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Opinion statement

Treatment recommendations for grade 3 gliomas are guided by their histopathologic and
molecular phenotype. In the 2021 WHO classification, these tumors are categorized into
two types, grade 3 IDH mutant (IDHmt), 1p/19q codeleted oligodendroglioma and IDH
mutant astrocytoma. Treatment consists of maximal safe surgery, followed by radiation
therapy (RT) and alkylating agent-based chemotherapy. Based on the updated CATNON
result, RT followed by temozolomide improves outcome in patients with non-codeleted
grade 3 IDHmt astrocytoma. In patients with IDHmt, codeleted oligodendroglioma, the
addition of procarbazine, CCNU, and vincristine regimen is the recommended treatment,
based on large randomized controlled trials. These current treatments prolong the overall
survival to up to 10 years in patients with grade 3 IDHmt astrocytoma and 14 years in
grade 3 IDHmt codeleted oligodendroglioma. Treatment options at recurrence include re-
resection, re-irradiation, and other cytotoxic chemotherapy; however, these are of limited
benefit. Novel agents targeting IDH mutation and its metabolic effects are currently under
investigation to improve the outcome of these patients.
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Introduction

Evolving molecular data have led to a paradigm shift in isocitrate dehydrogenase (IDH) genes, IDH1and IDH2,
the classification and treatment of gliomas. Mutationsin  represent an early event in gliomagenesis, occurring in
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more than 70% of WHO grades 2 and 3 astrocytoma
and oligodendroglioma [1e, 2]. The presence of IDH
mutation is a strong determinant of prognosis and is
associated with improved overall survival [3]. In the
2021 World Health Organization (WHO) classification
of central nervous system tumors, diffuse gliomas are
divided mainly into IDH-mutant (IDHmt) astrocytoma
(WHO grades 2, 3, or 4), IDHmt and 1p/19q codeleted
oligodendroglioma (WHO grades 2 or 3), and IDH-wild
type (IDHwt) glioblastoma (WHO grade 4) [4ee]. Sev-
eral molecular markers provide robust prognostic infor-
mation and have been added as biomarkers of grading
and prognosis. The presence of CDKN2A/B homozygous
deletion has been associated with shorter survival and its
presence in IDHmt astrocytoma would qualify the tu-
mor as a WHO grade 4 IDHmt astrocytoma. Addition-
ally, in patients with histologically appearing grades 2 or

3 IDHwt astrocytoma, the presence of either TERT pro-
moter mutation, EGFR amplification, or combined
whole chromosome 7 gain and chromosome 10 loss
would be assigned WHO grade 4 glioblastoma [4ee].
The current classification has omitted the modifier term
“anaplastic” to refer to grade 3 astrocytoma and
oligodendroglioma.

Integration of molecular data is mandatory for both
diagnosis and treatment of grade 3 IDHmt gliomas.
Recent long-term analysis of randomized controlled tri-
als (RCTs) demonstrated survival benefit with the addi-
tion of chemotherapy to radiation therapy (RT) in both
grade 3 astrocytoma and oligodendroglioma [5ee, Gee].
Focusing on grade 3 IDHmt and 1p/19q codeleted
oligodendroglioma and grade 3 IDHmt astrocytoma,
this manuscript will review the recent updates and treat-
ment recommendations for these gliomas.

