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Case Report
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Abstract: Background/Objectives: Anaplastic oligodendrogliomas (AOs) are central ner-
vous system (CNS) World Health Organization (WHO) grade 3 gliomas characterized
by isocitrate dehydrogenase (IDH) mutation (m)IDH and 1p/19q codeletion. AOs are
typically treated with surgery and chemoradiation. However, chemoradiation can cause
detrimental late neurocognitive morbidities and an accelerated disease course. The recently
regulatory-approved vorasidenib, a brain-penetrating oral inhibitor of IDH1/2, has altered
the treatment paradigm for recurrent/residual non-enhancing surgically resected CNS
WHO grade 2 mIDH gliomas. Though vorasidenib can delay the time to chemoradiation for
grade 2 gliomas, the implications for vorasidenib in non-grade 2 mIDH gliomas are not well
understood. Results: We present a case of a 71-year-old male with a grade 3 non-enhancing
oligodendroglioma successfully treated with vorasidenib with an 11% reduction in residual
tumor volume. Vorasidenib was well tolerated in our patient with a mild elevation in his
liver transaminases that resolved following a brief interruption in treatment. Conclusions:
Our case suggests that vorasidenib may impart therapeutic benefits in this setting. This case
illustrates the need for further investigation into these less commonly addressed scenarios
and treatment strategies that extend beyond current guidelines.

Keywords: vorasidenib; anaplastic oligodendroglioma; isocitrate dehydrogenase; IDH
inhibitor; glioma

1. Introduction
Anaplastic oligodendrogliomas (AOs) are central nervous system (CNS) World Health

Organization (WHO) grade 3 gliomas characterized by isocitrate dehydrogenase mutations
(mIDHs) and 1p/19q codeletion [1,2]. The diagnostic criteria for oligodendrogliomas have
undergone multiple revisions with the integration of molecular criteria to improve upon
diagnostic accuracy. However, the grading criteria in the current classification schema
for oligodendrogliomas continues to predominantly rely upon histopathologic examina-
tion; the differentiating criterion between grade 2 and grade 3 oligodendrogliomas are
the presence of conspicuous microvascular proliferation and/or 6 mitoses per 10 high-
power field [3–11]. These criteria are subject to inter-rater variability, and accordingly, the
reliability of these benchmarks as a predictor of patient outcome have been called into
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question [7,12–14]. To ameliorate this variability, molecular alterations, including homozy-
gous loss of cyclin-dependent kinase inhibitor (CDKN)2A and mutations in phosphatase
and tensin homolog (PTEN) and NOTCH1 have been investigated as adjunctive markers
for risk stratification. Nevertheless, their prognostic role and clinical relevance are yet to
be determined [15–17].

The distinction between grade 2 and grade 3 oligodendrogliomas carries therapeu-
tic relevance. While maximal safe resection remains the initial treatment for oligoden-
drogliomas, the implications for adjuvant chemotherapy and radiation are reliant upon
risk stratification [18–22]. To date, consensus has not been reached on the risk stratification
criteria for oligodendrogliomas (Table 1). Various risk factors have been identified across
multiple trials, including the European Organization for Research and Treatment of Cancer
(EORTC) 228445, 228446, and Radiation Therapy Oncology Group (RTOG) 0424 trials.
RTOG 9802 and other studies further emphasize the impact of tumor extent of resection
(EOR) as a prognostic factor [23–28]. Consequently, there is a growing focus on residual
tumor volume (RTV) as a principal prognostic factor [10,27,29,30].

Table 1. Variable criteria for risk stratification for oligodendrogliomas.

