Cancer Treatment Reviews 92 (2021) 102124

Contents lists available at ScienceDirect

Tconcer

ATMENT

Cancer Treatment Reviews

FI. SEVIER

journal homepage: www.elsevier.com/locate/ctrv

Tumour Review ' :.)

Check for

A basic review on systemic treatment options in WHO grade II-III gliomas &=

Maximilian J. Mair *, Marjolein Geurts ", Martin J. van den Bent”, Anna S. Berghoff®"

2 Division of Oncology, Department of Medicine 1, Medical University of Vienna, Waehringer Guertel 18-20, 1090 Vienna, Austria
Y The Brain Tumor Center at Erasmus Medical Center Cancer Institute, Dr.Molewaterplein 40, 3015 GD Rotterdam, the Netherlands

ARTICLE INFO ABSTRACT

Keywords: WHO grade II-III gliomas are rare primary brain tumors occurring at a median age of about 35-55 years. Median

Glioma survival is longer in WHO grade II-III glioma compared with WHO grade IV glioblastoma as survival times of up

Astrocytoma to 10 years and longer can be observed. Maximal safe resection and adjuvant therapies including chemotherapy

?iﬁg:i?:;?g:oma and radiotherapy are the mainstay of treatment. Clinical trials in WHO grade II-III tumors are challenging due to

Chemotherapy the rarity and the long follow up times. The 2016 WHO Classification of Central Nervous Tumours introduced a
new diagnostic framework relying on molecular characteristics, providing the definition of prognostically more
homogenous subgroups compared to the histopathological analysis. Most available evidence on the adjuvant
treatment of WHO II-III gliomas was generated in the pre-molecular era, challenging the interpretation of study
results. The present review therefore summarizes the available data from prospective trials on systemic treatment
options in WHO grade II-III glioma, considering molecular markers, recently published results and future out-
looks in the field.

Introduction oligodendroglioma [4]. Therefore, adjuvant therapeutic approaches are

The overall age-adjusted incidence of malignant primary CNS tumors
in the US reaches about 7.1/100000 [1]. The vast majority of primary
CNS tumors are composed of diffuse gliomas, a clinical and molecular
heterogenous group of tumors deriving from glial precursor cells [1].
Whereas glioblastoma (WHO grade IV) accounts for approximately 55%
of glioma [1], the remaining 45% of glial tumor are composed of several
different histologies including grade II (diffuse) and grade III
(anaplastic) astrocytoma as well as WHO grade II and III
oligodendroglioma.

Maximal safe resection with preservation of neurological functioning
is the major backbone of the therapeutic strategy as there is clear evi-
dence that more extensive resections result in improved prognosis [2].
Furthermore, surgery follows a diagnostic scope as tissue sampling is
needed to obtain a histological and molecular diagnosis to guide further
treatment decisions. Despite aiming for radiologically complete resec-
tion, most patients eventually experience recurrence due to the infil-
trative and disseminated growth pattern as single tumor cells can be
found within far distance of the tumor [3]. Of note, the prognostic
impact of the extent of resection is more pronounced in astrocytoma
with isocitrate dehydrogenase (IDH) 1/2 mutations as compared to
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needed to delay tumor progression and improve survival. Several pro-
spective trials therefore focused on the adjuvant treatment including
radiotherapy as well as chemotherapy. Table 1 gives an overview on the
investigated treatment modalities including radiotherapy and chemo-
therapy. In general, radiotherapy is applied at a dosage of 50-60 Gy at
fractions of 1.8-2 Gy, as it has been shown that higher doses are not
superior in terms of outcome but may come at the cost of more severe
side effects and long-term toxicities [5].

The 2016 WHO Classification of Tumours of the Central Nervous
System introduced the molecular definition of gliomas in addition to the
so far established diagnosis based on histological characteristics [6].
High interobserver variability was frequently reported for the histo-
pathological grading of glioma, underscoring the need for inclusion of
objective parameters such as molecular markers to define the diagnosis
[7,8]. The resulting considerable changes in glioma classification in
consequence to the WHO 2016 version pose significant challenges for
the treating physician. Therapeutic decisions mainly rely on clinical
trials whose subjects were diagnosed based on histopathological fea-
tures according to previous WHO classification versions with post-hoc
molecular analyses; therefore, these diagnoses may not coincide with
the results of a current diagnostic workup. In addition, the “Consortium
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Table 1

adjuvant; RT = radiotherapy.

procarbazine, lomustine (CCNU), vincristine; conc. = concomitant; adjuv.

Applied therapy regimens in WHO grade II-III glioma. PCV

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

10

Procarbazine 60 mg/m? p.

0.

Lomustine 110 mg/m? p.o.
Vincristine 1.4 mg/m? i.v.

PCV (q6w) *

X

Temozolomide 75 mg/m? p.
0.