Oligodendroglioma, WHO grade 3, IDH mutated, 1p/19q

codeleted

Gross total resection (GTR) is associated with significant survival benefit in
patients with diffuse glioma [7e¢]. However, recent evidence suggests dimin-
ished prognostic benefit of extensive resection once molecular profile is taken
into account [8-10]. In a large retrospective study of patients with grades 2 and
3 glioma, including 269 with IDHmt 1p/19q codeleted and 363 with IDHmt
non-codeleted tumors, extensive resection did not significantly improve PFS
(HR 1.47; 95% CI 0.92-2.34; p=0.11) nor OS (HR 1.54; 95% CI 0.78-3.05;
p=0.21) in patients with IDHmt, 1p/19q codeleted tumors [9]. This is in
contrast to patients with IDHmt noncodeleted grades 2 and 3 gliomas where
subtotal resection was significantly associated with increased hazard radio for
both PFS and OS [9]. A smaller retrospective study similarly did not observe
survival advantage among patients with 1p/19q codeletion who underwent
GTR versus non-GTR (p=0.14) [8]. In the latter study, GTR was defined as no
residual enhanced tumor or no residual T2-weighted hyperintense tumor in
patients with pre-operative enhancing or those with partially or non-enhanced
grade 3 gliomas, respectively [8]. In 122 patients with grade 3 gliomas who
underwent resection of both non-enhancing and enhancing disease, a signifi-
cant survival advantage was seen in patients with grade 3 astrocytoma and
mixed oligoastrocytoma, but not in oligodendroglioma [11]. Although IDH
mutation was shown to be predictive of survival in grade 3 astrocytoma and
mixed oligoastrocytoma, analysis based on molecular subgroups was not per-
formed in this study [11]. In contrast, supratotal resection (defined as complete
removal of any signal abnormalities, with the volume of the postoperative
cavity larger than preoperative tumor volume) of IDHmt grades 2 and 3 glioma
was associated with prolongation of PFS, malignant PFS and OS regardless of
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the molecular subtypes and grading [12]. These data suggest that GTR may have
less impact in grade 3 oligodendroglioma than in grade 3 astrocytoma possibly
due to its high sensitivity to RT and chemotherapy [9], as evidenced by the
prolonged survival seen in those who received both RT and procarbazine,
lomustine/CCNU, and vincristine (PCV) chemotherapy regimen in large RCTs
[5ee, Gee]. Further studies are needed to validate the effect of extensive resection
in patients with IDHmt 1p/19q codeleted oligodendroglioma.

Currently, maximum safe resection remains the favored initial treatment in
diffuse gliomas [7e]. However, in patients with grade 3 IDHmt, 1p/19q
codeleted oligodendroglioma located in eloquent regions, aggressive surgery
with high risk for neurologic morbidity may be unwarranted.

Radiation therapy and chemotherapy

Based on the results of two large phase III trials (RTOG 9402 and EORTC
26951) that demonstrated an almost twofold improvement of OS, the addition
of PCV either prior to or after RT in patients with grade 3 IDHmt, 1p/19q
codeleted oligodendroglioma has become the standard treatment [5ee, Gee,
13e]. In RTOG 9402, long-term analyses after a median follow up of 16.4 years
demonstrated significant prolongation of both PFS (9.8 versus 2.9 years, HR
0.46,95% CI 0.3-0.7, p<0.001) and OS (13.2 versus 7.3 years, HR0.61, 95% CI
0.40-0.94; p=0.02) with RT and PCV in grade 3 IDHmt, 1p/19q codeleted
oligodendroglioma. In patients with IDH mutation without 1p/19q codeletion,
the addition of PCV resulted in significant improvement of PFS (2.8 vs 1.9
years, HR 0.58, 95% CI 0.34-0.99, p=0.046) and a trend for prolonged OS (5.5
years vs 3.3 years, HR 0.6, 95% CI 0.34-1.03, p=0.06) [5ee]. After a median
follow up of 18.4 years, the EORTC 26951 study reported a similar trend of
improved median OS with RT followed by PCV compared to RT alone (3.5
versus 2.6 years; HR 0.75, 95% CI 0.63-0.98, adjusted p=0.06). In 80 patients
with 1p/19q codeletion, there was an impressive prolongation of OS and 20-
year survival after RT and PCV versus RT alone (14 years and 37.1% versus 9.3
years and 13.6% (HR 0.60, 95% CI 0.35-1.03, unadjusted p=0.06), respective-
ly); the 20-year PFS was 31.3% versus 10.8%, respectively (HR 0.49, 95% CI
0.29-0.83, unadjusted p=0.007) [6e¢]. Table 1 summarizes the results of clin-
ical studies in grade 3 gliomas.

Despite the relative efficacy of temozolomide in the treatment of IDHmt
codeleted oligodendroglioma, temozolomide is often the preferred first-line
chemotherapy over PCV due to its favorable toxicity profile and ease of admin-
istration. In a large retrospective study including over 1000 adults with grade 3
oligodendroglioma, patients with 1p/19q codeletion demonstrated prolonged
time-to-progression (TTP) of 7.2 years after combination of RT and chemother-
apy either with PCV or temozolomide compared to 3.9 years with chemotherapy
alone (P=0.003) and 2.5 years with RT alone (P<0.001) [14]. PCV appeared to
offer a longer disease control than temozolomide, but without clear benefit in OS
in patients with grade 3 oligodendroglioma with 1p/19q codeletion [14]. In
RTOG 9813, no significant difference was noted in PES, TTP, and OS in patients
with grade 3 gliomas who received RT plus adjuvant temozolomide compared to
RT plus adjuvant nitrosoureas [15]. Patients who received RT and nitrosourea
experienced more > grade 3 toxicity than those who received temozolomide [15].
In practice, vincristine is often omitted in the PCV regimen due to its uncertain
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Table 1. Clinical studies in WHO grade 3 gliomas