Study Title Age Lineage Tumor Size Tumor Location Neurological Deficit Risk

EORTC 22844/5 Age ≥ 40 years Astrocytic
≥6 cm or
crossing
midline

NA Preoperative deficit

Low risk: <3 Risk
factors
High risk: ≥3
Risk factors

EORTC 22033-26033 Age ≥ 40 years Progressive
disease ≥5 cm Tumor crossing

midline Preoperative deficit

Low risk: <1 Risk
Factor
High risk: ≥1
Risk factor

RTOG 0424 Age ≥ 40 years Astrocytic ≥6 cm Tumor crossing
midline Preoperative deficit

Low risk: <3 Risk
factors
High risk: ≥3
Risk factors

RTOG 9802

Age ≥ 40 years
OR Age ≥ 18
years with
subtotal resection

Low risk: <1 Risk
Factor
High risk: ≥1
Risk factor

2. Detailed Case Description
Twenty-five years prior to presentation, a 71-year-old ambidextrous male presented

to an outside hospital with syncope (Figure 1). He was incidentally found to have a left
parietal non-enhancing mass. He underwent resection at a community hospital with a
diagnosis of grade 2 oligodendroglioma. The EOR is unknown. He was monitored for
11 years with no evidence of recurrence (Figure 2A,B), and surveillance was discontinued.

At year 24, he presented to our institution for evaluation of right arm numb-
ness. His neurological exam showed decreased upper-right extremity sensation to light
touch. Magnetic resonance imaging (MRI) of the brain showed an interval increase in
T2/FLAIR hyperintensity surrounding the resection cavity with no correlative enhancement
(Figure 2C–F). A functional MRI showed left-sided language lateralization at Broca’s area
(Figure 3). During lip movement, there was overlap in activation of the left primary motor
cortex with T2/FLAIR signal hyperintensity, but foot and hand movements were distant
from the lesion. His clinical and radiographic progression warranted re-resection and tissue
diagnosis to guide adjuvant therapy. A subtotal resection was achieved with approximately
2 cm of residual disease and an RTV of 45 cm3 remaining in eloquent structures (arcuate
fasciculus, superior longitudinal fasciculus).
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Figure 1. Patient disease course timeline. RUE = right upper extremity; STR = subtotal resection; 
IND = investigational new drug; FLAIR = fluid attenuated inversion recovery. 

 

Figure 2. Axial T2 (top panels) and FLAIR (bottom panels) brain MRIs demonstrating an interval in-
crease in left parietal–temporal T2/FLAIR-hyperintensity from 2017 (A,B) to 2024 (C,D) with subse-
quent surgical debulking (residual tumor volume 45 cm3) (E,F) followed by 8 months of vorasidenib 
(residual tumor volume 40 cm3) (G,H). 

Figure 1. Patient disease course timeline. RUE = right upper extremity; STR = subtotal resection;
IND = investigational new drug; FLAIR = fluid attenuated inversion recovery.
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Figure 2. Axial T2 (top panels) and FLAIR (bottom panels) brain MRIs demonstrating an interval
increase in left parietal–temporal T2/FLAIR-hyperintensity from 2017 (A,B) to 2024 (C,D) with
subsequent surgical debulking (residual tumor volume 45 cm3) (E,F) followed by 8 months of
vorasidenib (residual tumor volume 40 cm3) (G,H).
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Figure 3. Functional MRI (fMRI) demonstrating areas of activation during lip movement (A), word 
production, and verb comprehension (B). 

Pathology (reviewed independently by two board-certified, fellowship-trained neu-
ropathologists) showed a widely infiltrative glioma with classic oligodendroglial mor-
phology, including round to oval nuclei, perinuclear halos, and thin intervening capillar-
ies (Figure 4A). High-grade features were also present (Figure 4B), characterized by mark-
edly cellular areas with brisk mitotic activity (up to 10 mitoses in 10 high power fields). 
No necrosis or microvascular proliferation was seen. Immunohistochemistry demon-
strated positivity for IDH1 R132H mutant protein and ATRX expression was retained in 
tumor nuclei. 1p/19q co-deletion was detected by fluorescence in situ hybridization (FISH) 
and Tempus xT 648 gene panel reported genomic variants in IDH1, TERT, CIC, and 
FUBP1, as expected for an oligodendroglioma. These findings yielded a final diagnosis of 
oligodendroglioma, IDH-mutant and 1p/19q-codeleted, CNS WHO grade 3. 