TMZ conc. ”

RT

RT RT RT RT

RT

RT RT RT RT

RT

RT RT RT RT

RT

RT RT RT RT

RT
X

Temozolomide 150-200

mg/m? p.o.

TMZ adjuv.

(q4w)
@ Preceded by radiotherapy (54 Gy, 30 fractions of 1.8 Gy).

> During radiotherapy (RT, 50 — 60 Gy, fractions of 1.8 — 2 Gy, Monday - Friday), concomitant TMZ is administered on 7 days per week until completion of RT.
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to Inform Molecular and Practical Approaches to CNS Tumor Taxon-
omy” (cIMPACT-NOW) was founded in 2016 to update with consensus
papers between the release of two WHO classifications and ensure that
upcoming important diagnostic markers are rapidly included [9].
Diffuse gliomas have also been addressed in updates from the cIMPACT-
NOW consortium to respond to recent advances in this rapidly evolving
field. The conduct of clinical trials in WHO grade II and III glioma is
further complicated by the required duration of follow up, as overall
survival reaches up to several years [10]. Therefore, the aim of this re-
view is to give an overview on the evidence for adjuvant treatment in
WHO grade II and III gliomas based on the 2016 WHO classification and
recent cIMPACT-NOW updates.

Integrated molecular diagnosis of glioma

Molecular analyses of IDH mutation and 1p19q codeletion are
mandatory for the diagnostic work-up in WHO grade II-III glioma ac-
cording to the 2016 WHO Classification of Tumours of the Central
Nervous System. Fig. 1 provides an overview on the distribution, the
median age at diagnosis as well as the median overall survival (data
from [10-12]) in WHO grade II-III glioma.

(1) Mutations in the isocitrate dehydrogenase 1/2 (IDH) gene

More than 75% of lower-grade gliomas display IDH mutations, with
the R132H mutation as the most frequently detected mutation [13].
Gain-of-function mutations of IDH lead to the increased formation of 2-
hydroxyglutarate [14] and result in an extensive DNA methylation,
which is responsible for deregulation of gene transcription and cellular
dedifferentiation [15]. Clinically, IDH-mutated (IDH-mt) tumors are
associated with longer survival [16,17] and higher response rates to
chemotherapy [18,19] than their wild-type counterparts. Importantly,
increasing evidence supports that IDH-wildtype (IDH-wt) astrocytoma,
despite the pathological II or III grading, resemble WHO grade IV glio-
blastoma in terms of prognosis and molecular drivers. According to
cIMPACT-NOW update 3, IDH-wt diffuse astrocytoma showing either
epidermal growth factor receptor (EGFR) amplification, combined loss
of chromosome 10 and gain of chromosome 7 or telomerase reverse
transcriptase (TERT) promotor mutation are defined as IDH-wt low
grade glioma with molecular features of glioblastoma [20]. Indeed, the
prognosis of anaplastic astrocytoma patients without IDH mutation
(IDH-wt) is significantly worse (median overall survival (OS) 19.4-20
months) compared to IDH-mt anaplastic astrocytoma (median OS
65-81.1 months) [16,17]. In addition, cIMPACT-NOW update 5 rec-
ommended to classify IDH-mt astrocytic gliomas showing histological
characteristics of grade 4 tumors (i.e. microvascular proliferation or
necrosis) and/or homozygous deletion of cyclin dependent kinase in-
hibitors 2A/2B (CDKN2A/2B) as IDH-mt astrocytoma, grade 4.

(2) Codeletion of the chromosome arms 1p and 19q

1p19q codeletion is the defining hallmark for IDH-mt oligoden-
droglioma according the WHO 2016 classification. In contrast to IDH
mutations, its pathogenetic implications are still partly unclear; never-
theless, 1p19q codeletion is linked to longer survival [21] and better
response towards cytotoxic agents [18,22]. 1p19q codeletion is mutu-
ally exclusive with loss of nuclear expression of alpha thalassemia
mental retardation syndrome x-linked (ATRX). With regard to diffuse
glioma, cIMPACT-NOW update 2 proposed that the diagnosis of diffuse
astrocytoma (IDH-mt) can be assigned without further 1p19q testing in
the case of clear astrocytic histology, IDH mutation and unequivocal loss
of nuclear expression of ATRX and/or strong immunopositivity for p53
(detected by immunohistochemistry) [23]. This modified diagnostic
approach using simple immunohistochemistry allows to spare more
costly and complicated 1p19q testing in selected patients with the out-
lined clear-cut characteristics.
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WHO Grade Il - lll glioma

IDH-mt IDH-wt
1p19q
codeleted non-codeleted
[ [
Oligodendroglioma, Astrocytoma, Astrocytoma,
IDH-mt, 1p19q codel IDH-mt [ATRX loss, TP53 mt] IDH-wt
WHO Il WHO Il WHO Il WHO Il WHO Il WHO Il
% of diffuse 19-26% 14-20% 24-26% 10-23% 4-7% 12-15%
lower-grade gliomas
median age at 42-44 48-48.5 36-37 35-39.5 44.5-46 54-55.5
diagnosis [years]
median overall 175 1.2 8.5-10.9 6.5-9.3 34 1.7-2.0
survival [years]