Study

RTOG 9402
(5]

EORTC 26951
(6°°]

Lassman, et al.
(2011) [14]

RTOG 9813 [15]

NOA-04 [16]

Population

N= 289
AO and AOA

N=368
AO and AOA

N=1013
A0 and AOA

N=196
Grade 3 gliomas

N=318
Grade 3 gliomas

Treatment

PCV g6 weeks x 4 cycles
followed by RT versus
RT alone

RT followed by PCV g6
weeks x 6 cycles
versus RT alone

PCV alone vs TMZ alone;
RT/PCV vs RT/TMZ

Treatment:
RT plus TMZ (RT/TMZ)
versus RT plus NU (RT/NU)

Treatment:

RT with chemotherapy
(PCV or TMZ) deferred
until progression versus
Chemotherapy (PCV or TMZ)
with RT deferred until
progression

Arms:

A=RT —chemotherapy
B1=PCV —RT
B2=TMZ—RT

Outcomes

IDHmt, 1p/19q codeleted: PCV+RT vs RT

- PFS: 9.8 yrs vs 2.9 yrs (HR 0.46, 95% CI 0.3 0.7,
p<0.001)

- 0S: 13.2 vs 7.3 yrs (HR 0.61, 95% CI 0.40-0.94;
p=0.02)

- Median PFS: RT+PCV 24.3 mos (2yrs) vs RT 13.2

mos. (1.1 yrs) (HR 0.66, 95% CI 0.52- 0.83)

- Median 0S: RT+PCV 42.3 mos (3.5 yrs) vs RT 30.6
mos (2.6 yrs) (HR 0.75, 95% CI 0.63-0.98,
adjusted p=0.06)

- 20-yr survival: 16.8% versus 10% (HR 0.78, 95%
(I 0.63-0.98; adjusted p=0.06) (2019 report)

IDHmt, 1p/19q codeleted (n=80): PCV+RT vs RT
- 0S: 14.2 yrs vs 9.3 yrs
- PFS: 13.1 yrs vs 4.2 yrs
- 20-yr 0S: 37.1% vs 13.6%
- 20-yr PFS: 31.3% vs 10.8% (p=0.007)

- Median 0S: 6.3 years
- TTP: 3.1 years

1p/19q codeleted: CT+RT vs CT vs RT
- TTP: 7.2 yrs vs 3.9 yrs (p=0.003) vs 2.5 yrs (p<0.001)
- 0S: 8.4 yrs vs 10.5 yrs vs 8.7 yrs (NS)
- TTP: PCV alone 7.6 yrs vs TMZ alone 3.3 yrs (P=0.019)

1p/19q non-codeleted: CT+RT vs CT vs RT
- TTP: 3.1 yrs vs 0.9 yrs (p=0.0124) vs 1.1 yrs (p<.0001)
- 0S: 5 yrs vs 2.2 yrs (p=0.02) vs 1.9 yrs (P<.0001)

- 0S: RT/TMZ 3.9 years vs RT/NU 3.8 years
(HR 0.94; 95% (I 3.0-7.0; p=0.36)

- PFS: RT/TMZ vs RT/NU was not significant

(HR 0.85, 95% CI 0.61-1.17, p=0.31)

- TTP: RT/TMZ vs RT/NU was not significant

(HR 0.80, 95% CI 0.55-1.16, p=.24)

Based on IDH status: (IDHmt=49, IDHwt=44)

- 0S: IDHmt 7.9 years versus IDHwt 2.8 years

(HR 0.50, 95% CI 0.31-0.81; p=0.004)

- TTF: Arm A 4.6 yr vs B1/B2 4.4 yrs (NS)

- PFS: Arm A 2.5 yrs. (CI 1.4-3.4) vs B1/B2 2.7 yrs.
(CI 1.9-3.2) (NS)

- 0S: 8 yrs (CI 5.5-10.3) vs 6.5 yrs. (CI 5.4-8.3) (NS)

IDHmt, 1p/19q codeleted:

- TTF: 9.8 years

- PFS: PCV 9.4 yrs vs TMZ 4.5 yrs, vs RT 8.7 yrs

- 0S: PCV not reached, TMZ 8.1 yrs.