The patient’s postoperative course was uncomplicated. His mild right upper extrem-
ity weakness, paresthesia, and incoordination improved. Given his grade 3 tumor desig-
nation, chemoradiation versus vorasidenib was discussed. A consensus was reached at 
our multidisciplinary Neuro-Oncology Tumor Board to recommend vorasidenib. The pa-
tient decided to proceed with 40 mg of vorasidenib. Vorasidenib was well-tolerated, with 
the exception of asymptomatic transaminitis, which subsequently resolved spontaneously 
after a two-week treatment interruption. At 8-month follow-up, he remains clinically sta-
ble with radiographic findings of an 11% reduction in RTV to 40 cm3 (Figure 2G,H). 

Figure 3. Functional MRI (fMRI) demonstrating areas of activation during lip movement (A), word
production, and verb comprehension (B).

Pathology (reviewed independently by two board-certified, fellowship-trained neu-
ropathologists) showed a widely infiltrative glioma with classic oligodendroglial morphol-
ogy, including round to oval nuclei, perinuclear halos, and thin intervening capillaries
(Figure 4A). High-grade features were also present (Figure 4B), characterized by markedly
cellular areas with brisk mitotic activity (up to 10 mitoses in 10 high power fields). No
necrosis or microvascular proliferation was seen. Immunohistochemistry demonstrated
positivity for IDH1 R132H mutant protein and ATRX expression was retained in tumor
nuclei. 1p/19q co-deletion was detected by fluorescence in situ hybridization (FISH) and
Tempus xT 648 gene panel reported genomic variants in IDH1, TERT, CIC, and FUBP1, as
expected for an oligodendroglioma. These findings yielded a final diagnosis of oligoden-
droglioma, IDH-mutant and 1p/19q-codeleted, CNS WHO grade 3.
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Figure 4. Classic oligodendroglial morphology, 200× (A). High-grade areas (B) showed brisk mitotic 
activity (circles) and hypercellularity, 400×. 
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ducted by Hervey-Jumper et al. suggest that ≥75% EOR positively influences survival in 
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his available imaging, his estimated growth rate was 0.27 cm3 per month, or a volume of 
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The patient’s postoperative course was uncomplicated. His mild right upper extremity
weakness, paresthesia, and incoordination improved. Given his grade 3 tumor designa-
tion, chemoradiation versus vorasidenib was discussed. A consensus was reached at our
multidisciplinary Neuro-Oncology Tumor Board to recommend vorasidenib. The patient
decided to proceed with 40 mg of vorasidenib. Vorasidenib was well-tolerated, with the
exception of asymptomatic transaminitis, which subsequently resolved spontaneously after
a two-week treatment interruption. At 8-month follow-up, he remains clinically stable with
radiographic findings of an 11% reduction in RTV to 40 cm3 (Figure 2G,H).

3. Discussion
The management of oligodendrogliomas following surgery is influenced by several key

factors, including age, tumor grade, and EOR. Together, these components stratify the risk
of recurrence (Table 1). The median age of diagnosis for oligodendrogliomas is 49.5 years of
age [17], which corroborates with our patient’s age of initial diagnosis at 47 years. The role
of age as a prognostic indicator for oligodendrogliomas remains a matter of debate with
a historical threshold of ≥ 40 years as the benchmark for high-risk classification in grade
2 gliomas [10]. Recent studies suggest that an older age cutoff (45, >50, or ≥60) is a more
reliable indicator for identifying high-risk LGG patients [8,16,31]. Based on RTOG 9802 and
EORTC 22033–26033 criteria, our patient is categorized as high-risk on the basis of his age
at diagnosis. On the contrary, he is stratified to a low-risk classification under the EORTC
22844/5 and RTOG 0424 criteria (oligodendroglioma lineage, and absence of pre-operative
neurological deficit, unknown preoperative tumor diameter) [10,24,28,32–35].