Fig. 1. WHO grade II-III glioma diagnosis according to the WHO Classification of Central Nervous Tumors 2016 including relative share of total LGG, median age at

diagnosis and overall survival of LGG subgroups [10-12].
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Fig. 2. Summary of the available evidence for adjuvant treatment strategies of WHO grade II-III glioma. References are given in the text.
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In addition to these mandatory molecular markers for diagnosis,
methylation of the O6-methylguanine-DNA transferase (MGMT) pro-
moter is frequently included as a potentially predictive marker for
response to alkylating chemotherapeutic agents in glioblastoma WHO
grade IV. Initially, MGMT promoter methylation was investigated in a
post-hoc analysis of the EORTC 26981,/22981 glioblastoma trial which
showed a survival benefit for the addition of temozolomide to radio-
therapy in patients with newly diagnosed glioblastoma. MGMT
methylation did not only have prognostic impact on survival, but was
also predictive to the outcome to temozolomide [24]. Importantly, the
large majority of IDH-mt gliomas present with MGMT methylation,
resulting in limited additional predictive potential in IDH-mt gliomas
[25]. This was also confirmed by a recently published post-hoc analysis
on the RTOG 9802 trial, which is further discussed below [26]. How-
ever, in a subsequent analysis of the single-arm RTOG 0424 phase II trial
investigating the addition of TMZ to radiotherapy only, MGMT was
shown as an IDH-independent prognostic marker in high-risk WHO
grade II glioma [27]. Therefore, MGMT methylation was also added as a
post-hoc analysis in several WHO grade II and III glioma studies and is
therefore discussed in the following paragraphs.

Evidence on adjuvant treatment modalities in WHO grade II-III
glioma

Most clinical trials investigating on adjuvant treatment modalities in
WHO grade II-III glioma are from the pre-molecular era as the design
was developed before the introduction of the WHO 2016 classification.
In the following section, we will outline clinical trial results and point
out molecular data and their implications on the efficacy of adjuvant
therapies. A summary of the available evidence is given in Fig. 2.

WHO grade II glioma (IDH-mt)

Patients with IDH-mt WHO grade II glioma have a median survival of
more than 10 years [28]. In light of the relatively young patient popu-
lation (median age 36-42 years, Fig. 1), therapeutic procedures have to
consider the benefit of prolonging survival at the cost of therapy-related
side effects and toxicities. A long-term observation of health-related
quality of life measures in low grade glioma found that patients had
worse physical role functioning and general health perceptions than
healthy controls [29]. Another long-term study in WHO grade II glioma
survivors showed a progressive deterioration in neurocognitive func-
tioning in patients who received radiotherapy compared to patients
treated without adjuvant radiotherapy [30]. Combinational radio-
chemotherapy approaches were shown to be associated with decline
in non-phonemic verbal fluency, mood and quality of life [31]. More-
over, due to the young patient age, fertility and reproductive outcomes
remain an issue. On one hand, increased radiological growth rates and
higher risks of tumor progression during pregnancy were reported
[32,33]. On the other hand, radiotherapy involving the hypothalamus or
pituitary gland may cause hormonal dysfunction and result in impaired
reproductive outcomes. In addition, chemotherapy regimens including
temozolomide (TMZ) or vincristine and procarbazine may reduce sperm
counts and ovarian function [34,35].

Balancing benefits against risks of treatment-related long-term
sequelae, prognostic factors are used as a basis for patient selection and
define the patient population of WHO grade II “high risk™ glioma pa-
tients likely to experience early tumor progression. Factors determining
“high-risk” patients were primarily identified from post-hoc analyses of
clinical trial populations in the pre-molecular era and were so far not
validated in a prospective manner. The identified risk factors include
older age, tumor size, presence of a midline-crossing tumor, preopera-
tive magnetic resonance imaging (MRI) contrast enhancement, non-
gross-total resection, astrocytic histology, presence of neurological
symptoms or epileptic seizures and duration of first symptoms (Table 2)
[28,36-39]. Subsequent clinical trials stratified or selected patients
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Table 2

Available prognostic models for risk stratification in WHO grade II glioma. For
Pignatti et al. [36], low-risk is defined as 0-2 risk factors present and high risk
for 3-5 risk factors. For Gorlia et al. [38], prognostic stratification and survival
estimates can be calculated on http://www.eortc.
be/tools/lggcalculator/calculator.aspx [accessed on 2020/07/03].