IDHmt, 1p/19q non-codeleted

- TTF: 4.5 yrs

- Median PFS and OS not reported
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Table 1. (Continued)

Study
CATNON [19e¢]

Population
N=751

1p/19q
noncodeleted
grade 3 gliomas

Treatment Outcomes

Treatments: RT with versus without adjuvant TMZ

RT vs RT with concurrent - 0S: 82.3 mos or 6.86 yrs vs 46.9 mos or 3.9 yrs
daily TMZ (75 mg/m2) (HR 0.64; 95% CI 0.52-0.79; p<0.0001)

vs RT followed by adjuvant - PFS: 19.1 mos or 1.6 yrs vs 42.8 mos or 3.6 yrs
TMZ (150-200 mg/m2) x12 (p<0.0001)

cycles vs RT with concurrent ~ RT with versus without concurrent TMZ
and adjuvant TMZ x12 cycles - 0S: 66.9 mos or 5.57 yrs vs 60.4 mos or 5.03 yrs
(HR 0.97, 99.1% CI 0.73-1.28; p=0.76)
- PFS: 33 mos 2.75 yrs vs 20.9 mos or 1.74 yrs
(p=0.045)
IDH mutant (444/660 patients; 67%)
- RT with adjuvant TMZ vs RT with concurrent/
adjuvant TMZ: 5-yr 0S 80.5% vs 82.8%
(HR 0.82; 95% CI 0.49-1.36; p=0.44)
- RT with concurrent TMZ vs RT with
concurrent/adjuvant TMZ: 5-yr 0S 64.8%
vs 82.8% (HR 0.49; 95% CI 0.30-0.81; p=0.0050)
- Any TMZ versus RT alone:
0S: 114.4 mos or 9.5 yrs vs 68.2 mos
or 5.7 yrs (HR 0.53; 95% CI 0.38-0.74; p<0.0001)
PFS: 77 mos or 6.4 yrs vs 34.2 mos or 2.85 yrs
(HR 0.48; 95% CI 0.37-0.63; p<0.0001)

AO: Anaplastic oligodendroglioma grade 3; AOA: Anaplastic oligoastrocytoma grade 3; PCV: procarbazine, CCNU and vincristine; RT: Radiation
therapy; CT: Chemotherapy; NU: Nitrosurea; TMZ: temozolomide; PFS: Progression free survival; 0S: Overall survival; TTP: Time-to-tumor
progression; TTF: Time-to-failure; HR: Hazard ratio; NS: not significant; IDHmt: Isocitrate dehydrogenase mutated

blood-brain barrier penetration [7¢]. The ongoing modified randomized phase
III CODEL trial (NCT00887146) will compare the efficacy, safety, and quality of
life of RT followed by PCV versus RT with concomitant and adjuvant temozolo-
mide in 1p/19q codeleted grades 2 and 3 oligodendroglioma.

Given the chemosensitivity of oligodendroglioma and the delayed RT-
induced neurotoxicity, a treatment approach of administering chemotherapy
alone and delaying RT until tumor progression may also be considered. The
NOA-04 trial randomized 318 patients with grade 3 gliomas to RT (arm A) or
chemotherapy with either PCV (arm B1) or temozolomide (arm B2) as initial
therapy [16]. The study primary endpoint was median time-to-treatment-failure
(TTF), defined as progression after two lines of therapy or any time before, no
further treatment was administered. The median TTF was similar when RT was
given upfront with chemotherapy at progression (4.6 years) versus chemother-
apy followed by RT at recurrence (4.4 years). The median PFS was also similar
between the two groups (arm A: 2.5 versus B1/2: 2.7 years). The TTF was 9.8
years in patients with codeletion and 4.5 years in patients with IDHmt/non-
codeletion. A French trial randomizing patients with low grade
oligodendroglioma to PCV alone versus RT followed by PCV
(NCT04702581) is ongoing to address this issue.
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Astrocytoma, WHO grade 3, IDH mutated

Maximum safe resection, if feasible is the recommended initial treatment in
grade 3 IDHmt astrocytoma [13¢]. GTR of enhancing disease is associated with
improved survival [17]. However, grade 3 gliomas are a radiographically heter-
ogenous disease, with up to 30% having no contrast enhancement evident on
presentation [18]. For IDHmt grade 3 astrocytoma, resection of both FLAIR/T2-
weighted hyperintense non-enhancing and enhancing tumor has been shown
to provide a significant survival benefit [11, 18]. In comparison, complete
resection of enhancing disease demonstrated improved survival, but no addi-
tional benefit with resection of non-enhancing tumor volume in patients with
IDHwt gliomas [18]. Recent data have demonstrated supratotal resection is
associated with prolongation of PFS, reduced rate of malignant transformation,
and a longer OS in IDHmt grades 2 and grade 3 gliomas [12]. This interesting
surgical approach requires further validation.

