov/pubmed/38349246
https://dx.doi.org/10.1148/radiol.230777
http://www.ncbi.nlm.nih.gov/pubmed/35289001
https://dx.doi.org/10.1111/bpa.13062
http://www.ncbi.nlm.nih.gov/pubmed/37279174
https://dx.doi.org/10.1093/neuonc/noad100
http://www.ncbi.nlm.nih.gov/pubmed/37738997
https://dx.doi.org/10.1016/S0140-6736(23)01054-1
http://www.ncbi.nlm.nih.gov/pubmed/37706665
https://dx.doi.org/10.1093/neuonc/noad169
http://www.ncbi.nlm.nih.gov/pubmed/38455131
https://dx.doi.org/10.5306/wjco.v15.i2.178
http://www.ncbi.nlm.nih.gov/pubmed/35961053
https://dx.doi.org/10.1093/neuonc/noac193
http://www.ncbi.nlm.nih.gov/pubmed/36242578
https://dx.doi.org/10.3171/2022.8.JNS221068
http://www.ncbi.nlm.nih.gov/pubmed/36599113
https://dx.doi.org/10.1200/JCO.21.02929
http://www.ncbi.nlm.nih.gov/pubmed/33293629
https://dx.doi.org/10.1038/s41571-020-00447-z
http://www.ncbi.nlm.nih.gov/pubmed/37540408
https://dx.doi.org/10.1007/s12094-023-03245-y
http://www.ncbi.nlm.nih.gov/pubmed/38220255
https://dx.doi.org/10.1016/j.ijrobp.2023.09.008
http://www.ncbi.nlm.nih.gov/pubmed/36964665
https://dx.doi.org/10.1177/03008916231159716
http://www.ncbi.nlm.nih.gov/pubmed/34572171
https://dx.doi.org/10.3390/children8090739
http://www.ncbi.nlm.nih.gov/pubmed/33673070
https://dx.doi.org/10.3390/cancers13040758

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	pLGG
	pHGG
	Adult-type diffuse gliomas
	Molecular biomarkers, clinical practice impact, and patient management

	SURGICAL MANAGEMENT
	RT AND CT IN THE MOLECULAR ERA
	NEW MOLECULAR TARGETS
	CHALLENGES IN PEDIATRIC GLIOMAS
	CONCLUSION
	FOOTNOTES
	REFERENCES

