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1. Introduction

New advances have been made in understanding the biology
and treatment of diffuse gliomas, but a number of controver-
sies regarding the management following surgery are still
open. According to WHO 2016 the combination of two differ-
ent molecular markers, such as IDH-1 and −2 mutation and
1p/19q codeletion, allows the stratification of lower grade
gliomas into three different subtypes (oligodendroglioma
IDH-1 and −2 mutated with 1p/19q codeletion, diffuse astro-
cytoma IDH-1 and-2 mutated lacking 1p/19 codeletion, and
diffuse astrocytomas IDH wild-type) with different outcome in
terms of overall survival (OS) [1]. Thus far, clinical trials on
WHO grade II gliomas, including RTOG 9802 and EORTC
22033–26033, used clinical factors only to define the high-
risk status (age ≥ 40, neurological symptoms, astrocytoma
histology, tumor >4 cm of diameter, and incomplete resec-
tion), but did not include the assessment of the aformen-
tioned molecular factors. With a modern approach, that
includes these molecular markers, low-risk patients are con-
sidered those with IDH-1 and −2 mutations, with or without
1p/19 codeletion, who underwent a gross total or a supratotal
resection: in these tumors, a watch-and-wait approach is still
the standard of care. Conversely, IDH wild-type diffuse astro-
cytomas are often aggressive tumors and are now treated with
adjuvant radiotherapy (RT) and chemotherapy regardless of
the extent of resection: this applies in particular to the sub-
group showing molecular alterations of glioblastoma, such as
EGFR amplification and/or TERT promoter mutation an/or 7
+/10q- [2].

An adjuvant treatment in high-risk diffuse grade II gliomas
is generally considered, but the impact differs within the
molecular subtypes. The phase III RTOG 9802 [3] reported
a significant advantage for the combination of RT and procar-
bazine, CCNU, and vincristine (PCV) chemotherapy:
a subsequent secondary analysis has shown that oligodendro-
gliomas IDH mutated and 1p19q codeleted had the maximum
benefit as compared to IDH mutated and 1p19q non code-
leted diffuse astrocytomas, while no benefit for the addition of
chemotherapy was observed in IDH wild-type diffuse astrocy-
tomas [4]. An issue that will be investigated in EORTC 1635-

IWOT trial (NCT03763422) is the role of watch-and-wait versus
early radiation and chemotherapy in high-risk diffuse astrocy-
tomas IDH mutated lacking 1p/19q codeletion.

Temozolomide (TMZ) is increasingly considered a replacement
for PCV due to the lower myelotoxicity. A phase III CATNON trial in
newly-diagnosed 1p/19 not-codeleted anaplastic (grade III) glio-
mas has demonstrated a benefit in OS when TMZ is administered
in the adjuvant setting following RT as compared to radiation
alone [5]. Thus far, it is still unclear whether TMZ is equal in
terms of disease control as compared with PCV in lower grade
gliomas [6]. This issue will be investigated in the phase III CODEL
trial (NCT00887146), which is randomizing IDH mutated and 1p/
19q codeleted oligodendrogliomas of both grade II and III to
receive RT + PCV versus RT + TMZ.

The risk of neurocognitive impairment in long-term survi-
vors after 8–12 years following RT has led a number of clin-
icians to postpone the use of RT in favor of an up-front
chemotherapy. A retrospective study of the US National
Cancer Database has reported that chemotherapy alone may
confer a similar OS compared with chemoradiation [7], but the
median follow-up is too short (4.6 years) to reveal a late effect
of chemoradiation.

Two phase II single arm studies have investigated the role
of up-front TMZ in high-risk grade II gliomas.

Wahl and colleagues reported a median PFS and OS of 4.2
and 9.7 years, respectively [8]. Similarly, the phase II AINO
(Italian Association for Neuro-Oncology) study showed a PFS
of 4.2 years and an OS of 9.8 years in oligodendrogliomas IDH-
mutated and 1p/19q codeleted [9]. Interestingly, both studies
demonstrated a median time of delay to RT of 5.8 and 8.2
years, respectively, suggesting that TMZ alone as initial treat-
ment after incomplete surgery may represent an option in
high-risk patients with oligodendroglioma. The majority of
patients treated with up-front TMZ in the Italian study, who
were MGMT methylated at first surgery, became unmethylated
at reoperation, suggesting a chemotherapy-induced shift
toward a more chemoresistant phenotype. Moreover, TMZ
has been shown to increase the mutation rate of low grade
gliomas [10], but thus far this does not seem to increase the
risk of a malignant transformation.
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The recent phase III EORTC 26033 has shown that PFS of
IDH mutated and 1p/19 codeleted oligodendrogliomas does
not differ between either TMZ or RT as initial treatment, while
in IDH mutated and 1p/19 not-codeleted diffuse astrocytomas
PFS following initial TMZ is significantly lower than that after
RT [11].