Radiation therapy and chemotherapy

Recent data from RCTs have defined the role of chemotherapy in patients with
grade 3 IDHmt non-codeleted astrocytoma. The phase III CATNON trial ran-
domized 751 patients with non-codeleted grade 3 glioma to receive RT alone or
followed by adjuvant temozolomide for 12 cycles, or RT with concurrent
temozolomide with or without adjuvant temozolomide. After a median follow
up of 55.7 months, the second interim results demonstrated no survival benefit
with concurrent temozolomide in the entire study cohort. The median OS was
66.9 months with concurrent versus 60.4 months without concurrent temozo-
lomide (HR 0.97, 99.1% CI 0.73-1.28, p=0.76). In contrast, adjuvant temozo-
lomide significantly improved OS compared to patients who did not receive
adjuvant temozolomide (median OS 82.3 months versus 46.9 months; HR
0.64, 95% CI 0.52-0.79, p<0.0001) [19e¢]. Among the 67% of patients with
IDH mutation, survival benefit was similarly observed with adjuvant temozo-
lomide, but not with concurrent temozolomide. In addition, patients who
received any temozolomide experienced a significantly prolonged median PFS
(77 months versus 34.2 months; HR 0.48, 95% CI 0.37-0.63, p<0.0001) and
OS (114.4 months versus 68.2 months; HR 0.53, 95% CI 0.38-0.74, p<0.0001)
than those who received RT alone [19ee]. Based on the CATNON trial, RT
followed by 12 cycles of adjuvant temozolomide is the current recommended
treatment. Table 1 summarizes the results of clinical studies in grade 3 gliomas.

Adjuvant treatment is generally recommended for grade 3 gliomas, although
the optimal timing is still not well-established [10]. In a retrospective study of
44 patients with diffuse low-grade glioma with at least one focus of high-grade
(grade 3 or 4) features within the whole tumor (including 88% patients with
IDH mutation and 59% 1p/19q non-codeletion), postponing adjuvant treat-
ment with the aim to preserve cognitive function and quality of life seems
reasonable, without negatively affecting OS [20]. The median interval time
between surgery and initiation of either RT or chemotherapy was 3.4 years,
and the median interval to RT was 9.5 years among 19 patients. The ongoing
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EORTC 1635 I-WOT trial (NCT03763422) will assess whether early adjuvant
RT and temozolomide will improve outcome and outweigh potential side
effects in clinically favorable patients with grades 2 and 3 IDHmt astrocytoma.
Due to the potentially reduced late toxicities with protons, the ongoing NRG-
BN005 (NCT03180502) randomizes patients with grades 2 and 3 gliomas to
proton versus photon RT, to determine whether proton therapy preserves
cognitive outcomes over time.

Recurrent grade 3 gliomas

Treatment approach at progression depends on the response and tolerability to
the first-line therapy. At recurrence, treatment options include re-resection, re-
irradiation, systemic therapies, or experimental therapies [13e].

Reoperation should be considered on all patients with recurrent grade 3
gliomas [13e]. In a retrospective analysis of 78 patients with recurrent grades 3
and 4 gliomas, the median PFS of 12 patients with grade 3 astrocytoma was 52
weeks, 6-month PFS was 75%, median OS was 62 weeks, and 2-year OS was
58.3% after second surgery [21]. A systematic review demonstrated a survival
benefit of reoperation in patients with recurrent grades 3 and 4 gliomas who
underwent GTR [22]. IDHmt and 1p/19q codeletion were associated with
longer survival after reoperation [23, 24].