EORTC 22844/22845
(Pignatti et al. [36])

EORTC 22844/22845 (Gorlia
et al. [38])

Age Age > 40 years (not included)
Tumor diameter Largest diameter of the Largest diameter of the tumor >
tumor > 6 cm 5cm

Tumor location Tumor crossing midline (not included)

Histology Astrocytic histology Astrocytic histology

Neurological Neurologic deficit present Time since first symptoms > 30
symptoms weeks

Treatment (not included) Treatment (delayed

radiotherapy vs. immediate RT)

based on this “high risk” definition. Nevertheless, prospective studies
including a molecular marker-based stratification of “high risk” are
warranted.

The EORTC 22033-26033 trial defined high-risk patients by exhib-
iting at least one predefined feature including age >40 years, progres-
sive disease as diagnosed by radiology, tumor size >5 cm, a tumor
crossing the midline, new or worsening neurological symptoms or un-
controllable seizures [40]. The aim of the EORTC 22033-26033 was to
compare adjuvant radiotherapy (50.4 Gy in fractions of 1.87 Gy) with
adjuvant chemotherapy with temozolomide (TMZ, 75 mg/m? per day
for 21 days, repeated every 28 days (one cycle) for up to 12 cycles or
until disease progression or unacceptable toxicity) in high-risk WHO
grade II glioma patients [40]. The primary study endpoint was
progression-free survival (PFS). In the total study population, median
PFS was 40.5 months in the TMZ group and 51.0 months in the radio-
therapy arm (HR 1.18; 95%CI 0.87-1.60; p = 0.30). IDH status was
available in 392/477 (82.2%) and 1p19q status in 357/477 (74.8%)
patients. 327/392 (83.4%) patients presented with IDH mutation and
117/357 (32.8%) with 1p19q deletion. Both IDH mutational status and
1p19q assessment were available in 318/477 (66.6%). In this subgroup,
104/318 (32.7%) IDH-mt/1p19g-codeleted oligodendrogliomas, 165/
318 (51.9%) IDH-mt/1p19g-non-codeleted astrocytoma and 49/318
(15.4%) IDH-wt grade II glioma were included. Central histology review
highlighted the diagnostic challenge to differentiate between grade II
and grade III tumors, as 20/458 (4.4%) initially as grade II rated tumors
were not confirmed in the central review (where available). In IDH-mt/
1p19q-codeleted oligodendrogliomas (n = 104) median PFS was 55.0
months in the TMZ group and 61.6 months in the radiotherapy group
(HR 1.04; 95%CI 0.56-1.93; p = 0.91). In IDH-mt/1p19q non-codeleted
astrocytoma (n = 165) median PFS was 19.4 months in the TMZ group
and 42.5 months in the radiotherapy group (HR 1.86; 95%CI 1.21 —
2.87; p = 0.004). In the small subgroup (n = 49) of IDH-wt grade II
glioma, median PFS was 28.9 months in the temozolomide group and
40.2 months in the radiotherapy group (HR 0.67; 95%CI 0.34-1.32; p =
0.24). Long-term, mature follow-up on overall survival of this study is
still pending.

In RTOG 9802, “high risk” was defined based on extent of resection
and patient age, as patients were included if either aged 40 and older or
having undergone non-gross total resection [41]. RTOG 9802 aimed to
assess the efficacy of radiotherapy + chemotherapy containing procar-
bazine, lomustine (CCNU) and vincristine (PCV) in comparison to
radiotherapy alone in WHO grade II gliomas. In the overall population,
addition of PCV chemotherapy to radiotherapy significantly prolonged
survival compared to radiotherapy alone (13.3 years vs. 7.8 years, HR =
0.59, p = 0.003) [41]. IDH mutation could be investigated in 113/251
(45.0%) specimens, while conclusive 1p19q testing was available in
only 63/251 (25.1%) of the whole population, and no subgroup analyses
according to 1pl9q status were initially provided. 36/56 (64.3%)
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specimens in the PCV group presented with IDH mutation and 35/57
(61.5%) in the radiotherapy only group. The benefit of adjuvant PCV
was most pronounced in IDH-mt grade II gliomas for both OS (HR 0.43,
p = 0.009) and PFS (HR = 0.36, p < 0.001). Recently, the results of a
post-hoc analysis incorporating further genetic markers have been
published [26]. Most importantly, the beneficial effect of adjuvant PCV
remained significant in both IDH-mt/1pl9q-codeleted oligoden-
droglioma and IDH-mt astrocytoma in terms of OS and PFS, whereas the
addition of PCV had no effect in the IDH-wt subgroup. In specific, OS in
the molecular oligodendroglioma subgroup reached 13.9 years (radio-
therapy) vs. not reached (radiotherapy + PCV, HR 0.21, p = 0.029),
while PFS was 5.8 years (radiotherapy) vs. not reached (radiotherapy +
PCV, HR 0.13, p < 0.001). In IDH-mt astrocytoma, OS was 4.3 years in
radiotherapy vs. 11.4 years in the radiotherapy + PCV group (HR 0.38,
p = 0.013), while PFS was significantly worse in radiotherapy-only
treated patients (3.3 years) than in those who received adjuvant PCV
(10.4 years, HR = 0.32, p = 0.003).