Our patient defied survival expectations with a disease trajectory that continues over
24 years from diagnosis, and he remains alive at time of publication. Under the “wait-and-
see” strategy, the anticipated median OS is 13.2–14.2 years with a median PFS of 3.4 years
for grade 2 LGGs [10,33]. His unexpected longevity may stem from the persistent lack
of enhancement of his tumor at recurrence, which may indicate a less aggressive glioma
compared to an enhancing glioma [36]. Despite historical controversy regarding surgical
management of LGGs, early maximal safe resection is now favored over the watchful
waiting approach [27,37–40]. In our patient, there was minimal residual tumor observed on
his 10-year MRI, suggesting an initial near-total or gross-total resection. Early and maximal
surgery offers three related benefits of reducing malignant transformation rate, reducing
recurrence rate, and improving OS [23,29,30,39–41]. Results from a 20-year investigation
conducted by Hervey-Jumper et al. suggest that ≥75% EOR positively influences survival
in these tumors [42]. Our patient’s tumor also exhibited an insidious growth pattern. Based
on his available imaging, his estimated growth rate was 0.27 cm3 per month, or a volume of
diametric expansion (VDE) of 0.87 mm per year. VDE, the rate of change in tumor diameter
over time, is an independent predictor of outcome in LGGs [43–45]. This insidious growth
rate may have contributed to the protracted quiescent period prior to his tumor’s malignant
transformation. Gozé et al. showed that LGGs with a VDE of < 8 mm/year are less likely
to undergo malignant transformation compared to LGGs with accelerated growth rates
(36.1% vs. 73.9%, respectively) and exhibit prolonged time to malignant transformation
(71.2 vs. 47.1 months, p < 0.001) [43]. Lastly, our patient had a low RTV following his initial
surgery. The benefit of a smaller RTV is substantiated in several studies and associated with
a decreased risk of recurrence and improved OS [29,30]. RTV > 10–15 cm3 is associated
with earlier progression and decreased survival [29,30]. Following his second resection, our
patient’s RTV was 45 cm3 with a 2 cm diameter owing to tumor in eloquent language cortex.

At the time of initial diagnosis, our patient’s oligodendroglioma diagnosis was es-
tablished based on the WHO 1993 grading criteria, which were exclusively based on
histomorphology. Though molecular analyses were not obtained for our patient’s initial
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tumor, molecular analyses obtained from his re-resection confirmed that his tumor harbors
the canonical IDH1-R132H and codeletion of 1p/19q. Further, our patient’s tumor under-
went malignant degeneration to grade 3 with findings of brisk mitotic activity, though
microvascular proliferation and necrosis were absent and thus fulfilling only one criterion
for a grade 3 designation [14]. Our patient’s tumor harbored mutations in TERT, FUBP1, and
CIC, which are common alterations in oligodendroglioma, but not clinically relevant [46,47].
A rare finding in oligodendrogliomas, CDKN2A/B is the sole molecular marker to distin-
guish grade 2 from grade 3 oligodendrogliomas [17] but was not present in our patient’s
tumor. Accordingly, our patient’s tumor met the criteria for a grade 3 designation based on
a solitary histologic feature alone.

Our patient would have been ineligible for the INDIGO trial and is ineligible for
the regulatory-approved drug based on his tumor’s grade 3 designation. At the time of
recurrence, our patient was elderly, his tumor malignantly transformed, and he had residual
tumor. Taken together, adjuvant therapy was warranted. In view of the well-documented
grade 3 and 4 hematologic toxicities associated with chemoradiation, we reasoned that
vorasidenib was the optimal therapy for our patient due to its low toxicity profile, his
non-enhancing residual disease, and a grade 3 determination based on brisk mitotic activity
alone in the absence of microvascular proliferation, necrosis, and intact CDKN2A/B. His
tumor is conceivably an intermediate-risk oligodendroglioma, a proposed new category of
grade 3 oligodendrogliomas [48]. On these bases, vorasidenib was favored over sequential
chemoradiation with the goal of halting disease progression and prolonging the time to
his next intervention. Arguably, the majority of cases in the INDIGO trial were high-risk
gliomas warranting chemoradiation [48]. However, despite this high-risk assignment, PFS
was improved in the vorasidenib group [49].