A few retrospective studies have assessed the feasibility and safety of re-
irradiation. In a large study including 300 patients with recurrent glioma,
reirradiation was found to be safe and feasible with limited rate of toxicity
[25]. The median interval time between first RT and reirradiation was 16
months, and the median biological effective dose was 43 Gy. Among 77
patients with grade 3 glioma, the median OS was 12.2 months, and 2-year
OS was 34.4% after reirradiation. Longer survival was noted in patients with
IDH mutation (18.5 months) and 1p/19q codeletion (14.7 months). Younger
age, good performance status, prior low-grade histology, longer interval time
(>12 months) between primary RT, and reirradiation were identified as factors
affecting survival [25]. In 172 patients with recurrent gliomas (including 42
patients with grade 3 gliomas), fractionated stereotactic reirradiation with a
median dose of 36 Gy was likewise well tolerated [26]. The median time
between first and second RT was 32 months in patients with recurrent grade 3
gliomas, with a median OS of 16 months and PFS of 8 months after
reirradiation [26]. In patients whose tumor recurred more than 1-2 years from
initial RT, those with limited systemic treatment option, or if tumor has prog-
ressed to a higher grade, reirradiation can be considered [7e, 13e]. Moreover,
reirradiation is generally recommended if the recurrence is outside the previous
RT field [7e].

Chemotherapeutic options for recurrent grade 3 glioma are limited,
consisting mainly of temozolomide or nitrosoureas [27-29]. Temozolomide
is considered if patients relapse after PCV and vice versa [7e, 13e, 30]. Both
temozolomide and PCV are equally effective in this setting, with a median OS
of 7.2 months and 6.7 months, and median PFS of 4.7 months and 3.6 months,
respectively [28]. Single agent CCNU comparably demonstrated a modest
activity in patients with grade 3 astrocytoma refractory to temozolomide with
a median PFES of 4.5 months, 6-month PFS 40%, median OS of 9.5 months, and
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1-year OS of 11.4% [29]. In the randomized phase III TAVAREC study, the
addition of bevacizumab to temozolomide did not improve PES, OS, or cog-
nitive function after first contrast-enhancing recurrence in patients with IDHmt,
1p/19q non-codeleted grades 2 and 3 gliomas [31e]. Thus, the role of bevaciz-
umab in this setting is mainly for palliation of symptoms from vasogenic
edema [7e, 13e].

Investigational agents

Despite unequivocal efficacy of RT and alkylating agents for the treatment of
IDHmt grade 3 gliomas, standard initial therapy is non-curative; IDHmt tumors
almost inevitably recur and progress. As noted earlier, IDH mutation is an
important early event in the tumorigenesis of IDHmt gliomas [1e, 32, 33].
IDH1 and IDH2 are homodimeric isoenzymes that play a key role in the Krebs
cycle. IDH mutation transform a-ketoglutarate into 2-hydroxyglutarate (2-HG),
an oncometabolite that inhibits several cellular processes resulting in increased
hypoxia-inducible factor activity, widespread DNA and histone methylation,
and a stem-like cell differentiation block [33-35]. Thus, several potential ther-
apeutic strategies targeting IDH mutation have been actively investigated.

IDH inhibitors target the production of 2-HG and have been approved for
adult patients with acute myeloid leukemia. Ivosidenib (AG-120), a small
molecule, orally available IDH1 inhibitor, has been associated with a favorable
safety profile and putative disease control in non-enhancing IDHmt gliomas in
a phase I study for treatment of IDHmt solid tumors, including 66 patients with
advanced gliomas [36, 37]. Thirty of 35 (87.5%) patients with non-enhancing
IDHmt glioma achieved stable disease compared to 14 of 31 (45.2%) with
enhancing glioma. The median PFS was 13.6 months (95% CI, 9.2 to 33.2
months) and 1.4 months (95% CI, 1 to 1.9 months) for the non-enhancing and
enhancing glioma cohortts, respectively [37]. These findings suggest that
ivosidenib has better anti-tumor activity in non-enhancing glioma, hypothe-
sized to represent early tumor stage where the role of IDH mutation for tumor
maintenance is most important, before additional genetic alterations are ac-
quired in higher tumor grades [34]. Vorasidenib (AG-881), an oral pan inhib-
itor of both mutant IDH1 and IDH2, was well tolerated in a phase 1 trial in
recurrent or progressive IDHmt gliomas (NCT02481154) [38]. Updated data in
patients with non-enhancing gliomas showed encouraging activity of
vorasidenib, with an objective response rate of 13.6%, stable disease in 77.3%
of patients and PFS duration extending to 24 months or longer in 60% of
patients [39]. Both ivosidenib and vorasidenib demonstrated brain penetrance
and lowered 2-HG levels in a phase I perioperative study in patients with
recurrent, non-enhancing grade 2 or 3 IDHmt glioma (NCT03343197) [40].
A phase III study comparing the efficacy of vorasidenib to placebo (INDIGO
trial) is currently ongoing in patients with residual or recurrent grade 2 IDHmt
glioma who have undergone surgery only as initial treatment with PFS as the
primary endpoint (NCT04164901). Preliminary result of a phase 1 study using
another IDH1 inhibitor, DS-1001b showed objective minor response in two
and stable disease in seven out of 9 patients with recurrent non-enhancing
IDHmt gliomas (NCT03030066) [41]. Phase I assessment of BAY1436032
(NCT02746081), an oral mutant IDH1 inhibitor in patients with IDH1 mutant
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solid tumors demonstrated a median maximal reduction of plasma 2-HG of
76% and was well tolerated. The best clinical response was seen in patients with
lower grade glioma with an objective response of 11% and stable disease in
43% of patients [42]. The oral agent FT 2102 is currently under investigation in
a phase I/II study in patients with advanced solid tumor and glioma with IDH1
mutation (NCT03684811). A phase I/II study of enasidenib (AG-221), an
IDH?2 inhibitor, in advanced solid tumors including glioma and T cell lympho-
ma with IDH2 mutation has been performed and completed in 2016
(NCT02273739). However, results of this trial have not yet been reported.