To spare the detrimental long-term effects of radiotherapy, chemo-
therapy alone has been studied as a treatment of high-risk WHO grade II
glioma. Wahl et al. conducted a phase II study of adjuvant TMZ for 12
monthly cycles in grade II glioma with residual disease after resection
[42]. Molecular subtype was known in 81% of patients, with 37% of
oligodendroglioma, 31% IDH-mt astrocytoma and 13% IDH-wt glioma.
Whereas radiographic responses could be observed in only 6% of pa-
tients, 81% showed stable disease. Survival times were comparable with
that of the radiotherapy-only arm of the RTOG 9802 trial (PFS, OS). Of
note, the benefit of TMZ-based adjuvant therapy was most pronounced
in oligodendroglioma according to the WHO 2016 classification (IDH-
mt/1p19q-codeleted), followed by IDH-mt astrocytoma and, lastly, IDH-
wt glioma. Still, the results have to be interpreted cautiously as radio-
graphic responses were not evaluated according to the Response
Assessment in Neuro-Oncology (RANO) criteria [43], and no control
arm was included. Another similarly designed trial with monthly TMZ
for up to 18 cycles in high-risk WHO grade II glioma showed comparable
results [44], with 48.3% of included patients with a diagnosis of oligo-
dendroglioma, 15% of IDH-mt astrocytoma and 36.7% of IDH-wt as-
trocytoma. A response rate of 76% according to RANO criteria was
reached in IDH-mt/1p19q-codeleted WHO grade II glioma, followed by
55% in IDH-mt astrocytoma and 36% in IDH-wt glioma. Furthermore,
median PFS in the whole cohort was 3.4 years (95%CI: 2.2-4.3), while
median OS equaled 9.2 years (95%CI: 8.2-11.9), which is again well
comparable with the radiotherapy-only arm of RTOG 9802. Again, in
contrast to the above-mentioned randomized controlled trial EORTC
22033-26033 which also investigated upfront chemotherapy, no formal
comparison to a radiotherapy-receiving control cohort was performed.
The currently available evidence (while still being limited for molecular
subgroups) nevertheless favors a combined radio-chemotherapy
approach in terms of survival.

In difference to “high risk” WHO II glioma patients, a watch and wait
strategy is a well-accepted post-surgical strategy for “low risk” WHO II
glioma patients. The IWOT (EORTC-BTG-1635) trial on IDH-mt grade II
and III astrocytoma defines “low risk” patients by the absence of tumor-
associated functional deficits except for post-surgical deficits, the
absence of uncontrolled seizures as well as the absence of contrast
enhancement on postoperative MRI except for surgery-associated al-
terations. In this cohort with favorable prognosis, an active surveillance
will be compared with immediate post-operative adjuvant radiotherapy
followed by adjuvant temozolomide (clinicaltrails.gov identifier:
NCT03763422).

To conclude, the data on optimal adjuvant treatment strategies in
IDH-mt WHO grade II gliomas are limited, with limited data on mo-
lecular alterations in the available prospective studies. No prospective
trial so far differentiated between astrocytoma and oligodendroglioma
as defined by the 2016 WHO classification based on molecular charac-
teristics. Further, the risk assessment currently does not include mo-
lecular factors and is based on clinical features. Based on the available
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evidence, the guidelines of the European Association for Neuro-
Oncology (EANO) issued in 2017 [45] suggest radiotherapy + PCV or
a watch-and-wait approach in IDH-mt WHO grade II-III glioma based on
clinical risk factors such as age or the absence/presence of other
neurological symptoms than seizures.

Anaplastic oligodendroglioma (IDH-mt, 1p19q-codeleted) WHO grade III

The role of adjuvant PCV following radiotherapy in anaplastic oli-
godendroglioma WHO grade III has been elucidated in RTOG 9402 [22]
and EORTC 26951 [18]. These two randomized phase III trials compared
radiotherapy only to radiotherapy plus adjuvant PCV in patients with
oligodendroglioma. The EORTC 26951 trial investigated the sequence of
radiotherapy followed by six cycles of PCV, while the RTOG 9402
investigated 4 cycles of PCV followed by radiotherapy. Molecular
markers were not mandatory for inclusion but were analyzed in pre-
planned or post-hoc analyses.