At last follow-up, our patient was clinically stable with radiographic improvement
of an 11% reduction in RTV (40 cm3). Although a defined RTV cutoff for benefit with
maintenance vorasidenib has yet to be determined, our case suggests that vorasidenib has
a beneficial effect despite a substantial RTV. He continues to tolerate treatment well. His
transient grade 1 liver transaminase elevation resolved with a brief interruption in treat-
ment, which can be observed in 9.6% of patients who develop ≥ grade 3 elevated alanine
aminotransferase [49]. Limited evidence suggests that IDHi responders lack NOTCH1
mutations [50]. Though our patient’s tumor lacks NOTCH1 mutations, it is unclear if
this is linked to his response to vorasidenib. Vorasidenib is FDA indicated for use in
grade 2 oligodendroglioma but may have greater potential, including in non-enhancing
grade 3 oligodendrogliomas as substantiated by our case.

We acknowledge that the limitations of this study are the nature of a case report as a
single case is not generalizable to all grade 3 oligodendrogliomas. Though a 11% reduction
in RTV was demonstrated in our case, we could not evaluate for long-term response given
the short follow-up. Subsequent analyses from the INDIGO trial demonstrated decreased
tumor growth rate as measured by percent change in volume in 6-month intervals [49].
Given our patient’s prolonged disease course, and initial diagnosis during the pre-molecular
era, molecular analysis was not performed for the patient’s initial tumor tissue. Moreover,
DNA methylation profiling was not performed on his tumor tissue, which may have
been informative to identify the favorable glioma-CpG island (G-CIMP)-high methylated
phenotype from a less favorable G-CIMP-low phenotype [51–53]. Lastly, we could not
confirm the initial RTV nor determine his initial preoperative VDE given that he was under
active surveillance at an outside institution with irregular monitoring.

Future investigations should be directed at recognition of additional cohorts of LGG
patients who may benefit from vorasidenib and identifying the utility of IDHis in non-grade
2 and enhancing gliomas. Accordingly, investigations with safusidenib (DS-1001) and olu-
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tasidenib, both of which are oral brain-penetrant IDH inhibitors with activity in enhancing
gliomas, are underway. Safusidenib is a selective IDH R132 inhibitor that has explicitly
demonstrated benefit in an enhancing grade 3 oligodendroglioma [54]. This is a notable
finding, given that there are differences in outcome with vorasidenib in canonical mIDH1
R132H gliomas compared to non-canonical mIDH gliomas [55]. In patients treated with
vorasidenib, it is unknown if IDH inhibition and alteration of this pathway will modify the
tumor’s biology and if this inhibition will confer resistance to future chemoradiation [48].
Conversely, another open area of investigation is the role of maintenance vorasidenib in pa-
tients previously treated with chemoradiation. Forthcoming studies should also be directed
at identifying epigenetic changes within additional affected signaling pathways, such as RB
and PI3K [56]. These studies may detect actionable targets for use in combinatorial therapy
with vorasidenib [56,57]. As our understanding of IDH-mutant gliomas tumorigenesis
evolve, therapies will also continue to advance.