Another approach under study for IDHmt gliomas incorporates poly (ADP-
Ribose) polymerase (PARP) inhibitors, agents that target DNA damage repair
pathways. 2-HG produced by mutant IDH induces a homologous recombina-
tion DNA repair defect through histone methylation, thereby establishing a
“BRCAness” phenotype, rendering IDHmt glioma cells sensitive to PARP inhib-
itors [34, 43, 44]. Predclinical studies seem to indicate increase effectiveness of
PARP inhibition when combined with RT or temozolomide [45, 46]. Several
ongoing phases I and II studies using PARP inhibitors olaparib alone or in
combination with temozolomide or immune check point inhibitors
(NCT03561870, NCT03212274, NCT03991832, NCT05188508) and
BGB290 with temozolomide (NCT03914742, NCT03749187) are under eval-
uation for treatment of recurrent IDHmt gliomas. The initial results of the phase
I OLAGLI trial (NCT03561870) showed oliparib monotherapy was well toler-
ated in 35 patients with recurrent IDHmt high-grade gliomas [47]. The median
PFS was 2.3 months and OS 15.9 months. Partial response was observed in 2 of
35 patients (5%) and stable disease in 14 (37%). In a phase II basket trial of
olaparib and durvalumab (NCT03991832), which included nine patients with
recurrent IDHmt glioma (two patients with 1p/1q codeletion; two with grade 2,
four with grade 3, and three with grade 4 IDHmt glioma), also demonstrated
safety with the combination treatment, but appears to lack adequate antitumor
activity [48]. Objective response was observed in only one patient with IDHmt
GBM, two had stable disease, while six patients had tumor progression after 2
cycles.

Immunotherapy has also been explored in the treatment of IDHmt gliomas.
A recent phase I trial (NOA-16) demonstrated safety and immunogenicity of
IDH1 R132H peptide vaccine in 33 patients with newly diagnosed IDHmt
grades 3 and 4 astrocytoma (NCT02454634) [49e]. Pseudoprogression oc-
curred in 37.5% of patients, providing radiological evidence of vaccine-
induced intratumoral inflammatory response. Additionally, tumor-infiltrating
T cell immune responses were identified in 87% (26 of 30) and B cells in 93%
(28 of 30) of patients. Vaccine-related adverse events were limited to grade 1,
and no regimen-limiting toxicity was observed [49e]. Other IDH1 peptide
vaccines are under investigation: PEPIDHIM vaccine with temozolomide in
recurrent grade 2 gliomas (RESIST study; NCT02193347), IDH1 R132H pep-
tide vaccine with or without avelumab in progressive diffuse glioma (AMPLIFY-
NEOVAC study; NCT03893903), and IDH1 R132H-DC vaccine with RT and
chemotherapy in IDHmt glioma (NCT02771301). Immune checkpoint inhib-
itor that targets programmed death-ligand (PD-L1), avelumab in combination
with hypofractionated RT in patients with IDHmt glioma that progressed to
grade 4 after chemotherapy (NCT02968940) and nivolumab, an anti-
programmed death receptor-1 (PD-1) in recurrent or progressive grades 2, 3,
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or 4 IDHmt gliomas with prior treatment with alkylating agents
(NCT035573590) are under investigation.