The EORTC 26951 trial included 368 patients. IDH status was
available in 178/368 (48.4%) patients, while 1p19q codeletions were
assessed in 316/368 (85.9%) patients. 81/178 (45.5%) patients pre-
sented with IDH mutation and 80/316 (25.3%) with 1p19q codeletion.
Overall, only 90/161 (55.9%) of patients received all planned 6 cycles of
PCV. 38% of patients stopped PCV due to toxicity. In the 1p19q-code-
leted subgroup (n = 80), adjuvant PCV did not significantly improve
OS (HR 0.56, 95%CI 0.31-1.03) but PFS was significantly longer when
compared to radiotherapy only (HR 0.42, 95%CI 0.24-0.74). Further,
radiotherapy + PCV significantly prolonged OS and PFS in IDH-mt tu-
mors irrespective of the oligodendroglioma-defining 1p19q status. Data
on patients with both IDH mutations and 1p19q codeletions were pub-
lished in a post-hoc analysis where targeted next-generation sequencing
was performed [46]. 126 cases could be molecularly classified as either
IDH-mt, 1p19qg-non-codeleted astrocytoma (n = 20), IDH-mt, 1p19q-
codeleted oligodendroglioma (n = 46) and IDH-wt, 1p19g-non-code-
leted and 7+/10- or TERT promoter mutated molecular glioblastoma
(n = 55). However, molecular subtype was not shown to be correlated
with response towards PCV chemotherapy although results have to be
interpreted cautiously as the sample size was much lower than in the
original trial population.

In the RTOG 9402 trial IDH status was assessed in 210/291 (72.2%)
patients, while 263/291 (90.4%) patients were assessed for 1p19q
codeletions [19,22]. 156/210 (74.3%) patients presented with IDH
mutation and 126/263 (47.9%) with 1p19q codeletion. 70/147 (54%)
patients in the PCV + radiotherapy arm completed all planned 4 full-
dose cycles of PCV [47]. Longer OS was observed in the 1p19q-codeleted
subgroup regardless of the applied treatment. Patients with 1p19g-code-
leted tumors treated with radiotherapy + PCV had a better outcome
compared to treatment with radiotherapy alone (OS 176.4 vs. 87.6
months, HR 0.59, 95% CI 0.37-0.95; p = 0.01), while there was no
statistically significant OS difference between radiotherapy and radio-
therapy + PCV in non-codeleted tumors (32.4 vs 31.2 months; HR 0.85;
95% CI 0.58-1.23; p = 0.39). In a subsequent analysis [19], IDH-mt
tumors had improved OS and PFS after radiotherapy + PCV treatment,
while patients with IDH-wt tumors did not show a statistically signifi-
cant impact on OS due to the addition of PCV to radiotherapy (15.6 vs
21.6 months; HR 1.14, 95%CI 0.63-2.04; p = 0.67) [19]. In both IDH-mt
and 1p19qg-codeleted tumors, meeting the molecular definition of oli-
godendroglioma according to the WHO 2016 definition, radiotherapy +
PCV was superior to radiotherapy alone (176.4 vs 81.6 months; HR 0.49;
95%CI 0.28 - 0.85; p = 0.01).

The NOA-04 trial compared adjuvant radiotherapy with chemo-
therapy with either PCV or TMZ in WHO grade III glioma patients [48].
Molecular analysis was available on IDH in 202/274 (73.7%) and on 1p/
19q status in 197/274 (71.9%) patients. 68/198 (34.3%) were classified
as anaplastic oligodendroglioma based on the molecular profile. In this
subgroup (n = 33), no difference in PFS was observed between the
treatment groups (HR 1.30; 95%CI 0.70 — 2.38; p = 0.416). Although the
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study was not powered for the comparison of PCV with TMZ, median
PFS was improved in the PCV group (9.4 years vs 4.46 years; p =
0.0254), while a numerical trend towards improved OS was observed
(not reached vs. 8.09 years; p = 0.0689) [48]. No proper comparison of
PCV versus TMZ in patients with anaplastic oligodendroglioma is
currently available.

The ongoing CODEL trial (EORTC 26081-22086) aims to address
whether the PCV chemotherapy regimen could be substituted by TMZ.
The initial three-arm design with radiotherapy only versus radiotherapy
with concomitant TMZ followed by adjuvant TMZ (RT/TMZ + TMZ)
versus radiotherapy + PCV was adapted due to the results of the RTOG
9402 and EORTC 26951 trials clearly supporting the addition of
chemotherapy to radiotherapy compared to radiotherapy only. Besides,
the French multi-center POLCA trial (NCT02444000) is designed to
compare radiotherapy + PCV to PCV only in anaplastic oligoden-
droglioma. The latter option would allow to avoid the long-term impact
of radiotherapy on quality of life and neurocognitive functioning, while
keeping radiotherapy as a therapeutic option at tumor recurrence. The
results of both the CODEL and POLCA trials remain to be awaited.

In summary, the available evidence favors radiotherapy + PCV as
preferred regimen, as further data on the efficacy of TMZ-based radio-
chemotherapy are needed. However, even in anaplastic oligoden-
droglioma a watch-and-wait strategy may be taken into consideration in
young patients after gross total resection and in the absence of neuro-
logical symptoms according to the EANO guidelines [45].