4. Conclusions
The grading criteria for oligodendrogliomas is predominantly based on subjective

histopathologic features. Oligodendrogliomas may be classified as grade 3 based on brisk
mitotic activity alone. We present the successful use of vorasidenib in a novel clinical
context of an individual with a recurrent malignantly transformed chemoradiation-naïve
oligodendroglioma with an acceptable toxicity profile. Vorasidenib may have indications
that extend beyond current guidelines.
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Abbreviations

2-HG 2-hydroxyglutarate
AO anaplastic oligodendroglioma
CDKN cyclin-dependent kinase inhibitor
CNS central nervous system
EOR extent of resection
EORTC European Organization for Research and Treatment of Cancer
FLAIR fluid attenuated inversion recovery
fMRI functional MRI
G-CIMP glioma-CpG island
IDH isocitrate dehydrogenase
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IDHis isocitrate dehydrogenase inhibitors
IND investigational new drug
LGG low-grade glioma
mIDH isocitrate dehydrogenase mutations
MRI magnetic resonance imaging
OS overall survival
PCV procarbazine, CCNU, and vincristine
PFS progression-free survival
PTEN phosphatase and tensin homolog
RTOG Radiation Therapy Oncology Group
RTV residual tumor volume
RUE right upper extremity
STR subtotal resection
TMZ temozolomide
VDE volume of diametric expansion
WHO World Health Organization
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surgical resection vs a strategy favoring watchful waiting in low-grade gliomas. JAMA 2012, 308, 1881–1888. [CrossRef] [PubMed]

40. McGirt, M.J.; Chaichana, K.L.; Attenello, F.J.; Weingart, J.D.; Than, K.; Burger, P.C.; Olivi, A.; Brem, H.; Quinoñes-Hinojosa, A.
Extent of surgical resection is independently associated with survival in patients with hemispheric infiltrating low-grade gliomas.
Neurosurgery 2008, 63, 700–707, Author reply 7–8. [CrossRef] [PubMed]

41. Capelle, L.; Fontaine, D.; Mandonnet, E.; Taillandier, L.; Golmard, J.L.; Bauchet, L.; Pallud, J.; Peruzzi, P.; Guyotat, J.; Duffau, H.;
et al. Spontaneous and therapeutic prognostic factors in adult hemispheric World Health Organization Grade II gliomas: A series
of 1097 cases: Clinical article. J. Neurosurg. 2013, 118, 1157–1168. [CrossRef] [PubMed]

42. Hervey-Jumper, S.L.; Zhang, Y.; Phillips, J.J.; Morshed, R.A.; Young, J.S.; McCoy, L.; Lafontaine, M.; Luks, T.; Ammanuel, S.;
Kakaizada, S.; et al. Interactive Effects of Molecular, Therapeutic, and Patient Factors on Outcome of Diffuse Low-Grade Glioma.
J. Clin. Oncol. 2023, 41, 2029–2042. [CrossRef]

43. Gozé, C.; Blonski, M.; Le Maistre, G.; Bauchet, L.; Dezamis, E.; Page, P.; Varlet, P.; Capelle, L.; Devaux, B.; Pallud, J.; et al. Imaging
growth and isocitrate dehydrogenase 1 mutation are independent predictors for diffuse low-grade gliomas. Neuro-Oncol. 2014,
16, 1100–1109. [CrossRef]

44. Pallud, J.; Blonski, M.; Mandonnet, E.; Audureau, E.; Fontaine, D.; Sanai, N.; Bauchet, L.; Peruzzi, P.; Frénay, M.; Colin, P.;
et al. Velocity of tumor spontaneous expansion predicts long-term outcomes for diffuse low-grade gliomas. Neuro-Oncol. 2013,
15, 595–606. [CrossRef] [PubMed]

45. Pallud, J.; Taillandier, L.; Capelle, L.; Fontaine, D.; Peyre, M.; Ducray, F.; Matthieu, P.; François, D.; Hugues, D.; Mandonnet, E.;
et al. Quantitative morphological magnetic resonance imaging follow-up of low-grade glioma: A plea for systematic measurement
of growth rates. Neurosurgery 2012, 71, 729–739; Discussion 39–40. [CrossRef] [PubMed]