Due to the extent of hypermethylation induced by IDH mutation, DNA
methylation inhibitors have also been considered in the treatment of IDHmt
gliomas [33, 34]. A phase I study exploring the activity of decitabine, a
hypomethylating agent, in combination with cedazuridine, a cytosine deami-
nase inhibitor that prevents degradation of decitabine in the gastrointestinal
tract, is ongoing (NCT03922555).

Assessment of response and imaging surveillance

MRI is the standard diagnostic modality for assessment of disease status and
treatment response in glioma, using the Response Assessment in Neuro-
Oncology (RANO) criteria [50, 51]. Surveillance imaging based on available
data on the time and pattern of relapse as well as based on initial treatments
received in patients with IDHmt grade 3 gliomas has been recently proposed
[52]. MRI study at least every 6 months until progression for IDHmt grade 3
astrocytoma and every 6-9 months in grade 3 oligodendroglioma treated with
both RT and chemotherapy is recommended. In patients with grade 3
oligodendroglioma treated with either RT alone or chemotherapy alone, MRI
as frequently as every 3-4 months for the first 5 years after completion of
treatment, then as often as every 6 months until tumor progression is recom-
mended, while every 3-4 months until progression is reasonable in patients
with grade 3 astrocytoma. After tumor recurrence, MRI every 2-3 months for
grade 3 IDHmt astrocytoma and every 3-4 months for grade 3
oligodendroglioma is advisable [52]. In patients with MRI changes raising
concern for possible tumor progression, obtaining a short interval MRI of 4-
12 weeks is advisable. It is also necessary to determine a reference MRI (nadir
scan, post-surgery, or post-treatment) for longitudinal comparison to assess
treatment responses in these patients who are usually followed for several years
after diagnosis and treatment. Clinical factors such as changes in seizure fre-
quency, new or worsening neurological signs and symptoms, or the need to
initiate or increase corticosteroids warrant MR imaging outside the planned
surveillance schedule [52].

Summary and recommendations

Molecular subtypes as defined by the updated 2021 WHO classification
(Table 2) guide treatment recommendations of grade 3 gliomas. Maximal safe
resection is the initial treatment for both grade 3 IDHmt astrocytoma and
IDHmt, 1p/19q codeleted oligodendroglioma. In patients with grade 3 IDHmt,
codeleted oligodendroglioma, RT and PCV is the standard of treatment, based
on RTOG 9402 and EORTC 26951. Temozolomide is often favored due to its
toxicity profile, although it remains unclear whether the efficacy of temozolo-
mide is equivalent to PCV. The ongoing phase III CODEL trial addresses this
question. Based on the updated results of CATNON trial, RT followed by 12
cycles of temozolomide is the recommended treatment for patients with grade 3
IDHmt astrocytoma. At recurrence, salvage therapies include re-resection, re-
irradiation, other alkylating agents, and potential roles of targeted agents and
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Table 2. Recommended treatments for newly diagnosed WHO grade 3 gliomas

Tumor type Recommended initial treatment
Astrocytoma, Grade 3, IDHmt Maximum safe resection followed by RT (59.4 Gy) and adjuvant temozolomide
(150-200 mg/m?) 4-week cycles for 12 cycles (CATNON)
Oligodendroglioma, Grade 3, Maximum safe resection followed by RT 59.4 Gy (1.8 Gy x 33 fractions) and PCV
IDHmt, 1p/19q codeleted PCV Doses:

RTOG 9402: CCNU 130 mg/m? po day 1; Procarbazine 75 mg/mg? po on days 8-21;
Vincristine 1.4 mg/m? IV on days 8 and 29; every 6 weeks for 4 cycles

EORTC 26951: CCNU 110 mg/m? po day 1; Procarbazine 60 mg/m? po days 8-21;
Vincristine 1.4 mg/m? IV days 8 and 29; every 6 weeks for 6 cycles

IDHmt: IDH mutant; RT: Radiation therapy; PCV: Procarbazine, CCNU and vincristine regimen

immunotherapies. Because of the critical role of IDH mutation in early
gliomagenesis in these tumors, several novel IDH-directed therapies including
IDH inhibitors, PARP inhibitors, and DNA methylations inhibitors are under
investigation. Clinical studies using immunotherapies such as IDH1 peptide
vaccines and immune checkpoint inhibitors are also underway.

Despite evidence of improved survival with RT and chemotherapy, treat-
ment decisions remain challenging due to the anticipated long-term treatment-
related neurotoxicity, particularly in patients with grade 3 IDHmt codeleted
oligodendroglioma. Much work remains to find a treatment approach that
maximizes survival while preserving quality of life and cognition.
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