Anaplastic astrocytoma (IDH-mt) WHO grade IIT

Prognosis of anaplastic astrocytoma patients without IDH mutation
is significantly worse (median OS 19.4-20 months) compared to
anaplastic astrocytoma, IDH-mt (median OS 65-81.1 months) [16,17].

The RTOG 9813 trial was designed to compare radiotherapy + TMZ
with radiotherapy + nitrosourea (either BCNU or CCNU) in anaplastic
gliomas with less than 25% of oligodendroglial components [49]. IDH
mutational status was determined in only 111/197 (56.3%) patients, no
data regarding 1p19q status are available. In light of the missing mo-
lecular data, the transfer of the result to the modern definition of
anaplastic astrocytoma is challenging. OS and PFS did not significantly
differ between both treatment arms. However, after stratification and
adjustment for pre-treatment characteristics, a statistically significant
treatment effect in favor of TMZ was detected with regard to PFS (HR =
0.7, 95%CI 0.50-0.98, p = 0.039). Importantly, only 21.4% of patients
receiving nitrosourea-based therapy completed the protocol as planned,
while 60.4% did so in the group treated with TMZ (p < 0.001). Whereas
chemotherapy was terminated in 27.8% of nitrosourea-receiving pa-
tients due to side effects, no toxicity-related therapy discontinuation at
all was observed in subjects treated with TMZ.

The post-hoc molecular analysis of the RTOG 9402 and the EORTC
26951 trials revealed the inclusion of a significant fraction of patients
actually presenting with anaplastic astrocytoma as defined by the mo-
lecular profile. 137/263 (52.1%) patients in the RTOG 9402 and 236/
368 (64.1%) in the EORTC 26951 trial actually presented without 1p19q
deletion and would therefore be classified as astrocytoma according to
the WHO 2016 classification. Overall, no statistically significant clinical
benefit of additional adjuvant PCV over radiotherapy alone could be
shown for OS (31.2 vs. 32.4 months, HR 0.85, 95% CI 0.58-1.23; p =
0.39) as well as for PFS (14.4 vs. 12 months, HR 0.81, 95% CI 0.56-1.16;
p = 0.24) in the RTOG 9402 trial [22]. EORTC 26951 suggested a
beneficial effect of adjuvant PCV on PFS in the non-codeleted subgroup
(14.8 vs. 8.7 months, HR 0.73, 95% CI 0.56 — 0.97, p = 0.026), while
there was no statistically significant difference in OS [18].

The NOA-04 trial included 72/274 (26.3%) patients with IDH-mt
anaplastic astrocytoma. No difference between radiotherapy and
chemotherapy was observed for IDH-mt anaplastic astrocytoma patients
(survival times/hazard ratios not reported). Importantly, the study was
not powered to compare TMZ with PCV, and in the anaplastic
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astrocytoma cohort no difference between the chemotherapeutic ap-
proaches was evident. In the IDH-mt group, MGMT promoter methyl-
ation was not associated with PFS in either treatment group and had
therefore neither prognostic nor predictive value [50]. However, only
few IDH-mt tumors present with unmethylated MGMT promoter,
limiting the power to detect statistically significant differences between
IDH-wt and IDH-mt glioma.

The CATNON trial (EORTC 26053-22054) was the first prospective
trial to specifically include anaplastic astrocytoma patients based on the
molecular profile as 1p19q codeletion was determined as an exclusion
criterion. In a 2 x 2 factorial design, the efficacy of concomitant and
adjuvant chemotherapy with TMZ was evaluated. Dosage and timing of
TMZ were those of the EORTC 26981,/22981 glioblastoma trial (75 mg/
m? concomitant TMZ followed by 150-200 mg/m? adjuvant TMZ);
however, up to 12 cycles of adjuvant chemotherapy were applied
instead of 6. The protocol was amended to include the exploratory
analysis of the impact of IDH mutations. IDH-mt anaplastic astrocytoma
patients had significantly higher 5-year survival rates when adjuvant
TMZ was added to radiotherapy compared to radiotherapy alone (5-year
0S 76% vs. 68%, HR 0.63, 95% CI 0.43-0.91). Further, concomitant
TMZ also resulted in an increase of the 5-year survival rate (5-year OS
83% vs. 60%, HR 0.46, 95% CI 0.32-0.67) in IDH-mt anaplastic astro-
cytoma patients. Concomitant TMZ in addition to adjuvant TMZ versus
adjuvant TMZ alone did not present with a statistically significant
benefit (5-year OS 84.4% vs. 80.4%; p = 0.258). However, median OS
was not reached with only 46 events in 194 subjects, and the data are
therefore currently not yet mature enough to definitely answer the
question whether radiotherapy/TMZ + TMZ is superior to radiotherapy
+ TMZ in IDH-mt patients [51].