46. Baumgarten, P.; Harter, P.N.; Tönjes, M.; Capper, D.; Blank, A.E.; Sahm, F.; von Deimling, A.; Kolluru, V.; Schwamb, B.; Mittelbronn,
M.; et al. Loss of FUBP1 expression in gliomas predicts FUBP1 mutation and is associated with oligodendroglial differentiation,
IDH1 mutation and 1p/19q loss of heterozygosity. Neuropathol. Appl. Neurobiol. 2014, 40, 205–216. [CrossRef] [PubMed]

47. Cancer Genome Atlas Research Network; Brat, D.J.; Verhaak, R.G.; Aldape, K.D.; Yung, W.K.; Salama, S.R.; Cooper, L.A.D.;
Rheinbay, E.; Miller, C.R.; Vitucci, M.; et al. Comprehensive, Integrative Genomic Analysis of Diffuse Lower-Grade Gliomas. N.
Engl. J. Med. 2015, 372, 2481–2498. [PubMed]

48. Dipasquale, A.; Franceschi, E.; Lombardi, G.; Simonelli, M. Vorasidenib in IDH mutant WHO grade 2 gliomas: Time to stop
sitting on the fence? Neuro-Oncol. Adv. 2024, 6, vdae003. [CrossRef] [PubMed]

49. Mellinghoff, I.K.; van den Bent, M.J.; Blumenthal, D.T.; Touat, M.; Peters, K.B.; Clarke, J.; Mendez, J.; Yust-Katz, S.; Welsh, L.;
Mason, W.P.; et al. Vorasidenib in IDH1- or IDH2-Mutant Low-Grade Glioma. N. Engl. J. Med. 2023, 389, 589–601. [CrossRef]

50. Spitzer, A.; Gritsch, S.; Nomura, M.; Jucht, A.; Fortin, J.; Raviram, R.; Weisman, H.R.; Castro, L.N.G.; Druck, N.; Chanoch-Myers,
R.; et al. Mutant IDH inhibitors induce lineage differentiation in IDH-mutant oligodendroglioma. Cancer Cell 2024, 42, 904–914.e9.
[CrossRef] [PubMed]

https://doi.org/10.1016/j.ijrobp.2014.11.012
https://doi.org/10.1016/S0140-6736(05)67070-5
https://doi.org/10.1016/S0360-3016(96)00352-5
https://www.ncbi.nlm.nih.gov/pubmed/8948338
https://doi.org/10.1200/JCO.19.02983
https://doi.org/10.1016/j.ejca.2018.10.019
https://doi.org/10.3171/2008.10.JNS08608
https://www.ncbi.nlm.nih.gov/pubmed/19361270
https://doi.org/10.1038/s41571-020-00447-z
https://doi.org/10.1001/jama.2012.12807
https://www.ncbi.nlm.nih.gov/pubmed/23099483
https://doi.org/10.1227/01.NEU.0000325729.41085.73
https://www.ncbi.nlm.nih.gov/pubmed/18981880
https://doi.org/10.3171/2013.1.JNS121
https://www.ncbi.nlm.nih.gov/pubmed/23495881
https://doi.org/10.1200/JCO.21.02929
https://doi.org/10.1093/neuonc/nou085
https://doi.org/10.1093/neuonc/nos331
https://www.ncbi.nlm.nih.gov/pubmed/23393207
https://doi.org/10.1227/NEU.0b013e31826213de
https://www.ncbi.nlm.nih.gov/pubmed/22668885
https://doi.org/10.1111/nan.12088
https://www.ncbi.nlm.nih.gov/pubmed/24117486
https://www.ncbi.nlm.nih.gov/pubmed/26061751
https://doi.org/10.1093/noajnl/vdae003
https://www.ncbi.nlm.nih.gov/pubmed/38312228
https://doi.org/10.1056/NEJMoa2304194
https://doi.org/10.1016/j.ccell.2024.03.008
https://www.ncbi.nlm.nih.gov/pubmed/38579724