Although IDH-mutated diffuse gliomas have a better prog-
nosis and a higher sensitivity to chemotherapy, the IDH pro-
tein may represent a druggable antigen. The IDH catalyzes the
conversion of α-ketoglutarate in 2-hydroxyglutarate (2-HG)
leading to an hypermethylation of chromatin with
a proliferative effect on glioma cells [12]. New compounds
have been investigated in preclinical models and are entering
the clinical trial scenario, such as ivosidenib (AG-120) and
enasidenib (AG-221), that are reversible selective inhibitors of
IDH-1 and IDH-2 mutant enzymes, respectively. Vorasidenib
(AG-881), a pan-IDH-1 and −2 inhibitor, with better blood-
brain-barrier penetration, is a compound with documented
activity in glioma patients. Mellinghoff et al have conducted
a phase I trial (NCT02481154) with a dose-expansion arm (10
or 50 mg daily) in 52 patients with lower grade gliomas
reporting 2% of minor response, 75% of stable disease, and
21% of progressive disease with an acceptable tolerability [13].
A recent phase 0/1 trial (NCT3343197) has confirmed the
ability of this inhibitor to significantly reduce the level of
2-HG in human surgical samples of human gliomas [14]. Last,
other ongoing phase I trials are evaluating safety and pharma-
cokinetics of different IDH inhibitors (including DS-1001b,
IDH305, and BAY-1436032) (NCT03030066, NCT02381886,
NCT02746081). Another ongoing anti-IDH strategy, that is
under investigation, is the use of demethylating compounds,
such as 5-azacytidine (NCT03666559).

An innovative approach is represented by the use of
specific vaccines against IDH1 R132H mutated gliomas. The
NOA-16 trial (NCT02454634) preliminarily reported the devel-
opment of a mutation-specific T cellular (24/30 patients, 80%)
or humoral (26/30 patients, 87%) immune responses that was
not detectable before vaccination [15]. Similarly, the RESIST
trial (NCT00054717) aims to evaluate the safety and the
immune response following PEPIDH1M vaccine in recurrent
grade II gliomas, as well as a Chinese trial on IDH1R132H-
dendritic cell vaccine in Gliomas (NCT02771301): these trials
are in active enrollment and preliminary results are not
expected before the end of 2020.

2. Expert opinion

Traditional chemotherapy is an important treatment in diffuse
gliomas. Most of the available drugs used in clinical practice
are alkylating agents, whose efficacy is strongly correlated
with the molecular profile of the tumor (i.e. IDH1/2 mutation,
1p/19q codeletion, and MGMT methylation). Up-to-date che-
motherapy for patients with residual tumor after initial surgery
is recommended either in association with radiotherapy in
case of diffuse astrocytomas (IDH mutated or wild type) or
alone in case of oligodendrogliomas as defined by WHO 2016
Classification. In the absence of clearcut data, the choice
between PCV and TMZ still relies on physician’s and/or
patient’s preference. Future trials should clarify the risk of

minor cognitive deficit following conformal radiotherapy in
patients surviving more than 10–15 years, and their impact
on working capabilities and quality of life. With the improve-
ment of neurosurgical tools, reoperation at recurrence is
increasingly used, especially in patients who did not receive
early radiotherapy, but the prognostic value is not clear thus
far. Last, most diffuse gliomas tend to recur, and no effective
chemotherapy is validated at recurrence.

The challenge in the coming years is the identification of
molecular pathways that drive tumor progression and are
druggable. Up-to-date inhibitors of IDH or BRAF mutations or
TRK fusions appear the most promising; however, only well-
designed clinical trials will be able to define the optimal
sequence and combination of standard therapeutic options
with new molecular agents.
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