To conclude, temozolomide-based radio-chemotherapy should now
be considered as the standard of care in IDH-mt anaplastic astrocytoma
based on the interim results of CATNON.

Diffuse and anaplastic astrocytoma (IDH-wt) WHO grades II-IIT

Increasing evidence from the molecular fingerprint of anaplastic
astrocytoma without IDH mutation suggest most of these tumors rather
resemble glioblastoma WHO grade IV on a molecular basis as well as in
terms of prognosis. This is also reflected by the recent cIMPACT-NOW
update 3, according to which IDH-wt glioma can be classified as
“diffuse astrocytic glioma, IDH-wt, with molecular features of glioblas-
toma” in the presence of EGFR amplification, combined chromosome 10
loss/chromosome 7 gain or TERT promotor mutations [20]. Indeed, in a
DNA methylation-based reclassification of a prospective CNS tumor
cohort, 12% of histological diagnoses were changed and many of them
were IDH-wt astrocytomas [52]. Of note, many cases of IDH-wt glioma
WHO grade II-III were reclassified as IDH-wt glioblastoma, while others
were designated as diffuse midline glioma, pleomorphic xanthoas-
trocytoma, (anaplastic) pilocytic astrocytoma, ganglioglioma, ependy-
moma, diffuse neuroectodermal tumor or medulloblastoma. These
results suggest that IDH-wt gliomas are a heterogenous group of tumors.
While “glioblastoma-like” tumors may benefit from more aggressive
treatment, this remains unclear for IDH-wt glioma which do not meet
the diagnostic criteria as defined by cIMPACT-NOW. Further insights on
the biological behavior of these tumors are needed to refine diagnostic
definitions and to determine optimal treatment modalities.

Overall, response rates towards chemotherapy were shown to be
lower in IDH-wt than in IDH-mt tumors [18,19]. Among these lines, in
the CATNON trial (EORTC 26053-22054) IDH-wt patients did not have
benefit of neither concomitant TMZ (HR 1.16, 95% CI 0.83-1.63) nor
adjuvant TMZ (HR 1.03, 95% CI 0.73-1.44).

Data from the NOA-04 trials suggest that in IDH-wt astrocytoma the
benefit of TMZ treatment is dependent on MGMT promoter methylation
like in glioblastoma [24,48]. MGMT methylation was statistically
significantly associated with response towards alkylating agents, while
no impact of MGMT promoter methylation on therapy response was
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observed in IDH-mt glioma [50]. Therefore, an MGMT methylation-
adapted approach should be considered in patients with anaplastic as-
trocytoma without IDH mutation.

Future perspectives: IDH inhibitors in IDH-1-mutant glioma

IDH mutations also occur in other solid and hematological malig-
nancies such as acute myeloid leukemia (AML) and cholangiocarcinoma.
In AML, the IDH-1 inhibitor ivosidenib was FDA-approved as durable
remissions and a favorable side effect profile were observed in both
newly-diagnosed as well as refractory disease [53,54]. Similarly, ivosi-
denib was shown to improve PFS in advanced, IDH-1-mutant chol-
angiocarcinoma [55].

In IDH-1-mutant glioma, a recently published phase I trial in 66
patients with advanced, IDH-1-mt WHO grade II-IV glioma showed that
85.7% of radiologically non-enhancing and 45.2% of enhancing gliomas
achieved stable disease. Furthermore, the median PFS in non-enhancing
glioma reached 13.6 months, while that of enhancing glioma was 1.4
months [56]. These results indicate that ivosidenib may be especially
active in non-contrast enhancing lower-grade glioma. Moreover, the
results of a phase I trial investigating the pan-IDH-1/2-mutant inhibitor
vorasidenib have been presented recently [57]. Of note, an objective
response rate of 18.2% was observed, and 72.7% of included patients
had stable disease. Non-enhancing glioma patients under vorasidenib
treatment reached a PFS of 31.4 months in median (95%CI: 11.2-40.8).
However, results have to be taken cautiously as the patient number in
these phase II trials was low and no control group was included; further
randomized controlled trials such as the phase III INDIGO trial
(NCT04164901) are warranted to confirm these positive signals.

Conclusions

The interpretation of the available evidence in WHO grade II-III
glioma is challenging. The application of the current WHO Classifica-
tion in clinical practice yields diagnoses which do not correspond to the
inclusion criteria of historical clinical trials. To take account of the
modifications in the WHO Classification, the EANO issued updated
guidelines for the treatment of glial tumors as outlined in the respective
sections [45]. Some issues remain controversial, such as the still un-
proven non-inferiority of TMZ as compared to PCV, the justification of a
watch-and-wait policy in certain subgroups of grade II gliomas and the
value of MGMT promoter methylation in WHO grade II-III glioma.
Although clinical trial inclusion is currently based on molecular
markers, the completion of the currently running trials such as CODEL or
IWOT will take many years due to low incidence and long survival of
WHO grade II-III patients.
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