Biomedicines 2025, 13, 201 11 of 11

51. Shirahata, M.; Ono, T.; Stichel, D.; Schrimpf, D.; Reuss, D.E.; Sahm, F.; Koelsche, C.; Wefers, A.; Reinhardt, A.; Huang, K.; et al.
Novel, improved grading system(s) for IDH-mutant astrocytic gliomas. Acta Neuropathol. 2018, 136, 153–166. [CrossRef]

52. de Souza, C.F.; Sabedot, T.S.; Malta, T.M.; Stetson, L.; Morozova, O.; Sokolov, A.; Laird, P.W.; Wiznerowicz, M.; Iavarone, A.;
Snyder, J.; et al. A Distinct DNA Methylation Shift in a Subset of Glioma CpG Island Methylator Phenotypes during Tumor
Recurrence. Cell Rep. 2018, 23, 637–651. [CrossRef] [PubMed]

53. Malta, T.M.; de Souza, C.F.; Sabedot, T.S.; Silva, T.C.; Mosella, M.S.; Kalkanis, S.N.; Snyder, J.; Castro, A.V.B.; Noushmehr,
H. Glioma CpG island methylator phenotype (G-CIMP): Biological and clinical implications. Neuro-Oncol. 2018, 20, 608–620.
[CrossRef] [PubMed]

54. Natsume, A.; Arakawa, Y.; Narita, Y.; Sugiyama, K.; Hata, N.; Muragaki, Y.; Shinojima, N.; Kumabe, T.; Saito, R.; Motomura,
K.; et al. The first-in-human phase I study of a brain-penetrant mutant IDH1 inhibitor DS-1001 in patients with recurrent or
progressive IDH1-mutant gliomas. Neuro-Oncol. 2023, 25, 326–336. [CrossRef]

55. Tesileanu, C.M.S.; Vallentgoed, W.R.; Sanson, M.; Taal, W.; Clement, P.M.; Wick, W.; Brandes, A.A.; Baurain, J.F.; Chinot, O.L.;
French, P.J.; et al. Non-IDH1-R132H IDH1/2 mutations are associated with increased DNA methylation and improved survival
in astrocytomas, compared to IDH1-R132H mutations. Acta Neuropathol. 2021, 141, 945–957. [CrossRef] [PubMed]

56. Tesileanu, C.M.S.; Vallentgoed, W.R.; French, P.J.; van den Bent, M.J. Molecular markers related to patient outcome in patients
with IDH-mutant astrocytomas grade 2 to 4: A systematic review. Eur. J. Cancer 2022, 175, 214–223. [CrossRef] [PubMed]

57. Montesinos-Rongen, M.; Schmitz, R.; Brunn, A.; Gesk, S.; Richter, J.; Hong, K.; Wiestler, O.D.; Siebert, R.; Küppers, R.; Deckert, M.
Mutations of CARD11 but not TNFAIP3 may activate the NF-kappaB pathway in primary CNS lymphoma. Acta Neuropathol.
2010, 120, 529–535. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s00401-018-1849-4
https://doi.org/10.1016/j.celrep.2018.03.107
https://www.ncbi.nlm.nih.gov/pubmed/29642018
https://doi.org/10.1093/neuonc/nox183
https://www.ncbi.nlm.nih.gov/pubmed/29036500
https://doi.org/10.1093/neuonc/noac155
https://doi.org/10.1007/s00401-021-02291-6
https://www.ncbi.nlm.nih.gov/pubmed/33740099
https://doi.org/10.1016/j.ejca.2022.08.016
https://www.ncbi.nlm.nih.gov/pubmed/36152406
https://doi.org/10.1007/s00401-010-0709-7
https://www.ncbi.nlm.nih.gov/pubmed/20544211

	Introduction 
	Detailed Case Description 
	Discussion 
	Conclusions 
	References



